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ONE-STREAM CODING FORASYMMETRIC 
STEREO VIDEO 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/334,253, filed May 13, 2010, U.S. 
Provisional Application No. 61/366,436, filed Jul. 21, 2010, 
and U.S. Provisional Application No. 61/433,110, filed on 
Jan. 14, 2011, each of which is hereby incorporated by refer 
ence in its entirety. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0002 This application is related to the following co-pend 
ing U.S. Patent Application: 
0003 “FRAME PACKING FOR ASYMMETRIC STE 
REOVIDEO by Ying Chenet al., having Attorney Docket 
No. 101116, filed concurrently herewith, assigned to the 
assignee hereof, and expressly incorporated by reference 
herein. 

TECHNICAL FIELD 

0004. This disclosure relates to video coding. 

BACKGROUND 

0005 Digital video capabilities can be incorporated into a 
wide range of devices, including digital televisions, digital 
direct broadcast systems, wireless broadcast systems, per 
Sonal digital assistants (PDAs), laptop or desktop computers, 
digital cameras, digital recording devices, digital media play 
ers, video gaming devices, video game consoles, cellular or 
satellite radio telephones, video teleconferencing devices, 
and the like. Digital video devices implement video compres 
sion techniques, such as those described in the standards 
defined by MPEG-2, MPEG-4, ITU-T H.263 or ITU-T 
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), 
and extensions of Such standards, to transmit and receive 
digital video information more efficiently. 
0006 Video compression techniques perform spatial pre 
diction and/or temporal prediction to reduce or remove redun 
dancy inherent in video sequences. For block-based video 
coding, a video frame or slice may be partitioned into mac 
roblocks. Each macroblock can be further partitioned. Mac 
roblocks in an intra-coded (I) frame or slice are encoded using 
spatial prediction with respect to neighboring macroblocks. 
Macroblocks in an inter-coded (Por B) frame or slice may use 
spatial prediction with respect to neighboring macroblocks in 
the same frame or slice or temporal prediction with respect to 
other reference frames. 
0007 Efforts have been made to develop new video cod 
ing standards based on H.264/AVC. One such standard is the 
scalable video coding (SVC) standard, which is the scalable 
extension to H.264/AVC. Another standard is the multi-view 
video coding (MVC), which has become the multiview exten 
sion to H.264/AVC. A joint draft of MVC is in described in 
JVT-AB204, “Joint Draft 8.0 on Multiview Video Coding.” 
28"JVT meeting, Hannover, Germany, July 2008, available 
at http://wftp3.itu.int/av-arch/vt-site/2008 07 Hannover/ 
JVT-AB204.zip. A version of the AVC standard is described 
in JVT-AD007, “Editors draft revision to ITU-T Rec. H.264 
| ISO/IEC 14496-10 Advanced Video Coding in prepara 
tion for ITU-T SG 16 AAP Consent (in integrated form). 
30th JVT meeting, Geneva, CH, February 2009,” available 
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from http://wftp3.itu.int/av-arch/vt-site/2009 01 Geneva/ 
JVT-AD007.zip. The JVT-AD007 document integrates SVC 
and MVC in the AVC specification. 

SUMMARY 

0008. In general, this disclosure describes techniques for 
Supporting stereo video data, e.g., video data used to produce 
a three-dimensional (3D) effect. To produce a three-dimen 
sional effect in video, two views of a scene, e.g., a left eye 
view and a right eye view, are shown simultaneously or nearly 
simultaneously. The techniques of this disclosure include 
forming a bitstream having packed frames, where a packed 
frame corresponds to a single frame having data for two views 
of a scene. In particular, the techniques of this disclosure 
include encoding a packed frame having a full resolution 
frame of one view of a scene and a reduced resolution frame 
of another view of the scene. The reduced resolution frame 
may be encoded with respect to a frame of the other view. In 
this manner, this disclosure also provides techniques for per 
forming inter-view prediction for a reduced resolution frame 
of a packed frame. 
0009. In one example, a method includes receiving a first 
picture of a first view of a scene having a first resolution, 
receiving a second picture of a second view of the scene 
having a reduced resolution relative to the first resolution, 
forming an asymmetric frame comprising the first resolution 
picture and the reduced resolution picture, encoding the 
asymmetric frame, and outputting the asymmetric frame. 
0010. In another example, an apparatus for encoding video 
data includes a video encoder configured to receive a first 
picture of a first view of a scene having a first resolution, 
receive a second picture of a second view of the scene having 
a reduced resolution relative to the first resolution, form an 
asymmetric frame comprising the first picture and the second 
picture, and encode the asymmetric frame. 
0011 Inanother example, an apparatus includes means for 
receiving a first picture of a first view of a scene having a first 
resolution, means for receiving a second picture of a second 
view of the scene having a reduced resolution relative to the 
first resolution, means for forming an asymmetric frame com 
prising the first picture and the second picture, and means for 
encoding the asymmetric frame. 
0012. In another example, a computer program product 
includes a computer-readable storage medium having stored 
thereon instructions that, when executed, cause a processor to 
receive a first picture of a first view of a scene having a first 
resolution, receive a second picture of a second view of the 
scene having a reduced resolution relative to the first resolu 
tion, form an asymmetric frame comprising the first picture 
and the second picture, encode the asymmetric frame, and 
output the encoded asymmetric frame. 
0013. In another example, a method includes receiving an 
encoded asymmetric frame comprising a first resolution pic 
ture of a first view of a scene and a reduced resolution picture 
of a second view of the scene, wherein the reduced resolution 
picture has a reduced resolution relative to the first resolution, 
decoding the asymmetric frame, separating the decoded 
asymmetric frame into the first resolution picture and the 
reduced resolution picture, upsampling the reduced resolu 
tion picture to produce a second picture of the scene having 
the first resolution, and outputting the first picture and the 
second picture, wherein the first picture and the second pic 
ture form a stereo image pair. 
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0014. In another example, an apparatus includes a video 
decoder configured to receive an encoded asymmetric frame 
comprising a first resolution picture of a first view of a scene 
and a reduced resolution picture of a second view of the scene, 
wherein the reduced resolution picture has a reduced resolu 
tion relative to the first resolution, decode the asymmetric 
frame, separate the decoded asymmetric frame into the first 
resolution picture and the the reduced resolution picture, and 
upsample the reduced resolution picture to produce a second 
picture of the scene having the first resolution, wherein the 
first decoded picture and the second decoded picture form a 
Stereo image pair. 
0015. In another example, an apparatus includes means for 
receiving an asymmetric frame comprising a first resolution 
picture of a first view of a scene and a reduced resolution 
picture of a second view of the scene, wherein the reduced 
resolution picture has a reduced resolution relative to the first 
resolution, means for decoding the asymmetric frame, means 
for separating the decoded asymmetric frame into the first 
resolution picture and the reduced resolution picture, and 
means for upsampling the reduced resolution picture to pro 
duce a second picture of the scene having the first resolution, 
wherein the first decoded picture and the second decoded 
picture form a stereo image pair. 
0016. In another example, a computer program product 
includes a computer-readable storage medium having stored 
thereon instructions that, when executed, cause a processor to 
receive an asymmetric frame comprising a first resolution 
picture of a first view of a scene and a reduced resolution 
picture of a second view of the scene, wherein the reduced 
resolution picture has a reduced resolution relative to the first 
resolution, decode the asymmetric frame, separate the 
decoded asymmetric frame into the first resolution picture 
and the reduced resolution picture, upsample the reduced 
resolution picture to produce a second picture of the scene 
with the first resolution, and output the first picture and the 
second picture, wherein the first picture and the second pic 
ture form a stereo image pair. 
0017. In another example, a method includes encoding a 

first picture of a first view of a scene to produce an encoded 
picture with a first resolution, encoding at least a portion of a 
second picture of a second view of the scene relative to a 
reference picture of the first view to produce an encoded 
picture with a reduced resolution relative to the first resolu 
tion, and outputting the encoded first resolution picture and 
the encoded reduced resolution picture in a common bit 
Stream. 

0018. In another example, an apparatus includes a video 
encoder configured to encode a first picture of a first view of 
a scene to produce an encoded picture with a first resolution, 
encode at least a portion of a second picture of a second view 
of the scene relative to a reference picture of the first view to 
produce an encoded picture with a reduced resolution relative 
to the first resolution, and output the encoded first resolution 
picture and the encoded reduced resolution picture in a com 
mon bitstream. 

0019. In another example, an apparatus includes means for 
encoding a first picture of a first view of a scene to produce an 
encoded picture with a first resolution, means for encoding at 
least a portion of a second picture of a second view of the 
scene relative to a reference picture of the first view to pro 
duce an encoded picture with a reduced resolution relative to 
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the first resolution, and means for outputting the encoded first 
resolution picture and the encoded reduced resolution picture 
in a common bitstream. 
0020. In another example, a computer program product 
includes a computer-readable storage medium having stored 
thereon instructions that, when executed, cause a processor to 
encode a first picture of a first view of a scene to produce an 
encoded picture with a first resolution, encode at least a 
portion of a second picture of a second view of the scene 
relative to a reference picture of the first view to produce an 
encoded picture with a reduced resolution relative to the first 
resolution, and output the encoded first resolution picture and 
the encoded reduced resolution picture in a common bit 
Stream. 

0021. In another example, a method includes receiving, 
from a common bitstream, a first resolution encoded picture 
of a first view of a scene and a reduced resolution encoded 
picture of a second view of the scene, wherein the reduced 
resolution encoded picture has a reduced resolution relative to 
the first resolution, decoding the first resolution encoded pic 
ture to produce a first decoded picture, decoding at least a 
portion of the reduced resolution encoded picture relative to a 
reference picture of the first view, upsampling the reduced 
resolution picture to produce a second decoded picture of the 
scene with the first resolution, and outputting the first 
decoded picture and the second decoded picture, wherein the 
first decoded picture and the second decoded picture form a 
Stereo image pair. 
0022. In another example, an apparatus includes a video 
decoder configured to receive, from a common bitstream, a 
first resolution encoded picture of a first view of a scene and 
a reduced resolution encoded picture of a second view of the 
scene, wherein the reduced resolution encoded picture has a 
reduced resolution relative to the first resolution, decode the 
first resolution encoded picture to produce a first decoded 
picture, decode at least a portion of the reduced resolution 
encoded picture relative to a reference picture of the first view, 
upsample the reduced resolution picture to produce a second 
decoded picture of the scene with the first resolution, and 
output the first decoded picture and the second decoded pic 
ture, wherein the first decoded picture and the second 
decoded picture form a stereo image pair. 
0023. In another example, an apparatus includes means for 
receiving, from a common bitstream, a first resolution 
encoded picture of a first view of a scene and a reduced 
resolution encoded picture of a second view of the scene, 
wherein the reduced resolution encoded picture has a reduced 
resolution relative to the first resolution, means for decoding 
the first resolution encoded picture to produce a first decoded 
picture, means for decoding at least a portion of the reduced 
resolution encoded picture relative to a reference picture of 
the first view, means for upsampling the reduced resolution 
picture to produce a second decoded picture of the scene with 
the first resolution, and means for outputting the first decoded 
picture and the second decoded picture, wherein the first 
decoded picture and the second decoded picture form a stereo 
image pair. 
0024. In another example, a computer program product 
includes a computer-readable storage medium having stored 
thereon instructions that, when executed, cause a processor to 
receive, from a common bitstream, a first resolution encoded 
picture of a first view of a scene and a reduced resolution 
encoded picture of a second view of the scene, decode the first 
resolution encoded picture to produce a first decoded picture, 
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decode at least a portion of the reduced resolution encoded 
picture relative to a reference picture of the first view, 
upsample the reduced resolution picture to produce a second 
decoded picture of the scene with the first resolution, and 
output the first decoded picture and the second decoded pic 
ture, wherein the first decoded picture and the second 
decoded picture form a stereo image pair. 
0025. The details of one or more examples are set forth in 
the accompanying drawings and the description below. Other 
features, objects, and advantages will be apparent from the 
description and drawings, and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

0026 FIG. 1 is a block diagram illustrating an example 
Video encoding and decoding system that may utilize tech 
niques for forming asymmetric packed frames including pic 
tures from two corresponding views of a scene. 
0027 FIG. 2 is a block diagram illustrating an example of 
a video encoder that may implement techniques for produc 
ing asymmetric packed frames. 
0028 FIG. 3 is a block diagram illustrating an example of 
a video decoder, which decodes an encoded video sequence. 
0029 FIG. 4 is a conceptual diagram illustrating pictures 
of a left eye view and a right eye view being combined by a 
Video encoder to form an asymmetric packed frame having a 
top-bottom frame packing arrangement. 
0030 FIG. 5 is a conceptual diagram illustrating pictures 
of a left eye view and a right eye view being combined by a 
video encoder to form an asymmetric packed frame having a 
side-by-side frame packing arrangement. 
0031 FIG. 6 is a conceptual diagram illustrating an 
example process for forming an asymmetric packed frame 
including a reduced resolution picture encoded as a field. 
0032 FIG. 7 is a conceptual diagram illustrating field 
encoding of a picture to produce a reduced resolution 
encoded picture for inclusion in an asymmetric packed frame. 
0033 FIG. 8 is a conceptual diagram illustrating inter 
view prediction of a block of a reduced resolution encoded 
picture of an asymmetric packed frame. 
0034 FIG.9 is a flowchart illustrating an example method 
for encoding two pictures of two different views and combin 
ing the pictures to form an asymmetric packed frame. 
0035 FIG. 10 is a flowchart illustrating an example 
method for decoding an asymmetric frame. 
0036 FIG. 11 is a flowchart illustrating an example 
method for performing frame field interleaved coding in 
accordance with the techniques of this disclosure. 
0037 FIG. 12 is a flowchart illustrating an example 
method for decoding a frame field interleaved coded bit 
stream in accordance with the techniques of this disclosure. 

DETAILED DESCRIPTION 

0038. In general, this disclosure relates to techniques for 
Supporting stereo video data, e.g., video data used to produce 
a three-dimensional effect. To produce a three-dimensional 
effect in video, two views of a scene, e.g., a left eye view and 
a right eye view, are shown simultaneously or nearly simul 
taneously. Two pictures of the same scene, corresponding to 
the left eye view and the right eye view of the scene, may be 
captured from slightly different horizontal positions, repre 
senting the horizontal offset between a viewer's left and right 
eyes. By displaying these two pictures simultaneously or 
nearly simultaneously, such that the left eye view picture is 
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perceived by the viewer's left eye and the right eye view 
picture is perceived by the viewer's right eye, the viewer may 
experience a three-dimensional video effect. 
0039. This disclosure provides techniques for forming a 
bitstream including packed frames. A packed frame may cor 
respond to a single frame of video data having data for two 
pictures corresponding to different views of a scene. In par 
ticular, the techniques of this disclosure include encoding a 
packed frame having a full resolution picture of one view of a 
scene and a reduced resolution picture of another view of the 
scene. A packed frame including a full resolution picture of a 
first view of a scene and a reduced resolution picture of a 
second, different view of the scene may be referred to as an 
asymmetric packed frame, or simply an asymmetric frame. 
0040. In general, the terms "picture' and “frame' may be 
used interchangeably. This disclosure generally refers to a 
picture as a sample of a view. This disclosure generally refers 
to a frame as comprising one or more pictures, which is to be 
coded as an access unit representing a specific time instance. 
Accordingly, a frame may correspond to a sample of a view 
(that is, a single picture) or, in the case of packed frames, 
include samples from multiple views (that is, two or more 
pictures). 
0041 As an example, two view pictures may be packed as 
a frame with a top-bottom format. In this example, one view 
picture may be arranged on top of the other. Each picture may 
have the same width of w pixels. The full resolution picture 
may have a height of h pixels, while the reduced resolution 
picture may have a height of h/2 pixels. As another example, 
two view pictures may be packed as a frame with a side-by 
side format. In this example, the two view pictures may be 
arranged beside each other. Each picture may have the same 
height of h pixels. The full resolution picture may have a 
width of w pixels, while the reduced resolution picture may 
have a width of w/2 pixels. 
0042. Forming asymmetric frames in this manner may 
provide several advantages. For example, the same bitstream 
may be sent to devices configured to present three-dimen 
sional video data and to devices that are limited to only 
two-dimensional video data. The three-dimensional video 
capable devices may separate the asymmetric frames into 
constituent views, upsample the reduced resolution view, and 
display the two views simultaneously or near simultaneously. 
The two-dimensional video capable devices may remove the 
reduced resolution view and display only the full resolution 
view. In this manner, a video content provider, e.g., a net 
work-based server or broadcaster, need only form one bit 
stream, and devices with varying capabilities may each 
receive the same bitstream. Moreover, the bitstream may 
require less bandwidth than a bitstream comprising full reso 
lution pictures of each of two or more views, while introduc 
ing negligible Subjective quality degradation. 
0043. Accordingly, the techniques of this disclosure may 
Support backwards compatibility with legacy devices that are 
not capable of presenting three-dimensional video data. 
Unlike devices that can receive and decode symmetric packed 
frames, which include two Sub-Sampled pictures, devices 
receiving asymmetric packed frames in accordance with the 
techniques of this disclosure may receive a full resolution 
picture and a reduced resolution picture. Accordingly, the 
devices need not upsample a picture just to produce a two 
dimensional video presentation. Furthermore, a bitstream in 
accordance with the techniques of this disclosure (e.g., 
including asymmetric packed frames) may consume less 
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bandwidth than a bitstream having two full resolution pic 
tures for three-dimensional video data. 
0044. In some examples, the reduced resolution frame 
may be encoded with respect to a frame of the other view. That 
is, an encoder may perform inter-view prediction for reduced 
resolution pictures of asymmetric packed frames. This dis 
closure describes techniques for encoding the reduced reso 
lution pictures as fields and using displacement vectors to 
inter-view encode the reduced resolution pictures. In this 
manner, this disclosure also provides techniques for perform 
ing inter-view prediction for a reduced resolution picture of 
an asymmetric packed frame. This disclosure further pro 
vides frame field interleaved coding techniques, in which 
pictures of one view may be coded as frames, while pictures 
of another view may be coded as fields, and the frame pictures 
and field pictures of the two views may be interleaved in a 
common bitstream. The pictures of each view may form 
discrete, independent access units of the same bitstream. 
0045. This disclosure also provides techniques for signal 
ing a frame packing type at the network abstraction layer 
(NAL), e.g., in Supplemental enhancement information (SEI) 
messages of NAL units. Network abstraction layer (NAL) 
units may include and/or describe coded audio and video 
data, e.g., using SEI messages. In the example of H.264/AVC 
(Advanced Video Coding), coded video segments are orga 
nized into NAL units, which provide a “network-friendly 
Video representation addressing applications such as video 
telephony, storage, broadcast, or streaming. NAL units can be 
categorized as Video Coding Layer (VCL) NAL units and 
non-VCL NAL units. VCL units may contain output from the 
core compression engine and may include block, macrob 
lock, and/or slice level data. Other NAL units may be non 
VCL NAL units. In some examples, a coded picture in one 
time instance, normally presented as a primary coded picture, 
may be contained in an access unit, which may include one or 
more NAL units. 
0046. In some examples, the techniques of this disclosure 
may be applied to H.264/AVC codecs or codecs based on 
advanced video coding (AVC), such as Scalable video encod 
ing (SVC), multiview video coding (MVC), or other exten 
sions of H.264/AVC. Such codecs may be configured to rec 
ognize SEI messages when the SEI messages are associated 
with an access unit, where the SEI message may be encapsu 
lated within the access unit in an ISO base media file format 
or MPEG-2 Systems bitstream. The techniques may also be 
applied to future coding standards, e.g., H.265/HEVC (high 
efficiency video coding). 
0047 SEI messages may contain information that is not 
necessary for decoding the coded pictures samples from VCL 
NAL units, but may assist in processes related to decoding, 
display, error resilience, and other purposes. SEI messages 
may be contained in non-VCL NAL units. SEI messages are 
the normative part of some standard specifications, and thus 
are not always mandatory for standard compliant decoder 
implementation. SEI messages may be sequence level SEI 
messages or picture level SEI messages. Some sequence level 
information may be contained in SEI messages, such as Scal 
ability information SEI messages in the example of SVC and 
view scalability information SEI messages in MVC. These 
example SEI messages may convey information on, e.g., 
extraction of operation points and characteristics of the 
operation points. 
0048 H.264/AVC provides a frame packing SEI message, 
which is a codec-level message indicating a frame packing 
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type for a frame including a two pictures, e.g., a left view and 
a right view of a scene. In this manner, H.264/AVC supports 
interleaving of two pictures of left view and right view into 
one picture and coding Such pictures into a video sequence. 
The frame packing SEI message is described in “Information 
technology—Coding of audio-visual objects—Part 10: 
Advanced Video Coding, AMENDMENT 1: Constrained 
baseline profile, Stereo high profile and frame packing 
arrangement SEI message.” N10703, MPEG of ISO/IEC 
JTC1/SC29/WG 11, Xian, China, October 2009, which is 
incorporated into the most recent version of the H.264/AVC 
standard. 
0049. In this SEI message, various types of frame packing 
methods are Supported for spatial interleaving of two frames. 
The supported interleaving methods include checkerboard, 
column interleaving, row interleaving, side-by-side, top-bot 
tom, and side-by-side with checkerboard upconversion. This 
disclosure provides techniques for Supporting additional 
frame packing types, such as asymmetric frame packing 
arrangements. In particular, this disclosure provides a modi 
fied frame packing SEI message that indicates whether asym 
metric packing is enabled for a particular frame, and if so, 
whether the asymmetric frame is packed top-bottom or side 
by-side. For example, the frame packing SEI message may 
indicate whether the pictures for the two views in the same 
frame are arranged with the reduced resolution picture below 
the full resolution picture or to the right of the full resolution 
picture in the frame. A decoder may use this information to 
determine whether the frame is an asymmetric frame and to 
properly separate the asymmetric frame into constituent pic 
tures of the two views. 
0050. This disclosure includes techniques for signaling 
whether a frame is an asymmetric packed frame in an SEI 
message, in some examples, e.g., with respect to H.264/AVC. 
As one example, an encoder may signal that a frame is an 
asymmetric packed frame in an independent SEI message. As 
another example, an encoder may signal that a frame is an 
asymmetric packed frame in a modified version of the frame 
packing arrangement SEI message. The encoder may also 
signal, in video usability information (VUI), an aspect ratio 
for the asymmetric packed frame to indicate a packing 
arrangement for the asymmetric packed frame. For example, 
the encoder may signal an aspect ratio of 4:3 (or one of the 
unspecified values of Table E-1 of the H.264/AVC specifica 
tion) to indicate a side-by-side packing arrangement. As 
another example, the encoder may signal anaspect ratio of 3:4 
(or, again, one of the unspecified values of Table E-1 of the 
H.264/AVC specification) to indicate a top-bottom packing 
arrangement. 
0051. It should be understood that methods for sub-sam 
pling and up-sampling of the reduced resolution picture are 
not limited to any particular techniques. For purposes of 
example, this disclosure generally describes horizontal or 
Vertical down-sampling and upsampling. However, quincunx 
(that is, checkerboard) sampling may also be used. 
0052. In addition, this disclosure provides techniques for 
transferring a bitstream including asymmetric packed frames 
over a high definition multimedia interface (HDMI). In this 
manner, this disclosure provides techniques by which a three 
dimensional video interface, such as HDMI, may accept view 
images with asymmetric packing in one or more frames. 
0053 FIG. 1 is a block diagram illustrating an example 
Video encoding and decoding system 10 that may utilize 
techniques for forming asymmetric packed frames including 
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pictures from two corresponding views of a scene. As shown 
in FIG.1, system 10 includes a source device 12that transmits 
encoded video to a destination device 14 via a communication 
channel 16. Source device 12 and destination device 14 may 
comprise any of a wide range of devices, such as fixed or 
mobile computing devices, set-top boxes, gaming consoles, 
digital media players, or the like. In some cases, source device 
12 and destination device 14 may comprise wireless commu 
nication devices, such as wireless handsets, so-called cellular 
or satellite radiotelephones, or any wireless devices that can 
communicate video information over a communication chan 
nel 16, in which case communication channel 16 is wireless. 
0054 The techniques of this disclosure, however, which 
concern forming asymmetric packed frames, are not neces 
sarily limited to wireless applications or settings. For 
example, these techniques may apply to over-the-air televi 
sion broadcasts, cable television transmissions, satellite tele 
vision transmissions, Internet video transmissions, encoded 
digital video that is encoded onto a storage medium, or other 
scenarios. Accordingly, communication channel 16 may 
comprise any combination of wireless or wired media Suit 
able for transmission of encoded video data. 

0055. In the example of FIG. 1, source device 12 includes 
a video source 18, video encoder 20, a modulator/demodula 
tor (modem) 22 and a transmitter 24. Destination device 14 
includes a receiver 26, a modem 28, a video decoder 30, and 
a display device 32. In accordance with this disclosure, video 
encoder 20 of source device 12 may be configured to apply 
the techniques for forming a bitstream including asymmetric 
packed frames, e.g., frames including coded data for two 
pictures, each from a different view of a scene, where one of 
the pictures has full resolution and the other picture has a 
reduced resolution, e.g., one-half of the resolution of the full 
resolution frame. Moreover, video encoder 20 may be con 
figured to inter-view encode the reduced resolution frame. In 
other examples, a source device and a destination device may 
include other components or arrangements. For example, 
source device 12 may receive video data from an external 
Video source 18, Such as an external camera. Likewise, des 
tination device 14 may interface with an external display 
device, rather than including an integrated display device. 
0056. The illustrated system 10 of FIG. 1 is merely one 
example. Techniques for producing asymmetric packed 
frames and splitting asymmetric packed frames into constitu 
ent views may be performed by any digital video encoding 
and/or decoding device. Although generally the techniques of 
this disclosure are performed by a video encoding device, the 
techniques may also be performed by a video encoder/de 
coder, typically referred to as a “CODEC. Moreover, aspects 
of the techniques of this disclosure may also be performed by 
a video preprocessor or video postprocessor, Such as a file 
encapsulation unit, file decapsulation unit, video multiplexer, 
or video demultiplexer. Source device 12 and destination 
device 14 are merely examples of Such coding devices in 
which source device 12 generates coded video data for trans 
mission to destination device 14. In some examples, devices 
12, 14 may operate in a Substantially symmetrical manner 
Such that each of devices 12, 14 include video encoding and 
decoding components. Hence, system 10 may support one 
way or two-way video transmission between video devices 
12, 14, e.g., for video streaming, video playback, Video 
broadcasting, video gaming, or video telephony. 
0057 Video source 18 of source device 12 may include a 
Video capture device. Such as a video camera, a video archive 
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containing previously captured video, and/or a video feed 
from a video content provider. As a further alternative, video 
Source 18 may generate computer graphics-based data as the 
source video, or a combination of live video, archived video, 
and computer-generated video. In some cases, if video source 
18 is a video camera, source device 12 and destination device 
14 may form So-called camera phones or video phones. As 
mentioned above, however, the techniques described in this 
disclosure may be applicable to video coding in general, and 
may be applied to wireless and/or wired applications 
executed by mobile or generally non-mobile computing 
devices. In any case, the captured, pre-captured, or computer 
generated video may be encoded by video encoder 20. 
0.058 Video source 18 may provide pictures from two or 
more views to video encoder 20. Two pictures of the same 
scene may be captured simultaneously or nearly simulta 
neously from slightly different horizontal positions, such that 
the two pictures can be used to produce a three-dimensional 
effect. Alternatively, video source 18 (or another unit of 
Source device 12) may use depth information or disparity 
information to generate a second picture of a second view 
from a first picture of a first view. The depth or disparity 
information may be determined by a camera capturing the 
first view, or may be calculated from data in the first view. 
005.9 MPEG-C part-3 provides a specified format for 
including a depth map for a picture in a video stream. The 
specification is described in “Text of ISO/IEC FDIS 23002-3 
Representation of Auxiliary Video and Supplemental Infor 
mation.” ISO/IEC JTC 1/SC 29/WG 11, MPEG Doc, N8768, 
Marrakech, Morocoo, January 2007. In MPEG-C part 3, aux 
iliary video can be a depth map or a parallax map. When 
representing a depth map, MPEG-C part-3 may provide flex 
ibilities, in terms of number of bits used to represent each 
depth value and resolution of depth map. For example, the 
map may be one-quarter of the width and one-half of the 
height of the image described by the map. The map may be 
coded as a monochromatic video sample, e.g., within an 
H.264/AVC bitstream with only the luminance component. 
Alternatively, the map may be coded as auxiliary video data, 
as defined in H.264/AVC. In the context of this disclosure, a 
depth map or a parallax map may have the same resolution as 
the primary video data. Although the H.264/AVC specifica 
tion does not currently specify the usage of auxiliary video 
data to code depth map the techniques of this disclosure may 
be used in conjunction with techniques for using Such a depth 
map or parallax map. 
0060. The encoded video information may then be modu 
lated by modem 22 according to a communication standard, 
and transmitted to destination device 14 via transmitter 24. 
Modem 22 may include various mixers, filters, amplifiers or 
other components designed for signal modulation. Transmit 
ter 24 may include circuits designed for transmitting data, 
including amplifiers, filters, and one or more antennas. 
0061 Receiver 26 of destination device 14 receives infor 
mation over channel 16, and modem 28 demodulates the 
information. Again, the video encoding process may imple 
ment one or more of the techniques described herein to form 
an asymmetric packed frame having a full resolution picture 
of one view and a reduced resolution picture of another view. 
0062. The information communicated over channel 16 
may include syntax information defined by video encoder 20, 
which is also used by video decoder 30, that includes syntax 
elements that describe characteristics and/or processing of 
macroblocks and other coded units, e.g., GOPs. Accordingly, 
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Video decoder 30 may unpack the asymmetric packed frame 
into constituent pictures of the views, decode the pictures, and 
upsample the reduced resolution picture to the full resolution. 
Display device 32 may display the decoded pictures to a user. 
0063 Display device 32 may comprise any of a variety of 
display devices such as a cathode ray tube (CRT), a liquid 
crystal display (LCD), a plasma display, an organic light 
emitting diode (OLED) display, or another type of display 
device. Display device 32 may display the two pictures from 
the asymmetric packed frame simultaneously or nearly 
simultaneously. For example, display device 32 may com 
prise astereoscopic three-dimensional display device capable 
of displaying two views simultaneously or nearly simulta 
neously. 
0064. A user may wear active glasses to rapidly and alter 
natively shutter left and right lenses, such that display device 
32 may rapidly switch between the left and the right view in 
synchronization with the active glasses. Alternatively, display 
device 32 may display the two views simultaneously, and the 
user may wear passive glasses (e.g., with polarized lenses) 
which filter the views to cause the proper views to pass 
through to the user's eyes. As still another example, display 
device 32 may comprise an autostereoscopic display, for 
which no glasses are needed. 
0065. In some examples, modem 28 and video decoder 30 
may be included in separate devices. The separate devices 
may be coupled by a high definition multimedia interface 
(HDMI). This disclosure, in some examples, proposes modi 
fying HDMI to support transfer of asymmetric packed 
frames. HDMI provides three-dimensional video formats in 
Appendix H of version 1.4 of the HDMI specification, which 
is available at. This specification Supports various formats for 
packing three-dimensional video data into one frame, e.g., in 
the 3D Structure field. In accordance with the techniques of 
this disclosure, devices may exchange asymmetric packed 
frames via HDMI, in addition to those packing arrangements 
already provided by HDMI version 1.4. 
0066. As an example, the 3D Structure field may include 
a value indicating that a frame has a frame packing format, 
which is similar to a top-bottom arrangement in H.264/AVC, 
but without Sub-Sampling. There may be some blank area in a 
frame having a frame packing format for HDMI. As another 
example, the 3D Structure field may include a value indicat 
ing that a frame has a field alternative format, which indicates 
that a left-view image and a right-view image are fields of the 
corresponding frame. As another example, the 3D Structure 
field may include a value indicating that a frame has a side 
by-side full format, indicating that the views are arranged 
side-by-side and not Sub-sampled. 
0067. As still another example, the 3D Structure field 
may include a value indicating that a frame has a side-by-side 
half format, indicating that the views are sub-sampled with a 
half horizontal resolution, and are arranged side-by-side. 
When the side-by-side half format is enabled, subsampling 
and position information may also be signaled, e.g., in a 
3D Ext Data field. The frame may support two types of 
Sub-Sampling: horizontal Sub-Sampling or quincunx (e.g., 
checkerboard) matrix. The position information may provide 
data indicating a phase shift of the Sub-Sampled left and right 
views. HDMI also supports texture image plus depth image 
information, as well as video content with graphics represen 
tation. 
0068. As noted above, the techniques of this disclosure 
include modifying HDMI to support asymmetric packed 
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frames. For example, in accordance with this disclosure, a 
device may set a value for a 3D Structure field of HDMI data 
to indicate that a frame is an asymmetric packed frame. The 
3D Structure field may include a value indicating that a 
frame includes a full resolution picture and a reduced resolu 
tion picture that form a stereo pair, and indicating that the 
pictures are arranged side-by-side or top-bottom. 
0069. In the example of FIG. 1, communication channel 
16 may comprise any wireless or wired communication 
medium, Such as a radio frequency (RF) spectrum or one or 
more physical transmission lines, or any combination of wire 
less and wired media. Communication channel 16 may form 
part of a packet-based network, Such as a local area network, 
a wide-area network, or a global network Such as the Internet. 
Communication channel 16 generally represents any Suitable 
communication medium, or collection of different commu 
nication media, for transmitting video data from Source 
device 12 to destination device 14, including any Suitable 
combination of wired or wireless media. Communication 
channel 16 may include routers, Switches, base stations, or 
any other equipment that may be useful to facilitate commu 
nication from source device 12 to destination device 14. 
(0070 Video encoder 20 and video decoder30 may operate 
according to a video compression standard. Such as the ITU-T 
H.264 standard, alternatively referred to as MPEG-4, Part 10, 
Advanced Video Coding (AVC). The techniques of this dis 
closure, however, are not limited to any particular coding 
standard. Other examples include MPEG-2 and ITU-T 
H.263. Although not shown in FIG. 1, in some aspects, video 
encoder 20 and video decoder 30 may each be integrated with 
an audio encoder and decoder, and may include appropriate 
MUX-DEMUX units, or other hardware and software, to 
handle encoding of both audio and video in a common data 
stream or separate data streams. If applicable, MUX-DE 
MUX units may conform to the ITU H.223 multiplexer pro 
tocol, or other protocols such as the user datagram protocol 
(UDP). 
(0071. The ITU-T H.264/MPEG-4 (AVC) standard was 
formulated by the ITU-T Video Coding Experts Group 
(VCEG) together with the ISO/IEC Moving Picture Experts 
Group (MPEG) as the product of a collective partnership 
known as the Joint Video Team (JVT). In some aspects, the 
techniques described in this disclosure may be applied to 
devices that generally conform to the H.264 standard. The 
H.264 standard is described in ITU-T Recommendation 
H.264, Advanced Video Coding for generic audiovisual ser 
vices, by the ITU-T Study Group, and dated March, 2005, 
which may be referred to herein as the H.264 standard or 
H.264 specification, or the H.264/AVC standard or specifica 
tion. The Joint Video Team (JVT) continues to work on exten 
Sions to H.264/MPEG-4 AVC. 

(0072 Video encoder 20 and video decoder30 each may be 
implemented as any of a variety of Suitable encoder circuitry, 
Such as one or more microprocessors, digital signal proces 
sors (DSPs), application specific integrated circuits (ASICs), 
field programmable gate arrays (FPGAs), discrete logic, soft 
ware, hardware, firmware or any combinations thereof. Each 
of video encoder 20 and video decoder 30 may be included in 
one or more encoders or decoders, either of which may be 
integrated as part of a combined encoder/decoder (CODEC) 
in a respective camera, computer, mobile device, Subscriber 
device, broadcast device, set-top box, server, or the like. 
0073. A video sequence typically includes a series of 
Video frames. A group of pictures (GOP) generally comprises 
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a series of one or more video frames. A GOP may include 
syntax data in a header of the GOP, a header of one or more 
frames of the GOP or elsewhere, that describes a number of 
frames included in the GOP. Each frame may include frame 
Syntax data that describes an encoding mode for the respec 
tive frame. Video encoder 20 typically operates on video 
blocks within individual video frames in order to encode the 
Video data. A video block may correspond to a macroblock or 
a partition of a macroblock. The video blocks may have fixed 
or varying sizes, and may differ in size according to a speci 
fied coding standard. Each video frame may include a plural 
ity of slices. Each slice may include a plurality of macrob 
locks, which may be arranged into partitions, also referred to 
as Sub-blocks. 

0074 As an example, the ITU-T H.264 standard supports 
intra prediction in various block sizes, such as 16 by 16, 8 by 
8, or 4 by 4 for luma components, and 8x8 for chroma com 
ponents, as well as inter prediction in various block sizes, 
such as 16x16, 16x8, 8x16, 8x8, 8x4, 4x8 and 4x4 for luma 
components and corresponding scaled sizes for chroma com 
ponents. In this disclosure, “NXN” and “N by N may be used 
interchangeably to refer to the pixel dimensions of the block 
in terms of Vertical and horizontal dimensions, e.g., 16x16 
pixels or 16 by 16 pixels. In general, a 16x16 block will have 
16 pixels in a vertical direction (y=16) and 16 pixels in a 
horizontal direction (x=16). Likewise, an NXN block gener 
ally has N pixels in a vertical direction and N pixels in a 
horizontal direction, where N represents a nonnegative inte 
ger value. The pixels in a block may be arranged in rows and 
columns. Moreover, blocks need not necessarily have the 
same number of pixels in the horizontal direction as in the 
vertical direction. For example, blocks may comprise NXM 
pixels, where M is not necessarily equal to N. 
0075 Block sizes that are less than 16 by 16 may be 
referred to as partitions of a 16 by 16 macroblock. Video 
blocks may comprise blocks of pixel data in the pixel domain, 
or blocks of transform coefficients in the transform domain, 
e.g., following application of a transform Such as a discrete 
cosine transform (DCT), an integer transform, a wavelet 
transform, or a conceptually similar transform to residual 
video block data representing pixel differences between 
coded video blocks and predictive video blocks. In some 
cases, a video block may comprise blocks of quantized trans 
form coefficients in the transform domain. 

0076 Smaller video blocks can provide better resolution, 
and may be used for locations of a video frame that include 
high levels of detail. In general, macroblocks and the various 
partitions, sometimes referred to as Sub-blocks, may be con 
sidered video blocks. In addition, a slice may be considered to 
be a plurality of video blocks, such as macroblocks and/or 
sub-blocks. Each slice may be an independently decodable 
unit of a video frame. Alternatively, frames themselves may 
be decodable units, or other portions of a frame may be 
defined as decodable units. The term “coded unit' or “coding 
unit may refer to any independently decodable unit of a 
Video frame Such as an entire frame, a slice of a frame, a group 
of pictures (GOP) also referred to as a sequence, or another 
independently decodable unit defined according to applicable 
coding techniques. 
0077. In accordance with the techniques of this disclosure, 
Video encoder 20 may form asymmetric packed frames from 
received video data of two views. That is, video encoder 20 
may receive raw image data of two views from, e.g., video 
Source 18. In general, the two views may include a sequence 
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of pictures, such that for each picture of one view, there exists 
a picture of the other view that forms a stereo pair with the 
picture of the first view. A stereo pair generally corresponds to 
two pictures that, when displayed simultaneously or nearly 
simultaneously, produce a three-dimensional video effect. 
Pictures that form a stereo pair may include descriptive data, 
Such as timestamps, to indicate a corresponding picture of 
another view with which a current picture forms a stereo pair. 
0078. In any case, video encoder 20 may encode a picture 
of a first view normally, e.g., in accordance with ITU-T 
H.264/AVC encoding standards or with another encoding 
standard such as MPEG-2, MPEG-4, H.265, or the like. Video 
encoder 20, or a video preprocessing unit of source device 12 
(which may comprise a processor, processing unit, ASIC, 
DSP. FPGA, or other processing circuitry coupled between 
video source 18 and video encoder 20), may spatially down 
sample a picture of a second view that forms a stereo pair with 
the encoded picture of the first view. Spatial downsampling 
may comprise reducing spatial resolutions, e.g., by reducing 
Vertical and/or horizontal pixel resolution. In one example, 
video encoder 20 may reduce the vertical pixel resolution of 
the picture by one-half. 
(0079 Video encoder 20 may then encode the reduced 
resolution picture of the other view. In some examples, video 
encoder 20 may encode the reduced resolution picture in an 
intra-prediction mode (e.g., as an I-Picture) or in an inter 
prediction mode (e.g., as a P-Picture or a B-Picture). In this 
manner, video encoder 20 may encode the reduced resolution 
picture relative to other pictures in the same view that occur 
earlier (in decoding-time order) in a bitstream produced by 
video encoder 20. In some examples, video encoder 20 may 
implement inter-view prediction, in which video encoder 20 
may encode the reduced resolution view relative to pictures of 
the view including the full resolution picture. For example, 
video encoder 20 may encode the reduced resolution view 
picture relative to previously encoded pictures of the view 
including the full resolution encoded picture. Video encoder 
20 may encode the reduced resolution view picture relative to 
the full resolution picture of the same packed frame, or of 
previously coded frames. 
0080. As one example, video encoder 20 may encode the 
reduced resolution picture as a field. Techniques for inter 
laced video data coding may be employed to encode the 
reduced resolution picture as a field, in which case horizontal 
rows of pixels of the reduced resolution picture may be pre 
dicted from alternate rows of pixels of a full resolution pic 
ture. That is, video encoder 20 may encode the reduced reso 
lution picture as either a top field or a bottom field. In some 
examples, video encoder 20 may output the full resolution 
picture of one view as an access unit and a corresponding 
reduced resolution picture of a different view as a separate 
access unit. Thus, video encoder 20 need not necessarily 
combine the two pictures into an asymmetric frame to per 
form techniques for combining data for two views into a 
single, common bitstream. 
I0081. As another example, video encoder 20 may encode 
the reduced resolution picture using displacement vectors. 
The displacement vectors may be relative to reduced resolu 
tion pictures in the same view or full resolution pictures in the 
view including full resolution pictures. When the displace 
ment vector refers to a full resolution picture, video encoder 
20 may account for the position of the reduced resolution 
picture in the asymmetric frame. Suppose, for example, that 
the asymmetric packed frame includes the pictures in a top 
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bottom arrangement with the reduced resolution picture 
below the full resolution picture in the frame. Video encoder 
20 may modify a vertical component of the displacement 
vector by subtracting the height of the full resolution picture 
from the vertical component and multiplying the resulting 
difference by two, assuming that the reduced resolution pic 
ture has one-half the resolution of the full resolution picture. 
0082 Following intra-predictive or inter-predictive cod 
ing to produce predictive data and residual data, and follow 
ing any transforms (such as the 4x4 or 8x8 integer transform 
used in H.264/AVC or a discrete cosine transform DCT) 
applied to residual data to produce transform coefficients, 
quantization of transform coefficients may be performed. 
Quantization generally refers to a process in which transform 
coefficients are quantized to possibly reduce the amount of 
data used to represent the coefficients. The quantization pro 
cess may reduce the bit depth associated with some or all of 
the coefficients. For example, an n-bit value may be rounded 
downto an m-bit value during quantization, where n is greater 
than m. 
0083. Following quantization, entropy coding of the quan 
tized data may be performed, e.g., according to content adap 
tive variable length coding (CAVLC), context adaptive binary 
arithmetic coding (CABAC), or another entropy coding 
methodology. A processing unit configured for entropy cod 
ing, or another processing unit, may perform other processing 
functions, such as Zero run length coding of quantized coef 
ficients and/or generation of syntax information Such as 
coded block pattern (CBP) values, macroblock type, coding 
mode, maximum macroblock size for a coded unit (such as a 
frame, slice, macroblock, or sequence), or the like. 
0084 Video encoder 20 may further send syntax data, 
Such as block-based syntax data, frame-based syntax data, 
and/or GOP-based syntax data, to video decoder 30, e.g., in a 
frame header, a blockheader, a slice header, or a GOP header. 
The GOP syntax data may describe a number of frames in the 
respective GOP, and the frame syntax data may indicate an 
encoding/prediction mode used to encode the corresponding 
frame. Video decoder 30 may therefore comprise a standard 
Video decoder and need not necessarily be specially config 
ured to effect or utilize the techniques of this disclosure. 
I0085 Video encoder 20 and video decoder30 each may be 
implemented as any of a variety of Suitable encoder or 
decoder circuitry, as applicable. Such as one or more micro 
processors, digital signal processors (DSPs), application spe 
cific integrated circuits (ASICs), field programmable gate 
arrays (FPGAs), discrete logic circuitry, software, hardware, 
firmware or any combinations thereof. Each of video encoder 
20 and video decoder 30 may be included in one or more 
encoders or decoders, either of which may be integrated as 
part of a combined video encoder/decoder (CODEC). An 
apparatus including video encoder 20 and/or video decoder 
30 may comprise an integrated circuit, a microprocessor, a 
computing device, and/or a wireless communication device, 
Such as a mobile telephone. 
I0086 Video decoder 30 may be configured to receive a 
bitstream including asymmetric packed frames. Video 
decoder 30 may further be configured to unpack such a frame 
into corresponding pictures, e.g., a full resolution picture of 
one view and a reduced resolution picture of another view. 
Video decoder 30 may decode the pictures and upsample 
(e.g., through interpolation) the reduced resolution picture to 
produce two decoded, full resolution pictures. In some 
examples, video decoder 30 may decode the reduced resolu 
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tion picture with reference to a decoded picture from the view 
corresponding to the full resolution picture. That is, video 
decoder 30 may also support inter-view prediction. 
I0087. In some examples, video decoder 30 may be con 
figured to determine whether destination device 14 is capable 
of decoding and displaying three-dimensional data. If not, 
Video decoder 30 may unpack a received asymmetric packed 
frame, but discard the reduced resolution picture. Video 
decoder 30 may decode the full resolution picture and other 
pictures of the same view, and cause video display 32 to 
display the pictures from this view to present two-dimen 
sional video data. Thus, video decoder 30 may decode the full 
resolution picture and provide the decoded full resolution 
picture to display device 32, without attempting to decode the 
reduced resolution picture. 
0088. In this manner, whether or not destination device 14 
is capable of displaying three-dimensional video data, desti 
nation device 14 may receive a bitstream including asymmet 
ric packed frames. Thus, various destination devices with 
various decoding and rendering capabilities may be config 
ured to receive the same bitstream from source device 20. 
That is, Some destination devices may be capable of decoding 
and rendering three-dimensional video data while others may 
not be capable of decoding and/or rendering three-dimen 
sional video data, yet each of the devices may be configured 
to receive and use data from the same bitstream including 
asymmetric packed frames. 
I0089 FIG. 2 is a block diagram illustrating an example of 
video encoder 20 that may implement techniques for produc 
ing asymmetric packed frames. Video encoder 20 may per 
form intra- and inter-coding of blocks within video frames, 
including macroblocks, or partitions or Sub-partitions of mac 
roblocks. Intra-coding relies on spatial prediction to reduce or 
remove spatial redundancy in video within a given video 
frame. Inter-coding relies on temporal prediction to reduce or 
remove temporal redundancy in video within adjacent frames 
of a video sequence. Intra-mode (I-mode) may refer to any of 
several spatial based compression modes and inter-modes 
such as uni-directional prediction (P-mode) or bi-directional 
prediction (B-mode) may refer to any of several temporal 
based compression modes. Video encoder 20 may also, in 
Some examples, be configured to perform inter-view predic 
tion of reduced resolution pictures in an asymmetric packed 
frame. 

0090. As shown in FIG. 2, video encoder 20 receives a 
current video block within a video picture to be encoded. In 
the example of FIG. 2, video encoder 20 includes motion 
compensation unit 44, motion estimation unit 42, reference 
frame store 64, summer 50, transform unit 52, quantization 
unit 54, and entropy coding unit 56. For video block recon 
struction, video encoder20 also includes inverse quantization 
unit 58, inverse transformunit 60, and summer 62. A deblock 
ing filter (not shown in FIG. 2) may also be included to filter 
block boundaries to remove blockiness artifacts from recon 
structed video. If desired, the deblocking filter would typi 
cally filter the output of summer 62. 
0091 During the encoding process, video encoder 20 
receives a video picture or slice to be coded. The picture or 
slice may be divided into multiple video blocks. Motion esti 
mation unit 42 and motion compensation unit 44 perform 
inter-predictive coding of the received video block relative to 
one or more blocks in one or more reference frames to provide 
temporal compression. Intra prediction unit 46 may perform 
intra-predictive coding of the received video block relative to 
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one or more neighboring blocks in the same frame or slice as 
the block to be coded to provide spatial compression. Mode 
select unit 40 may select one of the coding modes, intra or 
inter, e.g., based on error results, and provides the resulting 
intra- or inter-coded block to summer 50 to generate residual 
block data and to Summer 62 to reconstruct the encoded block 
for use in a reference frame. 
0092. In particular, video encoder 20 may receive pictures 
from two views forming a stereo view pair. The two views 
may be referred to as view 0 and view 1. Without loss of 
generality, assume that view 0 is a left eye view and view 1 is 
a right eye view. It should be understood that the views may be 
labeled differently, and that instead, view 1 may correspond 
to the left eye view and view 0 may correspond to the right eye 
view. In one example, video encoder 20 may encode pictures 
of view 0 at a full resolution and pictures of view 1 at a 
reduced resolution. Video encoder 20 may downsample pic 
tures of view 1 by a factor of one-half in the horizontal or the 
vertical direction. 

0093 Video encoder 20 may further pack the encoded 
pictures into an asymmetric packed frame. Assume, for 
example, that video encoder 20 receives a view 0 picture and 
a view 1 picture, each having a height of h pixels and a width 
of w pixels, where w and h are non-negative, non-Zero inte 
gers. Video encoder 20 may form a top-bottom arranged 
asymmetric packed frame by downsampling the height of the 
view 1 picture. For example, following downsampling and 
encoding of the view 1 picture, the encoded, downsampled 
view 1 picture may have a height of h/2 pixels and a width of 
w pixels. Video encoder 20 may then form an asymmetric 
packed frame including the encoded view 0 picture and the 
encoded, downsampled view 1 picture below the encoded 
view 0 picture, such that the asymmetric frame has a height of 
3/2 h pixels and a width of w pixels. 
0094. As another example, video encoder 20 may form a 
side-by-side arranged asymmetric packed frame by down 
sampling the view 1 picture. For example, following down 
sampling and encoding of the view 1 picture, the view 1 
picture may have a width of w/2 pixels and a height of h 
pixels. Video encoder 20 may then form an asymmetric 
packed frame including the encoded view 0 picture and the 
encoded, downsampled view 1 picture to the right of the 
encoded view 0 picture. Such that the asymmetric frame has a 
height of h pixels and a width of 3/2 w pixels. 
0095 Video encoder 20 may further provide information 
indicating a packing arrangement for an asymmetric packed 
frame. The information may indicate whether the frame is an 
asymmetric packed frame, and if so, whether the packing 
arrangement is side-by-side or top-bottom. As one example, 
video encoder 20 may provide this information in the form of 
a frame packing arrangement SEI message. The frame pack 
ing arrangement SEI message may be defined according to 
the example data structure of Table 1, below: 

TABLE 1. 

frame packing arrangement SEI message 

De 
Scrip 

C tor 

frame packing arrangement( payloadSize) { 
frame packing arrangement id 5 ue(v) 
frame packing arrangement cancel flag 5 u(1) 
if frame packing arrangement cancel flag) { 
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TABLE 1-continued 

frame packing arrangement SEI message 

De 
Scrip 

C tor 

asymmetric packing idc 5 u(2) 
frame packing arrangement type 5 u(5) 
quincunx Sampling flag 5 u(1) 
content interpretation type 5 u(6) 
spatial flipping flag 5 u(1) 
frame0 flipped flag 5 u(1) 
field views flag 5 u(1) 
current frame is frame0 flag 5 u(1) 
frame0 self contained flag 5 u(1) 
frame1 self contained flag 5 u(1) 
If(quincunx sampling flag &&. 

frame packing arrangement type =5) { 
frame0 grid position X 5 u(4) 
frame0 grid position y 5 u(4) 
frame1 grid position X 5 u(4) 
frame1 grid position y 5 u(4) 

frame packing arrangement reserved byte 5 u(8) 
frame packing arrangement repetition period 5 ue(v) 

frame packing arrangement extension flag 5 u(1) 

0096. The frame packing arrangement SEI message may 
inform a video decoder, such as video decoder 30, that the 
output decoded picture contains samples of a frame consist 
ing of multiple distinct spatially packed constituent frames 
using an indicated frame packing arrangement scheme. In 
accordance with the techniques of this disclosure, the frame 
may comprise an asymmetric packed frame. The information 
of the SEI message can be used by the decoder to rearrange 
the samples and process the samples of the constituent frames 
appropriately for display or other purposes. This SEI message 
may be associated with pictures that are either frames or 
fields. The frame packing arrangement of the samples may be 
specified interms of the sampling structure of a frame in order 
to define a frame packing arrangement structure that is invari 
ant with respect to whether a picture is a single field of such a 
packed frame or is a complete packed frame. 
0097 Video encoder 20 may set frame packing arrange 
ment id to a value containing an identifying number that may 
be used to identify the usage of the frame packing arrange 
ment SEI message. Video encoder 20 may set value of frame 
packing arrangement id in the range of 0 to 2-2, inclusive. 
Values of frame packing arrangement id from 0 to 255 and 
from 512 to 2-1 may be used as determined by video 
encoder 20. Values of frame packing arrangement id from 
256 to 511 and from 2 to 2°-2 may be reserved for future 
use by ITU-T | ISO/IEC. Video decoders may ignore (e.g., 
remove from the bitstream and discard) all frame packing 
arrangement SEI messages containing a value of frame 
packing arrangement id in the range of 256 to 511 or in the 
range of 2 to 2°-2. 
0.098 Video encoder 20 may set the value of frame pack 
ing arrangement cancel flag equal to 1 to indicate that the 
frame packing arrangement SEI message cancels the persis 
tence of any previous frame packing arrangement SEI mes 
sage in output order. Video encoder 20 may set the value of 
frame packing arrangement cancel flag equal to 0 to indi 
cate that frame packing arrangement information follows. 
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0099 Video encoder 20 may set the value of asymmetric 
packing idc (asymmetric packing indicator) to indicate a 
type of asymmetric coding. For example, video encoder 20 
may set asymmetric packing idc to a value of 0 to indicate 
that two constituent frames have the same resolution, that is, 
that the corresponding frame is not an asymmetric packed 
frame. Video encoder 20 may set the value of asymmetric 
packing idc larger than 0 (e.g., 1 or 2) to indicate that two 
constituent frames have with different resolutions. For 
example, one of the frames may be one-half of the other. 
0100. In one example, video encoder 20 may set the value 
of asymmetric packing idc equal to 1 to indicate that two 
constituent frames have different resolutions, and that frame 
1 has a half resolution of frame 0. In one example, video 
encoder 20 may set the value of asymmetric packing idc 
equal to 2 to indicate that two constituent frames have differ 
ent resolutions, and that frame 0 has a half resolution of frame 
1. The value 3 for asymmetric packing idc is currently 
unspecified and reserved for future use. Table 2 below pro 
vides one example for interpreting the value of asymmetric 
packing idc: 

TABLE 2 

aSYInnetric packing ide 

Value Example Interpretation 

Frame O and frame 1 have the same resolution 
1 Indicates frame 1 being half resolution of frame 0: when the 

frame packing arrangement type is 3, frame 1 has the same 
height as frame 0 and frame 1 has a half width of frame 0: 
when the frame packing arrangement type is 4, frame 1 
has the same width as frame O and frame 1 has a half height of 
frame 0. 

2 Indicates frame O being half resolution of frame 1: when the 
frame packing arrangement type is 3, frame O has the same 
height as frame 1 and frame 0 has a half width of frame 1, 
when the frame packing arrangement type is 4, frame O 
has the same width as frame 1 and frame 0 has a half height of 
frame 1. 

0101 Video encoder 20 may set the value of frame pack 
ing arrangement type to indicate the type of packing 
arrangement of the frames as specified in Table 3, below. 
When video encoder 20 sets the value of asymmetric pack 
ing idc to a value larger than 0 (e.g., 1 or 2), video encoder 20 
may set the value of frame packing arrangement type to 
either 6, 7, 8, or 9. 

TABLE 3 

frame packing arrangement type 

Value Example Interpretation 

O Each component plane of the decoded frames contains a 
“checkerboard based interleaving of corresponding planes of two 
constituent frames. 

1. Each component plane of the decoded frames contains a column 
based interleaving of corresponding planes of two constituent 
80S. 

2 Each component plane of the decoded frames contains a row based 
interleaving of corresponding planes of two constituent frames. 

3 Each component plane of the decoded frames contains a 
side-by-side packing arrangement of corresponding planes 
of two constituent frames. 

4. Each component plane of the decoded frames contains top-bottom 
packing arrangement of corresponding planes of two constituent 
80S. 
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TABLE 3-continued 

frame packing arrangement type 

Value Example Interpretation 

5 The component planes of the decoded frames in output order form 
a temporal interleaving of alternating first and second constituent 
80S. 

6, 7 Each component plane of the decoded frames contains side-by-side 
packing arrangement of corresponding planes of two constituent 
rames as illustrated in FIG. 5, wherein only the bottom frame 
needs upconversion (in this example). Frame O and frame 1 
have the same height. This value equal to 6 indicates that frame 
has a half width of frame 0; this value equal to 7 indicates that 
rame O has a halfwidth of frame 1. 

8, 9 Each component plane of the decoded frames contains a 
op-bottom packing arrangement of corresponding planes of two 
constituent frames as illustrated in FIG.4, wherein only the right 
rame needs upconversion (in this example). Frame O and frame 1 
have the same width. This value equal to 8 indicates that frame 1 
has a half height of frame 0; this value equal to 9 indicates that 
rame O has a half height of frame 1. 

0102 Video encoder 20 may set the value of quincunx 
sampling flag equal to 1 to indicate that each color compo 
nent plane of each constituent frame is quincunx sampled. 
Video encoder 20 may set the value of quincunx sampling 
flag equal to 0 to indicate that the color component planes of 
each constituent frame are not quincunx sampled. When 
Video encoder 20 sets the value of frame packing arrange 
ment type is equal to 0, video encoder 20 may also set the 
value of quincunx sampling flag equal to 1. When video 
encoder 20 sets the value of frame packing arrangement 
type equal to 5, video encoder 20 may also set the value of 
quincunx sampling flag equal to 0. 
0103 Video encoder 20 may set the value of content 
interpretation type to indicate the intended interpretation of 
the constituent frames as specified in Table 4. Values of con 
tent interpretation type that do not appear in Table 4 may be 
reserved for future specification by ITU-T | ISO/IEC. For 
each specified frame packing arrangement scheme, there may 
be two constituent frames (pictures), referred to in Table 4 as 
frame 0 and frame 1. 

TABLE 4 

content interpretation type 

Value Example Interpretation 

O Unspecified relationship between the frame packed constituent 
frames 

1 Indicates that the two constituent frames form the left and right 
views of a stereo view scene, with frame O being associated with 
the left view and frame 1 being associated with the right view 

2 Indicates that the two constituent frames form the right and left 
views of a stereo view scene, with frame O being associated with 
the right view and frame 1 being associated with the left view 

0104 Video encoder 20 may set the value of spatial flip 
ping flag equal to 1 when the value of frame packing ar 
rangement type is equal to 3 or 4, to indicate that one of the 
two constituent frames is spatially flipped relative to its 
intended orientation for display or other such purposes. When 
frame packing arrangement type is equal to 3 or 4 and spa 
tial flipping flag is equal to 1, the type of spatial flipping that 
is indicated may be as follows. If frame packing arrange 
ment type is equal to 3, the indicated spatial flipping is hori 
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Zontal flipping. Otherwise (that is, when the value of frame 
packing arrangement type is equal to 4), the indicated 
spatial flipping is vertical flipping. 
0105. When frame packing arrangement type is not 
equal to 3 or 4, video encoder 20 may set the value of spatial 
flipping flag equal to 0. When frame packing arrangement 
type is not equal to 3 or 4, the value 1 for frame packing 
arrangement type may be reserved for future use by ITU-T 
ISO/IEC. When frame packing arrangement type is not 
equal to 3 or 4, video decoders may ignore the value 1 for 
spatial flipping flag. 
0106 Video encoder 20 may set the value of frame0 
flipped flag equal to 1 to indicate which one of the two 
constituent frames is flipped. When spatial flipping flag is 
equal to 1, video encoder 20 may set the value of frame0 
flipped flag equal to 0 to indicate that frame 0 is not spatially 
flipped and frame 1 is spatially flipped, or video encoder 20 
may set the value of frame0 flipped flag equal to 1 to indi 
cate that frame 0 is spatially flipped and frame 1 is not spa 
tially flipped. 
0107. When video encoder 20 sets the value of spatial 
flipping flag equal to 0, Video encoder 20 may set the value of 
frameo flipped flag equal to 0. When video encoder 20 sets 
the value of spatial flipping flag is equal to 0, the value 1 for 
spatial flipping flag may be reserved for future use by ITU-T 
| ISO/IEC. When spatial flipping flag is equal to 0, video 
decoders may ignore the value of frame?) flipped flag. 
0108. When video encoder 20 sets the value of quincunx 
sampling flag equal to 0, video encoder 20 may provide 
spatial location reference information to specify the location 
of the upper left luma sample of each constituent frame rela 
tive to a spatial reference point. Video encoder 20 may indi 
cate the location of chroma samples relative to luma samples 
by the chroma sample loc type top field and chroma 
sample loc type bottom field syntax elements in Video 
usability information (VUI) parameters. 
0109 Video encoder 20 may set the value of field views 
flag equal to 1 to indicate that all pictures in the current coded 
Video sequence are coded as complementary field pairs. All 
fields of a particular parity may be considered a first constitu 
ent frame and all fields of the opposite parity may be consid 
ered a second constituent frame. When video encoder 20 does 
not set the value of frame packing arrangement type equal 
to 2, video encoder 20 may set the value of field views flag 
equal to 0. When video encoder 20 does not set the value of 
frame packing arrangement type equal to 2, the value 1 for 
field views flag may be reserved for future use by ITU-T 
ISO/IEC. When frame packing arrangement type is not 
equal to 2, video decoders may ignore the value of field 
views flag. 
0110 Video encoder 20 may set the value of current 
frame is frame0 flag equal to 1, when frame packing ar 
rangement is equal to 5, to indicate that the current decoded 
frame is constituent frame 0 and the next decoded frame in 
output order is constituent frame 1, and the display time of the 
constituent frame 0 should be delayed to coincide with the 
display time of constituent frame 1. Accordingly, a video 
decoder, such as video decoder 30, may delay the display time 
of constituent frame 0 to coincide with the display time of 
constituent frame 1. Video encoder 20 may set the value of 
current frame is frame0 flag equal to 0, when frame pack 
ing arrangement is equal to 5, to indicate that the current 
decoded frame is constituent frame 1 and the previous 
decoded frame in output order is constituent frame 0, and the 
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display time of the constituent frame 1 should not be delayed 
for purposes of stereo-view pairing. Accordingly, a video 
decoder, such as video decoder 30, need not delay the display 
time of constituent frame 1 when the value of current frame 
is frame0 flag is equal to 0. 
0111. When video encoder 20 does not set the value of 
frame packing arrangement type equal to 5, the constituent 
frame associated with the upper-left sample of the decoded 
frame may be considered to be consitutuent frame 0 and the 
other constituent frame may be considered to be constituent 
frame 1. When frame packing arrangement type is not 
equal to 5 video encoder 20 may set the value of current 
frame is frame0 flag equal to 0. When frame packing ar 
rangement type is not equal to 5, the value 1 for current 
frame is frame0 flag may be reserved for future use by 
ITU-T I ISO/IEC. When frame packing arrangement type 
is not equal to 5, decoders may ignore the value of current 
frame is frame0 flag. 
0112 Video encoder 20 may set the value of frame0 self 
contained flag equal to 1 to indicate that no inter prediction 
operations within the decoding process for the samples of 
constituent frame 0 of the coded video sequence refer to 
samples of any constituent frame 1. Video encoder 20 may set 
the value of frame0 self contained flag equal to 0 to indicate 
that Some inter prediction operations within the decoding 
process for the samples of constituent frame 0 of the coded 
Video sequence may or may not refer to samples of some 
constituent frame 1. When frame packing arrangement 
type is equal to 0 or 1, video encoder 20 may set the value of 
frame() self contained flag equal to 0. When frame packin 
g arrangement type is equal to 0 or 1, the value 1 forframe0 
self contained flag may be reserved for future use by ITU-T 
| ISO/IEC. When frame packing arrangement type is equal 
to 0 or 1, video decoders may ignore the value of frame0 self 
contained flag. Within a coded video sequence, video 
encoder 20 may set the value of frame0 self contained flag 
in all frame packing arrangement SEI messages to the same 
value. 

0113 Video encoder 20 may set the value of frame1 self 
contained flag equal to 1 to indicate that no inter prediction 
operations within the decoding process for the samples of 
constituent frame 1 of the coded video sequence refer to 
samples of any constituent frame 0. Video encoder 20 may set 
the value of framel self contained flag equal to 0 to indicate 
that Some inter prediction operations within the decoding 
process for the samples of constituent frame 1 of the coded 
Video sequence may or may not refer to samples of some 
constituent frame 0. When frame packing arrangement 
type is equal to 0 or 1, it is a requirement of bitstream con 
formance that frame1 self contained flag shall be equal to 
0. When frame packing arrangement type is equal to 0 or 1, 
the value 1 for frame1 self contained flag may be reserved 
for future use by ITU-T I ISO/IEC. When frame packing 
arrangement type is equal to 0 or 1, video decoders may 
ignore the value of frame 1 self contained flag. Within a 
coded video sequence, video encoder 20 may set the value of 
frame1 self contained flag in all frame packing arrange 
ment SEI messages to the same value. 
0114. When frameo self contained flag is equal to 1 or 
framel self contained flag is equal to 1, and frame packin 
g arrangement type is equal to 2, the decoded frame may be 
a non-macroblock-level adaptive frame/field (MBAFF) 
frame. 
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0115. In some examples, video encoder 20 may set both 
the value of frame0 self contained flag equal to 1 and 
frame1 self contained flag equal to 1. In this manner, video 
encoder 20 may signal that the respective views can be 
decoded and rendered separately. 
0116 Video encoder 20 may set the value of frame0 grid 
position X (when present) to specify the horizontal location 
of the upper left sample of constituent frame 0 to the right of 
the spatial reference pointinunits of one sixteenth of the luma 
sample grid spacing between the samples of the columns of 
constituent frame 0 that are present in the decoded frame 
(prior to any upsampling for display or other purposes). 
0117 Video encoder 20 may set the value of frame0 grid 
position y (when present) to specify the vertical location of 
the upper left sample of constituent frame 0 below the spatial 
reference point in units of one sixteenth of the luma sample 
grid spacing between the samples of the rows of constituent 
frame 0 that are present in the decoded frame (prior to any 
upsampling for display or other purposes). 
0118 Video encoder 20 may set the value of frame1 grid 
position X (when present) specifies the horizontal location of 
the upper left sample of constituent frame 1 to the right of the 
spatial reference point in units of one sixteenth of the luma 
sample grid spacing between the samples of the columns of 
constituent frame 1 that are present in the decoded frame 
(prior to any upsampling for display or other purposes) 
0119 Video encoder 20 may set the value of frame1 grid 
position y (when present) specifies the vertical location of 
the upper left sample of constituent frame 1 below the spatial 
reference point in units of one sixteenth of the luma sample 
grid spacing between the samples of the rows of constituent 
frame 1 that are present in the decoded frame (prior to any 
upsampling for display or other purposes). 
0120 Frame packing arrangement reserved byte may 
be reserved for future use by ITU-T ISO/IEC. Video encoder 
20 may set the value of frame packing arrangement re 
served byte equal to 0. All other values of frame packing 
arrangement reserved byte may be reserved for future use 
by ITU-T I ISO/IEC. Video decoders may ignore (e.g., 
remove from the bitstream and discard) the value of frame 
packing arrangement reserved byte. Video encoder 20 may 
set the value of frame packing arrangement repetition pe 
riod to specify the persistence of the frame packing arrange 
ment SEI message, which may specify a frame order count 
interval within which another frame packing arrangement 
SEI message with the same value of frame packing arrange 
ment idor the end of the coded video sequence video encoder 
20 has made present in the bitstream. Video encoder 20 may 
set the value of frame packing arrangement repetition pe 
riod in the range of 0 to 16,384, inclusive. 
0121 Video encoder 20 may set the value of frame pack 
ing arrangement repetition period equal to 0 to specify that 
the frame packing arrangement SEI message applies to the 
current decoded frame only. Video encoder 20 may set the 
value of frame packing arrangement repetition period 
equal to 1 to specify that the frame packing arrangement SEI 
message persists in output order until any of the following 
conditions are true: a new coded video sequence begins, or a 
frame in an access unit containing a frame packing arrange 
ment SEI message with the same value of frame packing 
arrangement id is output having PicOrderCnt() greater than 
PicOrderCnt(CurrPic). 
0122 Video encoder 20 may set the value of frame pack 
ing arrangement repetition period equal to 0 or equal to 1 to 
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indicate that another frame packing arrangement SEI mes 
sage with the same value of frame packing arrangement id 
may or may not be present. Video encoder 20 may set the 
value of frame packing arrangement repetition period 
greater than 1 to specify that the frame packing arrangement 
SEI message persists until any of the following conditions are 
true: a new coded video sequence begins, or a frame in an 
access unit containing a frame packing arrangement SEI mes 
sage with the same value of frame packing arrangement id 
is output having PicOrderCnt( )greater than PicOrderCnt 
(CurrPic) and less than or equal to PicOrderCnt(CurrPic)+ 
frame packing arrangement repetition period. 
I0123 Video encoder 20 may set the value of frame pack 
ing arrangement repetition period greater than 1 to indicate 
that another frame packing arrangement SEI message with 
the same value of frame packing arrangement frames id is 
present for a frame in an access unit that is output having 
PicOrderCnt() greater than PicOrderCnt(CurrPic) and less 
than or equal to PicOrderCnt(CurrPic)+frame packing ar 
rangement repetition period, unless the bitstream ends or a 
new coded video sequence begins without output of Such a 
frame. 

0.124 Video encoder 20 may set the value of frame pack 
ing arrangement extension flag equal to 0 to indicate that 
no additional data follows within the frame packing arrange 
ment SEI message. In this case, video encoder 20 may set the 
Value of frame packing arrangement extension flag equal 
to 0. The value 1 for frame packing arrangement exten 
sion flag may be reserved for future use by ITU-T I ISO/IEC. 
Video decoders may ignore the value 1 for frame packing 
arrangement extension flag in a frame packing arrangement 
SEI message and may ignore all data that follows within a 
frame packing arrangement SEI message after the value 1 for 
frame packing arrangement extension flag. 
0.125 Mode select unit 40 may receive raw video data in 
the form of blocks from the view 0 picture. After encoding the 
view 0 picture, video encoder 20 may downsample a view 1 
picture that corresponds to the view 0 picture. That is, the 
view 0 picture and the view 1 picture may have been captured 
at Substantially the same time. After downsampling the view 
1 picture, video encoder 20 may encode the view 1 picture. 
Video encoder 20 may also store a decoded version of the 
view 0 picture in reference frame store 64, such that motion 
estimation unit 42 and motion compensation unit 44 may 
perform inter-view prediction with respect to the view 0 pic 
ture when encoding the view 1 picture. 
0.126 Motion estimation unit 42 and motion compensa 
tion unit 44 may be highly integrated, but are illustrated 
separately for conceptual purposes. Motion estimation is the 
process of generating motion vectors, which estimate motion 
for video blocks. A motion vector, for example, may indicate 
the displacement of a predictive block within a predictive 
reference frame (or other coded unit) relative to the current 
block being coded within the current frame (or other coded 
unit). A predictive block is a block that is found to closely 
match the block to be coded, in terms of pixel difference, 
which may be determined by sum of absolute difference 
(SAD), sum of square difference (SSD), or other difference 
metrics. A motion vector may also indicate displacement of a 
partition of a macroblock. Motion compensation may involve 
fetching or generating the predictive block based on the 
motion vector (or displacement vector) determined by motion 
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estimation unit 42. Again, motion estimation unit 42 and 
motion compensation unit 44 may be functionally integrated, 
in Some examples. 
0127. Motion estimation unit 42 may calculate a motion 
vector for a video block of an inter-coded picture by compar 
ing the video block to video blocks of a reference frame in 
reference frame store 64. Motion compensation unit 44 may 
also interpolate Sub-integer pixels of the reference frame, e.g., 
an I-frame or a P-frame. The ITU-T H.264 standard refers to 
“lists of reference frames, e.g., list 0 and list 1. List 0 
includes reference frames having a display order earlier than 
the current picture, while list 1 includes reference frames 
having a display order later than the current picture. Motion 
estimation unit 42 compares blocks of one or more reference 
frames from reference frame store 64 to a block to be encoded 
of a current picture, e.g., a P-picture or a B-picture. When the 
reference frames in reference frame store 64 include values 
for Sub-integer pixels, a motion vector calculated by motion 
estimation unit 42 may refer to a Sub-integer pixel location of 
a reference frame. Motion estimation unit 42 sends the cal 
culated motion vector to entropy coding unit 56 and motion 
compensation unit 44. The reference frame block identified 
by a motion vector may be referred to as a predictive block. 
Motion compensation unit 44 calculates residual error values 
for the predictive block of the reference frame. 
0128 Motion estimation unit 42 may be configured to 
perform inter-view prediction for view 1 pictures, in which 
case motion estimation unit 42 may calculate displacement 
vectors between blocks of the view 1 picture and correspond 
ing blocks of a reference frame of view 0. When calculating a 
displacement vector, motion estimation unit 42 may set the 
value of the motion vector relative to the position of the 
current block in the reduced resolution picture separate from 
the asymmetric frame, rather than a position of the current 
block as positioned within the asymmetric packed frame. 
0129 Suppose, for example, that the position of the cur 
rent block in the reduced resolution picture is (Xo yo). Sup 
pose further that video encoder 20 will pack the asymmetric 
frame with a top-bottom frame packing arrangement. The full 
resolution picture may have a height of hpixels and a width of 
w pixels. Accordingly, motion estimation unit 42 may calcu 
late the displacement vector relative to (Xo, 2*(yo-h)). As 
another example, suppose instead that video encoder 20 will 
pack the asymmetric frame with a side-by-side frame packing 
arrangement. In this example, motion estimation unit 42 may 
calculate the displacement vector relative to (2*(Xo-w), yo). 
Thus, motion estimation unit 42 may calculate the displace 
ment vector relative to the position of the current block in the 
reduced resolution frame standing alone, rather than the posi 
tion of the current block in the asymmetric frame. Motion 
compensation unit 44 may calculate prediction databased on 
the predictive block. Video encoder 20 forms a residual video 
block, indicating residual error between the pixels values of 
the block to be coded and the predictive block, by subtracting 
the prediction data from motion compensation unit 44 from 
the original video block being coded. Summer 50 represents 
the component or components that perform this subtraction 
operation. 
0130. Alternatively, video encoder 20 may be configured 
to encode view 1 pictures as fields. Rather than encoding a 
pair of interlaced top and bottom fields for view 1 pictures, 
however, video encoder 20 may be configured to encode only 
a single field for each of the view 1 pictures. Video encoder 20 
may further encode the view 1 pictures as fields relative to 
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either fields of previously coded view 1 pictures or top or 
bottom fields of view 0 pictures. Each of the previously coded 
view 0 pictures may include both a top field and a bottom 
field. It should be understood that although video encoder 20 
may be configured to encode view 1 pictures as fields, video 
encoder 20 may still encode view 0 pictures as frames. 
I0131 To encode a picture of view 1 as a field, motion 
estimation unit 42 may be configured to compare the picture 
of view 1 to previously coded pictures of view 1 that have 
been decoded, or top or bottom fields of previously coded 
view 0 pictures that have been decoded. Field coded pictures 
may comprise one-half of the vertical resolution of the full 
resolution picture. In general, a field of a picture may com 
prise a top field, comprising even-numbered lines of the pic 
ture, or a bottom field, comprising odd-numbered lines of the 
picture. Accordingly, to encode a view 1 picture relative to a 
previously coded view 1 picture that is now decoded, video 
encoder 20 may select a field for the view 1 picture (e.g., a top 
field or a bottom field of the view 1 picture), select a previ 
ously coded view 1 picture that is now decoded as a reference 
picture, and calculate the difference between the selected 
field and the reference picture. Similarly, to encode a view 1 
picture relative to a previously coded view 0 picture that is 
now decoded, video encoder 20 may perform similar steps, 
but additionally determine whether to encode the view 1 
picture relative to a top field or a bottom field of the view 0 
reference picture. 
I0132 Transform unit 52 applies a transform, such as a 
discrete cosine transform (DCT), integer transform, or a con 
ceptually similar transform, to the residual block, producing 
a video block comprising residual transform coefficient val 
ues. Transform unit 52 may perform other transforms, such as 
those defined by the H.264 standard, which are conceptually 
similar to DCT. Wavelet transforms, integer transforms, sub 
band transforms or other types of transforms could also be 
used. In any case, transform unit 52 applies the transform to 
the residual block, producing a block of residual transform 
coefficients. Transform unit 52 may convert the residual 
information from a pixel value domainto a transform domain, 
Such as a frequency domain. Quantization unit 54 quantizes 
the residual transform coefficients to further reduce bit rate. 
The quantization process may reduce the bit depth associated 
with some or all of the coefficients. The degree of quantiza 
tion may be modified by adjusting a quantization parameter. 
0.133 Following quantization, entropy coding unit 56 
entropy codes the quantized transform coefficients. For 
example, entropy coding unit 56 may perform content adap 
tive variable length coding (CAVLC), context adaptive binary 
arithmetic coding (CABAC), or another entropy coding tech 
nique. Following the entropy coding by entropy coding unit 
56, the encoded video may be transmitted to another device or 
archived for later transmission or retrieval. In the case of 
context adaptive binary arithmetic coding (CABAC), context 
may be based on neighboring macroblocks. 
I0134. In some cases, entropy coding unit 56 or another 
unit of video encoder 20 may be configured to perform other 
coding functions, in addition to entropy coding. For example, 
entropy coding unit 56 may be configured to determine the 
CBP values for the macroblocks and partitions. Also, in some 
cases, entropy coding unit 56 may perform run length coding 
of the coefficients in a macroblock or partition thereof. In 
particular, entropy coding unit 56 may apply a Zig-Zag scan or 
other scan pattern to Scan the transform coefficients in a 
macroblock or partition and encode runs of Zeros for further 
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compression. Entropy coding unit 56 also may construct 
header information with appropriate syntax elements for 
transmission in the encoded video bitstream. 
0135) Inverse quantization unit 58 and inverse transform 
unit 60 apply inverse quantization and inverse transforma 
tion, respectively, to reconstruct the residual block in the pixel 
domain, e.g., for later use as a reference block. Motion com 
pensation unit 44 may calculate a reference block by adding 
the residual block to a predictive block of one of the frames of 
reference frame store 64. Motion compensation unit 44 may 
also apply one or more interpolation filters to the recon 
structed residual block to calculate Sub-integer pixel values 
for use in motion estimation. Summer 62 adds the recon 
structed residual block to the motion compensated prediction 
block produced by motion compensation unit 44 to produce a 
reconstructed video block for storage in reference frame store 
64. The reconstructed video block may be used by motion 
estimation unit 42 and motion compensation unit 44 as a 
reference block to inter-code a block in a subsequent video 
frame. 
0.136 FIG. 3 is a block diagram illustrating an example of 
video decoder 30, which decodes an encoded video sequence. 
In the example of FIG. 3, video decoder 30 includes an 
entropy decoding unit 70, motion compensation unit 72, intra 
prediction unit 74, inverse quantization unit 76, inverse trans 
formation unit 78, reference frame store 82 and summer 80. 
Video decoder 30 may, in some examples, perform a decod 
ing pass generally reciprocal to the encoding pass described 
with respect to video encoder 20 (FIG. 2). 
0.137 In particular, video decoder 30 may be configured to 
receive a bitstream including asymmetric packed frames. 
Video decoder 30 may receive information indicative of 
whether the bitstream includes asymmetric packed frames, 
and if so, a frame packing arrangement for the asymmetric 
packed frames. For example, video decoder 30 may be con 
figured to interpret frame packing arrangement SEI mes 
sages. Video decoder 30 may also be configured to determine 
whether to decode both pictures in an asymmetric packed 
frame, or only one of the two pictures, e.g., the full resolution 
picture. This determination may be based on whether video 
display 32 (FIG. 1) is able to display three-dimensional video 
data, whether video decoder 30 has the capability to decode 
two views (and upsample a reduced resolution view) of a 
particular bitrate and/or framerate, or other factors regarding 
video decoder 30 and/or video display 32. 
0138. When destination device 40 is not able to decode 
and/or display three-dimensional video data from asymmet 
ric packed frames, video decoder 30 may unpack received 
asymmetric frames into constituent full resolution encoded 
pictures and reduced resolution encoded pictures, then dis 
card the reduced resolution encoded pictures. Thus, video 
decoder 30 may elect to only decode the full-resolution pic 
tures of, e.g., view 0. On the other hand, when destination 
device 40 is capable of decoding and displaying three-dimen 
sional video data of asymmetric packed frames, video 
decoder 30 may unpack received asymmetric frames into 
constituent full and reduced resolution encoded pictures, 
decode the full and reduced resolution encoded pictures, 
upsample the reduced resolution picture, and send the pic 
tures to video display 32. In some examples, video decoder 30 
may receive asymmetric packed frames via HDMI. 
0139 Video encoder 30 may further receive information 
indicating whethera reduced resolution encoded picture of an 
asymmetric frame is encoded as a field or as a picture. When 
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encoded as a picture, video encoder 30 may retrieve displace 
ment vectors for inter-view encoded reduced resolution pic 
tures, or motion vectors for intra-view, inter-prediction 
encoded reduced resolution pictures. Video encoder 30 may 
use the displacement or motion vectors to retrieve a predic 
tion block to decode a block of the reduced resolution picture. 
After decoding the reduced resolution picture, video encoder 
30 may upsample the decoded picture to the same resolution 
as the full resolution picture of the same asymmetric frame. 
0140 Motion compensation unit 72 may generate predic 
tion data based on motion vectors received from entropy 
decoding unit 70. Motion compensation unit 72 may use 
motion vectors received in the bitstream to identify a predic 
tion block in reference frames in reference frame store 82. 
Intra prediction unit 74 may use intra prediction modes 
received in the bitstream to form a prediction block from 
spatially adjacent blocks. Inverse quantization unit 76 inverse 
quantizes, i.e., de-quantizes, the quantized block coefficients 
provided in the bitstream and decoded by entropy decoding 
unit 70. The inverse quantization process may include a con 
ventional process, e.g., as defined by the H.264 decoding 
standard. The inverse quantization process may also include 
use of a quantization parameter QP-calculated by encoder 20 
for each macroblock to determine a degree of quantization 
and, likewise, a degree of inverse quantization that should be 
applied. 
0141 Inverse transform unit 58 applies an inverse trans 
form, e.g., an inverse DCT, an inverse integer transform, or a 
conceptually similar inverse transform process, to the trans 
form coefficients in order to produce residual blocks in the 
pixel domain. Motion compensation unit 72 produces motion 
compensated blocks, possibly performing interpolation 
based on interpolation filters. Identifiers for interpolation fil 
ters to be used for motion estimation with sub-pixel precision 
may be included in the syntax elements. Motion compensa 
tion unit 72 may use interpolation filters as used by video 
encoder 20 during encoding of the video block to calculate 
interpolated values for sub-integer pixels of a reference block. 
Motion compensation unit 72 may determine the interpola 
tion filters used by video encoder 20 according to received 
Syntax information and use the interpolation filters to produce 
predictive blocks. 
0.142 Motion compensation unit 72 uses some of the syn 
tax information to determine sizes of macroblocks used to 
encode frame(s) of the encoded video sequence, partition 
information that describes how each macroblock of a frame of 
the encoded video sequence is partitioned, modes indicating 
how each partition is encoded, one or more reference frames 
(or lists) for each inter-encoded macroblock or partition, and 
other information to decode the encoded video sequence. 
0.143 Summer 80 sums the residual blocks with the cor 
responding prediction blocks generated by motion compen 
sation unit 72 or intra-prediction unit to form decoded blocks. 
If desired, a deblocking filter may also be applied to filter the 
decoded blocks in order to remove blockiness artifacts. The 
decoded video blocks are then stored in reference frame store 
82, which provides reference blocks for subsequent motion 
compensation and also produces decoded video for presenta 
tion on a display device (such as display device 32 of FIG. 1). 
0144. When a reduced resolution picture of an asymmetric 
frame is encoded as a field, video encoder 30 may use a top 
field or a bottom field of a previously decoded picture of the 
other view as a reference field for decoding the reduced 
resolution encoded picture. Video encoder 30 may also use a 
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previously decoded reduced resolution picture of the same 
view as a reference field, where the previously decoded 
reduced resolution pictures may be stored in reference frame 
store 82 prior to upsampling. In this manner, video decoder 30 
may decode the reduced resolution encoded picture relative to 
a reduced resolution decoded picture of the same view, or 
relative to a top or bottom field of a full resolution decoded 
picture of the opposite view. After decoding the reduced 
resolution picture, video decoder 30 may store the reduced 
resolution decoded picture in reference frame store 82, then 
upsample the reduced resolution decoded picture to form a 
full resolution picture of the corresponding view. 
0145 FIG. 4 is a conceptual diagram illustrating pictures 
100, 102 of a left eye view and a right eye view being com 
bined by video encoder 20 to form an asymmetric packed 
frame 104. In this example, video encoder 20 receives picture 
100, including raw video data of a left eye view of a scene, and 
picture 102, including raw video data of a right eye view of the 
scene. The left eye view may correspond to view 0, while the 
right eye view may correspond to view 1. Pictures 100, 102 
may correspond to two pictures of the same temporal 
instance. For example, pictures 100, 102 may have been cap 
tured by cameras at Substantially the same time. 
0146 In the example of FIG. 4, samples of picture 100 are 
indicated with X's, while samples (e.g., pixels) of picture 102 
are indicated with O's. In this example, video encoder 20 
encodes picture 100, downsamples and encodes picture 102, 
and combines the pictures to form asymmetric packed frame 
104. In this example, video encoder 20 arranges the full 
resolution encoded picture for picture 100 and the reduced 
resolution encoded picture for picture 102 in a top-bottom 
arrangement within asymmetric packed frame 104. To down 
sample picture 102, video encoder 20 may decimate alternate 
rows of picture 102. As another example, video encoder 20 
may entirely remove alternate rows of picture 102 to produce 
a downsampled version of picture 102. As still another 
example, video encoder 20 may quincunx (checkerboard) 
sample picture 102, and arrange these samples in rows within 
asymmetric packed frame 104. 
0147 In the illustration of FIG. 4, asymmetric packed 
frame 104 includes X's corresponding to data from picture 
100 and O’s corresponding to data from picture 102. How 
ever, it should be understood that the data of asymmetric 
packed frame 104 corresponding to picture 102 will not nec 
essarily align exactly with data of picture 102 following 
downsampling. Likewise, following encoding, the data of the 
pictures in asymmetric packed frame 104 will likely be dif 
ferent than the data of pictures 100, 102. Accordingly, it 
should not be assumed that the data of one X in asymmetric 
packed frame 104 is necessarily identical to a corresponding 
X in picture 100. Similarly, it should not be assumed that the 
data of one 0 in asymmetric packed frame 104 is identical to 
a corresponding 0 in picture 102, or that the O’s of asymmet 
ric packed frame 104 have the same resolution as O’s of 
picture 102. 
0148 Asymmetric packed frame 104 may correspond to a 
top-bottom frame packing arrangement. That is, data corre 
sponding to picture 100 is placed on top of data corresponding 
to picture 102 in asymmetric packed frame 104. Although 
illustrated in rows, data corresponding to picture 102 in asym 
metric packed frame 104 may be quincunx (checkerboard) 
sampled, and thus, may be upsampled using a quincunx 
arrangement as well. Alternatively, data corresponding to 
picture 102 in asymmetric packed frame 104 may be sampled 
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from alternate rows of picture 102, in which case the data may 
be upsampled by, e.g., interpolating alternate rows of the data 
following decoding. 
014.9 FIG. 5 is a conceptual diagram illustrating pictures 
100, 102 of a left eye view and a right eye view being com 
bined by video encoder 20 to form an asymmetric packed 
frame 106. In this example, video encoder 20 receives picture 
100, including raw video data of a left eye view of a scene, and 
picture 102, including raw video data of a right eye view of the 
scene. Pictures 100, 102 may correspond to two pictures of 
the same temporal instance. For example, pictures 100, 102 
may have been captured by cameras at Substantially the same 
time. 
0150. In the example of FIG. 5, samples of picture 100 are 
indicated with X's, while samples of picture 102 are indicated 
with O's. In this example, video encoder 20 encodes picture 
100, downsamples and encodes picture 102, and combines 
the pictures to form asymmetric packed frame 106. In this 
example, video encoder 20 arranges the full resolution 
encoded picture for picture 100 and the reduced resolution 
encoded picture for picture 102 in a side-by-side arrangement 
within asymmetric packed frame 106. To downsample picture 
102, video encoder 20 may decimate alternate columns of 
picture 102. Alternatively, video encoder 20 may entirely 
remove alternate columns of picture 102 to produce a down 
sampled version of picture 102. 
0151. In the illustration of FIG. 5, asymmetric packed 
frame 106 includes X's corresponding to data from picture 
100 and O’s corresponding to data from picture 102. How 
ever, it should be understood that the data of asymmetric 
packed frame 106 corresponding to picture 102 will not nec 
essarily align exactly with data of picture 102 following 
downsampling. Likewise, following encoding, the data of the 
pictures in asymmetric packed frame 106 will likely be dif 
ferent than the data of pictures 100, 102. Accordingly, it 
should not be assumed that the data of one X in asymmetric 
packed frame 106 is necessarily identical to a corresponding 
X in picture 100. Similarly, it should not be assumed that the 
data of one O in asymmetric packed frame 106 is identical to 
a corresponding O in picture 102, or that the O’s of asymmet 
ric packed frame 106 have the same resolution as O’s of 
picture 102. 
0152 Asymmetric packed frame 106 may correspond to a 
side-by-side frame packing arrangement. That is, data corre 
sponding to picture 100 is arranged side-by-side with data 
corresponding to picture 102. Although illustrated in col 
umns, data corresponding to picture 102 in asymmetric 
packed frame 106 may be quincunx (checkerboard) sampled, 
and thus, may be upsampled using a quincunx arrangement as 
well. Alternatively, data corresponding to picture 102 in 
asymmetric packed frame 106 may be sampled from alternate 
columns of picture 102, in which case the data may be 
upsampled by, e.g., interpolating alternate columns of the 
data following decoding. 
0153 FIG. 6 is a conceptual diagram illustrating an 
example process for encoding pictures 110A-110D (pictures 
110) of a left eye view as frames, while encoding pictures 
112A-112D (pictures 112) of a right eye view as fields. In this 
example, pictures 110 correspond to a left eye view (e.g., 
view 0), while pictures 112 correspond to a right eye view 
(e.g., view 1). In general, pictures 112 may comprise down 
sampled pictures of the right eye view. For example, a video 
processing unit may decimate rows of incoming pictures of 
the right eye view to produce pictures 112. 
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0154) A video encoder, such as video encoder 20, or a 
Video preprocessing unit coupled to the video encoder, may 
receive full resolution, unencoded pictures of the left eye 
view and the right eye view. Video encoder 20 may reduce the 
resolution of pictures of the right eye view by decimating the 
pictures of the right eye view. In this manner, video encoder 
20 may produce pictures 112 that have one-half the vertical 
resolution of pictures 110, but the same horizontal resolution 
(width) as pictures 110. 
0155 The video encoder may encode pictures 110 nor 
mally, that is, as frames. However, in this example, video 
encoder 20 may encode pictures 112 as fields. Video encoder 
20 may encode pictures 112 relative to previously encoded 
(and Subsequently decoded) pictures of the right eye view, or 
previously encoded (and Subsequently decoded) pictures of 
the left eye view. For example, video encoder 20 may encode 
picture 112s relative to either the top field of one of pictures 
110 or the bottom field of one of pictures 110. That is, video 
encoder 20 may use the top field of one of pictures 110 as a 
reference field to encode one of pictures 112, e.g., by calcu 
lating differences between rows of the field of the one of 
pictures 112 and alternate rows (starting with a top row) of the 
one of pictures 110. Alternatively, video encoder 20 may use 
the bottom field of one of pictures 110 as a reference field, in 
which case video encoder 20 may calculate differences 
between rows of the one of pictures 112 and alternate rows 
(starting with the row after the top row) of the one of pictures 
110. In general, video encoder 20 may encode pictures 112 
relative to previously coded pictures 112 and top and/or bot 
tom fields of previously coded pictures 110. 
0156 Video encoder 20 may form independent access 
units from pictures 110 and pictures 112. Together, pictures 
110A and 112A may form a stereo image pair. Likewise, 
pictures 110B and 112B may form a stereo image pair, pic 
tures 110C and 112C may form a stereo image pair, and 
pictures 110D and 112D may form a stereo image pair. How 
ever, rather than forming an asymmetric frame including two 
images forming a stereo image pair, video encoder 20 may 
form independent access units from each of pictures 110 and 
112. Video encoder 20 may output pictures 110 and 112 
alternately, as illustrated in the example of FIG. 6. This tech 
nique may be referred to as frame field interleaved coding. 
Thus, video encoder 20 may form a bitstream including both 
pictures coded as frames and pictures coded as fields, and the 
field coded pictures may have reduced resolution relative to 
the frame coded pictures. Moreover, the field coded pictures 
may be coded relative to one or more of the frame or field 
coded pictures that occurs earlier in the bitstream. 
0157 Frame field interleaved coding is one example for 
allowing prediction of a reduced resolution picture from a full 
resolution picture. By coding full resolution pictures as 
frames and coding reduced resolution pictures as fields, a 
relatively high coding and bitstream efficiency may be 
achieved. Decoded pictures 110 may be treated as comple 
mentary field pairs and used as reference pictures when a 
reduced resolution field, that is, one of pictures 112, is coded. 
In some examples, each picture of one view (e.g., the left view 
or view 0) may be coded as a frame, while each picture of the 
other view (e.g., the right view or view 1) may be coded as a 
field. Accordingly, the view including full resolution encoded 
pictures may be referred to as a full resolution view or a high 
resolution view, while the view including reduced resolution 
encoded pictures may be referred to as a reduced resolution 
view or a low resolution view. 
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0158. This technique may be used as an extension of 
H.264/AVC in some examples. In some examples, this tech 
nique may be used as an extension to future coding standards, 
Such as H.265, assuming these standards Support both frame 
and field coding. Thus, these techniques do not necessarily 
require new coding tools at the block level. 
0159 FIG. 7 is a conceptual diagram illustrating field 
encoding of a picture to produce a reduced resolution 
encoded picture for inclusion in an asymmetric packed frame. 
FIG. 7 illustrates picture 120 as a view 0 (e.g., left eye view) 
reference picture and picture 122 as a view 1 (e.g., right eye 
view) picture to be coded as a field. In this example, rows of 
pixels of the view 0 reference picture corresponding to the top 
field of picture 120 are illustrated with X's, while rows of 
pixels of picture 120 corresponding to the bottom field of 
picture 120 are illustrated with O's. 
0160. In this example, picture 122 is encoded as a field 
relative to the top field of picture 120. Thus, rows of picture 
122 may be predicted from the top field of picture 120. In 
other words, an encoder may use the top field of picture 122 
as a reference field. For each pixel in picture 122, the video 
encoder may calculate the difference between the pixel and a 
collocated pixel in the corresponding row of the top field of 
picture 122. The video encoder may then encode an identifier 
of picture 122, an indication that the top field of picture 122 
was used to predict the encoded version of picture 122, and 
the residual values (that is, the calculated differences between 
picture 122 and the top field of picture 120) to encode picture 
122. The video encoder may then output the encoded version 
of picture 122, e.g., interleaved between two frame-coded 
pictures of view 0, as shown in FIG. 6. 
0.161 FIG. 8 is a conceptual diagram illustrating inter 
view prediction of a block 148 of a reduced resolution 
encoded picture 144 of an asymmetric packed frame 140. 
FIG. 8 illustrates two example asymmetric packed frames 
130, 140. Asymmetric packed frame 130 includes full reso 
lution encoded picture 132, corresponding to a left eye view 
(e.g., view 0), and reduced resolution encoded picture 134, 
corresponding to a right eye view (e.g., view 1). Asymmetric 
packed frame 140 includes full resolution encoded picture 
142, corresponding to the left eye view, and reduced resolu 
tion encoded picture 144, corresponding to the right eye view. 
0162 Reduced resolution encoded picture 144 includes 
block 148, which may be intra-view predicted, e.g., relative to 
block 138 of reduced resolution encoded picture 134 of asym 
metric frame 130. The example of FIG. 8 illustrates motion 
vector 154 that indicates a location of block 138 relative to 
block 148. Alternatively, block 148 may be inter-view pre 
dicted relative to, e.g., block 146 of full resolution encoded 
picture 142 of asymmetric packed frame 140 (as shown by 
displacement vector 150) or block 136 of full resolution 
encoded picture 132 of asymmetric packed frame 130 (as 
shown by displacement vector 152). 
0163 Displacement vector 150 may indicate the location 
of block 146 relative to block 148 in full resolution encoded 
picture 142. Displacement vector 152 may indicate the loca 
tion of block 136 relative to block 148 in full resolution 
encoded picture 132 of asymmetric frame 130. Displacement 
vector 154 (which may be considered a motion vector) may 
indicate the location of block 138 relative to block 148 in 
reduced resolution encoded picture 134. In this manner, block 
148 may be intra-view inter-frame encoded, inter-view intra 
frame encoded, or inter-view inter-frame encoded. Accord 
ingly, three encoding modes may exist: prediction of block 
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148 from the same view, (e.g., the right eye view) in different 
frames as illustrated by the example of displacement vector 
154, prediction of block 148 from the same frame in the other 
view (e.g., the left eye view) as illustrated by the example of 
displacement vector 150, and prediction of block 148 from a 
different frame and the other view (e.g., the left eye view) as 
illustrated by the example of displacement vector 152. 
0164. As noted above, a video encoder, such as video 
encoder 20, may calculate displacement vectors 150, 152, 
154 relative to the location of reference block 148 external to 
asymmetric packed frame 140. That is, displacement vectors 
150, 152, 154 may be calculated relative to the location of 
block 148 as if picture 144 was not combined with picture 
142, but was a separate picture. To do so, let the location of 
block 148 within asymmetric frame 140 be identified at posi 
tion (x, y). Let full resolution picture 142 have a height of h 
pixels and width of w pixels. 
0165. In one example, assuming that asymmetric packed 
frame 140 has a top-bottom packing arrangement, as illus 
trated in the example of FIG. 8, picture 144 may have the 
same width as full resolution picture 142 (that is, a width of w 
pixels), but a height less than the height of full resolution 
picture 142. For example, picture 144 may have a height of 
h/2 pixels. In this example, displacement vectors 150, 152 
may be calculated relative to location (x, 2*(yo-h)). More 
generally, if reduced resolution picture 144 has a height of 
nh/d, displacement vectors 150, 152 may be calculated rela 
tive to location (X (d/n)*(yo-h)) and displacement vector 
154 may be calculated relative to location (Xo yo). 
0166 As another example, assuming that asymmetric 
packed frame 140 has a side-by-side packing arrangement, 
picture 144 may have the same height as full resolution pic 
ture 142 (that is, a height of h pixels), but a width less than the 
width of full resolution picture 142. For example, picture 144 
may have a width of w/2 pixels. In this example, displacement 
vectors 150, 152 may be calculated relative to location (2* 
(Xo-w), yo). More generally, if reduced resolution picture 144 
has a width of nw/d, displacement vectors 150, 152 may be 
calculated relative to location (d/n)*(Xo-w), yo). 
0167 FIG.9 is a flowchart illustrating an example method 
for combining two pictures of two different views into an 
asymmetric packed frame and encoding the asymmetric 
packed frame. Although generally described with respect to 
the example components of FIGS. 1 and 2, it should be 
understood that other encoders, encoding units, and encoding 
devices may be configured to perform the method of FIG. 9. 
Moreover, the steps of the method of FIG. 9 need not neces 
sarily be performed in the order shown in FIG. 9, and addi 
tional or alternative steps may be performed. 
(0168. In the example of FIG. 9, video encoder 20 first 
receives a picture of a left eye view (160), e.g., view 0. Video 
encoder 20 may also receive a picture of a right eye view, e.g., 
view 1, (162), such that the two received pictures form a 
stereo image pair. The left eye view and the right eye view 
may form a stereo view pair, also referred to as a complemen 
tary view pair. The received right eye view picture may cor 
respond to the same temporal location as the received left eye 
view picture. That is, the left eye view picture and the right 
eye view picture may have been captured or generated at 
substantially the same time. Video encoder 20 may then 
reduce the resolution of the right eye view picture (166). In 
Some examples, a preprocessing unit of video encoder 20 may 
receive the pictures. In some examples, the video preprocess 
ing unit may be external to video encoder 20. 
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(0169. In the example of FIG.9, video encoder 20 reduces 
the resolution of the right eye view picture (164). For 
example, video encoder 20 may subsample the received right 
eye view picture (e.g., using row-wise, column-wise, or quin 
cunx (checkerboard) Subsampling), decimate rows or col 
umns of the received right eye view picture, or otherwise 
reduce the resolution of the received right eye view picture. In 
Some examples, video encoder 20 may produce a reduced 
resolution picture having either half of the width or half of the 
height of the full resolution picture of the left eye view. In 
other examples including a video preprocessor, the video 
preprocessor may be configured to reduce the resolution of 
the right eye view picture. 
0170 Video encoder 20 may then form an asymmetric 
frame including both the received left eye view picture and 
the downsampled right eye view picture (166). For example, 
Video encoder 20 may form an asymmetric frame having a 
top-bottom arrangement, assuming that the right eye view 
picture has the same width as the left eye view picture. In 
Some examples, video encoder 20 may form an asymmetric 
frame with a top-bottom arrangement in which the full reso 
lution picture is above the reduced resolution picture, e.g., 
where the left eye view picture is placed above the right eye 
view picture with a reduced resolution. In other examples, 
video encoder 20 may form an asymmetric frame with a 
top-bottom arrangement in which the full resolution picture is 
below the reduced resolution picture, e.g., where the left eye 
view picture is placed below the right eye view picture with a 
reduced resolution. In still other examples, e.g., where the 
reduced resolution picture has the same height but a reduced 
width relative to the full resolution picture, video encoder 20 
may form an asymmetric frame with a side-by-side arrange 
ment, and the full resolution picture may be placed either to 
the left or to the right of the reduced resolution picture. 
0171 Video encoder 20 may then encode the asymmetric 
frame (168). In some examples, video encoder 20 may be 
configured to encode the right eye view picture portion of the 
asymmetric frame only relative to previously coded data of 
the right eye view. Thus, video encoder 20 may encode the 
reduced resolution picture in an intra-prediction (I-predic 
tion) mode, relative to other data of the same picture, or in an 
inter-prediction (P-prediction or B-prediction) mode, relative 
to data of one or more previously encoded pictures of the right 
eye view. 
0172. In other examples, video encoder 20 may be config 
ured to encode the reduced resolution right eye view picture 
portion of the asymmetric frame relative to either data of the 
right eye view or of the left eye view. For example, video 
encoder 20 may encode the reduced resolution right eye view 
picture relative to the left eye view portion of the asymmetric 
frame. Video encoder 20 may also encode the reduced reso 
lution right eye view portion of the asymmetric frame relative 
to left eye view portions of previously encoded asymmetric 
frames. 

0173 Video encoder 20 may encode the reduced resolu 
tion right eye view picture relative to either a picture of the 
right eye view or relative to a picture of the left eye view of a 
previously encoded asymmetric frame. Thus, video encoder 
20 may encode each block of the right eye view portion of the 
current asymmetric frame in an inter-mode relative to blocks 
of previously encoded right eye view pictures, blocks of the 
left eye view picture portion of the same asymmetric frame, or 
blocks of previously encoded left eye view portions of previ 
ously encoded asymmetric frames. As noted above, to encode 
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the blocks of the current picture, video encoder 20 may cal 
culate displacement vectors relative to the location of the 
block in the reduced resolution right eye view picture, rather 
than to the location of the block positioned within the asym 
metric packed frame. 
0.174. After encoding the asymmetric frame, video 
encoder 20 may signal whether inter-view prediction is used 
to encode the right eye view picture (170). For example, video 
encoder 20 may generate a frame packing arrangement SEI 
message that indicates both whether asymmetric packed 
frames are present in a bitstream formed by video encoder 20, 
and if so, whether any of the asymmetric packed frames 
includes a reduced resolution picture encoded in an inter 
view prediction mode. 
0175 Video encoder 20 may also signal a frame packing 
type for the asymmetric packed frame (172). For example, 
video encoder 20 may include information in the frame pack 
ing arrangement SEI message discussed above indicating a 
frame packing arrangement for the asymmetric packed frame, 
e.g., side-by-side or top-bottom packing. Moreover, video 
encoder 20 may include information indicating the relative 
locations of the data for the full resolution picture and the data 
for the reduced resolution picture, e.g., in the frame packing 
arrangement SEI message. 
0176 Video encoder 20 may then output the asymmetric 
frame (174). For example, video encoder 20, or a unit coupled 
to video encoder 20, may store the asymmetric frame to a 
computer-readable storage medium, broadcast the asymmet 
ric frame, transmit the asymmetric frame via network trans 
mission or network broadcast, or otherwise provide the 
encoded video data. In some examples, video encoder 20, or 
a unit coupled to video encoder 20, may output the asymmet 
ric frame via a high definition multimedia interface (HDMI). 
0177. It should also be understood that video encoder 20 
need not necessarily provide information indicating whether 
a bitstream includes asymmetric packed frames, and frame 
packing arrangements and indications of locations of full and 
reduced resolution pictures in the frames, for each frame of 
the bitstream. In some examples, video encoder 20 may pro 
vide a single set of information, e.g., a single frame packing 
SEI message, for the entire bitstream indicating this informa 
tion for each frame of the bitstream. In some examples, video 
encoder 20 may provide the information periodically, e.g., 
after each video fragment, group of pictures (GOP), video 
segment, every certain number of frames, or at other periodic 
intervals. Video encoder 20, or another unit associated with 
Video encoder 20, may also provide the frame packing 
arrangement SEI message on demand in some examples. e.g., 
in response to a request from a client device for the frame 
packing arrangement SEI message or a general request for 
header data of the bitstream. 
0.178 FIG. 10 is a flowchart illustrating an example 
method for decoding an asymmetric frame. Although gener 
ally described with respect to the example components of 
FIGS. 1 and 3, it should be understood that other decoders, 
decoding units, and decoding devices may be configured to 
perform the method of FIG. 10. Moreover, the steps of the 
method of FIG. 10 need not necessarily be performed in the 
order shown in FIG. 10, and additional or alternative steps 
may be performed. 
0179. Initially, video decoder 30 may receive an asymmet 

ric frame (200). In some examples, video decoder 30, or a unit 
coupled to video decoder 30, may receive the asymmetric 
frame via a high definition multimedia interface (HDMI). 
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Video decoder 30 may then determine a frame packing type 
for the asymmetric frame (202). For example, video decoder 
30 may receive a frame packing arrangement SEI message 
indicating the frame packing type for the asymmetric frame 
(e.g., top-bottom or side-by-side), as well as locations of a full 
resolution picture and a reduced resolution picture in the 
asymmetric frame. In some examples, video decoder 30 may 
have previously received a frame packing arrangement SEI 
message for the bitstream, prior to receiving the asymmetric 
frame, in which case video decoder 30 may have determined 
the frame packing type for frames of the bitstream (including 
the most recently received asymmetric frame) prior to receiv 
ing the asymmetric frame. 
0180 Based on the frame packing type information, video 
decoder 30 may decode the asymmetric frame (204). Video 
decoder 30 may first decode the left eye view portion of the 
asymmetric frame, followed by the right eye view portion of 
the asymmetric frame. Video decoder 30 may determine the 
locations of the left eye view and right eye view portions of 
the asymmetric frame based on the frame packing type infor 
mation. In some examples, video decoder 30 may decode the 
right eye view picture relative to a left eye view picture. 
0181. After decoding the asymmetric frame, video 
decoder 30 may separate the decoded frame into constituent 
pictures, e.g., the left eye view picture and the right eye view 
picture (206). Video decoder 30 may store a copy of the left 
eye view picture for reference to decode other left eye view 
pictures and, in some examples, right eye view pictures. 
Video decoder 30 may also store a copy of the decoded right 
eye view picture, e.g., before upsampling, for use as a refer 
ence picture for decoding right eye view portions of Subse 
quently received asymmetric frames. 
0182 Maintaining the example above, the right eye view 
picture may also have a reduced resolution, although in other 
examples the right eye view picture may have full resolution 
and the left eye view picture may have reduced resolution. 
Accordingly, video decoder 30 may upsample the right eye 
view picture (208), e.g., by interpolating missing information 
to form a full resolution version of the right eye view picture. 
In this manner, video decoder 30 may form a right eye view 
picture having the same resolution as the left eye view picture. 
Video decoder 30 may then send the decoded left and right 
eye view pictures to video display 32, which may display the 
left and right eye view pictures simultaneously or nearly 
simultaneously (212). 
0183 FIG. 11 is a flowchart illustrating an example 
method for performing frame field interleaved coding in 
accordance with the techniques of this disclosure. Although 
generally described with respect to the example components 
of FIGS. 1 and 2, it should be understood that other encoders, 
encoding units, and encoding devices may be configured to 
perform the method of FIG. 11. Moreover, the steps of the 
method of FIG. 9 need not necessarily be performed in the 
order shown in FIG. 11, and additional or alternative steps 
may be performed. 
0184. Initially, video encoder 20 may receive a left eye 
view picture, e.g., a picture of view 0 (220). Video encoder 20 
may then encode the left eye view picture (222), e.g., as a 
frame in either an intra- or an inter-prediction mode. Thus, 
video encoder 20 may encode the left eye view picture rela 
tive to other data of the same picture, or relative to one or more 
reference pictures of the left eye view. 
0185. Video encoder 20 may also receive a picture of a 
right eye view, e.g., view 1, (224). Such that the right eye view 
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picture and the left eye view picture form a stereo image pair. 
The left eye view and the right eye view may form a stereo 
view pair, also referred to as a complementary view pair. The 
received right eye view picture may correspond to the same 
temporal location as the received left eye view picture. That 
is, the left eye view picture and the right eye view picture may 
have been captured or generated at Substantially the same 
time. Video encoder 20 may then reduce the resolution of the 
right eye view picture (226). In some examples, a video 
preprocessing unit of video encoder 20 may receive the right 
eye view picture and reduce the resolution of the right eye 
view picture prior to encoding. In some examples, the video 
preprocessing unit may be external to video encoder 20. 
0186 To reduce the resolution of the right eye view pic 

ture, video encoder 20 (or a video preprocessing unit) may 
decimate the right eye view picture, in Some examples. In this 
manner, video encoder 20 may reduce the resolution of the 
right eye view picture, in this example, which may have 
one-half the vertical resolution of the left eye view picture. 
0187 Video encoder 20 may then encode the reduced 
resolution picture of the right eye view picture based on a 
picture of the left eye view (228). That is, video encoder 20 
may use a previously coded left eye view picture as a refer 
ence picture for encoding the right eye view picture. Although 
in some cases video encoder 20 may use the left eye view 
picture encoded at step 222 as a reference picture for encod 
ing the right eye view picture, in general, video encoder 20 
may use any previously encoded picture of the left eye view as 
a reference picture. Thus, video encoder 20 is not limited to 
using the left eye view picture encoded at step 222 as the 
reference picture for encoding the right eye view picture. In 
Some examples, video encoder 20 may use a previously 
encoded right eye view picture as the reference picture for 
encoding the current right eye view picture. That is, video 
encoder 20 may determine whether to use a previously 
encoded left eye view picture or a previously encoded right 
eye view picture as a reference picture for encoding the cur 
rent right eye view picture. Furthermore, in some examples, 
video encoder 20 may select between intra and inter-mode 
encode of the current right eye view picture. 
0188 Video encoder 20 may encode the right eye view 
picture as a field. Accordingly, to encode the right eye view 
picture, video encoder 20 may calculate the difference 
between rows of the right eye view picture and alternate rows 
of the referenced left eye view picture. In this manner, video 
encoder 20 may encode the right eye view picture as a field 
referring to either a top field or a bottom field of a previously 
encoded left eye view picture. 
0189 Video encoder 20 may then output the encoded left 
eye view picture (230) and the encoded right eye view picture 
(232). In this example, video encoder 20 may output the 
encoded pictures into the same bitstream as separate access 
units, rather than forming an asymmetric packed frame. The 
bitstream may therefore include full resolution encoded pic 
tures of the left eye view and reduced resolution encoded 
pictures of the right eye view, where the left eye view pictures 
are encoded as frames and the right eye view pictures are 
encoded as fields. The bitstream may resemble the illustration 
of FIG. 6, such that the bitstream is frame field interleaved 
encoded. 
0.190 FIG. 12 is a flowchart illustrating an example 
method for decoding a frame field interleaved coded bit 
stream in accordance with the techniques of this disclosure. 
Although generally described with respect to the example 
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components of FIGS. 1 and 3, it should be understood that 
other decoders, decoding units, and decoding devices may be 
configured to perform the method of FIG. 12. Moreover, the 
steps of the method of FIG. 10 need not necessarily be per 
formed in the order shown in FIG. 12, and additional or 
alternative steps may be performed. 
0191 Video decoder 30 may be configured to receive and 
decode a frame field interleaved encoded bitstream. Accord 
ingly, video decoder 30 may receive an encoded picture of a 
left eye view, e.g., view 0 (240). Video decoder 30 may then 
decode the left eye view picture (242). Video decoder 30 may 
also receive an encoded picture of a right eye view, e.g., view 
1 (244). The left eye view and right eye view may form a 
Stereo view pair, also referred to as a complementary view 
pair. In this example, the left eye view picture and the right eye 
view picture may form independent access units, even though 
the two pictures may correspond to the same temporal period. 
For example, the two pictures may have been captured nearly 
simultaneously, such that the two pictures form a stereo 
image pair for producing a three-dimensional video play 
back. 
(0192 Video decoder 30 may decode the right eye view 
picture based on a previously decoded left eye view picture 
(246). That is, video decoder 30 may use a left eye view 
picture as a reference picture when decoding the right eye 
view picture. Although the reference picture may comprise 
the picture decoded at step 242, the reference picture may 
generally comprise any previously decoded picture of the left 
eye view. To decode the right eye view picture, video decoder 
30 may add values of rows of the received, encoded right eye 
view picture to alternate rows of the reference picture, e.g., a 
top field or a bottom field of the reference picture. The bit 
stream may include information indicating a reference pic 
ture for the right eye view picture, as well as whether to use 
the top field or the bottom field as the reference field for 
decoding the right eye view picture. In other examples, video 
decoder 30 may further be configured to determine whether to 
decode the right eye view picture relative to a top field or a 
bottom field of a left eye view picture, or relative to a previ 
ously decoded right eye view picture. 
0193 After decoding the right eye view picture, video 
decoder 30 may upsample the decoded right eye view picture 
(248). For example, video decoder 30 may be configured to 
interpolate missing rows of information of the decoded right 
eye view picture. Video decoder 30 may output the decoded 
left eye view picture (250) and the decoded and upsampled 
right eye view picture (252). For example, video decoder 30 
may send the decoded pictures to a display, which may dis 
play the pictures simultaneously or nearly simultaneously. 
0194 In some examples, video decoder 30 may be 
included within a device that is not capable of three-dimen 
sional video playback. In such examples, video decoder 30 
may simply decode the left eye view pictures and skip (e.g., 
discard) the right eye view pictures. In this manner, devices 
may be capable of receiving and decoding a frame field inter 
leaved encoded bitstream whether or not the devices are 
capable of decoding and/or rendering three-dimensional 
Video data. 
0.195 Although generally described with respect to a 
Video encoder and a video decoder, the techniques of this 
disclosure may be implemented in other devices and coding 
units. For example, the techniques for forming an asymmetric 
packed frame may be performed by a transcoder configured to 
receive two separate, complementary bitstreams and to 
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transcode the two bitstreams to form a single bitstream 
including asymmetric packed frames. As another example, 
the techniques for disassembling an asymmetric packed 
frame may be performed by a transcoder configured to 
receive a bitstream including asymmetric packed frames and 
to produce two separate bitstreams corresponding to respec 
tive views of the asymmetric packed frame, each including 
encoded video data for a respective view. 
0196. In one or more examples, the functions described 
may be implemented in hardware, Software, firmware, or any 
combination thereof. If implemented in software, the func 
tions may be stored on or transmitted over as one or more 
instructions or code on a computer-readable medium and 
executed by a hardware-based processing unit. Computer 
readable media may include computer-readable storage 
media, which corresponds to a tangible medium Such as data 
storage media, or communication media including any 
medium that facilitates transfer of a computer program from 
one place to another, e.g., according to a communication 
protocol. In this manner, computer-readable media generally 
may correspond to (1) tangible computer-readable storage 
media which is non-transitory or (2) a communication 
medium such as a signal or carrier wave. Data storage media 
may be any available media that can be accessed by one or 
more computers or one or more processors to retrieve instruc 
tions, code and/or data structures for implementation of the 
techniques described in this disclosure. A computer program 
product may include a computer-readable medium. 
0.197 By way of example, and not limitation, such com 
puter-readable storage media can comprise RAM, ROM, 
EEPROM, CD-ROM or other optical disk storage, magnetic 
disk storage, or other magnetic storage devices, flash 
memory, or any other medium that can be used to store 
desired program code in the form of instructions or data 
structures and that can be accessed by a computer. Also, any 
connection is properly termed a computer-readable medium. 
For example, if instructions are transmitted from a website, 
server, or other remote source using a coaxial cable, fiber 
optic cable, twisted pair, digital subscriber line (DSL), or 
wireless technologies Such as infrared, radio, and microwave, 
then the coaxial cable, fiber optic cable, twisted pair, DSL, or 
wireless technologies Such as infrared, radio, and microwave 
are included in the definition of medium. It should be under 
stood, however, that computer-readable storage media and 
data storage media do not include connections, carrier waves, 
signals, or other transient media, but are instead directed to 
non-transient, tangible storage media. Disk and disc, as used 
herein, includes compact disc (CD), laser disc, optical disc, 
digital versatile disc (DVD), floppy disk and blu-ray disc 
where disks usually reproduce data magnetically, while discs 
reproduce data optically with lasers. Combinations of the 
above should also be included within the scope of computer 
readable media. 

0198 Instructions may be executed by one or more pro 
cessors, such as one or more digital signal processors (DSPs), 
general purpose microprocessors, application specific inte 
grated circuits (ASICs), field programmable logic arrays (FP 
GAS), or other equivalent integrated or discrete logic cir 
cuitry. Accordingly, the term “processor, as used herein may 
refer to any of the foregoing structure or any other structure 
suitable for implementation of the techniques described 
herein. In addition, in some aspects, the functionality 
described herein may be provided within dedicated hardware 
and/or software modules configured for encoding and decod 
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ing, or incorporated in a combined codec. Also, the tech 
niques could be fully implemented in one or more circuits or 
logic elements. 
0199 The techniques of this disclosure may be imple 
mented in a wide variety of devices or apparatuses, including 
a wireless handset, an integrated circuit (IC) or a set of ICs 
(e.g., a chip set). Various components, modules, or units are 
described in this disclosure to emphasize functional aspects 
of devices configured to perform the disclosed techniques, 
but do not necessarily require realization by different hard 
ware units. Rather, as described above, various units may be 
combined in a codec hardware unit or provided by a collec 
tion of interoperative hardware units, including one or more 
processors as described above, in conjunction with Suitable 
software and/or firmware. Various examples have been 
described. These and other examples are within the scope of 
the following claims. 

1. A method of encoding video data, the method compris 
ing: 

encoding a first picture of a first view of a scene to produce 
an encoded picture with a first resolution; 

encoding at least a portion of a second picture of a second 
view of the scene relative to a reference picture of the 
first view to produce an encoded picture with a reduced 
resolution relative to the first resolution; and 

outputting the encoded first resolution picture and the 
encoded reduced resolution picture in a common bit 
Stream. 

2. The method of claim 1, 
wherein encoding the at least portion of the second picture 

comprises encoding the second picture as a field, and 
wherein outputting the encoded first resolution picture and 

the encoded reduced resolution picture comprises out 
putting the encoded first resolution picture and the 
encoded reduced resolution picture as distinct access 
units. 

3. The method of claim 2, wherein encoding the second 
picture as a field comprises encoding the second picture rela 
tive to at least one of a top field of a complementary field pair 
of the reference picture of the first view and a bottom field of 
the complementary field pair of the reference picture of the 
first view. 

4. The method of claim 1, further comprising: 
receiving the first picture and the second picture, wherein 
when the second picture is received, the second picture 
comprises a reduced resolution relative to the first reso 
lution; and 

forming an asymmetric frame comprising the first picture 
and the second picture, 

wherein encoding the first picture comprises encoding the 
asymmetric frame, 

wherein encoding the at least portion of the second picture 
comprises encoding the asymmetric frame, and 

wherein outputting the encoded first resolution picture and 
the encoded reduced resolution picture comprises out 
putting the encoded asymmetric frame. 

5. The method of claim 4, wherein encoding the at least 
portion of the second picture comprises: 

encoding a block of the second picture relative to a refer 
ence block of the reference picture of the first view; and 

calculating a displacement vector that indicates a location 
of the reference block relative to the encoded block. 

6. The method of claim 5, wherein the first resolution 
picture comprises a height of h pixels, wherein the block 



US 2011/02803 11 A1 

comprises a position of (Xo yo) in the reduced resolution 
picture of the asymmetric frame, and wherein when the asym 
metric frame comprises a top-bottom frame packing arrange 
ment, calculating the displacement vector comprises calcu 
lating the displacement vector pointing to the reference 
picture relative to position (Xo, 2*(yo-h)). 

7. The method of claim 5, wherein the first resolution 
picture comprises a width of w pixels, wherein the block 
comprises a position of (x, y) in the reduced resolution 
picture of the asymmetric frame, and wherein when the asym 
metric frame comprises a side-by-side frame packing 
arrangement, calculating the displacement vectors comprises 
calculating the displacement vector pointing to the reference 
picture relative to position (2*(Xo-w), yo). 

8. An apparatus for encoding video data, the apparatus 
comprising a video encoder configured to encode a first pic 
ture of a first view of a scene to produce an encoded picture 
with a first resolution, encode at least a portion of a second 
picture of a second view of the scene relative to a reference 
picture of the first view to produce an encoded picture with a 
reduced resolution relative to the first resolution, and output 
the encoded first resolution picture and the encoded reduced 
resolution picture in a common bitstream. 

9. The apparatus of claim 8, wherein to encode the at least 
portion of the second picture, the video encoder is configured 
to encode the second picture as a field relative to at least one 
of a top field of a complementary field pair of the reference 
picture of the first view and a bottom field of the complemen 
tary field pair of the reference picture of the first view, and 
wherein to output the encoded first resolution picture and the 
encoded reduced resolution picture, the video encoder is con 
figured to output the encoded first resolution picture and the 
encoded reduced resolution picture as distinct access units. 

10. The apparatus of claim 8, wherein the video encoder is 
configured to receive the first picture and the second picture, 
wherein when the second picture is received, the second 
picture comprises a reduced resolution relative to the first 
resolution, and to form an asymmetric frame comprising the 
first picture and the second picture, whereinto encode the first 
picture, the video encoder is configured to encode the asym 
metric frame, wherein to encode the at least portion of the 
second picture, the video encoder is configured to encode the 
asymmetric frame, and wherein to output the encoded first 
resolution picture and the encoded reduced resolution pic 
ture, the video encoder is configured to output the encoded 
asymmetric frame. 

11. The apparatus of claim 10, wherein to encode the at 
least portion of the second picture, the video encoder is con 
figured to encode a block of the second picture relative to a 
reference block of the reference picture of the first view and to 
calculate a displacement vector that indicates a location of the 
reference block relative to the encoded block. 

12. The apparatus of claim 11, wherein the first resolution 
picture comprises a height of h pixels, wherein the block 
comprises a position of (x, y) in the reduced resolution 
picture of the asymmetric frame, and wherein the video 
encoder is configured to calculate the displacement vector 
pointing to the reference picture relative to position (Xo, 
2*(yo-h)) when the asymmetric frame comprises a top-bot 
tom frame packing arrangement. 

13. The apparatus of claim 11, wherein the first resolution 
picture comprises a width of w pixels, wherein the block 
comprises a position of (Xo yo) in the reduced resolution 
picture of the asymmetric frame, and wherein the video 
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encoder is configured to calculate the displacement vector 
pointing to the reference picture relative to position (2*(Xo 
w), yo) when the asymmetric frame comprises a side-by-side 
frame packing arrangement. 

14. The apparatus of claim 8, wherein the apparatus com 
prises at least one of 

an integrated circuit; 
a microprocessor, and 
a wireless communication device that includes the video 

encoder. 
15. An apparatus for encoding video data, the apparatus 

comprising: 
means for encoding a first picture of a first view of a scene 

to produce an encoded picture with a first resolution; 
means for encoding at least a portion of a second picture of 

a second view of the scene relative to a reference picture 
of the first view to produce an encoded picture with a 
reduced resolution relative to the first resolution; and 

means for outputting the encoded first resolution picture 
and the encoded reduced resolution picture in a common 
bitstream. 

16. The apparatus of claim 15, 
wherein the means for encoding the at least portion of the 

second picture comprises means for encoding the sec 
ond picture as a field relative to at least one of a top field 
of a complementary field pair of the reference picture of 
the first view and a bottom field of the complementary 
field pair of the reference picture of the first view, and 

wherein the means for outputting the encoded first resolu 
tion picture and the encoded reduced resolution picture 
comprises means for outputting the encoded first reso 
lution picture and the encoded reduced resolution pic 
ture as distinct access units. 

17. The apparatus of claim 15, further comprising: 
means for receiving the first picture and the second picture, 

wherein when the second picture is received, the second 
picture comprises a reduced resolution relative to the 
first resolution; and 

means for forming an asymmetric frame comprising the 
first picture and the second picture, 

wherein the means for encoding the first picture comprises 
means for encoding the asymmetric frame, 

wherein the means for encoding the at least portion of the 
second picture comprises the means for encoding the 
asymmetric frame, and 

wherein the means for outputting the encoded first resolu 
tion picture and the encoded reduced resolution picture 
comprises means for outputting the encoded asymmet 
ric frame. 

18. The apparatus of claim 17, wherein the means for 
encoding the at least portion of the second picture comprises: 
means for encoding a block of the second picture relative to 

a reference block of the reference picture of the first 
view; and 

means for calculating a displacement vector that indicates 
a location of the reference block relative to the encoded 
block. 

19. The apparatus of claim 18, wherein the first resolution 
picture comprises a height of h pixels, wherein the block 
comprises a position of (Xo yo) in the reduced resolution 
picture of the asymmetric frame, and wherein the means for 
calculating the displacement vector comprises means for cal 
culating the displacement vector pointing to the reference 
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picture relative to position (Xo, 2*(yo-h)) when the asymmet 
ric frame comprises a top-bottom frame packing arrange 
ment. 

20. The apparatus of claim 18, wherein the first resolution 
picture comprises a width of w pixels, wherein the block 
comprises a position of (x, y) in the reduced resolution 
picture of the asymmetric frame, and wherein the means for 
calculating the displacement vector comprises means for cal 
culating the displacement vector pointing to the reference 
picture relative to position (2*(Xo-w), yo) when the asymmet 
ric frame comprises a side-by-side frame packing arrange 
ment. 

21. A computer program product comprising a computer 
readable storage medium having stored thereon instructions 
that, when executed, cause a processor of a device for encod 
ing video data to: 

encode a first picture of a first view of a scene to produce an 
encoded picture with a first resolution: 

encode at least a portion of a second picture of a second 
view of the scene relative to a reference picture of the 
first view to produce an encoded picture with a reduced 
resolution relative to the first resolution; and 

output the encoded first resolution picture and the encoded 
reduced resolution picture in a common bitstream. 

22. The computer program product of claim 21, 
wherein the instructions that cause the processor to encode 

the at least portion of the second picture comprise 
instructions that cause the processor to encode the sec 
ond picture as a field relative to at least one of a top field 
of a complementary field pair of the reference picture of 
the first view and a bottom field of the complementary 
field pair of the reference picture of the first view, and 

wherein the instructions that cause the processor to output 
the encoded first resolution picture and the encoded 
reduced resolution picture comprise instructions that 
cause the processor to output the encoded first resolution 
picture and the encoded reduced resolution picture as 
distinct access units. 

23. The computer program product of claim 21, further 
comprising instructions that cause the processor to: 

receive the first picture and the second picture, wherein 
when the second picture is received, the second picture 
comprises a reduced resolution relative to the first reso 
lution; and 

form an asymmetric frame comprising the first picture and 
the second picture, 

wherein the instructions that cause the processor to encode 
the first picture comprise instructions that cause the pro 
cessor to encode the asymmetric frame, 

wherein the instructions that cause the processor to encode 
the at least portion of the second picture comprise the 
instructions that cause the processor to encode the asym 
metric frame, and 

wherein the instructions that cause the processor to output 
the encoded first resolution picture and the encoded 
reduced resolution picture comprise instructions that 
cause the processor to output the encoded asymmetric 
frame. 

24. The computer program product of claim 23, wherein 
the instructions that cause the processor to encode the at least 
portion of the second picture comprise instructions that cause 
the processor to: 

encode a block of the second picture relative to a reference 
block of the reference picture of the first view; and 
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calculate a displacement vector that indicates a location of 
the reference block relative to the encoded block. 

25. The computer program product of claim 24, wherein 
the first resolution picture comprises a height of h pixels, 
wherein the block comprises a position of (Xo yo) in the 
reduced resolution picture of the asymmetric frame, and 
wherein the instructions that cause the processor to calculate 
the displacement vector comprise instructions that cause the 
processor to calculate the displacement vector pointing to the 
reference picture relative to position (Xo, 2*(yo-h)) when the 
asymmetric frame comprises a top-bottom frame packing 
arrangement. 

26. The computer program product of claim 24, wherein 
the first resolution picture comprises a width of w pixels, 
wherein the block comprises a position of (Xo yo) in the 
reduced resolution picture of the asymmetric frame, and 
wherein the instructions that cause the processor to calculate 
the displacement vector comprise instructions that cause the 
processor to calculate the displacement vector pointing to the 
reference picture relative to position (2*(Xo-w), yo) when the 
asymmetric frame comprises a side-by-side frame packing 
arrangement. 

27. A method of decoding video data, the method compris 
ing: 

receiving, from a common bitstream, a first resolution 
encoded picture of a first view of a scene and a reduced 
resolution encoded picture of a second view of the scene, 
wherein the reduced resolution encoded picture has a 
reduced resolution relative to the first resolution; 

decoding the first resolution encoded picture to produce a 
first decoded picture; 

decoding at least a portion of the reduced resolution 
encoded picture relative to a reference picture of the first 
view; 

upsampling the reduced resolution picture to produce a 
second decoded picture of the scene with the first reso 
lution; and 

outputting the first decoded picture and the second decoded 
picture, wherein the first decoded picture and the second 
decoded picture form a stereo image pair. 

28. The method of claim 27, 
wherein the reduced resolution picture comprises an 

encoded field, and wherein the first resolution encoded 
picture and the reduced resolution encoded picture com 
prise distinct access units, and 

whereindecoding the reduced resolution picture comprises 
decoding the encoded field relative to at least one of atop 
field of a complementary field pair of the reference pic 
ture of the first view and a bottom field of the comple 
mentary field pair of the reference picture of the first 
view. 

29. The method of claim 27, 
wherein receiving the first resolution encoded picture and 

the reduced resolution encoded picture comprises 
receiving an encoded asymmetric frame comprising the 
first resolution encoded picture and the reduced resolu 
tion encoded picture, 

wherein decoding the first resolution encoded picture com 
prises decoding the asymmetric frame, and 

wherein decoding the reduced resolution encoded picture 
comprises decoding the asymmetric frame, 

the method further comprising separating the decoded 
asymmetric frame into the first decoded picture and the 
reduced resolution picture. 
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30. The method of claim 29, wherein decoding the at least 
portion of the reduced resolution picture comprises: 

receiving a displacement vector that indicates a location of 
a reference block relative to an encoded block of the 
reduced resolution picture; and 

decoding the encoded block of the reduced resolution pic 
ture relative to the reference block of the reference pic 
ture of the first view. 

31. The method of claim 30, wherein the first resolution 
picture comprises a height of h pixels, wherein the block 
comprises a position of (Xo yo) in the reduced resolution 
picture of the asymmetric frame, and wherein the asymmetric 
frame comprises a top-bottom frame packing arrangement, 
the method further comprising determining the location of the 
reference block using the displacement vector relative to 
position (X 2*(yo-h)). 

32. The method of claim 30, wherein the first resolution 
picture comprises a width of w pixels, wherein the block 
comprises a position of (x, y) in the reduced resolution 
picture of the asymmetric frame, and wherein the asymmetric 
frame comprises a side-by-side frame packing arrangement, 
the method further comprising determining the location of the 
reference block using the displacement vector pointing to the 
reference picture relative to position (2*(Xo-w), yo). 

33. An apparatus for decoding video data, the apparatus 
comprising a video decoder configured to receive, from a 
common bitstream, a first resolution encoded picture of a first 
view of a scene and a reduced resolution encoded picture of a 
second view of the scene, wherein the reduced resolution 
encoded picture has a reduced resolution relative to the first 
resolution, decode the first resolution encoded picture to pro 
duce a first decoded picture, decode at least a portion of the 
reduced resolution encoded picture relative to a reference 
picture of the first view, upsample the reduced resolution 
picture to produce a second decoded picture of the scene with 
the first resolution, and output the first decoded picture and 
the second decoded picture, wherein the first decoded picture 
and the second decoded picture form a stereo image pair. 

34. The apparatus of claim 33, wherein the reduced reso 
lution picture comprises an encoded field, and wherein the 
first resolution encoded picture and the reduced resolution 
encoded picture comprise distinct access units, and wherein 
to decode the reduced resolution picture, the video decoder is 
configured to decode the encoded field relative to at least one 
of a top field of a complementary field pair of the reference 
picture of the first view and a bottom field of the complemen 
tary field pair of the reference picture of the first view. 

35. The apparatus of claim 33, wherein the video decoderis 
configured to receive an asymmetric frame comprising the 
first resolution encoded picture and the reduced resolution 
encoded picture, wherein to decode the first resolution 
encoded picture, the video decoder is configured to decode 
the asymmetric frame, wherein to decode the reduced reso 
lution encoded picture, the video decoder is configured to 
decode the asymmetric frame, and wherein the video decoder 
is configured to separate the decoded asymmetric frame into 
the first decoded picture and the reduced resolution picture. 

36. The apparatus of claim 35, wherein to decode the at 
least portion of the reduced resolution picture, the video 
decoder is configured to receive a displacement vector that 
indicates a location of a reference block relative to an encoded 
block of the reduced resolution picture, and decode the 
encoded block of the reduced resolution picture relative to the 
reference block of the reference picture of the first view. 
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37. The apparatus of claim 36, wherein the first resolution 
picture comprises a height of h pixels, wherein the block 
comprises a position of (Xo yo) in the reduced resolution 
picture of the asymmetric frame, and wherein the asymmetric 
frame comprises a top-bottom frame packing arrangement, 
and wherein the video decoder is configured to determine the 
location of the reference block using the displacement vector 
pointing to the reference picture relative to position (Xo, 
2*(yo-h)). 

38. The apparatus of claim 36, wherein the first resolution 
picture comprises a width of w pixels, wherein the block 
comprises a position of (Xo yo) in the asymmetric frame, and 
wherein the asymmetric frame comprises a side-by-side 
frame packing arrangement, and wherein the video decoderis 
configured to determine the location of the reference block 
using the displacement vector pointing to the reference pic 
ture relative to position (2*(Xo-w), yo). 

39. The apparatus of claim 33, wherein the apparatus com 
prises at least one of 

an integrated circuit; 
a microprocessor, and 
a wireless communication device that includes the video 

decoder. 
40. An apparatus for decoding video data, the apparatus 

comprising: 
means for receiving, from a common bitstream, a first 

resolution encoded picture of a first view of a scene and 
a reduced resolution encoded picture of a second view of 
the scene, wherein the reduced resolution encoded pic 
ture has a reduced resolution relative to the first resolu 
tion; 

means for decoding the first resolution encoded picture to 
produce a first decoded picture; 

means for decoding at least a portion of the reduced reso 
lution encoded picture relative to a reference picture of 
the first view; 

means for upsampling the reduced resolution picture to 
produce a second decoded picture of the scene with the 
first resolution; and 

means for outputting the first decoded picture and the sec 
ond decoded picture, wherein the first decoded picture 
and the second decoded picture form a stereo image pair. 

41. The apparatus of claim 40, wherein the reduced reso 
lution picture comprises an encoded field, wherein the first 
resolution encoded picture and the reduced resolution 
encoded picture comprise distinct access units, and wherein 
the means for decoding the reduced resolution picture com 
prises means for decoding the encoded field relative to at least 
one of a top field of a complementary field pair of the refer 
ence picture of the first view and a bottom field of the comple 
mentary field pair of the reference picture of the first view. 

42. The apparatus of claim 40, 
wherein the means for receiving the first resolution 

encoded picture and the reduced resolution encoded pic 
ture comprises means for receiving an encoded asym 
metric frame comprising the first resolution encoded 
picture and the reduced resolution encoded picture, 

wherein the means for decoding the first resolution 
encoded picture comprises means for decoding the 
asymmetric frame, and 

wherein the means for decoding the reduced resolution 
encoded picture comprises the means for decoding the 
asymmetric frame, 
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the apparatus further comprising means for separating the 
decoded asymmetric frame into the first decoded picture 
and the reduced resolution picture. 

43. The apparatus of claim 42, wherein the means for 
decoding the at least portion of the reduced resolution picture 
comprises: 

means for receiving a displacement vector that indicates a 
location of a reference block relative to an encoded 
block of the reduced resolution picture; and 

means for decoding the encoded block of the reduced reso 
lution picture relative to the reference block of the ref 
erence picture of the first view. 

44. The apparatus of claim 43, wherein the first resolution 
picture comprises a height of h pixels, wherein the block 
comprises a position of (Xo yo) in the reduced resolution 
picture of the asymmetric frame, and wherein the asymmetric 
frame comprises a top-bottom frame packing arrangement, 
further comprising means for determining the location of the 
reference block using the displacement vector pointing to the 
reference picture relative to position (Xo, 2*(yo-h)). 

45. The apparatus of claim 43, wherein the first resolution 
picture comprises a width of w pixels, wherein the block 
comprises a position of (x, y) in the reduced resolution 
picture of the asymmetric frame, and wherein the asymmetric 
frame comprises a side-by-side frame packing arrangement, 
further comprising means for determining the location of the 
reference block using the displacement vector pointing to the 
reference picture relative to position (2*(Xo-w), yo). 

46. A computer program product comprising a computer 
readable storage medium having stored thereon instructions 
that, when executed, cause a processor of a device for decod 
ing video data to: 

receive, from a common bitstream, a first resolution 
encoded picture of a first view of a scene and a reduced 
resolution encoded picture of a second view of the scene; 

decode the first resolution encoded picture to produce a 
first decoded picture; 

decode at least a portion of the reduced resolution encoded 
picture relative to a reference picture of the first view: 

upsample the reduced resolution picture to produce a sec 
ond decoded picture of the scene with the first resolu 
tion; and 

output the first decoded picture and the second decoded 
picture, wherein the first decoded picture and the second 
decoded picture form a stereo image pair. 

47. The computer program product of claim 46, wherein 
the reduced resolution picture comprises an encoded field, 
and wherein the instructions that cause the processor to 
decode the reduced resolution picture comprise instructions 
that cause the processor to decode the encoded field relative to 
at least one of a top field of a complementary field pair of the 
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reference picture of the first view and a bottom field of the 
complementary field pair of the reference picture of the first 
view. 

48. The computer program product of claim 46, 
wherein the instructions that cause the processor to receive 

the first resolution encoded picture and the reduced reso 
lution encoded picture comprise instructions that cause 
the processor to receive an encoded asymmetric frame 
comprising the first resolution encoded picture and the 
reduced resolution encoded picture, 

wherein the instructions that cause the processor to decode 
the first resolution encoded picture comprise instruc 
tions that cause the processor to decode the asymmetric 
frame, and 

wherein the instructions that cause the processor to decode 
the reduced resolution encoded picture comprise the 
instructions that cause the processor to decode the asym 
metric frame, 

further comprising instructions that cause the processor to 
separate the decoded asymmetric frame into the first 
decoded picture and the reduced resolution picture. 

49. The computer program product of claim 48, wherein 
the instructions that cause the processor to decode the at least 
portion of the reduced resolution picture comprise instruc 
tions that cause the processor to: 

receive a displacement vector that indicates a location of a 
reference block relative to an encoded block of the 
reduced resolution picture; and 

decode the encoded block of the reduced resolution picture 
relative to the reference block of the reference picture of 
the first view. 

50. The computer program product of claim 49, wherein 
the first resolution picture comprises a height of h pixels, 
wherein the block comprises a position of (Xo yo) in the 
reduced resolution picture of the asymmetric frame, and 
wherein the asymmetric frame comprises a top-bottom frame 
packing arrangement, further comprising instructions that 
cause the processor to determine the location of the reference 
block using the displacement vector pointing to the reference 
picture relative to position (Xo, 2*(yo-h)). 

51. The computer program product of claim 49, wherein 
the first resolution picture comprises a width of w pixels, 
wherein the block comprises a position of (Xo yo) in the 
reduced resolution picture of the asymmetric frame, and 
wherein the asymmetric frame comprises a side-by-side 
frame packing arrangement, further comprising instructions 
that cause the processor to determine the location of the 
reference block using the displacement vector pointing to the 
reference picture relative to position (2*(X-w), yo). 
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