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USING MOTION CHANGE DETECTION TO 
REDUCE POWER CONSUMPTION OF 

DISPLAY SYSTEMS 

BACKGROUND 

[0001] This relates generally to displays for processor 
based systems. 
[0002] While a Wide range of efforts have been undertaken 
to reduce power consumption of processor-based systems, 
little attention, if any, has been given to reducing the poWer 
consumptions of their displays. In fact, the display constitutes 
one of the most poWer hungry portions of a platform. 
[0003] In battery poWered applications, the poWer con 
sumption of displays is even of greater importance. For 
example, a mobile Internet device (MID) may use a battery 
poWered high de?nition Wireless remote display. The reason 
for using these high de?nition remote displays is so that more 
information can be more effectively displayed than is pos 
sible With the relatively small displays associated With the 
mobile Internet devices. An example of mobile Internet 
device is a cellular telephone With data capabilities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1 is a schematic depiction of a display system 
With a local frame buffer in accordance With one embodi 

ment; 
[0005] FIG. 2 is a depiction of a screen scraping based 
Wireless remote display in accordance With one embodiment 
of the present invention; 
[0006] FIG. 3 is a depiction of motion estimation in accor 
dance With one embodiment; 
[0007] FIG. 4 is a schematic depiction of a screen image 
change detection system in accordance With one embodi 
ment; 
[0008] FIG. 5 is a schematic depiction of a Zero motion 
detection system in accordance With one embodiment; 
[0009] FIG. 6 is a schematic depiction of a Zero motion 
detector in accordance With one embodiment of the present 
invention; 
[0010] FIG. 7 is a depiction of hoW the use of a cyclic 
recovery check code reduces the need to fetch reference 
frame pixels from a system memory in accordance With one 
embodiment; and 
[0011] FIG. 8 is a How chart for one embodiment. 

DETAILED DESCRIPTION 

[0012] In accordance With some embodiments of the 
present invention, a display system may utiliZe a local frame 
buffer in order to reduce poWer consumption. The local frame 
buffer may help to reduce poWer consumption, for instance, 
When no motion is detected betWeen frames. The need to 
refresh a frame buffer may be reduced Where it is determined 
that motion is not present. 
[0013] Also, information to be displayed may be com 
pressed before sending it to the display. If little motion is 
involved, the information may be compressed in a Way that 
reduces poWer consumption. Speci?cally, it may not be nec 
essary to code sequential frames When there is no motion 
depicted betWeen those frames. In some cases, the amount of 
compression that is needed may be reduced. In some embodi 
ments, the detection of motion may be done e?iciently and 
simply using a checksum operation such as a cyclic recovery 
check. 
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[0014] Mobile platforms are typically used for Web broWs 
ing, email, and document vieWing. In these typical usages, 
screen images may be static in that they do not depict motion. 
Many of the displayed frames may be identical to preceding 
frames. HoWever, to hold an image stable on the screen, 
current display controllers refresh the display at a ?xed rate. 
Pixel data is fetched across the display interface link from the 
frame buffer (Which is typically part of a system dynamic 
random access memory (DRAM)). Frame buffer accesses 
and display interface link transfers caused by display refresh 
may constitute a large amount of the poWer consumption on 
mobile platforms. 
[0015] In some embodiments, instead of fetching pixel data 
from the system frame buffer, the display controller refreshes 
a display through a local frame buffer to reduce poWer con 
sumption When the next image to be displayed is the same as 
the currently displayed image that is already stored in a local 
frame buffer. 

[0016] Referring to FIG. 1, a processor-based system 10 
may include a processor 12 Which, in one embodiment, may 
be a general purpose processor. The system 10 may be any of 
a variety of processor-based systems including a personal 
computer, a mobile computer, a mobile Internet device, a 
cellular telephone, a camera, a set top box, or a television, to 
mention a feW examples. 

[0017] The processor 12 may include one or more cores in 
some embodiments. A graphics controller 14 may, in some 
embodiments, be provided separately. The graphics control 
ler 14 may be coupled to a display controller 16. In one 
embodiment, the display controller may be a liquid crystal 
display controller, although the present invention is not so 
limited. The controller 16 is coupled to a display 18, such as 
a liquid crystal display, in one embodiment. The display 
controller 16 may include a local frame buffer 20. 

[0018] A memory controller 24 may be coupled to the 
general purpose processor 12 and the graphics controller 14. 
The memory controller 24 may be part of a system dynamic 
random access memory (DRAM) 22, Which also includes a 
system frame buffer 26. 

[0019] The poWer consumption of the system DRAM 22 
may be reduced, in some embodiments, using a self-refresh 
mode. The controller 24 can set the self-refresh mode through 
a signal identi?ed as “self-refresh enable” When the system is 
inactive for a long time, for example, after there has been no 
activity from a keyboard or a mouse for a predetermined 
amount of time, such as tWo minutes. With self-refresh dis 
abled, data may still be transferred to the display 18 at 60 
frames per second, even though most of these frames are 
identical to one another. 

[0020] To compensate for the small screen siZe of mobile 
Internet devices, such as the device shoWn in FIG. 2, a high 
de?nition Wireless remote thin display client 40 may be used. 
In this usage model, an application 30 runs on the user’s 
handheld device 28, While the picture frames are sent to a 
large, intelligent display nearby through a Wireless link 44. 
[0021] Among the mechanisms to intercept and transfer 
commands and data from a host or sender 28 to the thin 
display client or receiver 40, screen scraping sends pre-ren 
dered frames from the application server to the receiver dis 
play instead of sending commands for the receiver to redraW 
the graphics. Because of its advantage in rendering three 
dimensional frames on thin display clients, screen scraping 
may be advantageous. 
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[0022] For many applications, such as high de?nition dis 
play and radio on mobile Internet devices, some form of data 
compression may be used to reduce both netWork bandWidth 
requirements and transmission radio poWer. As a result, dis 
plays may have hardWare With MPEG/H.264 decoders for 
video playback. See H.264/MPEG-4 AVC speci?cation, 
dated 03/09, prepared by the ITU-T Video Coding Experts 
Group and available from International Telecommunications 
Union, Geneva, SWitZerland. Of course, other encoding and 
decoding schemes can also be used. At the same time, cam 
eras, together With video encoding accelerators, may be avail 
able in some mobile Internet devices. The video encoding 
hardWare provides a data compression utility. The motion 
estimation of MPEG and H.264 coding may reduce temporal 
redundancy betWeen tWo frames and can be used for Wireless 
remote display data compression. 
[0023] Thus, in FIG. 2, the application 30 is coupled to a 
server/Windows manager/three dimensional driver 32. The 
driver 32 is coupled to a system frame buffer 26. The driver 32 
and frame buffer 26 may be coupled to a remote display 
interface 34 that encodes for compression before sending a 
signal across a Wireless netWork 44. 
[0024] A thin display client decoder 36 may, in one 
embodiment, be an MPEG/H.264 decoder on a thin display 
client 40. The decoder may be coupled to a local frame buffer 
38, in turn coupled to a display controller 42, such as a liquid 
crystal display controller. The display controller 42 is then 
coupled to a display, such as a liquid crystal display (not 
shoWn). 
[0025] Motion estimation is an inter-frame predictive cod 
ing technique used to eliminate a large amount of temporal 
redundancy betWeen successive video frames. Suppose a ref 
erence frame has been encoded and We are trying to encode a 
current frame. Instead of directly storing and transmitting 
every pixel, MPEG/H.264 only transmits the difference 
betWeen the current macroblock and a macroblock of an 
earlier frame. Motion estimation involves ?nding a macrob 
lock in an earlier frame that is most similar to the current 
macroblock and generating a pointer and a residual matrix, as 
a delta, compared to the reference macroblock. 
[0026] The test for the difference betWeen the macroblocks 
is usually a sum of absolute differences (SAD). The pointer, 
called a motion vector, gives the relative coordinates betWeen 
the macroblocks. Thus, referring to FIG. 3, a reference frame 
and a current frame are shoWn. The motion vector shoWs hoW 
a macroblock, Which is shaded in the current frame, compares 
to the position of the macroblock, Which is shaded in a refer 
ence frame. 

[0027] A 16><16 residual matrix gives the difference 
betWeen the reference macroblock and the current macrob 
lock. The ?rst step of such encoding is the most time consum 
ing step in MPEG and H.264 encoding. The computational 
intensity of the similarity test is an obstacle to Wide deploy 
ment of real time, loW cost, H.264 hardWare encoders. 
[0028] For a Wireless remote display, as one example, a 
pixel search for motion estimation alone can violate the speci 
?ed delay target. The delay target is the amount of time that 
the display has in order to decode the video. As a result, it is 
generally advantageous to use motion detection With only one 
macroblock in the reference frame. This candidate reference 
macroblock has the same coordinates as the current macrob 
lock that is being encoded, in one embodiment. 
[0029] If the macroblock in the current frame is identical to 
the candidate macroblock in the reference frame, the current 
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macroblock is encoded as a P or B macroblock to exploit 
temporal redundancy. Otherwise, the current macroblock is 
encoded as an I-macroblock, only exploiting intramacrob 
lock data compression. 
[0030] In cases Where most portions of screen content are 
static, this can result in substantial savings. Most macrob 
locks end up being encoded as P or B macroblocks, using just 
a pointer to the same macroblock in its reference frame and an 
all-Zero residual matrix. As a result, MPEG and H.264 encod 
ing is ef?cient, While still achieving excellent compression 
ratios, in some embodiments. 
[0031] A cyclic redundancy check (CRC) is a type of data 
integrity checksum function that takes as its input a data 
stream of any length and produces as its output a value of a 
certain ?xed siZe. Checksums are a type of error correction 
code that uses a calculated value to test data for errors that 
occur during data transfers or data storage. 
[0032] An n-bit cyclic recovery check, applied to a data 
block of arbitrary length, can detect any single error burst that 
is not longer than n-bits and can detect a fraction of 1-2'” or 
longer error bursts. 
[0033] A cyclic redundancy check may be implemented in 
hardWare in an ef?cient fashion. For example, an 8 bit cyclic 
redundancy check engine may use on the order of 50 gates. In 
addition to cyclic recovery checks, other hash and checksum 
functions have similar properties to capture random bit 
changes. Thus, in some embodiments, other hash and check 
sum functions may be used. 

[0034] If an exclusive OR value betWeen the cyclic recov 
ery check code for tWo different macroblocks of data is equal 
to Zero, there is a high probability that these tWo different 
macroblocks of data are similar. Otherwise, the tWo blocks of 
data are different. If the tWo blocks of data are tWo successive 
frames that are sent to a display, then the cyclic recovery 
check code serves as an image change detector betWeen the 
frames. 
[0035] A screen image change detector 50, shoWn in FIG. 
4, may include a cyclic recovery check generator 52, a delay 
54, and a cyclic recovery check (CRC) checker 56. The frame 
pixel data streams through the generator 52 at the pixel clock 
rate in one embodiment. The generator 52 may generate one 
value for each frame at the frame rate, Which is the same as the 
vertical synchronization clock, indicated as VSYNC. The 
delay 54 stores the generated cyclic recovery check value so 
that it can be compared against the cyclic recovery check 
value of the next frame. A cyclic recovery checker 56 exclu 
sive ORs the stored cyclic recovery check value in the delay 
54 and the neW cyclic recovery check value for the current 
frame. The checker 56 generates the logical value of Zero 
When both cyclic recovery check values are equal in one 
embodiment. OtherWise, a logical value of one is given, in 
one embodiment, to indicate that the current frame is different 
than the previous frame. 
[0036] The generator 52 may be reset at every VSYNC 
signal to clear internal values. The one bit change/no change 
verdict serves as the display refresh enable signal to the 
display controller 16. 
[0037] After a no change signal is asserted by the checker 
56, the controller 16 stops fetching data from the system 
frame buffer 26. It goes back to normal refresh mode When the 
checker 56 de-asser‘ts the no change signal, indicated in FIG. 
4, as “self-refresh enable.” 
[0038] The stream image change detector 50 can detect 
image changes very ef?ciently and at loW cost in some 
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embodiments. It does not need to throttle the throughput of 
the display 18. In some embodiments, it only introduces a feW 
pixels Worth of initial delay. The silicon cost and poWer con 
sumption of the extra hardWare may be negligible in some 
embodiments. The detector 50 may not require any change to 
existing graphics drivers, graphics engines, frame buffers, or 
controllers, in some cases. In some embodiments, the use of 
the detector 50 reduces frame buffer accesses caused by 
unnecessary display refreshes. This enables the system 
DRAM 22 to stay in the loWer poWer consumption modes for 
a longer time. For static image contents, reducing the display 
refresh induced frame buffer accesses helps to increase sys 
tem memory residency in loW poWer modes Which can have 
signi?cant poWer consumption bene?ts. 
[0039] If tWo blocks of data are tWo macroblocks used in 
motion estimation, one in the current frame and the other in 
the reference frame, then the cyclic recovery code check may 
act as a Zero-motion detector betWeen macroblocks to sim 
plify the motion estimation operation. 
[0040] Before motion vectors are derived, Zero motion 
detection betWeen the current macroblock that is being 
encoded, and the same macroblock, in the previous frame, 
may be undertaken. If the checksum comparison indicates 
Zero motion betWeen both macroblocks, then the high cost of 
a macroblock search may be virtually eliminated. This can be 
thought of as an optimization to the early termination mecha 
nism of existing motion estimation algorithms. 
[0041] Referring to FIG. 5, the cyclic recovery check may 
be calculated by hardWare for each macroblock (MB) as it is 
Written to the frame buffer, as indicated at 60. There is no need 
to fetch pixels from the frame buffer in order to compute their 
cyclic recovery check values. Rather, the pixel data may be 
intercepted from the driver 32. The cyclic recovery check 
value is stored in an on-chip memory and, at the same time, 
exclusive ORed against the cyclic recovery check value of the 
same macroblock of the previous frame in time, loaded from 
that on-chip memory. Depending on the result of the exclu 
sive OR operation 62, one of tWo results may ensue. If the 
exclusive OR returns Zero, this indicates that the macroblocks 
are identical. A motion vector of (0,0) and an all Zero residual 
matrix for the current macroblock are derived. If the exclusive 
OR operation returns a 1, then there is a difference, namely, 
motion, betWeen the tWo blocks and there is a need to start the 
baseline encoding process (block 64). 
[0042] The cyclic recovery check values are compared 
betWeen the tWo adjacent frames in time, regardless of 
Whether the previous frame is an I frame, a P frame, or a B 
frame. The on-chip memory siZe may be proportional to the 
supported picture resolution in some embodiments. For 
example, supporting 1600x1200 pixel pictures may involve 
7.3 kilobytes of storage. A static random access memory 
(SRAM) of this siZe may consume only a fraction of the 
poWer that are correspondingly siZed dynamic random access 
memory may consume. The original frame data is of a siZe 
that Would be impractical to use a static random access 
memory. Eliminating the need to retrieve reference frame 
pixel data from the dynamic random access memory helps to 
achieve signi?cant poWer savings in some embodiments. 
[0043] To further reduce the calculation overhead, some of 
the pixel components may be ignored betWeen the previous 
and current frame. For example, When encoding from 412:0 
YUV, the data ratio betWeen theY or brightness value and the 
U and/orV components, the color is 2: 1. By using only the U 
and V components and avoiding checking theY components, 
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the amount of computation and the SRAM storage may be cut 
to only one third of What Would result from using all theYUV 
values. The idea is that Whatever pixel changes, all three pixel 
values, Y, U, and V must change. Thus, there is no need, in 
most cases, to calculate all threeYUV values. 
[0044] When the exclusive OR operation returns a 1, the 
cyclic recovery check may add an extra amount of computa 
tion Without generating any bene?t. To reduce this overhead, 
a cyclic recovery check throttling mechanism may turn the 
cyclic recovery check unit on and off, adapting to the amount 
of motion in the video. 
[0045] In one embodiment, the cyclic recovery check is 
turned off after the total number of times that the exclusive 
OR operation results in a Zero for R successive frames is no 
more than S, and is turned back on the cyclic recovery check, 
a (0,0) motion vector has been generated for T successive 
frames. With this optimiZation, motion rich contents cause 
the cyclic recovery check unit to be turned off after the appli 
cation starts. 

[0046] Referring to FIG. 6, the cyclic recovery check aug 
mented video encoder may include the X server/Window 
manager/3D driver 70 coupled to a frame buffer and to an 
RGB toYUV converter 72.Y, U and/orV values for one block 
may be passed to a baseline encoding process 74. 
[0047] U andV values, for one block, are passed to the CRC 
generation block 82. The block 82 receives the throttle control 
signal “CRC throttle.”A CRC value is stored in the SRAM 84 
so that a comparison can be done betWeen CRC values for 
successive frames in comparator 86. 
[0048] The comparison at comparator 86 determines 
Whether or not the tWo blocks have the same cyclic recovery 
check code. 
[0049] The cyclic recovery check generation unit 82 may 
include an exclusive OR gate 88 that receives the pixel data in. 
A NAND gate 102 may receive a clock signal and a throttle 
signal on its inputs in order to activate or deactivate the CRC 
throttle signal. The CRC generator 82 may include a plurality 
of gates 90, 92, 94, and 96 in a CRC-4 implementation Which, 
in one embodiment, may be D-type data latches or ?ip ?ops 
90, 92, 94, and 96, coupled by exclusive OR gates 100. The 
gates 88 and 100 produce CRC-4 bits CRC(0), CRC(1), CRC 
(2), and CRC(3). See CRC-4-ITU, available from the Inter 
national Telecommunications Union, Geneva, SWitZerland, 
Recommendation G.704, page 12. CRC-6, CRC-8, or other 
bit Widths may also be used. 
[0050] Referring to FIG. 8, some embodiments may be 
implemented in softWare, hardWare, or ?rmWare. In softWare 
based embodiments, the softWare may be implemented using 
computer executable instructions stored in a computer read 
able medium, such as a magnetic, optical, or semiconductor 
memory. As one example, those instructions may be stored in 
the system DRAM 22 in FIG. 1. 
[0051] In accordance With one embodiment, a sequence of 
operations begins at block 110 With the receipt and storage of 
neW frame values. These frame values may be, for example, Y, 
U, and V values or less than all of theY, U, and V values as 
described previously. 
[0052] Next, in block 112, a CRC code may be calculated 
based on the neW frame and the previously stored and 
received frame. If the codes match, as determined in diamond 
114, a check at diamond 116 determines Whether self-refresh 
is already enabled. If not, a check at diamond 118 determines 
Whether a threshold has been exceeded, Which determines 
Whether or not to enable the soft refresh signal. In one 
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embodiment, the threshold could indicate that a signi?cant 
number of frames have been the same and, therefore, makes 
self-refresh reasonable. If so, self-refresh is enabled in block 
120 and self-refresh and/or reduced motion estimation may 
be implemented in block 122. 

[0053] If the frames are different, as determined in diamond 
114, a different frame count may be incremented in block 
124. A check at diamond 126 determines Whether a threshold 

is exceeded. If so, self-refresh, if enabled, may be disabled in 
block 128. 

[0054] Similarly, if the threshold for enabling self-refresh 
has not been exceeded, as determined in diamond 118, a count 
may be incremented (block 130) so that subsequently self 
refresh may be enabled if a suf?cient count has been achieved. 

[0055] In some embodiments, poWer savings may derive 
from reduced system frame buffer accesses. Pixel-by-pixel 
comparisons are unnecessary When loading pixel data of the 
reference frame from the system or frame buffer. The present 
Zero motion detector only needs to fetch cyclic recovery 
codes from the SRAM 84, as indicated in FIG. 7. Assuming 
that an average P percent of the Whole frames do not change, 
and that in each of the 1-P percent of the frames in motion in 
them, Q percent of the macroblocks actually change, We can 
extrapolate a Zero motion percentage of 1-(1-P percent)><Q 
percent on a macroblock basis. That is, if P:60 and QI30, 
then 88 percent of the macroblocks Would be Zero motion 
macroblocks. Frame buffer accesses to the DRAM may be 
reduced. During intervals Where there is no mouse or key 
board operation, the DRAM can be put in a loW poWer mode 
to achieve poWer savings. 

[0056] The cyclic recovery check value may be generated 
When pixels are Written to the frame buffer. By contrast, 
traditional pixel-by-pixel comparisons add to critical path 
encoding since pixel data of the reference frame are fetched 
from the frame buffer ?rst. 

[0057] In some embodiments, using a cyclic recovery code, 
as opposed to pixelWise comparison, may reduce a signi?cant 
percentage of the frame buffer reads, saving DRAM access 
poWer for typical local display refresh and Wireless remote 
display data compression. 
[0058] References throughout this speci?cation to “one 
embodiment” or “an embodiment” mean that a particular 
feature, structure, or characteristic described in connection 
With the embodiment is included in at least one implementa 
tion encompassed Within the present invention. Thus, appear 
ances of the phrase “one embodiment” or “in an embodi 
ment” are not necessarily referring to the same embodiment. 
Furthermore, the particular features, structures, or character 
istics may be instituted in other suitable forms other than the 
particular embodiment illustrated and all such forms may be 
encompassed Within the claims of the present application. 
[0059] While the present invention has been described With 
respect to a limited number of embodiments, those skilled in 
the art Will appreciate numerous modi?cations and variations 
therefrom. It is intended that the appended claims cover all 
such modi?cations and variations as fall Within the true spirit 
and scope of this present invention. 
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What is claimed is: 
1. A method comprising: 
determining Whether motion occurs betWeen successive 

frames of graphical information using an error correc 
tion code. 

2. The method of claim 1 Wherein using an error correction 
code includes using a checksum. 

3. The method of claim 1 Wherein using a checksum 
includes using a cyclic recovery code. 

4. The method of claim 1 including limiting the use of the 
error correction code for motion detection in response to 
motion detection. 

5. The method of claim 1 including using less than all three 
color components of the graphical information to determine 
the error correction code. 

6. The method of claim 1 including reducing the refreshing 
of a display from a system frame buffer based on Whether 
motion is detected. 

7. The method of claim 1 including selectively refreshing a 
display having a built in decoder. 

8. The method of claim 7 including selectively refreshing 
the display for a Wirelessly coupled mobile lntemet device. 

9. The method of claim 1 including reducing the amount of 
data compression based on motion detection. 

10. The method of claim 9 including reducing motion 
vector generation based on the amount of motion detection. 

11. A computer readable medium storing instructions 
executed by a computer to: 

determine an error correction code betWeen tWo successive 
frames of image information; and 

use said error correction code to control motion vector 
generation. 

12. The medium of claim 11 storing instructions to deter 
mine an error correction code that is a checksum. 

13. The medium of claim 11 storing instructions to deter 
mine an error correction code that is a cyclic recovery code. 

14. The medium of claim 11 storing instructions to control 
the use of said error correction code based on motion betWeen 
multiple successive frames. 

15. A system comprising: 
a host including a frame buffer; 
a display interface to encode data for transmission over a 

Wireless netWork; 
a display client to receive data over said Wireless netWork, 

said display client including a decoder and a frame 
buffer; and 

a controller to determine Whether motion occurs betWeen 
successive frames using error correction code. 

16. The system of claim 15 Wherein said host is a mobile 
Internet device. 

17. The system of claim 15, said controller to reduce an 
amount of data compression based on said error correction 
code. 

18. The system of claim 15, said controller to reduce 
motion vector generation based on said error correction code. 

19. The system of claim 15, said display client to use said 
display client frame buffer to refresh a display based on said 
error correction code. 

20. The system of claim 15, said controller to selectively 
refresh the display client over the Wireless netWork based on 
said error correction code. 

* * * * * 


