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METHOD AND APPARATUS FOR EXTENDED ADJUSTMENT BASED ON
RELATIVE POSITIONING OF MULTIPLE OBJECTS CONTEMPORANEOUSLY IN A
SENSING REGION

PRIORITY DATA

[0001] This application claims priority to United States Provisional Patent Application
Serial No. 61/027,284, filed on February 8, 2008, and United States Patent Application
Serial No. 12/247,048 filed on October 7, 2008, which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] This invention generally relates to electronic systems, as well as user interfaces

and input devices associated with electronic systems.

BACKGROUND OF THE INVENTION

[0003] Proximity sensor devices (also commonly called touch pads 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 input objects can
be detected. The proximity sensor device can utilize capacitive, resistive, inductive, optical,

acoustic and/or other technology.

[0004] The proximity sensor device can be configured for inputting to an associated
electronic system. For example, proximity sensor devices are often used as input devices
for larger systems, including notebook computers and desktop computers. Proximity sensor
devices are also often used in smaller systems, including handheld systems such as personal
digital assistants (PDAs), cameras, and remote controls, and communication systems such as
wireless telephones and text messaging systems. Increasingly, proximity sensor devices are
used in media systems, including players and recorders for pictures, music, or video. In
these applications the proximity sensor device can function as a value adjustment device,
cursor control device, selection device, scrolling device, graphics/character/handwriting
input device, menu navigation device, gaming input device, button input device, keyboard

and/or other input device.
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[0005] One common application for a proximity sensor device is as a touch screen. In a
touch screen, the sensor of the proximity sensor device is used in conjunction with a display
screen that displays images including graphics, text, combination of graphics and text, and
the like. Together, the proximity sensor and display screen function to provide a touch

screen interface.

[0006] One issue in the design of such electronic systems is facilitating the adjustment
of parameters, such as scrolling or rotating of images and changing of volume. Traditional
methods of adjustment used for proximity sensors can be difficult — often requiring many
repetitive adjustment inputs such as repeated user input motions. This difficulty is
especially evident in proximity sensor devices with relatively smaller sensing regions, where
even greater numbers of adjustment input motions are often needed to cause same amounts

of total adjustment.

[0007] Thus, there exists a need for improvements in user interfaces of electronic
systems, and in particular for improvements in the ease of adjusting parameters of the

clectronic systems.

BRIEF SUMMARY OF THE INVENTION

[0008] The embodiments of the present invention provide a device and method that
facilitates improved device usability. Specifically, the device and method provide improved
user interface functionality by facilitating extended parameter adjustment using proximity
sensor devices. The device includes a processing system and a sensor adapted to detect
objects in a sensing region. The device is adapted to provide user interface functionality by
determining a measurement descriptive of a location of a first object relative to a location of
a second object, and applying a first rate for adjusting a visual parameter such that the visual
parameter adjusts even if the first object is stationary relative to the second object, where the
first rate is based on the measurement. By so providing a first rate for adjusting a
parameter, the device facilitates extended user input. The extended user input is particularly
useful for indicating continuing adjustments, for example, to facilitate scrolling or zooming

through a large document, or changing a value over a large range of possible values.

[0009] The method is implemented to improve user interface functionality by
facilitating parameter adjustment using a proximity sensor. The method includes the steps
2



WO 2009/100421 PCT/US2009/033540

of sensing a first object and a second object contemporaneously in a sensing region, and
determining a measurement descriptive of a location of the first object relative to a location
of the second object. The method further includes the step of providing a first rate for
adjusting a visual parameter such that the visual parameter adjusts even if the first object is
stationary relative to the second object, where the first rate is based on the measurement. By
so providing a first rate for adjusting a parameter, the method facilitates extended user input.
The method is particularly useful for indicating continuing adjustments, for example, to
facilitate scrolling or zooming through a large document, or changing a value over a large

range of possible values.

BRIEF DESCRIPTION OF DRAWINGS

[0010] The preferred exemplary embodiment of the present invention will hereinafter be
described in conjunction with the appended drawings, where like designations denote like

elements, and:

[0011] FIG. 1 is a block diagram of an exemplary system that includes a sensor device

in accordance with an embodiment of the invention;

[0012] FIG. 2 is a flow diagram of a method for providing a first rate of adjustment in

accordance with the embodiments of the invention;

[0013] FIG. 3 is side view a sensor device in accordance with embodiments of the

invention; and

[0014] FIGS. 4-18 are top views of sensor devices in accordance with the embodiments

of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] 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 implied theory presented in the

preceding technical field, background, brief summary or the following detailed description.
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[0016] The embodiments of the present invention provide a device and method that
facilitates improved device usability. Specifically, the device and method provide improved
user interface functionality by facilitating extended parameter adjustment using proximity
sensors. Turning now to the drawing figures, FIG. 1 is a block diagram of an exemplary
electronic system 100 that is coupled to a sensor 116. As will be discussed in greater detail
below, the sensor 116 is part of a proximity sensor device that can be implemented to

support a user interface for the electronic system 100.

[0017] The term “electronic system” as used in this application broadly refers to any type
of electronic device that operates with the proximity sensor device having sensor 116, and
could be a slave to the proximity sensor device. The electronic system 100 could thus
physically contain the proximity sensor device, or be physically separate from and
electrically coupled to the proximity sensor device. As non-limiting examples, the
electronic system 100 could comprise stationary or portable devices such as workstations,
laptops, personal digital assistants (PDAs), video game players, communication devices
(e.g., wireless phones and messaging devices), media recorders and players (e.g.,
televisions, cable boxes, video cameras, still cameras, music players, and video players), and
other devices capable of accepting input from a user and of processing information. In some
cases, the electronic system 100 is itself a peripheral to a larger system. For example, the
electronic system 100 could be a data input device such as a remote control, external mouse,
or external keyboard. As another example, electronic system 100 can be a data output
device such as a display device or a printer. As yet another example, electronic system 100

can be an input-output device such as a combination scanner/printer.

[0018] Accordingly, the various embodiments of electronic system 100 may include any
type and any number of processors, memory modules, or displays as appropriate. Further,
the various elements (any processors, memory modules, etc.) of the electronic system 100
could be implemented as part of the proximity sensor device, as part of a larger system, or a
combination thereof. Similarly, the proximity sensor device could thus be implemented as
part of the electronic system 100, or coupled to the electronic system 100 using any suitable
technique. The elements of electronic system 100 may communicate via any combination
of protocols and connections, including buses, networks, and other wired or wireless
interconnections. Non-limiting examples include 12C, SPI, PS/2, USB, Bluetooth, RF, and
IRDA.
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[0019] As discussed, sensor 116 is part of a proximity sensor device. The proximity
sensor device has a sensing region 118 supported by sensor 116, and is controlled by a
processing system 119. Sensor 116 is sensitive to input by one or more input objects in the
sensing region 118. Example input objects include styli and fingers, and a stylus 114 is

shown in FIG. 1 as a representative.

[0020] “Sensing region” as used herein is intended to broadly encompass any space
above, around, in and/or near the supporting sensor where the sensor is able to detect an
input object. In a conventional embodiment, the sensing region extends from a surface in
one or more directions into space until the noise and decreased signal prevent accurate
object detection. This distance may vary significantly with the type of sensing technology
used and the accuracy desired, and may range from less than a millimeter to more than
centimeters. Thus, some embodiments of the sensor may require input object contact with a
surface associated with the sensor, while other embodiments may not. Accordingly, the
size, shape and exact locations of particular sensing regions can vary widely among

embodiments.

[0021] Taking capacitive proximity sensor devices as an example, the three-dimensional
shape of the sensing region of a capacitive proximity sensor device is defined by factors
such as sensor electrode design, sensor circuitry and sensing methodology, shielding,
operating environment, required accuracy and resolution, and the like. Thus, although
sensing regions which appear rectangular when projected onto a two-dimensional plane
(e.g., sensing region 118 as projected onto the plane of FIG. 1) are common for capacitive

proximity sensors, projections of other shapes are readily available.

[0022] In addition, proper sensor design, shiclding, signal manipulation, etc. can
cffectively create a sensing region that extends a short or a long distance in the third
dimension (e.g., into out of the page in FIG. 1). With a sensing region that extends almost
no distance from an associated surface of the proximity sensor device, input may be
recognized and acted upon when there is physical contact between any input objects and the
associated surface and ignored when there is no contact. Alternatively, the sensing region
may be made to extend a long distance, such that an input object positioned some distance
away from a defined surface of proximity sensor device may still be recognized and acted
upon. Therefore, interaction with a proximity sensor device may be either through touch-

level proximity or through non-contact proximity.
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[0023] In operation, sensor 116 suitably detects one or more input objects in the sensing
region 118 and uses any number of techniques or structures to do so. As several non-
limiting examples, the sensor 116 can use capacitive, resistive, inductive, acoustic, optical,
or other techniques. Many of these techniques are advantageous to ones requiring moving
mechanical structures (e.g. mechanical switches) that more easily wear out over time. In a
common capacitive implementation, a voltage or current is applied to create an electric field
about a surface. A capacitive sensor would then detect an object by detecting changes in
capacitance reflective of changes in the electric field caused by the object. In a common
resistive implementation, a flexible first substrate and a rigid second substrate carry uniform
conductive layers that face each other. The conductive layers are separated by one or more
spacers, and a voltage gradient is created across one or both layers during operation.
Pressing the flexible first substrate with an object causes electrical contact between the
conductive layer on the first substrate and the conductive layer on the second substrate. The
voltage output then indicates the position of the contact, and thus the position of the object.
In a common inductive implementation, one or more sensor coils pick up loop currents
induced by one or more resonating coils. Examination of the resulting signal — e.g. its
magnitude, phase, frequency, or combination thereof — produces information about the
position, motion, or the like of the input object. Examples of the types of technologies that
can be used to implement the various embodiments of the invention can be found at U.S.
Patent No. 5,543,591, U.S. Patent No 6,259,234 and U.S. Patent No. 5,815,091, each

assigned to Synaptics Inc.

[0024] Any number of sensors and sensor technologies can be included to support one
or more sensing regions in a proximity sensor device. For example, the proximity sensor
can use arrays of capacitive sensor electrodes to support any number of sensing regions. As
another example, the proximity sensor device can use capacitive sensing technology in
combination with resistive sensing technology to support the same sensing region,

overlapping sensing regions, or physically separate sensing regions.

[0025] In some embodiments, the proximity sensor device including sensor 116 is
implemented with separate buttons or other input devices near the sensing region 118 to
provide additional input functionality to the proximity sensor device including sensor 116.
Separate buttons can be implemented to provide additional input functionality to the

proximity sensor device, such as to facilitate selection of items using the sensor 116. Of
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course, this is just one example of how additional input functionality can be added to the
proximity sensor device having sensor 116. Conversely, the sensor 116 can be implemented

with no additional input devices.

[0026] In some embodiments, the sensor 116 is adapted as part of a touch screen
interface. Specifically, the sensor is combined with a display that is overlapped by at least a
portion of the sensing region 118. Together, the sensor 116 and the display provide a touch
screen for interfacing with the electronic system 100. The display can be any type of
electronic display capable of displaying a visual interface to a user, and can include any type
of LED (including organic LED (OLED)), CRT, LCD, plasma, EL or other display
technology. When so implemented, input received through the sensor 116 can be used to
activate functions on the electronic system 100 as indicated by the electronic display, such
as by allowing a user to select a function by placing an object in the sensing region
proximate an icon or other user interface element that is associated with or otherwise

identifies the function.

[0027] It should also be understood that the different parts of the overall device can
share physical elements extensively. For example, some display and proximity sensing
technologies can utilize the same electrical components for displaying and sensing. One
implementation can use an optical sensor array embedded in the TFT structure of LCDs to
enable optical proximity sensing through the top glass of the LCDs.  Another
implementation can incorporate capacitive sensor electrodes into display pixels to enable

both display and sensing to be performed by substantially the same structures.

[0028] It should also be understood that while the embodiments of the invention has
been, and will continue to be described herein the context of a fully functioning proximity
sensor device, the mechanisms of the present invention are capable of being distributed as a
program product in a variety of forms. For example, the mechanisms of the present
invention can be implemented and distributed as a proximity sensor program on a computer-
readable signal bearing media. Additionally, the embodiments of the present invention
apply equally regardless of the particular type of computer-readable signal bearing media
used to carry out the distribution. Examples of signal bearing media include: recordable
media such as memory sticks/cards/modules and disk drives, which may use flash, optical,

magnetic, holographic, or any other storage technology.
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[0029] As shown in FIG. 1, the processing system 119 is coupled to the sensor 116 and
the electronic system 100. In this specification, the term “processing system” includes any
number of processing elements appropriate to perform the recited operations. Thus, the
processing system 119 can comprise any number of discrete components, any number of
integrated circuits, firmware code, and/or software code — whatever is needed to perform the
recited operations. Furthermore, the processing system 119 can be physically separate from
or physically integrated with parts of the electronic system 100. For example, the
processing system 119 can reside at least partially on a microprocessor for performing
functions for the electronic system 100 aside from implementing the proximity sensor
device. In some embodiments, all processing elements that comprise the processing system
119 are located together, in or near the sensor 116. In other embodiments, these elements
would be physically separated, with some elements of the processing system 119 close to
sensor 116, and some elsewhere (such as near other circuitry for the electronic system 100).
In this latter embodiment, minimal processing could be performed by the elements near the
sensor 116, and the majority of the processing could be performed by the elements

elsewhere.

[0030] The processing system 119 can perform a variety of processes on the signals
received from the sensor 116 to implement the proximity sensor device. For example, the
processing system 119 can select or connect individual sensor electrodes of sensor 116,
determine presence, non-contact proximity, or contact, calculate position or motion, and
recognize or interpret gestures. Further, the processing system 119 can provide an
indication to an electronic system to report a particular input, or to cause feedback directly
perceivable by users. The processing system 119 can also determine when certain types or
combinations of object motion occur in the sensing region. For example, the processing
system 119 can determine the direction in which an input object is moving when it lifts from
a surface associated with the sensor 116, and can generate the appropriate indication in

response to that motion.

[0031] Thus, the processing system 119 determines positional information related to one
or more input objects. In some embodiments, processing system 119 further processes the
positional information and provides electronic indicia based on the positional information to
the electronic system 100. The system 100 then appropriately processes the indicia to

accept inputs from the user, to move a cursor or other object on a display, or for any other
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purpose. With such embodiment, processing system 119 can report positional information
to electronic system 100 constantly, when a threshold is reached, or in response some
criterion such as an identified stroke of object motion. In other embodiments, the
processing system 119 directly processes the indicia to accept inputs from the user, to move
a cursor, a section of text, or other visual object on a display, or for any other purpose based

on any number and variety of criteria.

[0032] The term “positional information” as used herein is intended to broadly
encompass absolute and relative position-type information, and also other types of spatial-
domain information such as velocity, acceleration, and the like, including measurement of
motion in one or more directions. Various forms of positional information may also include
time history components, as in the case of gesture recognition and the like. For example, the
processing system 119 can be implemented to use or provide “zero-dimensional” 1-bit
positional information (e.g. present or not present near the sensor 116), or “one-
dimensional” positional information as a scalar (e.g. along a path associated with sensing
region 118). Processing system 119 can also be implemented to determine multi-
dimensional positional information as a combination of values (e.g., “two-dimensional” in a
projection of the sensing region 118 onto a plane, or “three-dimensional” information in 3-
space. Theses may be expressed as components along horizontal/vertical/depth axes,

angular/radial axes, or any other combination of axes that span the dimensions desired).

[0033] The positional information from the processing system 119 facilitates a full range
of interface inputs, including use of the proximity sensor device for cursor control or an
input device for adjustment. As specific examples, the processing system 119 can be
configured to apply, or provide for applying, the first rate of adjustment to a parameter of a
displayed image by scrolling the image, zooming the image, otherwise manipulating the
image, or any combination thereof. It should be noted that when applying an adjustment to
a parameter of the displayed image that the displayed image can comprise all or part, or a
combination of displayed elements on a screen. Thus, the image parameter that is adjusted
could apply to all elements or images of the entire display screen area, or to individual
elements or images within the display screen area, such as graphical elements, textual
clements, user interface elements, windows, etc. Furthermore, in embodiments configured
for scrolling, either or both vertical and horizontal scrolling can result from the parameters

adjusted.
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[0034] In embodiments of the present invention, the sensor 116 is adapted to provide the
ability for a user to easily cause adjustments in an electronic system using a sensor 116 as
part of a user interface. For example, the sensor 116 can be used to facilitate user interface
navigation, such as scrolling, panning, menu navigation, cursor control, and the like. As
another example, it can be used to facilitate value adjustments associated with visual
parameters, such as color, hue, brightness, and contrast. Alternatively, the sensor 116 can
be used to adjust auditory parameters such as volume, pitch, and intensity, or to manipulate
operation parameters such as speed and amplification. Other examples of non-visual
parameters include olfactory or other sensory parameters. The sensor 116 can also be used

for control of mechanical devices, such as in controlling the movement of a machine.

[0035] As more specific examples, the parameter can be a magnification level of an
image, such that adjustments to the parameter result in zooming into or out of an image.
The parameter can likewise be a rotational angle of an image, such that adjustments to the
parameter result in clockwise or counter-clockwise rotation of an image (e.g., a picture or

modeled object).

[0036] In the embodiments of the present invention, the sensor 116 provides improved
user interface functionality by facilitating extended parameter adjustment using proximity
sensors. Specifically, the sensor 116 and processing system 119 is adapted to provide user
interface functionality by determining a measurement descriptive of a location of a first
object relative to a location of a second object, and applying a first rate for adjusting a visual
parameter such that the visual parameter adjusts even if the first object is stationary relative
to the second object, where the first rate is based on the measurement. By so providing a
first rate for adjusting a parameter, the sensor 116 facilitates extended user input in
electronic systems. The extended user input is particularly useful for indicating continuing
adjustments, for example, to facilitate scrolling through a large document, zooming in and

out of a detailed picture, or changing a value over a large range of possible values.

[0037] Turning now to FIG. 2, a method 200 of producing an output using a proximity
sensor device is illustrated. Although specific steps are disclosed in FIG. 2, such steps are
examples. That is, some embodiments perform subsets or supersets of the steps or
variations of the steps recited in FIG. 2. Further, the steps in FIG. 2 may be performed in an

order different than presented. In general, the method 200 provides improved user interface

10
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functionality by facilitating extended parameter adjustment using proximity sensor devices.
For example, the method allows a user to produce a variety of extended inputs such as

zooming, scrolling, or rotating within a limited space on a sensor.

[0038] The first step 202 of method 200 is to monitor for a first object and a second
object contemporaneously in the sensing region. As described above, the sensor can use any
type sensing technology to determine if objects are in the sensing region, including
capacitance-based sensing methods. In most systems, this step is performed frequently by
the system, at a frequency determined by the processing system controlling the sensor.
Turning to FIG. 3, a side view including a top surface 302 associated with a sensor 300 is
illustrated, with two exemplary input devices, fingers 314 and 316, in the sensing region.
These fingers 314 and 316 are examples of the type of objects that can be monitored for in

the sensing region.

[0039] Returning to FIG. 2, the next step 204 is to determine a measurement descriptive
of the location of the first object relative to the location of the second object simultaneously
in the sensing region. As will be described in greater detail below, the measurement
descriptive of relative location can comprise various different types of measurements. For
example, the measurement can comprise a distance defined by the locations of the first
object and the second object, such as the distance between determined centers of the first
object and the second object. Alternatively, the measurement can comprise a direction
defined by the location of the first object and the location of the second object. For
example, the direction can be that of a vector pointing from the first object towards the
second object, or vice versa. Such a direction can be measured as an angle relative to an
appropriate reference frame (e.g. using a polar coordinate system with a defined zero
angular direction, using a Cartesian coordinate system where direction aligned with the
positive X-axis is considered zero and counter-clockwise angles from the X-axis are
considered positive, etc.). As an alternate example, the direction can be measured as an
angle defined by the two locations and a reference such as a line (e.g. the angle between a
line intersecting the determined centers of the first and second objects and a reference line).
The reference can also be made dynamic, and can be based off of factors such as previous

input locations, initial locations, and the like. The reference can also be made user settable.

11
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[0040] Furthermore, the measurement can comprise a combination of different
quantities descriptive of the relative location. For example, the measurement can comprise a

combination of both the distance between objects and the direction defined by the objects.

[0041] It should also be noted that, in many embodiments, the step of determining the
measurement does not require that the actual positions of the objects be calculated, or the
actual centers be determined. For example, the direction defined by the objects and/or the
distance between the objects can be determined without explicitly calculating the position of
cach object. Some embodiments effectively use arbitrary choices among possible sets of
positions for first and second object. In these embodiments, different sets of potential
positions of the first and second objects exist, and a value for the measurement is
determined from one or more of these sets of potential positions irrespective of if the
potential positions are actual positions of the first and second objects. A specific example
uses a capacitive profile-type sensor device with a sensor array containing sets of sensor
electrodes aligned along orthogonal axes. Such a capacitive profile-type sensor effectively
measures the total capacitive coupling of each of the sensor electrodes to input objects, such
that two single axes profiles are generated to describe 2D locations of any number of objects
in the sensing region. Thus, if a first input object and a second input object are placed near
the sensor electrodes, it may be ambiguous from the profiles which of the potential positions
of the first and second objects reflect the true positions of the objects. However, the
distance between the potential positions are the same in both sets. Therefore, using the

distance as the measurement would mean that the actual positions need not be determined.

[0042] Also, the relative location of the first object to the second object can stay
substantially the same (such that the objects are substantially stationary relative to each
other) even if the objects are moving with respect to another frame of reference. For
example, if the first and second objects are moving through the sensing region with the same
velocities, then the first and second objects would not be in motion relative to each other

even though they would be in motion relative to the sensing region.

[0043] In any of these cases, step 204 determines the measurement descriptive of the
relative location of the two objects. The next step 206 is to provide a first rate of adjustment

based on the measurement, such that the affected parameter continues adjusting even if the

12
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first object is stationary relative to the second object. As stated above, the parameter

adjusted can be any type.

[0044] The rate of adjustment can be determined based on the measurement in variety of
ways. For example, the rate of adjustment may be a constant, a set of discrete values, or a
continuously variable function over the measurement values (or at least as continuous as
possible given the processing system, which may use digital rather than analog circuitry).
The proximity sensor device can also use the measurement in a gating manner, such that
measurements on one side of a threshold result in no rate of adjustment. The threshold can
be determined in many different ways, and can vary based on initial locations, if the
measurement is greater or less than prior measurements, if the measurement over time is
generally increasing or decreasing, and the like. Further, a single proximity sensor device
can support multiple thresholds, such that different ranges of measurements may result in
rates of adjustment that are related to the measurement in different ways. In contrast, some
embodiments use no thresholds, and determine the rate as a discrete or continuous function

based on the measurement without any gating criteria.

[0045] The rate can also be based in part on the difference between a measurement and a
reference. The rate can be made variable, such as in a proportional manner, to the difference
between the measurement and the reference. Depending on the implementation, such a
reference can be determined at any appropriate time, including at manufacture, system start-
up, system calibration, and dynamically during use. For example, a dynamically determined
reference can take into account previous user input such as initial locations (e.g., the
locations associated with when the rate-defining adjustment input begins, the locations
associated with when the objects first touch a surface associated with the sensing region, and
the like).

[0046] Additionally, the rate can also be based on other factors, including other input
factors such as the force associated with one or both of the objects in the sensing region,
change in capacitance associated with the objects, or the duration of time that the objects are
in the sensing region. Other viable input factors include prior measurements (such as those
in a period of time shortly before the current measurement), user settable preferences,
location of one or both objects, use history, active applications, parameter being adjusted,

etc.
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[0047] Regardless of the relationship between the measurement and the rate, on-the-fly
calculations are not required. For example, look-up tables can be used to determine the rate

of adjustment, instead of actual calculations.

[0048] It should be noted that step 206 results in continuing adjustment even if the first
object is stationary relative to the second object. This is a result of applying a continuing
rate of adjustment, with the rate determined at least in part by the measurement (e.g. the
distance or angle), rather than simply applying a quantity of adjustment based solely on the
change in the measurement (e.g. the change in distance or change in angle). This allows
adjustment of the parameter to continue even if relative motion between the objects
substantially ceases. Thus, in an embodiment where the rate of adjustment changes with the
measurement, a user can control the rate of adjustment by moving the objects relative to
each other in an appropriate way. When the desired rate is found, the user can also continue
the adjustment at the desired rate by simply holding the objects on the sensor in substantially

constant relative positions.

[0049] In some embodiments, when the desired adjustment is completed, the user can
move one of the objects away from the sensor and the continued adjustment ceases.
Specifically, the processing system can be configured to cease continued, rate-based
adjustment of the parameter responsive to at least one of the first and second objects moving
away from the sensing region. Some embodiments will accept removal of either object,
while others will require a specific object (e.g. the first one to enter the sensing region, the
leftmost one, etc.) to be removed. In contrast, the processing system can be configured to
require both the first and second objects be removed from the sensing region before
adjustment is ceased. Meanwhile, other embodiments require the user to provide some other
input (e.g., pushing a key, introduction of another input object in the sensing region, etc.) to
cease adjustment. These other inputs may be required in place of or in addition to removal
of any input objects. Furthermore, the sensor can cease rate-based adjustment (which can be
implemented by setting the rate portion of the adjustment to null or zero) by generating an
appropriate stop signal, or by ending some type of continuing signal that was used to adjust

the rate.

[0050] In another embodiment, the reversal of a direction of motion of the first object

relative to the second object can be implemented to result in cessation of the continued
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adjustment. The system can be set to cease continued adjustment as close in time or space
to the instant of reversal as possible, or some amount past the reversal. One way to monitor
for reversal of the direction of motion of one object relative to another is to observe how the
measurement changes over time. For example, if the measurement increases and then
decreases, reversal likely occurred. The opposite is also true, such that if the measurement
decreases and then increases, reversal likely occurred. Examining a first derivative of
values of the measurement over time is another way to monitor for reversal. Where the first
derivative changes polarity (c.g., switches from positive to negative, and vice versa),

reversal has occurred.

[0051] To give a specific example, the method 200 can be used to facilitate an
“extended pinch” type function. Turning briefly to FIG. 4, a sensor 400 is illustrated
showing two objects (shown as fingers) performing a pinching gesture in the sensing region
402. (“Pinching” is used here to include spreading input objects apart as well as bringing
them closer to each other.) In this illustrated example, the distance between the two objects
is calculated and used to determine a rate of adjustment. In some embodiments, as the
distance between objects increases, the rate of the adjustment increases, and as the distance
between objects decreases, the rate decreases. Other embodiments implement the reverse.
Still other embodiments have constant values of increase or decrease. Thus, the user is able
to zoom, scroll, or otherwise perform an adjustment through a “pinching” motion of the

objects in the sensing region.

[0052] As another specific example, the method 200 can be used to facilitate an
“extended rotate” type function. Turning briefly to FIG. 5, a sensor 500 is illustrated
showing two fingers performing a rotating gesture in the sensing region 502. In this
illustrated example, a direction defined by the locations of the two objects is calculated and
used to determine the rate of adjustment. In some embodiments, as the direction (defined by
the positions of the two objects) changes (e.g., as motion of one or both of the objects causes
the direction to rotate), the rate of adjustment changes. Thus, the user is able to perform an

adjustment by moving the objects in the sensing region.

[0053] In both of these specific examples, step 206 causes continued adjustment even if
the first object is stationary with respect to the second object. Thus, in “extended pinch”

embodiments used to control “zoom”, step 206 may continue to apply a “zoom” adjustment

15



WO 2009/100421 PCT/US2009/033540

even if relative motion of the pinching objects cease, with the rate of the zoom determined at
least in part by the distance between the two objects. In an “extended pinch” embodiment
that supports discretely or continuously variable rates of adjustment for “zooming,” a user
can thus increase or decrease the rate of the zoom by pinching the objects apart (i.c.,
“spreading”) or pinching them together, and continue to zoom by simply holding both
objects in the sensing region. This extended pinch behavior is not found in traditional pinch
and rotate inputs that respond only to continued object motion, and do not continue any

adjustment after relative object motion ceases.

[0054] It should be noted that other factors or inputs could also be used to determine the
actual adjustment applied to the parameter. For example, the rate of adjustment based on
the measurement could be included in an overall adjustment that includes other rates or
quantities of adjustment gained from different inputs. In one embodiment, the system also
applies quantities of adjustment based on the difference between a current measurement and
a recently prior measurement; these quantities of measurement do not allow the system to
continue adjustment where the relative positions of the objects stay the same. These
quantities of adjustment can be added to the rate of adjustment to generate an overall

adjustment that includes both factors.

[0055] As a specific “pinch” example, where the distance is within a range of distances
about an initial distance, the system adjusts the zoom by applying a quantity of change to the
zoom that is based on the difference between a current distance and a recent distance.
Examples of the initial distance include when the pinching input first begins, the distance
when the objects first touch a surface associated with the sensing region, and the like. For
distances outside of that range, the system applies a rate of change to the zoom. Depending
on the implementation, distance changes within that range may result only in changes in rate
of zoom, additional quantities of zoom based on the change in distance, or both. An analogy

is available for a rotational implementation.

[0056] Furthermore, as discussed above, the rate can have a variety of resolutions. For
example, the rate may be binary, have multiple quantized options, or have infinitely variable

options (such as with an analog scale).

[0057] Turning now to FIGS. 6-9, a sensor 600 is illustrated that supports a sensing

region 602. The sensor 600 is a part of a proximity sensor device that is associated with an
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electronic system (not shown). A top view of a surface associated with the sensing region
602 is shown in FIGS. 6-9. Inside the sensing region 602 is illustrated the presence of two
objects 10 and 12. These two objects 10 and 12 are simplified representations of the types
of objects that can be used with the sensor 600. In FIG. 6, the objects 10 and 12 are at a first
location and a second location, respectively. FIG. 7 illustrates how the objects 10, 12 can be
separated by a user, such that the distance between objects 10 and 12 increases. In
accordance with an embodiment of the invention, this “spreading” of the objects causes a
change in the rate of adjustment to be applied to a parameter. That is, an adjustment is
applied at a rate that is determined, at least in part, by the measured distance between

objects. Thus, as the measured distance changes, the rate of adjustment changes.

[0058] In one specific example, the processing system causes a displayed image on an
associated display device to zoom in at a rate that has more than one possible value that is
determined by the measured distance between objects. Thus, as the objects separate, the
magnification level of the image increases at a faster rate. Depending on the
implementation, the distance may need to differ from the initial distance by at least a
threshold amount before the processing system causes a rate of zoom. Further, the rate of
adjustment may be supplemented with quantities of adjustment determined by the

immediate change in distance.

[0059] FIG. 8 illustrates how the objects can be brought together by the user such that
the distance between objects decreases. Again, in accordance with an embodiment of the
invention, this pinching of the objects together causes a rate of adjustment to the parameter.
For example, the processing system causes the display to zoom out at a rate that is again
determined at least in part by the measured distance between objects. Thus, in a specific
embodiment with multiple values possible for the rate of adjustment, as the objects are
brought closer, the processing system causes zooming of the image at faster rates. As with
the “spreading”, depending on the implementation, the distance may need to differ from the
initial distance by at least a threshold amount before the processing system causes a rate of
zoom. Further, the rate of adjustment may be supplemented with quantities of adjustment

determined by the immediate changes in distance.

[0060] FIG. 9 illustrates how changes in the relative distance between the two objects

can be ceased by the user, with both objects remaining in the sensing region. Although FIG.
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9 shows the objects 10 and 12 as stationary, the objects 10 and 12 can be moved while
keeping the distance between them unchanged. In response, the parameter continues to
adjust at a determined rate, with the rate determined at least in part by the distance between
the objects when the motion ceased. Thus this extended adjustment continues even after the
objects stop moving. This is an example of a “rate-based” adjustment, where a change in
the distance between objects does not simply result in a change to the parameter, it instead
changes the rate at which the parameter is adjusted. Thus, in this embodiment, instead of
stopping a zoom when object motion ceases (where a rate of adjustment is applied before
object motion ceases), the processing system causes the zoom to continue at the rate
determined by the final position of the objects until one or both of the objects is removed

from the surface associated with the sensor 600.

[0061] Turning now to FIGS. 10-13, a sensor 700 is illustrated that includes a sensing
region 702. The sensor 700 is part of a proximity sensor device that is associated with an
electronic system (not shown). A top view of a surface associated with the sensing region
702 is shown in FIGS. 10-13. Inside the sensing region 702 is illustrated the presence of
two objects 20 and 22. For convenience of this explanation, the location of object 20 is
referred to as the first location and the location of the object 22 is referred to as the second
location, even though some implementations use the reverse convention. In FIG. 10, the
objects 20 and 22 are at a first initial location and a second initial location, respectively.
FIG. 11 illustrates how the objects 20 and 22 can be orbited around one or more virtual axes,
or “revolved” by the user, such that the direction defined by the relative locations of the
objects 20 and 22 changes. In accordance with an embodiment of the invention, this motion
of the objects causes a change in the rate of adjustment applied to a parameter. That is, an
adjustment is applied at a rate that is determined, at least in part, by the measured direction

defined by the relative locations of the objects.

[0062] For a specific example, the processing system causes a displayed image on an
associated display device to rotate at a rate that is determined by an angle defined by the
locations of the objects and a reference. Thus, where multiple values are available for the
rate, as the objects revolve counterclockwise and the magnitude of the angle increases, the
processing system causes the displayed image to rotate counterclockwise at a faster rate.
Depending on the implementation, the angle may need to differ from the initial angle by at

least a threshold amount before the processing system causes a rate of adjustment. Further,
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the rate of adjustment may be supplemented with quantities of adjustment determined by the

immediate changes in angle.

[0063] FIG. 12 illustrates how the objects can be revolved such that the direction
defined by the locations of the objects changes in an opposing way to that shown in FIG. 11.
If an angle is used to characterize the direction, then the angle would have changed in FIG.
12 in an opposing manner as compared to FIG. 11. In accordance with an embodiment of
the invention, this revolution of the objects causes a change in the rate of adjustment applied
to the parameter. For example, the processing system may cause the image to rotate at a rate
that is again determined at least in part by an angle defined by the location of the objects.
Thus, in a specific embodiment with multiple values possible for the rate of adjustment, as
the objects revolve in the opposite direction, the processing system causes the displayed
image to rotate counter-clockwise at a slower rate or to rotate clockwise at an increasing
rate. Depending on the implementation, the angle may need to differ from the initial angle
by at least a threshold amount before the processing system causes a rate of adjustment.
Further, the rate of adjustment may be supplemented with quantities of adjustment

determined by the immediate changes in angle.

[0064] FIG. 13 illustrates how the object motion can be ceased by the user, with both
objects remaining in the sensing region. Although FIG. 13 shows the objects 20, 22 as
stationary, the objects 20, 22 can be moved while the angle defined by them does not
change. Again, the adjustment continues at a determined rate, with the rate determined at
least in part by the relative locations of the objects when the motion ceased. Thus, this
extended adjustment continues even after the objects stop moving. This is another example
of a rate-based adjustment, where a change in the direction defined by the objects does not
simply result in a change to the parameter, but instead changes the rate at which the
parameter is adjusted. Thus, in this embodiment, instead of stopping rotation when object
motion ceases (where a rate of adjustment is applied before object motion ceases), the
processing system cause the displayed image to continue to rotate at the rate determined by
one or more previous directions until one or both of the objects is removed from the surface

associated with the sensor 700.

[0065] Turning now to FIG. 14, a sensor 800 is illustrated that includes a sensing region

802. FIG. 14 illustrates how two parameters can be simultancously adjusted at two
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controlled rates. Specifically, the processing system controlling sensor 800 is adapted to
cause a first rate of adjustment to a first parameter, with the first rate based on a distance
between the objects, and is further adapted to cause a second rate of adjustment to a second
parameter based on the direction defined by the objects (which may be defined as an angle
in some embodiments). Thus, as the objects are separated (or brought together) the
processing system causes a change in the first rate of adjustment to the first parameter.
Likewise, as the objects revolve about one another or one or more axes, the processing
system causes a change in the second rate of adjustment to the second parameter. As a user
can change both the distance and the direction of the objects with one motion, sensor 800

can facilitate both adjustments at controlled rates with one motion.

[0066] Again, these adjustments can continue even after object motion ceases, and thus
is an example where two rate-based adjustments are provided. Thus, instead of stopping
adjustment when object motion ceases (where a rate of adjustment is applied before object
motion ceases), the processing system causes one or both adjustments to continue until one

or both of the objects is removed from the sensor.

[0067] As stated above, the type of adjustment discussed in conjunction with FIGS. 6-14
can be described as a rate-type adjustment. Because a rate-type adjustment continues even
after object motion has ceased, it can be considered to have a time component that does not
exist in non-rate-type adjustments. Thus, a rate-type adjustment to a parameter has a time
component that allows adjustment at a controlled rate, even in response to an unchanging

input.

[0068] One example of a common rate-type input device is a typical isometric joystick
(sometimes also termed a pointing stick or a TRACKPOINT device) found in some laptop
computers. Isometric joysticks accept force as input, and the force input sensed by the
joystick is often used to control a display cursor. Applying a static force (a force with
unchanging magnitude and direction) to a typical isometric joystick causes the cursor to
move at a constant rate. This is even though the force vector has not changed in magnitude

or direction.

[0069] In contrast, a common non-rate-type input device is a trackball usable with
laptop computers. With a typical computer trackball, a constant location of input results in

no movement of a display cursor. Thus, a non-rate type adjustment is an adjustment that
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corresponds directly to an input variable. For example, if the input variable is motion, then
when the object moves, adjustment occurs; however, if the object ceases moving,
adjustment ceases. Another example of a device that uses non-rate type adjustment is an
ordinary computer mouse. When a typical computer mouse moves, a corresponding cursor

motion is generated. When the mouse stops moving, the cursor stops moving.

[0070] With this definition of a rate type adjustment in mind, it should be noted that the
step of applying the first rate can be performed in a variety of different ways. For example,
the sensor can be configured to apply the first rate by repeatedly indicating a quantity of
adjustment. The quantity of adjustment would be in an absolute amount form, and not be in
a rate-type format. Here, the rate of change to the parameter is implemented not by a
processing element downstream of the processing system that is tied to the parameter, but by
the processing system itself. For example, a rate of N per second can be implemented by the
processing system generating the value N once per second, by the processing system
generating the value 1 N times per second, and the like. In contrast, in a configuration
where the rate is provided by the processing system to something downstream from it, the
processing system can provide a single N and not provide any further indicia until there is a

change in rate, or continuously provide N to indicate no change in the rate.

[0071] In another variation, the sensor can be adapted to determine the rate of
adjustment based on one or more ranges of measurements. For example, the sensor can be
configured to define a range of measurements and generate the rate of adjustment differently

based on whether or not the objects are within or outside the range of measurements.

[0072] Turning now to FIGS. 15-17, a sensor 900 is illustrated that includes a sensing
region 902. Inside the sensing region is illustrated the presence of two objects 40 and 42. In
FIG. 15, the objects 40 and 42 are at a first location and a second location respectively.
Also illustrated in FIG. 15 is an exemplary threshold distance D1 in the sensing region,
which will be used to illustrate an example of how objects can have a distance less than or
greater than a threshold distance. As shown in FIG. 15, at the initial first location and
second location, the objects have a distance that is less than a threshold distance D1 (shown
bounding objects 40 and 42 in FIG. 15 for convenience of comparison). The sensor 900 can
be configured such that motion inside the threshold distance D1 results in non-rate-type

adjustment. Conversely, when the objects are separated beyond the threshold distance D1,
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as illustrated in FIG. 16, the sensor can apply a rate-type adjustment to the parameter, such
that adjustment continues even if object motion ceases. Thus, in this embodiment, if motion
were to cease while the distance between objects was less than D1, then adjustment would
cease accordingly. However, if the motion were to cease while the distance between objects
was greater than D1, then continued adjustment would occur at a rate determined at least in

part by the distance of separation even though no relative motion was occurring.

[0073] Such threshold distances can also be used to determine the rate of adjustment.
Specifically, the sensor can be configured to determine a first rate of adjustment by defining
a first range of distances and determining the first rate responsive to the distance being in
the first range. The rate can be the same first rate for all distances within the first range (i.e.
a static rate for all distances within the first range), the rate may vary in discrete steps (i.e. a
set of different constant rates for different portions of the first range), or continuously with
the distance. It is understood that continuous variation may be implemented in a quantized
manner due to the nature of digital systems. The range can be static, user selectable and
changeable, or dynamically changeable with use. Dynamic ranges can be based off of one
or more previous inputs or measurements, such as locations of the first and second objects at
or near arrival in the sensing region, estimated “touchdown” locations for sensors having
touch surfaces, or locations where the first and second objects had been substantially still. It
should also be noted that the range can be open ended, with only an upper or lower bound,

or closed, with both upper and lower bounds.

[0074] The range of measurements used for such behavior can be implemented to have a
certain amount of hysteresis. For example, the threshold measurement used to transition
from non-rate type to rate-type adjustment behavior can be greater or less than the threshold
measurement used to transition back to non-rate type adjustment. This is illustrated in FIG.
17 compared to FIG. 15, which shows a second exemplary threshold distance D2 in the
sensing region that is less than D1. The system behavior would transition from rate-type
adjustment (e.g. back to non-rate type adjustment or no adjustment) if the distance between
the objects decreases below D2. Hysteresis is useful for “debouncing” user input much like
“debouncing” switches. Specifically, hysteresis reduces the likelihood of an input being of a
value where small changes would shift the input between two ranges. With hysteresis, small

variations in the input (e.g., due to noise, environmental factors, user tremors, etc.) would
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typically not cause the output to transition repeatedly between rate-type and non rate-type

adjustments.

[0075] It should be noted that while these thresholds are illustrated in FIGS. 15-17 in the
form of distances between objects, they can similarly be implemented for the rotation type
embodiments. In that case, the range of measurements would often be in the form of angles

or directions, such that behavior would change when an angle or direction was reached.

[0076] Furthermore, these ranges of measurements and thresholds can be determined
statically, or they can be adjusted dynamically during operation. For example, the threshold
distance D1 can be determined based on an initial distance between the objects 40 and 42.
In that case, the initial distance can be defined by the locations at a particular point in time,
such as when the objects first touch a surface associated with the sensing region. In some
embodiments, the initial distance will determine the ranges of distances associated with rate-
type, non-rate-type, and combined-rate-plus-non-rate-type adjustment. Analogs to these are
readily available for the rotation type embodiments, as examples of measurements available
include both distances and directions. In some cases, the ranges of measurements would be
user definable such that a user can select absolute threshold values or relative changes in

values (e.g., relative to the initial value) at which the behavior of the system changes.

[0077] Finally, in some embodiments, multiple different ranges of measurements can be
defined to control various different behaviors. These ranges can be independent, or can
overlap as needed. In any case, the behavior of the proximity sensor device is determined
by the locations of the objects and whether or not such objects have a measurement that is

within or outside the appropriate range.

[0078] Furthermore, the range of measurements can be used to implement different
ways of calculating the rate of continuing adjustment. The sensor can be implemented such
that the rate of adjustment changes more per unit measurement when inside a range and the

rate of adjustment changes less per unit measurement when outside the range.

[0079] As another variation, where the processing system is configured to determine a
first rate by determining the first rate responsive to the measurement being in a first range,
the processing system can be further configured to provide a non-rate type adjustment. For
example, the processing system can be further configured to determine a quantity of
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adjustment responsive to the measurement being in a second range different from the first
range, where the quantity of adjustment is based on a difference between the measurement
and a prior measurement, and provide the quantity for adjusting the parameter. Here, the
prior measurement can be immediately previous, or recently previous within a relatively
short span of time. This quantity of adjustment can be in place of any adjustment rate that
would have otherwise been used. This quantity of adjustment can also be applied in
addition to any adjustment rate provided to produce a combined, superimposed change in

the parameter.

[0080] The processing system can also be configured to determine a first rate based on
which range of measurements the measurement is in. For example, the processing system
can be configured to determine the first rate by determining a value of the first rate for
increasing the parameter responsive to the measurement being in a first range of
measurements, and determining a value of the first rate for decreasing the parameter
responsive to the measurement being in a second range of measurements different from the
first range of measurements. Such a system can be further augmented by configuring the
processing system to determine a quantity of adjustment responsive to the measurement
being in a third range of measurements different from the first and second ranges, where the
quantity of adjustment is based on a difference between the measurement and a prior
measurement between a prior location of the first object and a prior location of the second
object, and provide the quantity for adjusting the parameter. This quantity of adjustment
can be in place of any adjustment rate that would have otherwise been provided, or be
applied in addition to any adjustment rate provided. The third range may overlap one or
both the first and second ranges, abut one or both the first and second ranges, or be

separated from the first and second ranges by a span of values.

[0081] In specific ones of the embodiments discussed above, the system can be
configured to use distance as the measurement. In such an embodiment, the processing
system may be configured to provide a rate-type adjustment by repeatedly causing a same,
non-zero quantity of adjustment responsive to the distance being substantially the same as
an immediately previous distance, where the previous distance is between an immediately
prior position of a first object and an immediately prior position of the second object.
Likewise, the processing system can be configured to cause a rate-type adjustment having

an amount related to a direction instead of distance.
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[0082] In other variations, the processing system can be configured to cause a rate-type
adjustment having an amount proportional to a difference between a value of the present
vector and a reference value. The processing system can be configured such that the value
of the present vector is one of a length of the present vector and an angle between the

present vector and a reference.

[0083] Likewise, the processing system can be further configured to vary the amount of
rate-type adjustment responsive to a change in an interaction extent between the first and
second objects and the sensor. The interaction extent can be a force associated with the first
and second objects, an amount of capacitive coupling (or change in capacitive coupling) due
to the first and second objects, a duration of time that the first and second objects have had
positions connectable by vectors having values above a reference value, and any of a

number of interaction characteristics associated with the first and second objects.

[0084] Turning now to FIG. 18, another embodiment of the sensor 900 is illustrated. In
this embodiment, the sensing region 902 includes a defined outer portion 904. The outer
portion 904 can provide a variety of functionality. For example, it can be used to generate
and apply a second rate of adjustment to a parameter when at least one of the objects moves
into or out of the portion 904. This second rate can coexist with a first rate of adjustment
that is based on measurements. For example, superimposing the first rate over the second
rate in a direct relationship or with some mathematical weighting are different methods of
combining the first and second rates. This superposition of rates can result in a
strengthening of the overall rate, or they can cancel and override each other. Whether or not
the rates cancel each other, in this specific example, the combination of both the first and

second rates is applied when such criteria are met.

[0085] In another embodiment, the outer portion 904 can be used to generate a rate of
adjustment whenever one of the two objects is in the outer region, independently of any
other such continuing adjustment available on the device. In this embodiment, the outer
portion 904 provides an independent mechanism for a user to initiate a continuing rate-type

adjustment that continues even when object motion ceases.

[0086] Specifically, the processing system associated with sensor 900 can provide a
quantity of adjustment responsive to object motion of one of the objects in the sensing

region. This quantity of adjustment would be based on the difference between a current
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measurement and a prior measurement, and would provide a non-rate-type adjustment.
Then, the processing system can provide a rate-type adjustment in response to one or more
of the objects being moved into the outer portion 904. Some embodiments may respond
only if a specific one of the objects being moved into the outer portion 904, some
embodiments may respond to either of the objects being moved into the outer portion 904,
and some embodiments may require two or more objects in the outer portion 904. Thus, the
proximity sensor device containing sensor 900 facilitates, in one input device, both a non-
extended pinching or rotating function with its corresponding non-rate-type adjustment, and
a continuing or extending pinching or rotating function with a corresponding rate-type

adjustment.

[0087] In one embodiment with a defined outer portion 904, the processing system is
configured to determine (1) a location of a first object in the sensing region, (2) a location of
a second object contemporaneously in the sensing region, (3) a measurement descriptive of
the location of the first object relative to the location of the second object. The processing
system also determines a quantity of adjustment, responsive to the measurement differing
from a prior measurement and provides non-zero quantity of adjustment for adjusting a
parameter. The prior measurement is descriptive of a prior location of the first object in the
sensing region relative to a prior location of the second object contemporaneously in the
sensing region. The processing system is further configured to determine a rate of
adjustment responsive to at least one of the first and second objects being in the outer
portion 904, and provide the rate for adjusting the parameter such that the parameter adjusts

even if the one or both of the first and second objects is stationary in the outer portion 904.

[0088] In other variations, the processing system can be configured to determine a first
rate by determining a value for the first rate, where the value for the first rate is variable
with a value of the distance. For example, the value of the first rate can be proportional to a
difference between the distance and a reference. This reference can be predetermined, such
as preset during design or manufacture, or be made to change dynamically. Dynamic
references can be based on user selection, prior use history, initial “touchdown” or other key
object locations, and the like. The reference can also be made to be an end of the first range,
and such a reference would be static if the first range is made static, or dynamic if the range

is made dynamic.
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[0089] As mentioned above, the processing system can be configured such that the first
rate also varies with a characteristic unrelated to the positions of the first and second objects.
For example, the processing system can be configured to determine a first rate by taking into
account factors such as the force or capacitance associated with one or more of the objects.
The factors can also be combined, such as by configuring the processing system to account
for both force and capacitance associated with one or more of the objects in determining the
first rate. In one such embodiment, the first rate has a greater magnitude in response to a
greater force (or change in capacitive coupling), and a smaller magnitude in response to a
lesser force (or change in capacitive coupling). As another example, the processing system
can also be configured such that the first rate is variable with a duration of time that
measurements have been in a first range. In operation, allowing users to vary the rate in

such manners gives users more control over the rate of adjustment.

[0090] Other embodiments of the invention allow the sensor to facilitate adjustments in
different ways using the proximity sensor device. For example, although the invention has
mainly been described with two input objects, other number of input objects are possible. In
some embodiments, the processing system is configured to cause adjustment of different
parameters depending on the number of input objects. In one embodiment, the processing
system is configured to cause adjustment of a first parameter responsive to the sensor
detecting two objects moving relative to each other, and cause adjustment of a second
parameter responsive to the sensor detecting three objects moving relative to each other.
Multiple other measurements may exist for three or more objects, and these can be averaged
or simplified as appropriate. As stated above, in place of or in addition to distance between

the objects, directions defined by the objects can be used.

[0091] The embodiments of the present invention thus provide an electronic system and
method that facilitates improved device usability. Specifically, the device and method
provide improved user interface functionality by facilitating extended parameter adjustment
using proximity sensors. 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, 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. Many modifications and
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variations are possible in light of the above teaching without departing from the spirit of the

forthcoming claims.
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CLAIMS

What is claimed is:

1. An electronic system comprising:
a display configured to show an image;
a proximity sensor adapted to detect objects in a sensing region; and

a processing system coupled to the display and the proximity sensor, the processing

system configured to:

determine a measurement descriptive of a location of a first object relative to

a location of a second object contemporancously in the sensing region; and

apply a first rate of adjustment to a parameter of the image such that the
parameter adjusts even if the first object is stationary relative to the second
object in the sensing region, wherein the first rate of adjustment is based on

the measurement.

2. The device of claim 1, wherein the measurement comprises a direction defined by

the location of the first object and the location of the second object.

3. The device of claim 1, wherein the measurement comprises a distance defined by the

location of the first object and the location of the second object.

4, The device of claim 3 wherein the processing system is further configured to:

determine a direction defined by the location of the first object and the location of

the second object; and

apply a second rate of adjustment to a second parameter of the image such that the
second parameter adjusts even if the first object is stationary relative to the second object,

wherein the second rate of adjustment is based on the direction.

29



WO 2009/100421 PCT/US2009/033540

5. The device of claim 1, wherein the processing system is configured to determine a

measurement by:

determining the location of the first object and the location of the second object
responsive to the first and second objects being in the sensing region contemporaneously;

and

determining the measurement using the locations of the first and second objects.

6. The device of claim 1, wherein the processing system is configured to apply a first

rate of adjustment to a parameter by:

defining a first range of measurements, the first range having hysteresis such that the
first range is larger if the measurement is in the first range and smaller if the measurement is

outside the first range; and

utilizing the first rate to adjust the parameter responsive to the measurement being in

the first range.

7. The device of claim 1, wherein the processing system is configured to apply a first

rate of adjustment to a parameter by:

determining an initial measurement between an initial location of the first object and

an initial location of the second object;
defining a first range based on the initial measurement; and

utilizing the first rate to adjust the parameter responsive to the measurement being in

the first range.
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8. The device of claim 1, wherein

the processing system is configured to apply a first rate of adjustment to a parameter
by utilizing the first rate to adjust the parameter responsive to the measurement being in a

first range of measurements, and wherein:

the processing system is further configured to apply a quantity of adjustment to the
parameter responsive to the measurement being in a second range different from the first
range, wherein the quantity of adjustment is based on a difference between the measurement
and a prior measurement, and wherein the prior measurement is defined by a prior location

of the first object and a prior location of the second object.

9. The device of claim 1, wherein the processing system is configured to apply a first

rate of adjustment to a parameter by:

determining the first rate based on a difference between the measurement and a

reference measurement.

10.  The device of claim 1, wherein the processing system is configured to apply a first

rate of adjustment to a parameter by:

determining a static first rate responsive to the measurement being in a first range.

11. The device of claim 1, wherein the processing system is configured to apply a first

rate of adjustment to a parameter by:

applying a first rate based on the measurement and at least one characteristic selected
from the set consisting of: a force associated with the first and second objects, a capacitance
associated with the first and second objects, and a duration of time that measurements
descriptive of locations of the first object relative to respective contemporaneous locations

of a second object have been in a first range.
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12. The device of claim 1, wherein the processing system is further configured to:

cease adjustment of the parameter responsive to at least one of the first and second

objects exiting the sensing region.

13. The device of claim 1, wherein the processing system is further configured to:

cease applying a first rate of adjustment to the parameter responsive to a reversal of

motion of the first object relative to the second object.

14. A method of adjusting a parameter using a proximity sensor adapted to detect objects

in a sensing region, the method comprising
sensing a first object and a second object contemporaneously in the sensing region;

determining a measurement descriptive of a location of the first object relative to a

location of the second object contemporaneously in the sensing region; and

providing a first rate of adjustment for adjusting a parameter such that the parameter
adjusts even if the first object is stationary relative to the second object in the sensing

region, wherein the first rate of adjustment is based on the measurement.

15. The method of claim 14, wherein determining a measurement comprises:

determining at least one of a direction and a distance based on the location of the

first object and the location of the second object.

16. The method of claim 14, further comprising:

providing an indication to cease adjustment of the parameter responsive to at least

one of the first and second objects moving away from the sensing region.
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17. The method of claim 14, wherein the measurement comprises a distance defined by
the location of the first object and the location of the second object, and wherein the method

further comprises:

determining a direction defined by the location of the first object and the location of

the second object; and

applying a second rate of adjustment to a second parameter of the image such that
the second parameter adjusts even if the first object is stationary relative to the second

object, wherein the second rate of adjustment is based on the direction.

18. The method of claim 14, wherein providing a first rate of adjustment comprises:

defining a first range of measurements, the first range having hysteresis such that the
first range is larger if the measurement is in the first range and smaller if the measurement is

outside the first range; and

indicating the first rate responsive to the measurement being in the first range.

19. The method of claim 14 wherein providing a first rate of adjustment comprises:

determining an initial measurement between an initial location of the first object and

an initial location of the second object;
determining a first range of measurements based on the initial measurement; and

indicating the first rate responsive to the measurement being in the first range of

measurements.
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20. The method of claim 14, wherein:

providing a first rate of adjustment comprises indicating the first rate responsive to

the measurement being in a first range of measurements, and wherein:

the processing system is further configured to provide a quantity of adjustment for
adjusting the parameter responsive to the measurement being in a second range different
from the first range, wherein the quantity of adjustment is based on a difference between the
measurement and a prior measurement, wherein the prior measurement is defined by a prior

location of the first object and a prior location of the second object.

21. The method of claim 14 wherein providing a first rate of adjustment comprises:

indicating a static first rate responsive to the measurement being in a first range of

measurements.

22. The method of claim 14, wherein providing a first rate of adjustment comprises:

indicating the first rate based on the measurement and at least one characteristic
selected from the set consisting of: a force associated with the first and second objects, a
capacitance associated with the first and second objects, and a duration of time that
measurements descriptive of locations of the first object relative to respective

contemporancous locations of a second object have been in a first range.

23. The method of claim 14, wherein providing a first rate of adjustment comprises:

repeatedly indicating an amount of adjustment.

24, The method claim 14, further comprising:

ceasing adjustment responsive to a reversal of motion of the first object relative to

the second object.
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25.

26.

27.

A program product comprising:

a) a proximity sensor program, the proximity sensor program executable by a

computing system to:

sense a first object and a second object contemporaneously in a sensing

region;
determine a measurement descriptive of a location of the first object relative
to a location of the second object contemporaneously in the sensing region,

determine a first rate of adjustment based on the measurement; and

apply the first rate of adjustment to a parameter such that the parameter
adjusts even if the first object is stationary relative to the second object in the

sensing region; and

b) computer-readable media bearing said proximity sensor program.

A proximity sensor device comprising:
a sensor adapted to detect objects in a sensing region; and

a processing system coupled to the sensor, the processing system configured to:

determine a distance between a location of a first object and a location of a

second object contemporaneously in the sensing region; and

provide a first rate for adjusting a visual parameter such that the visual
parameter adjusts even if the first object is stationary relative to the second

object, wherein the first rate is based on the distance.

The device of claim 26 wherein the processing system is configured to provide a first

rate of adjustment by:

determining the first rate for increasing the visual parameter responsive to the

distance being in a first range of distances; and

determining the first rate for decreasing the visual parameter responsive to the

distance being in a second range of distances different from the first range of distances.
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28.  The device of claim 27 wherein the visual parameter is a magnification level, and

wherein the processing system is further configured to:

determine a quantity of adjustment responsive to the distance being in a third range
different from the first and second ranges, wherein the quantity of adjustment is based on a
difference between the distance and a prior distance, and wherein the prior distance is

defined by a prior location of the first object and a prior location of the second object; and

indicate the quantity of adjustment for adjusting the visual parameter

29. A proximity sensor device comprising:
a sensor adapted to detect objects in a sensing region; and
a processing system coupled to the sensor, the processing system configured to:

determine a direction defined by a location of a first object and a location of

a second object contemporaneously in the sensing region; and

provide a first rate for adjusting a visual parameter such that the visual
parameter adjusts even if the first object is stationary relative to the second

object, wherein the first rate is based on the direction.

30.  The device of claim 29 wherein the processing system is configured to provide a first

rate for adjusting a visual parameter by:

determining the first rate for increasing the visual parameter responsive to the

direction being in a first range of directions; and

determining the first rate for decreasing the visual parameter responsive to the

direction being in a second range of directions different from the first range of directions.
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31.  The device of claim 30 wherein the visual parameter is rotation angle, and wherein

the processing system is further configured to:

determine a quantity of adjustment responsive to the direction being in a third range
of directions different from the first and second ranges, wherein the quantity of adjustment
is based on a difference between the direction and a prior direction, and wherein the prior
direction is defined by a prior location of the first object and a prior location of the second

object; and

indicate the quantity of adjustment for adjusting the visual parameter

32.  An proximity sensor device comprising:
a sensor adapted to detect objects in a sensing region; and
a processing system coupled to the sensor, the processing system configured to:
determine a location of a first object in the sensing region;

determine a location of a second object contemporaneously in the sensing
region.
determine a measurement descriptive of the location of the first object

relative to the location of the second object ;

determine a quantity of adjustment responsive to the measurement differing
from a prior measurement, wherein the prior measurement is descriptive of a
prior location of the first object in the sensing region relative to a prior

location of the second object contemporaneously in the sensing region;
indicate the quantity of adjustment for adjusting a parameter;

determine a rate of adjustment responsive to at least one of the first and

second objects being in an outer portion of the sensing region; and

indicate the rate for adjusting the parameter such that the parameter adjusts
even if the at least one of the first and second objects is stationary in the outer

portion.
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33.  The device of claim 32, wherein the processing system is further configured to:
determine a second rate of adjustment based on the measurement; and

indicate the second rate for adjusting the parameter such that the parameter adjusts

even if the first object is stationary relative to the second object.

34, The device of claim 32, wherein the processing system is further configured to:

cease adjustment responsive to a reversal of motion of the first object relative to the

second object.
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