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(57) Abstract: Methods and apparatuses for error diffusion for display frame buffer power saving are described herein. According
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ERROR DIFFUSION FOR DISPLAY FRAME BUFFER POWER SAVING

FIELD

[0001] Embodiments of the invention relate to data processing systems; and more

specifically, to error diffusion for display frame buffer of a data processing system.

BACKGROUND

[0002] Today, pocket-PCs, PDAs (Personal Da‘;a Assistants), mobile phones,
digital cameras and camcorders are equipped with color TFT (Thin-Film Transistor)
LCDs (Liquid Crystal Displays), power-efficient STN (Super-Twisted Nematic) LCD
or OLED (Organic Light-Emitting Diode). A display sub-system has become a major
energy consumer even though the systems are equipped with a powerful CPUs and
with a tens of MBs of SDRAM. In both LCD and OLED, a frame buffer is an
indispensable ingredient which consumes a large portion of the energy.

[0003] One of the low power frame buffer techniques is the dynamic-color-depth
control technique, in which a new pixel organization is proposed to enable the shut
down the LSD (least significant device) of the frame buffer. In this case, the power
consumption of the frame buffer memory and the associated logic is reduced.
However, this technique causes obvious false contour artifacts in the image/video.
[0004] Other techniques have been proposed for power reduction in display
sub-system, including variable duty-ratio refresh by reducing the refresh rate of a
frame buffer and brightness and contrast shift by dimming backlight luminance and
adjusting the image luminance synchronously. However, these techniques cause
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[0005] In addition, a halftoning-based technique has been proposed to reduce the
frame buffer for handset application. In this technique, the original 24-bit RGB color
data is converted to 18-bit or 15-bit color data, and ordered dithering technique is used
to remove the false contour artifacts caused by quantization. However, it produces
artifacts of patterns introduced by fixed thresholding matrices.

[0006]  Further, a frame buffer compression technique has been proposed for
reducing power consumption of a display sub-system. In this technique, a frame buffer
is separated into an uncompressed page and a compressed page. The original data is
initially sent into the uncompressed page during a normal power mode. In a low power
modé, an encoder compresses the original data into the compressed page, and the LCD
panel reﬁeéhing operations only access the compressed page with much less bits.
Therefore, the number of frame buffer bit access is reduced as well as the
corresponding power consumption. However, this technique is not efficient in images.
[0007] Furthermore, an error diffusion technique has been widely used in the
printing field. Error diffusion technique is a specific method of halftoning that
represents more color using small number of color. In this technique, the algorithm
functions are performed on each image pixel. For the red, green, and blue components
of each pixel, an error between the original and quantized values is computed. The
error that is determined to occur at the central pixel is then distributed among the
surrounding pixels. However, this technique involves complex computation which

may require a relatively large processing power.



WO 2007/036070 PCT/CN2005/001620

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the invention may best be understood by referring to the
following description and accompanying drawings that are used to illustrate
embodiments of the invention. In the drawings:

[0009] Figure 1 illustrates various images as results of conventional methods and
methods ac‘cording to certain embodiments.

[0010] Figure 2 is a diagram illustrating a data format of a frame buffer according
to one embodiment.

[0011] Figures 3-5 are block diagrams illustrating various embodiments of
display subsystems.

[0012] Figure 6A is a flow diagram illustrating a process example of a display
subsystem according to one embodiment.

[0013]  Figure 6B is a flow diagram illustrating a process example of an error
diffusion operation according to one embodiment.

[0014] Figure 7 is a pseudo code of a process for an error diffusion operation
according to one embodiment.

[0015] Figure 8 is a flow diagram illustrating a process example of an error
diffusion operation according to another embodiment.

[0016] Figure 9 is a pseudo code of a process for an error diffusion operation
according to another embodiment.

[0017] Figure 10 is a block diagram illustrating an example of a data processing

system that may be used as an embodiment.
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DETAILED DESCRIPTION

[0018] Methods and apparatuses for error diffusion for display frame buffer
power saving are described herein. According to certain aspects of the invention, an
effective low power display techniques are employed by shutting down the LSD of the
frame buffer memory while preserving the image quality. According to one
embodimeﬁt, a simplified error diffusion algorithm (for example, implemented as an
Error Diffusion Encoder) is utilized that encodes the images with full color depth to
the ones with reduced color depths without generating false contour artifacts as shown
in image 103 generated from image 102 of Figure 1. The Error Diffusion Encoder can
be implemented in a display driver, application software, and/or in hardware modules,
such as a display controller, GMCH (graphics and memory control hub), and/or
equivalent chips.

[0019] Compared with a conventional dynamic-color-depth control technique, the
technique described herein is able to overcome the false contour artifacts caused by
the directly shutting down the LSD of frame buffer memory, as shown image 101
generated from image 102 of Figure 1. Compared with the conventional
run-length-coding frame buffer compression technique, the technique described
herein is much more efficient for the image and video content as well as the text and
graphics contents. While the conventional technique is only efficient for text and
simple graphics contents, since the run-length-coding algorithm is not able to
compress the image and video contents very efficiently, which causes the power
saving for image and video is very limited. Compared with the conventional dithering
technique, the complexity of the technique described herein is much lower and is able
to reduce the color depth, for example, from 24 bits to 8 or 9 bits, while the

conventional techinque just reduces the color depth to 15 or 18 bits.
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[0020] In the following description, numerous details are set forth to provide a
more thorough explanation embodiments of the present invention. It will be apparent,
however, to one skilled in the art, that embodiments of the present invention may be
practiced without these specific details. In other instances, well-known structures and
devices are shown in block diagram form, rather than in detail, in order to avoid
obscuring embodiments of the present invention.

[0021] Reference in the specification to “one embodiment” or “an embodiment”
means that a particular feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment of the invention. The
appearances of the phrase “in one embodiment” in various places in the specification
do not necejssarily all refer to the same embodiment. Reference in the specification to
“image” means image, one frame of video, or 2D/3D graphics contents stored in
image data format for display.

[0022] According to one embodiment, an error diffusion mechanism is proposed
to process the image data writing into the frame buffer memory, in order to remove
these artifacts while saving the power consumption at the same time.

[0023] In one embodiment, an error diffusion encoder may be implemented in a
display sub-system hardware and/or software to remove the image artifacts when the
LSD of frame buffer memory is shut down for power reduction. In addition,
according to one embodiment, a 2-neighborhood error filter and the
error-bit-reduction approach are utilized to reduce the computational complexity of
the classical error diffusion algorithm to reduce the energy consumption and cost of
the error diffusion encoder. Further, certain software and/or hardware embodiments
of the Error Diffusion Encoder may be utilized to provide a low power work mode of
the display sub-system. Although an error diffusion encoder may be implemented in a
display controller, similar designs may be applied to display sub-systems with

different color depth and data storage format to achieve the similar functionality.



WO 2007/036070 PCT/CN2005/001620

[0024] An image with large number of colors can be represented by small number
of colors without false contour artifacts using the error diffusion technique. In one
embodiment of the invention, the error diffusion technique is used to represent an
original image with full color depth by pixels with reduced color depth. In a particular
embodiment, the modified algorithm acts as an encoder (e.g., Error Diffusion Encoder)
to translate the original image to the image with lower color depth to fit with the MSD
of the frame buffer, when it is required to shut down or reduce power of the LSD of the
frame buffer memory to reduce the power consumption.

[0025] According to one embodiment, the bit order in a frame buffer may be
reorganized. Referring to Figure 2, the conventional physical structure 201 includes a
24-bit color pixel. Suppose the color depth of the pixel is compressed to 8-bit (3-bit,
3-bit and 2-bit for R, G and B respectively) in the low power work mode, the physical
structure of the pixel bits can be re-organized as 202, in which the MSD and the LSD
can be implemented, for example, in different memory banks. Therefore the shut
down of the LSD can be achieved. Different to the conventional dynamic-color-depth
control technique, an embodiment of the method adds a simplified error diffusion
module (Error Diffusion Encoder) in a display driver, display controller, and/or
equivalent hardware modules (e.g., software, hardware, or a combination of both) to
remove the image artifacts caused by the reduced color depth.

[0026] The Error Diffusion Encoder can be implemented in a display driver
and/or application software, for example, running within a processor or controller
(e.g., firmware, DSP or a CPU, etc.) The modified display data is fed into the MSD
when the LSD is shut down or the power of the LSD is reduced.

[0027] Figure 3 is a block diagram illustrating a display sub-system according to
one embodiment of the invention. In one embodiment, display system 300 includes,
but is not limited to, an error diffusion encoder 301 coupled to a frame buffer 302 and

a display controller 303 which is coupled to a display device 304, such as, for example

6



WO 2007/036070 PCT/CN2005/001620

LCD or OLED display panel. In this embodiment, an error diffiision encoder 301 may
be implemented as a software encoder, which may be implemented as an application,
device driver, and/or firmware. Frame buffer 302 may be a specifically allocated
memory from a main memory (not shown). Alternatively, frame buffer 302 may be a
dedicated memory within a chipset (e.g., memory controller, not shown) or a display
controller 303. Furthermore, frame buffer 302 may be a dedicated standalone memory
chipset in the display subsystem. The display controller 303 may be implemented
within a chipset or a standalone display controller (e.g., PCI (peripheral component
interconnect), PCI-Express or AGP (accelerated graphic port) compatible controller).
In one embodiment, software diffusion encoder 301 processes the display data and
stores the processed display data in the frame buffer 302. Thereafter, the display
controller 303 fetches the data from the frame buffer and sends the display data to the
display device 304 for display.

[0028] Referring to Figure 3, according to one embodiment, the display
sub-system 300 provides two display modes: 1) the normal work mode or a tint
powermode, and 2) the low power work mode. In the normal work mode, the original
display data is directly fed into the frame buffer with bit order similar to bit order 202
of Figure 2 without any change. The display controller 303, controlled by software
(e.g., including error diffusion encoder 301), may choose path (1) to access the full
frame buffer for the display panel refreshing. While in the low power work mode, the
software Error Diffusion Encoder 301 translates the original image to pixels with
reduced color depth that fits with the size and organization of the MSD without
generating false contour artifacts, and then writes the result data into the MSD of the
frame buffer 302. When the display controller 303 refreshes the display device 304, it
just fetches the data out from MSD of the frame buffer 302 through path (2) and feeds
the data to the display device 304, and considers the data of least significant bits as

zero or a predetermined value.
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[0029]  In the low power work mode, only the MSD of the frame buffer and the
associated logics are powered, all other parts (e.g., LSD of the frame buffer) can be
powered down. According to one embodiment, a color image with 24-bit or 16-bit
color depth can be converted to 9-bit (e.g., 3 bits for each color) or 8-bit (e.g., 3 bits for
R and G, 2 bits for B) without obvious artifacts. Therefore this embodiment is able to
shut down approximately 43%~66% of the frame buffer to save approximately
43%~66% of the power consumption of the display sub-system. This embodiment is
typically useful for those applications where the image content changes relatively
slowly, such as, for example, those applications including e-book, image/text editor,
web browser, etc.

[0030]  Figure 4 is a block diagram illustrating a display sub-system according to
another embodiment of the invention. In this embodiment, an Error Diffusion
Encoder may be implemented in hardware. For example, the error diffusion encoder
may be implemented as part of a display controller and/or a chipset. In one
embodiment, display system 400 includes, but is not limited to, an error diffusion
encoder 401 implemented within a display controller 403 which is coupled to one or
more frame buffers 402 and a display device 404, such as, LCD or OLED display
panel. Frame buffer 402 may be a specifically allocated memory from a main memory
(not shown). Alternatively, frame buffer 402 may be a dedicated memory within a
chipset (e.g., memory controller, not shown) or a display controller 403. Furthermore,
frame buffer 402 may be a dedicated standalone memory chipset in the display
subsystem. The display controller 403 may be implemented within a chip set or a
standalone display controller (e.g., PCI, PCI-Express or AGP compatible controller).
In one embodiment, error diffusion encoder 401 processes the display data and stores
the processed display data in the frame buffer 402. Thereafter, the display controller
403 fetches the data from the frame buffer 402 and sends the display data to the

display device 404 for display.
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[0031]  Figure 4 illustrates an example of a display controller.implementation, in
which a hardware module performs the error diffusion algorithm in addition to the
re-organization of the frame buffer bits. In a normal work mode, referring to Figure 4,
the data stream follows the path (1), through which the original image data are written
into both MSD and LSD of the frame buffer 402, and are fully accessible for display
panel refreshing. In the low power work mode, the data stream follows path (2). The
Error Diffusion Encoder 401 translates the original image to pixels with reduced color
depth that fits with the size and organization of the MSD without generating false
contour artifacts, then writes the result data into MSD. In the low power mode, the
power to the LSD may be removed or reduced.

[0032] When the display controller 403 refreshes the display device 404, the
display controller 403 just fetches out the data from MSD through path (2) and
considers the data of least significant bits as zero or a predetermined value. Apparently,
in this case, the same portion of the frame buffer memory (e.g., the LSD) and the
associated 14bus lines can be powered down. In this embodiment, the hardware
simulation results show the power consumption of the Error Diffusion Encoder is
potentially as low as 0.05% of the frame buffer memory, which may be neglected
when calculating the power saving of the system. Therefore approximately 43%~66%
of the power consumption of the frame buffer and the associated logic can be reduced
in this embodiment. This embodiment is typically useful for all kinds of applications,
such as text viewer, image viewer, movie player and so on. |
[0033] According to a further embodiment, multiple frame buffers or frame buffer
sections may be used. Figure 5 is a block diagram illustrating a display sub-system
according tb another embodiment of the invention. In this embodiment, multiple
frame buffers or frame buffer sections are implemented. In one embodiment, display

system 500 includes, but is not limited to, an error diffusion encoder 501 implemented
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within a display controller 503 which is coupled to multiple frame buffers 502A-502B
and a display device 504, such as, LCD or OLED display panel.

[0034] Frame buffers 502A and 502B may be a specifically allocated memory
from a main memory (not shown). Alternatively, frame buffers 502A and 502B may
be a dedicated memory within a chipset (e.g., memory controller, not shown) or a
display controller 503. Furthermore, frame buffer 502A and 502B may be a dedicated
standalone memory chipset in the display subsystem. In a particular embodiment,
frame buffers 502A and 502B may be individually powered up and down. The display
controller 503 may be implemented within a chipset or a standalone display controller
(e.g., PCL, PCI-Express or AGP compatible controller). In one embodiment, error
diffusion encoder 501 processes the display data and stores the processed display data
in the frame buffers 502A and 502B. Thereafter, the display controller 503 fetches the
data from the frame buffers 502A and 502B, and sends the display data to the display
device 504 for display.

[0035] Referring to Figure 5, in one embodiment, the Uncompressed Frame
Buffer (UFB) 502A is used to store the original image pixels during a normal power
mode (also referred to as a first power state), while an additional Compressed Frame
Buffer (CFB) 502B is used to store the result image with low bit depth for the low
power work mode. The UFB 502A has both MSD and LSD that may be organized in
traditional bit order 201 or proposed bit order 202 shown in Figure 2. The CFB 502B
only has MSD with similar size as the MSD in the configuration shown in Figure 4. In
the normal work mode, according to one embodiment, the image data are written into
the UFB 502A, and then read out through the path (1) for display panel refreshing.
[0036]  ‘While in low power work mode (also referred to as a low power state or a
second power state), the Error Diffusion Encoder 501 translates the original image to
pixels with a lower color depth that fits with the size and organization of the CFB

without generating false contour artifacts, then writes the result data into the CFB
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502B. Meanwhile, the original image data are also written into the UFB 502A for
future read-back. When the display controller 503 refreshes the display device 504, it
just reads out the data from CFB 502B through path (2) and considers the data of least
significant bits as zero or a predetermined value.

[0037] This embodiment provides a transparent interface to the host system in
both frame buffer read and write. In this example, the low power work mode may
consume more energy than the normal work mode in the frame buffer writing, since
the Error Diffusion Encoder 501 and the CFB 502B consumes additional energy. But
the display device refreshing consumes less power due to smaller size of CFB 502B
and associated logics. As a result, this embodiment is typically useful for those
applications where the image content changes very slowly. Such sample applications
include e-book, image/text editor, web browser, etc.

[0038] Although the above hardware Error Diffusion Encoders are embedded in
display controllers, in some recent handheld architectures, such as OMAP™ 2 and
Intel® PXA27X, part of the main memory may be allocated or mapped as a display
frame buffer, and the data write is controlled by the memory controller and/or
equivalent modules. In this case the Error Diffusion Encoder can be embedded in the
memory controller or equivalent modules (e.g., chipset), besides some additional
features such as the work mode switcher in the display controller.

[0039] In addition, according to one embodiment, an algorithm may be
implemented within an error diffusion encoder for a color plane. As for color images
with 3 color planes, the algorithm is similar for each plane. In one embodiment, an
error diffusion algorithm is performed on each image pixel, in sequential order,
starting from the top left pixel and proceeding from left to right to the bottom of the
image. Alternatively, multiple encoders may be employed to process multiple color

planes.
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[0040]  Figure 6 is a flow diagram illustrating an example of a process for error
diffusion according to one embodiment. Process 600 may be performed by a
processing .logic that may include hardware (circuitry, dedicated logic, etc.), software
(such as is run on a general purpose computer system or a dedicated machine), or a
combination of both. For example, process 600 may be performed by a display
sub-system as shoWn in Figures 3-5.
[0041] Referring to Figure 6A, at block 602, during a low power state, such as a

- low or reduced power state, an error diffusion operation is performed on the pixels to
reduce a color depth of the pixels. At block 604, at least a portion of the pixels with
reduced color depth is stored in a first segment of the frame buffer without accessing
(e.g., writing or reading) the second segment of the frame buffer. As a result, during
the low pox;ver state, the power to the second segment of the frame buffer may be
reduced or shut off to save power. Other operations may also be performed. Note that
a device can operate in the normal power state and the low power state independently
and can switch from either power state to the other, for example, by hardware,
software, or a combination of both at any time. Thus, one power state does not
necessarily depend from the other power state or vice versa.
[0042] Figure 6B is a flow diagram illustrating an example of a process for error
diffusion according to one embodiment. Process 650 may be performed by a
processing logic that may include hardware (circuitry, dedicated logic, etc.), software
(such as is run on a general purpose computer system or a dedicated machine), or a
combination of both. For example, process 650 may be performed by a display
sub-system as shown in Figures 3-5, particularly, as a part of operations involved in
block 602 of Figure 6A.
[0043] Referring to Figure 6B, at block 652, for each pixel, an output value is
calculated according to a source pixel value. In a particular embodiment, the output

pixel value may include 2 to3 most significant bits of the source pixel value. At block
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654, the error between the source pixel value and the output pixel value is calculated.
At block 656, the error may be diffused to the neighboring pixels (e.g., more than 4
pixels), including for example, updating the value of each neighboring pixel by adding
a weighted error. The patterﬁ in diffusing the error is also referred to as an error filter.
Other operations may also be performed.

[0044]  Typically, the classical error diffusion is a 2-dimensional-convolution-like
algorithm with high computational complexity and intensively memory buffer
accessing. For example, in a conventional algorithm, each pixel needs at least 8 times
of memory accesses for diffusing the error to the 4 neighboring pixels. It also needs a
memory buffer sized of two image rows to temporarily store the diffused error data.
These cause a high cost and high power consumption of the Error Diffusion Encoder
itself, which is unacceptable in a lower power technique for a portable device, such as
a handheld‘device.

[0045] Accordingly, according to one embodiment, a simplified error diffusion
algorithm is designed to solve this problem, which includes 2-Neighborhood Error
Filter and Error-Bit-Reduction. In one embodiment, in a 2-Neighborhood Error Filter
a 2-neighborhood error filter is utilized instead of the classical error filters, as shown

below:

X 172
1/2

[0046] As shown above, when the pixel X is processed, according to one
embodiment, the error between the output color and the original color of X is only
diffused into the right and bottom pixels, and the weight coefficients are set to 1/2 for
isotropic diffusion and implementation convenience. Because the neighborhood
pixels are reduced to 2, only one buffer sized of one image row is required to store the
error diffused to the bottom pixel, and the error diffused to the right pixel can be

temporarily stored in a register.
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[0047]  Note that although the above processes are performed from top to bottom
and from left to right, if the image accessing order is different (e.g. from bottom left to
top right), the neighboring pixel may be right and upper ones according to certain
embodimeﬁts of the invention.

[0048]  Figure 7 shows the pseudo-code of an example process where the color
depth is reduced from 8 bits to 3 bits. For example, the pseudo code may be
performed by an error diffusion encoder described above. Referring to Figure 7, in
lines 5-6, the original pixel value in X and the weighted error diffused from the left
and top pixels of X are summed and temporarily stored in a register temp_sum. In line
7, the output pixel value is calculated by cutting off the lower 5 bits (set to zero) of
temp_sum, and is written into the frame buffer (e.g., FrameBuffer[x]). In line 8, the
error between the modified original pixel and the output pixel, which is just the lower
5 bits of terhp_sum, is calculated. In lines 9 and 10 the error is divided by 2 and stored
in the buffer (e.g., buffer[x]) and the register (register) for the bottom pixel and right
pixel respectively. Apparently, if we just consider the additional computation
compared with image copy, the complexity for each pixel is roughly 2 times of ADD,
2 times of AND, 2 times of SHIFTING and one Conditional Evaluation operations.
The additional memory access is also reduced to 2 times (e.g., read and write buffer[x]
in lines 5 and 10).

[0049] In addition, according to one embodiment, besides the 2-neighborhood
error filter, in hardware implementation, the error diffusion algorithm may be further
simplified to reduce the buffer memory access that consumes most of the energy of the
Error Diffusion Encoder. For example, suppose the 8-bit color depth being reduced to
3-bit, the bit number of error is 5, and is 4 after multiplying the weight coefficient of
1/2. The lower 3 bits may be cut down or truncated and only the higher 2 bits are
reserved as the error data diffused to the right and bottom pixels. As a result, the

memory access counted by bit is reduced.
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[0050] Moreover, since the memory requirement is small (as for a 640x480
display, only 640x2 bits or 160 bytes are required for each color plane), the memory
buffer can be cost-effectively realized by SRAM (static random access memory) that
consumes much less energy than DRAM (dynamic RAM). '

[0051] Figure 8 is a flow diagram illustrating an example of a process of the error
diffusion algorithm with a 2-neightborhood error filter and error-bit-reduction
according to one embodiment. Note that the variable temp_sum here is just a symbol
to illustrate the algorithm and is not the physical register or memory, temp_sum[7:5]
denotes thé data lines of bits 5, 6 and 7, and temp_sum[4:3] denotes the data lines of
bits 3 and 4.

[0052] Compared with the software implementation, the hardware solution has
less complexity and is more energy-efficient, because: (1) it is easy to make the
register and buffer support 2-bit data access in hardware implementation, which is
relatively difficult in software solution; (2) it does not need the temporary register and
the SHIFTING operation unit in the hardware implementation. Instead, these two
functions can be implemented by appropriately connecting the data lines. As a result,
the hardware Error Diffusion Encoder only needs 2 times of 2-bit memory access and
2 times of i—bit register access for each pixel, which consumes much less energy.
[0053] The above illustration is based on images with one color plane. As for
color images (e.g. 24-bit true color image, 16-bit color image, etc.), the RGB sub-pixel
data can be fed into the display system sub-pixel by sub-pixel or color plane by color
plane in different display system configurations. For the former case, 3 copies of the
Error Diffusion Encoder may be used to process the R, G and B sub-pixels
independently. For the later case, one copy of the encoder may be used to process the
R, G and B color plane sequentially. Other configurations may exist.

[0054]  In aparticular embodiment, an Error Diffusion Encoder is implemented in

an XC3 S400-FG320 of Xilinx Spartan series FPGA. According to one embodiment,
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the hardware pseudo-code for one color plane is shown in Figure 9, in which the input
8-bit pixel data is encoded to 3-bit data.

[0055] As for the true color image with 3 color planes, a 24-bit image is fed into a
frame buffer pixel by pixel, in which each pixel includes the B, G and R color data
with 8 bits respectively. In this case, three copies of the Error Diffusion Encoders and
the corresponding intern buffers are utilized. A block RAM in FPGA (defined in
constrain file) is used to implement internal memory buffer to store the diffused error
in one scan line. Block RAMs are dedicated blocks of true dual-port RAM. This kind
of implementation saves power than FPGA’s logic resources. The implemented frame
rate is approximately 30frame/second and the image size is 640x480 pixels. For the
encoder core logic, only 3840 bits of block RAMs, 379 slices and 154 slice flip-flops,
which have an equivalent gate count of 32,723 (including block RAMs) gates, are
used.

[0056] Real image data is used for FPGA simulation to verify the proposed
hardware Error Diffusion Encoder. The original image is 24-bit true color, after the
Error Diffusion Encoder, the color depth is reduced to 9 bits with 3:3:3 for RGB. The
simulation results show the hardware Error Diffusion Encoder outputs the same
images as in the software experiments described above.

[0057] Due to the Error Diffusion Encoder is integrated in the LCD controller, the
core logic of the additional encoder is useful for the power budget, thus the I/O part is
not included. The error diffusion encoder core logic only consumes approximately
2.4mW of power. By using one or more techniques described above, approximately
5/8 of frame buffer storage room can be saved and their power can be reduced or shut
down. But consider that practical SDRAM frame buffer are 4, 8 or 16 bits wide, about
1/2 power can be saved for 4 bits wide frame buffer. For 16Mbit frame buffer, about

8Mbit’s power consumption, can be saved. For example, if 16Mbit SDRAM from
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Samsung, K4S161622E is used for frame buffer, its power consumption is 462mW at
operating mode and 231mW power can be saved.

[0058]  For equivalent capability, FPGA will consume about 20 times of pbwer as
that of an ASIC. If the error diffusion encoder is integrated directly into LCD
controller by the ASIC, the power consumption will be reduced to 0.12mW. At
average, for 16Mbit SDRAM K4S161622E, one bit will consume about
2.88x10-5mW. The power of hardware error diffusion can be converted to about 4155
bits’ power consumption in 16Mbit SDRAM. For the error diffusion encoder
described above, 8Mbits of frame buffer’s power can be saved at the expenses of
4kbits powér, the expenses is about 0.05% of saved frame buffer power.

[0059] Reducing pixel bit number from 24-bit to 9-bit by our proposed hardware
Error Diffusion Encoder solution, we can not only save the power of frame buffer but
also the 5/8 of power of frame buffer data bus and LCD panel bus. Based on the energy
portion of conventional system component of hand-held embedded system, we can
estimate the portion of total power saved by hardware error diffusion encoder (Due to
the additional encoder power is only about 0.05% of saved frame buffer power, it’s .
neglected in the estimation). The LCD panel bus is the type with 4-bit additional
sync/control signal. The data is shown in table below. From the table below, we can
see that about 10.57% of whole hand-held embedded system power can be saved by

our proposed hardware Error Diffusion Encoder.

Component Display Display LCD LCD
memory memory data Panel bus | Controller
device bus

Power portion (%) 13.2 3.2 5.8 34

without encoder

Power portion (%) 6.6 1.2 3.38 34

with encoder

Saved portion (%) 6.6 2 2.42 0

Tota] saved portion 10.57

(%)
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We only calculated the saved power portion for handheld devices with independent
frame buffer chips. For that architecture with part of main memory mapped for display
frame buffer, with hardware Error Diffusion Encoder Solution, the saved power on
display memory data bus and LCD panel bus still remain.

[0060] Above are the implementation and analysis on encoding 24-bit color
images to 9-bit ones. The hardware design is similar in dealing with the encoding from
24-bit images to 8-bit ones, from 16-bit images to 8-bit,‘from 16-bit to 9-bit, etc. Note
that the above described techniques are applied to a color plane for the purposes of
illustration. It is not so limited. It will be appreciated that the above described
techniques may also be applied to grey scale image planes, where the grey scale image
planes may be considered as a special kind of color planes.

[0061] Figure 10 is a block diagram of an example computer system that may use
an embodiment of a display sub-system having at least one of the features described
above, such as, for example, an error diffusion encoder as described above. In one
embodiment, computer system 1000 includes a communication mechanism,
interconnect, and/or bus 1011 for communicating information, and an integrated
circuit component such as a main processing unit 1012 coupled with bus or
interconnect 1011 for processing information. The main processing unit 1012 may
include one or more processors or processing core logic working together as a unit.
[0062] Computer system 1000 further includes a random access memory (RAM)
or other dynamic storage device 1004 (also referred to as a main memory) coupled to
bus or interconnect 1011 for storing information and instructions to be executed by
main processing unit 1012. Main memory 1004 may also be used for storing
temporary variables or other intermediate information during execution of
instructions by main processing unit 1012.

[0063] Firmware 1003 may be a combination of software and hardware, such as

Electronically Programmable Read-Only Memory (EPROM) that has the operations
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for the routine recorded on the EPROM. The firmware 1003 may embed foundation
code, basic input/output system code (BIOS), or other similar code. The firmware
1003 may make it possible for the computer system 1000 to boot itself.

[0064] Computer system 1000 may also include a read-only memory (ROM)
and/or other static storage device 1006 coupled to bus or interconnect 1011 for storing
static information and instructions for main processing unit 1012. The static storage
device 1006 may store OS (operating system) level, also referred to system level, and
application level software. Computer system 1000 may further be coupled to a display
device 1021, such as a cathode ray tube (CRT) or liquid crystal display (LCD),
coupled to bus 1011 for displaying information to a computer user. A chipset may
interface with the display device 1021.

[0065] An alphanumeric input device (keyboard) 1022, including alphanumeric
and other keys, may also be coupled to bus 1011 for communicating information and
command selections to main processing unit 1012. An additional user input device is
cursor control device 1023, such as a mouse, trackball, trackpad, stylus, or cursor
direction keys, coupled to bus 1011 for communicating direction information and
command selections to main processing unit 1012, and for controlling cursor
movement on a display device 1021. A chipset may interface with the input output
devices.

[0066] Another device that may be coupled to bus 1011 is a hard copy device
1024, which may be used for printing instructions, data, or other information on a
medium such as paper, film, or similar types of media. Furthermore, a sound
recording and playback device, such as a speaker and/or microphone (not shown) may
optionally be coupled to bus 1011 for audio interfacing with computer system 1000.
Another device that may be coupled to bus 1011 is a wired/wireless communication
capability 1025. Further, according to one embodiment, system 1000 includes an

image capturing device 1030, such as, for example, a digital camera, a video camera,
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and/or a scanner, etc. The image capturing device 1030 may capture a stream of
images and system 1000 may process the captured images using one or more
techniques described above.

[0067] According to one embodiment, an error diffusion encoder having one or
more of the algorithms described above may be implemented within system 1000. For
example, an error diffusion encoder may be implemented as application software, -
which may be stored in non-volatile memory 1006 and executed from main memory
1004 to process display data in one or more frame buffers and display the data in
display device 1021. Alternatively, the error diffusion encoder may be implemented
in firmware 1003 or a device driver (e.g., a display driver). Further, the error diffusion
encoder may be implemented in hardware, such as, for example, a display controller,
which may be implemented within chipset 1036 and/or processor 1012. The one or
more frame buffers may be specifically allocated from memory 1004. Alternatively,
the one or more frame buffers may be implemented as separate dedicated memory
within the hardware and/or firmware, such as, for example, chipset 1036 and/or
firmware 1003, or a combination of the above configurations. Other components may
also be included.

[0068] Thus, methods and apparatuses for error diffusion for display frame buffer
power saving have been described herein. Some portions of the preceding detailed
descriptions have been presented in terms of algorithms and symbolic representations
of operations on data bits within a computer memory. These algorithmic descriptions
and representations are the ways used by those skilled in the data processing arts to
most effectively convey the substance of their work to others skilled in the art. An
algorithm is here, and generally, conceived to be a self-consistent sequence of
operations leading to a desired result. The operations are those requiring physical
manipulations of physical quantities. Usually, though not necessarily, these quantities

take the form of electrical or magnetic signals capable of being stored, transferred,
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combined, compared, and otherwise manipulated. It has proven convenient at times,
principally for reasons of common usage, to refer to these signals as bits, values,
elements, symbols, characters, terms, numbers, or the like.

[0069] It should be borne in mind, however, that all of these and similar terms are
to be associated with the appropriate physical quantities and are merely convenient
labels applied to these quantities. Unless specifically stated otherwise as apparent
from the above discussion, it is appreciated that throughout the description,
discussions utilizing terms such as "processing" or "computing" or "calculating" or
"determining" or "displaying" or the like, refer to the action and processes of a
computer system, or similar electronic computing device, that manipulates and
transforms data represented as physical (electronic) quantities within the computer
system's registers and memories into other data similarly represented as physical
quantities within the computer system memories or registers or other such information
storage, transmission or display devices.

[0070] Embodiments of the present invention also relate to an apparatus for
performing the operations herein. This apparatus may be specially constructed for the
required purposes, or it may comprise a general-purpose computer selectively
activated or reconfigured by a computer program stored in the computer. Such a
cdmputer program may be stored in a computer readable .storage medium, such as, but
is not limited to, any type of disk including floppy disks, optical disks, CD-ROMs, and
magnetic-optical disks, read-only memories (ROMs), random access memories
(RAMs), erasable programmable ROMs (EPROMs), electrically erasable
programmable ROMs (EEPROMSs), magnetic or optical cards, or any type of media
suitable for storing electronic instructions, and each coupled to a computer system
bus.

[0071]  The algorithms and displays presented herein are not inherently related to

any particular computer or other apparatus. Various general-purpose systems may be
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used with programs in accordance with the teachings herein, or it may prove
convenient-to construct more specialized apparatus to perform the required method
operations. The required structure for a variety of these systems will appear from the
description below. In addition, embodiments of the present invention are not
described with reference to any particular programming language. It will be
appreciated that a variety of programming languages may be used to implement the
teachings o‘f embodiments of the invention as described herein.

[0072] A machine-readable medium may include any mechanism for storing or
transmitting information in a form readable by a machine (e.g., a computer). For
example, a machine-readable medium includes read only memory (“ROM”); random
access memory (“RAM”); magrletic disk storage media; optical storage media; flash
memory devices; electrical, optical, acoustical or other form of propagated signals
(e.g., carrier waves, infrared signals, digital signals, etc.); etc.

[0073] In the foregoing specification, embodiments of the invention have been
described with reference to specific exemplary embodiments thereof. It will be
evident that various modifications may be made thereto without departing from the
broader spirit and scope of embodiments of the invention as set forth in the following
claims. The specification and drawings are, accordingly, to be regarded in an

illustrative sense rather than a restrictive sense.
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CLAIMS
What is claimed is:

1. A computer implemented method, comprising:

in a normal power state, directly storing pixels of a color plane of image data in
a first segment and a second segment of a frame buffer;

in a' low power state, performing an error diffusion operation on the pixels to
reduce a color depth of the pixels, the normal and low power states are
independent and switchable from each other; and

storing at least a portion of the pixels with reduced color depth in the first
segment of the frame buffer without accessing the second segment of

the frame buffer during the low power state.

2. The method of claim 1, further comprising reducing power to the second

segment of the frame buffer during the low power state.

3. The method of claim 1, further comprising:
during the normal power state, fetching the pixels from the first and second
segments of the frame buffer for display; and
during the low power state, fetching the pixels with reduced color depth from
| the first segment of the frame buffer for display without accessing the

second segment of the frame buffer.

4. The method of claim 3, wherein the first segment is a most significant device
(MSD) of the frame buffer and the second segment is a least significant device (I.SD)
of the frame buffer.
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5. The method of claim 4, wherein during the low power state, pixels with
reduced color depth are used as data associated with the MSD for display while a
predetermined value is used as data associated with the LSD for display without

accessing the LSD of the frame buffer.

6. The method of claim 1, wherein performing an error diffusion operation on the
pixels comprises:
for each source pixel of each color plane of the image data, calculating an
output value corresponding to a source pixel value of the source pixel
according to a predetermined algorithm;
calculating an error between the output value and the source pixel value; and

diffusing the error to up to two neighboring pixels of the source pixel.

7. The method of claim 6, wherein the up to two neighboring pixels are a right

pixel and a bottom pixel of the source pixel.

8. The method of claim 6, wherein diffusing the error to up to two neighboring
pixels comprises adjusting pixel values of the up to two neighboring pixels with at
least a portion of the error, wherein the portion of the error diffused to the neighboring
pixel in an identical row is temporarily stored in a register and a portion of the error

diffused to the neighboring pixel in a next row is temporarily stored in a line buffer.
9. The method of claim 6, further comprising reducing color bits of each pixel

with reduced color depth to fit within the first segment of the frame buffer prior to

storing each pixel in the first segment of the frame buffer.
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10.  The method of claim 9, wherein reducing color bits of each pixel with reduced
color depth comprises:
for each pixel of a color plane, arithmetically adding the error diffused from up
to two neighboring pixels to an original value of a pixel, and
stoﬁng a predetermined number of most significant bits (MSBs) of the output

value in the first segment of the frame buffer.

11.  The method of claim 1, wherein the error diffusion operation is performed by
an encoder implemented within at least one of software, a display controller, and a

chipset of a data processing system.

12. A machine-readable medium for storing instructions, when executed by a
machine, cause the machine to perform a method, the method comprising:
in a normal power state, directly storing pixels of a color plane of image data in
a first segment and a second segment of a frame buffer;
in a low power state, performing an error diffusion operation on the pixels to
reduce a color depth of the pixels, the normal and low power states
being independent and switchable from each other; and
storing at least a portion of the pixels with reduced color depth in the first
segment of the frame buffer during the low power state without

accessing the second segment of the frame buffer.

13.  The machine-readable medium of claim 12, wherein performing an error

diffusion operation on the pixels comprises:
for each source pixel of each color plane of the image data, calculating an

output value corresponding to a source pixel value of the source pixel

according to a predetermined algorithm;
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caldulating an error between the output value and the source pixel value; and

diffusing the error to up to two neighboring pixels of the source pixel.

14. The machine-readable medium of claim 13, wherein the method further
comprises reducing color bits of each pixel with reduced color depth to fit within the
first segment of the frame buffer prior to storing each pixel in the first segment of the
frame buffer, including
for each pixel of a color plane, arithmetically adding the error diffused from up
to two neighboring pixels to an original value of a pixel, and
storing a predetermined number of most significant bits (MSBs) of the output

value in the first segment of the frame buffer.

15. A data processing system, comprisiné:
a display subsystem including

a frame buffer having a first segment and a second segment,

an encoder coupled to the frame buffer and configured to

store pixels of a color plane of image data in the first and second
segments of the frame buffer during a normal power state,

perform an error diffusion operation on the pixels to reduce a color
depth of the pixels during a low power state, the normal and
low power states being independent and switchable from each
other, and

store at least a portion of the pixels with reduced color depth in the first
segment of the frame buffer during the low power state without

accessing the second segment of the frame buffer.
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16.  The system of claim 15, wherein during performing an error diffusion
operation on the pixels, the encoder is further configured to:
for each source pixel of each color plane of the image data, calculate an output
value corresponding to a source pixel value of the source pixel
according to a predetermined algorithm,
calculate an error between the output value and the source pixel value, and

diffuse the error to up to two neighboring pixels of the source pixel.

17.  The system of claim 16, wherein the encoder is further configured to reduce
color bits of each pixel with reduced color depth to fit within the first segment of the
frame buffer prior to storing each pixel in the first segment of the frame buffer,
including
for each pixel of a color plane, arithmetically adding the error diffused from up
to two neighboring pixels to an original value of a pixel, and
storing a predetermined number of most significant bits (MSBs) of the output

value in the first segment of the frame buffer.

18. A computer implemented method, comprising:

duﬁng a low power state of a frame buffer having a first segment and a second
segment, for each source pixel of each color plane of image data,
calculating an output value corresponding to a source pixel value of the
source pixel according to a predetermined algorithm;

calculating an error between the output value and the source pixel value;

diffusing the error to up to two neighboring pixels of the source pixel; and

storing the output value of the source pixel and the diffused up to two

neighboring pixels to the first segment of the frame buffer without
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accessing the second segment of the frame buffer during the low power

state of the frame buffer.

19.  The method of claim 18, further comprising reducing color bits of each output
value and the up to two neighboring pixels to fit within the first segment of the frame

buffer before being stored in the first segment of the frame buffer.

20.  The method of claim 19, wherein reducing color bits comprises:
for each pixel of a color plane, arithmetically adding the error diffused from up
to two neighboring pixels to an original value of a pixel, and
storing a predetermined number of most significant bits (MSBs) of the output

value in the first segment of the frame buffer.

28



WO 2007/036070 PCT/CN2005/001620
1/11 ’

AN AN VTN
A
5 SR

QAN

103

AL AP
i,
i ST

i G
~m—

L)

N\OPOE AN
N YRR
Wl te
RN
\ Ji%.¢
NN
RSN
o 95 ]

2 ',

_ N\

T
102
FIG. 1

4 12 e
S 5 Z

1020202029200% 55 i i, o
N e e ety S

L

RO
RIS
PRI

& AN NN OO NN
R

-
101

1700
L 20,0, %050 0 7,
KA
RS ISR
ob o0

SR XN
0058 .
o 070

SO0 0

07 8,000% 0,0, 95,7 2
e Q050 % 0 s l030 g8, 20200 0 0008 ey,
KOOSR DR OSICSRRPR SdC ‘relrg
QRAXSEAN AR KL X SH AL IA U J



PCT/CN2005/001620

WO 2007/036070

2/11

B

(as7) someQ Jueoyiubis jsean (asw) s91neq uesyubis 3soN
og |19 |za|eqa salooliolzolco|vo oy | 1a |l |culva|oa |28 |50 |9D |10 |Gd | 9d |
c0¢
(as7) somaq Juesyubis 1sea) (asw) =omneq yueouubis 1SCN
og {18 | ca|ed cajoglzaloo|lioleojco|(volsoloolsolod |ty |edjed| vy | Gd|od| L
[Xs74




PCT/CN2005/001620

WO 2007/036070

3/11

0t

(isued g310/Q01 "69)
aomaq Aeldsig

€0g /

<0, M4m0 @

Jojjonjue)) Aeydsiy

s|q ﬁEH

AR | (D

T ]

AN

Aaffng

L,y

ast

asn

O
3]

20¢e

Lo e —
rom\l

—| Jepodujy uersnyuq |

I01XF FIEMIFOS |

—_—d



PCT/CN2005/001620

WO 2007/036070

4/11

e0v .

L0, 1GM0T ()

Japjonuo) Aepdsiq

(1%

(leued g310/Q01 "69) <+ T
a91naq Aejdsig
: ®
s¥q YsIH

Joxxy A|4.

s M0

ast

asmn

0oV

(434



PCT/CN2005/001620

WO 2007/036070

5/11

08

(jeued g310/@07 “69) ¢

aonaqg Aejdsig

sHamol Joqjonuo)) Aeydsiq
®©
sHq YSLE prye—
105 x
'y
worsmnq < SHAMOT wm
xonxg < 19 Y8
@] a¥ >
-
A 4 A 4
aswn asi asmn
Lafjng awpa] passaaduo) 4pffng auuv4 passaiduioour)

a20s \

|

wos



PCT/CN2005/001620

WO 2007/036070

6/11

v9 "Bi4

09
Jayng swey. ayj Jo JusLubas puoass atp
Buissaooe jnoym ajels Jamod mo) auy) Buuinp sajng swey au} jo uawbas
151y 8y} U yidep Jojoo paonpal upm siexid ayj o uoiiod e Ises)| je 8i0lg

209
aje)s Jomod moj e Buunp siexid ayy
10 ydap 10j0o B 20npal o} sjexid sy} uo uofesado uoisnyp JouS Ue wiopad

[
(]
(o]



PCT/CN2005/001620

WO 2007/036070

7/11

|

Q)|
(o)

g9 "614

959
-(123)y Jous “6°2) Jous pajybiem e Bunsnipe
Buippe Aq jexd BuliogqyBisu yoes jo anjea sy} Bunepdn ‘sidwexs 1o} ‘se
yons ‘[exid sainos ay} Jo sjaxid Bupoqybiou a1ow 10 suo 0} JouS U} ssnud

$59
-anjeA joxid asinos

3y} pue anjeA Jndino sy} ussmaq (Souatayip 6'9) Jou9 ue suiuBlaQ

259
-(jox1d #o1n0s ayj Jo sgsy 10 sjig Juesyiubis jsow jo uogod
e Buluiees “6°8) |axid 2o.nos & Jo anfeA jndino ue ajejnojes ‘(wojoq o}
BL 0} yaj woy ‘ya} do sy woyy “6-8) sueld abew) 10j0d e ut [@xid Yyoea 104




PCT/CN2005/001620

WO 2007/036070

8/11

loqjopuy Tl
Tofjopuy 11

(1ex1d wopoq o1 01 J0LID OSNJIP) [ << 40447 dwid) = [X)42ffng 01
(1ex1d 1y311 o1} 03 JOLID SSNIFIP) [ << 40449 dwd] = 42)51324 6

(Yo1ro ayenoYeD) JIXQ 29 wins” dwdy = 40413 dutay 'Q

(anea joxid ndyno 303 03 Smznuenb) 09%Q 2 wns dwzy = [X|4affngouin.s,y Vi
GG = wins duraj (Boryesado Wwns Ul MO[IISA0) 11 ‘9

(oujea oxid aFeuwn juonmo o1 o3epdn) [X)4affnq + 42151804 + [X]|2B0UIy24S = wins duay ¢

mo1 suo ur x uopisod joxid oes 04
0 014951324198 '€

oSewr o) U1 MOI YoBd 104 T

0 01 [14affnq Ut sfe0 S [18 108 °1

wpLesy
Ao12-dwia)
19151301 £q payuswodun oq ueo Iogng Arerodwa], ) ‘wns duay
PSNIWO SI SaUN| Ue0S UoamIaq SurssaIppe oy “ejep sSeult [pUISLQ [Je8prugag
poILuIO ST saul|

ueds usamleq Suissaippe oy ‘[oxid o3eun 3nsa1 oY) 2I10}S 0] JOPNQ Surel] [eafingouw.iq
1ox1d 3311 oy} 03 posnyIp I0LS Y} 910)S 0} ISIFTY 42151304

A ‘'sparad wopoq .
oY} 01 PasSNIJIp JOLD 2y} 9I0}S 0} MOX OFeUN SUO JO PAzZIs JoNng AIOWIA [Jaffng
uonEION




PCT/CN2005/001620

WO 2007/036070

9/11

z|

pug

[passasoid moxjset

4

MOI 3XaU
0=X

[£:ploms™ dwoy = [x]4affng

[+x=X
[¢:p)ums dwiay = [x]43ffng
[¢:pJums ™ dwroy = 40251824

N

J uoamyo 35ty

[s: £ mns™dwsy = [xaaffngown.s

|

X0 =ums duisy

N

{ MOJJ YOAQ

[X]1affng + 4315t34 + [x]aBvtupasg — wms dway

ﬁ

0 = 42151324

=

=X

0= [l4affng

1

w3y

X viep

ouqe e g g
woIsAs

150y 9y 0} 99BJIoNKN
Kedstp oy ®1A POy VIEp
exid  ofemm  pemSuo
Siq ¢ sey [[20

yoes Aromdm Iepnq
Aepdsip oip Jo ped gSIN
sq g 31

a1y o3 joxid 1oy yOmId

pasngp 21038 I9)sidor -

S)q g sey aogng oy
3O [199 GOTS Mopeq MoX
oW Joj oD pasngip

10 omy 2a0 d10)S 13PRq

fa:0lx

[]23vwpoag

[efngaunsy

£3151324

[J+afing
uonejoN



PCT/CN2005/001620

WO 2007/036070

10/11

a[npowpud

c:L dwoy = 0 3 uBtsse

pua
Tlulous = (iuo " mer]yr0L10
o]y duy = [1]u 10112
uidaq
(1o o8pasod) @) skempe

{009,110 10310} +{ 00,7’ Buo mer}yionn}41 LT0.821 a>{009.2[11u s0m0}+{009,7 o me1] j1om0}+1 Y=y duie} usisse
aspa
{000,z fruo amer] promo 1 3 109,867 A>{009,7 puo men] [Iouo}1 Y=y dwo) ugisse
((1==uo™ mex)2pmp(1=jjuo” SW))H s[>
{009,z (110 toxe 141 W AU w>{008,c (1 ]u tone}+1 M=y dw) uisse
((1=i1uo” Me2)7p2p([==jus™ W) 35
9=y dwo} usisse
(1==3u0" me1)7929([==3u0 2uI]))}!

Guo JuUIUs MEI ) Ja3a3mt

o dwoy [o:L] M

{[1]u 1015 [MeL: {]1I0100 [o:1] 8aa
0y [0:Z] . ndyne

op ynduy

S0 N (72 sndur

(09 P 1 Y)esurqroLy Aupow




PCT/CN2005/001620

WO 2007/036070

11/11

0L "Old

G201
0e0} JOV4H3LNI ¥¢01 €201 SAET
30In3d SSAT 120}
ANOHJITAL || 301n3d I0IN3AA T201
ONIN o SST1FUIM || AdOD JOMLNOD auvosAm | | 3239 )
, /a3dIM ayvH HOSHND
820t
Alddns
H ¥IMOd
1101
1OINNOOYILNI HO sSng
_ A A A A
\'4
9001 I €00l
clob S AHOWIN vo0L \
NIVIN 13S dIHO -NON NIV

0004




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2005/001620

A. CLASSIFICATION OF SUBJECT MATTER

See extra sheet
According to International Patent Classification (IPC) or to both national classification and JPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GOG6F 19/00 (2006.01)

G09G 5/00 (2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

L.SD;

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPI ; EPODOC ; CNPAT ; PAJ ; CNKI; error; diffus-+; frame; buffer; memory; power; reduc-;

sav+; consum-; low-; mode; state; pixel; color depth; most significant device; MSD; least significant device;

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

A US, Al, 2005195437

A IP, A, 2002251173

A JP, B2, 3225767

A JP, A, 9101771

(EAST ) EASTMAN KODAK CO
08.Sep 2005 (08.09.2005)

(MATU ) MATSUSHITA DENKI SANGYO KK
06.Sep 2002 (06.09.2002)

(GENH ) FUJITSU GENERAL LTD
05.Nov 2001 (05.11.2001)
(HITA ) HITACHI LTD
15.Apr 1997 (15.04.1997)

Relevant to claim No.
1—20
the whole document
1—20
the whole document
1—20
the whole document
1—20
the whole document

[] Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:
“A” document defining the general state of the art which is not

considered to be of particular relevance

“E” earlier application or patent but published on or after the
international filing date

“L” document which may throw doubts on priority claim (S) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or
other means

“P” document published prior to the international filing date

but later than the priority date claimed

“T” later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

“X” document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve

an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious'to a person
skilled in the art

“& ”document member of the same patent family

“Y”

Date of the actual completion of the international search

11 Anr 2004 (11 042008)
L. Apr 2006 (11042006

Date of mailing of the international search report
10« WLV anng /1 8 N E.9N

4 U ML 4UVU AL i

)

ij

o

[
{

Name and mailing address of the ISA/CN

The State Intellectual Property Office, the P.R.China

6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China
100088

IFacsimile No. 86-10-62019451

v oJ o ULy
. [, T
Authorized officer 1‘,r"(—/~,4 S
L SR
AEEE B

L/ e

'

H * CMQ‘U‘

Telephone No. (86-1L&Q,l6.20_8f49» 88

N T

Form PCT/ISA /210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2005/001620
Patent document Publication data Patent family member(s) Publication data
cited in search report
US2005195437A1 08.Sep 2005 NONE
JP2002251173A 06.Sep 2002 NONE
JP3225767B2 05-Nov 2001 JP8146905A 07.Jun 1996
JP9101771A 15.Apr 1997 NONE

Form PCT/ISA /210 (patent family annex) (April 2005)




INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2005/001620

CLASSIFICATION OF SUBJECT MATTER

GOGF 19/00 (2006.01) i
G09G 5/00 (2006.01) i

Form PCT/ISA /210 (extra sheet) (April 2005)



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

