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DESCRIPTION

TITLE OF INVENTION: A BATTERY POWERED DEVICE

TECHNICAL FIELD
The present invention relates generally to a system for

power management of devices with limited available power.

BACKGROUND ART

Battery powered televisions and. mobile devices are
commonly used device for receiving and/or displaying video
content. The éudio—video content is typically in the form of an
encoded communic;_ation over a broadcast channel, such as over
the air, a cable connection, or other data connection. In some

cases, the audio-video content is stored locally with the device.

The video content is displayed on the display and the audio

content is provided through associated speakers. Unfortunately,
the preséntation of the audio-video content to the viewer has a
limited duration due to the power capabilities of the associated
battery.

What is desired is a device capable of displaying audio- .

video content with effective power management.

SUMMARY OF INVENTION
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One embodiment of the present invention discloses a-
battery powered device including power management
comprising: (a) a display; (b) a processor; (c¢) a video decoder;
(d) a networking circuit; (e) a power allocation process that
modifies the power used to process a video by jointly selecting
a lower power usage based upon: (i) selectively dropping frames
to be decoded by said video deéoder; (i1) selectively decreasing
the illumination of a backlight of said display.

The foregoing and other objectives, features, and
advantages of the invention will be more readily Uh‘derstood
upon cohsideration of the following detailed description of the
invention, taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates system level power allocation.

FIG. 2 illustrates quality as a function of frame rate.

FIG. 3 illustrates power consumption for various
components.

FIG. 4 illustrates power consumption at different

brightness levels.

DESCRIPTION OF EMBODIMENTS
Referring to FIG. 1, a video device 100, such as a battery

powered television or a battery powered mobile device, includes
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a display 110 which may be used to display video content. The

display 110 typically includes a backlight which consumes a
significant amount of power that limits the playback duration
of video content. The device 100 may also include speakers to
provide an audio output. The audio-video content may be
received by an antenna. The audio-video source may be, for
example, a digital video player, a VHS player, a cable
connection, an Internet éonnection, a wireless connection, a
mémory card, storage internal to the device 100, or any other
source.

The device 100 may also include a processing unit 120,
such as a general purpose processor or a special purpose
processor. The processing unit (processor, video decod'er) 120
consumes a significant amount of power which limits the
playback duration of video content. The device 100 may also
include networking capability (networking circuit) 130 to
receive streaming audio-video content, such as from a loéal
storage device or a network based source. The networking
capability 130, such as cellular or Wireless,‘also consumes a
significant amount of power which limits the playback duration
of video content. The power allocation (power allocation
process) 200 may select enabling the networking capability 130.
Also in mahy cases a video playback circuit 140, which may be
included within the processing unit 120, is used to decode and

play the video on the display 110; that is, a video decoder is
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included together with the processing unit 120. In addition the

video playback circuit 140 consumes a significant amount of
power which limits the playback duration of video content.

The device 100 may include a system level power

‘allocation 200. The power allocation 200 may adjust the

characteristics of the significant power consuming devices used
in conjunction with video presentation in a manner that
maintains a sufficient image quality while extending the
duration over which the video may be presented. The power
allocation 200 may select a processor frequency and/or voltage
scaling 210. The processor frequency and/or voltage scéling
210 may adjust the power consumed by the processor 120 by

modifying its operating frequency and/or scaling the voltage

‘used by the processor. As the voltage being used by the

processor and/or the operating frequency is reduced, the
amount of power consumed by the processor 120 is likewise
reduced. This reduction in the power usage (lbower power usage)
may be used to increase the playback duration of video content.

The power allocation 200 may select a backlight level
(illumination) 220 for the display 110. The backlight level 220
may be selected such that a lower backlight emission is used by
the display 110. In some cases, the -bavcklig'ht level 220 may be
selected, at least in part, based upon an vambien‘t light sensor
(ambient sensor) 230. The display 110 may be dimmer when the

ambient light level is lower, while maintaining a relatively good
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video image quality. As the backlight level being used by the

display 110 is reduced, the amount of power consumed by the
display 110 is likewise reduced. This reduction in the power
usage may be used to increase the playback duration of video
content.

In the case of liquid crystal displays, the transmission of
the liquid crystal layer may be increased while the backlight is
reduced, from what it would have otherwise been. In this
manner, the brightness of the display may remain relatively
high while maintaiﬁing a similar image quality for the video
content. Thié may likewise reduce pdwer consumption during
video content playback.

The power allocation 200 may select frame dropping
énd/or playback scheduling 240. Oftén hardware decoding is
used for the video decoding, which requires substantial power.
Each frame of the video has an associated deadline, and each
frame must be decoded and displayed before its deadline to
ensure a smooth video playback. The video may be analyzed off-
line or on-line, and the frequency of the processor 120 may be
scaled depending the complexity. In addition, it may be
desirable to drop video frames _(the playback may thus display
the same frame for an extended duration), either at the server
or at the device 100. This may result in relatively good video
quality, while reducing the power usage.

The power allocation 200 may select spatial scaling 250.
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The spatial scéling may éelect among different resolutions of
the video. The lower the resolution, the less power that is used
by the device 100.

The ‘pc')wer allocation 200 may switch to a lower bitrate
stream for the same video content. Typically the lower the
bitrate, the less power is used by the device 100.

The system level power allocation 200 may use a joint
function to determine the appropriate settings for the different
primary power usage device to selectively increase the video
playback duration. The length of the playback may be selected
based upon the anticipated.available power (available battery
power). Also, the duration of the video may be used as the basis
to adjust the power usage to ensure sufficient power will be
available for the entire video duréiion.

To determine the appropriate settings, a quality score as a
function of videQ frame rate (ul(f)) may be determined. As the
frame rate decreases compared to a nominal frame rate, the
subjective quality of the video decreases. A normalized Mean
Opinion Score (MOS) variation with frame rate is generally
independent of the quantization parameter. A subjective quality

as a function of video frame rate may be defined as:

—cf
1 — efmax
1-e™*

MOS(f) = Qrn

The system may define a utility function which maps the

MOS to a range of [0,1]. The utility function which provides a
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quality score as a function of frame rate may be :

MOS(f)

u(f)= 100‘

The system may further categorize the video content into
two categories (low motion, high motion). FIG. 2 illustrates the
quality function (MOS) as a‘ function for these two cases.
Additional categories (e.g. medium motion) may be utilized, as
desired. The classification of a video content into 10§v motion
and high motion may be done using any suitable technique. In
particular the system may utilize the motion vvector information
from bit stream during decoding process to make th.e
classification.

The energy required as a function of processor frequency
and voltage may be empirically determined. The significant
power consuming components of the overall system may
include: idle power, display power, decoding power,
netwdrking/ streaming power. To identify the power
consumption of each of these components a series of
measurements on a device as an off-line step where one
component is added at a time may be performed. The
measurements may be repeated at different CPU
frequencies/voltages.

FIG. 3 illustrates the power consumption at differen.t CPU
frequencies for a smart phone device. The measurements are

fitted to a parametric model or are stored as a look up table. A
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model fit may be obtained by modeling the dynamic power P as
a function of the frequency &€ and voltage Vas:

P=E*g*p?
where E is a constant.

Additional measurements may be conducted for each
component at different levels. As an example display brightness
can be set to different levels, the video with different frame
rates for the same content can be received by streaming and
played back. As an example FIG. 4 illustrate measurements
with display brightness set to two different levels. Then energy

consumption at different CPU frequencies (e(f,.,bjl,gk)) for different

frame rates and different backlight levels is measured.
L(l)=[ll 12 l3lR]

An optimal playbéck pattern for a given framé rate (f)
may be characterized. Given a frame rate f, the system can
utilize a power aware playback scheduling technique to
determine the optimal frame playback pattern. A summary of a
playback technique may be as follows.

Playback Pattern: Let LG)=[l| L 15..1z] P€ a  playback
pattern vector where

. 0 if frame fr, is dropped
“71 otherwise

Optimized Playback Scheduling: For each playback pattern
L(i), there is:

Expected power consumption P
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: o . Dy,
Expected video quality distortion !

- Determine - optimized playback pattern by

minimizing the cost function:

min

L) [Dray + AP ]

Expected Power Consumption: Let the processor support

V1.V2, V]

frequencies [1-825581] 44 voltages then dynamic

i . P, =FE*g. *p2
power used at a frequency & and voltage Vo s T=ETETG

Then Fun may be determined by considering contribution from

each frame, i.e.

P(L()) = D" P(L(i)),

Expected Distortion: Expected Distortion Du can be

modeled for frame playback pattern L@ as follows

Dy~ Do - ZAD(lk)
k

Dois the distortion if none of the frames is played back,

ADUo) is expected reduction in distortion if frame * is not
dropped in playback pattern 0 and decoded before its
playback deadline.

Bécklight/Brightness function: The user can set the

brightness level to any setting in the set [bminr--,bmax]. Let the user

selected brightness be indicated by b,. The system may define a

quality function 1t (B, Brca ) as a function of the user selected

brightness b, and the device selected modified brightness level

med. One example quality function can be defined as:
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u,(B,,6,,4) = min[l,%"d—)

1]

In other embodiments alternative quality functions may be
used in place of the above quality function uz. The quality
functions may be selectable by a user.

Given a user selected brightness level, the system will
select a modified brightness level depending upon the user
selected level and the present energy state and optimization
based on the quality function. The power allocation system will
supply the modified brightness level to the backlight selection
unit. The backlight selection unit will select t‘he level used for
the backlight, and hence actual power consumption, based on
the modified brightnesé level and the image content. Depending
upon the content, the final level sent to the backlight may be
lower than that corresponding to the modified' brightness
setting. In such cases, the actual energy consumption will be
less than predicted based on the modified brightness level. This
lower energy consumption will influence the system operation
through feedback which tracks the battery state.

The system level power allocation may be characterized as
follows:

B=Available battery charge iﬁformation (in‘ mAh).

T'=Media playback duration (in minutes) (or user specified

~duration for the total media playback).

L=Ambient light level information.
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The allocation computes the budget for battery charge

consumption per time unit (e.g. minute):
rR=2
T

This module may use the following pre-computed
information.
foreach CPUFrequency [ g1,...,8r]
foreach Brightness [ bi,...,bmn]
foreach FrameRate [ fi,...,f5]
Store (ui(fi,gx))
Store (uz(bj,gx))
Store (e(fi,bj,gx))
end
end
Where (/&) is the value of the utility function at the frame.
rate Ji and at CPU frequency &, uZ(b/"gk)is the value of the utility
function at the brightness setting b/and at CPU frequency &,
e(fib,:8:) is the estimated energy consumption (in mAh/min) at
the frame rate Ji, at the brightness setting b, and at CPU
freQuency &k. ‘This may be obtained as described in the energy
as a function of processor frequency and voltage previously
described.
At certain CPU frequencies a particular frame rate video
may not be playable in real-time. In this case the utility

function is assigned a =zero value (ul(f,-,gk) =0). In some
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embodiments additionally the energy estimate may be assigned
infinite (or very high) value to avoid selecting that operating
point (e(fi,bj,gk)zoo).

In some embodiment the table may be computed on the fly.
Further more this table may be modified in real-time for the
particular media being played back 'by utilizing a feedback
regarding the actual energy consumption during playback and
comparing it with the estimated energy consumption. Then the
technique utilizes the input information to search the values of
e(f,58:) and select the frequency and brightness/backlight
which maximizes the uﬁlity function (quality function) while

meeting the energy constraint:

u'=0
foreach CPUFrequency [g,,....g7]
foreach Brightness [b,...,b, ]
foreach FrameRate [ f,...,f,]
if (e(f0,,8) <R)
if ((f-8)* uz(bjl-ﬂgk) >u’)
=
b’ =b,
, w=u(f,g)* ”2(bjiagk)
end
end
end
end
end

The terms and expressions which have been employed in
the foregoing specification are wused therein as terms of

description and not of limitation, and there is no intention, in
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the use of such terms and expressions, of excluding equivalents
of the features shown and described or portions thereof, it
being recognized that the scope of the invention is defined and
limited only by the claims which follow.

The invention being thus described, it will be obvious that
the same way may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope of
the invention, and all such modifications as would be obvious
to one skilled in the art are intended to be included within the
scope of the following claims.

One embodiment of the present invention discloses a
player (battery powered device), comprising: optimizing means
for optimizing a pléyback pattern of a video in accordance with
a predetermined cost function by indicating, for each frame of
the video included in the video, whether or not the frame is
droﬁped, the playback pattern specifying playback scheduling
of the video; and playing means for playing ti’lC video, without
playing a dropped frame(s) that the playback pattern optimized
by the optimizing means indicates to drop.

Some embodiments of the present invention disclose the
player, wherein the optimizing means optimizes the playback
pattern by specifying the play back pattern which minimizes
the predetermined cost function.

Some embodiments of the present invention disclose the
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player, wherein the optimizing means optimizes the playbackb
pattern in accordance with the predetermined cost function
which is a sum total of an expected power consumption value
and an expected distortion value, the expected power
consumption value indicating an amount of power to be
consumed by the player, the expected distortion value
indicating distortion in quality of playing of the video, the
distortion being expected to be caused by playing the video

without playing the dropped frame(s).
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CLAIMS

1. A battery powered device including  power

management comprising:
(a) a display;

(b) a processor;

(c) a video decoder;

(d) a networking circuit;

(e) a power allocation process that mbdiﬁes the power
used to process a video by jointly selecting a lower power usage
based upon:

(1) selectively dropping frames to be decoded by said
video decoder;

(i) selectively decreasing the illumination of a backlight

of said display.

2. The device of claim 1 wherein said power allocation
process further jointly selecting said lower power usage based
upon at least one of a frequency and voltage scaling for said

processor.
3. The device of claim 1 wherein said power allocation
process further jointly selecting said lower power usage based

upon playback scheduling.

4. The device of claim 1 wherein said power allocation
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process further jointly selecting said lower power usage based

upon spatial scalability.

S. The device of claim 1 wherein said power allocation
process further jointly selecting said lower power usage based
upon guaranteed video playback for a selected duration based

upon available battery power.

6. The device of claim 1 wherein said power allocation
process further jointly selecting said lower power usage based

upon selectively enabling said networking circuit.

7. _v The device of claim 1 wherein said video decoder is

included together with said processor.

8. The device of claim 1 wherein said illumina'tion is

further based upon an ambient sensor.

9. The device of claim 1 wherein said power allocation
process further jointly selecting said lower power usage based

upon a lower bitrate for said video.

10. The device of claim 1 wherein said power allocation

process is based upon a quality function.
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11. The device of claim 10 wherein said quality function

is selectable by a user.

12. The device of claim 11 wherein said quality function

—f
1 —e fmax

MOS(f) = Oy =
is generally based upon - |

13. The device of claim 1 wherein said power allocation
process is based upon a classification of said video as a low

motion video and high motion video.

14. The device of claim 10 wherein said quality function

is based upon a backlight level of said display.

15. The device of claim 14 wherein said quality function

n

u,(B,,6,04) = min(l,bg—“j

is generally based upon
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