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ELECTRONIC DEVICES WITH ADAPTIVE
FRAME RATE DISPLAYS

BACKGROUND

This relates generally to displays, and more particularly, to
electronic devices with displays.

Electronic devices such as computers, televisions, portable
computers, and cellular telephones are often provided with
displays. A display often includes a frame bufter for buffering
information to be displayed on the display and display driver
circuitry that periodically refreshes display pixels in the dis-
play. The frequency at which the display pixels are periodi-
cally refreshed is commonly called the frame rate of the
display.

Conventional displays use a fixed standard frame rate such
as the 24 frames-per-second frame rate that is often used for
displaying television and movie content. In some scenarios a
user may be able to select a fixed frame rate for a display from
a set of fixed standard frame rates that are available for that
display.

However, in some scenarios, display content or other oper-
ating environment characteristics of a device may change
during operation of an electronic device resulting in a con-
figuration for which a different frame rate for the display may
be desirable. Changes of this type may occur on time scales
that are too short for a user of a device to effectively choose a
frame rate for each configuration.

It would therefore be desirable to be able to provide
improved displays for electronic devices.

SUMMARY

Electronic devices may be provided that contain displays.
The display may include display pixels and display driver
circuitry for operating the display pixels. The electronic
device may include control circuitry. The control circuitry
may monitor the device operating environment and other
aspects of the operation of the electronic device. The control
circuitry may configure operational attributes of the display
in response to monitored operating environment information
or other information obtained while monitoring the operation
of the electronic device.

The display driver circuitry may operate the display pixels
by periodically refreshing light-emitting elements in the dis-
play. The frequency at which the display control circuitry
refreshes the light-emitting elements of the display may be
referred to as the display frame rate or the frame rate. Con-
figuring operational attributes of the display may include
increasing or decreasing the display frame rate of the display.

Monitoring the device operating environment and other
aspects of the operation of the electronic device may include
monitoring the status of'a frame buffer that stores display data
to be displayed on the display, monitoring the type of display
content to be displayed with the display, monitoring user-
input signals, monitoring the device power supply status,
and/or monitoring other aspects of the operation of the elec-
tronic device.

In some situations, the control circuitry may reduce the
display frame rate in response to detection of, for example,
static display content to be displayed. Static display content
may include static text, a static web browser webpage or other
stationary display content. Reducing the display frame rate
may reduce power consumption for the device and may allow
powering down of memory needed for storing display data to
be displayed.
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In some situations, the control circuitry may increase the
display frame rate in response to detection of, for example,
dynamic display content to be displayed. Dynamic display
content may include scrolling content, video content, com-
mon-vector motion content, or other non-stationary display
content. Increasing the display frame rate may result in a
higher perceived display resolution for a user of the electric
device.

Further features of the invention, its nature and various
advantages will be more apparent from the accompanying
drawings and the following detailed description of the pre-
ferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of an illustrative electronic device
having a display in accordance with an embodiment of the
present invention.

FIG. 2 is a schematic diagram of illustrative operational
attributes of a device of the type shown in FIG. 1 that may be
used in determining a frame rate for the display in accordance
with an embodiment of the present invention.

FIG. 3 is flow chart of illustrative steps involved in adjust-
ing the frame rate of a variable frame rate display in an
electronic device in response to other operational attributes of
the electronic device in accordance with an embodiment of
the present invention.

FIG. 4 is a flow chart of illustrative steps involved in frame
buffer monitoring for an electronic device with a display in
accordance with an embodiment of the present invention.

FIG. 5 is a flow chart of illustrative steps involved in dis-
play content monitoring for an electronic device with a dis-
play in accordance with an embodiment of the present inven-
tion.

FIG. 6 is a flow chart of illustrative steps involved in power
supply monitoring for an electronic device with a display in
accordance with an embodiment of the present invention.

FIG. 7 is a flow chart of illustrative steps involved in dis-
play performance and power performance optimization for an
electronic device with a display in accordance with an
embodiment of the present invention.

FIG. 8 is a flow chart of illustrative steps involved in dis-
play performance and power performance optimization dur-
ing operation of an electronic device with a display in accor-
dance with an embodiment of the present invention.

FIG. 9 is a flow chart of illustrative steps involved in adjust-
ing the frame rate for a display in response to monitored frame
buffer activity in accordance with an embodiment of the
present invention.

FIG. 10 is a flow chart of illustrative steps involved in
adjusting the frame rate for a display in response to monitored
display content in accordance with an embodiment of the
present invention.

FIG. 11 is a flow chart of illustrative steps involved in
adjusting the frame rate for a display in response to determin-
ing that dynamic display content is to be displayed in accor-
dance with an embodiment of the present invention.

FIG. 12 is a flow chart of illustrative steps involved in
adjusting the frame rate for a display in response to determin-
ing that application-specific display content is to be displayed
in accordance with an embodiment of the present invention.

FIG. 13 is a flow chart of illustrative steps involved in
adjusting the frame rate for a display in response to detecting
user-input to the device in accordance with an embodiment of
the present invention.

FIG. 14 is a diagram of an illustrative portion of a display
showing how scrolling display applications and user-input
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touch-gestures may affect display content in accordance with
an embodiment of the present invention.

FIG. 15 is a diagram of an illustrative portion of a display
showing how application-specific content and user-input
touch-gestures may affect display content in accordance with
an embodiment of the present invention.

FIG. 16 is a flow chart of illustrative steps involved in
adjusting the frame rate for a display in response to determin-
ing that video content is to be displayed in accordance with an
embodiment of the present invention.

FIG. 17 is a diagram of an illustrative portion of a display
showing how high-frame-rate video may be displayed on at
least a portion of a display in accordance with an embodiment
of the present invention.

FIG. 18 is a flow chart of illustrative steps involved in
adjusting the frame rate for a display in response to determin-
ing that additional components in the electronic device are
being operated concurrently with the display in accordance
with an embodiment of the present invention.

FIG. 19 is a perspective view of an illustrative electronic
device having a display showing how concurrent operation of
a camera may affect display content to be displayed in accor-
dance with an embodiment of the present invention.

FIG. 20 is a flow chart of illustrative steps involved in
operating an electronic device with a display having an
optional variable frame rate mode in accordance with an
embodiment of the present invention.

FIG. 21 is a diagram of an illustrative portion of a display
showing how a user may be prompted to choose whether to
enter a variable frame rate operational mode in accordance
with an embodiment of the present invention.

DETAILED DESCRIPTION

Electronic devices such as cellular telephones, media play-
ers, computers, set-top boxes, wireless access points, and
other electronic equipment may be provided displays. Dis-
plays may include liquid-crystal display (LCD) screens,
light-emitting diodes (LEDs), organic light-emitting diodes
(OLEDs), and other components such as touch-sensitive
components that present visual information and status data
and/or gather user input data.

Operational attributes of the display such as the display
frame rate (i.e., the frequency at which display signals are
provided to display pixels) may be controlled and configured
by control circuitry in the electronic device. Operational sta-
tus information may be gathered using control circuitry in the
electronic device that monitors the operation of the device.
The control circuitry may adjust the display frame rate (also
sometimes referred to herein as the frame rate, the display
refresh rate, or the refresh rate) in response to the operational
status information.

An illustrative electronic device of the type that may be
provided with a display is shown in FIG. 1. Electronic device
10 may be a computer such as a computer that is integrated
into a display such as a computer monitor, a laptop computer,
atablet computer, a somewhat smaller portable device such as
a wrist-watch device, pendant device, or other wearable or
miniature device, a cellular telephone, a media player, a tablet
computer, a gaming device, a navigation device, a computer
monitor, a television, or other electronic equipment.

As shown in FIG. 1, device 10 may include a display such
as display 14. Display 14 may include light-emitting compo-
nents 24, touch-sensor circuitry 22, display driver circuitry 20
for operating display 14, and other display components. Dis-
play 14 may be a variable frame rate display operable to
display content using an adjustable frame rate.
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Light-emitting components 24 may include an array of
display pixels formed from reflective components, liquid
crystal display (LCD) components, organic light-emitting
diode (OLED) components, or other suitable display pixel
structures. To provide display 14 with the ability to display
color images, light-emitting components 24 may include dis-
play pixels having color filter elements.

Display touch-sensor circuitry 22 may include capacitive
touch electrodes (e.g., indium tin oxide electrodes or other
suitable transparent electrodes) or other touch sensor compo-
nents (e.g., resistive touch technologies, acoustic touch tech-
nologies, touch sensor arrangements using light sensors,
force sensors, etc.). Display 14 may be a touch screen that
incorporates display touch circuitry 22 or may be a display
that is not touch sensitive.

Display driver circuitry 20 may include a driver integrated
circuit that is mounted, for example, to a display layer such as
a thin-film-transistor layer of a liquid crystal display. Display
driver circuitry 20 may include display pixel control lines and
other circuitry for operating the display pixels of display 14.
Display driver circuitry 20 may be coupled to control cir-
cuitry such as storage and processing circuitry 12 in device
10.

Display 14 may include additional circuitry such as demul-
tiplexer circuitry, display signal lines for delivering display
signals to light-emitting components 24 (FIG. 1), and gate
driver circuitry. Display driver circuitry 20 may be imple-
mented using one or more integrated circuits (ICs) and may
sometimes be referred to as a driver IC, display driver inte-
grated circuit, or display driver. Display driver integrated
circuit 20 may be mounted on an edge of a thin-film transistor
substrate layer in display 14 (as an example). The thin-film
transistor substrate layer may sometimes be referred to as a
thin-film transistor (TFT) layer.

During operation of device 10, control circuitry such as
storage and processing circuitry 12 may provide data to dis-
play driver 20. For example, circuitry 12 may supply display
driver 20 with digital data corresponding to text, graphics,
video, or other images to be displayed on display 14. Display
driver 20 may convert the data that is received into signals for
controlling the display pixels.

During the process of displaying images on display 14,
display driver integrated circuit 20 may receive digital data
from circuitry 12 and may produce corresponding analog data
(e.g., voltages with magnitudes representing pixel brightness
levels) for light-emitting components 24. The analog data
signals may be demultiplexed to produce corresponding
color-coded analog data line signals (e.g., data signals for a
red channel, data signals for a green channel, and data signals
for a blue channel).

Storage and processing circuitry 12 may include micropro-
cessors, microcontrollers, digital signal processor integrated
circuits, application-specific integrated circuits, and other
processing circuitry. Volatile and non-volatile memory cir-
cuits such as random-access memory, read-only memory,
hard disk drive storage, solid state drives, and other storage
circuitry may also be included in processing circuitry 12.

Processing circuitry 12 may use wireless communications
circuitry 16 and/or input-output devices 18 to obtain user
input and to provide output to a user. Input-output devices 18
may include speakers, microphones, sensors, buttons, key-
boards, displays, touch sensors, and other components for
receiving input and supplying output. Wireless communica-
tions circuitry may include wireless local area network trans-
ceiver circuitry, cellular telephone network transceiver cir-
cuitry, and other components for wireless communication.
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Storage and processing circuitry 12 may include one or
more frame buffers such as frame buffer 32 for temporarily
storing display data to be displayed on display 14. Display
content may be generated or received by circuitry 12 and
stored, frame-by-frame, in frame buffer 32. Display driver
circuitry 20 may generate display signals for light-emitting
components 24 based on the display data stored in frame
buffer 32. Display driver circuitry 20 may receive display data
from frame buffer 32 and provide display signals associated
with that received display data to light-emitting components
24 at a display refresh rate (also referred to herein as a display
frame rate or frame rate).

Storage and processing circuitry 12 may be implemented
separately from display 14 or may include portions that are
integrated with display driver circuitry 20 of display 14.

Device 10 may include power supply components 28 for
supplying power to device 10. Power supply components 28
may include one or more batteries or other charge storage
devices, a line power supply such as a cable with a plug (e.g.,
a wall plug or an automobile outlet plug) for connecting
device 10 to an electrical outlet, or other power supply com-
ponents. Processing circuitry 12 may be configured to man-
age power delivery to device 10 when, for example, device 10
is connected to both a battery and an electrical outlet, or when
a device is connected to, or disconnected from, an electrical
outlet during operation.

Device 10 may include monitoring circuitry for monitoring
the operation of the electronic device. The monitoring cir-
cuitry may be formed as a portion of storage and processing
circuitry 12, as a portion of display driver circuitry 20, as a
separate integrated circuit (e.g., an integrated circuitry
mounted on a printed circuit board or on a rigid layer of
display 14), or may be a system monitoring engine imple-
mented in part or completely using software running on pro-
cessing circuitry 12.

Control circuitry such as storage and processing circuitry
12 may be used in running software for device 10. For
example, circuitry 12 may be configured to execute code in
connection with the displaying of images on display 14 (e.g.,
text, pictures, video, etc.).

Circuitry 12 may be used to monitor various attributes of
the operation of the electronic device such as the activity of
frame buffer 32 (e.g., the rate at which the frame buffer is
updated with new display data to be displayed display), the
type of display content to be displayed with the display (e.g.,
dynamic content, video content, high-frame-rate video con-
tent, common-vector motion content, and static content),
user-input signals such as touch-sensor input signals, the
device power supply status, and/or other aspects of the oper-
ating environment of the electronic device.

Circuitry 12 may configure operational attributes of the
display such as the display frame rate in response to moni-
tored operating information gathered by circuitry 12. For
example, circuitry 12 may increase or decrease the frame rate
for the display when displaying static or moving (dynamic)
display content respectively.

Control circuitry 12 may be used to monitor operating
environment attributes and other aspects of device operations
(e.g., the rate at which new display data is provided to frame
buffer 32, the display content being delivered to frame buffer
32, user-input signals, the operational status of other compo-
nents, and the device power supply status) and provide signals
to display driver circuitry 20 resulting in an increased or
decreased the display frame rate. Increasing the display frame
rate may result in a higher perceived display resolution for a
user of the electric device. Decreasing the display frame rate
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may reduce power consumption for the device and may allow
powering down of memory associated with, for example,
frame buffer 32.

FIG. 2 is a diagram showing examples of operating envi-
ronment attributes and other aspects of device operations for
adevice of the type shown in FIG. 1 that may be monitored for
determining a frame rate for display 14. As shown in FIG. 2,
display 14 may be used for displaying static content or
dynamic content at a variable frame rate.

The variable frame rate may be actively determined during
operation of device 10 based on whether static or dynamic
display content is to be displayed, based on whether device 10
is receiving power from a battery such as battery 34 or a power
cable such as power cable 30, based on user input such as a
swipe by a user finger 38, based on the operational status of
other device components 40 such as a camera, a video card, or
other components, or based on whether one or more particular
software applications 36 with one or more settings has been
launched.

FIG. 3 shows illustrative steps involved in adjusting the
frame rate for a display such as display 14 of FIG. 1 in
response to information related to the operation of a device.

Device monitoring operations may be performed at step
50. The operations of step 50 may be performed using control
circuitry such as storage and processing circuitry 12, display
driver circuitry 20, standalone monitoring circuitry, and/or
other device resources.

At step 50, control circuitry may be used to monitor the
status of a frame buffer such a frame buffer 32, the type of
display content to be displayed (e.g., static display content,
dynamic display content, video display content, scrolling
display content, application-specific display content, par-
tially-moving display content, moving display content, etc.),
user-input signals (e.g., display-touch signals, swiping ges-
tures, pinching gestures, tapping gestures, button presses,
etc.), device power supply status (e.g., a battery power supply
or line power supply, and/or other aspects of the operating
environment of the device.

At step 52, a display such as display 14 may be operated
using a display frame rate that is determined in response to
operational status information obtained at step 50.

As an example of adjusting a display frame rate in response
to monitored device operations, illustrative steps that may be
used in adjusting a display frame rate in response to moni-
tored frame buffer activity are shown in FIG. 4.

Atstep 60, a display may be operated using a display frame
rate (e.g., by providing display signals to the array of display
pixels at a frame rate of 24 frames per second, 60 frames per
second, 25 frames per second, more than 25 frames per sec-
ond, hundreds of frames per second, or less than 24 frames per
second).

The display frame rate may be greater than or less than the
rate at which new display data is provided to the frame buffer.
For display data that is updated at a rate that is less than the
display frame rate (e.g., static display content) display control
circuitry may sometimes display the same display content
from the frame buffer during multiple display refreshes. Cir-
cuitry 12 may therefore be used to monitor the activity of the
frame buffer by, for example, monitoring the rate at which
display data is updated (sometimes referred to herein as the
frame buffer update rate).

At step 62, circuitry 12 may determine whether display
data stored in a frame buffer such as frame buffer 32 (FIG. 2)
has been updated. Circuitry 12 may, for example, determine
that the frame buffer has not been updated (i.e., the circuitry
may detect the lack of a frame buffer update).
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At step 64, control circuitry such as control circuitry 12
may take suitable action to reduce the display frame rate in
response to the detection of the lack of frame buffer update.
Suitable action for reducing the display frame rate may
include providing increased blanking data in display data
being provided to frame buffer 32 such as increased vertical
(i.e., inter-frame) blanking data or increased horizontal (i.e.,
inter-line) blanking data.

For example, during some modes of operation display
frames including 1000 rows of display pixel data, each with
900 lines of active display data and 100 lines of vertical
blanking data may be provided to display 14 at a frame rate of
60 Hz. In order to reduce the display frame rate to, for
example, 30 Hz by increasing a vertical blanking interval,
display 14 may be provided with display frames having 2000
lines of display pixel data that include 900 lines of active
display data and 1100 lines of blanking data.

Each line of display pixel data may, for example, include
600 display pixel signals composed of active display data for
a row of 550 display pixels and 50 horizontal blanking sig-
nals. In order to reduce the display frame rate to, for example,
30 Hz by increasing a horizontal blanking interval, display 14
may be provided with display frames having 1000 lines of
display pixel data each including 1200 display pixel signals
composed of active display data for 550 pixels and 650 blank-
ing signals. However, these examples are merely illustrative.
If desired, other methods of reducing the display frame rate
may be used.

For example, suitable action for reducing the display frame
rate may, if desired, include reducing a clock speed associated
with timing circuitry in device 10.

At step 66, if desired, memory such as a portion of frame
buffer 32 may be powered down in order to reduce power
consumption while relatively little or no new display content
is being generated.

As another example of adjusting a display frame rate in
response to monitored device operations, illustrative steps
that may be used in monitoring the type of display content
(e.g., static display content or dynamic display content) being
provided to a display and setting the display frame rate in
response to the monitored display content are shown in FIG.
5.

Atstep 70, a display may be operated using a display frame
rate.

At step 72, circuitry 12 may determine that the display
content to be displayed is static display content. Static display
content may include display content such as static text, static
web browser content, photographic image content, map
image content, calendar image content, or device operating
system display content such a device home-screen display.

At step 74, control circuitry such as storage and processing
circuitry 12 may take suitable action to reduce the display
frame rate in response to determining that static display con-
tent is to be displayed. As described above in connection with
FIG. 4, suitable action for reducing the display frame rate may
include providing increased blanking data in display data to
be displayed, reducing a clock speed associated with timing
circuitry in the device or other suitable action for reducing the
frame rate.

At step 76, if desired, memory such as a portion of frame
buffer 32 may be powered down in order to reduce power
consumption while no new display content is being gener-
ated.

Ilustrative steps that may be used in setting a display frame
rate based on a monitored power-supply status of a device
such as the presence of a line power supply source are shown
in FIG. 6.
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At step 80, a device such a device 10 may be powered on.

At step 82, circuitry that is monitoring the power-supply
status of the device may detect power being supplied from a
line power supply such as a power cable plugged into a wall
plug or electrical outlet.

At step 84, control circuitry such as storage and processing
circuitry 12 may take suitable action for setting the display
frame rate in response to detecting power supplied from the
power cable. Suitable action for setting the display frame rate
may include increasing the display frame rate for increased
perceived resolution, leaving a previously set display frame
rate unchanged, or monitoring other device operating
attributes (e.g., the display content to be displayed and/or a
frame buffer refresh rate).

Tlustrative steps that may be used in setting a display frame
rate based on the monitored power-supply status of a device
such as detection of a battery power supply source are shown
in FIG. 7.

At step 90, a device such a device 10 may be powered on.

At step 92, circuitry that is monitoring the power-supply
status of the device may detect power being supplied from a
battery such as a battery 34 in the device.

At step 94, control circuitry such as storage and processing
circuitry 12 may take suitable action for setting the display
frame rate in response to detecting power supplied from a
battery. Suitable action for setting the display frame rate may
include decreasing the display frame rate as described above
in connection with (for example) FIG. 4 for reduced power
consumption, leaving a currently set display frame rate
unchanged, and/or monitoring other device operating
attributes (e.g., the display content to be displayed and/or a
frame buffer refresh rate).

During operation of a device such as device 10, the power
supply status of device 10 may change (e.g., the device may
be plugged into a wall outlet or unplugged from a wall outlet).
lustrative steps that may be used in setting a display frame
rate based on a detected change in the power-supply status of
a device are shown in FIG. 8.

At step 100, a display such as display 14 may be operated
using a frame rate.

At step 102, circuitry that is monitoring the power-supply
status of the device may detect a change in the power supply
for the device.

At step 104, control circuitry such as storage and process-
ing circuitry 12 may take suitable action for optimizing power
and display performance. Suitable action for optimizing
power and display performance may include decreasing the
display frame rate as described above in connection with (for
example) FIG. 4 for reduced power consumption, leaving a
currently set display frame rate unchanged, increasing the
display frame rate for improved display performance, and/or
monitoring other device operating attributes (e.g., the display
content to be displayed and/or a frame buffer refresh rate).

If desired, display 14 may be operated using a display
frame rate that is determined based on multiple operational
attributes of the device. Illustrative steps that may be used in
setting a display frame rate based on multiple operational
attributes such as the device power supply status and frame
buffer activity are shown in FIG. 9.

At step 110, an initial display frame rate may be set. The
initial display frame rate may be set by control circuitry such
as storage and processing circuitry 12 and/or display driver
circuitry 20.

Atstep 112, in response to detecting a battery power supply
source, a frame buffer monitor for monitoring the activity of
a frame buffer such as frame buffer 32 (FIG. 2) may be
activated. The frame buffer monitor may be implemented as a
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standalone monitoring circuit or may be formed as a portion
of circuitry 12 or display driver circuitry 20 (FIG. 1).

Atstep 114, inresponse to detecting a reduced frame buffer
update rate, control circuitry such as circuitry 12 may take
suitable action for reducing the display frame rate as
described above in connection with (for example) FIG. 4 for
reduced power consumption.

At step 116, in response to detecting a subsequently
increased frame buffer update rate, control circuitry such as
circuitry 12 may take suitable action for increasing the dis-
play frame rate for improved display performance.

Ilustrative steps that may be used in setting a display frame
rate based on multiple operating environment attributes such
as the device power supply status and the display content type
are shown in FIG. 10.

At step 120, an initial display frame rate may be set.

Atstep 122, inresponse to detecting a battery power supply
source, a display content monitor for monitoring display con-
tent may be activated. The display content monitor may be
implemented as a standalone monitoring circuit or may be
formed as a portion of circuitry 12 or display driver circuitry
20 (FIG. 1).

At step 124, in response to detecting static display content
(e.g., static text, a photographic image, or other static display
content) to be displayed, control circuitry such as circuitry 12
may take suitable action for reducing the display frame rate as
described above in connection with (for example) FIG. 4 for
reduced power consumption.

At step 126, in response to detecting subsequent dynamic
display content (e.g., video display content, scrolling display
content, etc.) to be displayed, control circuitry such as cir-
cuitry 12 may take suitable action for increasing the display
frame rate for improved display performance.

Consider, as an example of a scenario in which the steps of
FIGS. 9 and/or 10 may be used, a user of device 10 launching
software such as a web browser running on circuitry 12 to
access a web page. While operating the device using battery
power, the user may view a web page for an extended period
of time (e.g., while reading a news article). During that time,
no new display content is generated and display 14 may be
operated using a reduced display frame rate. The display
frame rate may be gradually reduced to avoid noticeable
changes to the user of device 10. When the user changes the
display content (e.g., by scrolling to another portion of the
web page or navigating to another web page or another soft-
ware application), circuitry 12 may detect a change in the
frame buffer content or display content and increase the dis-
play frame rate.

The perceived resolution of a display (i.e., the resolution
perceived by a user of the device) depends on factors such as
the actual resolution of the display (i.e., the density of display
pixels), the type of display content being displayed, and the
display frame rate. Some types of dynamic display content
can induce a blurring effect related to the interaction of the
display and the user’s eye (sometimes referred to as retinal
blur). One type of dynamic display content that is particularly
retinal-blur inducing is display content in which some or all of
the display content moves across the display with a common
motion vector (sometimes referred to herein as common-
vector motion).

Common-vector motion display content may include
scrolling content, page-changing content, zooming content or
other common-vector motion content. It may therefore be
desirable to adjust the frame rate for a display when display-
ing dynamic display content such as common-vector motion
display content.
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Illustrative steps that may be used in setting a display frame
rate in response to detected dynamic display content are
shown in FIG. 11.

At step 130, a display such as display 14 may be operated
using a frame rate.

At step 132, circuitry that is monitoring the display content
to be displayed may detect dynamic display content such as
common-vector motion content in at least a portion of the
display content.

At step 134, control circuitry such as circuitry 12 may take
suitable action for increasing the display frame rate for
improved display performance. The display circuitry may
increase the frame rate to all of the display pixels of the
display or may increase the frame rate to only a portion of the
display pixels (e.g., the display pixels that will be used for
displaying the dynamic display content).

In some scenarios, a software application running on cir-
cuitry such as circuitry 12 of device 10 (FIG. 1) may provide
display content to display 14 that includes dynamic display
content. Examples of'this type of application-specific display
content may include displaying a turning page of a book or
magazine in an electronic book application or displaying text
or other information overlaid on moving video images (e.g.,
images concurrently captured using a camera in the device).

Ilustrative steps that may be used in setting a display frame
rate in response to application-specific display content are
shown in FIG. 12.

At step 140, a display such as display 14 may be operated
using a frame rate.

At step 142, circuitry that is monitoring the operation of the
device may detect the launch of a specific application or a
change in one or more settings of a specific application.

At step 144, control circuitry such as circuitry 12 may take
suitable action for increasing the display frame rate for
improved display performance. The display circuitry may
increase the frame rate to all of the display pixels of the
display or may increase the frame rate to only a portion of the
display pixels (e.g., the display pixels that will be used for
displaying the application-specific content).

During operation of a device such as device 10, the user
input may be provided to device 10 (e.g., using input-output
components such as buttons, keyboards, or touch-sensor elec-
trodes in the display) that generates a change in display con-
tent to be displayed. Examples of user-input that may gener-
atea change in display content include swiping a finger across
the display to scroll through text or pinching the display with
multiple fingers to zoom into or out of a map or other image.
Ilustrative steps that may be used in setting a display frame
rate based on detected user input to a device are shown in FIG.
13.

At step 150, a display such as display 14 may be operated
using a frame rate.

At step 152, circuitry that is monitoring user-input compo-
nents of the device may detect user input to the device.

At step 154, control circuitry such as circuitry 12 may take
suitable action for increasing the display frame rate for
improved display performance. The display circuitry may
increase the frame rate to all of the display pixels of the
display or may increase the frame rate to only a portion of the
display pixels.

FIGS. 14 and 15 show examples of dynamic display con-
tent that includes common-vector display content, applica-
tion-specific display content and user-input affected display
content that may be displayed on display 14 using an adap-
tively adjusted display frame rate.

As shown in FIG. 14, display 14 may display a text list such
as a list of song titles when device 10 is running, for example,
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a music-player software application. A user may use a finger
such as finger 162 to swipe touch sensitive components such
as touch-sensor electrodes 99 in display 14 as indicated by
arrows 164. Swiping touch-sensor electrodes 99 may cause
the list of songs displayed on display 14 to scroll (e.g., to
move with a common motion vector) as indicated by arrows
160. If desired, the frame rate for display 14 may be set in
response to detection of any or all of the scrolling display
content, user-input signals detected by electrodes 99 and the
music-player-specific display content.

As shown in FIG. 15, display 14 may display a page such as
page 170 of a virtual book when device 10 is running, for
example, an electronic reader software application. A user
may use a finger such as finger 162 to swipe touch sensitive
components such as touch-sensor electrodes 99 in display 14
as indicated by arrows 164. Swiping touch-sensor electrodes
99 may cause page 170 to be changed on display 14 as
indicated by arrow 172 (e.g., portions of page 170 may move
across display 14 with a common motion vector). If desired,
the frame rate for display 14 may be set in response to detec-
tion of any or all of the common-vector motion display con-
tent, user-input signals detected by electrodes 99 and the
electronic-reader-specific display content.

During operation of a device such as device 10, a portion of
the display content to be displayed on display 14 may include
embedded video content. The embedded video content may
have a video frame rate that is greater than the frame rate
being used to operate the array of display pixels in the display.
Ilustrative steps that may be used in setting a display frame
rate based on this type of detected high-frame-rate video are
shown in FIG. 16.

At step 180, a display such as display 14 may be operated
using a frame rate.

At step 182, circuitry that is monitoring the display content
may detect high-frame-rate video content to be displayed on
at least a portion of the display.

At step 184, control circuitry such as circuitry 12 may take
suitable action for increasing the display frame rate for
improved display performance. The display circuitry may
increase the frame rate for all of the display pixels of the
display or may increase the frame rate for only a portion of the
display pixels (e.g., the display pixels that will be used for
displaying the high-frame-rate video content).

As shown in FIG. 17, a portion such as portion 186 of
display 14 may be used to display high-frame-rate video
content such as full-screen or embedded video content in a
web browser software application. The video content may
have a video frame rate (e.g., a rate at which frames of video
data are provided to device 10) that is greater than the frame
rate being used to operate the array of display pixels in the
display. If desired, the frame rate for display 14 may be set in
response to detection of the high-frame-rate video content.

During operation of a device such as device 10, a camera
may be used to capture image data of the environment sur-
rounding the device while the captured image data is concur-
rently displayed on the display. In some scenarios such as
scenarios in which device 10 is used to run an augmented-
reality software application, additional content may be over-
laid on the concurrently displayed captured images. Dynamic
display content may be displayed on display 14 if the device
is moved during capture and concurrent display of image
data. Illustrative steps that may be used in setting a display
frame rate based on detected concurrent camera operation are
shown in FIG. 18.

At step 190, a display such as display 14 may be operated
using a frame rate.
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At step 192, circuitry that is monitoring the operational
environment of the device may detect concurrent camera
operation.

At step 194, control circuitry such as circuitry 12 may take
suitable action for increasing the display frame rate for
improved display performance. The display circuitry may
increase the frame rate to all of the display pixels of the
display or may increase the frame rate to only a portion of the
display pixels (e.g., the display pixels that will be used for
displaying images captured by the camera).

As shown in FIG. 19, a camera such as camera 196 in
device 10 may be used while running, for example, an aug-
mented-reality software application to capture images of real-
world scene content 198. While capturing the images of scene
content 198, the captured images may be concurrently dis-
played on a portion such as portion 186 of display 14. Cir-
cuitry such as circuitry 12 of FIG. 1 may be used to overlay
additional display content such as overlaid display informa-
tion 200 on the displayed captured images of scene 198. If
desired, the frame rate for display 14 may be set in response
to detection of the concurrent operation of the camera or in
response to detection of augmented-reality-specific applica-
tion content.

If desired, control circuitry such as control circuitry 12 of
FIG. 1 may be configured to operate display 14 in a fixed
frame rate mode or in a variable frame rate operational mode
such as a frame rate optimization mode. The frame rate used
to operate the array of display pixels in the display may
remain fixed when the display is operated in the fixed frame
rate operational mode and may be adjusted (e.g., increased or
decreased) in response to monitored operation of the elec-
tronic device as described above in connection with FIGS.
1-21 when the display is operated in the variable frame rate
operational mode.

A user of a device such as device 10 may be prompted to
decide whether to enter the frame rate optimization mode.
Illustrative steps that may be used in prompting a user of
device 10 to decide whether to operate the display in a fixed or
variable frame rate operational mode are shown in FIG. 20.

At step 210, a display such as display 14 may be powered
on.

At step 212, circuitry that is operating the display may
prompt a user to decide whether to enter a variable frame rate
operational mode such as a frame rate optimization mode.

At step 214, control circuitry such as circuitry 12 may take
suitable action in response to the user choice. Suitable action
may include entering a fixed frame rate mode of operation if
the user chooses not to enter the frame rate optimization mode
or may include entering the variable frame rate optimization
mode if the user chooses to enter the variable frame rate
optimization mode.

As shown in FIG. 21, a user prompt such as prompt 224
may be displayed on a portion of display 14 to provide a text
question to the user of the device to choose whether or not to
enter the frame rate optimization mode. The user may, as an
example, use touch-sensor electrodes 99 in the display to
enter an affirmative response using virtual button 226 or a
negative response using virtual button 228. However, this is
merely illustrative. Any user input component may be used to
input a response to prompt 224. In response to an affirmative
response, circuitry such as circuitry 12 of FIG. 1 may begin
actively adjusting (e.g., increasing or decreasing) the frame
rate for display 14 in response to monitored operation of the
electronic device as described above in connection with
FIGS. 1-21.
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The foregoing is merely illustrative of the principles of this
invention and various modifications can be made by those
skilled in the art without departing from the scope and spirit of
the invention.

What is claimed is:

1. A system, comprising:

a display having display pixels and display driver circuitry
configured to operate the display pixels at a display
frame rate;

control circuitry configured to monitor operation of at least
a portion of the system including determining that
dynamic display content is to be displayed on the array
of display pixels by the display driver circuitry detecting
actions specific within an application within applica-
tion-specific display content, wherein the control cir-
cuitry is configured to adjust the display frame rate
based on the monitored operation of the system based at
least in part on a monitored movement of a camera of the
system and the application specific display content,
wherein the camera of the system is configured to cap-
ture image data to be displayed using the display pixels,
wherein the application-specific display content com-
prises at least one of the following content types: page-
turning content, augmented reality content, and elec-
tronic-reader-specific display content, wherein the
control circuitry is configured to return the display frame
rate to a lower rate when not detecting the actions.

2. The system of claim 1, wherein the control circuitry
comprises a frame buffer for storing display data to be dis-
played on the display, wherein the control circuitry is config-
ured to monitor the display data in the frame buffer and to
adjust the display frame rate based on the monitored display
data.

3. The system of claim 1, wherein the control circuitry
comprises a frame buffer for storing display data to be dis-
played on the display, wherein the control circuitry is config-
ured to monitor activity in the frame buffer and to adjust the
display frame rate based on the monitored frame buffer activ-
ity.

4. The system of claim 1 wherein the control circuitry is
configured to determine whether the system is being powered
by battery power or line power and is configured to adjust the
display frame rate based on whether the control circuitry is
being powered by battery power or line power.

5. The system of claim 1 wherein the control circuitry is
configured to receive user input from a user and wherein the
control circuitry is configured to adjust the display frame rate
based on the user input.

6. The system of claim 5, further comprising touch-sensor
electrodes in the display, wherein the control circuitry is
configured to receive the user input using the touch-sensor
electrodes.

7. The system of claim 1, wherein the control circuitry is
configured to adjust the display frame rate based on whether
the electronic device is powered by battery power or AC line
power.

8. A method of controlling a display having an array of
display pixels and display driver circuitry configured to dis-
play content on the array of display pixels at a frame rate,
comprising:

with control circuitry:
determining that display content is to be displayed on the

array of display pixels by the display driver circuitry;
monitoring a change in a scene captured by a camera;
detect actions within an application within application-

specific display content, wherein the application-spe-

cific display content comprises at least one of the
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following content types: page-turning content, aug-

mented reality content, and electronic-reader-specific

display content; and

adjusting the display frame rate based at least in part on

the monitored movement of the camera based at least

in part on the monitored change in the scene by the

camera and based at least in part on the application-

specific display content, wherein adjusting the dis-

play frame rate based at least part on the application-

specific display frame rate comprises:

when not detecting the actions, adjust the display
frame rate to a first rate; and

when detecting the actions, adjust the display frame
rate to a second rate that is higher than the first rate.

9. The method of claim 8, comprising determining that
static display content is to be displayed on the array of display
pixels by adisplay driver circuitry by monitoring activity in a
frame buffer that is periodically updated with display data to
be displayed on the array of display pixels; and

with the control circuitry, detecting a lack of a frame buffer

update.

10. The method of claim 9 wherein the control circuitry
comprises a portion of storage and processing circuitry exter-
nal to the display and wherein determining that static display
content is to be displayed on the array of display pixels by the
display driver circuitry comprises determining that static dis-
play content is to be displayed on the array of display pixels
by the display driver circuitry using the portion of the storage
and processing circuitry.

11. The method of claim 8 comprising reducing the display
frame rate in response to determining that static display con-
tent is to be displayed on the array of display pixels by
reducing the display frame rate by increasing a horizontal
blanking interval between portions of display frames.

12. A method of controlling a display having an array of
display pixels and display driver circuitry configured to dis-
play content on the array of display pixels at a display frame
rate, comprising:

with control circuitry, determining that dynamic display

content is to be displayed on the array of display pixels
by the display driver circuitry detecting actions specific
within an application within application-specific display
content, wherein the application-specific display con-
tent comprises at least one of the following content
types: page-turning content, augmented reality content,
and electronic-reader-specific display content;

when detecting the actions, with the control circuitry,

increasing the display frame rate in response to deter-
mining that the dynamic display content is to be dis-
played on the array of display pixels; and

when not detecting the actions, returning the display frame

rate to a lower rate.

13. The method of claim 12 wherein determining that the
dynamic display content is to be displayed on the array of
display pixels comprises detecting common-vector motion
content to be displayed.

14. The method of claim 12 wherein determining that
dynamic display content is to be displayed on the array of
display pixels comprises detecting video content to be dis-
played on the array of display pixels having a video display
frame rate that is greater than the frame rate.

15. The method of claim 14 wherein detecting the video
content to be displayed on the array of display pixels com-
prises detecting embedded video content that is embedded in
aportion of the content that is associated with a web browser
software application.
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16. The method of claim 15, wherein increasing the display
frame rate comprises increasing the display frame rate for
only a portion of the array of display pixels corresponding to
the embedded video content.
17. The method of claim 12, wherein increasing the display
frame rate comprises increasing the display frame rate for
only a portion of the array of display pixels corresponding to
the augmented-reality display content.
18. An electronic device, comprising:
a variable display frame rate display configured to operate
in a variable display frame rate display operating mode
and a fixed display frame rate operating mode; and
circuitry for operating the variable display frame rate,
wherein the circuitry is configured use the variable dis-
play frame rate display to prompt a user of the electronic
device to choose between the variable display frame rate
operating mode and the fixed display frame rate operat-
ing mode, and wherein the circuitry for operating the
variable display frame rate display is configured to oper-
ate the display in either the variable display frame rate
display operating mode or the fixed display frame rate
operating mode, wherein in the variable frame rate, the
circuitry is configured to:
monitor movement of a camera;
detect actions within an application within application-
specific display content, wherein the application-spe-
cific display content comprises at least one of the
following content types: page-turning content, aug-
mented reality content, and electronic-reader-specific
display content; and

adjust the variable display frame rate based at least in
part on the monitored movement of the camera and
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based at least in part on the application-specific dis-
play content, wherein adjusting the variable display
frame rate based at least in part on the application-
specific display content comprises:
when not detecting the actions, adjust the display
frame rate to a first rate; and
when detecting the actions, adjust the display frame
rate to a second rate that is higher than the first rate.
19. The electronic device of claim 18 wherein the circuitry
is configured to alter a display frame rate of the variable
display frame rate display in response to detecting whether
static or dynamic display content is to be displayed on the
variable display frame rate display when the display is oper-
ating in the variable display frame rate operating mode.
20. A display, comprising:
an array of display pixels; and
display control circuitry configured to:
operate the array of display pixels at a frame rate;
analyze display content to be displayed on the array of
display pixels;
detect actions within an application within application-
specific display content, wherein the application-spe-
cific display content comprises at least one of the
following content types: page-turning content, aug-
mented reality content, and electronic-reader-specific
display content;
when not detecting the actions, adjust the display frame
rate to a first rate; and
when detecting the actions, adjust the display frame rate
to a second rate that is higher than the first rate.
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