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METHOD AND APPARATUS FOR 
IMPLEMENTING 4:2:0 TO 422 AND 422 TO 

4:2:0 COLOR SPACE CONVERSION 

FIELD 

[0001] The present invention relates to the ?eld of YUV 
color space conversion from planar YUV 41210 format to 
packed 41212 YUV format and packed 41212 YUV format to 
planar YUV 41210 format. 

BACKGROUND 

[0002] Conversion of digital data from planar YUV 41210 
format to packed YUV 41212 format has been performed for 
graphics generation and digital video processing since 
packed YUV 41212 format provides a more detailed, richer 
display. Conversely, digital playback has typically been 
performed in a planar YUV 41210 format Which is a more 
compact format requiring less bandWidth. 

[0003] 41210 color space data is stored in a planar format, 
that is, in three contiguous locations, or surfaces, of memory. 
Therefore, in order to convert YUV color space from 41210 
to 4:212, it has been necessary to read all three surfaces, for 
the Y, U and V components respectively, convert the data 
and Write the data in the converted format. Such processing 
incurs high overhead, in terms of address generation capa 
bilities, buffering capacities, and data paths/streams to and 
from a memory. Furthermore, for the conversion of YUV 
41212 packed format data to the YUV 41210 planar format, 
the converted data is required to be Written to the three 
separate, memory locations Which also requires additional 
buffering capabilities and data paths/streams to and from the 
memory. 

[0004] Therefore, there eXists a need for a simpler and less 
eXpensive technique for performing color conversions. 

SUMMARY 

[0005] According to an embodiment of the present inven 
tion, a method and circuit are provided for color space 
conversion of YUV (luminance and chrominance) compo 
nents, including the steps of reading source data, sampling 
said UV samples in a vertical direction, performing a pass 
for each of said Y, U and V components, and Writing said 
YUV components in the converted format. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The foregoing and a better understanding of the 
present invention Will become apparent from the folloWing 
detailed description of eXample embodiments and the claims 
When read in connection With the accompanying draWings, 
all forming a part of the disclosure of this invention. While 
the foregoing and folloWing Written disclosure focuses on 
disclosing eXample embodiments of this invention, it should 
be clearly understood that the same is by Way of illustration 
and eXample only and the invention is not limited thereto. 
The spirit and scope of the present invention are limited only 
by the terms of the appended claims. 

[0007] The folloWing represents brief descriptions of the 
drawings, wherein: 

[0008] FIG. 1 is an eXample block diagram illustrating an 
eXample of a DVD data stream processing pipeline; 
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[0009] FIG. 2 is an eXample block diagram illustrating an 
eXample of an personal computer (PC) system according to 
an eXample embodiment of the present invention; 

[0010] FIG. 3A shoWs an eXample sampling grid of 41210 
color space data; 

[0011] FIG. 3B shoWs an eXample of planar YUV 41210 
format color space data as it is stored in a planar format; 

[0012] FIG. 4 shoWs an eXample sampling grid of 41212 
YUV color space data; 

[0013] FIG. 5 shoWs an eXample ?oWchart of color space 
conversion from planar YUV 41210 format to packed YUV 
41212 format according to an eXample embodiment of the 
present invention; 

[0014] FIG. 6A shoWs eXample sampling grids relating to 
the eXample color space conversion from planar YUV 41210 
format to packed YUV 41212 format shoWn in the eXample 
embodiment of the invention of FIG. 5; 

[0015] FIG. 6B shoWs eXample YUV data, respectively, 
as it is Written to memory, after the respective passes, in 
accordance With the eXample of FIG. 6A; 

[0016] FIG. 7 shoWs an eXample ?oWchart of color space 
conversion from packed YUV 41212 format to planar YUV 
41210 format according to an eXample embodiment of the 
present invention and 

[0017] FIG. 8 shoWs an eXample conversion of packed 
YUV 41212 data to planar YUV 41210 format data, in 
accordance With an eXample embodiment of the present 
invention. 

DETAILED DESCRIPTION 

[0018] Before beginning a detailed description of the 
invention, it should be noted that, When appropriate, like 
reference numerals and characters may be used to designate 
identical, corresponding or similar components in differing 
?gure draWings. Further, in the detailed description to fol 
loW, eXample embodiments and values may be given, 
although the present invention is not limited thereto. 

[0019] The emergence of Digital Versatile Disk (DVD) 
(also knoWn as Digital Video Disk) has alloWed personal 
computer (PC) manufacturers to provide a more effective 
multimedia PC for delivering video and audio information to 
users. It also presents a signi?cant technical challenge in the 
highly price-competitive PC market to provide PCs capable 
of providing high performance video and audio While main 
taining a loW cost. 

[0020] A DVD data stream can contain several types of 
packetiZed streams, including video, audio, subpicture, pre 
sentation and control information, and data search informa 
tion (DSI). DVD supports up to 32 subpicture streams that 
overlay the video to provide subtitles, captions, karaoke, 
lyrics, menus, simple animation and other graphical over 
lays. According to the DVD speci?cation, the subpictures 
are intended to be blended With the video for a translucent 
overlay in the ?nal digital video signal. 

[0021] FIG. 1 is a block diagram illustrating a typical 
DVD data stream processing pipeline 10. The video and 
audio streams are compressed according to the Moving 
Pictures Experts Group MPEG-2 standard. Additional infor 
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mation regarding the DVD processing can be found in the 
DVD Speci?cation, Version 1.0, August, 1996; and addi 
tional information regarding the MPEG-2 standard can be 
found, for example, in MPEG Video Standard: ISO/IEC 
13818-2: Information Technology—Generic Coding of 
Moving Pictures and Associated Audio Information: Video 
(1996) (aka. ITU-T Rec. H-262 (1996)). A discussion of a 
typical DVD data stream processing is also provided in 
published PCT application No. WO 99/23831. 

[0022] Referring to FIG. 1 again, in data stream parsing 
stage 12, an incoming DVD data stream is parsed or split 
(i.e., demultiplexed) into multiple independent streams, 
including a subpicture stream 13, a MPEG-2 video stream 
15 and a MPEG-2 audio stream 17. The MPEG-2 video 
stream 15 and the subpicture stream 13 are provided to a 
video processing stage 14. Similarly, the MPEG-2 audio 
stream is provided to an audio processing stage 16. 

[0023] Video processing stage 14, as depicted in FIG. 1, 
may include three sub-stages (sub-stages 18, 20 and 21). The 
?rst sub-stage is a DVD subpicture decode stage 18 in Which 
the subpicture stream is decoded into a tWo-dimensional 
array of subpicture values. Each subpicture value includes 
an index into a subpicture palette a and a corresponding 
alpha value. The indices identify Y, U and V values of the 
subpicture pixels. The alpha values are used for blending or 
image compositing the subpicture signal and the video 
signal. As a result, the subpicture data may be considered as 
being provided in a YUV 4:4:4 format (the palette contains 
the YUV 4:4:4 values or color codes for the subpicture 
signal). YUV is a color-difference video signal containing 
one luminance value (Y) or component and tWo chromi 
nance values (U, V) or components, and is also commonly 
referred to as YCrCb (Where Cr and Cb are chrominance 
values corresponding to U and V). The terms YUV and 
YCrCb can be used interchangeably. YUV 4:4:4 is a com 
ponent digital video format in Which each of the luminance 
and chrominance values are sampled equally (e.g., one Y 
value, one U value and one V value per pixel). 

[0024] The second sub-stage of video processing stage 14 
is an MPEG-2 video decode sub-stage 20 in Which the 
MPEG-2 video stream is decoded and decompressed and 
converted to a YUV 4:2:2 digital video signal. The incoming 
DVD video signals in the DVD data stream are decoded into 
a planar YUV 4:2:0 format. In accordance With the MPEG-2 
speci?cation, MPEG-2 decode sub-stage 20 then conducts a 
variable length decode (VLD) 22, an inverse quantization 
(IQUANT) 24, an Inverse Discrete Cosine Transform 
(IDCT) 26 and motion compensation 28. 

[0025] As noted, the incoming DVD video signals in the 
DVD data stream are decoded into a planar YUV 4:2:0 
format. Also, planar YUV 4:2:0 format is the digital com 
ponent format used to perform the MPEG-2 motion com 
pensation, stage 28. HoWever, a subsequent alpha-blending 
stage 32 is typically performed in packed YUV 4:2:2 format. 
Therefore, after motion compensation 28, a conversion stage 
30 is used to convert the digital video data from a planar 
YUV 4:2:0 format to an interleaved (or packed) YUV 4:2:2 
format. 

[0026] The interleaved (or packed) format is Where the Y, 
U and V samples are provided or stored in an interleaved 
arrangement (e.g., YUVYUVYUV . . . The planar format 

is Where a group of Y samples (e.g., for a frame) are 
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provided or stored together (typically contiguously) in a 
surface or set of buffers, a group of U samples are provided 
or stored together (typically contiguously) in a second 
surface or a second set of memory buffers, and the V samples 
are stored together (typically contiguously) in a third surface 
or set of buffers. Thus, in the planar format, as shoWn in 
FIG. 3B, the sets of Y, U and V samples are stored in 
separate surfaces (or separate sets of buffers or separate 
regions in memory). 

[0027] As shoWn in the YUV 4:2:2 sampling grid of FIG. 
4, in the packed YUV 4:2:2 format, there is one pair of 
chrominance samples (UV, represented by O in the ?gure) 
for tWo luminance samples (Y, represented by X in the 
?gure), that is, chrominance samples U, V are shared across 
tWo pixels. This is done by a 2:1 horiZontal doWnsanpling of 
the YUV 4:4:4 chrominance samples. In YUV 4:2:0, there is 
both a horiZontal 2:1 doWnsampling and a vertical 2:1 
doWnsampling of the chrominance samples (UV). Thus, as 
shoWn in the YUV 4:2:0 sampling grid of FIG. 3A, in the 
planar YUV 4:2:0 format, one pair of chrominance samples 
(UV) are shared for four pixels (While each pixel includes its 
oWn luminance sample, Y). 

[0028] Since the human eye is more sensitive to brightness 
than color, rather than sampling the Y, U and V samples 
equally (as in YUV 4:4:4), a video frame can be compressed 
Without a signi?cant perceived loss in quality by compress 
ing only the color or chrominance information (e.g., result 
ing in a packed YUV 4:2:2 format, or even a planar YUV 
4:2:0 format). As a result, compression can be achieved by 
doWnsampling the chrominance samples horiZontally (for a 
packed YUV 4:2:2 format) or by doWnsampling the chromi 
nance samples both horiZontally and vertically (for the 
planar YUV 4:2:0 format). Referring to FIG. 1 again, the 
resulting YUV 4:2:2 decoded video signals are provided to 
a third sub-stage 21 Where the YUV 4:2:2 video signals and 
the subpicture signals are blended together in an alpha blend 
process 32 (or image compositing process) to produce a 
video signal having a translucent overlay. Next the blended 
video signal is converted from YUV 4:2:2 to YUV 4:4:4 (not 
shoWn), and then provided to a YUV-to-RGB conversion 
process 34, in Which the blended digital video signal is 
converted from a YUV 4:4:4 format to a (red-green-blue) 
RGB format, Which is compatible With a cathode ray tube 
(CRT) display or other display. An image scaling process 36 
may then be performed to scale the image to a particular siZe 
for display. The RGB signal may be converted to an analog 
signal if required by the display or receiving device. The 
scaled RGB signal is then provided to a display or provided 
to other devices for recording, etc. 

[0029] The MPEG-2 motion compensation sub-stage 28 
Will be brie?y discussed. MPEG-2 video performs image 
compression using motion compensation and motion esti 
mation. Since motion video is a sequence of still pictures or 
frames, many of Which are very similar, each picture can be 
compared to the pictures adjacent in time. The MPEG 
encoding process breaks each picture into regions, called 
macroblocks, then hunts around in neighboring pictures for 
similar blocks. Then instead of storing the entire block, the 
system stores a much smaller pointer called a motion vector 
describing hoW far the block has moved (or didn’t move) 
betWeen the pictures. In this manner, one block or even a 
large group of blocks that move together can be ef?ciently 
compressed. 
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[0030] MPEG-2 uses three kinds of pictures. Intra pictures 
(I frames) are pictures in Which the entire picture is com 
pressed and stored With DCT quantization. This I frame 
creates a reference frame from Which successive pictures are 
built. Predicted pictures (P frames) contain motion vectors 
describing the difference from the closest I frame or P frame. 
If the frame has changed slightly in intensity (luminance) or 
color (chrominance), then this difference is also encoded. If 
something neW appears Which does not match previous 
blocks, a neW block is stored in the same Way an I frame is 
stored. Thus, P frames also operate as reference frames for 
building additional frames. A third type of frame is a 
bidirectional picture (B frame), Where the system looks 
forWard and backWard to match blocks to the closest I frame 
and/or P frame. B frames do not function as reference 
frames. 

[0031] The processing stages/substages associated With 
DVD processing pipeline 10 tend to be extremely compute 
intensive. In particular, the MPEG-2 decode stages, includ 
ing the motion compensation 28, tend to be the most 
compute intensive stages. An important consideration for PC 
manufacturers in providing DVD capabilities is cost. 
Because the DVD processes are compute intensive, there is 
a need to provide cost-effective solutions that reduce the 
costs associated With the various stages and substages of the 
DVD processing pipeline. In a computer system, the pro 
cessor typically eXecutes softWare to perform some if not all 
of the DVD processing. While this may be relatively inex 
pensive because no specialiZed DVD hardWare is necessary, 
such a solution can overburden the processor and results in 
a “jerky” frame rate or dropped frames Which are very 
noticeable and generally considered unacceptable. As 
described beloW, according to an embodiment of the inven 
tion, one or more functions in the DVD pipeline can be 
performed in hardWare to provide increased performance. 
As described beloW in detail, several neW techniques are 
used to decrease hardWare complexity and cost While main 
taining adequate DVD quality and performance. 

[0032] Although eXample embodiments of the present 
invention Will be described using an eXample system block 
diagram in an eXample personal computer (PC) system or 
environment, practice of the invention is not limited thereto, 
i.e., the invention may be practiced With other types of 
systems, and in other types of environments. 

[0033] Referring to the ?gures in Which like numerals 
indicate like elements, FIG. 2 is a block diagram illustrating 
an eXample personal computer (PC) system. Included Within 
such system may be a processor 112 (e.g., an Intel® Cel 
eron® processor) connected to a system bus 114. A chipset 
110 is also connected to system bus 114. Although only one 
processor 112 is shoWn, multiple processors may be con 
nected to system bus 114. In an eXample embodiment, the 
chipset 110 may be a highly-integrated three-chip solution 
including a graphics and memory controller hub (GMCH) 
120, an input/output (I/O) controller hub(ICH) 130 and a 
?rmWare hub 140. 

[0034] The GMCH 120 provides graphics and video func 
tions and interfaces one or more memory devices to the 
system bus 114. The GMCH 120 may include a memory 
controller as Well as a graphics controller (Which in turn may 
include a 3-dimensional (3D) engine, a 2-dimensional (2D) 
engine, and a video engine). GMCH 120 may be intercon 
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nected to any of a system memory 150, a local display 
memory 160, a display 170 (e.g., a computer monitor) and 
to a television via an encoder and a digital video output 
signal. GMCH 120 maybe, for eXample, an Intel® 82810 or 
82810-DC100 chip. The GMCH 120 also operates as a 
bridge or interface for communications or signals sent 
betWeen the processor 112 and one or more I/O devices 
Which may be connected to ICH 140. As shoWn in FIG. 2, 
the GMCH 120 includes an integrated graphics controller 
and memory controller. HoWever, the graphics controller 
and memory controller may be provided as separate com 
ponents. 
[0035] ICH 130 interfaces one or more I/O devices to 
GMCH 120. FWH 140 is connected to the ICH 130 and 
provides ?rmWare for additional system control. The ICH 
130 may be for eXample an Intel® 82801 chip and the FWH 
140 may be for eXample an Intel® 82802 chip. 

[0036] The ICH 130 may be connected to a variety of I/O 
devices and the like, such as: a Peripheral Component 
Interconnect (PCI) bus 180 (PCI Local Bus Speci?cation 
Revision 2.2) Which may have one or more I/O devices 
connected to PCI slots 192, an Industry Standard Architec 
ture (ISA) bus option 194 and a local area netWork (LAN) 
option 196; a Super I/O chip 190 for connection to a mouse, 
keyboard and other peripheral devices (not shoWn); an audio 
coder/decoder (Codec) and modem Codec; a plurality of 
Universal Serial Bus (USB) ports (USB Speci?cation, Revi 
sion 1.0); and a plurality of Ultra/66 AT Attachment (ATA) 
2 ports (X3T9.2 948D speci?cation; commonly also knoWn 
as Integrated Drive Electronics (IDE) ports) for receiving 
one or more magnetic hard disk drives or other I/O devices. 

[0037] One or more speakers are typically connected to 
the computer system for outputting sounds or audio infor 
mation (speech, music, etc.). According to an embodiment, 
a compact disc(CD) player or preferably a Digital Video 
Disc (DVD) player is connected to the ICH 130 via one of 
the I/O ports (e.g., IDE ports, USB ports, PCI slots). The 
DVD player uses information encoded on a DVD disc to 
provide digital audio and video data streams and other 
information to alloW the computer system to display and 
output a movie or other multimedia (e.g., audio and video) 
presentation. 
[0038] Discussion noW turns more speci?cally to the sec 
ond sub-stage of video processing stage 14 in Which the 
MPEG-2 video stream is decoded and decompressed and 
converted to a YUV 422 digital video signal, particularly 
conversion stage 30 (see FIG. 1) in Which the digital video 
data is converted from a planar YUV 420 format to a 
packed YUV 422 format. Such conversion has application, 
for eXample, for video-conferencing display or the display of 
other netWork data Which is usually transmitted in planar 
YUV 420 format but is displayed using a packed YUV 
422 format. Further, the discussion of the present invention 
Will also include the conversion of digital video data from 
the packed YUV 422 format to the planar YUV 420 
format, Which has application, for eXample, in DVD play 
back. It should be noted that for YUV 4:2:2 packed format, 
for Which the folloWing discussion pertains although the 
present invention is not limited thereto, data is Written in 
double Words Which contain tWo piXels. A double Word is 32 
bits since a Word is 16 bits. 

[0039] An embodiment of the present invention utiliZes 
multiple passes, one pass for all values of each of the 
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respective YUV components, to thereby provide a loW-cost 
conversion method for planar format (e.g., 41210) to packed 
format (e.g., 412:2) having reduced overhead requirements. 
That is, by utilizing multiple passes, an embodiment of the 
present invention requires less extensive hardWare than a 
single pass approach Which Would require that three separate 
streams of data (one for each of the YUV components, 
respectively) be input and processed in parallel. The single 
pass approach Would require three separate circuits for 
addressing memory buffers, three separate circuits for rout 
ing or inputting the respective data streams, and three sets of 
temporary buffers for buffering the data during processing. 

[0040] Planar 41210 YUV color space data is stored in a 
planar format, that is, in three locations, or surfaces, of 
memory, as shoWn in FIG. 3B. Therefore, in order to 
convert YUV color space from planar YUV 41210 format to 
packed YUV 41212 format, it has been necessary to read all 
three surfaces, for the Y, U and V components respectively, 
convert the data and Write the data to a double Word of the 
converted packed YUV 41212 format. As set forth above, 
such processing incurs high overhead, in terms of address 
generation capabilities, buffering capacities, and memory 
streams. Furthermore, for the conversion of packed YUV 
41212 format color space data, shoWn in FIG. 4, to the planar 
YUV 41210 format color space data, the converted data is 
Written to the three separate memory locations utiliZing 
multiple passes, thereby requiring additional buffering capa 
bilities and memory streams. 

[0041] According to an embodiment of the present inven 
tion, for conversion of planar YUV 41210 format data to 
packed YUV 41212 format data, planar YUV 41210 format 
source data may be read as texture stream data, and then 
three separate passes, including one pass for all values of 
each of the respective Y, U and V components, and byte 
masking, or logic packing, are executed in order to convert 
the planar YUV 41210 format source data into packed YUV 
41212 format destination data, thus providing color space 
conversion at a loWer cost With reduced overhead. Byte 
masking enables respective ones of the YUV components to 
be selectively Written to memory, in converted form, Without 
corrupting previously Written component values. 

[0042] In particular, the individual YUV values of the 
planar YUV 41210 format source data are scaled to the 
resolution of the destination surface. Such scaling can be 
accomplished either by upsampling or doWnsampling the 
source data With a bilinear ?lter in both the vertical and 
horiZontal directions, and the UV data is further adjusted by 
a half-pixel location to align With the sampling point of the 
packed YUV 41212 format. Y data can be scaled Without such 
a half-pixel adjustment. This process utiliZes, for example, 
the example interpolation formula or conversion formula 
{(X/11—(1—(X)/10} to determine the interpolated upsampled 
values of UV. The adjustments of the sampling points may 
be, but is not at all limited to, one half pixel position. The 
value “0t” indicates the offset of the sample in relation to the 
converted format, #1 is the value of the loWer component and 
#0 is the value of the higher component. For example, to 
interpolate the neW values of UV, represented by U‘, refer 
ence is made to the example of FIG. 6A. To arrive at the neW 
value of UV at U‘1O in the 41212 sampling grid 900, an 
interpolation utiliZing the example interpolation or conver 
sion formula {(X/11—(1—(X)/10} must be made With #1 repre 
senting the loWer UV values U2O in the 41210 sampling grid 
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800 and #0 representing the upper UV values U0O at bit 
address YO0 in the 41210 sampling grid 800. The value “0t” 
in this example is 0.25, since the sampling point for the UV 
value represented by U“ 10 in the 41212 sampling grid 900 is 
offset doWnWard by 0.25 pixel from the upper UV value 
represented by U0O at bit address Y0O in the 41210 sampling 
grid 800. Thus, utiliZing the interpolation or conversion 
formula {0W1 —(1—(X)/10}, the neW chrominance values UV at 
U“1O in the converted 41212 sampling grid is interpolated as 
U“10=(0.25)U2O+(1—0.25)UO0. 
[0043] It should be noted that, in the present example of 
converting planar YUV 41210 format data to packed YUV 
41212 format data, no interpolating or upsampling is neces 
sary for the Y component values since the Y components are 
the same for both the planar YUV 41210 and packed YUV 
41212 formats. HoWever, practice of the present invention is 
not limited to embodiments Where Y components are not 
interpolated, i.e., Y interpolation may be appropriate in some 
embodiments, e.g., for other types of format conversions. 

[0044] Thus, an effect of scaling the YUV values by the 
bilinear ?lter is to produce data in the resolution of the 
destination surface Whereby each double Word pixel of 4 
bytes and 32 bits is assigned one luminance (Y) and tWo 
chrominance samples (UV), in the manner of four bytes 
including a YUYV con?guration. To thereby Write the data 
into a double Word of the converted packed YUV 41212 
format, byte masks are provided to the memory to perform 
the logic packing of a double Word by Which the components 
are Written to memory. Logic packing utiliZes byte masks 
Which are logic con?gurations for selectively Writing the 
respective YUV component values to the correspondingly 
appropriate bytes of the memory to thereby avoid corrupting 
the other component values. For example, Y components are 
Written to memory using a “1010” byte mask, and therefore 
Y values Will be Written into the ?rst and third bytes of the 
41212 double Word While protecting the contents of the 
second and fourth bytes from overWriting; then the U 
components are Written to memory using, for example, a 
“0100” byte mask so as not to corrupt the Written Y 
components, and therefore U values Will be Written into the 
second byte of the 41212 double Word While protecting 
contents of the ?rst, third and fourth bytes from overWriting; 
and lastly, the V components are Written to the destination 
using, for example, a “0001” byte mask so as not to corrupt 
either of the Written Y or U components, and therefore V 
values Will be Written into the fourth byte of the 41212 double 
Word While protecting the contents of the ?rst, second and 
third bytes from overWriting. It should be noted that the 
individual passes for all of the values of the respective YUV 
components may be in any order, although the byte masks 
are provided similar to those described above so that the 
previously Written components are not corrupted. 

[0045] Speci?cally, FIG. 5 shoWs a How chart for con 
verting planar YUV 41210 format data to packed YUV 41212 
format data in accordance With the sample 41210 and 41212 
sampling grids of FIG. 6A (800 and 900, respectively). An 
example of the byte masks used for such conversion is 
shoWn in FIG. 6C, With the masks being, for example, 
“0100” for the U pass, “0001” for the Vpass, and “1010” for 
the Y pass. 

[0046] Referring again to FIG. 5, after START 500, a Y 
pass is executed as a bilinear ?lter reads the incoming Y 








