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VIDEO CODING WITH FINE
GRANULARITY SPATTIAL SCALABILITY

RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional
Application No. 60/758,323 filed Jan. 11, 2006 entitled
VIDEO CODING WITH GENERIC FINE GRANULAR-
ITY SCALABILITY.

TECHNICAL FIELD

[0002] This disclosure relates to video and, more particu-
larly, coding of digital video.

BACKGROUND

[0003] Digital video capabilities can be incorporated into
a wide range of devices, including digital televisions, digital
direct broadcast systems, wireless communication devices,
personal digital assistants (PDAs), laptop computers, desk-
top computers, digital cameras, digital recording devices,
cellular or satellite radio telephones and the like. Digital
video devices can provide significant improvements over
conventional analog video systems in efficiently creating,
modifying, transmitting, storing, recording and playing
motion video sequences.

[0004] Fine granularity scalability (FGS) generally refers
to the ability to arbitrarily truncate a video bitstream to
achieve graceful degradation of video quality within a given
bit rate range. An FGS-encoded video bitstream includes a
base layer of a specified quality, and one or more enhance-
ment layers that are linked to the base layer. The enhance-
ment layers include additional data to refine the quality of
the base layer. As more of the FGS bitstream is received and
decoded, via one or more enhancement layers, the quality of
the decoded video improves.

SUMMARY

[0005] In general, the disclosure is directed to video
coding techniques that support spatial scalability using a
generalized fine granularity scalability (FGS) approach.
According to this disclosure, various degrees of spatial
scalability can be achieved by sending spatially scalable
enhancement layers in a generalized FGS format. The spatial
scalability layers can be coded as FGS enhancement layers,
rather than discrete enhancement layers, permitting spatial
scalability with continuously improved video quality.
[0006] The video coding techniques may be supplemented
by one or more features to reduce error propagation that may
otherwise arise due to partial decoding. For example, the
video coding techniques may apply a leaky prediction
scheme for intra-frame prediction to reduce drifting error, a
special DC mode for intra blocks to reduce spatial error
propagation, and a constraint of using only the pixels in the
base layer for intra prediction.

[0007] The coefficients and syntax elements necessary for
reconstructing the spatial scalability enhancement layer can
be embedded in a generalized FGS format. Additional bits
received via enhancement layers permit encoded video to be
reconstructed with increased spatial resolution and continu-
ously improved video quality across different spatial reso-
Iutions. Spatially scalable enhancement bitstreams can be
arbitrarily truncated at any point to conform to network or
channel conditions, or to conform to decoder capabilities.
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[0008] Inone embodiment, the disclosure provides a video
coding method comprising decoding a fine granularity scal-
ability (FGS) base layer to reconstruct a base layer video
block defining video at a first spatial resolution, at least
partially decoding one or more FGS enhancement layers to
reconstruct an enhancement layer video block defining video
at a second spatial resolution greater than or equal to the first
spatial resolution, and predicting an intra-coded video block
based on a weighted sum of a first prediction block formed
from the base layer video block and a second prediction
block formed from neighboring pixels in the enhancement
layer video block. In some embodiments, the second spatial
resolution is greater than the first spatial resolution, and the
method further comprises upsampling the base layer video
block, in which case the first prediction block is formed from
the upsampled base layer video block.

[0009] In another embodiment, the disclosure provides a
video coding device including a decoder that decodes a fine
granularity scalability (FGS) base layer to reconstruct a base
layer video block defining video at a first spatial resolution,
at least partially decodes one or more FGS enhancement
layers to reconstruct an enhancement layer video block
defining video at a second spatial resolution greater than or
equal to the first spatial resolution, and predicts an intra-
coded video block based on a weighted sum of a first
prediction block formed from the base layer video block and
a second prediction block formed from neighboring pixels in
the enhancement layer video block. In some embodiments,
the second spatial resolution is greater than the first spatial
resolution, and the decoder upsamples the base layer video
block, in which case the first prediction block is formed from
the upsampled base layer video block.

[0010] In an additional embodiment, the disclosure pro-
vides a method comprising decoding a fine granularity
scalability (FGS) base layer including base layer video
blocks defining video information at a first spatial resolu-
tion, at least partially decoding one or more FGS enhance-
ment layers including enhancement layer video blocks
defining video information at a second spatial resolution
greater than the first spatial resolution, and predicting intra-
coded video blocks without using video information derived
from the same frame in the same layer.

[0011] In another embodiment, the disclosure provides a
device comprising a decoder that decodes a fine granularity
scalability (FGS) base layer including base layer video
blocks defining video information at a first spatial resolu-
tion, at least partially decodes one or more FGS enhance-
ment layers including enhancement layer video blocks
defining video information at a second spatial resolution
greater than the first spatial resolution, and predicts intra-
coded video blocks without using video information derived
from the same frame in the same layer.

[0012] In a further embodiment, the disclosure provides a
method comprising decoding a fine granularity scalability
(FGS) base layer including base layer video blocks defining
video information at a first spatial resolution, decoding one
or more FGS enhancement layers including enhancement
layer video blocks defining video information at a second
spatial resolution greater than the first spatial resolution, and
decoding some blocks in the FGS enhancement layers using
a special DC mode in which a DC coefficient is predicted
from a default value known to both an encoder and a decoder
and AC coefficients are decoded without a prediction cal-
culated from neighboring blocks.
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[0013] In another embodiment, the disclosure provides a
device comprising a decoder that decodes a fine granularity
scalability (FGS) base layer including base layer video
blocks defining video information at a first spatial resolu-
tion, encodes one or more FGS enhancement layers includ-
ing enhancement layer video blocks defining video infor-
mation at a second spatial resolution greater than the first
spatial resolution, and decoding some blocks in the FGS
enhancement layers using a special DC mode in which a DC
coeflicient is predicted from a default value known to both
an encoder and a decoder and AC coefficients are decoded
without a prediction calculated from neighboring blocks.
[0014] The techniques described in this disclosure may be
implemented in a hardware, software, firmware, or any
combination thereof. If implemented in software, the soft-
ware may be executed in a processor, such as a digital signal
processor (DSP). The software that executes the techniques
may be initially stored in a computer readable medium and
loaded and executed in the processor. Accordingly, this
disclosure also contemplates a computer readable medium
comprising instructions to perform techniques for achieving
spatial scalability using a generalized FGS approach.
[0015] The details of one or more embodiments of the
disclosure are set forth in the accompanying drawings and
the description below. Other features, objects, and advan-
tages of the disclosure will be apparent from the description
and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a block diagram illustrating a video
encoding and decoding system.

[0017] FIG. 2 is a diagram illustrating multi-layer FGS
encoding of a video bitstream.

[0018] FIG. 3 is a block diagram illustrating the system of
FIG. 1 in further detail, including base layer and enhance-
ment layer encoders and decoders.

[0019] FIG. 4 is a diagram illustrating zigzag scanned
blocks used in FGS coding of a video frame.

[0020] FIG. 5 is a diagram illustrating an exemplary
coding order of syntax elements and coefficients in an FGS
layer for different video blocks arranged in zigzag order.
[0021] FIG. 6 is a diagram illustrating an exemplary
coding order of syntax elements and coefficients in an FGS
layer arranged for different video blocks in order of trans-
mission.

[0022] FIG. 7A is a diagram illustrating exemplary multi-
layer spatial scalability bitstreams.

[0023] FIG. 7B is a diagram illustrating rate-distortion
performance for the spatial scalability bitstreams of FIG.
7A.

[0024] FIG. 8A is a diagram illustrating the drifting error
problems caused by the use of different reference signals in
an encoder and decoder.

[0025] FIG. 8B is a diagram illustrating partial prediction
from a base layer to attenuate the drifting error problem
shown in FIG. 8A.

[0026] FIG. 9 is a diagram illustrating drifting error
caused by partial decoding of neighboring blocks.

[0027] FIG. 10 is a diagram illustrating a leaky prediction
technique to attenuate drifting error in intra-coded blocks.
[0028] FIG. 11 is a flow diagram illustrating operation of
a leaky prediction technique as shown in FIG. 10.

[0029] FIG. 12 is a diagram illustrating application of a
special DC mode to a video block.
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[0030] FIG. 13 is a diagram illustrating use of the special
DC mode of FIG. 12 for different intra prediction modes.
[0031] FIG. 14 is a diagram illustrating Intra-prediction
from a frame in a base layer.

[0032] FIG. 15 is a diagram illustrating a luma DC block
in a macroblock with an Intra 16 by 16 prediction mode.

DETAILED DESCRIPTION

[0033] FIG. 1 is a block diagram illustrating a video
encoding and decoding system 10. System 10 is configured
to apply video coding techniques that support spatial scal-
ability using a generalized fine granularity scalability (FGS)
approach. As shown in FIG. 1, system 10 includes a source
device 12 that transmits encoded video to a receive device
14 via a channel 16. Source device 12 may include a video
capture device 18, video encoder 20 and a transmitter 22.
Receive device 14 may include a receiver 24, video decoder
26 and video display device 28.

[0034] In system 10, various degrees of spatial scalability
can be achieved by sending spatially scalable enhancement
layers in a generalized FGS format, instead of relying on
decoding of discrete enhancement layers. A base layer
carries a video sequence with a minimum level of quality.
An enhancement layer carries additional bitstream to sup-
port higher quality levels. In addition, in accordance with
this disclosure, the additional bitstream carried by one or
more enhancement layers support increased spatial scalabil-
ity.

[0035] Video encoder 20 and video decoder 26 are con-
figured to provide spatially scalable enhancement bitstreams
that can be arbitrarily truncated. Additional bits received via
one or more enhancement layers permit encoded video to be
reconstructed with increased spatial resolution and continu-
ously improved video quality across different spatial reso-
Iutions as permitted by applicable network conditions, chan-
nel conditions and/or decoder capabilities.

[0036] As will be described, system 10 may apply various
schemes to reduce drifting error that can result from partial
decoding of enhancement layers. The coeflicients and syntax
elements necessary for reconstructing the spatial scalability
enhancement layer can be embedded in a generalized FGS
format. With a generalized FGS format, and suitable drift
error control schemes, spatial resolution can be increased or
decreased with continuous quality improvement or gradual
quality degradation, depending on system conditions.
[0037] System 10 can avoid the use of discrete enhance-
ment layers that must be coded in their entirety in order to
achieve spatial scalability. In some embodiments, however,
system 10 may be configured to support spatial scalability
using either a generalized FGS approach or discrete
enhancement layers, e.g., on a selective basis.

[0038] 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
wireless and wired media. Channel 16 may form part of a
packet-based network, such as a local area network, wide-
area network, or a global network such as the Internet.
Communication channel 16 generally represents any suit-
able communication medium, or collection of different com-
munication media, for transmitting video data from source
device 12 to receive device 14.

[0039] Source device 12 may be any digital video device
capable of encoding and transmitting video data. Video
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capture device 18 captures video sequences and stores the
captured sequences in memory (not shown) for access by
video encoder 20. Video capture device 18 may be a video
camera, a video archive, or a video converter that converts
analog video data to digital video data, e.g., from a televi-
sion, video disc recorder, video cassette recorder, camcorder,
or another video device. In each case, video encoder 20
encodes the captured video for efficient transmission to
receive device 14.

[0040] Source device 12 may be configured to transmit
archived or real-time video sequences over communication
channel 16. For real-time video sequences, source device 12
and receive device 14 may be configured to support real-
time, two-way video telephony (VT) and/or real-time, one-
way video streaming. For non-real-time video streaming,
source device 12 and receive device 14 may support appli-
cations such as video clip playback or video mail and
include appropriate control media, such as play, pause,
forward, and reverse buttons.

[0041] Video encoder 20 and decoder 26 may include a
variety of hardware, software and/or firmware suitable for
encoding video obtained by video capture device 18. Video
encoder 18 may include one or more digital signal proces-
sors (DSPs) that execute programmable software modules
for video encoding. Associated memory and logic circuitry
may be provided to support the DSP in controlling the video
encoding process. In some embodiments, video encoder 18
may form part of a combined video encoder-decoder (CO-
DEC).

[0042] Video encoder 20 and video decoder 26 may be
configured to apply one or more encoding techniques, such
as techniques generally conforming to the MPEG-1, MPEG-
2, MPEG-4, ITU-T H.263, or ITU-T H.264 standards, or
other standards. As a particular example, video encoder 20
and decoder 26 may conform to the ITU-T H.264/MPEG-4
Part 10, i.e., Advanced Video Coding (AVC), digital video
codec standard, which 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 effort known as the Joint Video Team
(JVT). The ITU-T H.264 standard and the ISO/IEC MPEG-4
Part 10 standard are technically identical.

[0043] Currently, the Joint Video Team (JVT) is working
on a scalable video coding (SVC) extension to H.264/AVC.
The specification of both H.264/AVC and the evolving SVC
extension is in the form of a Joint Draft (JD). The Joint
Scalable Video Model (JSVM) created by JVT implements
tools for use in scalable video, and may be used with system
10 for various coding tasks described in this disclosure.
JSVM supports various scalability features. Detailed infor-
mation concerning Fine Granularity SNR Scalability (FGS)
coding can be found in the Joint Draft. However, some of the
basic concepts and unique properties of FGS will be
described herein for purposes of illustration.

[0044] A video sequence includes a series of video frames.
Video encoder 20 operates on blocks of pixels within
individual video frames in order to encode the video data.
The video blocks may have fixed or varying sizes, and may
differ in size according to a specified coding standard. As an
example, the ITU-T H.264 standard supports intra prediction
in various block sizes, such as 16 by 16, 8 by 8, 4 by 4 for
luma component, and 8x8 for chroma component, as well as
inter prediction in various block sizes, such as 16 by 16, 16
by 8, 8 by 16, 8 by 8, 8 by 4, 4 by 8 and 4 by 4 for luma
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component and corresponding scaled sizes for chroma com-
ponents. Smaller video blocks can provide better resolution,
and may be used for locations of a video frame that include
higher levels of detail. After the prediction, a transform may
be performed on the 8x8 residual block or 4x4 residual
block, and additional an transform may be applied to the DC
coeflicients of the 4x4 blocks for chroma components or
luma component if the intra_ 16x16 prediction mode is
used.

[0045] With further reference to FIG. 1, transmitter 22
may include appropriate modem and driver circuitry to
transmit encoded video over channel 16, which may be
wired or wireless, or include a combination of wired and
wireless media. For wireless applications, transmitter 22
includes RF circuitry to transmit wireless data carrying the
encoded video data. In some embodiments, source device 12
may take the form of one or more servers, workstations,
desktop computers, mobile computers, personal digital
assistants (PDAs), wireless radiotelephones, satellite tele-
phones, or other wired or wireless communication devices.
[0046] In receive device 14, video decoder 26 may form
part of a CODEC, like video encoder 20 of source device 12.
Receive device 14 may take the form of any digital video
device or combination of devices capable of receiving and
decoding video data, such as one or more workstations,
desktop computers, mobile computers, personal digital
assistants (PDAs), wireless radiotelephones, satellite tele-
phones, or other wired or wireless communication devices.
[0047] Like transmitter 22, receiver 24 may include appro-
priate modem and driver circuitry to receive encoded video
over channel 16, and may include RF circuitry to receive
wireless data carrying the encoded video data in wireless
applications. In some embodiments, source device 12 and
receive device 14 each may include reciprocal transmit and
receive circuitry so that each may serve as both a source
device and a receive device for encoded video and other
information transmitted over channel 16. In this case, both
source device 12 and receive device 14 may encode, trans-
mit, receive and decode video sequences.

[0048] Display device 28 may be any suitable device for
presenting video to a user, such as an LCD or plasma flat
panel display, a cathode ray tube (CRT) display, or any other
display. In addition, display device 28 may be integrated
with receive device 14 or provided as a discrete device
coupled to receive device 14 via a wired or wireless con-
nection. Display device 28 also may serve as part of a user
interface for receive device 14. Source device 12 also may
include a display device to permit viewing of received video
and user interaction with source device 12.

[0049] Encoder 20 and decoder 26 are configured to
support fine granularity scalability (FGS). FGS permits a
bitstream to be almost arbitrarily truncated within a certain
bit rate range. One form of FGS is applied to signal-to-noise
ratio (SNR) scalability. A common scenario involves encod-
ing a video bitstream with a base layer having a certain level
of quality, and one or more FGS enhancement layers that
offer refinement to the base layer at the same resolution. For
example, with a base layer coded for common intermediate
format (CIF) resolution, the transmission of additional bit-
stream through FGS enhancement layers improves the qual-
ity, e.g., SNR, of the CIF resolution video.

[0050] In accordance with this disclosure, FGS is
exploited to support spatial scalability via one or more
enhancement layers transmitted according to a generalized
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FGS approach. For example, a base layer coded in quarter
common intermediate format (QCIF) resolution can be
augmented by one or more FGS enhancement layers that
include additional bitstream to enhance the spatial resolution
of the video, e.g., from QCIF resolution to CIF resolution.
The spatial scalability FGS enhancement layers also may
include additional bitstream sufficient to enhance the quality
of the video for the QCIF and/or CIF resolution. Hence, the
generalized FGS approach described in this disclosure sup-
ports spatial scalability, but also may support SNR scalabil-
ity. Notably, encoder 20 and decoder 26 are configured to
alleviate drifting error that may result from partial decoding
of one or more enhancement layers.

[0051] FIG. 2 is a diagram illustrating multi-layer FGS
encoding of a video bitstream. As shown in FIG. 2, FGS
encoding of a video bitstream results in a base layer 30 and
one or more enhancement layers 32A-32N (collectively
layers 32). Base layer 30 includes a series of frames 36A-
36N that encode the video bitstream with a minimum level
of quality for a given bit rate. Each of enhancement layers
32 provides additional video bitstream information that can
be used by a decoder 26 to progressively increase the initial
quality provided by base layer 30. The number of enhance-
ment layers 32 processed by decoder 26 depends on the
number of enhancement layers transmitted by source device
14, e.g., given channel conditions or other limitations, and
the number of received enhancement layers that are pro-
cessed by decoder 26.

[0052] In general, each respective enhancement layer
32A-32N, or portions thereof, that is processed by decoder
26 adds incrementally to the quality of the video obtained
from base layer 30, in terms of SNR and/or spatial resolu-
tion, in accordance with this disclosure. Instead of process-
ing each enhancement layer 32A-32N in its entirety as a
discrete enhancement layer, this disclosure contemplates a
system 10 that permits spatial scalability enhancement lay-
ers to be coded, transmitted and processed using a general-
ized FGS approach. In this manner, spatial resolution can be
scaled with fine granularity, offering continuous quality
improvements upon partial decoding of spatial enhancement
layers. As will be described, partial decoding may present
error propagation issues that can be addressed using one or
more schemes also presented in this disclosure.

[0053] FIG. 3 is a block diagram illustrating system 10 of
FIG. 1 in further detail, including base layer and enhance-
ment layer encoders and decoders. In particular, in the
example of FIG. 3, video encoder 20 includes a base layer
encoder 38 and an enhancement layer encoder 40. Video
decoder 26 includes a base layer decoder 42 and an enhance-
ment layer decoder 44. Devices 12 and 14 otherwise gen-
erally conform to FIG. 1. Again, source device 12 and
receive device 14 may each include reciprocal transmit/
receive and encode/decode components. Like FIG. 1, how-
ever, FIG. 3 presents one device 12 as a source/encoding
device and the other device 14 as a receive/decoding device
for ease of illustration.

[0054] Base layer encoder 38 encodes at least a portion of
video bitstream obtained from video camera 18 to provide a
minimum level of quality and/or a minimum spatial size for
a given bit rate. Enhancement layer encoder 40 encodes
additional portions of the video bitstream to produce
enhancement layers that, if decoded, provide added quality
and/or permit one or more larger spatial formats. The
enhancement layers may be hierarchical in the sense that the
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layers offer progressively increasing quality as they are
decoded. Decoding of all enhancement layers, for example,
will produce maximum quality and largest spatial size, while
decoding of only a first enhancement layer will produce an
incremental increase in quality relative to the decoding of
only the base layer.

[0055] The enhancement layers may permit spatial scal-
ability from a first size to a second size with increasing
image frame quality. Alternatively, in some embodiments,
the enhancement layers may permit spatial scalability from
a first size to a second size, from the second size to a third
size, and possibly from the third size to one or more larger
sizes. For example, the enhancement layers may permit a
video frame or sequence to be scaled only from QCIF to CIF,
or only from CIF to VGA (video graphics array), or only
from VGA to SVGA (super VGA). Alternatively, the
enhancement layers may permit the video to be scaled from
QCIF to CIF, from CIF to VGA, and from VGA to SVGA.
Although QCIF, CIF, VGA and SVGA are mentioned for
purposes of illustration, other spatial sizes and formats are
possible as alternatives or additions.

[0056] In operation, base layer decoder 42 decodes the
base layer received via channel 16 to produce a portion of
the video bitstream obtained by video camera 18 for pre-
sentation on display device 28. Enhancement layer decoder
44 increases the quality of the decoded video by decoding
one or more enhancement layers, if available. Again, the
number of enhancement layers received by receive device
14 may depend on channel conditions or other limitations. In
addition, the number of received enhancement layers pro-
cessed by enhancement layer decoder 44 may depend on
decoder limitations. In general, the encoding and decoding
of the base layer, in combination with a selected number of
enhancement layers, permits incremental improvement in
the SNR quality of the decoded video.

[0057] Inaddition to SNR scalability, it is also desirable to
provide spatial scalability. In accordance with this disclo-
sure, system 10 is configured to support spatial scalability
via a generalized FGS coding approach. As will be
described, system 10 can achieve spatial scalability, in part,
by interleaving coded coefficients and syntax elements for
different video blocks in cycles to ensure that each enhance-
ment layer in multi-layer FGS-encoded video uniformly
improves the video quality of a base layer.

[0058] Partial decoding to achieve spatial scalability via
FGS may produce errors. For this reason, system 10 may
apply one or more methods for curbing error propagation,
including leaky prediction in intra-frame prediction to
reduce drifting, a special DC mode for intra blocks to reduce
spatial error propagation, and the constraint of using only the
pixels in the base layer for intra prediction. System 10 may
send syntax elements describing how an enhancement layer
should be predicted, e.g., whether it is inter- or intra-
predicted and how the block was partitioned. System 10 also
may support either FGS spatial scalability or discrete spatial
scalability on a selective basis. In other words, system 10
may support and transition between FGS spatial scalability
and scalability via discrete enhancement layers based on
network conditions, channel conditions, decoder capabilities
or other considerations.

[0059] FIG. 4 is a diagram illustrating zigzag scanned
blocks used in FGS coding of a video frame. In the example
of FIG. 4, it is assumed that blocks 46A, 468, and 46C are
the first three blocks in an enhancement layer of a video
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frame. In this example, each block 46A, 46B, 46C is a
4-by-4 block of coefficients. Blocks 46A, 46B and 46C are
depicted in the transform domain. Consequently, each num-
ber or variable in a block 46A, 46B, 46C is a quantized
coeflicient to be coded by a lossless entropy coding process.
A coeflicient with a label starting with letter “S,” e.g., as
indicated by reference numeral 41 in block 46 A, is a nonzero
significant coeflicient. Because this block 46A is in an FGS
SNR scalability enhancement layer, for each coefficient in a
block, there is a corresponding coefficient in the base layer.
[0060] For a nonzero significant coefficient, its value is
nonzero and its corresponding base layer coefficient is zero.
For example, a coefficient “S0, 1 corresponds to a nonzero
significant coefficient in block “0” at zigzag scan index “1.”
A coefficient labeled as “0” is a zero coefficient and its
corresponding base layer coefficient is also zero. A coeffi-
cient with a label starting with letter “R,” e.g., as indicated
by reference numeral 43 in block 46A, is a refinement
coeflicient with a corresponding base layer coeflicient that is
nonzero, i.e., significant. The value of the refinement coef-
ficient can be either zero or nonzero. For example, a coef-
ficient “R2, 2” is a refinement coeflicient in block “2” at
zigzag scan index “2.” In classifying the enhancement layer
coeflicients, a significance map is often used. This map
indicates the locations of the coefficients that have become
significant in the base layer already. The coefficients at these
locations in the enhancement layer are refinement coeffi-
cients.

[0061] An enhancement layer encoder 40, as described
herein, can be seen as an extension to an entropy coder used
in coding the base layer, e.g., such as the entropy coder
contemplated by the ITU-T H.264 standard. In particular, the
block partition, transform and quantization used in the
enhancement layer is similar to those used in the base layer.
In order to code the zeros more efficiently, syntax elements
such as coded block flag (CBF) and end of block (EOB) can
be used. Similar syntax elements are also used in the base
layer coding. A CBF is sent once for each block and
indicates the presence of a nonzero significant coefficient in
the block. If the CBF is 0, there is no nonzero significant
coeflicient; otherwise, there is at least one nonzero signifi-
cant coefficient. The EOB flag is used to indicate whether the
nonzero significant coefficient just coded is the last nonzero
significant coefficient in the scanning order.

[0062] One difference between base layer encoder 38 and
enhancement layer encoder 40 is in the separation of refine-
ment coefficients from other coefficients in the FGS layer
and the coding order. In the base layer, a block is completely
coded before the next block is coded. In accordance with an
embodiment of this disclosure, however, one feature of
enhancement layer encoder 40 is that the coefficients from
different blocks are interleaved with one another. Coeffi-
cients of the blocks are coded in cycles. In each cycle, only
some coeflicients from a given block are coded. In this
manner, enhancement layer encoder 40 ensures that
improvement to video quality is more uniform once the
bitstream is truncated.

[0063] FIG. 5 is a diagram illustrating an exemplary
coding order of syntax elements and coefficients for different
video blocks 46 A, 46B, 46C arranged in zigzag order. FI1G.
6 illustrates an exemplary coding order for transmission of
syntax elements, in which the coefficients from each block
are arranged horizontally in zigzag order. Each coefficient is
represented in FIGS. 5 and 6 by a block. In the example of
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FIGS. 5 and 6, at most one nonzero coefficient is coded for
a given block in a single cycle, and the cycle index happens
to be the same as the zigzag scan index. However, the cycle
index can also be defined differently and more than one
nonzero coefficient can be coded, depending on design
considerations. Each cycle in FIG. 5 corresponds to a given
arrow that transitions from one coefficient to another coef-
ficient in the zigzag order of FIG. 4.

[0064] As shown in FIG. 5, for cycle 0, a CBF is sent once
for each block 46A, 468, 46B, and indicates that there is a
nonzero significant coeflicient in the block. For example,
CBF0/1 corresponds to the first block 0, and indicates that
there is a nonzero significant coefficient in the block. In
addition, a zero coefficient “0” and a nonzero coeflicient
“S0, 1” from block 0, which corresponds to a nonzero
significant coefficient in block “0” at zigzag scan index “1,”
are sent in cycle 0. CBF1/0, however, corresponds to the
second block 1 and indicates that there are no nonzero
significant coefflicients in the block. Hence, there are no
coeflicients sent for block 1 in subsequent cycles. Cycle 0
further includes CBF2/1, indicating that block 2 includes a
nonzero significant coefficient, S2,0, and the coefficient S2.0
itself.

[0065] Cycle 1 includes an EOB flag (EOB2/0) for block
2, indicating that the nonzero significant coefficient just
coded in cycle 0, which is S2,0, is not the last nonzero
significant coefficient in the scanning order. Over the
remaining cycles, the coding of blocks continues to follow
the scan zigzag order, and includes syntax elements such as
CBF and EOB, as appropriate. The example of FIGS. 4, 5
and 6 pertain to the first three 4x4 blocks in an enhancement
layer of a video frame. However, the general scheme illus-
trated in FIGS. 4-6 may be applicable to blocks with larger
sizes as well as larger numbers of blocks.

[0066] FIG. 6 is a diagram illustrating coding order of
syntax elements and coefficients arranged for different video
blocks in order of transmission. The coding order in FIG. 6
is equivalent to that in FIG. 5, except that syntax elements
and coeflicients are re-arranged so that the syntax elements
and coeflicients sent in a given cycle are listed horizontally.
In the diagram of FIG. 6, the syntax elements and coeffi-
cients are sent from top to bottom in increasing cycle index
order, and with each cycle, they are sent from left to right.
[0067] For example, cycle 0 shows CBFO/1 for the first
block, followed by a zero coefficient, followed by SO,1,
which corresponds to a nonzero significant coefficient in
block “0” at zigzag scan index “1.” Cycle 0 further includes
CBF1/0, indicating no nonzero significant coefficients in
block 1, and CBF2/1 and S2,0, which indicate and provide
a nonzero significant coefficient for block 2. The process
continues for cycles 1-15 in the zigzag scan order, where
each cycle corresponds to one arrow transition in FIG. 4.
[0068] Spatial scalability allows video decoder 26 to
reconstruct and display a video signal of higher spatial
resolution, e.g., CIF instead of quarter common intermediate
format (QCIF), by decoding the enhancement layer bit-
stream from a scalable video bitstream. The exemplary
ordering of the syntax elements and coefficients in the FIGS.
4-6 supports the use of a generalized FGS format for both
spatial scalability and FGS SNR scalability. Decoding the
base layer bitstream allows the decoder 26 to obtain lower
spatial resolution video, while decoding of one or more
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enhancement layers allows the decoder to improve SNR for
the base layer spatial resolution and/or increase spatial
resolution to a larger format.

[0069] FIG. 7A is a diagram illustrating multi-layer bit-
streams including a spatial scalability enhancement layer
bitstream. FIG. 7B is a diagram illustrating rate-distortion
(R-D) performance for the spatial scalability bitstreams of
FIG. 7A. FIGS. 7A and 7B provide an example of both
spatial scalability and FGS SNR scalability. Decoding base
layer 45 generates a bitstream 1 of FIG. 7A, which allows
decoder 26 to obtain relatively low spatial resolution video,
e.g., QCIF spatial resolution at 30 frames per second (fps),
at a minimum quality (SNR) level. Bitstream 2 in FIG. 7A
is provided in a first FGS enhancement layer bitstream 47
that improves the QCIF video quality (SNR) by some
amount, e.g., 3 dB.

[0070] Decoding of enhancement layer 49 provides an
additional bitstream 3 that supports spatial scalability.
Decoding bitstream 3 in enhancement layer 49 of FIG. 7A
allows decoder 26 to obtain higher spatial resolution video,
e.g., CIF spatial resolution at 30 fps. Enhancement layer 51
provides an additional bitstream 4 that also has FGS SNR
scalability. Decoding of enhancement layer 51 further
improves the CIF video quality but does not affect the spatial
resolution of the resulting video. As shown in FIG. 7A, base
layer 45, enhancement layer 47, enhancement layer 49 and
enhancement layer 51 require 96 kilobits per second (kbps),
192 kbps, 384 kbps, and 512 kbps, respectively, of channel
bandwidth for full transmission. In the example, the bit rate
of an enhancement layer includes the bit rate of all the lower
layers. For example, a bit rate of 192 kbps of layer 47
includes the 96 kbps of layer 45. Similarly, the 384 kbps bit
rate of layer 49 includes the 192 kbps bit rate of layer 47 and
the 96 kbps bit rate of layer 45.

[0071] System 10 is configured to support generalized
Fine Granularity Scalability (FGS), in accordance with this
disclosure. In this sense, system 10 offers an improvement
over other systems in which spatial scalability is realized
only by sending discrete enhancement layers. With FGS,
instead of processing a discrete enhancement layer in its
entirety, it is possible to truncate a spatial scalable enhance-
ment layer or layers at virtually any point. Consequently,
with FGS, decoder 26 can increase the spatial resolution of
video frames without parsing and decoding an entire
enhancement layer bitstream. However, system 10 further
implements one or more schemes to reduce error propaga-
tion due to partial decoding.

[0072] FIG. 7B shows peak signal-to-noise ratio (PSNR)
in decibels (dB) for different bit rates and spatial resolutions.
In particular, FIG. 7B shows CIF and QCIF rate-distortion
(RD) curves. In the example of FIG. 7B, the CIF and QCIF
rate-distortion curves are disjointed in terms of bit rate
transition. Reference numeral 53 in FIG. 7B identifies the
QCIF SNR scalability path, whereas reference numeral 55
identifies the CIF SNR scalability path. Reference numeral
57 shows the gradual and substantially continuous FGS
spatial scalability path between QCIF and CIF, whereas
reference numeral 59 shows the abrupt discrete enhance-
ment layer SPATIAL scalability path.

[0073] The notations in FIG. 7B indicate the combinations
of base layer and enhancement layers used to increase SNR
and/or spatial scalability from one point to another, with
reference to the layers shown in FIG. 7A. For example, “1
only” indicates that only the base layer bitstream of FIG. 7A
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is decoded to produce a QCIF video frame of minimum SNR
quality. The notation “l+partial 2” indicates that both the
base layer bitstream and a portion of the first enhancement
layer bitstream are decoded to produce a QCIF video frame
with enhanced SNR quality, whereas “1+2” indicates full
decoding of both the base layer bitstream and the first
enhancement layer bitstream to achieve enhanced SNR
quality. The notation “1+2+partial 3” identifies the spatial
scalability path from QCIF to CIF permitted by partial
decoding of enhancement layer 3 using a generalized FGS
approach, in accordance with this disclosure.

[0074] System 10, as described in this disclosure, provides
generalized FGS for spatial resolution enhancement by
sending spatial scalable enhancement layers in FGS format.
This approach permits spatial scalable enhancement bit-
streams to be truncated at any point to fit into certain
network/channel conditions and/or decoder capabilities. In
this manner, better network/channel conditions and/or
decoders with higher capabilities will be able to reconstruct
video with higher spatial resolution and continuously
improved video quality while more bits are received and
decoded. The use of a generalized FGS approach for spatial
scalability provides a significant improvement over the full
decoding of discrete enhancement layers.

[0075] With generalized FGS for spatial resolution
enhancement, the R-D curves for video having different
spatial resolution will be joined together in terms of bit rate
transition. In this manner, generalized FGS for spatial reso-
Iution enhancement provides continuously improved video
quality with a substantially continuous R-D curve 57
between different spatial resolution video, e.g., QCIF 53 and
CIF 55, rather than disjointed R-D curves, like curve 59. In
particular, note the gap between the point 1+2 on QCIF SNR
curve 53, which indicates full decoding of the base layer and
first enhancement layer of FIG. 7A, and the point 143 on
discrete spatial enhancement layer curve 59, which indicates
the full decoding of the base layer and second enhancement
layer of FIG. 7A.

[0076] As an example, with reference to the diagram of
FIG. 7A and the associated graph of FIG. 7B, it is assumed
that it is desirable to produce CIF video, rather than the
QCIF video provided by base layer 1. It is further assumed,
however, that channel conditions will not support the 384
kilobits per second (kbps) rate required for full transmission
and decoding of discrete enhancement layer 49. In this case,
the FGS enhancement layer 47 may be truncated to an
acceptable level to obtain CIF video with a bit rate of less
than 384 kbps. While this allows continuous quality
improvement between 288 kbps (when 0% of bitstream 2 is
sent) and 384 kbps (when 100% of bitstream 2 is sent), the
R-D performance of such bitstream truncation may be
sub-optimal as indicated by curve 59 (1+partial 2+3, “Old
truncation path™) in FIG. 7B. In this case, l+partial 243
represents full decoding of base layer 1, partial decoding of
FGS enhancement layer 2 and full decoding of discrete
enhancement layer 3. Such R-D performance is not desir-
able. Allowing generalized FGS, instead of fully decoding a
discrete enhancement layer 3, the R-D performance curve
connecting two spatial resolutions will be improved from
curve 59 (l+partial 2+3) to the curve 57 (1+2+partial 3
“New truncation path”), which spans substantially the entire
spatial scale between the QCIF curve 53 and the CIF curve
55.
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[0077] Hence, to avoid disjointed R-D curves between
different spatial resolution video and/or avoid less desirable
coding performance, system 10 is configured to provide
generalized FGS for spatial resolution enhancement. To
accomplish spatial scalability using generalized FGS with
good coding performance, one or more unique coding
schemes are applied, either alone or in combination, to
suppress error propagation. Partial decoding of enhancement
layers to support FGS spatial scalability can produce sig-
nificant error propagation. The additional schemes described
in this disclosure may be effective in curbing error propa-
gation that otherwise could result from the use of general-
ized FGS to achieve spatial scalability with continuously
improved video quality.

[0078] For example, in one embodiment, system 10
applies a leaky prediction scheme in intra-frame prediction
to reduce drifting, a special DC mode for intra blocks to
reduce spatial error propagation, and/or a constraint of using
only the pixels in the base layer for intra prediction. In
addition, system 10 may send syntax elements describing
how an enhancement layer should be predicted, e.g.,
whether it is inter- or intra-predicted and how the block was
partitioned. In some embodiments, system 10 also may
support either FGS spatial scalability or discrete spatial
scalability on a selective basis. Each of these additional error
abatement schemes will be described below in further detail.

[0079] FGS layer bitstreams may contain only quantized
residual transform coefficients but no mode and motion
information. In order to achieve spatial scalability using
FGS, mode and motion information also should be sent. This
can be achieved using syntaxes similar to those defined for
discrete enhancement layers. For macroblock mode, intra (I)
modes (I_NxN, I_16x16), intra (I)_BL (base layer) mode,
and inter (P or B) modes can be supported. The I_BL mode
is an inter-layer texture prediction mode. In this mode, a
block of pixels in the enhancement layer is predicted from
the reconstructed pixels in the base layer. If the resolution of
the enhancement layer is different from that of the base
layer, the base layer reconstructed pixels should be properly
upsampled to the enhancement layer resolution. If the reso-
Iution of the enhancement layer is the same as the base layer,
upsampling of the base layer reconstructed pixels to effect
the leaky prediction technique is not necessary. Instead,
leaky prediction can be accomplished without upsampling.
In the event upsampling is necessary, any of a variety of
interpolation techniques may be used for upsampling. For
motion vectors and a reference picture index, they can either
be derived or refined from the base layer bitstream or sent
directly in the enhancement layer bitstream.

[0080] FIG. 8A is a diagram illustrating the drift problems
caused by the use of different reference frames in an encoder
and decoder due to partial decoding of an FGS enhancement
layer. FIG. 8B is a diagram illustrating partial prediction
from a base layer, i.e., leaky prediction, to attenuate the drift
problem shown in FIG. 8A. Partial decoding of the FGS
bitstream, i.e., bitstream truncation, can cause a drifting
problem. In particular, when decoder 26 uses the partially
received enhancement layer bitstream to reconstruct mac-
roblocks and later uses the same macroblocks in inter-
prediction, there is a mismatch between the encoder and the
decoder, as shown in FIG. 8A. A leaky prediction scheme,
in accordance with this disclosure, can at least partially
reduce the drifting problem. In leaky prediction, as shown in
FIG. 8B, a prediction signal is formed partially from the
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FGS enhancement layer (e.g., by a factor of a, O<=a<1) and
partially from the base layer (e.g., by a factor of 1-a).
Because the base layer signal is always fully received, any
errors E due to partial decoding of the enhancement layer
will be attenuated by the factor “a” and become a*E, a**E,
a**E, and so forth in the subsequent frames.

[0081] FIG. 9 is a diagram illustrating drifting error
caused by partial decoding of neighboring pixels. FIG. 10 is
a diagram illustrating formation of neighboring pixels using
the leaky prediction scheme to attenuate drifting error.
System 10 may be configured to extend leaky prediction to
intra-macroblocks, as well as inter-macroblocks. In the
example of FIG. 9, reference numeral 50 indicates a current
1 4x4 block, reference numeral 52 indicates neighboring
pixels used in prediction at the encoder side, and reference
numeral 54 indicates neighboring pixels used in prediction
at the decoder side using partial decoding. For intra predic-
tion, the pixels of a block are predicted from the edge pixels
of neighboring, previously decoded blocks. Partial decoding
of an enhancement layer blocks causes the neighboring
pixels used by the decoder for intra prediction of a video
block to be different than those used by the encoder, result-
ing in drifting error.

[0082] FIG. 9 shows an example of an intra (I)_ 4x4
diagonal mode for the leaky prediction scheme. In the
example of FIG. 9, for current block 50, partial decoding of
enhancement layer bits representing neighbor blocks cause
the neighbor pixels 54 used in the I 4x4 diagonal mode at
the decoder side to be different from the neighbor pixels 52
used at the encoder side. In other words, the neighboring
pixels used to predict a given block 50 can be different at the
decoder and encoder when the decoder only partially
decodes the enhancement layer bits. Therefore, the predicted
4x4 block is altered, causing drifting errors in the recon-
structed block. Such drifting errors will be propagated to
neighboring 4x4 blocks again when the pixels in the current
block 50 are used in the prediction of the next blocks at the
decoder side, resulting in potentially severe error propaga-
tion.

[0083] To attenuate the leakage problem, FIG. 10 illus-
trates application of a leaky prediction technique in which a
4x4 prediction block 58 is formed by the weighted average
(with a weighting factor of a) of a prediction block con-
structed from the enhancement layer neighbor pixels 54 and
an upsampled base layer prediction block 56. The
upsampled base layer pixels used to form the prediction
block are pixels corresponding to the actual block to be
predicted. The pixels used to form the prediction block
constructed from the enhancement layer are neighbor pixels
from previously decoded blocks along the edge of the actual
block to be predicted. At the decoder side, the pixel values
in the resulting prediction block 58 are the sum of a
prediction block reconstructed from the neighbor pixels of
the enhancement layer video block multiplied by factor a
and a prediction block reconstructed from the upsampled
base layer prediction block 56 multiplied by a factor of 1-a.
[0084] In each case, the neighbor pixels from the enhance-
ment layer prediction block are used in combination with the
upsampled base layer prediction block to predict an intra
block. For the enhancement layer, not all blocks may be
received, resulting in only partial decoding. For the base
layer, all blocks are received, but at a lower resolution than
the enhancement layer. The weighted average of the neigh-
bor pixels of the enhancement layer prediction block and the
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upsampled base layer prediction block serves to reduce
drifting errors in the reconstructed block 58, and alleviates
the potential problems presented by partial decoding of an
enhancement layer in spatial FGS coding.

[0085] Hence, in the leaky prediction scheme, a prediction
block formed from enhancement layer neighboring pixels
and a prediction block formed from upsampled base layer
pixels are weighted to produce an actual prediction block for
use in coding. Upsampling of the base layer pixels provides
a base layer prediction block in the same resolution as the
enhancement layer prediction block. In some embodiments,
however, if the base layer and enhancement layer have the
same spatial resolution, the base layer pixels need not be
upsampled. Instead, leaky prediction can be performed
without upsampling. Upsampling of the base layer pixels is
performed if the video defined by the enhancement layer is
at a resolution greater than the resolution of the video
defined by the base layer. Although intra_ 4x4 prediction is
used as an example in FIGS. 9 and 10, the leaky prediction
scheme can be applied to other intra prediction types, such
asintra_ 8x8 or intra_ 16x16 prediction of luma samples, or
chroma intra prediction. In the example of FIG. 10, decoder
26 applies leaky prediction to weight the prediction block
constructed from the enhancement layer neighboring pixels
with a weight a and weight the upsampled base layer
prediction block with a weight 1-a to produce the prediction
block that attenuates drifting error. However, other factors or
weightings, including more complex weighting functions,
may be used to reduce drifting error, e.g., as described
below.

[0086] Leaky prediction for intra-coded blocks, as shown
in FIGS. 9 and 10, curbs error propagation and promotes
improved quality in the generalized FGS technique. When
the bitstream is partially decoded, other techniques could be
used. If a significant amount of the enhancement layer
bitstream is not received, at some point, for some blocks, the
neighboring prediction will be worse than the base layer
prediction. The weighting factor used in calculating the
predictors, which are the weighted average between the
predictors constructed from the neighboring pixels and the
base layer predictors, can be made dynamically adjustable.
The value of the weighting factor may depend on the amount
of the bitstream decoded. If more bitstream is decoded, the
weighting factor for the predictors constructed from the
neighboring pixels may be higher. The weighting factor used
when the entire enhancement layer bitstream is decoded may
also be content dependent. For example, the weighting
factor value applied to intra-prediction may depend on how
the base layer was predicted.

[0087] FIG. 11 is a flow diagram illustrating operation of
a leaky prediction technique as shown in FIG. 10. As shown
in FIG. 11, decoder 26 decodes the FGS base layer to
reconstruct base layer video blocks (57), and at least par-
tially decodes one or more FGS enhancement layers to
reconstruct enhancement layer video blocks (59). Because
the FGS enhancement layers may only be partially decoded,
decoder 26 applies a leaky prediction technique for decoding
of intra-coded blocks. For this reason, reliance on neighbor-
ing pixels from the partially decoded enhancement layer to
reconstruct an intra-coded prediction block would result in
significant drifting error due to the possibility of use of
different pixels on the encoder and decoder sides.

[0088] To implement the leaky prediction technique, in an
exemplary embodiment, decoder 26 upsamples the base
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layer pixels (61) and forms a first prediction block from the
upsampled base layer pixels (63). The base layer pixels may
be upsampled to the resolution of the enhancement layer, if
the enhancement layer resolution is greater than the base
layer resolution, producing a prediction block that corre-
sponds to the resolution of the intra-coded block to be
predicted. If the resolutions of the enhancement layer and
the base layer are equal, it is not necessary to upsample the
base layer pixels. Instead, the leaky prediction technique
may proceed on the basis of a prediction block formed from
base layer pixels that are not upsampled. Accordingly,
upsampling of the base layer pixels is optional and is applied
when the enhancement layer resolution is greater than the
base layer resolution. With further reference to FIG. 1,
decoder 26 also forms a second prediction block from the
neighboring pixels of a corresponding enhancement layer
video block (65). In particular, decoder 26 selects pixels in
the decoded enhancement layer that neighbor the intra-
coded block to be predicted. Using the first and second
prediction blocks, decoder 26 predicts the intra-coded block
(67).

[0089] Specifically, as shown in the example of FIG. 11,
decoder 26 predicts the intra block based on a weighted sum
of the first prediction block produced from the upsampled
base layer pixels and the second prediction block produced
from the neighbor pixels in the enhancement layer block
(67). In this manner, by combining base layer and enhance-
ment layer pixels, decoder 26 reduces the amount of drifting
error that otherwise could result due to partial decoding of
the enhancement layer. The leaky prediction technique may
be applied to some or all intra-coded blocks in a video slice.
In each case, a different combination of enhancement layer
neighboring pixels and base layer pixels is selected to
correspond to the intra-coded block to be predicted.

[0090] In addition to leaky prediction, a generalized FGS
approach for spatial scalability may provide a special DC
mode for intra macroblocks to prevent spatial error propa-
gation. Even with leaky prediction using base layer infor-
mation, the drifting error may still accumulate as distance
from the error origin increases. A DC coefficient ordinarily
refers to a coeflicient in the upper left corner of a block, and
is encoded with the prediction derived from the neighboring
blocks.

[0091] To alleviate spatial error propagation, system 10
may be configured to provide a special DC mode for
generalized FGS. All intra macroblock types (including
1_4x4,1_8x8 and I_16x16) can use this special DC mode.
When the special DC mode is used, the DC coefficient of the
NxN block (N=4, 8, or 16) is predicted from a default value
known by both the encoder and the decoder instead of any
value derived from the information in the neighboring
blocks, and the AC coefficients are coded without any
prediction. Hence, the special DC mode avoids derivation of
a value from the neighboring blocks, and instead relies on a
predetermined default value. In this disclosure, the special
DC mode is used for controlling the error propagation and
may be used even if all necessary neighboring blocks are
available for intra prediction. The number of bits needed to
code the DC value depends on the quantization parameter.
Once the number of bits is determined, the DC value may be
coded using fixed-length coding. The DC value may also be
coded using other Variable Length Codes.

[0092] FIG. 12 is a diagram illustrating application of a
special DC mode of a video block. In particular, FIG. 12
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shows the encoding of an I 4x4 special DC mode, using a
4x4 block as an example. For the example of FIG. 12, an
1__8x8 special DC mode is similar to the I__4x4 special DC
mode, except that 8x8 block transform is used and the DC
coeflicient is calculated from the 8x8 block. ForanI_16x16
special DC mode, the transform strategy defined in ITU-T
H.264 may be used and the DC coefficient is the DC
coefficient in block 94 which is after application of the
Hadamard transform, e.g., as shown in FIG. 15.

[0093] The special DC mode can be sent with the encoded
bitstream as an extra mode, i.e., in addition to other estab-
lished intra prediction modes. For example, in the ITU-T
H.264 standard, there are already nine established 1 4x4
prediction modes known to those skilled in the art. If the
special DC mode is an extra mode, it may be the tenth mode.
For an I 16x16 macroblock, the special DC mode may be
the fifth mode. According to an alternative implementation,
the special DC mode may replace a mode that is already
established. As a further alternative, the special DC mode
may replace the original DC mode under particular condi-
tions that can be derived from the bitstream.

[0094] As shown in FIG. 12, encoder 20 applies the
special DC mode to encode the I_4x4 block 60. Encoder 20
applies a 4x4 block transform 61 to block 60, and applies
DC coefficient prediction 62 with a predictor 70, which
produces a default DC coefficient value known to both the
encoder and decoder. Encoder 20 applies quantization 63 to
the transformed block after DC prediction, and then applies
an entropy coder 64 to produce the encoded block that will
be transmitted. An inverse process is used to reconstruct the
block. For example, decoder 26 applies entropy decoding 65
and dequantization 66, followed by inverse DC coeflicient
value prediction 67 using a value produced by default DC
coeflicient predictor 70. Hence, encoder 20 and decoder 26
each may include a functional unit that functions as default
DC coefficient predictor 70 to produce a default DC coet-
ficient value that is known to both the encoder and decoder.
Following inverse DC prediction 67, decoder 26 performs a
4x4 block inverse transform to produce the predicted block
69. DC coefficient prediction can also be performed equiva-
lently in the pixel domain by subtracting a predictor from all
of the pixels in the block.

[0095] FIG. 13 is a diagram illustrating use of the special
DC mode for different intra prediction modes. Some systems
have a single loop decoding option. For example, a bitstream
may have two layers of different resolutions. If the user is
only interested in the high resolution video, and the bit-
stream supports single loop decoding, it is necessary to
perform motion compensation only at the high resolution
layer. This is achieved by enforcing certain prediction con-
straints. For example, one constraint may require that the
intra macroblock cannot be predicted from the neighbor
inter macroblocks, and the intra_BL (base layer) mode is
used in the enhancement layer only if the base layer mac-
roblock is coded in a normal intra mode or intra_ BL. mode,
so that this macroblock in the base layer can be recon-
structed and used in prediction, without performing any
motion compensation.

[0096] When single loop decoding is used, and the corre-
sponding base layer macroblock is not intra-coded, leaky
prediction cannot be used because there are no base layer
pixels available. In this case, to limit error propagation from
the spatial neighbors, when the enhancement layer macrob-
lock is signaled to be 1_4x4, in one embodiment, it is
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inferred that the seven border 4x4 blocks are in the special
DC mode. In single-loop decoding, when an enhancement
layer macroblock is intra, border blocks (dark blocks 72 in
FIG. 13) are inferred to be in the special DC mode. Non-
border blocks 74 can still use any intra prediction modes
with proper error control schemes presented above.

[0097] Similarly, when the enhancement layer macroblock
is signaled to be I 8x8, the three border 8x8 blocks 76 are
inferred to be in the special DC mode, while block 78 can
use any intra prediction mode with proper error control
schemes presented above. When the enhancement layer
macroblock is I__16x16, as indicated by reference numeral
80, it is inferred that the special DC mode is used. Note that,
in FIG. 13, other non-border 4x4 or 8x8 blocks 74, 78 in the
respective macroblock can still use other intra prediction
modes. In another embodiment, the blocks at any location
can be special DC mode and the mode can be explicitly
signaled.

[0098] FIG. 14 is a diagram illustrating Intra-prediction
from a frame 82 in a base layer. FIG. 14 shows upsampling
of a block 84 in a frame 82 of the base layer to produce
upsampled block 86. The upsampled block 86 is used for
prediction of a block 88 to be coded in a frame 90 of the
enhancement layer. As shown in FIG. 14, a constraint may
also be applied in the enhancement layer to not use intra-
layer intra prediction. In one embodiment, for example, one
constraint can be enforced so that the prediction is not
formed with the pixels, or other information derived from
the pixels, from the same frame in the same layer as the
block to be predicted to simplify the design. In other words,
ablock in an enhancement layer is not predicted using pixels
or other information obtained from the same frame and same
layer as the block to be predicted. In this case, the prediction
is formed with the pixels, or other information derived from
the pixels, from either a frame in the base layer or other
frames already coded or a combination of both. In this
manner, decoder 26 may apply the constraint of using only
the pixels in the base layer for intra prediction. The frame 82
in the base layer can be of the same resolution or a different
resolution.

[0099] To support spatial scalability using generalized
FGS, various macroblock syntax elements may be transmit-
ted in the encoded bitstream to signal how each macroblock
in the enhancement layer should be predicted by the decoder.
The syntax elements may include information such as
whether a macroblock is to be inter- or intra-predicted. If the
macroblock is inter-predicted, additional information such
as how a macroblock is partitioned, and the motion vector
and reference frame index of each partition, should also be
transmitted. If a macroblock is intra-predicted, either from
the frame at the same temporal position, but in the base
layer, or from the same frame in the same layer, additional
information such as intra-prediction modes may be sent.

[0100] Transmission of syntax elements may be achieved
in different ways. In one embodiment, for example, all of the
syntax elements of a frame or a slice are transmitted before
any texture information, which is the information related to
the transform coeflicients, is transmitted. In another embodi-
ment, the syntax elements can be interleaved with the texture
information. However, the encoded bitstream may still gen-
erally conform to the FGS format, avoiding the need to
substantially redesign the structure and format of the encod-
ing technique.
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[0101] In an H.264 implementation, a macroblock can be
in direct mode in a B slice, i.e., a bi-directional or bi-
predictive coded slice that uses a past slice, a future slice, or
both. A B slice may from part of a video frame or cover an
entire video frame. When a macroblock is in direct mode in
a B slice, the motion vectors and reference frame indices of
this macroblock are derived from the information that is
already coded. The information that is used for deriving the
motion vectors and the reference frame indices is from the
same frame and sometimes also from the reference frame. If
a macroblock (MB) is in the spatial direct mode, the motion
vector of each partition is derived from the motion vectors
from the neighboring MBs. However, each derived motion
vector may also be restricted by the motion vector of the
co-located block in the reference frame. In the temporal
direct mode, a motion vector may be derived from the
motion vector of the co-located block in the reference frame
based on the temporal relationship between the current
frame and its reference frame.

[0102] One issue with the dependency of the derived
motion vector on the information of the reference frame is
that the reference frame may be truncated in decoder 26. As
a result, the information that is available to encoder 20 may
not be available to decoder 26. Incorrect reconstruction of
motion vectors usually results in large error. In one embodi-
ment, only the spatial direct mode is used if the enhancement
layer is coded in B slice, and the derived motion vector is not
restricted by any information from the reference frames. In
other words, if the enhancement layer is coded in a bi-
predictive (B) slice, decoder 26 applies only a modified
spatial direct mode, which does not use any information
form the reference frame.

[0103] Because the enhancement layer represents higher
spatial resolution, in one embodiment, the significance map
from the base layer may be upsampled before being used in
the FGS coeflicient coding process. In another embodiment,
the significance map may be cleared before the FGS bit-
stream at the spatial enhancement layer is coded. In this
case, no coeflicients are coded as refinement coefficients in
the FGS enhancement layer of increased spatial resolution.
Hence, a significance map from the base layer is reset, and
coeflicients are decoded only as zero coefficients or nonzero
significant coefficients with no refinement coefficients in one
or more of the enhancement layers.

[0104] In some systems, it may be desirable to preserve
the ability to encode discrete spatial enhancement layers, on
a selective basis, in addition to FGS spatial enhancements
layers. For example, complexity considerations may warrant
selection of discrete spatial enhancement layers in some
systems. In this case, system 10 may be configured to
support compatibility with discrete spatial enhancement
layers. Use of discrete spatial enhancement layer coding that
may offer higher coding performance if the enhancement
layer can be reliably delivered. Selection of discrete spatial
enhancement layer coding may be signaled in the transmit-
ted bitstream. For example, the bitstream may include
signaling information that indicates whether discrete spatial
enhancement layer coding or FGS spatial enhancement layer
coding, as described herein, is supported for the bitstream.
One example is to introduce a new flag into a scalable slice
header to indicate whether FGS coding is used in the slice.
[0105] FIG. 15 is a diagram illustrating a luma DC block
in a macroblock with an Intra 16 by 16 prediction mode. For
an Intra_ 16x16 macroblock 92, luma DC coefficients may
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be Hadamard transformed. As shown in FIG. 15, if a
macroblock is predicted using intra 16x16 mode, the luma
prediction residuals are first transformed into 16 4x4 blocks,
and the DC coefficients of the 16 blocks form another 4x4
block 94. This additional 4x4 block is referred to as the intra
16x16 DC block in this discussion. According to ITU-T
H.264, the DC block is coded separately from the AC
blocks. For ITU-T H.264, the additional implementation
complexity of this separation is minimal. However, the
impact of the implementation complexity is greater if it is
separately coded in the FGS coder because of its particular
design.

[0106] Therefore, in FGS coding, although an additional
transform is performed on DC coefficients, the DC coeffi-
cients are not separately coded. This may not be a problem
for traditional FGS, which only supports refinement to video
of the same resolution. However, it could significantly affect
the performance of spatial scalability via generalized FGS
for some video content that favors intra_ 16x16 prediction.
One way to make provide FGS spatial scalability without
introducing excessive complexity is to code the intra 16x16
DC block in a way similar to how it is coded in the ITU-T
H.264 base layer. For example, once the first coefficient of
the intra 16x16 DC block is encountered, the entire block is
coded before any other coefficients are coded.

[0107] This disclosure describes techniques for spatial
scalability using generalized FGS coding. The use of a
generalized FGS format allows the video coder to achieve
continuous quality improvement across different spatial
resolutions. As described in this disclosure, techniques for
spatial scalability using generalized FGS coding may make
use of several different schemes to support spatial scalability
with acceptable performance and complexity. For example,
the techniques may incorporate schemes to curb error propa-
gation due to partial decoding, including leaky prediction for
intra-coded macroblocks using a weighted average of the
predictors formed with the enhancement layer neighboring
pixels and upsampled base layer predictors, adaptive switch-
ing of the prediction source in partial decoding, and a special
DC mode that stops spatial error propagation due to remain-
ing drifting errors.

[0108] In some embodiments, a constraint may be
enforced so that the prediction is not formed with the pixels
from the same frame in the same layer, or other information
derived from such pixels, to simplify the design. In addition,
only the spatial direct mode may be used if the enhancement
layer is coded in a B slice, and the derived motion vector is
not restricted by any information from the reference frames.
As a further feature, the significance map from the base layer
picture can be upsampled and used in FGS coding of the
enhancement layer residual to improve coding performance.
Alternatively, the coefficients in the spatial enhancement
layer can be coded with no refinement coefficients. Also, a
special 1-bit syntax may be added to the scalable slice
header to signal to the decoder whether the spatial scalability
layer is using FGS coding or serves as a discrete spatial
enhancement layers.

[0109] The techniques described in this disclosure may be
implemented in hardware, software, firmware or any com-
bination thereof. In particular, an encoder or decoder, as
described herein, may be realized by any of a variety of
hardware, software and firmware components. For example,
various aspects of the techniques may be implemented
within one or more microprocessors, digital signal proces-

25



US 2007/0160133 Al

sors (DSPs), application specific integrated circuits (ASICs),
field programmable gate arrays (FPGAs), or any other
equivalent integrated or discrete logic circuitry, as well as
any combinations of such components. The term “proces-
sor” or “processing circuitry” may generally refer to any of
the foregoing logic circuitry, alone or in combination with
other logic circuitry, or any other equivalent circuitry. In
some embodiments, the functionality described herein may
be provided within dedicated software modules or hardware
units configured for encoding and decoding, or incorporated
in a combined video encoder-decoder (CODEC).

[0110] When implemented in software, the techniques
may be realized in part by a computer readable medium
comprising program code or instructions that, when
executed by a processor, performs one or more of the
functions described above. A computer-readable medium
storing such program code or instructions may comprise
random access memory (RAM) such as synchronous
dynamic random access memory (SDRAM), read-only
memory (ROM), non-volatile random access memory
(NVRAM), electrically erasable programmable read-only
memory (EEPROM), FLASH memory, magnetic or optical
data storage media, or any combination of such memory or
storage media.

[0111] Various embodiments of the disclosure have been
described. These and other embodiments are within the
scope of the following claims.

1. A video coding method comprising:

decoding a fine granularity scalability (FGS) base layer to
reconstruct a base layer video block defining video at a
first spatial resolution;

at least partially decoding one or more FGS enhancement

layers to reconstruct an enhancement layer video block
defining video at a second spatial resolution greater or
equal to the first spatial resolution; and

predicting an intra-coded video block based on a weighted

sum of a first prediction block formed from the base
layer video block and a second prediction block formed
from neighboring pixels in the enhancement layer
video block.

2. The method of claim 1, wherein the second spatial
resolution is greater than the first spatial resolution, the
method further comprising upsampling the base layer video
block, and wherein the first prediction block is formed from
the upsampled base layer video block.

3. The method of claim 2, further comprising generating
video at the second spatial resolution based on the decoded
FGS base layer and the at least partially decoded FGS
enhancement layers.

4. The method of claim 2, wherein the FGS base layer
defines the video with a first quality level, and at least one
of the FGS enhancement layers defines the video with a
second quality level greater than the first quality level.

5. The method of claim 4, further comprising generating
video at the second quality level based on the decoded FGS
base layer and the at least partially decoded FGS enhance-
ment layers.

6. The method of claim 4, further comprising generating
video at the second spatial resolution based on the decoded
FGS base layer and the at least partially decoded FGS
enhancement layers, and generating the video at the second
quality level based on the decoded FGS base layer and the
at least partially decoded FGS enhancement layers.
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7. The method of claim 2, further comprising predicting
the intra-coded video block without using video information
derived from the same frame in the same layer as the
respective intra-coded video block.

8. The method of claim 2, further comprising predicting
the intra-coded video block using only pixels from the base
layer.

9. The method of claim 2, further comprising decoding a
block in the FGS enhancement layer using a special DC
mode in which a DC coefficient is predicted from a default
value known to both an encoder and a decoder and AC
coeflicients are decoded without a prediction calculated
from neighboring blocks.

10. The method of claim 2, further comprising applying
only a modified spatial direct mode, which does not use
information from a reference frame, to an enhancement layer
if the enhancement layer is coded in a bi-predictive (B) slice.

11. The method of claim 2, further comprising upsam-
pling a significance map from the base layer, and using the
upsampled significance map to decode one or more of the
enhancement layers.

12. The method of claim 1, further comprising resetting a
significance map from the base layer, and decoding coeffi-
cients only as zero coefficients or nonzero significant coef-
ficients with no refinement coefficients in one or more of the
enhancement layers.

13. The method of claim 2, further comprising receiving
a 1-bit syntax element with at least one of the enhancement
layers to signal the use of FGS coding for spatial scalability.

14. A video coding device including a decoder that
decodes a fine granularity scalability (FGS) base layer to
reconstruct a base layer video block defining video at a first
spatial resolution, at least partially decodes one or more FGS
enhancement layers to reconstruct an enhancement layer
video block defining video at a second spatial resolution
greater than or equal to the first spatial resolution, and
predicts an intra-coded video block based on a weighted sum
of a first prediction block formed from the base layer video
block and a second prediction block formed from neighbor-
ing pixels in the enhancement layer video block.

15. The device of claim 14, wherein the second spatial
resolution is greater than the first spatial resolution, the
decoder upsamples the base layer video block, and wherein
the first prediction block is formed from the upsampled base
layer video block.

16. The device of claim 15, wherein the decoder generates
video at the second spatial resolution based on the decoded
FGS base layer and the at least partially decoded FGS
enhancement layers.

17. The device of claim 15, wherein the FGS base layer
defines the video with a first quality level, and at least one
of the FGS enhancement layers defines the video with a
second quality level greater than the first quality level.

18. The device of claim 17, wherein the decoder generates
video at the second quality level based on the decoded FGS
base layer and the at least partially decoded FGS enhance-
ment layers.

19. The device of claim 17, wherein the decoder generates
video at the second spatial resolution based on the decoded
FGS base layer and the at least partially decoded FGS
enhancement layers, and generates the video at the second
quality level based on the decoded FGS base layer and the
at least partially decoded FGS enhancement layers.
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20. The device of claim 17, wherein the decoder predicts
the intra-coded video block without using video information
derived from the same frame in the same layer as the
respective intra-coded video block.

21. The device of claim 15, wherein the decoder predicts
the intra-coded video block using only pixels from the base
layer.

22. The device of claim 15, wherein the decoder decodes
a block in the FGS enhancement layer using a special DC
mode in which a DC coefficient is predicted from a default
value known to both an encoder and a decoder and AC
coeflicients are decoded without a prediction calculated
from neighboring blocks.

23. The device of claim 15, wherein the decoder applies
only a spatial direct mode, without using information from
a reference frame, to an enhancement layer if the enhance-
ment layer is coded in a bi-predictive (B) slice.

24. The device of claim 15, wherein the decoder
upsamples a significance map from the base layer, and uses
the upsampled significance map to decode one or more of
the enhancement layers.

25. The device of claim 14, wherein the decoder resets a
significance map from the base layer, and decodes coeffi-
cients only as zero coefficients or nonzero significant coef-
ficients with no refinement coefficients in one or more of the
enhancement layers.

26. The device of claim 15, wherein the decoder receives
a 1-bit syntax element with at least one of the enhancement
layers to signal the use of FGS coding for spatial scalability.

27. A computer-readable medium comprising instructions
that cause a processor to:

decode a fine granularity scalability (FGS) base layer to

reconstruct a base layer video block defining video at a
first spatial resolution;
at least partially decode one or more FGS enhancement
layers to reconstruct an enhancement layer video block
defining video at a second spatial resolution greater
than or equal to the first spatial resolution; and

predict an intra-coded video block based on a weighted
sum of a first prediction block formed from the base
layer video block and a second prediction block formed
from neighboring pixels in the enhancement layer
video block.

28. The computer-readable medium of claim 27, wherein
the second spatial resolution is greater than the first spatial
resolution, the instructions further causing the processor to
upsample the base layer video block, and wherein the first
prediction block is formed from the upsampled base layer
video block.

29. The computer-readable medium of claim 28, wherein
the instructions cause the processor to generate video at the
second spatial resolution based on the decoded FGS base
layer and the at least partially decoded FGS enhancement
layers.

30. The computer-readable medium of claim 29, wherein
the FGS base layer defines the video with a first quality
level, and at least one of the FGS enhancement layers
defines the video with a second quality level greater than the
first quality level.

31. The computer-readable medium of claim 30, wherein
the instructions cause the processor to generate video at the
second quality level based on the decoded FGS base layer
and the at least partially decoded FGS enhancement layers.
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32. The computer-readable medium of claim 30, wherein
the instructions cause the processor to generate video at the
second spatial resolution based on the decoded FGS base
layer and the at least partially decoded FGS enhancement
layers, and generate the video at the second quality level
based on the decoded FGS base layer and the at least
partially decoded FGS enhancement layers.

33. The computer-readable medium of claim 28, wherein
the instructions cause the processor to predict the intra-
coded video block without using video information derived
from the same frame in the same layer as the respective
intra-coded video block.

34. The computer-readable medium of claim 28, wherein
the instructions cause the processor to predict the intra-
coded video block using only pixels from the base layer.

35. The computer-readable medium of claim 28, wherein
the instructions cause the processor to decode a block in the
FGS enhancement layer using a special DC mode in which
a DC coefficient is predicted from a default value known to
both an encoder and a decoder and AC coefficients are
decoded without a prediction calculated from neighboring
blocks.

36. The computer-readable medium of claim 28, wherein
the instructions cause the processor to apply only a spatial
direct mode, without using information from a reference
frame, to an enhancement layer if the enhancement layer is
coded in a bi-predictive (B) slice.

37. The computer-readable medium of claim 28, wherein
the instructions cause the processor to upsample a signifi-
cance map from the base layer, and use the upsampled
significance map to decode one or more of the enhancement
layers.

38. The computer-readable medium of claim 27, wherein
the instructions cause the processor to reset a significance
map from the base layer, and decode coefficients only as
zero coeflicients or nonzero significant coefficients with no
refinement coefficients in one or more of the enhancement
layers.

39. The computer-readable medium of claim 28, wherein
the instructions cause the processor to receive a 1-bit syntax
element with at least one of the enhancement layers to signal
the use of FGS coding for spatial scalability.

40. A method comprising:

decoding a fine granularity scalability (FGS) base layer

including base layer video blocks defining video infor-
mation at a first spatial resolution;

at least partially decoding one or more FGS enhancement

layers including enhancement layer video blocks defin-
ing video information at a second spatial resolution
greater than the first spatial resolution; and

predicting intra-coded video blocks without using video

information derived from the same frame in the same
layer as the respective intra-coded video blocks.

41. The computer-readable medium of claim 40, further
comprising predicting the intra-coded video block using
only pixels from the base layer.

42. The method of claim 40, further comprising decoding
a block in the FGS enhancement layer using a special DC
mode in which a DC coefficient is predicted from a default
value known to both an encoder and a decoder and AC
coeflicients are decoded without a prediction calculated
from neighboring blocks.

43. The method of claim 40, further comprising applying
only a spatial direct mode, without using information from
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a reference frame, to an enhancement layer if the enhance-
ment layer is coded in a bi-predictive (B) slice.

44. The method of claim 40, further comprising upsam-
pling a significance map from the base layer, and using the
upsampled significance map to decode one or more of the
enhancement layers.

45. The method of claim 40, further comprising resetting
a significance map from the base layer, and decoding coef-
ficients only as zero coefficients or nonzero significant
coeflicients with no refinement coefficients in one or more of
the enhancement layers.

46. A device comprising a decoder that decodes a fine
granularity scalability (FGS) base layer including base layer
video blocks defining video information at a first spatial
resolution, at least partially decodes one or more FGS
enhancement layers including enhancement layer video
blocks defining video information at a second spatial reso-
Iution greater than the first spatial resolution, and predicts
intra-coded video blocks without using video information
derived from the same frame in the same layer as the
respective intra-coded video blocks.

47. The device of claim 46, wherein the decoder predicts
the intra-coded video block using only pixels from the base
layer.

48. The device of claim 46, wherein the decoder decodes
a block in the FGS enhancement layer using a special DC
mode in which a DC coefficient is predicted from a default
value known to both an encoder and a decoder and decodes
AC coeflicients without a prediction calculated from neigh-
boring blocks.

49. The device of claim 46, wherein the decoder applies
only a spatial direct mode, without using information from
a reference frame, to an enhancement layer if the enhance-
ment layer is coded in a bi-predictive (B) slice.

50. The device of claim 46, wherein the decoder
upsamples a significance map from the base layer, and uses
the upsampled significance map to decode one or more of
the enhancement layers.

51. The device of claim 46, wherein the decoder resets a
significance map from the base layer, and decodes coeffi-
cients only as zero coefficients or nonzero significant coef-
ficients with no refinement coefficients in one or more of the
enhancement layers.
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52. A method comprising:

decoding a fine granularity scalability (FGS) base layer
including base layer video blocks defining video infor-
mation at a first spatial resolution;

decoding one or more FGS enhancement layers including

enhancement layer video blocks defining video infor-
mation at a second spatial resolution greater than the
first spatial resolution; and

decoding each of the blocks in the FGS enhancement

layers using a special DC mode in which a DC coef-
ficient is predicted from a default value known to both
an encoder and a decoder and AC coefficients are
decoded without a prediction calculated from neigh-
boring blocks.

53. The method of claim 52, wherein the FGS base layer
defines the video information with a first quality level, and
at least one of the FGS enhancement layers defines the video
information with a second quality level greater than the first
quality level.

54. The method of claim 52, further comprising receiving
a 1-bit syntax element with at least one of the enhancement
layers to signal the use of FGS coding for spatial scalability.

55. A device comprising a decoder that decodes a fine
granularity scalability (FGS) base layer including base layer
video blocks defining video information at a first spatial
resolution, encodes one or more FGS enhancement layers
including enhancement layer video blocks defining video
information at a second spatial resolution greater than the
first spatial resolution, and decoding each of the blocks in
the FGS enhancement layers using a special DC mode in
which a DC coefficient is predicted from a default value
known to both an encoder and a decoder and AC coefficients
are decoded without a prediction calculated from neighbor-
ing blocks.

56. The method of claim 55, wherein the FGS base layer
defines the video information with a first quality level, and
at least one of the FGS enhancement layers defines the video
information with a second quality level greater than the first
quality level.

57. The method of claim 55, further comprising receiving
a 1-bit syntax element with at least one of the enhancement
layers to signal the use of FGS coding for spatial scalability.

#* #* #* #* #*
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