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ADAPTIVE UPSAMPLING FORSCALABLE 
VIDEO CODING 

This application claims the benefit of U.S. provisional 
application No. 60/884,099, filed Jan. 9, 2007, and U.S. pro 
visional application No. 60/888,912, filed Feb. 8, 2007. The 
entire content of both provisional applications is incorporated 
herein by reference. 

TECHNICAL FIELD 

This disclosure relates to digital video coding and, more 
particularly, scalable video coding (SVC) techniques that 
provide spatial scalability. 

BACKGROUND 

Digital video capabilities can be incorporated into a wide 
range of devices, including digital televisions, digital direct 
broadcast systems, wireless communication devices, wireless 
broadcast systems, personal digital assistants (PDAs), laptop 
or desktop computers, digital cameras, digital recording 
devices, video gaming devices, video game consoles, cellular 
or satellite radio telephones, and the like. Digital video 
devices may implement block-based video compression tech 
niques, such as those defined by the MPEG-2, MPEG-4, 
ITU-T H.261, H.263, or H.264/MPEG-4, Part 10, Advanced 
Video Coding (AVC) standards, to transmit and receive digi 
tal video more efficiently. Video compression techniques per 
form spatial and temporal prediction to reduce or remove 
redundancy inherent in Video sequences. 

Spatial prediction reduces redundancy between neighbor 
ing video blocks within a given video frame. Temporal pre 
diction, also known as motion estimation and compensation, 
reduces temporal redundancy between video blocks in past 
and/or future video frames of a video sequence. For temporal 
prediction, a video encoder performs motion estimation to 
track the movement of matching video blocks between two or 
more adjacent frames. Motion vectors indicate the displace 
ment of video blocks relative to corresponding prediction 
video blocks in one or more reference frames. Motion com 
pensation uses the motion vectors to identify prediction video 
blocks from a reference frame. A residual video block is 
formed by subtracting the prediction video block from the 
original video block to be coded. The residual video block can 
be sent to a video decoder along with the motion vector, and 
the decoder can use this information to reconstruct the origi 
nal video block or an approximation of the original video 
block. The video encoder may apply transform, quantization 
and entropy coding processes to further reduce the bit rate 
associated with the residual block. 
Some video coding makes use of Scalable coding tech 

niques, which may be particularly desirable for wireless com 
munication of video data. In general, Scalable video coding 
(SVC) refers to video coding in which a video data is repre 
sented by a base layer and one or more enhancement layers. 
For SVC, a base layer typically carries video data with a base 
spatial, temporal and/or signal to noise ratio (SNR) level. One 
or more enhancement layers carry additional video data to 
support higher spatial, temporal and/or SNR levels. 

For spatial scalability, enhancement layers add spatial 
resolution to frames of the base layer. In SVC systems that 
Support spatial scalability, inter-layer prediction may be used 
to reduce the amount of data needed to convey the enhance 
ment layer. In inter-layer prediction, enhancement layer 
Video blocks may be coded using predictive techniques that 
are similar to motion estimation and motion compensation. In 
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2 
particular, enhancement layer video residual data blocks may 
be coded using reference blocks in the base layer. However, 
the base and enhancement layers have different spatial reso 
lutions. Therefore, the base layer video data may be 
upsampled to the spatial resolution of the enhancement layer 
Video data, e.g., to form reference blocks for generation of the 
enhancement layer residual data. 

SUMMARY 

In general, this disclosure describes adaptive techniques 
for upsampling base layer video data to code enhancement 
layer video data for spatial scalability. For example, base 
layer video data (e.g., residual base layer video blocks) may 
be upsampled to a higher resolution, and the upsampled data 
may be used to code enhancement layer video data. As part of 
the upsampling process, the techniques of this disclosure 
identify conditions in which upsampling by interpolation 
may be preferred, and other situations in which upsampling 
by So-called “nearest neighbor copying techniques may be 
preferred. Hence, to code enhancement layer data, interpola 
tion and nearest neighbor copying techniques may be used in 
upsampling base layer data on an adaptive basis. 

According to certain aspects of this disclosure, either inter 
polation or nearest neighbor copying may be used to define 
upsampled data, which may be used as reference blocks in the 
coding of enhancement layer video data. In particular, the 
decision whether to perform interpolation or nearest neighbor 
copying may be based on whether an upsampled pixel corre 
sponds to an edge pixel location in the enhancement layer. 
Instead of considering only the base layer pixel locations in 
determining whether to interpolate or use nearest neighbor 
copying for the upsampling, techniques described in this dis 
closure may consider upsampled pixel locations relative to 
block boundaries in the enhancement layer. The block bound 
aries in the enhancement layer may differ from the block 
boundaries of the base layer. 

In one example, this disclosure provides a method for 
coding video data with spatial scalability. The method com 
prises generating upsampled video databased on base layer 
Video data, wherein the upsampled video data corresponds to 
a spatial resolution of enhancement layer video data, and 
coding the enhancement layer video data based on the 
upsampled video data, wherein generating the upsampled 
Video data includes interpolating values for one or more pixel 
locations of the upsampled video data that correspond to 
locations between different base layer video blocks defined in 
the base layer video data. 

In another example, this disclosure provides an apparatus 
that codes video data with spatial scalability, the apparatus 
being configured to generate upsampled video databased on 
base layer video data, wherein the upsampled video data 
corresponds to a spatial resolution of enhancement layer 
Video data, and code the enhancement layer video databased 
on the upsampled video data, wherein the apparatus interpo 
lates values for one or more pixel locations of the upsampled 
video data that correspond to locations between different base 
layer video blocks defined in the base layer video data. 

In another example, this disclosure provides a device for 
coding video data with spatial scalability, the device compris 
ing means for generating upsampled video databased on base 
layer video data, wherein the upsampled video data corre 
sponds to a spatial resolution of enhancement layer video 
data, and means for coding the enhancement layer video data 
based on the upsampled video data, wherein means for gen 
erating the upsampled video data includes means for interpo 
lating values for one or more pixel locations of the upsampled 
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video data that correspond to locations between different base 
layer video blocks defined in the base layer video data. 
The techniques described in this disclosure may be imple 

mented in hardware, Software, firmware, or any combination 
thereof. If implemented in software, the software may be 
executed in a processor, Such as a microprocessor, application 
specific integrated circuit (ASIC), field programmable gate 
array (FPGA), or digital signal processor (DSP). The soft 
ware 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 that upon execu 
tion in a processor cause the processor to code video data with 
spatial scalability, wherein the instructions cause the proces 
Sor to generate upsampled video data based on base layer 
Video data, wherein the upsampled video data corresponds to 
a spatial resolution of enhancement layer video data, and code 
the enhancement layer video data based on the upsampled 
Video data, wherein generating the upsampled video data 
includes interpolating values for one or more pixel locations 
of the upsampled video data that correspond to locations 
between different base layer video blocks defined in the base 
layer video data. 

In other cases, this disclosure may be directed to a circuit, 
Such as an integrated circuit, chipset, application specific 
integrated circuit (ASIC), field programmable gate array 
(FPGA), logic, or various combinations thereof configured to 
perform one or more of the techniques described herein. 

The details of one or more aspects of the disclosure are set 
forth in the accompanying drawings and the description 
below. Other features, objects, and advantages of the tech 
niques described in this disclosure will be apparent from the 
description and drawings, and from the claims. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is an exemplary block diagram illustrating a video 
encoding and decoding system that may implement the cod 
ing techniques described herein as part of the encoding and/or 
decoding process. 

FIG. 2 a block diagram illustrating an example of a video 
encoder consistent with this disclosure. 

FIG.3 is a block diagram illustrating an example of a video 
decoder consistent with this disclosure. 

FIGS. 4 and 5 are conceptual diagrams illustrating upsam 
pling from a base layer to an enhancement layer. 

FIGS. 6-8 are conceptual diagrams illustrating upsampling 
techniques that may be used according to this disclosure. 

FIG. 9 is a flow diagram illustrating a technique consistent 
with this disclosure. 

DETAILED DESCRIPTION 

This disclosure describes upsampling techniques useful in 
coding (i.e., encoding or decoding) enhancement layer video 
blocks in a scalable video coding (SVC) scheme. In SVC 
schemes that Support spatial scalability, base layer video data 
(e.g., residual video blocks of a base layer) may be upsampled 
to higher resolution, and the higher resolution upsampled data 
may be used to code the enhancement layer video data (e.g., 
residual video blocks of an enhancement layer). In particular, 
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4 
resolution of the enhancement layer video data, and the 
resulting upsampled data is used to code the enhancement 
layer video data. 
As part of this upsampling process, the techniques of this 

disclosure identify conditions for which upsampling by inter 
polation is preferred, and other conditions for which upsam 
pling by So-called “nearest neighbor” copying techniques are 
preferred. Interpolation may involve the generation of a 
weighted average for an upsampled value, wherein the 
weighted average is defined between two or more pixel values 
of the base layer. For nearest neighbor techniques, the 
upsampled value is defined as that of the pixel location in the 
base layer that is in closest spatial proximity to the upsampled 
pixel location. According to this disclosure, by using interpo 
lation for some specific conditions of the upsampling, and 
nearest neighbor copying for other conditions, the coding of 
enhancement layer video blocks may be improved. 

Either interpolation or nearest neighbor copying may be 
used to define upsampled data at the spatial resolution of the 
enhancement layer. The upsampled data may be upsampled 
from base layer data (e.g., from residual video blocks coded 
in the base layer). The upsampled data may form blocks that 
can be used as references in the coding of enhancement layer 
data (e.g., in coding residual video blocks of the enhancement 
layer). The decision whether to perform interpolation or near 
est neighbor copying during the upsampling process may be 
based on whether the location of the upsampled pixel value 
corresponds to an edge pixel location in the enhancement 
layer. This contrasts with conventional upsampling tech 
niques, which generally consider only the base layer pixel 
locations in determining whether to interpolate or use nearest 
neighbor copying. 

For example, conventional upsampling techniques may 
perform interpolation of an upsampled pixel only when two 
base layer pixels used for the interpolation do not correspond 
to an edge of a base layer video block. In this disclosure, the 
term "edge” refers to pixel locations that correspond to an 
edge of a video block, and the term “internal refers to pixel 
locations that do not correspond to an edge of a video block. 
A video block may refer to the block transform used in the 
video encoder-decoder (CODEC). As examples in H.264/ 
AVC, a video block may be of size 4x4 or 8x8. The block 
boundaries in the enhancement layer, however, may differ 
from the block boundaries of the base layer. According to this 
disclosure, the decision whether to perform interpolation may 
depend on whether the pixel value to be upsampled corre 
sponds to an edge pixel location in the enhancement layer. 

If the two base layer pixels used for interpolation corre 
spond to edges of two adjacent base layer video blocks, the 
upsampled value may fall between the two adjacent base 
layer video blocks. In this case, conventional techniques use 
nearest neighbor copying techniques for upsampling. Inter 
polation is conventionally avoided in this case because the 
different base layer video blocks may have been coded with 
different levels of quantization. For nearest neighbor copy 
ing, the upsampled value may be defined as that of the base 
layer pixel location in closest spatial proximity to the 
upsampled pixel location. 

According to this disclosure, interpolation may be per 
formed in several contexts where an upsampled layer value 
falls between two base layer video blocks. If the upsampled 
value would not itself be associated with an edge pixel loca 
tion in the enhancement layer, interpolation may be preferred 
to nearest neighbor copying. In this case, de-block filtering of 
the enhancement layer will not likely address any blockiness 
artifacts in the video frame reproduction. Therefore, interpo 
lation may be preferred even though the different base layer 
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video blocks may have been coded with different levels of 
quantization. If the upsampled value is itself associated with 
an edge pixel location in the enhancement layer, and the 
upsampled value falls between the two base layer video 
blocks, then nearest neighbor copying may be used in accor 
dance with this disclosure. In this case, de-block filtering of 
the enhancement layer will address blockiness artifacts in the 
enhancement layer, and the risk of poor interpolation due to 
the base layer video blocks having different levels of quanti 
Zation may outweigh potential benefits of interpolation in this 
context. In addition, the decision whether to interpolate or use 
nearest neighbor copying may also depend on whether the 
two base layer video blocks were coded via different coding 
modes (e.g., intra or inter coding modes). For example, near 
est neighbor copying may be used and interpolation avoided 
if the two base layer video blocks were coded via different 
coding modes. Furthermore, optional adaptive low-pass fil 
ters may be applied before or after upsampling to further 
alleviate the problem of signal discontinuity across base layer 
coding block boundaries. 

For simplicity and ease of illustration, in this disclosure, 
interpolation and nearest neighbor copying techniques are 
generally described in one-dimension, although Such tech 
niques would typically apply to both the vertical and horizon 
tal dimensions. For two-dimensional interpolation or two 
dimensional nearest neighbor techniques, the interpolation or 
nearest neighbor copying would first be applied in one dimen 
Sion, and then would be applied in the other dimension. 

FIG. 1 is a block diagram illustrating a video encoding and 
decoding system 10. As shown in FIG. 1, system 10 includes 
a source device 12 that transmits encoded video to a receive 
device 16 via a communication channel 15. Source device 12 
may include a video source 20, video encoder 22 and a modu 
lator/transmitter 24. Receive device 16 may include a 
receiver/demodulator 26, video decoder 28, and display 
device 30. System 10 may be configured to apply adaptive 
upsampling techniques, as described herein, during the 
encoding and decoding of enhancement layer video informa 
tion of an SVC scheme. Encoding and decoding is more 
generally referred to herein as coding. 

In the example of FIG. 1, communication channel 15 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. Communication channel 15 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 15 generally represents any suitable 
communication medium or collection of different communi 
cation media for transmitting video data from source device 
12 to receive device 16. 

Source device 12 generates coded video data for transmis 
sion to receive device 16. In some cases, however, devices 12, 
16 may operate in a Substantially symmetrical manner. For 
example, each of devices 12, 16 may include video encoding 
and decoding components. Hence, system 10 may support 
one-way or two-way video transmission between video 
devices 12, 16, e.g., for video streaming, video broadcasting, 
or video telephony. 

Video source 20 of source device 12 may include a video 
capture device. Such as a video camera, a video archive con 
taining previously captured video, or a video feed from a 
video content provider. As a further alternative, video source 
20 may generate computer graphics-based data as the Source 
Video, or a combination of live video and computer-generated 
Video. In some cases, if video source 20 is a video camera, 
source device 12 and receive device 16 may form so-called 
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6 
camera phones or video phones. In each case, the captured, 
pre-captured or computer-generated video may be encoded 
by video encoder 22 for transmission from video source 
device 12 to video decoder 28 of video receive device 16 via 
modulator/transmitter 22, communication channel 15 and 
receiver/demodulator 26. 
The video encoding and decoding processes may imple 

ment adaptive upsampling techniques using interpolation and 
nearest neighbor copying, as described herein, to improve the 
enhancement layer coding process. Display device 30 dis 
plays the decoded video data to a user, and may comprise any 
of a variety of display devices such as a cathode ray tube, a 
liquid crystal display (LCD), a plasma display, an organic 
light emitting diode (OLED) display, or another type of dis 
play device. Spatial scalability allows a video decoder to 
reconstruct and display a video signal of higher spatial reso 
lution, e.g., CIF (Common intermediate format, 352x288 
image resolution) as opposed to QCIF (Ouarter common 
intermediate format, 176x144 image resolution)) by decod 
ing enhancement layer bitstream from an SVC bitstream. 

Video encoder 22 and video decoder 28 may be configured 
to support scalable video coding (SVC) for spatial scalability. 
In addition, temporal and/or signal-to-noise ratio (SNR) scal 
ability may also be Supported, although the techniques of this 
disclosure are not limited in this respect. In some aspects, 
video encoder 22 and video decoder 28 may be configured to 
support fine granularity SNR scalability (FGS) coding for 
SVC. Encoder 22 and decoder 28 may support various 
degrees of Scalability by Supporting encoding, transmission 
and decoding of a base layer and one or more Scalable 
enhancement layers. For Scalable video coding, a base layer 
carries video data with a baseline spatial, temporal or SNR 
level. One or more enhancement layers carry additional data 
to support higher spatial, temporal and/or SNR levels. The 
base layer may be transmitted in a manner that is more reli 
able than the transmission of enhancement layers. For 
example, the most reliable portions of a modulated signal 
may be used to transmit the base layer, while less reliable 
portions of the modulated signal may be used to transmit the 
enhancement layers. 

In order to support SVC, video encoder 22 may include a 
base layer encoder 32 and an enhancement layer encoder 34 
to perform encoding of a base layer and the enhancement 
layer, respectively. In some cases, multiple enhancement lay 
ers may be supported, in which case, multiple enhancement 
layer encoders may be provided to code progressively 
detailed levels of video enhancement. The techniques of this 
disclosure, which involve upsampling of base layer data to the 
spatial resolution of enhancement layer video data so that the 
upsampled data may be used to code enhancement layer data, 
may be performed by enhancement layer encoder 34. 

Video decoder 28 may comprise a combined base/en 
hancement decoder that decodes the video blocks associated 
with both base and enhancement layers, and combines the 
decoded video to reconstruct the frames of a video sequence. 
On the decoding side, the techniques of this disclosure, which 
involve upsampling of base layer data to the spatial resolution 
of enhancement layer video data so that the upsampled data 
may be used to code enhancement layer data, may be per 
formed by video decoder 28. Display device 30 receives the 
decoded video sequence, and presents the video sequence to 
a U.S. 

Video encoder 22 and video decoder 28 may operate 
according to a video compression standard, Such as MPEG-2, 
MPEG-4, ITU-T H.263, or ITU-T H.264/MPEG-4, Part 10, 
Advanced Video Coding (AVC). Although not shown in FIG. 
1, in some aspects, video encoder 22 and video decoder 28 
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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-DEMUX units may conform to the ITU 
H.223 multiplexer protocol, or other protocols such as the 
user datagram protocol (UDP). 

The 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 Services, by the 
ITU-T Study Group, and dated March, 2005, which may be 
referred to herein as the H.264 standard or H.264 specifica 
tion, or the H.264/AVC standard or specification. 

The Joint Video Team (JVT) continues to work on scalable 
video coding (SVC) extensions to H.264/MPEG-4 AVC. For 
example, the Joint Scalable Video Model (JSVM) created by 
the JVT implements tools for use in scalable video, which 
may be used within system 10 for various coding tasks 
described in this disclosure. Detailed information concerning 
Fine Granularity SNR Scalability (FGS) coding can be found 
in the Joint Draft documents, and particularly in Joint Draft 8 
(JD8) of the SVCAmendment (revision 2), Thomas Wiegand, 
Gary Sullivan, Julien Reichel, Heiko Schwarz, and Mathias 
Wien, “Joint Draft 8 of SVC Amendment (revision 2), JVT 
U201, October 2006, Hangzhou, China. Also, additional 
details of one implementation of the techniques described 
herein may be found in proposal document JVT-W117 sub 
mitted to the Joint Video Team (JVT) of ISO/IEC MPEG & 
ITU-TVCEG (ISO/IEC JTC1/SC29/WG 11 and ITU-TSG 16 
Q.6) by Yan Ye and Yiliang Bao in April of 2007 at the 23" 
Meeting in San Jose, Calif., USA, and in proposal document 
JVT-V115 submitted to the JVT by Yan Ye and Yiliang Bao in 
January of 2007 at the 22"Meeting in Marrakech, Morocco. 

In some aspects, for video broadcasting, the techniques 
described in this disclosure may be applied to enhanced 
H.264 video coding for delivering real-time video services in 
terrestrial mobile multimedia multicast (TM3) systems using 
the Forward Link Only (FLO) Air Interface Specification, 
“Forward Link Only Air Interface Specification for Terres 
trial Mobile Multimedia Multicast, to be published as Tech 
nical Standard TIA-1099 (the “FLO Specification'). That is 
to say, communication channel 15 may comprise a wireless 
information channel used to broadcast wireless video infor 
mation according to the FLO Specification, or the like. The 
FLO Specification includes examples defining bitstream syn 
tax and semantics and decoding processes Suitable for the 
FLO Air Interface. Alternatively, video may be broadcasted 
according to other standards such as DVB-H (digital video 
broadcast-handheld), ISDB-T (integrated services digital 
broadcast-terrestrial), or DMB (digital media broadcast). 

Hence, source device 12 may be a mobile wireless termi 
nal, a video streaming server, or a video broadcast server. 
However, techniques described in this disclosure are not lim 
ited to any particular type of broadcast, multicast, or point 
to-point system. In the case of broadcast, Source device 12 
may broadcast several channels of video data to multiple 
receive devices, each of which may be similar to receive 
device 16 of FIG. 1. As an example, receive device 16 may 
comprise a wireless communication device. Such as a mobile 
handset commonly referred to as a cellular radiotelephone. 
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Video encoder 22 and video decoder 28 each may be imple 

mented as one or more microprocessors, digital signal pro 
cessors (DSPs), application specific integrated circuits 
(ASICs), field programmable gate arrays (FPGAs), discrete 
logic, Software, hardware, firmware or any combinations 
thereof. Each of video encoder 22 and video decoder 28 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 mobile device, subscriber 
device, broadcast device, server, or the like. In addition, 
source device 12 and receive device 16 each may include 
appropriate modulation, demodulation, frequency conver 
Sion, filtering, and amplifier components for transmission and 
reception of encoded video, as applicable, including radio 
frequency (RF) wireless components and antennas Sufficient 
to Support wireless communication. For ease of illustration, 
however, Such components are Summarized as being modu 
lator/transmitter 24 of source device 12 and receiver/demodu 
lator 26 of receive device 16 in FIG. 1. 
A video sequence includes a series of video frames. Video 

encoder 22 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. Each video frame 
may be divided into a series of slices. Each slice may include 
a series of macroblocks, which may be arranged into Sub 
blocks. 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 components, and 8x8 for chroma compo 
nents, 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 components and corresponding scaled sizes for 
chroma components. 

Smaller video blocks can provide better resolution, and 
may be used for locations of a video frame that include higher 
levels of detail. In general, macroblocks (MBs) and the vari 
ous sub-blocks may be generally referred to as video blocks. 
In addition, a slice may be considered to be a series of video 
blocks, such as MBs and/or sub-blocks. Each slice may be an 
independently decodable unit. After prediction, a transform 
may be performed on the 8x8 residual block or 4x4 residual 
block, and an additional transform may be applied to the DC 
coefficients of the 4x4 blocks for chroma components or luma 
component if the intra 16x16 prediction mode is used. 

Following intra- or inter-based predictive coding, addi 
tional coding techniques may be applied to the transmitted 
bitstream. These additional coding techniques may include 
transformation techniques such as the 4x4 or 8x8 integer 
transform used in H.264/AVC or a discrete cosine transfor 
mation DCT, and entropy coding such as variable length 
coding (VLC), Huffman coding, and/or run-length coding. 

According to the techniques of this disclosure, upsampling 
techniques are used to produce upsampled video data for use 
in coding (i.e., encoding or decoding) of enhancement layer 
video data. The base layer video data may be upsampled to the 
spatial resolution of corresponding enhancement layer video 
blocks, and the upsampled data can be used as references in 
the coding of the enhancement layer video data. As part of this 
upsampling process, the techniques of this disclosure identify 
situations in which interpolation techniques are preferred, 
and other situations in which so-called “nearest neighbor” 
copying techniques are preferred. Again, interpolation may 
involve the generation of a weighted average for an 
upsampled value, wherein the weighted average is defined 
between two or more values of the base layer. For nearest 
neighbor copying, the upsampled layer value is defined as that 
of the base layer pixel location in closest spatial proximity to 
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the upsampled pixel location. By using interpolation in spe 
cific scenarios of the upsampling, and nearest neighbor copy 
ing in other scenarios, the coding of enhancement layer video 
blocks may be improved. 

The upsampling can change the block boundaries. For 5 
example, if the base layer and the enhancement layer each 
define 4 by 4 pixel video blocks, upsampling of the base layer 
to define more pixels according to the spatial resolution of the 
enhancement layer results in the block boundaries of the base 
layer being different than those of the upsampled data. This 
observation can be exploited Such that decisions regarding 
interpolation or nearest neighbor techniques may be based on 
whether the upsampled values correspond to edge pixel loca 
tions of the enhancement layer (i.e., block boundaries in the 
enhancement layer) and whether such locations also corre 
spond to locations between block boundaries of the base 
layer. 

Encoder 22 and decoder 28 may perform reciprocal meth 
ods that each performs the upsampling techniques described 20 
herein. Encoder 22 may use the upsampling to encode the 
enhancement layer information, and decoder 28 may use the 
same upsampling process to decode the enhancement layer 
information. The term coding generally refers to either 
encoding or decoding. 25 

FIG. 2 is a block diagram illustrating an example of a video 
encoder 50 that includes an upsampler 45 to upsample base 
layer video data to a spatial resolution associated with 
enhancement layer video data. The upsampled data is then 
used to code enhancement layer video data. Video encoder 50 30 
may correspond to enhancement layer encoder 34 of Source 
device 12 in FIG. 1. That is to say, base layer encoding 
components are not illustrated in FIG. 2 for simplicity. There 
fore, video encoder 50 may be considered an enhancement 
layer encoder. In some cases, the illustrated components of 35 
video encoder 50 could also be implemented in combination 
with base layer encoding modules or units, e.g., in a pyramid 
encoder design that Supports Scalable video coding of the 
base layer and the enhancement layer. 

Video encoder 50 may perform intra- and inter-coding of 40 
blocks within video frames. 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. For inter-coding, 45 
video encoder 50 performs motion estimation to track the 
movement of matching video blocks between two or more 
adjacent frames. For intra-coding, spatial prediction using 
pixels from neighboring blocks within the same frame is 
applied to form a predictive block for the block being coded. 50 
Spatial prediction components used for intra-coding are not 
illustrated in FIG. 2. 
As shown in FIG. 2, video encoder 50 receives a current 

video block 31 (e.g., an enhancement layer video block) 
within a video frame to be encoded. In the example of FIG. 2, 55 
video encoder 50 includes motion estimation unit 33, refer 
ence frame store 35, motion compensation unit 37, block 
transform unit 39, upsampler 45, quantization unit 41, inverse 
quantization unit 42, inverse transform unit 44 and entropy 
coding unit 46. A deblocking filter 32 may also be included to 60 
filter block boundaries to remove blockiness artifacts. Video 
encoder 50 also includes summer 48, Summers 49A and 49B, 
and summer 51. FIG. 2 illustrates the temporal prediction 
components of video encoder 50 for inter-coding of video 
blocks. Although not shown in FIG. 2 for ease of illustration, 65 
video encoder 50 also may include spatial prediction compo 
nents for intra-coding of some video blocks. 
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Motion estimation unit 33 compares video block 31 to 

blocks in one or more adjacent video frames to generate one 
or more motion vectors. The adjacent frame or frames may be 
retrieved from reference frame store 35, which may comprise 
any type of memory or data storage device to store video 
blocks reconstructed from previously encoded blocks. 
Motion estimation may be performed for blocks of variable 
sizes, e.g., 16x16, 16x8, 8x16, 8x8 or smaller block sizes. 
Motion estimation unit 33 identifies a block in an adjacent 
frame that most closely matches the current video block 31, 
e.g., based on a rate distortion model, and determines a dis 
placement between the blocks. On this basis, motion estima 
tion unit 33 produces a motion vector (MV) (or multiple 
MV’s in the case of bidirectional prediction) that indicates the 
magnitude and trajectory of the displacement between cur 
rent video block 31 and a predictive block used to code 
current video block 31. 

Motion vectors may have half- or quarter-pixel precision, 
or even finer precision, allowing video encoder 50 to track 
motion with higher precision than integer pixel locations and 
obtain a better prediction block. When motion vectors with 
fractional pixel values are used, interpolation operations are 
carried out in motion compensation unit 37. Motion estima 
tion unit 33 may identify the best motion vector for a video 
block using a rate-distortion model. Using the resulting 
motion vector, motion compensation unit 37 forms a predic 
tion video block by motion compensation. 

Video encoder 50 forms a residual video block by subtract 
ing the prediction video block produced by motion compen 
sation unit 37 from the original, current video block 31 at 
summer 48. Block transform unit 39 applies a transform, such 
as a discrete cosine transform (DCT), to the residual block, 
producing residual transform block coefficients. At this point, 
further compression is applied by Subtracting base layer 
residual information from the enhancement layer residual 
information using adder 49A. Upsampler 45 receives base 
layer residual information (e.g., from a base layer encoder) 
and upsamples the base layer residual information to generate 
upsampled information. This upsampled information is then 
subtracted (via adder 49A) from the enhancement layer 
residual information being coded. 
As described in greater detail below, upsampler 45 can 

identify situations in which interpolation is preferred, and 
other situations in which so-called “nearest neighbor copy 
ing techniques are preferred. Interpolation involves the gen 
eration of a weighted average for an upsampled value, 
wherein the weighted average is defined between two values 
of the base layer. For nearest neighbor copying, the 
upsampled value is defined as that of the base layer pixel 
location in closest spatial proximity to the upsampled pixel 
location. According to this disclosure, upsampler 45 uses 
interpolation in specific scenarios of the upsampling, and 
nearest neighbor techniques in other scenarios. In particular, 
the decision by upsampler 45 whether to perform interpola 
tion or nearest neighbor techniques may be based on whether 
the upsampled value corresponds to an edge pixel location in 
the enhancement layer. This contrasts with conventional 
upsampling techniques, which generally consider only the 
base layer pixel locations in determining whether to interpo 
late or use nearest neighbor techniques. The interpolation and 
nearest neighbor examples in this disclosure are described in 
one-dimension, for simplicity, but Such one-dimension inter 
polation or nearest neighbor techniques would typically be 
applied sequentially in both the horizontal and vertical 
dimensions. An additional filter 47 may also be included to 
filter block edges of the base layer information prior to 
upsampling by upsampler 45. Although depicted in FIG. 2 as 
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being located prior to upsampler 45, the additional filter 47 
could also be placed after upsampler 45 to filter those pixel 
locations in the upsampled video data that are interpolated 
from two base layer pixels that correspond to two different 
base layer coding blocks. In either case, this additional filter 
ing by filter 47 is optional, and is addressed in greater detail 
later in this disclosure. 

Quantization unit 41 quantizes the residual transform 
block coefficients to further reduce bit rate. Summer 49A 
receives the upsampled information from upsampler 45 and is 
positioned between summer 48 and block transform unit 39. 
In particular, summer 49A subtracts an upsampled block of 
data from the output of block transform unit 39. In a similar 
fashion, summer 49B, which is positioned between inverse 
transform unit 44 and Summer 51, also receives the 
upsampled information from upsampler 45. Summer 49B 
adds the upsampled block of databack to the output of inverse 
transform unit 44. 

Spatial prediction coding operates in a manner very similar 
to temporal prediction coding. However, whereas temporal 
prediction coding relies on blocks of adjacent frames (or 
other coded units) to perform the coding, spatial prediction 
relies on blocks within a common frame (other coded unit) to 
perform the coding. Spatial prediction coding codes intra 
coded blocks, while temporal prediction coding codes inter 
coded blocks. Again, the spatial prediction components are 
not shown in FIG. 2 for simplicity. 

Entropy unit 46 codes the quantized transform coefficients 
according to an entropy coding technique. Such as variable 
length coding, binary arithmetic coding (CABAC), Huffman 
coding, run-length coding, coded block pattern (CBP) cod 
ing, or the like, in order to further reduce the bit rate of 
transmitted information. Entropy unit 46 may select a VLC 
table to promote coding efficiency. Following the entropy 
coding, the encoded video may be transmitted to another 
device. In addition, inverse quantization unit 42 and inverse 
transform unit 44 apply inverse quantization and inverse 
transformation, respectively, to reconstruct the residual 
block. Summer 49B adds back the upsampled data from 
upsampler 45 (which represents an upsampled version of the 
base layer residual block), and summer 51 adds the final 
reconstructed residual block to the motion compensated pre 
diction block produced by motion compensation unit 37 to 
produce a reconstructed video block for storage in reference 
frame store 35. De-block filter 32 can perform deblock filter 
ing prior to storing the reference frame. De-block filtering 
may be optional in some examples. 

According to this disclosure, upsampler 45 interpolates 
values for one or more pixel locations of the upsampled video 
blocks that correspond to a location between two different 
edges of two different base layer video blocks. 

In one example, upsampler 45 interpolates first values for 
the upsampled video databased on the base layer video data 
for: (i) pixel locations of the upsampled video data that cor 
respond to internal pixel locations of enhancement layer 
video blocks defined in the enhancement layer video data, 
wherein at least some of the internal pixel locations of the 
enhancement layer video blocks correspond to locations 
between the different base layer video blocks, and (ii) pixel 
locations of the upsampled video data that correspond to edge 
pixel locations of the enhancement layer video blocks and are 
not located between the different base layer video blocks. 
Upsampler 45 may define second values for the upsampled 
video databased on values of nearest neighbors in the base 
layer video data for: (iii) pixel locations of the upsampled 
Video data that correspond to edge pixel locations of the 
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12 
enhancement layer video blocks and are located between the 
different base layer video blocks. 

In another example, upsampler 45 interpolates first values 
for the upsampled video databased on the base layer video 
data for: (i) pixel locations of the upsampled video data that 
correspond to internal pixel locations of enhancement layer 
video blocks defined in the enhancement layer video data, 
wherein at least some of the internal pixel locations of the 
enhancement layer video blocks correspond to locations 
between the different base layer video blocks, and (ii) pixel 
locations of the upsampled video data that correspond to edge 
pixel locations of the enhancement layer video blocks and are 
not located between the different base layer video blocks. In 
this case, upsampler 45 may define second values for the 
upsampled video databased on values of nearest neighbors in 
the base layer video data for: (iii) pixel locations of the 
upsampled video data that correspond to edge pixel locations 
of the enhancement layer video blocks and are located 
between the different base layer video blocks, and (iv) pixel 
locations of the upsampled video data that correspond to 
internal pixel locations of the enhancement layer video 
blocks and are located between the different base layer video 
blocks when the two different base layer video blocks define 
different coding modes. The different coding modes may 
comprise an intra coding mode and an inter coding mode. In 
this case, upsampler 45 considers not only the locations asso 
ciated with the upsampled values (i.e., whether the 
upsampled values correspond to block boundaries in the 
enhancement layer and whether the values fall between block 
boundaries in the base layer), but also whether the two base 
layer video blocks are coded using different coding modes 
(e.g., inter or intra coding modes). 

FIG.3 is a block diagram illustrating an example of a video 
decoder 60, which may correspond to video decoder 28 of 
FIG. 1, or a decoder of another device. Video decoder 60 
includes an upsampler 59, which performs similar functions 
to those of upsampler 45 of FIG. 2. That is to say, like upsam 
pler 45, upsampler 59 interpolates values for the upsampled 
video blocks for one or more pixel locations of the enhance 
ment layer video blocks that correspond to a location between 
two different edges of two different base layer video blocks. 
In addition, like upsampler 45, upsampler 59 may select 
between interpolation and nearest neighbor copying in the 
manner described herein. A motion upsampler 61 may also be 
used to upsample the motion vectors associated with the base 
layer. An optional filter 65 may also be used to filter block 
boundaries of the base layer data prior to upsampling per 
formed by upsampler 59. Although not depicted in FIG. 3, 
filter 65 may also be placed after upsampler 59 and used to 
filter those pixel locations in the upsampled video data that 
are interpolated from two base layer pixels that correspond to 
two different base layer coding blocks. 

Video decoder 60 may include an entropy unit 52A for 
entropy decoding of enhancement layer information, and 
may include another entropy unit 52B for entropy decoding of 
base layer information. Intra prediction components are not 
shown in FIG. 3, but could be used if video decoder 60 
Supported intra and interprediction coding. The enhancement 
layer path may include inverse quantization unit 56A and 
inverse transform unit 58A, and the base layer path may 
include inverse quantization unit 56B and inverse transform 
unit 58B. The information in the base layer and enhancement 
layer paths may be combined by adder 57. Prior to such 
combination, however, the base layer information is 
upsampled by upsampler 59 according to the techniques 
described herein. 
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Video decoder 60 may performan inter-decoding of blocks 
within video frames. In the example of FIG. 3, video decoder 
60 includes entropy units 52A and 52B, motion compensation 
unit 54, inverse quantization units 56A and 56B, inverse 
transform units 58A and 58B, and reference frame store 62. 
Video decoder 60 also includes summer 64. Video decoder 60 
may also include a de-block filter 53 that filters the output of 
summer 64. Again, summer 57 combines information in the 
base layer and enhancement layer paths following upsam 
pling of the base layer path via upsampler 59. Motion upsam 
pler 61 may upsample the motion vectors associated with the 
base layer so that Such motion vectors correspond to the 
spatial resolution of the enhancement layer video data. 

For enhancement layer video blocks, entropy unit 52A 
receives the encoded video bitstream and applies an entropy 
decoding technique to decode the information. This may pro 
duce quantized residual coefficients, macroblock and Sub 
block coding mode and motion information, which may 
include motion vectors and block partitions. Following the 
decoding performed by entropy unit 52A, motion compensa 
tion unit 54 receives the motion vectors and one or more 
reconstructed reference frames from reference frame store 
62. Inverse quantization unit 56A inverse quantizes, i.e., de 
quantizes, the quantized block coefficients and inverse trans 
form unit 58A applies an inverse transform, e.g., an inverse 
DCT, to the coefficients to produce residual blocks. The out 
put of inverse transform unit 58A is combined with the 
upsampled base layer information as the output of upsampler 
59. Adder 57 facilitates this combination. Motion compensa 
tion unit 54 produces motion compensated blocks that are 
summed by summer 64 with the residual blocks to form 
decoded blocks. De-block filter 53 filters the decoded blocks 
in order to remove blockiness artifacts. The filtered blocks are 
then placed in reference frame store 62, which provides ref 
erence blocks from motion compensation and also produces 
decoded video to a drive display device (such as device 30 of 
FIG. 1). 
SVC may support a number of inter-layer prediction tech 

niques to improve coding performance. For example, when 
coding an enhancement layer macroblock, the corresponding 
macroblock mode, motion information, and residual signals 
from the base or previous layer may be used. In particular, 
certain residual blocks in the base or previous layer may be 
correlated to the corresponding enhancement layer residual 
blocks. For these blocks, applying residual prediction may 
reduce the enhancement layer residual energy and improve 
coding performance. 

In SVC, whether residual prediction is used or not may be 
indicated using a one-bit flag ResPred associated with the 
macroblock, which may be coded as a macroblock level Syn 
tax element. If ResPred=1, then the enhancement layer 
residual is coded after subtracting from it the base layer 
residual block. When the enhancement layer bitstream repre 
sents a video signal with higher spatial resolution, the base 
layer residual signal is upsampled to the resolution of the 
enhancement layer before being used in inter-layer predic 
tion. This is the function of upsamplers 45 and 59 in FIGS. 2 
and 3, i.e., generation of the upsampled video blocks. In SVC 
Joint Draft 8 (JD8), abilinear filter is proposed for the upsam 
pler in order to upsample the base layer residual signal, with 
Some exceptions on base layer block boundaries. 
SVC JD8 supports both dyadic spatial scalability and 

extended spatial scalability (ESS). In dyadic spatial scalabil 
ity, the enhancement layer video frame is twice as large as the 
base layer video in each dimension and cropping, if any, 
happens on macroblock boundaries. In ESS, arbitrary Scaling 
ratios and cropping parameters between the base and the 
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14 
enhancement layer video signal are allowed. When ESS is 
used, pixel alignment between the base and the enhancement 
layers may be arbitrary. 

FIGS. 4 and 5 give examples of the relative positioning of 
pixels in the base layer and the enhancement layer for Scaling 
ratios of 2:1 and 5:3, respectively. In FIGS. 4 and 5, the labels 
“B” refer to pixel locations associated with a base layer, and 
the labels “E” refer to locations associated with an upsampled 
data (which corresponds to that of the enhancement layer). 
The upsampled video block(s) are used as a reference in 
coding the enhancement layer information. The label “BE in 
the center pixel location of FIG. 5 means that the same pixel 
location overlaps in the base layer and in the upsampled data 
that has a resolution of the enhancement layer. 
As shown in FIGS. 4 and 5, upsampling from a lower 

resolution base layer to the higher resolution of the enhance 
ment layer occurs in two dimensions. This two dimensional 
upsampling, however, can be easily done via Successive one 
dimensional upsampling processes for each pixel location. 
For example, in FIG. 5, the 3x3 pixel array of base layer video 
data (labeled B) is first upsampled in the horizontal direction 
to become a 5x3 pixel array of intermediate values (labeled 
X). Then, the 5x3 pixel array X is upsampled in the vertical 
direction to become the final 5x5 pixel array of upsampled 
Video data that correspond to the enhancement layer spatial 
resolution (labeled E). Note that in FIG. 5, the upsampled 
pixel location and the location of the pixel before upsampling 
may be co-located; for example, the center pixel is labeled 
three times as B, E and X. During the horizontal and vertical 
upsampling processes, the decision as to whether to use inter 
polation or nearest neighbor copying may be applied accord 
ing to this disclosure. 

In the following discussion, interpolation and nearest 
neighbor copying techniques are discussed in the horizontal 
dimension. It is understood, however, that successive linear 
techniques could be applied in Vertical and horizontal direc 
tions for two dimensional upsampling. 
When spatial scalability is used, the base layer residual 

signal is upsampled. The generated upsampled data has the 
same spatial dimension as the enhancement layer video infor 
mation, and is used as prediction data for the enhancement 
layer residual. Again, SVCJD8 proposes the use of abilinear 
filter for this upsampling. For dyadic spatial scalability, the 
pixel distances used to derive weights in bilinear upsampling 
in the horizontal direction are shown in FIG. 6. Bilinear 
upsampling in the vertical dimension is done in the same 
manner as the horizontal direction. 

FIG. 6 shows a row of pixels in a base layer block and a row 
of pixels in an upsampled block corresponding to the spatial 
resolution of an enhancement layer. As shown in FIG. 6, the 
upsampled residual values p(ed) and p(e1) at pixel locations 
e() and e1 are derived according to equations (1) and (2), 
where b0 and b1 are the nearest integer pixel locations in the 
base layer. 

For ESS with scaling ratio 5:3, the weights used in bilinear 
upsampling in the horizontal direction are shown in FIG. 7. 
Again, bilinear upsampling in the vertical dimension is done 
in the same manner as the horizontal direction. 

In FIG. 7, the upsampled residual values p(ed) to p(e4) at 
pixel locations e0 to e4 are derived as in equations (3) to (7), 
where b0 to b4 are integer pixel locations in the base layer 
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used in the interpolation and e() to e4 are pixel locations in the 
upsampled layer, which corresponds to the spatial resolution 
of the enhancement layer. 

Discontinuity across block edges exists in the recon 
structed residual signal in the base layer. The locations where 
the discontinuity exists depend on the transform size used to 
code the base layer video. When a 4x4 block transform is 
used, discontinuity exists on 4x4 block boundaries. When an 
8x8 block transform is used, discontinuity exists on 8x8 
block boundaries. In JD8, if the two base layer pixels used in 
bilinear interpolation (e.g., b0 and b1 in FIG. 6) belong to two 
different blocks, then bilinear interpolation is disabled. 
Instead, the upsampled values are derived by copying from 
the nearest neighbor pixel in the base layer. 

In the example of dyadic spatial scalability in FIG. 6, if 
pixels at location b0 and b1 belong to two blocks, then pixels 
at e0 and e1 are derived using equations (8) and (9) instead of 
(1) and (2): 

In ESS, coding block boundaries in the base layer are not 
aligned with the coding block boundaries in the enhancement 
layer. Therefore, an upsampled block corresponding to the 
enhancement layer resolution may contain pixels interpolated 
from different base layer coding blocks. For ESS with 5:3 
spatial ratio (FIG. 7), an example of block alignment may be 
found as in FIG.8. In FIG. 8, pixels B0-B3 belong to one base 
layer coding block and pixels B4-B5 belong to a different 
base layer coding block (assuming 4x4 transform is used). In 
this case, signal discontinuity may exist between pixels B3 
and B4. In the upsampled layer, which corresponds to the 
spatial resolution of the enhancement layer, pixels E0-E4 are 
interpolated or copied from base layer pixels B0-B3, and 
pixels E5-E7 are interpolated or copied from base layer pixels 
B3-B5. Assuming the upsampled pixels labeledeo through e7 
belong to one 8x8 upsampled coding block, signal disconti 
nuity from the base layer will be carried over into the 8x8 
upsampled layer. In particular, because base layer pixels at b3 
and b4 belong to two base layer blocks, according to conven 
tional techniques, the upsampled pixel at location e5 will be 
copied from the base layer pixel at location b4 instead of 
being interpolated from pixels at b3 and b4. This forced copy 
(per conventional techniques defined in JD8) may aggravate 
the problem of signal discontinuity within the 8x8 enhance 
ment layer block. This, in turn, may translate into less accu 
rate residual prediction. 

In this disclosure, an adaptive residual upsampling scheme 
is outlined. The adaptive residual upsampling scheme may 
alleviate the signal discontinuity within an upsampled block 
of data by taking into account the relative block alignment 
between the base layer and the enhancement layer. To further 
improve the upsampled residual signal quality, adaptive low 
pass filtering may be applied to the residual signal in the base 
layer (before upsampling) and/or the residual signal in the 
enhancement layer (after upsampling). For example, filters 
47 and 65 of FIGS. 2 and 3 respectively may comprise low 
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pass filters that facilitate this filtering of the enhancement 
layer after upsampling. Although in FIGS. 2 and 3, low-pass 
filtering is depicted as being applied to the residual signal in 
the base layer before upsampling, this low-pass filter (ele 
ments 47 and 65 in FIGS. 2 and 3) may also be located after 
upsampler 45 and after upsampler 59, and prior to adder 49A 
and adder 57. 
To Summarize, in the residual upsampling process as speci 

fied in SVC JD8, for each pixel location in the upsampled 
data, first the corresponding base layer pixel locations are 
determined. If the base layer pixels belong to the same base 
layer coding block in a given direction (horizontal or verti 
cal), then bilinear interpolation in that direction is invoked to 
obtain the value in the upsampled data. Otherwise (the base 
layer pixels belong to different base layer coding blocks in a 
given direction), the value in the upsampled data is deter 
mined by copying from the nearest neighboring pixel in the 
base layer. 

Residual upsampling as currently specified in SVC JD8 
may aggravate the problem of signal discontinuity within 
enhancement layer blocks, especially in the case of extended 
spatial scalability where base and enhancement layer block 
alignment may be arbitrary. Such signal discontinuity may 
distort the upsampled signal and reduce its accuracy as the 
prediction signal when used in residual prediction. 

According to this disclosure, the decision as to whether to 
invoke interpolation or to copy from nearest neighboring 
pixel may be determined depending on the alignment 
between the base layer and the enhancement layer blocks. 
Take FIG. 8 as an example. The enhancement layer pixel 
corresponding to the location of upsampled pixel e5 lies 
within an 8x8 coding block at the enhancement layer resolu 
tion. In this case, instead of copying from base layer pixel at 
location b4, or p(e5)=p(b4), bilinear interpolation between 
the base layer pixels at locations b3 and b4 may be invoked to 
alleviate signal discontinuity and improve prediction accu 
racy. That is, the upsampled pixel value at e5 may be derived 
using equation (10): 

Copying from nearest neighboring pixel may be invoked 
only when both of the following conditions are true: 

C1. The upsampled pixel to be interpolated lies on the 
enhancement layer coding block boundary; and 

C2. The base layer pixels involved in the interpolation 
process belong to different base layer coding blocks. 

A video coding system may support more than one block 
transform. For example, in H.264/AVC, both 4x4 and 8x8 
integer block transforms are supported for luma block, while 
for only 4x4 transform is applied to chroma block. For 
chroma component, there is additional DC transform on DC 
coefficients of the 4x4 blocks. Since this does not change the 
fact that the blocky artifacts happen at 4x4 block boundaries, 
this transform is not considered in the discussion of this 
disclosure. 
The block transform that is applied to the residual signal is 

encoded in the video bitstream as a macroblock-level syntax 
element. In the context of SVC, the block transform type 
applied to the base layer coding block is known to both the 
encoder and the decoder when residual upsampling is carried 
out. For the enhancement layer, the decoder may know the 
block transform type used to code the enhancement layer 
residual. However, at the encoder side, when the base layer 
residual signal is being upsampled, the actual block transform 
that will be used to code the enhancement layer residual is not 
yet known. One solution is to upsample the base layer residual 
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based on the rules defined above differently for the different 
block transform types tried in the mode decision process. 
Two alternative methods may be used to alleviate this prob 

lem and provide common rules for both the encoder and the 
decoder to decide the enhancement layer coding block size 
and therefore identify a coding block boundary: 

Coding block rule A. The enhancement layer coding 
block size may be assumed to be 8x8 for the luma 
component and 4x4 for the chroma components; or 

Coding block rule B. The enhancement layer coding 
block size may be assumed to be 8x8 for both the luma 
and the chroma components. 

Once coding blocks in the base layer and in the enhance 
ment layer are decided using either of the above rules, 
whether the pixel(s) involved in the interpolation process lie 
on coding block boundaries may be decided as follows: 

a. A base layer pixel to be used in interpolation of an 
upsampled pixel may be considered to lie on the base 
layer coding block boundary in a given direction (either 
horizontal or vertical) if it is either the last pixel within a 
base layer coding block or if it is the first pixel within a 
base layer coding block. 

b. An upsampled pixel to be interpolated may be consid 
ered to lie on the enhancement layer block boundary in 
a given direction (either horizontal or vertical) if it is the 
last pixel within an enhancement layer coding block or if 
it is the first pixel within an enhancement layer coding 
block. 

These rules consider the coding block boundary to be 1 
pixel wide on each side. However, the coding block boundary 
may be considered to have widths other than 1 pixel on each 
side. Furthermore, the base layer and the enhancement layer 
may have different definitions of coding block boundaries. 
For example, the base layer may define coding block bound 
ary to be one pixel wide on each side, while the enhancement 
layer may define coding block boundary to be wider than one 
pixel on each side, or vice versa. 

It is noteworthy that the scope of this disclosure is not 
limited by the use of bilinear interpolation. The upsampling 
decision based on block alignment between the base layer and 
the enhancement layer may be applied to any interpolation 
scheme. The 2:1 and 5:3 spatial ratios, as well as the corre 
sponding block alignments for these ratios, and the corre 
sponding weights given in the interpolation equations, are 
provided above as examples, but are not meant to limit the 
scope of this disclosure. Furthermore, the disclosed scheme 
may be applied to residual upsampling in other video coding 
systems and/or standards where coding block size other than 
4x4 and 8x8 may be used. Interpolation may also use 
weighted averages of several pixels located on either side of 
the pixel to be interpolated. 

To further alleviate the problem of signal discontinuity 
across block boundaries in the base layer residual that may 
show up as internal pixels within upsampled data, before 
upsampling, low-pass filtering on the base layer residual sig 
nal may reduce this discontinuity and improve the quality of 
the upsampled residual. For example, operation in equations 
(11) and (12) may be carried out on the pixel values at loca 
tions b3 and b4 in the base layer before equation (13) is 
applied to obtain the pixel value at e5 in FIG.8. Again, this 
could be implemented via filters 47 and 65 (e.g., low-pass 
filters) located prior to upsampler 45 (FIG. 2) or upsampler 59 
(FIG. 3). 
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In equations (11) and (12), the 1.2.1 Smoothing filter is 

used as an example. Alternatively, a modified low-pass filter 
with less smoothing effect, for example, with tap coefficients 
1.6.1 instead of 1.2.1, may be used in (11) and (12). 
Furthermore, an adaptive low-pass filter that adjusts the fil 
tering strength depending on the nature and the magnitude of 
the base layer discontinuity may be applied to the base layer 
residual signal before upsampling is carried out. The low 
pass filter may be applied only to the pixels at the base layer 
block boundaries (b3 and b4 in FIG. 8), or, alternatively, it 
may be applied also to pixels close to the block boundaries 
(e.g., b2 and b5 in FIG. 8). 
The decision as to whether to apply low-pass filter to the 

base layer signal before upsampling may be based on the 
locations of the enhancement layer and base layer pixels 
involved. For example, the additional low-pass filter may be 
applied to the base layer pixels if both of the following con 
ditions are true: 

1. The base layer pixels to be used in the interpolation 
process belong to different base layer coding blocks; 

2. The upsampled pixel to be interpolated corresponds to 
an internal pixel within an enhancement layer coding 
block. The upsampled coding block may be determined 
using either coding block rule A or coding block rule B 
explained above. 

Another way to reduce signal discontinuity at the pixels 
internal to an upsampled coding block is to apply low-pass 
filter to the upsampled signal after interpolation. This may be 
accomplished by re-ordering the filters 47 and 65 in FIG. 2 
and FIG.3 to be applied after upsamplers 45 and 59. Using the 
pixel at location e5 in FIG. 8 as an example, after p(e5) is 
obtained using equations (10) and (11), the following may be 
applied: 

In equation (14), p(e4) and p(ed) are the upsampled pixel 
values at locations e4 and e6. Again, the 1.2.1 Smoothing 
filter is used as example. Alternative low-pass filtering may 
also be applied. For example, a modified smoothing filter with 
tap coefficients 1.6.1 may be applied. Alternatively, adap 
tive low-pass filtering based on the nature and magnitude of 
the signal discontinuity may be applied. 
The decision whether to apply additional low-pass filter 

may be based on the locations of the upsampled pixels and 
base layer pixels involved. For example, additional low-pass 
filter may be applied if both of the following conditions are 
true: 

1. The upsampled pixel corresponds to an internal pixel 
within an enhancement layer coding block. The 
enhancement layer coding block may be determined 
using either coding block rule A or coding block rule B 
(as set forth above) or any other coding block rules; and 

2. The base layer pixels used in the interpolation process 
belong to different base layer coding blocks. 

SVC Supports residual prediction to improve coding per 
formance in the enhancement layer. In spatial scalability, the 
base layer residual signal is upsampled before being used in 
residual prediction. Signal discontinuity across base layer 
coding blocks may exist in the base layer residual, and this 
signal discontinuity may be carried over into the upsampled 
signal. In the case of ESS, the locations where this inherited 
discontinuity may show up may be arbitrary. To improve the 
quality of the upsampled signal, an adaptive residual upsam 
pling scheme for Scalable video coding is discussed in this 
disclosure. 

During residual upsampling, the existing scheme in SVC 
JD8 prevents interpolation between pixels from different base 
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layer coding blocks. In contrast, with the proposed adaptive 
upsampling scheme of this disclosure, the relative block 
alignment between the base layer and the enhancement layer 
may be considered in the upsampling process. In particular, 
when the pixel to be upsampled corresponds to an internal 
pixel of an enhancement layer coding block, interpolation 
rather than copying from a nearest neighboring pixel may be 
used to reduce signal discontinuity within an enhancement 
layer coding block. 

Also, as noted above, additional low-pass filtering may be 
applied on the residual signal both before and after interpo 
lation to further reduce signal discontinuity that may exist 
within an enhancement layer coding block. In particular, if an 
upsampled pixel corresponds to an internal pixel of the cor 
responding enhancement layer coding block, and the base 
layer pixels involved lie on or close to the base layer coding 
block boundaries, then the following may be applied: 

1. Before interpolation, smoothing filter or adaptive low 
pass filter may be applied to the base layer pixels that lie 
on or close to the base layer coding block boundaries; 

2. After interpolation, smoothing filter or adaptive low 
pass filter may be applied to the enhancement layer pixel 
that is an internal pixel in an enhancement layer coding 
block. 

Another factor to be considered when deciding whether to 
invoke interpolation or nearest neighbor copying during 
residual upsampling is the coding modes (inter coded versus 
intra coded) of the base layer blocks involved. In SVC, the 
upsampling is only applied to residual signal from inter coded 
blocks. In JD8, when a base layer video block is intra coded, 
its residual signal is reset to Zero in the base layer residual 
image. This entails strong signal discontinuity across base 
layer residual blocks when the coding mode changes. There 
fore, it may be beneficial to not apply interpolation between 
two base layer pixels if they belong to blocks with different 
coding modes. In other words, the following decision may be 
used: 

1. If two base layer pixels involved belong to two base layer 
coding blocks, one of which is intra coded and the other 
inter coded, then nearest neighbor copying is used. 

The above rule may be combined with the adaptive inter 
polation decision rules based on block alignment as set forth 
in this disclosure. When combined, the adaptive interpolation 
decision may become the following: 

Copying from nearest neighboring pixel may be invoked 
when either of the following conditions 1 and 2 is true: 

1. If the base layer pixels involved in the interpolation 
process belong to different base layer coding blocks and 
the base coding blocks have different coding modes, or 
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2. Both of the following conditions are true: 

a. The upsampled pixel to be interpolated lies on the 
enhancement layer coding block boundary. 

b. The base layer pixels involved in the interpolation 
process belong to different base layer coding blocks. 

In the pseudo code below, the underlined conditions may 
be added to the logic set forth in JD8 during residual upsam 
pling and prediction in order to implement techniques con 
sistent with this disclosure. 

// Let b0 and b1 be the two base layer pixels used in interpolation 
// Let w be the weight parameter used in bilinear interpolation 
// Let e be the upsampled pixel to be derived 

if (b0 or b1 belongs to an intra-coded base layer coding block OR 
(b0 and b1 belong to two base layer coding blockS AND 
elies on enhancement layer block boundary)) 

else 

The base layer block size is the actual block size used in 
base layer coding. A syntax element FRext may be defined as 
part of the blockheader. If FRext is off, then the enhancement 
layer block size is also known to be 4x4. However, if both 4x4 
and 8x8 transforms are allowed (i.e., FRext is turned on) for 
the enhancement layer, at the encoder side, the block size (i.e., 
transform size) in the enhancement layer is not yet known 
when residual upsampling is performed. In this situation (FR 
ext on for enhancement layer), the enhancement layer block 
size may be assumed to be 8x8 for luma and 4x4 for chroma. 
That is, for luma, the upsampled pixel at location e is consid 
ered to be a block boundary pixelife=8*m-1 or e=8*m (mis 
an integer). For chroma, the upsampled pixel at location e is 
considered to be a block boundary pixel if e=4*m-1 or 
e=4*m. 

For the decoding, no syntax element change is required. 
The decoding process of JD8 (subclause G.8.10.3) may be 
modified as follows, with the modifications shown in under 
lines. 

For Bilinear interpolation for residual prediction, the Inputs are: 

A variable blkSize (blkSize = 8 or 4 for luma and blkSize = 4 for chroma) 
an array transBIkType x, y with X = 0.mb - 1 and y = 0..nb - 1 

y = yS..ye - 1. 
Let the variable temp1 be derive 

Output of this process is an array resInterpx, y with X = 0.m - 1 and 

as follows 
If transBIkIdxx1, y1 is equal to transBIkIdxx2, y1 or 0 < (X% 
blkSize) s (blkSize-1) and transBIkTypexlyll is equal to 
transBIkType X2, Y2 
temp1 = r(x1, y1 * (16 - (posXX % 16) ) + r(x2, y1 * (posXIX 

% 16 ) (G-544) 

Let the variable temp2 be derived as follows. 
If transBIkIdxx1, y2 is equal to transBIkIdxx2, y2 or 0 < x 90 
blkSize) s (blkSize-1) and transBIkType X1, y2) is equal to 
transBIkType X2, Y2 
temp2 = r(x1, y2 * (16 - (posXX % 16) ) + r(x2, y2 * (posXIX 
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-continued 

% 16) (G-547) 

Letres.Interp be derived as follows. 
If transBlkIdxx1, y1) is equal to transBlkIdxx1, y2 or 0 < (y 90 
blkSize) s (blkSize-1) and transBIkType X1, y1) is equal to 
transBIkType X1, y2 
resInterpx, y) = ( temp1 * (16 - (posYy % 16) ) + temp2 * (posY 

y% 16) + (128) ) > 8) (G-550) 

Simulations have been performed according to core experi 
ment 2 (CE2) testing conditions specified in JVT-V302, and 
the simulations showed peak signal to noise ratio (PSNR) 
improvements in the video quality when the techniques of this 
disclosure are used relative to conventional techniques set 
forth in JD8. In the case of ESS, the proposed small change to 
residual upsampling provides a very simple and effective way 
to reduce blocking artifacts in the upsampled residual within 
an enhancement layer coding block. Simulation results show 
that the proposed change boosts the coding performance 
compared to JSVM 7 13 for all CE2 testing conditions. In 
addition, the proposed scheme greatly improves visual qual 
ity by Suppressing unpleasant blocking artifacts in the recon 
structed enhancement layer video. 

FIG. 9 is a flow diagram illustrating a technique consistent 
with this disclosure. FIG. 9 will be described from the per 
spective of the encoder, although a similar process would be 
performed by the decoder. As shown in FIG. 9, base layer 
encoder 32 codes base layer information (200) and enhance 
ment layer encoder 34 codes enhancement layer information 
(202). As part of the enhancement layer coding process, 
enhancement layer encoder 34 (e.g., video encoder 50 shown 
in FIG. 2) receives base layer information (204). Filter 47 
may perform optional filtering of block boundaries of the 
base layer information (206). Upsampler 45 upsamples the 
base layer information to generate upsampled video blocks 
using the various techniques and rules defined hereinto select 
between interpolation or nearest neighbor copying (208). 
Optional filter 47 may also be applied after the upsampler 45 
for the enhancement layer video pixels that are interpolated 
from base layer block boundary pixels (210) (e.g., pixel e5 in 
FIG. 8 and equation 14), and video encoder 50 uses the 
upsampled data to code enhancement layer information 
(212). 
The techniques described in this disclosure may be imple 

mented in one or more processors, such as a general purpose 
microprocessor, digital signal processor (DSP), application 
specific integrated circuit (ASIC), field programmable gate 
array (FPGA), or other equivalent logic devices. 
The techniques described herein may be implemented in 

hardware, Software, firmware, or any combination thereof 
Any features described as modules or components may be 
implemented together in an integrated logic device or sepa 
rately as discrete but interoperable logic devices. If imple 
mented in Software, the techniques may be realized at least in 
part by a computer-readable medium comprising instructions 
that, when executed, performs one or more of the methods 
described above. The computer-readable data storage 
medium may form part of a computer program product, 
which may include packaging materials. The computer-read 
able medium 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 program 
mable read-only memory (EEPROM), FLASH memory, 
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magnetic or optical data storage media, and the like. The 
techniques additionally, or alternatively, may be realized at 
least in part by a computer-readable communication medium 
that carries or communicates code in the form of instructions 
or data structures and that can be accessed, read, and/or 
executed by a computer. 
The program code may be executed by one or more pro 

cessors, DSPs, general purpose microprocessors, ASICs, 
FPGAs, 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 this disclosure, the term “processor is meant to 
cover any combination of one or more microprocessors, 
DSPs, ASICs, FPGAs, or logic. In addition, in some aspects, 
the functionality described herein may be provided within 
dedicated Software modules or hardware modules configured 
for encoding and decoding, or incorporated in a combined 
video encoder-decoder (CODEC). 

If implemented in hardware, this disclosure may be 
directed to a circuit, Such as an integrated circuit, chipset, 
ASIC, FPGA, logic, or various combinations thereof config 
ured to perform one or more of the techniques described 
herein. 

Various embodiments of the invention have been 
described. These and other embodiments are within the scope 
of the following claims. 
The invention claimed is: 
1. A method for coding video data with spatial scalability, 

the method comprising: 
generating upsampled video databased on base layer video 

data, wherein the upsampled video data corresponds to a 
spatial resolution of enhancement layer video data; and 

coding the enhancement layer video data based on the 
upsampled video data, 

wherein generating the upsampled video data includes 
Selecting between upsampling via interpolation and 
upsampling via nearest neighbor copying based on 
whether a given location associated with the upsampled 
video data corresponds to an edge pixel location in the 
enhancement layer and whether the given location asso 
ciated with the upsampled video data is located between 
different base layer video blocks defined in the base 
layer video data. 

2. The method of claim 1, wherein the step of generating 
upsampled video data comprises: 

interpolating first values for the upsampled video data 
based on the base layer video data for: 

(i) pixel locations of the upsampled video data that corre 
spond to internal pixel locations of enhancement layer 
video blocks defined in the enhancement layer video 
data, wherein at least some of the internal pixel locations 
of the enhancement layer video blocks correspond to 
locations between the different base layer video blocks; 
and 
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(ii) pixel locations of the upsampled video data that corre 
spond to edge pixel locations of the enhancement layer 
video blocks and are not located between the different 
base layer video blocks; and 

defining second values for the upsampled video databased 
on values of nearest neighbors in the base layer video 
data for: 

(iii) pixel locations of the upsampled video data that cor 
respond to edge pixel locations of the enhancement layer 
video blocks and are located between the different base 
layer video blocks. 

3. The method of claim 1, wherein the step of generating 
upsampled video data comprises: 

interpolating first values for the upsampled video data 
based on the base layer video data for: 

(i) pixel locations of the upsampled video data that corre 
spond to internal pixel locations of enhancement layer 
video blocks defined in the enhancement layer video 
data, wherein at least Some of the internal pixel locations 
of the enhancement layer video blocks correspond to 
locations between the different base layer video blocks; 
and 

(ii) pixel locations of the upsampled video data that corre 
spond to edge pixel locations of the enhancement layer 
video blocks and are not located between the different 
base layer video blocks; and 

defining second values for the upsampled video databased 
on values of nearest neighbors in the base layer video 
data for: 

(iii) pixel locations of the upsampled video data that cor 
respond to edge pixel locations of the enhancement layer 
video blocks and are located between the different base 
layer video blocks; and 

(iv) pixel locations of the upsampled video data that cor 
respond to internal pixel locations of the enhancement 
layer video blocks and are located between the different 
base layer video blocks when the two different base 
layer video blocks define different coding modes. 

4. The method of claim 3, wherein the different coding 
modes comprise an intra coding mode and an inter coding 
mode. 

5. The method of claim 1, wherein the coding step com 
prises encoding or decoding. 

6. The method of claim 1, further comprising the step of 
filtering pixel values associated with the different base layer 
Video blocks prior to generating the upsampled video data. 

7. The method of claim 1, further comprising the step of 
filtering interpolated values in the upsampled video data that 
correspond to locations between different base layer video 
blocks defined in the base layer video data. 

8. An apparatus that codes video data with spatial scalabil 
ity, comprising: 

an upsampler configured to generate upsampled video data 
based on base layer video data, wherein the upsampled 
Video data corresponds to a spatial resolution of 
enhancement layer video data; and 

a video coding unit configured to code the enhancement 
layer video databased on the upsampled video data, 

wherein the apparatus selects between upsampling via 
interpolation and upsampling via nearest neighbor copy 
ing based on whether a given location associated with 
the upsampled video data corresponds to an edge pixel 
location in the enhancement layer and whether the given 
location associated with the upsampled Video data is 
located between different base layer video blocks 
defined in the base layer video data. 
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9. The apparatus of claim 8, wherein the upsampler is part 

of the video coding unit. 
10. The apparatus of claim 8, wherein the apparatus com 

prises a wireless communication device with video coding 
capabilities. 

11. The apparatus of claim 8, wherein the apparatus com 
prises an integrated circuit. 

12. The apparatus of claim 8, wherein the apparatus inter 
polates first values for the upsampled video databased on the 
base layer video data for: 

(i) pixel locations of the upsampled video data that corre 
spond to internal pixel locations of enhancement layer 
video blocks defined in the enhancement layer video 
data, wherein at least some of the internal pixel locations 
of the enhancement layer video blocks correspond to 
locations between the different base layer video blocks; 
and 

(ii) pixel locations of the upsampled Video data that corre 
spond to edge pixel locations of the enhancement layer 
video blocks and are not located between the different 
base layer video blocks; and 

defines second values for the upsampled video databased 
on values of nearest neighbors in the base layer video 
data for: 

(iii) pixel locations of the upsampled video data that cor 
respond to edge pixel locations of the enhancement layer 
video blocks and are located between the different base 
layer video blocks. 

13. The apparatus of claim 8, wherein the apparatus 
includes a filter that filters interpolated values in the 
upsampled video data that correspond to locations between 
different base layer video blocks defined in the base layer 
Video data. 

14. The apparatus of claim 8, wherein the apparatus is 
interpolates first values for the upsampled video databased on 
the base layer video data for: 

(i) pixel locations of the upsampled video data that corre 
spond to internal pixel locations of enhancement layer 
video blocks defined in the enhancement layer video 
data, wherein at least some of the internal pixel locations 
of the enhancement layer video blocks correspond to 
locations between the different base layer video blocks; 
and 

(ii) pixel locations of the upsampled Video data that corre 
spond to edge pixel locations of the enhancement layer 
video blocks and are not located between the different 
base layer video blocks; and 

defines second values for the upsampled video databased 
on values of nearest neighbors in the base layer video 
data for: 

(iii) pixel locations of the upsampled video data that cor 
respond to edge pixel locations of the enhancement layer 
video blocks and are located between the different base 
layer video blocks; and 

(iv) pixel locations of the upsampled video data that cor 
respond to internal pixel locations of the enhancement 
layer video blocks and are located between the different 
base layer video blocks when the two different base 
layer video blocks define different coding modes. 

15. The apparatus of claim 14, wherein the different coding 
modes comprise an intra coding mode and an inter coding 
mode. 

16. The apparatus of claim8, wherein the video coding unit 
comprises: 

a base layer coding unit to encode the base layer video data; 
and 
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an enhancement layer coding unit to encode the enhance 
ment layer video data, wherein the enhancement layer 
coding unit includes the upsampler and wherein the 
upsampler generates the upsampled video data. 

17. The apparatus of claim 8, wherein the video coding unit 
comprises a combined base/enhancement layer decoding unit 
that decodes the base layer video data and the enhancement 
layer video data, wherein the combined base/enhancement 
layer decoding unit includes the upsampler and wherein the 
upsampler generates the upsampled video data. 

18. The apparatus of claim8, further comprising a filter that 
filters pixel values associated with the different base layer 
Video blocks prior to the upsampler generating the upsampled 
Video data. 

19. A computer-readable medium comprising instructions 
that upon execution in a processor cause the processor to code 
video data with spatial scalability, wherein the instructions 
cause the processor to: 

generate upsampled video databased on base layer video 
data, wherein the upsampled video data corresponds to a 
spatial resolution of enhancement layer video data; and 

code the enhancement layer video data based on the 
upsampled video data, 

wherein generating the upsampled video data includes 
Selecting between upsampling via interpolation and 
upsampling via nearest neighbor copying based on 
whether a given location associated with the upsampled 
Video data corresponds to an edge pixel location in the 
enhancement layer and whether the given location asso 
ciated with the upsampled video data is located between 
different base layer video blocks defined in the base 
layer video data. 

20. The computer readable medium of claim 19, wherein 
the instructions cause the processor to: 

interpolate first values for the upsampled video databased 
on the base layer video data for: 

(i) pixel locations of the upsampled video data that corre 
spond to internal pixel locations of enhancement layer 
video blocks defined in the enhancement layer video 
data, wherein at least Some of the internal pixel locations 
of the enhancement layer video blocks correspond to 
locations between the different base layer video blocks; 
and 

(ii) pixel locations of the upsampled video data that corre 
spond to edge pixel locations of the enhancement layer 
video blocks and are not located between the different 
base layer video blocks; and 

define second values for the upsampled video databased on 
values of nearest neighbors in the base layer video data 
for: 

(iii) pixel locations of the upsampled video data that cor 
respond to edge pixel locations of the enhancement layer 
video blocks and are located between the different base 
layer video blocks. 

21. The computer readable medium of claim 19, wherein 
the instructions cause the processor to filter interpolated val 
ues in the upsampled video data that correspond to locations 
between different base layer video blocks defined in the base 
layer video data. 

22. The computer readable medium of claim 19, wherein 
the instructions cause the processor to: 

interpolate first values for the upsampled video databased 
on the base layer video data for: 

(i) pixel locations of the upsampled video data that corre 
spond to internal pixel locations of enhancement layer 
video blocks defined in the enhancement layer video 
data, wherein at least Some of the internal pixel locations 
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26 
of the enhancement layer video blocks correspond to 
locations between the different base layer video blocks; 
and 

(ii) pixel locations of the upsampled Video data that corre 
spond to edge pixel locations of the enhancement layer 
video blocks and are not located between the different 
base layer video blocks; and 

define second values for the upsampled video databased on 
values of nearest neighbors in the base layer video data 
for: 

(iii) pixel locations of the upsampled video data that cor 
respond to edge pixel locations of the enhancement layer 
video blocks and are located between the different base 
layer video blocks; and 

(iv) pixel locations of the upsampled video data that cor 
respond to internal pixel locations of the enhancement 
layer video blocks and are located between the different 
base layer video blocks when the two different base 
layer video blocks define different coding modes. 

23. The computer readable medium of claim 22, wherein 
the different coding modes comprise an intra coding mode 
and an inter coding mode. 

24. The computer readable medium of claim 19, wherein 
coding comprises encoding or decoding. 

25. The computer readable medium of claim 19, further 
comprising instructions that cause the processor to filter pixel 
values associated with the different base layer video blocks 
prior to generating the upsampled Video data. 

26. A device for coding video data with spatial scalability, 
the device comprising: 
means for generating upsampled video databased on base 

layer video data, wherein the upsampled video data cor 
responds to a spatial resolution of enhancement layer 
video data; and 

means for coding the enhancement layer video databased 
on the upsampled video data, 

wherein the means for generating the upsampled video 
data includes means for selecting between upsampling 
via interpolation and upsampling via nearest neighbor 
copying based on whether a given location associated 
with the upsampled video data corresponds to an edge 
pixel location in the enhancement layer and whether the 
given location associated with the upsampled video data 
is located between different base layer video blocks 
defined in the base layer video data. 

27. The device of claim 26, wherein the means for gener 
ating upsampled video data comprises: 
means for interpolating first values for the upsampled 

video databased on the base layer video data for: 
(i) pixel locations of the upsampled video data that corre 

spond to internal pixel locations of enhancement layer 
video blocks defined in the enhancement layer video 
data, wherein at least some of the internal pixel locations 
of the enhancement layer video blocks correspond to 
locations between the different base layer video blocks; 
and 

(ii) pixel locations of the upsampled Video data that corre 
spond to edge pixel locations of the enhancement layer 
video blocks and are not located between the different 
base layer video blocks; and 

means for defining second values for the upsampled video 
databased on values of nearest neighbors in the base 
layer video data for: 

(iii) pixel locations of the upsampled video data that cor 
respond to edge pixel locations of the enhancement layer 
video blocks and are located between the different base 
layer video blocks. 
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28. The device of claim 26, further comprising means for 
filtering interpolated values in the upsampled video data that 
correspond to locations between different base layer video 
blocks defined in the base layer video data. 

29. The device of claim 26, wherein the means for gener 
ating upsampled video data comprises: 

means for interpolating first values for the upsampled 
video databased on the base layer video data for: 

(i) pixel locations of the upsampled video data that corre 
spond to internal pixel locations of enhancement layer 
video blocks defined in the enhancement layer video 
data, wherein at least Some of the internal pixel locations 
of the enhancement layer video blocks correspond to 
locations between the different base layer video blocks; 
and 

(ii) pixel locations of the upsampled video data that corre 
spond to edge pixel locations of the enhancement layer 
video blocks and are not located between the different 
base layer video blocks; and 
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means for defining second values for the upsampled video 

databased on values of nearest neighbors in the base 
layer video data for: 

(iii) pixel locations of the upsampled video data that cor 
respond to edge pixel locations of the enhancement layer 
video blocks and are located between the different base 
layer video blocks; and 

(iv) pixel locations of the upsampled video data that cor 
respond to internal pixel locations of the enhancement 
layer video blocks and are located between the different 
base layer video blocks when the two different base 
layer video blocks define different coding modes. 

30. The device of claim 29, wherein the different coding 
modes comprise an intra coding mode and an inter coding 
mode. 

31. The device of claim 26, wherein the means for coding 
comprises means for encoding or means for decoding. 

32. The device of claim 26, further comprising means for 
filtering pixel values associated with the different base layer 
Video blocks prior to generating the upsampled video data. 
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