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MITIGATING COMMON MODE DISPLAY NOISE USING

[0001]

[0002]

[0003]

HYBRID ESTIMATION APPROACH

FIELD

This invention generally relates to electronic devices.

BACKGROUND

Input devices, mcluding proximity sensor devices (also commonly
called touchpads or touch sensor devices), are widely used in a variety of
electronic systems. A proximity sensor device typically includes a sensing
region, often demarked by a surface, in which the proximity sensor device
determines the presence, location and/or motion of one or more input objects.
Proximity sensor devices may be used to provide interfaces for the electronic
system. For example, proximity sensor devices are often used as input
devices for larger computing systems (such as opaque touchpads integrated
in, or peripheral to, notebook or desktop computers). Proximity sensor
devices are also often used in smaller computing systems (such as touch

screens integrated in cellular phones).

SUMMARY

In general, in one aspect, one or more embodiments relate to a

processing systern configured for capacitive sensing. The processing system

includes sensor circuitry with functionality to acquire an absolute capaciiive

profile for sensor electrodes, and acquire a transcapacitive image using the

sensor electrodes. The processing system is configured to create a first

estimate of common mode noise using the absolute capacitive profile and the

transcapacitive image, determine a location lacking an input object in the

transcapacitive image using the first estimate of common mode noise, create a

second estimate of common mode noise based on the location and the
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transcapacitive image, determine positional information of the input object
using the second estimate of common mode noise, and process the positional

information.

18604} In general, in one aspect, one or more embodiments relate to an input
device for capacitive sensing the include device includes sensor electrodes for
receiving resulting signals from a transmitter clectrode, and a processing
system. The processing system is configured to acquire a first absolute
capacitive profile for the semsor electrodes, acquire a transcapacitive image
using the sensor electrodes, create a first estimate of common mode noise using
the first absolute capacitive profile and the transcapacitive image, and
determine a location lacking an input object in the transcapacitive image using
the first estimate of common mode noise. The processing system is further
configured to create a second estimate of common mode noise based on the
location and the transcapacitive image, determine positional information of the
input object using the second estimate of common mode noise, and process the

positional mformation.

18005 In general, in one aspect, one or more embodiments relate to a method
for mitigating common mode noise. The method includes acquiring a first
absolute capacitive profile for the sensor electrodes, acquiring a transcapacitive
image using the sensor electrodes, creating a first estimate of common mode
noise using the first absolute capacitive profile and the transcapacitive image,
and determining a location lacking an input ohject in the transcapacitive image
using the first estimate of common mode noise. The method further includes
creating a second estimate of common mode noise based on the location and
the transcapacitive image, determining positional information of the input
object using the second estimate of common mode noise, and processing the

positional information.

{8006} Other aspects of the invention will be apparent from the following

description and the appended claims,
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BRIEF DESCRIPTION OF DRAWINGS

The preferred exemplary cmbodiment of the present invention will
hereinafter be described in conjunction with the appended drawings, where

like designations denote like elements.

FIG. 1 shows a block diagram of an example system that includes an

input device in accordance with one or more embodiments of the invention.

FIG. 2 shows a diagram of a sensing region in accordance with one or

more embodiments of the invention.

FIGs. 3, 4, §, 6, and 7 show flowcharts in accordance with one or more

embodiments of the invention.

FIG. 8§ shows an example in accordance with one or more embodiments

of the invention.

FIGs. 9.1 and 9.2 show an example in accordance with one or more

smbodiments of the invention.

DETAILED DESCRIPTION

The following detailed description is merely exemplary in nature and is
not intended to limit the invention or the application and uses of the invention.
Furthermore, there is no intention to be bound by any expressed or imphied
theory presented in the preceding technical field, background, brief summary or
the following detailed description.

In the following detailed description of embodiments of the invention,
numercus specific details are set forth in order to provide a more thorough
understanding of the invention. However, it will be apparent to one of ordinary
skill in the art that the invention may be practiced without these specific details.
In other instances, well-known features have not been described in detail to

avoid unnecessarily complicating the description.
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Throughout the application, ordinal numbers {e.g., first, second, third,
etc.) may be used as an adjective for an element (ie., any noun in the
application}. The use of ordinal numbers is not o imply or create any
particular ordering of the elements nor to limit any element to being only &
single element unless expressly disclosed, such as by the use of the ferms
"before”, “after”, "single", and other such terminology. Rather, the use of
ordinal numbers is to distinguish between the cloments. By way of an
example, a first element is distinct from a second element, and the first element
may encompass more than one element and succeed (or precede) the second
clement in an ordering of elements. Similarly, the ordinal number used in the
Specification may or may not match the ordinal numbers used for elements in

the claims.

Various embodiments of the present invention provide input devices and
methods that facilitate improved usability. In particolar, one or more
embodiments are directed to generating an estimate of common mode noise of
an input device. DBased on the estimate, positional information may be

identified.

Turning now to the figures, FIG. 1 is a block diagram of an exemplary
input device (100), in accordance with one or more embodiments of the
mvention. The wnput device {100} may be configured to provide input to an
clectronic system (not shown}. As used in this document, the term "electronic
system” {or "clectronic device") broadly refers to any system capable of
electronically processing information.  Some non-limiting examples of
electronic systems inclnde personal computers of all sizes and shapes such as
desktop computers, laplop computers, netbook computers, tablets, web
browsers, e-book readers, and personal digital assistants (PDDAs). Additional
example electronic systems include composite input devices such as physical
keyboards that include input device (100} and separate joysticks or key

switches. Further exanmple electronic systems include peripherals such as data
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input devices {including remote controls and mice) and data output devices
(including display screens and printers}). Other examples include remote
terminals, kiosks, and video game machines (e.g, video game consoles,
portable gaming devices, and the like). Other examples  include
communication devices (including cellular phones such as smart phones), and
media devices (inchuding recorders, editors, and players such as televisions,
sei~top boxes, music players, digital photo frames, and digital cameras).
Additionally, the electronic system could be a host or a slave o the input

device.

{0018] The input device (100} may be implemented as a physical part of the
clectronic system or may be physically separate from the electronic system.
Further, portions of the input device (100) may be part of the electronic system.
For example, all or part of the determination module may be implemented in
the device driver of the electronic system. As appropriate, the input device
(100} may comununicate with parts of the electronic system using any one or
more of the following: buses, networks, and other wired or wircless
interconnections, Examples include I2C, SPI, P5/2, Universal Serial Bus
(LUUSB), Bluetooth, RF, and IRDA.

{0019] In FIG. 1, the input device (100} is shown as a proximity sensor device
(also often referred to as a "touchpad” or a "touch sensor device") configured to
sense input provided by one or more input objects {140} in a sensing region
{(120). Example input objects include fingers and styly, as shown in FIG. 1.
Throughout the specification, the singular form of input object is used.
Although the singular form 1s used, multiple input objects may exist in the
sensing region {120}, Further, which particular input objects are in the sensing
region may change over the course of one or more gestures. To avoid
unnecessarily complicating the description, the singular form of input object is

used and refers to all of the above variations.
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The sensing region (120) encompasses any space above, around, in
and/or near the input device {100} in which the input device (100} is able to
detect user input (e.g., user input provided by one or more input objects (140)).
The sizes, shapes, and locations of particular sensing regions may vary widely

from embodiment to embodiment,

In some embodiments, the sensing region (120) extends from a surface
of the input device (100} in one or more directions into space until signal-to-
noise ratios prevent sufficiently accurate object detection. The extension above
the surface of the input device may be referred to as the above surface sensing
region. The distance to which this sensing region (120) extends in a particular
direction, in various embodiments, may be on the order of less than a
millimeter, millimeters, centimeters, or more, and may vary significantly with
the type of sensing technology used and the accuracy desired. Thus, some
embodiments sense input that comprises no contact with any surfaces of the
input device (100), contact with an input surface (e.g. a touch surface) of the
input device (100}, contact with an input surface of the input device (100}
coupled with some amount of applied force or pressure, and/or a combination
thereof. In various embodiments, input surfaces may be provided by surfaces
of casings within which the sensor electrodes reside, by face sheets applied
over the sensor elecirodes or any casings, ete. In some embodimenis, the
sensing region (120} has a rectangular shape when projected onto an input

surface of the input device (100).

The input device (100) may utilize any combination of sensor
components and sensing technologies 1o detect user input in the sensing region
(120). The mput device (100} includes one or more sensing elements for
detecting user input. As several non-limiting examples, the input device (100)
may use capacitive, elastive, resistive, inductive, magnetic, acoustic, ultrasonie,

and/or optical technigues.

8
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{8423} Some implementations are configured to provide images that span one,
two, three, or higher-dimensional spaces. Some implementations are
configored to provide projections of input along particular axes or planes.
Further, some implementations may be configured to provide a combination of

one or more images and one or more projections.

10024} In some resistive implementations of the input device (100}, a flexible
and conductive first layer is separated by one or more spacer elements from a
conductive second layer. During operation, one or more voltage gradients are
created across the layers. Pressing the flexible first layer may deflect it
sufficiently to create electrical contact between the layers, resulting in voltage
outputs reflective of the point(s) of contact between the layers. These voltage

outpuis may be used to determine positional information.

{6025] In some inductive implementations of the input device (100}, one or
more sensing elements pick up loop currents induced by a resonating coil or
pair of coils. Some combination of the magnitude, phase, and frequency of the

currenis may then be used to determine positional information.

10026} In some capacitive implementations of the input device (100), voltage or
current is applied to create an electric field. Nearby input objects cause
changes in the clectric field, and produce detectable changes in capacitive

coupling that may be detected as changes in voltage, current, or the like,

180271 Some capacitive implementations utilize arrays or other regular or
irregular patterns of capacitive sensing elements 1o create electric fields. In
some capacitive implementations, separate sensing clements may be chmically
shorted together to form larger sensor electrodes.  Some capacitive

implementations utilize resistive sheets, which may be uniformly resistive.

{0028} Some capacitive implementations utilize "self capacitance” (or "absolute
capacitance™) sensing methods based on changes in the capacitive coupling
between sensor electrodes and an input object. In various embodiments, an

input object near the sensor electrodes alters the eleciric field near the sensor
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electrodes, thus changing the measured capacitive coupling. In one
implementation, an absolute capacitance sensing method operates by
modulating sensor electrodes with respect to a reference voltage (e.g., system
ground)}, and by detecting the capacitive coupling between the sensor
electrodes and input objects. The reference voliage may be a substantially
constant vollage or a varying voltage and in varicus embodiments; the
reference voliage may be system ground. Measurements acguired using
absolute capacitance sensing methods may be referred to as absolute capacitive

measurements,

[6029] Some capacitive implementations utilize "mutual capacitance” {or "irans
capacitance”™) sensing methods based on changes in the capacitive coupling
between sensor electrodes. In various embodiments, an input object near the
sensor electrodes alters the electric field between the sensor electrodes, thus
changing the measured capacitive coupling. In one implementation, a mutual
capacilance sensing method operates by detecting the capacitive coupling
between one or more iransmitter sensor elecirodes (also "transmitter
electrodes” or "transmitter”) and one or more receiver sensor electrodes {also
"receiver electrodes” or "receiver”). Transmitier sensor electrodes may be
modulated relative to a reference voltage (e.g., system ground) to fransmit
transimitter signals. Receiver sensor electrodes may be held substantially
constant relative to the reference voltage to facilitate receipt of resulting
signals. The reference voltage may be a substantially constant voltage and in
various embodiments; the reference voltage may be system ground. In some
embodiments, transmitter sensor electrodes may both be modulated. The
transmitter elecirodes are moduolated relative to the receiver electrodes to
transmit transmitter signals and to facilitate receipt of resulting signals. A
resulting signal may include effect(s) corresponding to one or more transmitier
signals, and/or to one or more sources of environmental interference {(e.g., other
electromagnetic signals). The effect{s} may be the transmitter signal, a change

in the transmitter signal caused by one or more input objects and/or
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environmental interference, or other such effects. Sensor electrodes may be
dedicated transmitters or receivers, or may be configured to both transmit and
receive. Measurements acquired using mutual capacitance sensing methods

may be referred to as mutual capacitance measurements,

18038} Further, the sensor electrodes may be of varying shapes and/or sizes.
The same shapes and/or sizes of sensor electrodes may or may not be in the
same groups. For example, in some embodiments, receiver electrodes may be
of the same shapes and/or sizes while, in other embodiments, receiver

electrodes may be varying shapes and/or sizes.

{8031} In FIG. 1, a processing system {110) is shown as part of the input device
{100). The processing system (110} i3 configured to operate the hardware of
the mput device (100) to detect input in the sensing region (120). The
processing system (110) includes parts of, or all of, one or more integrated
circuits {(ICs) and/or other circuitry components. The processing system may
include sensor circuitry. For example, a processing system for a mutual
capacitance sensor device may include transmitter circuitry configured to
transmit signals with transmitier sensor electrodes, and/or receiver circuitry
configured to receive signals with receiver sensor electrodes. Further, a
processing system for an absolute capacitance sensor device may include driver
circuttry configured to drive absolute capacitance signals onto sensor
glectrodes, and/or receiver circuitry configured to receive signals with those
sensor electrodes. In one or more embodiments, a processing system for a
combined mutual and absolute capacitance sensor device may include any
combination of the above described mutual and absolute capacitance cireuitry.
In some embodiments, the processing system (110) also  includes
electronically-readable instructions such as firmware code, software code,
and/or the like. In some embodiments, components composing the processing
system {110} are located together, such as near sensing element(s) of the input

device (100}, In other embodiments, components of processing system (110)

&
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are physically separate with one or more components close to the sensing
clement(s} of the input device (100), and one or more components elsewhere.
For example, the input device (100) may be a peripheral coupled to a
computing device, and the processing system (110) may include software
configured to run on a central processing unit of the computing device and one
or more ICs (perhaps with associated firmware) separate from the central
processing unit. As another example, the input device {100) may be physically
integrated in a mobile device, and the processing system (110) may include
circuits and firmware that are part of a main processor of the mobile device. In
some embodiments, the processing system (110) is dedicated to implementing
the input device (100). In other embodiments, the processing system (110) also
performs other functions such as operating display screens, driving haptic

actuators, eic.

186321 The processing system {110) may be implemented as a set of modules
that handle different functions of the processing system (110). Fach module
may include circuitry that is a part of the processing system (110). For
example, circuitry may be an application specific integrated circuit (ASIC), a
general hardware processor, or any combination thereof In various
embodiments, different combinations of modules may be used. For example,
as shown in FIG. 1, the processing system (110) may include a determination
module (150) and a sensor module (160). The determination module (150)
may include functionality to determine when at least one input object is in a
sensing  vegion, determine signal to noise ratio, determine positional
information of an input object, identify a gesture, determine an action to
perform based on the gesture, a combination of gestures or other information,

and/or perform other operations,

18033] The sensor module (160} may include functionality to drive the sensing
clements to transmit transmitter signals and receive the resulting signals. For

example, the sensor module (160) may include sensory circuitry that is coupled
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to the sensing elements. The sensor module (160) may include, for example, a
transmitter module and a receiver module.  The transmiiter module may
include transmitter circuitry that is coupled to a transmitting portion of the
sensing elements. The receiver module may include receiver circuitry coupled
to a receiving portion of the sensing elements and may include functionality to

receive the resulting signals.

[6034] Although FIG. | shows only a determination module (150} and a sensor
module (160), alternative or additional modules may exist in accordance with
one or more embodiments of the invention. Such alternative or additional
modules may correspond to distinct modules or sub-modules than one or more
of the modules discussed above. Example alternative or additional modules
include hardware operation modules for operating hardware such as sensor
electrodes and display screens, data processing modules for processing data
such as scnsor signals and positional information, reporting modules for
reporting information, and ideantification modules configured to identify
gestures, such as mode changing gestures, and mode changing modules for
changing operation modes. Further, the various modules may be combined in
separate integrated circuits. For example, a first module may be comprised at
least partially within a first integrated circuit and a separate module may be
comprised at least partially within a second integrated circuit. Further, portions
of a single modele may span multiple integrated circuits. In some
embodiments, the processing system as a whole may perform the operations of

the various modules.

{0035} In some embodiments, the processing system (110} responds to user
input {or lack of user input} in the sensing region (120) directly by causing one
or more actions. Example actions include changing operation modes, as well
as graphical user interface {(GUI) actions such as cursor movement, selection,
menu pavigation, and other functions. In some embodiments, the processing

system (110) provides information about the input {or lack of input) {o some
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part of the electronic system {e.g. to a central processing sysiem of the
electronic system that is separate from the processing system (110}, if such a
separate central processing system exists). In some embodiments, some part of
the electronic system processes information received from the processing
system (110} to act on user input, such as to facilitate a full range of actions,

including mode changing actions and GUI actions.

10036} For example, in some embodiments, the processing system (110}
operates the sensing element(s} of the input device (100) o produce electrical
signals indicative of input {(or lack of input) in the sensing region (120}, The
processing system (110} may perform any appropriate amount of processing on
the electrical signals in producing the wformation provided to the electronic
sysiem, For example, the processing system (110} may digitize analog
electrical signals obtained from the sensor elecirodes. As another example, the
processing system (110) may perform filtering or other signal conditioning. As
vet another example, the processing system (110) may subtract or otherwise
account for a baseline, such that the mformation reflects a difference between
the electrical signals and the baseline. As vet further examples, the processing
system (110} may determine positional imformation, recognize inpufs as

commands, recognize handwriting, and the like.

{0037} "Positional information” as used herein broadly encompasses absolute
position, relative position, velocity, acceleration, and other types of spatial
information. Exemplary "zero-dimensional” positional information inchudes
near/far or confact/mo contact information.  Exemplary "one-dimensional”
positional information includes positions along an axis. Exemplary "two-
dimensional” positional information mcludes motions in a plane. Exemplary
b o e i . . . , _
three-dimensional” positional information includes instantaneous or average
velocities in space. Further examples include other representations of spatial

information.  Historical data regarding one or more types of positional

i2
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information may also be determined and/or stored, including, for example,

historical data that tracks position, motion, or instantancous velocity over time.

{0038} In some embodiments, the input device (100} is implemented with
additional input components that are operated by the processing system (110)
or by some other processing system. These additional input components may
provide redundant functionality for input in the sensing region (12(), or some
other functionality. FIG. 1 shows buttons {130} near the sensing region (120)
that may be used to facilitate selection of items using the input device (100).
Other types of additional imput components inchide sliders, balls, wheels,
switches, and the like. Conversely, in some embodiments, the input device

(100} may be implemented with no other input components.

{6039] In some embodiments, the input device (100} includes a touch screen
interface, and the sensing region {120} overlaps at least part of an active area of
a display screen. For example, the input device (100) may include substantially
transparent sensor electrodes overlaying the display screen and provide a touch
screen interface for the associated electronic system. The display screen may
be any type of dynamic display capable of displaying a visual interface to a
user, and may include any type of light emitting diode (LED), organic LED
(OLED), cathode ray tube (CRT), liquid crystal display (1L.CD), plasma,
electroluminescence (EL), or other display technology. The input device (100)
and the display screen may share physical elements. For example, some
embodiments may utilize some of the same clectrical components for
displaying and sensing. In various embodiments, one or more display
electrodes of a display device may be configured for both display updating and
mput sensing. As another example, the display screen may be operated in part

or in total by the processing system (110).

{0040} It should be understood that while many embodiments of the invention
are described in the context of a fully-functioning apparatus, the mechanisms of

the present invention are capable of being distributed as a program product
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(e.g., software) in a variety of forms. For example, the mechanisms of the
present invention may be implemented and distributed as a software program
on information-bearing media that are readable by electronic processors {e.g.,
non-transitory  computer-readable  and/or  recordable/writable information
bearing media that is readable by the processing system (1103}, Additionally,
the embodiments of the present invention apply equally regardless of the
particular type of medium used o carry out the distribution. For example,
software instructions in the form of computer readable program code o
perform embodiments of the invention may be stored, in whole or in part,
temporarily or permanently, on a non-transitory compuier-readable storage
medium.  Examples of non-transitory, electronically-readable media include
various discs, physical memory, memory, memory sticks, memory cards,
memory modules, and or any other computer readable storage medium.
Electronically-readable media may be based on flash, optical, magnetic,

holographic, or any other storage technology.

(80411 Although not shown in FIG. 1, the processing system, the input device,
and/or the host system may include one or more computer processor(s),
associated memory {(e.g., random access memory {(RAM), cache memory, flash
meniory, etc.), one or more storage device(s) (e.g., a hard disk, an optical drive
such as a compact disk (CD) drive or digital versatile disk (DVD) drive, a flash
memory stick, etc.), and numerous cother elements and functionalities. The
computer processor{s) may be an integrated circuit for processing instructions.
For example, the computer processor(s} may be one or more cores or micro-
cores of a processor. Further, one or more elements of one or more
embodiments may be located at a remote location and connected to the other
clements over a network., Further, embodiments of the invention may be
implemented on a distributed system having several nodes, where each portion
of the invention may be located on a different node within the distributed
system. In one embodiment of the invention, the node corresponds to a distinct

computing device. Alternatively, the node may correspond to a computer

i4
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processor with associated physical memory. The node may alternatively
correspond to a computer processor or micro-core of & computer processor with

shared memory and/or resources.

10042} While FIG. 1 shows a configuration of components, other configurations
may be used without departing from the scope of the invention. For example,
various componemts may be combined {o create a single component. As
another example, the functionality performed by a single component may be

performed by two or more components.

{8043} FIG. 2 shows an example diagram of portion of a sensing region (204)
inn accordance with one or more embodiments of the invention. In one or more
embodiments of the invention, the sensing region has a {ransmitter axis (202)
and a receiver axis {204). The transmitter axis (202} has a set of transmitier
clectrodes that include functionality o transmit transmitter signals. The
receiver axis includes a set of receiver electrodes that include functionality to
receive resulting signals. The transmitter electrodes and receiver electrodes are
sensor electrodes. For transcapacitive sensing, when a transmitter clectrode, or
sensor electrode on the transmitter axis, fransmit a transmitter signal, the
resulting signals are received by the receiver electrodes, or second set sensor
electrodes, on the receiver axis. Measurements obtained from the resulting
signals may be referred to as capacitive sensor data.  The measurements that
are used may be raw measurements or pre-processed measurements. In one or
more embodiments, the capacitive sensor data obtained by performing the
transcapacitive sensing using each transmitter electrode may form a two
dimensional capacitive image. In the two dimensional capacitive 1mage, cach
intersection between the transmitter electrode and the receiver electrode has a
corresponding value. In other words, the use of the term transcapacitive umage
refers to a set of measurements whereby each intersection has a measurement
value. The image may or mayv not be in diagram form, whereby the

measurement values are color or grayscale encoded or otherwise displayable.
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{0044} Continuing with FIG. 2, one or more embodiments may include
functionality to perform hybrid sensing. In other words, the input device
shown in FIG. 1 may include functionality to obiain one or more profiles from
the sensing region. A profile is a single dimensional set of values from the
sensing region along a particular axis of the sensing region. For example, a
receiver axis absolute capacitance profile is a profile obtained along the
receiver axis (204) of the sensing region (200). Notably, the receiver axis
absolute capacitance profile does not reference the function of the sensor
glectrodes during the acquisition of the profile as being receivers, but rather the
function of the sensor electrodes in the corresponding mutual capacitance or
active pen sensing. Namely, the receiver axis absolute capacitance profile
refers to a profile acquired along the sensor electrodes, which, during
{ranscapacitive sensing, the sensor electrodes are on the receiver axis.
Conversely, the transmitter axis absolute capacitance profile refers to the
profile acquired along the sensor electrodes, which, during the transcapacitive
sensing, the sensor ¢lectrodes are on the transmitter axis. Thus, rather than
being a two dimensional capacitive image of the sensing region, the collection
of values in the receiver axis profile or the transmitter axis profile are single
dimensional and include a single raw measured value for each hatch mark

shown in FIG 2 on the transmitter axis {202) and receiver axis (204).

[0045] Further, a receiver axis projection is a projection of the transcapacitive
image on the receiver axis. A transmitter axis projection is a projection of the
transcapacitive image on the transmitter axis. Using the example of FIG. 2, &
receiver axis projection may have a single value for each column that is the
sum of the values in the transcapacitive image that are in the column. A
transmitter axis projection may have a single value for each row that is the sum

of the values in the transcapacitive image that are in the row.

0046} As discussed above, FIG. 2 is only an example. The size, shape, number

and configuration of electrodes may vary from the example shown in FIG. 2
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without departing from the scope of the tnvention. In particular, although FIG.
2 shows the electrodes as being configured in a grid pattern, the electrodes may
be arranged in a different pattern. Further, the use of the terms “first” and
“second” in the claims with respect to sensor electrodes may refer to the

receiver axis and/or the transmitter axis unless specifically claimed.

100471 FiGs, 3-7 show flowcharts in accordance with one or more
embodiments of the invention. While the various steps in these flowcharts ave
presented and described sequentially, one of ordinary skill will appreciate that
some or all of the steps may be executed in different orders, may be combined
or omitted, and some or all of the steps may be executed in parallel.
Furthermore, the steps may be performed actively or passively. For example,
some steps may be performed using polling or be interrupt driven in
accordance with one or more embodiments of the invention. By way of an
example, determination steps may not reguire a processor (o process an
instruction unless an interrupt is received to signify that condition exists in
accordance with one or more embodiments of the invention. As another
example, determination steps may be performed by performing a test, such as
checking a data value to test whether the value is consistent with the tested

condition in accordance with one or more embodiments of the invention.

6048} FIG. 3 shows a flowchart for capacitive sensing in accordance with one
or more embodiments of the invention. In Step 301, a transcapacitive image is
acquired by transmitting transmitter signals using transmitter electrodes along a
transmitter axis and receiving resulting signals using receiver electrodes along
a recetver axis in accordance with one or more embodiments of the invention.
The sensor electrodes receiving the resulting signals may receive the resulting
signals concurrently, Further, multiple transmitter electrodes may fransmit
transmitter signals concurrently using one or more coding schemes or other

such technigues.
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{6049] In one or more embodiments of the invention, the resulting signals
include effects of the transmitter signals, any input object in the sensing region,
and any noise, such as thermal noise and common mode noise. In other words,
measurements of the resulting signals are affected by input ohjects in the
sensing region, the value of the transmitter signals transmitted, and any noise in
the sensing region. The resulting signals may be processed {o obtain capacitive
sensor data. For example, measurements from the resulting signals may be
acquired to generate the transcapacitive image. Temporal and/or spatial filters
may be applied to the transcapacitive image. Similarly, the baseline may be
subtracted from the capacitive sensor data prior to proceeding. Alternatively,
the aforementioned preprocessing may be performed afier the effects of the

noise in the transcapacitive image are mitigated as discussed below.

16056] Continuing with FIG. 3, in Step 303, a receiver axis absolute capacitive
profile is acquired for the sensing region. For example, the receiver axis
profile may be obtained using absolute capacitance sensing. In other words,
the sensor electrodes along the receiver axis may be driven with sensing signals
and measurements are acquired from the same sensor electrodes along the
receiver axis. The combination of measurements along the receiver axis forms

the receiver axis absolute capacitive profile.

{0051} Similarly, in Step 305, a transmitier axis absolute capacitive profile is
acquired for the sensing region. In particular, the transmitier axis profile may
be obtained using absolute capacitance sensing. In other words, the sensor
electrodes along the transmitter axis may be driven with seasing signals, and
measurements are acquired from the same sensor electrodes along the
transmitter axis. The combination of measurements along the transmifter axis

forms the receiver axis absolute capacitive profile.

{00321 One or more embodiments may pecform preprocessing on the receiver
axis absolute capacitive profile and the {ransmitter axis absolute capacitive

profile. For example, the preprocessing may be performed 10 account for a
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baseline, remove other sources of noise, apply temporal and/or spatial filters,

and perform other processing.

{8053] Although Steps 301-305 are discussed in a particular order, as discussed
above, the above steps may be performed in parallel and/or in a different order.
For example, concurrently or at the same time that transcapacitive sensing is
performed, absolute capacitive sensing may be on the transmitter and/or the
receiver axis. By way of another example, performing the absolute capacitive
sensing may be prior to performing the transcapacitive sensing. Other

variations may cxist without departing from the scope of the mvention.

6054} In Step 307, a first estimate of common mode noise is created using the
receiver axis absolute capacitive profile and the transcapacitive image in
accordance with one or more embodiments of the invention. In one or more
embodiments, the first estimate of comumon mode noise is an initial estimate of
noise in the transcapacitive image. In other words, using the relationship
between measurements in the transcapacitive image and measurements in the

profile, the first estimate of common mode noise may be generated.

{8055] In Step 309, a location lacking an input object is determined in the
transcapacitive image using the first estimate of common mode noise. A
location lacking an input object is a location that lacks the effects of an input
object in the sensing region. In particular, locations lacking an input object do
not correspond to a possible location of an input object, do pot have input
object coupled noise that is caused by the input object, do not have effects
caused by low ground mass and the input object (e.g., negative regions that do
not have an input object and correspond to presence of two diagonally placed
input objects because of low ground mass), and/or do not have other effecis
from any input object in the sensing region. As discussed above, the first
estimate of common mode noise in the transcapacifive image may be a rough
estimate of the common mode noise and may be used to identify possible

locations having effects of input objects in the sensing region. In particular, the
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rough estimate of common mode noise is subtracted from each of the
measurement values in the {ranscapacitive image to create a revised
transcapacitive itmage. In the revised transcapacitive image, possible
location(s) having effects of input object(s) may have elevated absolute value
of the measurement values. In other words, the elevated measurement values
are measurement values which each have an absolute value that is greater than
a detection threshold. Locations lacking elevated measurement values may
correspond to regions that do not have an input object. Thus, by disregarding
locations having a possible input object, the remaining locations may be

determined to lack an input object.

[6056] In Step 311, a second estimate of common mode noise m the
transcapacitive image is created using the location and the iranscapacitive
image. The second estimate may be assumed to be the actual noise in the
transcapacitive image. In other words, whereas the first estimate is a rough
estimate, the second estimate may exhibit minimal error. Creating the second
estunate may be performed based on the location lacking an input object being
assumed to have only noise as well as the known effects of the transmitter
signals. Thus, the location lacking an input object provides an estimate of
common mode noise. In some embodiments, with a particularly small input
object, such as a stylus tip, the second estimate of common mode noise may be
determined directly from the locations lacking the input object and the
transcapacitive image. In other embodiments, an absolute capacitive profile is
used. Further, the second estimate may be re-calculated for the entire
transcapacitive image and/or for the portion of the {ranscapacitive image

corresponding to the possible locations of an input object.

1806571 In Step 313, positional information of an input object is determined
using the second estimate of common mode noise in accordance with one or
more embodiments of the invention. In particular, similar to the first estimate,

the original, potentially preprocessed, transcapacitive image may be adjusted
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for the second estimate, For example, the second estimate may be subtracted
from the transcapacitive image. In one or more embodiments of the invention,
the second estimate includes a value for each pixel in the transcapacitive
image. Thus, subtracting the second estimate from the transcapacitive image
may be performed by identifying the pixel and subtracting the valoe in the
second estimate from the corresponding pixel in the transcapacitive image to
obtain a revised image. For example, processing the revised transcapacitive
image may be performed using segmentation to identify clumps in the revised
capacitive image, performing peak detection for each clhump, filtering
erroneous input objects (e.g., palms or other large input objects) based on size
and other attributes of the clumps, and performing other processing. In one or
more embodiments, for each clump, the position of an input object may
correspond to a peak in a clump. Thus, the position may be added as part of
the positional information. Additional information, such as the size of the
clump and the value in the transcapacitive image at the position, may be added
to the positional information. Information from one or both profiles may be

used to identify a distance of the input object from the surface sensing region.

[DOSE] In Step 315, the positional information is processed in accordance with
one or more embodiments of the invention. For example, the input device may
report the positional information to the host device. If the host device executes
the all or part of the processing system, the processing system may report the
positional information to a host operating system, or the host operating system
may report the positional information to an application. Processing the
positional information may include performing an action based on the
positional information. For example, the host device may change the state of
the display of the user interface, change the state of the host device or perform

another action.

160591 Turning to FIG. 4, FIG. 4 shows a flowchart for creating a first estimate

of common mode noise in accordance with one or more embodiments of the
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invention. In particular, the Steps of FIG. 4 may be performed to perform Step
307 of FIG. 3 (discussed above). In Step 401 of FIG. 4, a receiver axis
projection of the transcapacitive image is created in accordance with one or
more embodiments of the invention. The receiver axis projection is created by,
individually and for each sensor electrode along the receiver axis, summing the
measurement values of the pixels along the receiver axis sensor electrode.
Thus, the result is a single value for each sensor clectrode along the receiver
axis. Combined, such as in an array having a value for each sensor electrode,
the resulting values form a receiver axis projection. Other operations may be
performed to create a receiver axis projection in accordance with one or more

embodiments of the invention.

{6060} Similarly, in Step 403, a transmitter axis projection of the
transcapacitive image is created in accordance with one or more embodiments
of the invention. The transmitier axis projection is created by, individually and
for cach sensor electrode along the transmitter axis, summing the measurement
values of the pixels along the transmitter axis sensor electrode. Thus, the result
is a single value for cach sensor clectrode along the transmitter axis.
Combined, the measurement resulting values form a transmitter axis projection.
Other operations may be performed to create a transmitter axis projection in

accordance with one or more embodiments of the invention.

16061} In Step 4053, the first estimaie of common mode noise is determined
using the receiver axis projection, the transmitter axis projection, the receiver
axis absolute capacitive profile, and the transmitter axis absolute capacitive
profile. In some embodiments, a grounding mass parameter is determined and
used to create the first estimate of common mode noise. The grounding mass
parameter is a value that estimates the degree to which the capacitive input
device is electrically grounded. For example, the grounding may be through a
user or a conductive surface. In other embodiments, such as when a user has

the capacitive input device on a table, the input device may be poorly
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grounding. The degree to which the input device is grounded may vary
between different and adjacent frames of measurements. In other words, for a
first sensing frame, the input device may be in a high ground mass
environment, whereas for a subsequent frame, the input device is a low ground
mass environment. Thus, the grounding mass parameter may vary between
sensing frames, and may be determined for each sensing frame. In one or more

embodiments of the invention may be determined directly or indirectly.

16062} In some embodiments, determining the grounding mass parameter may
be performed by setting the grounding mass parameter as a constant. In such
embodiments, one or more embodiments may exhibit a higher degree of
accuracy when the input device is in the grounded state reflected by the

constant grounding mass parameter as opposed to other grounding states.

16063] In other embodiments, the grounding mass parameter may be calculated.
Calculating the grounding mass parameter may be performed, for example,
using the flowchart of FIG. 3. Continuving with FIG. 4, in some embodiments,
rather than directly calculating the grounding mass parameter and then using
the grounding mass parameter, equations for determining the first estimate of
common mode noise may be manipulated such that the grounding mass
parameters is not explicitly calculated, but rather the calculations are used to

form the equations for determining the first estimate of common mode noise.

{0064} Continuing with Step 405 of FIG. 4, determining the first estimate of
common mode noise may be performed based on the relationship between the
transmitter axis projection and the transmitier axis absolute capacitance profile,
In particular, the shape of the transmitter axis projection should match the
shape of the transmiiter axis absolute capacitance profile. One or more
embodiments minimize the norm of the error between the fransmitter axis
projection shape and the transmitter axis absolule capacitance profile shape,
while accounting for the common mode noise. In other words, one or more

embodiments generate values of common mode noise that minimize the norm
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of the error between the transmitter axis projection shape and the transmitter
axis absolute capacitance profile shape. In some embodiments, the entire
transmitter axis absolute capacitance profile and transmitter axis projection is
used to determine the first estimate of common mode noise. In other
embodiments, only a portion of the transmitter axis absolute capacitance profile
and the corresponding portion of the transmilier axis projection are used to

determine the first estimate of common mode noise.

6065} FI1G. 5 shows a flowchart for determining the first estimate of common
mode noise using a grounding mass parameter in accordance with one or more
embodiments of the invention. In Step 501, a grounding mass parameter that
relates the receiver axis projection to the receiver axis absolute capacitance
profile is determined in accordance with one or more embodiments of the
invention. In one or more embodiments, determining the grounding mass
parameter may be performed as follows. The shape of the receiver axis
projection should match the shape of the receiver axis absolute capacitance
profile. The degree to which the receiver axis shapes maich is dependent on
the grounding mass parameter. Thus, one or more embodiments generate
values of common mode noise that minimize the norm of the error between the
receiver axis projection shape and the receiver axis absolute capacitance profile

shape.

[6066] In Step 503, using the grounding mass parameter, the transmitter axis
projection, and the fransmitier axis absoluie capacitance profile, the first
estimate of common mode noise for the transcapacitive image is estimated.
Estimating the first estimate of common mode noise may be performed as

discussed above with reference 1o Step 405 of FIG. 4.

[6067] In one or more embodiments, the grounding mass parameter discussed
above is with respect to the receiver axis. A transmitter axis grounding mass
parameter may be calculated. For example, the grounding mass parameter for

the transmitter axis may be calculated using the same or similar steps discussed
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above with reference to Step 501, but for the transmitter axis instead of the
receiver axis. By way of another example, a transmitter axis grounding mass
parameter may be calculated by performing a calibration step to determine a
constant value that relates the transmitter axis grounding mass parameter to the
recetver axis grounding mass parameter. Afier performing the calibration, by
multiplying the receiver axis grounding mass parameter by the constant value,
the transmitter axis grounding mass parameter may be calculated. In Step 503,
the transmitter axis grounding mass parameter may be used to determine the
first estimate of common mode noise.

{6068} F1G. 6 shows a flowchart for identifying a location lacking an input
object in accordance with one or more embodiments of the invention. In Step
601, the transcapacitive image is updated to account for common mode noise
using the first estimate of common mode noise. Updating the transcapacitive
image may be performed as discussed above with reference to Step 309 of FIG.
3.

{8069} In Step 603 of FIG. 6, an input object detection threshold is determined
from the updated image. The input object detection threshold is a minimum
value of a pixel in the updated image by which an input objcét is determined to
be at the location of the pixel. In other words, the absolute value of the pixel
satisfyving the input object detection threshold is greater than determined noise,
In one or more embodiments, the input object detection threshold is the same
throughout the image. In one or more cmbodiments of the invention,
determining the input ohject detection threshold may be performed as follows.
A variance of the common mode noise across the pixels in the first estimate of
common mode noise is calculated. A variance of the thermal noise may be
calculated. The thermal noise may be a predefined value or a calculated value
and reflects noise due to thermal state of the input device. The variance of the
common mode noise may be added to the variance of the thermal noise to

generate a variance of total noise. The square root of the variance of the total
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noise may be multiplied by a constant to generate the input object detection
threshold in one or more embodiments of the invention. In oguation form, the
above description is Input Object Detection Threshold = {constanty*{(square
root (thermal noise variance + common mode noise variance)). By way of
example purposes only, the constant may be a value such as four. Other values

of the constant may be used without departing from the scope of the invention.

{6076} in Step 603, possible input object locations that satisfy the input object
detection threshold are determined from the updated image in accordance with
one or more embodiments of the invention. In one or more embodiments of the
invention, the absolute value of each pixel in the updated image is compared
with the input object detection threshold. If the absolute value of the pixel is
greater than the input object detection threshold, then the pixel may be

determined to be a possible input object location.

{8071} In Step 607, locations lacking input objects are selected as regions
excluding each possible input object location. In other words, if the absolute
value of the pixel is not greater than, or, in some embodiments, equal to the
input object detection threshold, then the pixel may be determined to be a
location lacking an input object. The pixel may be marked as a location
lacking an input object. In one or more embodiments, rather than a single
threshold, multiple thresholds may be used. For example, a first threshold may
exist for possible input object locations while a second threshold may exist for
locations lacking an input object. Rather than selecting all locations, one or

more embodiments may select regions having a strict subset of locations.

10072} Selecting regions may be performed as follows. In one or more
cmbodiments, a sensor electrode on the transmitter axis is selected. A
determination is made whether pixels along the semsor electrode have a
threshold number of pixels corresponding to locations lacking an input object.
For example, for a sensor electrode, a determination may be made whether

more than a threshold number of pixels along the sensor electrode have a value
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in the updated image that is less than the input object detection threshold. By
way of an example threshold number, the threshold number may be seven.
Other threshold nmumbers may be used without departing from the scope of the
invention. If the sensor electrode has more than the threshold number of pixels
corresponding to locations lacking an input object, then the sensor electrode
may be marked as corresponding to a region lacking an input object. Notably,
an input object may exist in the region if the threshold number is greater than
zero in one or more embodiments. In one or more embodiments, the sensor
electrodes that are selected as regions correspond o transmitier electrodes

along the transmitter axis.

{3073 In one or more embodiments of the invention, only a single region is
selected as corresponding to a region lacking an input object. For example,
only a single sensor electrode may be selected. In other embodiments, multiple
regions may be selected. For example, every region satisfying the threshold
number may be selected. By way of another example, a defined number of
regions may be selected. For example, the defined number may be fifty
percent of the possible regions that satisfy the threshold number. The number
of regions that are selected may affect the degree of accuracy in the second
estimate of common mode noise in the transcapacitive image as well as the

time to generate the sccond estimate.

[6074] FIG. 7 shows a flowchart for using selected regions to generate the
second estimate of common mode noise in the transcapacitive image in
accordance with one or more embodiments of the invention. In particular, FIG.
7 shows a flowchart whereby the region corresponds to a transmitter electrode.
In Step 701, a noise value is determined using each pixel along the selected
transmitter electrode. In one or more embodiments of the invention, the
selected transmitter electrode corresponds to the region in Step 607 of FIG. 6
lacking an input object that is selected. The noise value is an aggregated value

that uses the values of the pixels in the original transcapacitive image. In other
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words, because the pixels on the transmitter axis lack an input object, the
values of the pixels may be assumed to be noise. In one or more embodiments,
the aggregated value is an average of the value of the pixels along the selected
transmitter electrode. Other aggregations may be used without departing from

the scope of the invention.

{075} In Step 703, an estimate of common mode noise is determined for the
transmitter axis absolute capacitive profile using the noise value in accordance
with one or more embodiments of the invention. In other words, the noise
value may be sef as a constant value for noise when solving the equations
discussed above with reference to Step 405 of FIG. 4. With the additional
information as to the possible locations of the input objects that is determined
from the updated image, one or more embodiments provide a more accurate
estimate of common mode noise when matching the shapes of the transmitter
axis absolute capacitive profile and the transmitter axis projection. In one or
more embodiments, the ground mass parameter may be deemed to be the same
as computed above using the receiver axis projection and the receiver axis
absolute capacitive profile. Estimating the common mode noise may be
performed by minimizing the norm of the square error between the transmitter
axis absolute capacitive profile and the transmutter axis projection, while

having the grounding mass parameter and the noise value as constants.

16076] In Step 705, the second estimate of common mode noise s determined
from the estimate of common mode noise for the transmitter axis absoluie
capacitive profile. Determining the second estimate of common mode noise
may be performed as discussed above with respect io determining the first
estimate of common mode noise. However, as discussed above, using the fact
that the possible locations of input objects are known, the noise value for the
locations may be known. Thus, the second estimate is more accurate than the

first estimate.
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{60771 Determining the second estimate of common mode noise may be
performed as follows. A second estimate of common mode noise may be
determined for one or more regions lacking an input object. Further, the
second estimate of common mode noise for the regions, or a subset thereof,
may be used in conjunciion with the transmitter axis absolute capacitance
profile, or a subset thereof, and the transmitter axis projections, or a subset
thereof, and grounding mass parameter to estimate the final version of common
mode noise for transmitter axis absolute capacitance profile. The estimation
may be performed by way of shape matching and minimizing error between the
transmitter axis absolute capacitance profile and transmitter axis projection.
This final estimate is then used in conjunction with the transmitter axis
projection and transmitier axis absolute capacitance profile and the grounding
mass parameter to estimale the common mode noise in the transcapacitive
image for the regions that a second estimate was not computed or the whole

irmage again.

{6478] Although not shown in FIG. 7, using the second estimate of common
mode noise for the transcapacitive image, an estimate of common mode noise
for the receiver axis may be determined. In particular, using a same technigue
discussed above for generating an updated image using the first estimate, an
updated transcapacitive image may be generated using the second estimate of
common mode noise. A receiver axis projection may be determined from the
updated image. By comparing the shapes of the receiver axis projection, or a
subset thereof, to the receiver axis absolute capacitive profile, or a subset
thereof, and minimizing the square error between the projection and the profile,
or the subsets of the projection and profile, by selecting appropriate values for
notse for the receiver axis profile, an estimate of commeon mode noise for the
recetver axis profile may be determined. The estimate of common mode noise
for the receiver axis profile may be used to update the receiver axis profile.
Using the updated receiver axis profile and updated transmitter axis profile,

positional information may be determined. For example, the positional
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information may be the distance of the input object to the sensing region, or

other positional information.

{6879} Although FIG. 7 shows determining the estimate of commeon mode
noise for the transmitter axis absolute capacitance profile, in some
embodiments, Step 703 may be omitted. For example, if the only possible
location of an input object in the transcapacitive image is a small area, such as
a stylus, then the noise information for the remaining regions may be used to

determine the noise for the locations corresponding to the stylus.

{6086} Although not discussed above, in one or more embodiments of the
invention, locations lacking an input object in the transcapacitive image may be
mapped to the fransmitter axis absolute capacitance profile and/or the receiver
axis absolute capacitive profile. In such embodiments, only a portion of the
transmitter axis absolute capacitance profile and/or the receiver axis absolute
capacitive profile that lack an input object are used to generate an estimate of

common mode noise for the corresponding profile,

{0081} FIG. 8 shows an example set of graphs of a sensing region having an
input object in accordance with one or more embodiments of the invention. In
the graphs, the vertical axis represents the measurement values, while the
remaining axis corresponds to the transmitier axis and the receiver axis.
Positions having higher values on the vertical axis may correspond to the input
object. In particular, initial graph (802) is a graph of a {ranscapacitive image in
which common mode noise is present and reflected in the measurement values
of the transcapacitive image. As shown by the amount of variation, automated
processing of the transcapacitive image in order o obtain positional
information and without adjusting for noise may be challenging based on the
degree of variability.

[6082] The first cstimate graph (804} shows a graph of the {ranscapacitive
image afier the transcapacitive image is updated for the first estimate of

common mode noise. As shown in the first estimate graph, the updated image

Lad
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accounting for the first estimate of common mode noise may have some

variation due to noise, but is smoother than the initial graph (802).

[0083] The sccond estimate graph (806) shows a graph of the transcapacitive
image after the transcapacitive image is updated for the second estimate of
common mode noise. As shown in the second estimate graph, the updated
image accounting for the second estimate of common mode noise is smoother
than the first estimate graph (804) and provides a more accuraie depiction of
the sensing region with the input object in accordance with one or more

embodiments of the invention,

10084} FIGs. 9.1 and 9.2 show another example in accordance with one or
more embodiments of the invention. In the example shown in FIGs. 8.1 and
8.2, a pen and a 30 millimeter slug are present in the sensing region. FIG. 9.1
shows a receiver axis graph (902) of the receiver axis absolute capacitive
profile, and a transmitter axis graph {904} of the transmitter axis absolute
capacitive profile in accordance with one or more embodiments of the
invention. In the graphs shown, the dotted lines show the profiles without
being adjusted for common mode noise, the solid lines show the profiles

adjusted for common mode noise.

[6085] FIG. 9.2 shows graphs of transcapacitive images in accordance with one
or more embodiments of the invention. In particular, FIG. 9.2 shows a graph of
the original transcapacitive image (906) and a graph of the updated image
adjusted for common mode noise (908) in accordance with one or more
embodiments of the invention. As shown in FIG. 9.2, whereas the original
transcapacitive image has too much common mode noise to show the pen, the
common mode noise is reduced in the updated transcapacitive image such that

the pen position (910) has clevated values.

{0086] Thus, the embodiments and examples set forth herein were presented in
order to best explain the present invention and its particular application and to

thereby enable those skilled in the art to make and use the invention. However,
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those skilled in the art will recognize that the foregoing description and
examples have been presented for the purposes of illustration and example
only. The description as set forth is not intended to be exhaustive or to limit

the invention to the precise form disclosed.

16087] ‘While the invention has been described with respect to a limited number
of embodiments, those skilled in the art, having benefit of this disclosure, will
appreciate that other embodiments can be devised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the scope of the

invention should be limited only by the attached claims.
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CLAIMS
What is claimed is:
i. A processing system configured for capacitive sensing, the processing system
comprising:
sensor circuitry with functionality to:
acquire a first absolute capacitive profile for a first plurality of sensor
glectrodes; and
acgquire a transcapacitive image using the first plurality of sensor
electrodes;
wherein the processing system is configured to:
create a first estimate of common mode noise using the first absolute
capacitive profile and the transcapacitive image;
determine a location lacking an input object in the transcapacitive image
using the first estimate of common mode noise;
create a second estimate of common mode noise based on the location
and the transcapacitive image;
determine positional information of the input object using the second
estimate of comumon mode noise; and

process the positional information.

2. The processing system of claim I, wherein the {irst plurality of sensor electrodes
are receiver electrodes, and wherein acguiring the transcapacitive image comprises
fransmitting transmitter signals using a second plurality of sensor electrodes and
receiving resulting signals using the plurality of receiver electrodes, wherein the

resulting signals comprise effects of the transmitier signals.

3. The processing system of claim 1, wherein the processing system is further
configured to:
acquire a second absolute capacitive profile for a second plurality of sensor

electrodes,
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wherein creating the first estimate of common mode noise comprises:

creating a first projection of the transcapacitive image along a {irst axis,
the first axis corresponding to the first plurality of sensor
electrodes;

creating a second projection of the transcapacitive image along a second
axis, the second axis corresponding to the second plurality of
sensor electrodes; and

determining the first estimate of common mode noise using the first
projection, the second projection, the first absolute capacitance

profile, and the second absolute capacitance profile.

4. The processing system of claim 3, wherein determining the first estimate of
common mode noise comprises:

determining a grounding mass parameter that relates the first projection to the
first absolute capacitance profile, wherein the grounding mass parameter
identifies a grounding state of a sensing region having the input ohject,

and
using the grounding mass parameter, the second projection, and the second
absolute capacitance profile to estimate the first estimate of common

mode noise,

5. The processing system of claim 1, wherein the processing system is further
configared to:
acquire a second absolute capacitive profile for a second plurality of sensor
glectrodes, the second plurality of sensor electrodes corresponding 1o a
transmitier axis comprising a plurality of transmitter electrodes for
generating the franscapacitive image, and
create a third estimate of common mode noise for the second absolute
capacitive profile,
wherein the first estimate of corumon mode noise is created using the third

gstimate of common mode noise,
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6. The processing system of claim 3, wherein determining the location lacking the
input object in the transcapacitive image comprises:
updating the transcapacitive image to account for common mode noise using
the first estimate of common mode noise;
determining a input object detection threshold from the updated transcapacitive
image;
determining, from the updated image, cach possible input object location
satisfying the input object detection threshold; and
selecting, as the location lacking the input object, a region excluding each

possible input object in the updated transcapacitive image.

7. The processing system of claim 1, wherein creating the second estimate of
common mode noise based on the location and the transcapacitive image
COMPrises:

determine, using each pixel along a transmitter electrode of a plurality of
transmitier electrodes, a noise value for the transmitter electrode,
wherein the transmitter electrode corresponds to the location lacking the
input object;

determine a third estimate of common mode noise for a transmiffer axis
absolute capacitive profile using the noise value; and

determing the second estimate of common mode noise from the third estimate
of common mode noise for the transmitter axis absolute capacitance

profile.

& The processing system of claim 7, wherein the processing system is further
configured to:
generate a fourth estimate of common mode noise for the first absolute

capacitive profile,

9. The processing system of claim 1, wherein processing the positional information

comprises performing at least one selected from a group consisting of reporting the
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positional information and changing a state of a host device according to the

positional information.

10. An input device for capacitive sensing comprising:
a first plurality of sensor electrodes for receiving resulting signals from a
transmitier electrode; and
a processing system configured to:
acguire a first absolute capacitive profile for the {irst plurality of sensor
electrodes;
acquire a transcapacitive image using the first plurality of sensor
electrodes;
create a first estimate of common mode noise using the first absolute
capacitive profile and the transcapacitive image;
determine a location lacking an input object in the transcapacitive image
using the first estimate of common mode noise;
create a second estimate of common mode noise based on the location
and the transcapacitive image;
determiine positional information of the input cbject using the second
estimate of common mode noise; and

process the positional information.

P1. The input device of claim 10, wherein the processing system further comprises
functionality to:
acquire a second absolute capacitive profile for a second plurality of sensor
electrodes,
wherein creating the first estimate of common mode noise comprises:
creating a first projection of the transcapacitive image along a first axis,
the first axis corresponding to the first plurality of sensor

clectrodes,
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creating a second projection of the transcapacitive image along a second
axis, the second axis corresponding to the second plurality of
sensor electrodes, and

determining the first estimate of common mode noise using the first
projection, the second projection, the first absolute capacitance

profile, and the second absolute capacitance profile.

12. A method for mitigating common mode noise, the method comprising:

acquiring a first absolute capacitive profile for a first plurality of sensor
clectrodes;

acgquiring a transcapacitive image using the first plurality of sensor electrodes;

creating a first estimate of common mode noise using the first absolute
capacitive profile and the transcapacitive image;

determining a location lacking an input object in the transcapacitive image
using the first estimate of common mode noise;

creating a second estimate of common mode noise based on the location and
the transcapacitive image;

determining positional information of the input object using the second
estimate of commen mode noise; and

processing the positional information.

13.The method of claim 12, wherein the first plurality of sensor ¢lectrodes are
receiver electrodes, and wherein acquiring the transcapacitive image comprises
fransmitting transmitter signals using a second plurality of sensor electrodes and
receiving resulting signals using the plurality of receiver electrodes, wherein the

resulting signals comprises effects of the transmitter signals.

14. The method of claim 12, further comprising:
acquiring a second absolute capacitive profile for a second plurality of sensor
electrodes,

wherein creating the first estimate of commeon mode noise comprises:

37
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creating a first projection of the {ranscapacitive image along a first axis,
the first axis corresponding to the first plurality of sensor
glectrodes,

creating a second projection of the transcapacitive image along a second
axis, the second axis corresponding to the second plurality of
sensor electrodes, and

determining the first estimate of common mode noise using the first
projection, the second projection, the first absolute capacitance

profile, and the second absolute capacitance profile.

15. The method of claim 14, wherein determining the first estimate of commnon mode
NOISE COMPrises:

determining a grounding mass parameter that relates the first projection to the
first absolute capacitance profile, wherein the grounding mass parameter
identifies a grounding state of a sensing region having the input object,

and
using the grounding mass parameter, the second projection, and the second
absclute capacitance profile to estimate the first estimate of common

mode noise.

16. The method of claim 12, further comprising:

acquiring a second abschute capacitive profile for a second plurality of sensor
electrodes, the second plurality of sensor electrodes corresponding to a
transmitter axis comprising a plurality of transmitter electrodes for
generating the transcapacitive image; and

creating a third estimate of common mode noise for the sccond absolute
capacitive profile,

wherein the first estimate of common mode noise is created using the third

estimate of common mode noise.

K
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17. The method of claim 16, wherein determining the location lacking the input object
in the transcapacitive image comprises:

updating the transcapacitive image o account for common mode noise using
the first estimate of common mode noise;

determining a input object detection threshold from the updated transcapacitive
image;

determining, from the updated image, each possible input object location
satisfying the input object detection threshold; and

selecting, as the location lacking the input object, a region excluding cach

possible input object in the updated transcapacitive image.

18. The method of claim 12, wherein creating the second estimate of common mode
noise based on the location and the transcapacitive image comprises:
determine, for each pixel along a transmifter electrode of a plurality of
transmitter electrodes comresponding to the location lacking the input
obiect, a noise value for the sensor electrode;
determine a third estimate of common mode noise for a transmitter axis
absolute capacitive profile using the noise value; and
determine the second estimate of common mode noise from the transmitter axis

absolute capacitance profile.

19. The method of claim 18, further comprising:
generating a fourth estimate of common mode noise for the first absolute

capacitive profile.

20. The method of claim 12, wherein processing the positional information comprises
performing at least one selected from a group consisting of reporting the positional
information and changing a state of a host device according to the positional

information.
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i - Step 301

Acquire transcapacitive image by transmitting transmitter signals using
transmitter slectrodes along a transmitter axis and receiving resuling
signals using receiver electrodes along a receiver axis

s Step 303

=

Acquire a receiver axis absolute capacitive profile

- Step 305

Acquire a transmitter axis absolute capacitive profile

- Step 307

Create a first estimate of common mode noise using the receiver axis
absolute capacitive profile and the transcapacitive imags

~ Step 309

Determine a location lacking an input object in the franscapacitive
image using the first estimate of common mode noise

7~ Step 311

k.4
Craate a second estimate of common mode noise based on the
location, the transcapacitive image and the recsiver axis absolute
capacitive profile

o Step 313

Determine positional information of an input object using the second
gstimate of common mode noise

- Step 315

Process the positional information

END

HG. 3
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- Step 401
Creatls a recsiver axis projection
of the franscapacitive image

i - Step 403
Create a fransmitier axis
projaction of the transcapacitive
image

i - Step 408

Determine the first estimate of

common mode noise using the

receiver axis projection, the

fransmitier axis projection, the
receiver axis absoluts
capacitance profile, the
fransmitter axis absoluts

capacitance profile

{ START )

END

- Step 501
Datermine a grounding mass
FiG. 4 parameter that relates the
receiver axis projection fo the
receiver axis absolute
capacitance profile

l -~ Step 503
Use the grounding mass
parameter, the transmilter axis
projection, and the lransmitter
axis absolute capacilance profile
to astimats the first estimate of
common mode noise for the
transcapacitive image

FIG 6
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Update the transcapcitance
image o account for common
mode noise using the first
estimate of common mode noise

l s Step 803

Determine an input obisct
detection threshold from the
updated image

i - Step 605

Determine possible input ohbject
location{s) satisfying the input
abject delection threshold from
the updated image

l - Step 807
Select as locations lacking an
input objects, regions sxcluding
each possible input object
focation
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(_START )

I Step 701

Determine a noise value using
each pixel along a selected
transmitier elecirode

i ; Step 70

3

Determine an estimate of
commaon mode noise for the
transmitier axis absolute
capacitance profile

Determine second estimate of
common made noise using the
gstimate of common mode noise
for the transmiier axis absaolute
capaciiance profile

+ r Step 705

E

H

END

G 7



WO 2017/131891 PCT/US2016/067267

&8

— 802
¥ Initial
Graph

— 804
¢ First
Estimate
Graph

o~ 808
¥ Second
Estimale
raph




WO 2017/131891

PCT/US2016/067267

7i8

a o0

e T T SIS T

L3 ¥ ¥

PSR Correchion] ) )
i Mo Cowsolion 3 ,
\ E o

F 2

w25 40
Bx Electrodes

10 15 30 35 45

31

o

4001

00

200¢

100

¥

=100

s

e VTR Correction

oo Bk Careantion

: ‘P’; f“\\ p
5/ \ i
J .
| |
—
/ -y

25 a0

FiG 8.1

15 28
Tx Elsobodes

10

Reveabvar
Ais
Graph

g4
Transrmitier
Axis

Sraph



WO 2017/131891 PCT/US2016/067267

88

a0s

’/m Graph of Qriginal
Transcapacitive
image

60

o 808
: ¥ Graph of Updated
DEN : Transcapacitive
: image




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings

