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(57) Abstract: In one implementation, a computer-implemented method
includes receiving, at a mobile computing device, a first input that indi-
cates a user touched a touchscreen display of the mobile computing de-
vice with a pointer, and determining a position of the mobile computing
device with respect to the user based on information other than informa-
tion from the user's touching of the touchscreen display. The method also
includes identifying the pointer as a particular finger or type of finger of
the user based upon, at least, the determined position of the mobile com-
puting device with respect to the user, and interpreting the received first
input on the touchscreen display of the mobile computing device using
the identified finger or type of finger.
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Finger Identification on a Touchscreen

TECHNICAL FIELD
[0001] This document generally describes techniques, methods, devices, and

systems for identifying a finger or a type of finger on a touchscreen.

BACKGROUND
[0002] Many mobile computing devices (e.g., cell phones, smart phones,

personal digital assistants (PDA), portable media players, etc.) include touchscreens
for presenting information graphically to a user and for receive input from physical
contact by the user, such as by a user’s fingertips. A touchscreen is a graphical
display that includes sensors (e.g., capacitive touch sensors) that are capable of
detecting when and where a user touches the touchscreen. With a touchscreen, a
user can provide input to a mobile computing device by touching graphical elements
(e.g., icons, keys, etc.) displayed on the touchscreen. For example, when a
keyboard is displayed on a touchscreen, a user can type “hello world” by touching

the corresponding keys on the displayed keyboard using his/her fingers.

SUMMARY
[0003] This document describes techniques, methods, devices, and systems

for identifying a finger or a type of finger on a touchscreen, and for interpreting input
based on the identified finger or type of finger. For example, in response to
receiving input indicating that a user has touched a touchscreen of a mobile
computing device, a particular finger or type of finger can be identified as having

provided the input. Various information associated with the user touching the
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touchscreen can be used to identify the particular finger or type of finger, such as a
position of the mobile computing device with respect to the user (e.g., how the user
is holding the device), a contact area associated with the touch input, and a level of
pressure associated with the touch input.

[0004] The touch input can be interpreted based on the identified finger or
type of finger. For example, if the user touches a particular icon displayed on the
touchscreen with his/her index finger, a first action may be performed with respect to
the particular icon (e.g., run an application corresponding to the icon). However, if
the user touches the particular icon with his/her thumb, a second action may be
performed instead (e.g., display a menu of options associated with the icon and/or
the application). Also, the accepted position of the input can be adjusted based on
the identified finger or type of finger. For example, a device may determine — either
from data for multiple users or usage data over time for a particular user — that a
particular finger misses a particular key or keys in a particular direction each time a
users presses the key or keys, perhaps because the user holds the device so that
they are not looking straight on at the screen.

[0005] In one implementation, a computer-implemented method includes
receiving, at a mobile computing device, a first input that indicates a user touched a
touchscreen display of the mobile computing device with a pointer, and determining
a position of the mobile computing device with respect to the user based on
information other than information from the user’s touching of the touchscreen
display. The method also includes identifying the pointer as a particular finger or
type of finger of the user based upon, at least, the determined position of the mobile

computing device with respect to the user, and interpreting the received first input on
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the touchscreen display of the mobile computing device using the identified finger or
type of finger.

[0006] In another implementation, a system for interpreting touchscreen input
on a mobile computing device includes a mobile computing device and a
touchscreen display of the mobile computing device that is configured to receive
input that indicates a user touched the touchscreen display with a pointer. The
system also includes a position extraction module of the mobile computing device
that is configured to determine a position of the mobile computing device with
respect to the user based on information other than information from the user’s
touching of the touchscreen display. The system further includes means for
identifying the pointer as a particular finger or type of finger of the user based on, at
least, the determined position of the mobile computing device with respect to the
user. The system additionally includes an input interpreter of the mobile computing
device that is configured to interpret the received input on the touchscreen display of
the mobile computing device using the particular finger or type of finger identified by
the means for identifying.

[0007] In another implementation, a computer-implemented method includes
receiving, at a mobile computing device, a first input that indicates a user touched a
touchscreen of the mobile computing device with a pointer, and identifying the first
input as corresponding to a particular graphical element displayed on the
touchscreen based on the first input and offset information associated with the
particular graphical element. In the method, offset information associated with a
graphical element indicates a distance and direction by which an input area for the

graphical element is offset from a location at which the graphical element is
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displayed on the touchscreen. In the method, an input area for a graphical element
includes an area within which received input is registered by the mobile computing
device as corresponding to the graphical element. The method further includes
performing an action on the mobile computing device associated with the particular
graphical element and, after performing the action, determining whether the user
intended for the first input to correspond to the particular graphical element based on
second input received at the mobile computing device from the user. The method
additionally includes adjusting the offset information associated with the particular
graphical element based on the determination of whether the user intended for the
first input to correspond to the particular graphical element.

[0008] Particular embodiments can be implemented, in certain instances, to
realize one or more of the following advantages. Fingers or types of fingers
providing touch input on a touchscreen can be readily identified. Accuracy of touch
input on a touchscreen can be increased by correcting for positional touch bias
associated with the particular finger or type of finger that is providing the touch input.
The range of actions that a user can instruct a touchscreen device to perform based
on touch input can increase by associating actions with particular fingers or types of
fingers. Finger models can be continually improved and refined during normal
operation of the mobile computing device by monitoring input provided after a
particular finger or type of finger has been identified as having touched the
touchscreen.

[0009] The details of one or more embodiments are set forth in the

accompanying drawings and the description below. Other features, objects, and



WO 2012/019350 PCT/CN2010/075930

advantages of the invention will be apparent from the description and drawings, and

from the claims.

DESCRIPTION OF DRAWINGS
[0010] FIGS. 1A-B are conceptual diagrams of example systems for

identifying a finger or a type of finger and interpreting touch input using the identified
finger or type of finger.

[0011] FIG. 2 is a diagram of an example system for identifying a finger or a
type of finger and interpreting touch input using the identified finger or type of finger.
[0012] FIGS. 3A-C are flowcharts showing example techniques for identifying
a finger or a type of finger and interpreting touch input using components of the
example system described with regard to FIG. 2.

[0013] FIGS. 4A-E are diagrams of an example mobile computing device for
determining a position of the mobile computing device with respect to a user.

[0014] FIGS. 5A-B are flowcharts showing example techniques for interpreting

touchscreen input provided by a user.

[0015] FIGS. 6A-E are diagrams depicting examples of touch bias on a
touchscreen.
[0016] FIG. 7, a conceptual diagram of a system that may be used to

implement the systems and methods described in this document is illustrated.

[0017] FIG. 8 is a block diagram of computing devices that may be used to
implement the systems and methods described in this document, as either a client or
as a server or plurality of servers.

[0018] Like reference symbols in the various drawings indicate like elements.
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DETAILED DESCRIPTION

[0019] This document generally describes techniques, methods, devices, and
systems for identifying a particular finger (e.g., right thumb, right index finger, left
thumb, etc.) or a type of finger (e.g., thumb, finger, index finger, etc.) that has
touched a touchscreen display of a mobile computing device (e.g., mobile phones,
smart phones, PDAs, portable media players etc.). For instance, if a user presses a
virtual button displayed on the touchscreen display of a mobile computing device
using the user’s right index finger, the mobile computing device can identify that the
touch input from the button press was provided by the user’s right index finger.
[0020] The techniques, methods, devices, and systems described in this
document allow for touch input to be treated differently by a mobile computing
device based on a particular finger or a type of finger that provided the input. For
instance, instead of performing the same action(s) in response to touch input
regardless of the finger or type of finger that provided the touch input, particular
actions can be performed depending on the finger or type of finger identified as
providing the touch input. For example, a mobile computing device can be
configured to treat touches from a user’'s thumbs and index fingers as “left clicks”
and all other touches (middle finger, ring finger, and pinky finger touches) as “right
clicks” — permitting traditional left and right mouse click functionality to be simulated
with touch input on a touchscreen.

[0021] In another example, touch bias can be corrected based on the finger or
type of finger that touched the touchscreen. Touch bias can be a difference
between an actual location at which a user touches a touchscreen display and a

target location that the user intended to touch. Users may have difficulty accurately
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touching a targeted location on a touchscreen for a variety of reasons, such as the
targeted location being obscured by the user’s finger as the user is touching the
touchscreen. The touch bias for touch input may be different depending on the
finger or type of finger that is touches the touchscreen. For example, when the user
touches a touchscreen with his/her right thumb, the user may habitually touch the
screen 10 pixels to the right and 20 pixels down from an intended target location on
the touchscreen. In contrast, when the user touches the touchscreen with his/her
left index finger, the user may habitually touch the screen 5 pixels to the left and 5
pixels up from a target location on the touchscreen.

[0022] A correction applied to touch input can vary depending on the finger or
type of finger identified as providing the touch input and a touch bias associated with
the identified finger or type of finger. Continuing with the example from the previous
paragraph, if a mobile computing device identifies that a user touched a touchscreen
with his/her right thumb at a first location, the mobile computing device can correct
for the touch bias associated with the user’s right thumb (10 pixels to the right and
20 pixels down from an intended location) by registering the touch input being a
second location that is 10 pixels to the left and 20 pixels up from the first location.
[0023] A finger or type of finger can be identified by a mobile computing
device based on a combination of a plurality of factors, such as a manner in which a
user is holding the mobile computing device, a contact area associated with a
pointer (e.g., finger, type of finger) that touched the touchscreen, a level of pressure
with which the pointer touched the touchscreen, etc. For example, if a user is
holding a mobile computing device in his/her right hand, the user may be more likely

to touch the touchscreen of the mobile computing device with his/her left index finger
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and/or right thumb. In another example, if a contact area from a pointer touching the
touchscreen of a mobile computing device is relatively small (in comparison to an
average contact area when the user touches the touchscreen), then it may be more
likely that the user touched the touchscreen with his/her finger (or fingertip) than with
his/her thumb. In a further example, if a level of pressure from a pointer touching the
touchscreen of a mobile computing device is relatively high (in comparison with an
average level of pressure associated with user touches), then it may be more likely
that the user touched the touchscreen of the mobile computing device with his/her
thumb or index finger than with his/her other fingers.

[0024] As explained in greater detail below, such factors can be used, alone
or in combination, to identify a finger or type of finger that touched a touchscreen of
a mobile computing device.

[0025] Models associated with fingers and types of fingers can additionally be
used to identify a finger or a type of finger that touched a touchscreen. For example,
a model associated with a user’s right thumb may identify characteristics associated
with the use of the right thumb to touch the touchscreen of a mobile computing
device as including: the user holding the mobile computing device in his/her right
hand or in both hands, a relatively large and egg-shaped contact area, the
orientation of the contact area trending up the touchscreen from right to left
(according to the orientation of a graphical user interface (GUI) on the touchscreen),
a level of pressure being relatively high, etc. When the mobile computing device
receives touch input that is associated with some or all of these characteristics, the
mobile computing device (alone or in combination with a remote computing system)

may identify that the touch input was received from the user’s right thumb.
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[0026] FIGS. 1A-B are conceptual diagrams of example systems 100 and 150
for identifying a finger or a type of finger and interpreting touch input using the
identified finger or type of finger. The example system 100 is depicted as identifying
a finger or type of finger used to touch a touchscreen display of a mobile computing
device and correcting the touch input for touch bias associated with the identified
finger or type of finger. The example system 150 is depicted as identifying a finger
or type of finger used to touch a touchscreen of a mobile computing device and
performing an action associated with the identified finger or type of finger.

[0027] Referring to FIG. 1A, a user is depicted as touching a touchscreen
display 102 of a mobile computing device 104 with his/her left index finger 106. The
user is depicted as holding the mobile computing device 104 in his/her right hand
108 and as attempting to touch an icon 109 that is displayed on the touchscreen 102.
[0028] The mobile computing device 104 can be any appropriate type of
mobile computing device, such as a mobile telephone, a smart phone, a PDA, a
portable media player (e.g., a portable video game player, a portable music player, a
portable electronic reader), etc. The touchscreen 102 can be any of a variety of
appropriate styles of touchscreen capable of receiving touch input, such as a
capacitive touchscreen, a resistive touchscreen, an infrared touchscreen, etc.

[0029] Information 110 associated with the touch input can be used to identify
the finger (right index finger) or the type of finger (finger, index finger, finger on right
hand, etc.) that touched the touchscreen 102. For example, the information 110 can
include: a position of the mobile computing device 104 with respect to the user
(112a), a level of pressure associated with the touch input (112b), an area of contact

associated with the touch input (112c), a shape of the touch input on the
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touchscreen 102 (112d), and an orientation of the touch input on the touchscreen
102 (112e). Other information associated with the touch input and/or the mobile
computing device 104 not included in the example information 110 can be used to
identify the finger or type of finger that touched the touchscreen 102 (e.g., visual
information (e.g., image from camera of the finger touching the touchscreen 102),
gesture information (e.g., an action or motion made by the user with respect to the
mobile computing device 104), etc.).

[0030] The information 112a regarding the position of the mobile computing
device 104 can indicate a variety of information regarding the physical proximity of
the mobile computing device 104 to the user. For example, the information 112a
can indicate how the user is holding the mobile computing device 104. For instance,
the user may hold the mobile computing device 104 with his/her right hand, left hand,
with both hands, with no hands, with an index finger and thumb, in the palm of the
user’'s hand with all fingers and the user’s thumb (as depicted in the example system
100), etc. In another example, the information 112a can indicate an angle of the
mobile computing device 104 and/or the touchscreen 102 with regard to the user.
For instance, a user may hold the mobile computing device 104 so that the
touchscreen 102 is facing and parallel to the user, so that the touchscreen 102 is
perpendicular to the user, or any other of a variety of relevant angles with respect to
the user.

[0031] In the example depicted for the system 100, the information 112a
indicates that the user is holding the mobile computing device 104 is his/her right

hand.
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[0032] The information 112b regarding a level of pressure associated with the
touch input can indicate an amount of force that is exerted on the touchscreen 102
by the user when the user is providing the touch input. For example, the level of
pressure can range from a low level, which may be generated by a light press or tap
of the touchscreen 102, to a high level, which may be produced by the user firmly
squeezing the mobile computing device 104 between his/her thumb and index finger.
As depicted in the example 100, the information 112b indicates that the touch input
was received with a “high” level of pressure.

[0033] The information 112c regarding the contact area associated with the
touch input can indicate an area of the touchscreen 102 that was contacted by the
user’s finger 106. For example, the contact area when the user touches the
touchscreen 102 with his/her index finger is likely to be smaller than the contact area
associated with the user touching the touchscreen 102 with his/her thumb. In the
example 100, the information 112c indicates a “medium” contact area associated
with the finger 106 touching the touchscreen 102.

[0034] The information 112d regarding the shape of the touch input indicates
a shape of the area of the touchscreen 102 touched by the finger 106. For instance,
the when the user touches the touchscreen 102 with his/her thumb, the resulting
shape may be wider than a shape produced when the user touches the touchscreen
102 with his/her index finger. The information 112d can include a variety of
information regarding the shape of the contact area, such as the length and width of
the contact area, data points outlining the perimeter of the contact area, etc. As
depicted in the example system 100, the information 112d indicates an outline of the

contact area.
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[0035] The information 112e regarding the orientation of the touch input
indicates an orientation of the touch input with respect to information displayed on
the touchscreen 102. For example, with information being displayed on the mobile
computing device 104 consistent with the “Display Text” on the touchscreen 102, the
orientation of the finger 106 is from left-to-right from the base to the tip of the contact
area.

[0036] As depicted at step 114, the finger or type of finger used to touch the
touchscreen 102 is identified using some or all of the information 112a-e. Various
inferences regarding the finger or type of finger that touched the touchscreen 102
can be drawn from the information 112a-e. For example, the information 112a
(specifying that the user is holding the mobile computing device 104) can indicate
that the user likely used his/her right thumb or left fingers to touch the touchscreen
102. The information 112b (specifying a high level of pressure) can indicate that the
user likely touched the touchscreen 102 with his/her index finger or thumb. The
information 112c (specifying a medium contact area) can indicate that the finger that
touched the touchscreen 102 is likely to be the user’s index finger, middle finger, or
ring finger, as opposed to the user's thumb (large contact area) or pinky finger (small
contact area). The information 112d (specifying the shape of the contact area) can
indicate that the user likely touched the touchscreen 102 with his/her fingers instead
of his/her thumb. The information 112e (specifying the orientation of the touch input)
can indicate that the user likely touched the touchscreen 102 with his/her left hand.
[0037] When combined, the inference drawn from some or all of the
information 112a-e can indicate that the user touched the touchscreen 102 with

his/her left index finger. For example, the left index finger can be identified as the
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pointer that touched the touchscreen 102 based on the position information 112a,
pressure information 112b, and orientation information 112e. From the position
information 112a, the pointer can be narrowed down to one of the user’s right thumb
or one of the user’s left fingers. The pointer can further be narrowed down to the
user’s right thumb or left index finger from the pressure information 112b, and can
be identified as the left index finger from the orientation information 112e. The
information 112a-e, as well as other information not included in this example system
100, can be used alone or in various combinations to identify the finger or type of
finger that touched the touchscreen 102.

[0038] Finger models 116 can additionally be used to identify a finger or type
of finger that touched the touchscreen 102 as part of step 114. A model for a finger
or a type of finger defines various values of the information 112a-e that are
associated with touch input from the finger or type of finger. For example, a model
for the user’s left index finger may specify the following values for the information
112a-e: for the position information 112a, that the mobile computing device 110 is
held in the user’s right hand; for the pressure information 112b, a medium or high
level of pressure; for the contact area information 112¢, a medium contact area; for
the shape information 112d, an oblong shape; and for the orientation information
112e, a left-to-right orientation. The finger models 116 can be compared to the
touchscreen information 112a-e to identify a finger or a type of finger that provided
the touchscreen input.

[0039] The finger models 116 can be user specific, in that the finger models
for a first user can be different than the finger models for a second user. The finger

models 116 can be learned and continually updated based on touch input and finger
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identifications for a user. For example, if a user touches the touchscreen 102 and
the finger or type of finger is incorrectly identified, then the model(s) associated with
the incorrectly identified finger or type of finger can be adjusted based on information
associated with the touch input. Incorrect identification can be detected based on
actions taken by the user subsequent to finger or type of finger identification. For
instance, incorrect identification can be indicated by a user undoing or modifying an
action performed in association with the identified finger or type of finger. For
example, if the mobile computing device 104 displays a menu in response to touch
input identified as being received from a user’s pinky finger and, in response to
displaying the menu, the user immediately returns to from the menu to a previous
screen to provide similar touch input, then the identification of the pinky finger may
be labeled as an incorrect and a model associated with the pinky finger can be
adjusted accordingly.

[0040] The step 114 can be performed by the mobile computing device 104
alone or in combination with a computing system (not depicted) that is remote from
the mobile computing device 104. For example, the mobile computing device 104
can provide some or all of the information 112a-e (or data used to determine the
information 112a-e) to the remote computing system over a network (e.g., wireless
network, cellular network, 3G network, 4G network, etc.) to perform the finger or
finger type identification. Similarly, some or all of the finger models 116 may be
maintained by the remote computing system. Remote maintenance of the finger
models 116 for a particular user can permit for the finger models 116 learned for the
particular user on the mobile computing device 104 to be used on other computing

devices. For example, the finger models 116 could be shared across a smart phone
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and a laptop computer that receive input through touchscreen displays, and such
coordination may occur via an on-line account for a user of the two devices when the
user logs in on each respective device.

[0041] In the example system 100, the touchscreen input is corrected for
touch bias associated with the identified finger (step 118). As described above,
touch bias is a difference between a location at which the user actually touches the
touchscreen 102 and a target location the user was attempting to touch. Touch bias
can vary depending on a finger or types of finger that provided the touch input. For
example, the touch bias the user’s right thumb may be a different amount and/or
direction than the touch bias for the user’s left index finger.

[0042] As depicted in the example graphic 119, the user is attempting to touch
the icon 109 — the target location on the touchscreen 102. Instead of touching the
icon 109, the user touches a location 120 (the actual touch location) that is to the left
of the icon 109. A touch bias associated with the user’s identified finger (left index
finger) in this example is indicated by AX 122 and AY 124 — meaning that touch input
received from the user’s left index finger are generally offset from an intended target
on the touchscreen 102 by AX 122 and AY 124. Accordingly, the coordinates for the
actual touch location 120 (or the icon 109) can be corrected by AX 122 and AY 124
so as to make the actual touch location 120 coincide with the intended target on the
touchscreen 102. The bias corrected icon 126 depicts how adjustment of the touch
input (or graphical elements displayed on the touchscreen 102) according to the
touch bias AX 122 and AY 124 for the identified finger can adjust the actual location

120 of the touch input to be the intended touch target (the icon 109).
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[0043] Referring to FIG. 1B, the example system 150 demonstrates the
performance of distinct actions based on the finger or type of finger that is identified
as providing touch input. In the example system 150, a user is depicted as touching
a touchscreen 152 of a mobile computing device 154 on a displayed “Photos” icon
156 using his/her left index finger. The user is depicted as holding the mobile
computing device in his/her right hand 160.

[0044] Using information and techniques for identifying a finger discussed
above with regard to FIG. 1A, the touch input is identified as being provided by the
user’'s index finger (step 162).

[0045] In step 164, an action associated with the user’s index finger and the
“Photos” icon 156 is performed. Graphical elements (e.g., icons, buttons, keys, text
fields, images, links, menus, videos, desktop background, etc.) can each be
associated with various actions, like the actions traditionally associated with right
and left mouse clicks (e.g., left clicking on an icon can cause a program to load a
document associated with the icon and right clicking on the icon can present a menu
of options related to the document, such as copy, delete, rename, etc.). These
actions can additionally be associated with fingers or types of fingers such that a
particular action can be performed based on the finger or type of finger identified as
providing touch input related to a graphical element. For example, touching the icon
156 with an index finger can cause a first action associated with the icon 156 to be
performed, touching the icon 156 with a thumb can cause a second action to be
performed, and touching the icon 156 with a pinky finger can cause a third action to

be performed on the mobile computing device 154.
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[0046] In the example depicted, the action associated with touch input from an
index finger and the icon 156 causes the mobile computing device 154 to display a
photo 166.

[0047] In contrast, when the user touches the icon 156 displayed on the
touchscreen 152 of the mobile computing device 154 with his/her pinky finger 168, a
different action is performed. In response to receiving the touch input, the user’'s
pinky finger is identified at step 170 as having touched the touchscreen 152. At step
172, an action associated with the pinky finger and the icon 156 is performed. In this
example, the action associated with touch input from a pinky finger and the icon 156
causes the mobile computing device 154 to display a set of photo options 174
related to displaying photos on the mobile computing device 154.

[0048] FIG. 2 is a diagram of an example system 200 for identifying a finger or
a type of finger and interpreting touch input using the identified finger or type of
finger. The system 200 is similar to the systems 100 and 150 described above with
regard to FIGS. 1A-B. The system includes a mobile computing device 202 with a
touchscreen 204, similar to the mobile computing devices 104 and 154 described
with regard to FIGS. 1A-B. The mobile computing device 202 receives touch input
from a user by the user touching the touchscreen 204 with a pointer (e.g., finger,
thumb, etc.). Based on this touch input, the mobile computing device 202 is able to
identify a finger or type of finger that touched the touchscreen 204 and interpret the
touch input according to the identified finger or type of finger.

[0049] The touchscreen 204 (e.g., a capacitive touchscreen, resistive
touchscreen, an infrared touchscreen, etc.) is part of an input subsystem 206 of the

mobile computing device 202 that is configured to receive input for the mobile
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computing device 202. The touchscreen 204 is depicted as including a pressure
sensor 208 and a contact area module 210. The pressure sensor 208 can be any of
a variety of appropriate pressure sensors that can be integrated into or combined
with a touchscreen display, such as pressure sensors installed below the surface of
the touchscreen 204 that are configured to receive pressure readings based on an
amount of force exerted on the touchscreen 204. The pressure sensor 208 can
provide measurements regarding an amount of force applied to the touchscreen 204,
which can indicate a level of pressure associated with a user touching the
touchscreen 204. The contact area module 210 measures an area of the
touchscreen 204 touched by a user and provides data indicates the contact area
and/or shape associated with the touch input.

[0050] In addition to the touchscreen 204, the depicted input subsystem 206
includes orientation and motion sensors 212, a light sensor 214, a camera 216,
device body touch sensor(s) 218, and a network interface 220. The orientation and
motion sensors 212 can provide measurements regarding an orientation (e.g., facing
north, positioned upright (perpendicular to the ground), etc.) and/or movement (e.g.,
stationary, accelerating forward, travelling at a high rate of speed, etc.) of the mobile
computing device 202. The orientation and motion sensors 212 can be any of a
variety of sensors that are capable of providing such measurements, such as
gyroscopes, accelerometers, compasses, global positioning system (GPS) units, etc.
[0051] The light sensor 214 can be positioned on the exterior of the mobile
computing device 202 and measure an amount of ambient light. The measurements
provided by the light sensor 214 can indicate whether a portion of the mobile

computing device 202 is covered by a portion of the user’s hand (e.g., the manner in
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which the user is holding the mobile computing device 202 is causing the light
sensor 214 to be covered). The camera 216 may be used to capture images and/or
video of a user holding and/or touching the touchscreen 204. The captured images
and/or video may be analyzed to determine a position of the mobile computing
device 202 relative to the user and/or to identify a finger or type of finger that
touched the touchscreen 204.

[0052] The device body touch sensors 218 are touch sensors that can be
configured around the body of the mobile computing device 202 to capture touch
input related to a manner in which the user is holding the mobile computing device
202. Examples the device body touch sensors 218 are provided in FIGS. 4A-C.
[0053] The network interface 220 interacts with computing systems that are
external to the mobile computing device 202 to send and receive electronic
information. The network interface 220 can be any of a variety of appropriate
networking interfaces (e.g., Ethernet card, wireless network card, cellular transmitter,
etc.) that are capable of sending and receiving information over a network (e.g., local
area network (LAN), the Internet, wireless network, peer-to-peer network, cellular
network, 3G network, etc.).

[0054] Input received through the input subsystem 206 of the mobile
computing device 202 can be provided to the contact area extraction module 222,
the pressure level extraction module 224, and the position extraction module 226.
The contract area extraction module 222 can use input received from the input
subsystem 206 to determine the contact area, shape, and/or orientation associated
with a user touching the touchscreen 204. For example, the contact area extraction

module 222 can use information provided by the touchscreen 204 and the contact
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area module 210 to determine a contact area, shape, and/or orientation associated
with touch input.

[0055] The pressure level extraction module 224 determines a level of
pressure associated with a user touching the touchscreen 204 of the mobile
computing device 202 from information provided by the input subsystem 206, such
as measurements received from the pressure sensor 208.

[0056] The position extraction module 226 determines a position of the mobile
computing device 202 relative to the user that provided touch input based on
information provided by the input subsystem 206, such as measurements received
from the orientation and motion sensors 212, the light sensor 214, the camera 216,
and/or the device body touch sensors 218. For example, the position extraction
module 226 can use input received through the device body touch sensors 218 to
determine how the user is holding the mobile computing device 202. In another
example, input received through the orientation and motion sensors 212 can be
used by the position extraction module 226 to determine an orientation of the mobile
computing device 202 with respect to the surrounding environment. In a further
example, input from the camera 216 can be used by the position extraction module
226 to visually locate the user with respect to the mobile computing device 202.
[0057] A model generation module 228 uses the information determined by
the contact area extraction module 222, the pressure level extraction module 224,
and/or the position extraction module 226 to generate models for particular fingers or
types of fingers. As described above with regard to FIG. 1A, finger models can
define input values for a finger or type of finger and can be used to identify the finger

or type of finger that touched the touchscreen 204. The model generation module
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228 can generate and update models during training modes for the mobile
computing device 202 and during normal operation of the mobile computing device
202. A training mode can be a mode of operation during which a user is asked to
identify touch input received as being a particular finger or type of finger. Models are
stored in a finger model repository 230, which can store finger models local and/or
remote from the mobile computing device 202. Finger models can be stored remote
from the mobile computing device 202 with the assistance of a remote computing
system, such as the mobile device server system 231.

[0058] A finger classifier 232 can also use the information determined by the
contact area extraction module 222, the pressure level extraction module 224,
and/or the position extraction module 226 to identify a finger or type of finger that
touched the touchscreen 204. The finger classifier 232 can use the information from
the modules 222-226 to infer a finger or type of finger that provided the touch input,
similar to the description of finger identification provided above with regard to FIG.
1A. The finger classifier 232 can identify the finger or type of finger that provided
touch input using finger models from the finger model repository 232.

[0059] An input interpreter 234 uses the identification of a finger or type of
finger by the finger classifier 232 to interpret touch input received by the touchscreen
204. The input interpreted 234 includes a bias correction module 236 and a finger-
based feature module 238. The bias correction module 236 corrects touch input for
a touch bias associated with the identified finger or type of finger, similar to the bias
correction described above with regard to FIG. 1A. The finger-based feature module
238 performs various actions associated with a graphical element touched by the

user and the identified finger or type of finger, similar to the actions described above
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with regard to FIG. 1B. The input interpreter 234 can interpret touch input using the
bias correction module 236 and/or the finger-based feature module 238.

[0060] An output subsystem 240 provides output to a user of the mobile
computing device 202 based on interpretation of the received touch input by the
input interpreter 234. For example, the output subsystem 240 can cause the
touchscreen 204 to display the photo 166 or the photo options 174 based on an
action associated with the identified finger or type of finger, as described with regard
to FIG. 1B. The output subsystem 240 can include a variety of devices for providing
output to a user of the mobile computing device 202, such as a display 242 (which
may be included as part of the touchscreen 204), a speaker 244, and a projector 246.
[0061] The mobile computing device 202 can wirelessly communicate with
wireless transmitter 248 (e.g., a cellular network transceiver, a wireless network
router, etc.) and obtain access to a network 250 (e.g., the Internet, public switched
telephone network (PSTN), a cellular network, a local area network (LAN), a virtual
private network (VPN), etc.). Through the network 250, the mobile computing device
202 can be in communication with a mobile device server system 231 (one or more
networked server computers), which can be configured to provide mobile device
related services and data to the mobile device 202 (e.g., provide calendar data,
email data, connect telephone calls to other telephones, etc.). Through the wireless
transmitter 248 and the network 250, the mobile device server system 231 can
implement some of the features described above with regard to the mobile
computing device 202, such as identifying a finger or type of finger using finger

models stored in the finger model repository 230.
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[0062] FIGS. 3A-C are flowcharts showing example techniques 300, 330, and
360 for identifying a finger or a type of finger and/or interpreting touch input using
components of the example system 200 described with regard to FIG. 2. The
example technique 300 depicts building finger models based on touch input from a
user. The example technique 330 depicts identifying a finger or type of finger that
provided touch input using finger models, which can be generated using the
technique 300. The example technique 360 depicts correcting touch input for touch
bias associated with a finger or type of finger, which may be identified using the
technique 330.

[0063] Referring to FIG. 3A, the technique 300 begins with a user touching a
touchscreen (e.g., the touchscreen 204) with a finger n (step 302). Input associated
with the user touching the touchscreen is provided to one or more of the contact
area extraction module 222, the pressure level extraction module 224, and the
position extraction module 226, which determine a contact area associated with the
touch input, a level of pressure associated with the touch input, and a position of the
mobile computing device (e.g., the mobile computing device 202) with regard to the
user, respectively. The model generation module 228 uses the information
determined by one or more of the modules 222-226 to generate a model 304 for the
finger n. The model 304 for finger n can be stored in a finger model repository (e.g.,
the finger model repository 230) for use identifying a finger based on touch input,
such as the identification performed with technique 330.

[0064] Referring to FIG. 3B, the technique 330 begins with a user touching a
touchscreen with a finger (step 332). Input associated with the user touching the

touchscreen is provided to one or more of the contact area extraction module 222,



WO 2012/019350 PCT/CN2010/075930
24

the pressure level extraction module 224, and the position extraction module 226,
which determine a contact area associated with the touch input, a level of pressure
associated with the touch input, and a position of the mobile computing device with
regard to the user, respectively. The finger classifier 232 can use the information
determined by the modules 222-226 and the finger models stored in the finger model
repository 230 (including the finger model 304 generated for finger n in technique
300) to identify that the user has touched the touchscreen with finger n (step 334).
[0065] Referring to FIG. 3C, the technique 360 begins with a user touching a
touchscreen at position (x, y) on the touchscreen (step 362). A finger identification
module 364, which may use the technique 330, identifies that the touchscreen was
touched by finger n. Using the identified finger n for the touch input, the bias
correction module 236 corrects the position (x, y) for the touch input based on a
touch bias associated with the finger n. In this example, the touch bias associated
with the finger n is (Axn, Ayn), Where Ax, is the x offset on the touchscreen for the
finger n and Ay, is the y offset on the touchscreen for finger n. Based on the bias
correction for finger n, an actual target position (x-Axn, y-Ayn) is determined for the
touch input at position (x, y) (step 366).

[0066] FIGS. 4A-E are diagrams of example mobile computing devices for
determining a position of the mobile computing device with respect to a user. FIGS.
4A-C depict a mobile computing device 400 that includes touch sensors 402
embedded on the body of the mobile computing device, such as the device body
touch sensors 218 described above with regard to FIG. 2. The touch sensors 402
can be any of a variety of appropriate touch sensors, such as capacitive touch

sensors. The mobile computing device 400 is similar to the mobile computing
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devices 104, 154, and 202 described above with regard to FIGS. 1A, 1B, and 2,
respectively.

[0067] FIG. 4A provides a front view of the mobile computing device 400 with
the touch sensors 402 included around the perimeter of the device 400. The
example pattern of the touch sensors 402 on the device 400 allows for determination
of the portions of the mobile computing device 400 that a user is holding, which can
indicate a position of the mobile computing device 400 with respect to the user. For
instance, if the touch sensors 402 provide that portions 404 and 406, located on the
right and left side of the mobile computing device 400, respectively, are being
touched by the user, it likely indicates that the user is holding the device with his/her
right hand — the user’s palm and right thumb may be touching the portion 404 and
one or more of the user’s right fingers may be touching the portion 406. In another
example, if the touch sensors provide that portions 408 and 410, located on the top
and bottom of the mobile computing device 400, respectively, are being touched by
the user, it likely indicates that the user is holding the device 400 sideways with both
hands — one of the user’s hands is touching the portion 408 and the other hand is
touching the portion 410.

[0068] FIG. 4B depicts a perspective view of the mobile computing device 400
and the touch sensors 402. The touch sensors 402 can span some or all of the side
of the mobile computing device 400. FIG. 4B depicts the example touch sensors
402 as extending down the entire side of the mobile computing device 400. Other
patterns and/or placement of touch sensors 402 can be used.

[0069] FIG. 4C depicts a view of the back of the mobile computing device 400.

In this example, the touch sensors 402 are positioned around the perimeter of the
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mobile computing device 400. Any of a variety of appropriate touch screen patterns
and/or designs can be used.

[0070] FIGS. 4D-E depict example diagrams 420 and 440 of touch input
provided by a user holding a mobile computing device with touch sensors included in
the body of the device. The touch input provided in the example diagrams 420 and
440 can be used to determine a position of the mobile computing device with respect
to the user.

[0071] Referring to FIG. 4D, the example diagram 420 depicts a mobile
computing device 422 with a touchscreen 424 that is displaying a menu and two
icons. A user is shown as holding the device 422 sideways with both his/her right
hand 426 and left hand 428. Portions 430 of a touch sensor included in the body of
the device 422 (e.g., touch sensor 402) may indicate the user is touching the
device’s right side (when the device is held sideways). Additionally, portion 432 of
the touchscreen 424 may indicate that some of the user’s right thumb is touching the
touchscreen 424 away from an intended point of contact 433. Portions 434 of the
touch sensor include in the body of the device 422 and portions 436 of the
touchscreen 424 can indicate that the user is touching the device'’s left side. Based
on the portions 430, 432, 434, and 436 that are being touched by the user, the
position of the mobile computing device 422 can be determined to being held by the
user with both hands.

[0072] Referring to FIG. 4E, the example diagram 440 depicts a mobile
computing device 442 that includes a touchscreen 444 displaying the same menu
and icons as the touchscreen 424. A user is shown as holding the device 442 with

the his/her right thumb 446 and right fingers 448-454. A touch sensor included in
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the body of the device 442 can indicate that portions 456 and 460 of the device are
being touched by the user. Additionally, the touchscreen 444 can indicate that
portions 458 and 462 of the touchscreen are being touched by the user. Based on
the portions 456-462 that are indicated as being touched by the user, the position of
the mobile computing device 442 with respect to the user can be determined as the
user holding the mobile computing device 442 in his/her right hand.

[0073] FIGS. 5A-B are flowcharts showing example techniques 500 and 550
for interpreting touchscreen input provided by a user. The example technique 500 is
directed to identifying a finger or a type of finger and interpreting touch input using
the identified finger or type of finger. The example technique 550 is directed to
interpreting touch input corresponding to a graphical element according to a touch
bias associated with the graphical element. The example techniques 500 and 550
can be performed using any of a variety of appropriate computing systems and/or
mobile computing devices, such as the mobile computing devices 104, 154, 202,
400, 422, and 444 described above with regard to FIGS. 1A, 1B, 2, 4A-C, 4D, and
4E, respectively.

[0074] Referring to FIG. 5A, the technique 500 starts at step 502 by receiving
first input that indicates a user touched a touchscreen of a mobile computing device.
For example, the user touches the touchscreen 102 of the mobile computing device
104 with his/her left index finger 106, as described above with regard to FIG. 1A.
The position of the mobile computing device with respect to the user can be
determined (step 504), a level of pressure with which the touchscreen was touched
can be determined (step 506), and/or a contact area for the touch can be determined

(step 508). For instance, steps 504-506 can be performed by the position extraction
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module 226, the pressure level extraction module 224, and the contact area
extraction module 222, respectively, as described above with regard to FIG. 2.
[0075] One or more models corresponding to fingers or types of finger are
accessed (step 510). For example, finger models can be retrieved from the finger
model repository 230, as described above with regard to FIG. 2. The pointer that
touched the touchscreen is identified as a particular finger or type of finger (step
512). For instance, the finger that touched the touchscreen 102 of the mobile
computing device 104 is identified in step 114, as described above with regard to
FIG. 1A. The first input is interpreted using the identified finger or type of finger
(step 514). For example, the touchscreen input is interpreted by correcting for a
touch bias associated with the identified finger in step 118, as described with regard
to FIG. 1A. In another example, the touchscreen input is interpreted by performing
an action associated with the identified finger in steps 164 and 172, as described
above with regard to FIG. 1B.

[0076] In some implementations, output can be provided indicated that the
particular finger or type of finger has been identified based on the first touch input
(step 516). For example, if a mobile computing device is in a training mode, the
mobile computing device may display information indentifying the particular finger or
type of finger identified from the first input. In addition, the mobile computing device
may display information that asks the user for input regarding whether the finger or
type of finger was correctly identified. A model associated with the identified finger
or type of finger can be adjusted based on the user’s response to such an

identification query.
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[0077] Second input is received in response to interpretation of the first input
as the identified finger or type of finger (step 518). The second input can be touch
input or some other type of input (e.g., the user shaking the device, the user
pressing a button or key on the mobile computing device, the user providing audio
input, etc.). A determination of whether the pointer was correctly identified as the
particular finger or type of finger can be made based on the second input (step 520).
One or more models are updated based on whether the pointer is determined to
have been correctly identified as the particular finger or type of finger (step 522).
[0078] For example, assume that a user touches the touchscreen 152 of the
mobile computing device 154 with his/her index finger 158 and that the touch input is
incorrectly identified as the user’s pinky finger 168. In response to the identification,
the mobile computing device 154 incorrectly performs the action associated with the
pinky finger 168 and presents the photo options 174 to the user. In response to
receiving the wrong screen, the user may provide second input that causes the
device to go back to the menu 156 so that the user can provide input that will cause
the device 154 to present the photo 166. The second input can be any variety of
input that is relevant to the example here, such as the user touching a menu button
displayed on the touchscreen, shaking the device to “undo” the previous action,
pressing a button or key on the body of the device 154, etc. The second input can
be identified as indicating that the user did not want to view the photo options 174
and, accordingly, that the pointer was incorrectly identified as being the user’s pinky
finger. A finger model associated with the pinky finger 168 and/or the index finger

158 can be updated according to the incorrect identification.
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[0079] In alternate example, assume that the user is presented with the photo
options 174 in response to touching the touchscreen 152 with his/her pinky finger
168 and that the user proceeds to interact with the photo options 174 (e.g., change
the slideshow from ON to OFF). In this example, the user’s action can indicate that
the user wanted to view the photo options 174 and, accordingly, that the pinky finger
was correctly identified from the first input. A finger model for the pinky finger can be
updated to indicate the correct identification based on the first input.

[0080] Referring to FIG. 5B, the technique 550 starts at step 552 by receiving
first input that indicates a user touched a touchscreen of a mobile computing device.
For example, the user touches the touchscreen 102 of the mobile computing device
104 with his/her left index finger 106, as described above with regard to FIG. 1A. In
some implementations, the pointer that touched the touchscreen is identified as a
particular finger or type of finger (step 554). For instance, the finger that touched the
touchscreen 102 of the mobile computing device 104 is identified in step 114, as
described above with regard to FIG. 1A.

[0081] The first input can be identified as corresponding to a particular
graphical element displayed on the touchscreen based on offset information
associated with the graphical element (step 556). Graphical elements (e.g., keys,
buttons, text fields, images, etc.) can have an associated touch bias that is used to
correctly associate touch input with the graphical element. For example, first and
second graphical elements displayed on a touchscreen can have a touch biases
indicating that user touches associated with the first graphical element are biased to
the left and that user touches of the second graphical element are biased to the right.

When receiving touch input, an active area for a graphical element (an area within
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which touch input is received for the graphical element) can be shifted to correct for
the touch bias associated with the graphical element (e.g., shifting an active area for
the icon 109 to the bias corrected icon 126). The touch input can be identified as
corresponding to a graphical element using the bias corrected active areas for the
graphical elements displayed on the touchscreen.

[0082] The touch bias associated with graphical elements may be specific to
the identified finger or type of finger. For example, the touch bias associated with a
graphical element may change depending on the finger or type of finger that is
touching the graphical element. In another example, the touch bias for a finger or
type of finger may be different for graphical elements located at various positions on
a touchscreen.

[0083] The touch bias may also be aggregated for some or all fingers/types of
fingers. For instance, instead of having a touch bias associated with various
finger/types of fingers, a graphical element may have a single touch bias that is used
for processing input for all fingers/types of fingers.

[0084] An action associated with the particular graphical element identified as
corresponding to the first input can be performed (step 558). For instance, based on
the touch input 120 being located within the bias corrected icon 126 (the bias
corrected active area for the icon 109), an action associated with the icon 109 can
be performed, as described above with regard to FIG. 1A.

[0085] A determination as to whether the user intended to touch the particular
graphical element can be made based on received second input (step 560). Similar
to the steps 518-520 described above with regard to FIG. 5A, received second input

can indicate whether the user intended for the first input to correspond to the
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particular graphical element. Offset information associated with the particular
graphical element can be adjusted based on the determination (step 562). Like step
522 described above with regard to FIG. 5A, touch bias information associated with
the particular graphical element can be adjusted based on whether the first input
was correctly or incorrectly identified as corresponding to the particular graphical
element.

[0086] FIGS. 6A-E are diagrams depicting examples of touch bias on a
touchscreen. FIG. 6A depicts a diagram 600 that shows an example touch bias for
touch input from a right thumb when the user is holding a mobile computing device
in his/her right hand. For a graphical element 602, touch input 604 is biased to the
right (AXy 606) and down (AY4 608) of the graphical element 602. Correcting touch
input from the user’s right thumb (when holding the mobile device in the user’s right
hand) by the touch bias (AXs 606 and AY{ 608) causes the majority of touch input
604 to fall with in a bias corrected graphical element 610 for the graphical element
602.

[0087] Similar to the diagram 600, FIG. 6B depicts a diagram 620 that shows
an example touch bias for touch input from a right index finger when the user is
holding a mobile computing device in his/her left hand. For a graphical element 622,
touch input 624 is biased to the right (AX, 626) and down (AY> 628) of the graphical
element 622. Correcting touch input from the user’s right index finger (when holding
the mobile device in the user’s left hand) by the touch bias (AX; 626 and AY2 628)
causes the majority of touch input 624 to fall with in a bias corrected graphical

element 630 for the graphical element 622.
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[0088] As indicated by the juxtaposition of FIGS. 6A-B, the touch bias
associated with a finger can vary. For instance, the touch bias associated with the
user’s right index finger (AX, 626 and AY; 628) is depicted as being less than the
touch bias associated with the user’s right thumb (AX, 606 and AY4 608).

[0089] FIG. 6C depicts a diagram 640 of an example touch bias that is
uniform across a touchscreen 642 of a mobile computing device 644. For instance,
a bias correction applied to a graphical element 646 (resulting in a bias corrected
graphical element 648) is depicted as being substantially the same as a bias
correction applied to a graphical element 650 (resulting in a bias corrected graphical
element 652). A uniform touch bias may be used in a variety of situations, such as
when the identified finger or type of finger has a point of origin that is independent of
the mobile computing device 644.

[0090] For example, when a user is holding the mobile computing device 644
with his/her left hand and touching the touchscreen 642 with his/her right index
finger, the point of origin for the right index finger is independent of the mobile
computing device 644 based on the user’s right hand not holding the device 644. In
contrast, were the user to be touching the device 644 with his/her left thumb while
still holding the device with his/her left hand, the point of origin for the left thumb in
this instance would not be independent of the device 644 — the point of origin for the
left thumb is more or less fixed near the lower-left corner of the device 644.

[0091] FIG. 6D depicts a diagram 660 of an example touch bias that is non-
uniform across a touchscreen 662 of a mobile computing device 664. For instance,
a bias correction applied to a graphical element 666 (resulting in a bias corrected

graphical element 668) is depicted as being greater than a bias correction applied to
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a graphical element 670 (resulting in a bias corrected graphical element 672). A
non-uniform touch bias may be used in a variety of situations, such as when the
identified finger or type of finger has a point of origin that is not independent of the
mobile computing device 644. For instance, the non-uniform distribution of touch
bias depicted in the diagram 660 may result from the user touching the touchscreen
662 using his/her right thumb when holding the device 664 in his/her right hand. The
graphical element furthest away from the point of origin (graphical element 666) can
be associated with the greatest touch bias and the graphical element closest to the
point of origin (graphical element 670) can be associated with the smallest touch
bias.

[0092] FIG. 6E depicts a diagram 680 of another example touch bias that is
non-uniform across a touchscreen 682 of a mobile computing device 684. For
instance, a bias correction applied to a graphical element 686 (resulting in a bias
corrected graphical element 688) is depicted as being different in size and direction
than a bias correction applied to a graphical element 690 (resulting in a bias
corrected graphical element 692). A non-uniform bias correction of this type may be
applied in a variety of situations, such as each graphical element (e.g., graphical
elements 686 and 690) having an independent touch bias, as described with regard
to FIG. 5B above.

[0093] Referring now to FIG. 7, a conceptual diagram of a system that may be
used to implement the systems and methods described in this document is
illustrated. Mobile computing device 710 can wirelessly communicate with base
station 740, which can provide the mobile computing device wireless access to

numerous services 760 through a network 750.



WO 2012/019350 PCT/CN2010/075930
35

[0094] In this illustration, the mobile computing device 710 is depicted as a
handheld mobile telephone (e.g., a smartphone or an application telephone) that
includes a touchscreen display device 712 for presenting content to a user of the
mobile computing device 710. The mobile computing device 710 includes various
input devices (e.g., keyboard 714 and touchscreen display device 712) for receiving
user-input that influences the operation of the mobile computing device 710. In
further implementations, the mobile computing device 710 may be a laptop computer,
a tablet computer, a personal digital assistant, an embedded system (e.g., a car
navigation system), a desktop computer, or a computerized workstation.

[0095] The mobile computing device 710 may include various visual, auditory,
and tactile user-output mechanisms. An example visual output mechanism is
display device 712, which can visually display video, graphics, images, and text that
combine to provide a visible user interface. For example, the display device 712
may be a 3.7 inch AMOLED screen. Other visual output mechanisms may include
LED status lights (e.g., a light that blinks when a voicemail has been received).
[0096] An example tactile output mechanism is a small electric motor that is
connected to an unbalanced weight to provide a vibrating alert (e.g., to vibrate in
order to alert a user of an incoming telephone call or confirm user contact with the
touchscreen 712). Further, the mobile computing device 710 may include one or
more speakers 720 that convert an electrical signal into sound, for example, music,
an audible alert, or voice of an individual in a telephone call.

[0097] An example mechanism for receiving user-input includes keyboard 714,
which may be a full qwerty keyboard or a traditional keypad that includes keys for

the digits ‘0-7°, ™', and ‘#.” The keyboard 714 receives input when a user physically
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contacts or depresses a keyboard key. User manipulation of a trackball 716 or
interaction with a trackpad enables the user to supply directional and rate of rotation
information to the mobile computing device 710 (e.g., to manipulate a position of a
cursor on the display device 712).

[0098] The mobile computing device 710 may be able to determine a position
of physical contact with the touchscreen display device 712 (e.g., a position of
contact by a finger or a stylus). Using the touchscreen 712, various “virtual” input
mechanisms may be produced, where a user interacts with a graphical user
interface element depicted on the touchscreen 712 by contacting the graphical user
interface element. An example of a “virtual” input mechanism is a “software
keyboard,” where a keyboard is displayed on the touchscreen and a user selects
keys by pressing a region of the touchscreen 712 that corresponds to each key.
[0099] The mobile computing device 710 may include mechanical or touch
sensitive buttons 718a-d. Additionally, the mobile computing device may include
buttons for adjusting volume output by the one or more speakers 720, and a button
for turning the mobile computing device on or off. A microphone 722 allows the
mobile computing device 710 to convert audible sounds into an electrical signal that
may be digitally encoded and stored in computer-readable memory, or transmitted to
another computing device. The mobile computing device 710 may also include a
digital compass, an accelerometer, proximity sensors, and ambient light sensors.
[00100] An operating system may provide an interface between the mobile
computing device’s hardware (e.g., the input/output mechanisms and a processor
executing instructions retrieved from computer-readable medium) and software.

Example operating systems include the ANDROID mobile device platform; APPLE
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IPHONE/MAC OS X operating systems; MICROSOFT WINDOWS 7/WINDOWS
MOBILE operating systems; SYMBIAN operating system; RIM BLACKBERRY
operating system; PALM WEB operating system; a variety of UNIX-flavored
operating systems; or a proprietary operating system for computerized devices. The
operating system may provide a platform for the execution of application programs
that facilitate interaction between the computing device and a user.

[00101] The mobile computing device 710 may present a graphical user
interface with the touchscreen 712. A graphical user interface is a collection of one
or more graphical interface elements and may be static (e.g., the display appears to
remain the same over a period of time), or may be dynamic (e.g., the graphical user
interface includes graphical interface elements that animate without user input).
[00102] A graphical interface element may be text, lines, shapes, images, or
combinations thereof. For example, a graphical interface element may be an icon
that is displayed on the desktop and the icon’s associated text. In some examples, a
graphical interface element is selectable with user-input. For example, a user may
select a graphical interface element by pressing a region of the touchscreen that
corresponds to a display of the graphical interface element. In some examples, the
user may manipulate a trackball to highlight a single graphical interface element as
having focus. User-selection of a graphical interface element may invoke a pre-
defined action by the mobile computing device. In some examples, selectable
graphical interface elements further or alternatively correspond to a button on the
keyboard 704. User-selection of the button may invoke the pre-defined action.
[00103] In some examples, the operating system provides a “desktop” user

interface that is displayed upon turning on the mobile computing device 710,
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activating the mobile computing device 710 from a sleep state, upon “unlocking” the
mobile computing device 710, or upon receiving user-selection of the “home” button
718c. The desktop graphical interface may display several icons that, when
selected with user-input, invoke corresponding application programs. An invoked
application program may present a graphical interface that replaces the desktop
graphical interface until the application program terminates or is hidden from view.
[00104] User-input may manipulate a sequence of mobile computing device 710
operations. For example, a single-action user input (e.g., a single tap of the
touchscreen, swipe across the touchscreen, contact with a button, or combination of
these at a same time) may invoke an operation that changes a display of the user
interface. Without the user-input, the user interface may not have changed at a
particular time. For example, a multi-touch user input with the touchscreen 712 may
invoke a mapping application to “zoom-in” on a location, even though the mapping
application may have by default zoomed-in after several seconds.

[00105] The desktop graphical interface can also display “widgets.” A widget is
one or more graphical interface elements that are associated with an application
program that has been executed, and that display on the desktop content controlled
by the executing application program. Unlike an application program, which may not
be invoked until a user selects a corresponding icon, a widget’s application program
may start with the mobile telephone. Further, a widget may not take focus of the full
display. Instead, a widget may only “own” a small portion of the desktop, displaying
content and receiving touchscreen user-input within the portion of the desktop.
[00106] The mobile computing device 710 may include one or more location-

identification mechanisms. A location-identification mechanism may include a
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collection of hardware and software that provides the operating system and
application programs an estimate of the mobile telephone’s geographical position. A
location-identification mechanism may employ satellite-based positioning techniques,
base station transmitting antenna identification, multiple base station triangulation,
internet access point IP location determinations, inferential identification of a user’s
position based on search engine queries, and user-supplied identification of location
(e.g., by “checking in” to a location).

[00107] The mobile computing device 710 may include other application
modules and hardware. A call handling unit may receive an indication of an
incoming telephone call and provide a user capabilities to answer the incoming
telephone call. A media player may allow a user to listen to music or play movies
that are stored in local memory of the mobile computing device 710. The mobile
telephone 710 may include a digital camera sensor, and corresponding image and
video capture and editing software. An internet browser may enable the user to view
content from a web page by typing in an addresses corresponding to the web page
or selecting a link to the web page.

[00108] The mobile computing device 710 may include an antenna to wirelessly
communicate information with the base station 740. The base station 740 may be
one of many base stations in a collection of base stations (e.g., a mobile telephone
cellular network) that enables the mobile computing device 710 to maintain
communication with a network 750 as the mobile computing device is geographically
moved. The computing device 710 may alternatively or additionally communicate
with the network 750 through a Wi-Fi router or a wired connection (e.g., Ethernet,

USB, or FIREWIRE). The computing device 710 may also wirelessly communicate
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with other computing devices using BLUETOOTH protocols, or may employ an ad-
hoc wireless network.

[00109] A service provider that operates the network of base stations may
connect the mobile computing device 710 to the network 750 to enable
communication between the mobile computing device 710 and other computerized
devices that provide services 760. Although the services 760 may be provided over
different networks (e.g., the service provider’s internal network, the Public Switched
Telephone Network, and the Internet), network 750 is illustrated as a single network.
The service provider may operate a server system 752 that routes information
packets and voice data between the mobile computing device 710 and computing
devices associated with the services 760.

[00110] The network 750 may connect the mobile computing device 710 to the
Public Switched Telephone Network (PSTN) 762 in order to establish voice or fax
communication between the mobile computing device 710 and another computing
device. For example, the service provider server system 752 may receive an
indication from the PSTN 762 of an incoming call for the mobile computing device
710. Conversely, the mobile computing device 710 may send a communication to
the service provider server system 752 initiating a telephone call with a telephone
number that is associated with a device accessible through the PSTN 762.

[00111] The network 750 may connect the mobile computing device 710 with a
Voice over Internet Protocol (VolP) service 764 that routes voice communications
over an IP network, as opposed to the PSTN. For example, a user of the mobile
computing device 710 may invoke a VolIP application and initiate a call using the

program. The service provider server system 752 may forward voice data from the



WO 2012/019350 PCT/CN2010/075930
41

call to a VolP service, which may route the call over the internet to a corresponding
computing device, potentially using the PSTN for a final leg of the connection.
[00112] An application store 766 may provide a user of the mobile computing
device 710 the ability to browse a list of remotely stored application programs that
the user may download over the network 750 and install on the mobile computing
device 710. The application store 766 may serve as a repository of applications
developed by third-party application developers. An application program that is
installed on the mobile computing device 710 may be able to communicate over the
network 750 with server systems that are designated for the application program.
For example, a VolIP application program may be downloaded from the Application
Store 766, enabling the user to communicate with the VolP service 764.

[00113] The mobile computing device 710 may access content on the internet
768 through network 750. For example, a user of the mobile computing device 710
may invoke a web browser application that requests data from remote computing
devices that are accessible at designated universal resource locations. In various
examples, some of the services 760 are accessible over the internet.

[00114] The mobile computing device may communicate with a personal
computer 770. For example, the personal computer 770 may be the home computer
for a user of the mobile computing device 710. Thus, the user may be able to
stream media from his personal computer 770. The user may also view the file
structure of his personal computer 770, and transmit selected documents between
the computerized devices.

[00115] A voice recognition service 772 may receive voice communication data

recorded with the mobile computing device’s microphone 722, and translate the
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voice communication into corresponding textual data. In some examples, the
translated text is provided to a search engine as a web query, and responsive
search engine search results are transmitted to the mobile computing device 710.
[00116] The mobile computing device 710 may communicate with a social
network 774. The social network may include numerous members, some of which
have agreed to be related as acquaintances. Application programs on the mobile
computing device 710 may access the social network 774 to retrieve information
based on the acquaintances of the user of the mobile computing device. For
example, an “address book” application program may retrieve telephone numbers
for the user’s acquaintances. In various examples, content may be delivered to the
mobile computing device 710 based on social network distances from the user to
other members. For example, advertisement and news article content may be
selected for the user based on a level of interaction with such content by members
that are “close” to the user (e.g., members that are “friends” or “friends of friends”).
[00117] The mobile computing device 710 may access a personal set of
contacts 776 through network 750. Each contact may identify an individual and
include information about that individual (e.g., a phone number, an email address,
and a birthday). Because the set of contacts is hosted remotely to the mobile
computing device 710, the user may access and maintain the contacts 776 across
several devices as a common set of contacts.

[00118] The mobile computing device 710 may access cloud-based application
programs 778. Cloud-computing provides application programs (e.g., a word
processor or an email program) that are hosted remotely from the mobile computing

device 710, and may be accessed by the device 710 using a web browser or a
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dedicated program. Example cloud-based application programs include GOOGLE
DOCS word processor and spreadsheet service, GOOGLE GMAIL webmail service,
and PICASA picture manager.

[00119] Mapping service 780 can provide the mobile computing device 710 with
street maps, route planning information, and satellite images. An example mapping
service is GOOGLE MAPS. The mapping service 780 may also receive queries and
return location-specific results. For example, the mobile computing device 710 may
send an estimated location of the mobile computing device and a user-entered query
for “pizza places” to the mapping service 780. The mapping service 780 may return
a street map with “markers” superimposed on the map that identify geographical
locations of nearby “pizza places.”

[00120] Turn-by-turn service 782 may provide the mobile computing device 710
with turn-by-turn directions to a user-supplied destination. For example, the turn-by-
turn service 782 may stream to device 710 a street-level view of an estimated
location of the device, along with data for providing audio commands and
superimposing arrows that direct a user of the device 710 to the destination.

[00121] Various forms of streaming media 784 may be requested by the mobile
computing device 710. For example, computing device 710 may request a stream
for a pre-recorded video file, a live television program, or a live radio program.
Example services that provide streaming media include YOUTUBE and PANDORA.
[00122] A micro-blogging service 786 may receive from the mobile computing
device 710 a user-input post that does not identify recipients of the post. The micro-
blogging service 786 may disseminate the post to other members of the micro-

blogging service 786 that agreed to subscribe to the user.
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[00123] A search engine 788 may receive user-entered textual or verbal queries
from the mobile computing device 710, determine a set of internet-accessible
documents that are responsive to the query, and provide to the device 710
information to display a list of search results for the responsive documents. In
examples where a verbal query is received, the voice recognition service 772 may
translate the received audio into a textual query that is sent to the search engine.
[00124] These and other services may be implemented in a server system 790.
A server system may be a combination of hardware and software that provides a
service or a set of services. For example, a set of physically separate and
networked computerized devices may operate together as a logical server system
unit to handle the operations necessary to offer a service to hundreds of individual
computing devices.

[00125] In various implementations, operations that are performed “in response”
to another operation (e.g., a determination or an identification) are not performed if
the prior operation is unsuccessful (e.g., if the determination was not performed).
Features in this document that are described with conditional language may
describe implementations that are optional. In some examples, “transmitting” from a
first device to a second device includes the first device placing data into a network,
but may not include the second device receiving the data. Conversely, “receiving”
from a first device may include receiving the data from a network, but may not
include the first device transmitting the data.

[00126] FIG. 8 is a block diagram of computing devices 800, 850 that may be
used to implement the systems and methods described in this document, as either a

client or as a server or plurality of servers. Computing device 800 is intended to
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represent various forms of digital computers, such as laptops, desktops,
workstations, personal digital assistants, servers, blade servers, mainframes, and
other appropriate computers. Computing device 850 is intended to represent
various forms of mobile devices, such as personal digital assistants, cellular
telephones, smartphones, and other similar computing devices. Additionally
computing device 800 or 850 can include Universal Serial Bus (USB) flash drives.
The USB flash drives may store operating systems and other applications. The USB
flash drives can include input/output components, such as a wireless transmitter or
USB connector that may be inserted into a USB port of another computing device.
The components shown here, their connections and relationships, and their
functions, are meant to be exemplary only, and are not meant to limit
implementations described and/or claimed in this document.

[00127] Computing device 800 includes a processor 802, memory 804, a
storage device 806, a high-speed interface 808 connecting to memory 804 and high-
speed expansion ports 810, and a low speed interface 812 connecting to low speed
bus 814 and storage device 806. Each of the components 802, 804, 806, 808, 810,
and 812, are interconnected using various busses, and may be mounted on a
common motherboard or in other manners as appropriate. The processor 802 can
process instructions for execution within the computing device 800, including
instructions stored in the memory 804 or on the storage device 806 to display
graphical information for a GUI on an external input/output device, such as display
816 coupled to high speed interface 808. In other implementations, multiple
processors and/or multiple buses may be used, as appropriate, along with multiple

memories and types of memory. Also, multiple computing devices 800 may be
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connected, with each device providing portions of the necessary operations (e.g., as
a server bank, a group of blade servers, or a multi-processor system).

[00128] The memory 804 stores information within the computing device 800.

In one implementation, the memory 804 is a volatile memory unit or units. In
another implementation, the memory 804 is a non-volatile memory unit or units. The
memory 804 may also be another form of computer-readable medium, such as a
magnetic or optical disk.

[00129] The storage device 806 is capable of providing mass storage for the
computing device 800. In one implementation, the storage device 806 may be or
contain a computer-readable medium, such as a floppy disk device, a hard disk
device, an optical disk device, or a tape device, a flash memory or other similar solid
state memory device, or an array of devices, including devices in a storage area
network or other configurations. A computer program product can be tangibly
embodied in an information carrier. The computer program product may also
contain instructions that, when executed, perform one or more methods, such as
those described above. The information carrier is a computer- or machine-readable
medium, such as the memory 804, the storage device 806, or memory on processor
802.

[00130] The high speed controller 808 manages bandwidth-intensive operations
for the computing device 800, while the low speed controller 812 manages lower
bandwidth-intensive operations. Such allocation of functions is exemplary only. In
one implementation, the high-speed controller 808 is coupled to memory 804,
display 816 (e.g., through a graphics processor or accelerator), and to high-speed

expansion ports 810, which may accept various expansion cards (not shown). In the



WO 2012/019350 PCT/CN2010/075930
47

implementation, low-speed controller 812 is coupled to storage device 806 and low-
speed expansion port 814. The low-speed expansion port, which may include
various communication ports (e.g., USB, Bluetooth, Ethernet, wireless Ethernet) may
be coupled to one or more input/output devices, such as a keyboard, a pointing
device, a scanner, or a networking device such as a switch or router, e.g., through a
network adapter.

[00131] The computing device 800 may be implemented in a number of different
forms, as shown in the figure. For example, it may be implemented as a standard
server 820, or multiple times in a group of such servers. It may also be implemented
as part of a rack server system 824. In addition, it may be implemented in a
personal computer such as a laptop computer 822. Alternatively, components from
computing device 800 may be combined with other components in a mobile device
(not shown), such as device 850. Each of such devices may contain one or more of
computing device 800, 850, and an entire system may be made up of multiple
computing devices 800, 850 communicating with each other.

[00132] Computing device 850 includes a processor 852, memory 864, an
input/output device such as a display 854, a communication interface 866, and a
transceiver 868, among other components. The device 850 may also be provided
with a storage device, such as a microdrive or other device, to provide additional
storage. Each of the components 850, 852, 864, 854, 866, and 868, are
interconnected using various buses, and several of the components may be
mounted on a common motherboard or in other manners as appropriate.

[00133] The processor 852 can execute instructions within the computing

device 850, including instructions stored in the memory 864. The processor may be
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implemented as a chipset of chips that include separate and multiple analog and
digital processors. Additionally, the processor may be implemented using any of a
number of architectures. For example, the processor 410 may be a CISC (Complex
Instruction Set Computers) processor, a RISC (Reduced Instruction Set Computer)
processor, or a MISC (Minimal Instruction Set Computer) processor. The processor
may provide, for example, for coordination of the other components of the device
850, such as control of user interfaces, applications run by device 850, and wireless
communication by device 850.

[00134] Processor 852 may communicate with a user through control interface
858 and display interface 856 coupled to a display 854. The display 854 may be, for
example, a TFT (Thin-Film-Transistor Liquid Crystal Display) display or an OLED
(Organic Light Emitting Diode) display, or other appropriate display technology. The
display interface 856 may comprise appropriate circuitry for driving the display 854
to present graphical and other information to a user. The control interface 858 may
receive commands from a user and convert them for submission to the processor
852. In addition, an external interface 862 may be provide in communication with
processor 852, so as to enable near area communication of device 850 with other
devices. External interface 862 may provide, for example, for wired communication
in some implementations, or for wireless communication in other implementations,
and multiple interfaces may also be used.

[00135] The memory 864 stores information within the computing device 850.
The memory 864 can be implemented as one or more of a computer-readable
medium or media, a volatile memory unit or units, or a non-volatile memory unit or

units. Expansion memory 874 may also be provided and connected to device 850
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through expansion interface 872, which may include, for example, a SIMM (Single In
Line Memory Module) card interface. Such expansion memory 874 may provide
extra storage space for device 850, or may also store applications or other
information for device 850. Specifically, expansion memory 874 may include
instructions to carry out or supplement the processes described above, and may
include secure information also. Thus, for example, expansion memory 874 may be
provide as a security module for device 850, and may be programmed with
instructions that permit secure use of device 850. In addition, secure applications
may be provided via the SIMM cards, along with additional information, such as
placing identifying information on the SIMM card in a non-hackable manner.

[00136] The memory may include, for example, flash memory and/or NVRAM
memory, as discussed below. In one implementation, a computer program product
is tangibly embodied in an information carrier. The computer program product
contains instructions that, when executed, perform one or more methods, such as
those described above. The information carrier is a computer- or machine-readable
medium, such as the memory 864, expansion memory 874, or memory on processor
852 that may be received, for example, over transceiver 868 or external interface
862..

[00137] Device 850 may communicate wirelessly through communication
interface 866, which may include digital signal processing circuitry where necessary.
Communication interface 866 may provide for communications under various modes
or protocols, such as GSM voice calls, SMS, EMS, or MMS messaging, CDMA,
TDMA, PDC, WCDMA, CDMA2000, or GPRS, among others. Such communication

may occur, for example, through radio-frequency transceiver 868. In addition, short-
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range communication may occur, such as using a Bluetooth, WiFi, or other such
transceiver (not shown). In addition, GPS (Global Positioning System) receiver
module 870 may provide additional navigation- and location-related wireless data to
device 850, which may be used as appropriate by applications running on device
850.

[00138] Device 850 may also communicate audibly using audio codec 860,
which may receive spoken information from a user and convert it to usable digital
information. Audio codec 860 may likewise generate audible sound for a user, such
as through a speaker, e.g., in a handset of device 850. Such sound may include
sound from voice telephone calls, may include recorded sound (e.g., voice
messages, music files, etc.) and may also include sound generated by applications
operating on device 850.

[00139] The computing device 850 may be implemented in a number of different
forms, as shown in the figure. For example, it may be implemented as a cellular
telephone 880. It may also be implemented as part of a smartphone 882, personal
digital assistant, or other similar mobile device.

[00140] Various implementations of the systems and techniques described here
can be realized in digital electronic circuitry, integrated circuitry, specially designed
ASICs (application specific integrated circuits), computer hardware, firmware,
software, and/or combinations thereof. These various implementations can include
implementation in one or more computer programs that are executable and/or
interpretable on a programmable system including at least one programmable

processor, which may be special or general purpose, coupled to receive data and
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instructions from, and to transmit data and instructions to, a storage system, at least
one input device, and at least one output device.

[00141] These computer programs (also known as programs, software, software
applications or code) include machine instructions for a programmable processor,
and can be implemented in a high-level procedural and/or object-oriented
programming language, and/or in assembly/machine language. As used herein, the

terms “machine-readable medium” “computer-readable medium” refers to any
computer program product, apparatus and/or device (e.g., magnetic discs, optical
disks, memory, Programmable Logic Devices (PLDs)) used to provide machine
instructions and/or data to a programmable processor, including a machine-readable
medium that receives machine instructions as a machine-readable signal. The term
“‘machine-readable signal” refers to any signal used to provide machine instructions
and/or data to a programmable processor.

[00142] To provide for interaction with a user, the systems and techniques
described here 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 computer. Other kinds of
devices can be used to provide for interaction with a user as well; for example,
feedback provided 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.

[00143] The systems and techniques described here can be implemented in a

computing system that includes a back end component (e.g., as a data server), or
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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 implementation of the
systems and techniques described here), 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 network). Examples of communication networks include a local area
network (“LAN”), a wide area network (“WAN?”), peer-to-peer networks (having ad-
hoc or static members), grid computing infrastructures, and the Internet.

[00144] The computing system can include clients and servers. A client and
server are generally remote from each other and typically interact through a
communication network. The relationship of client and server arises by virtue of
computer programs running on the respective computers and having a client-server
relationship to each other.

[00145] Although a few implementations have been described in detail above,
other modifications are possible. Moreover, other mechanisms for interpreting touch
input using an identified finger or type of finger may be used. In addition, the logic
flows depicted in the figures do not require the particular order shown, or sequential
order, to achieve desirable results. Other steps may be provided, or steps may be
eliminated, from the described flows, and other components may be added to, or
removed from, the described systems. Accordingly, other implementations are

within the scope of the following claims.
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WHAT IS CLAIMED IS:
1. A computer-implemented method comprising:
receiving, at a mobile computing device, a first input that indicates a user
touched a touchscreen display of the mobile computing device with a pointer;
determining a position of the mobile computing device with respect to the
user based on information other than information from the user’s touching of
the touchscreen display;
identifying the pointer as a particular finger or type of finger of the user
based upon, at least, the determined position of the mobile computing device
with respect to the user; and
interpreting the received first input on the touchscreen display of the
mobile computing device using the identified finger or type of finger.

2. The computer-implemented method of claim 1, wherein the information upon
which determining the position of the mobile computing device is based
includes, at least, information provided by one or more components of an
input subsystem of the mobile computing device other than the touchscreen
display.

3. The computer-implemented method of claim 1, wherein determining the
position of the mobile computing device with respect to the user comprises
determining how the user is holding the mobile computing device.

4. The computer-implemented method of claim 3, wherein the user is
determined to be holding the mobile computing device in the user’s right hand,
in the user’s left hand, in both the user’s right and left hands, or the user is
determined to not be holding the mobile computing device.

5. The computer-implemented method of claim 4, wherein, when the user is
determined to be holding the mobile computing device in one but not both of
the user’s hands, the pointer is identified as a thumb of the user’s hand that is
holding the mobile computing device or as a finger on the user’s other hand
that is not holding the mobile computing device.
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The computer-implemented method of claim 5, wherein, when the pointer is
identified as the thumb of the user’s hand that is holding the mobile
computing device, the received first input is interpreted as having a greater
offset from an intended point of contact on the touchscreen display than when
the pointer is identified as a finger on the user’s other hand that is not holding

the mobile computing device.

The computer-implemented method of claim 1, further comprising determining
a level of pressure with which the pointer touched the touchscreen display;
and

wherein the pointer is identified as the particular finger or type of finger
additionally based upon a determined level of pressure with which the pointer
touched the touchscreen display.

The computer-implemented method of claim 1, further comprising determining
a contact area with which the pointer touched the touchscreen display; and

wherein the pointer is identified as the particular finger or type of finger
additionally based upon a determined level of pressure with which the pointer
touched the touchscreen display.

The computer-implemented method of claim 1, further comprising accessing
one or more models that each correspond to a finger or a type of finger; and
wherein the pointer is identified as the particular finger or type of finger

using the one or more accessed models.

The computer-implemented method of claim 9, further comprising:

receiving, at the mobile computing device, a second input provided by the
user in response to interpretation of the first input using the identified finger or
type of finger,;

determining whether the pointer was correctly identified as the particular
finger or type of finger using the one or more accessed models based on the
second input; and

updating the one or more accessed models according to whether the
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pointer is determined to have been correctly identified as the particular finger

or type of finger.

The computer-implemented method of claim 10, wherein, when the received
second input causes the mobile computing device to undo or modify an action
performed based on interpretation of the first input using the identified finger
or type of finger, the second input is determined to indicate that the pointer
was not correctly identified as the particular finger or type of finger.

The computer-implemented method of claim 10, wherein, when the received
second input causes the mobile computing device to perform an action that
does not undo or modify a previous action performed based on interpretation
of the first input using the identified finger or type of finger, the second input is
determined to indicate that the pointer was correctly identified as the
particular finger or type of finger.

The computer-implemented method of claim 10, further comprising, when the
mobile computing device is in a training mode, providing output on the mobile
computing device that indicates the particular finger or type of finger has been
identified from the first input and that asks the user whether identification of
the particular finger or type of finger is correct; and

wherein the second input is received in response to the provided output
and comprises a response from the user indicating whether identification is

correct.

The computer-implemented method of claim 1, wherein interpreting the
received first input using the identified finger or type of finger comprises
interpreting the first input using an offset from an intended point of contact on
the touchscreen display that is associated with the identified finger or type of
finger.

The computer-implemented method of claim 14, wherein the offset applied for
the identified finger or type of finger is not uniform across the touchscreen
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display such that the offset is greater when the user touches the touchsreen
with the identified finger or type of finger at a first location on the touchscreen
display than when the user touches the touchsreen with the identified finger
or type of finger at a second location on the touchscreen display.

The computer-implemented method of claim 1, wherein interpreting the
received first input using the identified finger or type of finger comprises
performing an action on the mobile computing device that is associated with
the identified finger or type of finger.

A system for interpreting touchscreen input on a mobile computing device, the
system comprising:

a mobile computing device;

a touchscreen display of the mobile computing device that is configured
to receive input that indicates a user touched the touchscreen display with a
pointer;

a position extraction module of the mobile computing device that is
configured to determine a position of the mobile computing device with
respect to the user based on information other than information from the
user’s touching of the touchscreen display;

means for identifying the pointer as a particular finger or type of finger of
the user based on, at least, the determined position of the mobile computing
device with respect to the user; and

an input interpreter of the mobile computing device that is configured to
interpret the received input on the touchscreen display of the mobile
computing device using the particular finger or type of finger identified by the
means for identifying.

The system of claim 17, further comprising:

a housing of the mobile computing device that includes one or more
capacitive touch sensors that are configured to measure where the user is
touching the housing of the mobile computing device; and

wherein the position extraction module of the mobile computing device
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that is configured to determine the position of the mobile computing device
with respect to the user based on measurements from the capacitive touch
sensors included in the housing.

A computer-implemented method comprising:

receiving, at a mobile computing device, a first input that indicates a user
touched a touchscreen of the mobile computing device with a pointer;

identifying the first input as corresponding to a particular graphical
element displayed on the touchscreen based on the first input and offset
information associated with the particular graphical element,

wherein offset information associated with a graphical element indicates a
distance and direction by which an input area for the graphical element is
offset from a location at which the graphical element is displayed on the
touchscreen;

wherein an input area for a graphical element comprises an area within
which received input is registered by the mobile computing device as
corresponding to the graphical element;

performing an action on the mobile computing device associated with the
particular graphical element;

after performing the action, determining whether the user intended for the
first input to correspond to the particular graphical element based on second
input received at the mobile computing device from the user; and

adjusting the offset information associated with the particular graphical
element based on the determination of whether the user intended for the first

input to correspond to the particular graphical element.

The computer-implemented method of claim 19, further comprising:
identifying the pointer as a particular finger or type of finger of the user
based upon, at least, a determined position of the mobile computing device
with respect to the user; and
wherein the offset information associated with the particular graphical
element is specific to the identified finger or type of finger.
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