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(57) ABSTRACT 

This disclosure is directed to video coding techniques that 
Support normal single layer video coding, or Scalable video 
coding with features such as signal-to-noise ratio (SNR) 
Scalability and spatial scalability. A video coding device may 
implement these techniques in a video decoder that includes 
a motion compensation module and a filter. The motion 
compensation module decodes a prediction frame from a 
digital video signal, wherein the motion compensation mod 
ule determines each block of the inter-coded frame from 
motion vectors encoded in the digital video signal. The filter 
adaptively filters one or more of the inter-coded blocks 
based on a signal either encoded or inferred from the digital 
Video signal. In some instances, the video decoder may 
adaptively apply different filter functions, one in the hori 
Zontal and another in the vertical direction, based on the 
signal. By implementing these techniques, the video decoder 
may increase the visual quality of the resulting decoded 
digital video signal while reducing complexity. 
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VIDEO CODING WITH ADAPTIVE 
FILTERING FOR MOTION COMPENSATED 

PREDICTION 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 60/829,494, filed Oct. 13, 2006, and 
U.S. Provisional Application No. 60/938,151, filed May 15, 
2007, the entire content of each of which is incorporated 
herein by reference. 

TECHNICAL FIELD 

0002 This disclosure relates to digital video and, more 
particularly, coding of digital video. 

BACKGROUND 

0003 Digital video capabilities can be incorporated into 
a wide range of devices, including digital televisions, digital 
direct broadcast systems, wireless communication devices, 
personal digital assistants (PDAs), laptop computers, desk 
top computers, digital cameras, digital recording devices, 
Video gaming devices, cellular or satellite radio telephones, 
and the like. Digital video devices typically implement a 
video compression technique, such as MPEG-2, MPEG-4, 
or H.264/MPEG-4, Part 10 (Advanced Video Coding 
(AVC)), in order to transmit and receive digital video signals 
more efficiently. Video compression techniques perform 
spatial and temporal prediction to reduce or remove redun 
dancy inherent in video signals. Scalable video coding 
techniques enable additional features such as spatial, tem 
poral and/or signal-to-noise ratio (SNR) scalability, via a 
base layer and one or more enhancement layers. 
0004. In video coding, video compression generally 
includes motion estimation and motion compensation. 
Motion estimation tracks the movement of video objects 
between Successive video frames. Motion estimation gen 
erates motion vectors, which indicate the displacement of 
video blocks relative to corresponding video blocks in one 
or more reference frames. Motion compensation uses the 
motion vector to generate a prediction video block from one 
or more reference frames. In addition, motion compensation 
forms a residual video block by subtracting the prediction 
video block from the original video block. The video 
encoder applies transform, quantization and entropy coding 
processes to further reduce the bit rate of the residual block. 
A video decoder performs inverse operations to reconstruct 
the encoded video, using the motion vectors and residual 
information for each of the blocks. 

SUMMARY 

0005. In general, the disclosure is directed to video 
coding techniques that Support adaptive filtering of motion 
compensated prediction blocks in a video decoder. Adaptive 
filtering of motion compensated prediction blocks may be 
applied to promote prediction accuracy. Additionally, or 
alternatively, adaptive filtering may be applied to reduce 
complexity. 
0006. In one aspect, the disclosure provides a video 
coding device comprising a motion compensation module 
that applies motion compensation to blocks within a video 
frame to generate prediction video blocks, and a control 
module that adaptively adjusts the motion compensation to 
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apply either a first filter mode or a second filter mode to each 
of the blocks based on a filter mode decision. 
0007. In another aspect, the disclosure provides a method 
comprising applying motion compensation to blocks within 
a video frame to generate prediction video blocks, and 
adaptively adjusting the motion compensation to apply 
either a first filter mode or a second filter mode to each of the 
blocks based on a filter mode decision. 
0008. In a further aspect, the disclosure provides a video 
coding device comprising a motion compensation module 
that performs motion compensation on blocks within a video 
frame to generate video blocks, wherein the motion com 
pensation module includes a filter, and the motion compen 
sation module applies the filter to the blocks for motion 
vectors that point to integer pixel locations. 
0009. In an additional aspect, the disclosure provides an 
integrated circuit device comprising a motion compensation 
module that applies motion compensation to blocks within a 
Video frame to generate prediction video blocks, and a 
control module that adaptively adjusts the motion compen 
sation to apply either a first filter mode or a second filter 
mode to each of the blocks based on a filter mode decision. 
0010. In another aspect, the disclosure provides a wire 
less communication device handset comprising a motion 
compensation module that applies motion compensation to 
blocks within a video frame to generate prediction video 
blocks, and a control module that adaptively adjusts the 
motion compensation to apply either a first filter mode or a 
second filter mode to each of the blocks based on a filter 
mode decision. 
0011. In another aspect, the disclosure provides a method 
comprising performing motion compensation on blocks 
within a video frame to generate prediction video blocks, 
and applying a filter to the blocks for motion vectors that 
point to integer pixel locations. 
0012. In a further aspect, the disclosure provides an 
integrated circuit device comprising a motion compensation 
module that performs motion compensation on blocks 
within a video frame to generate prediction video blocks, 
wherein the motion compensation module includes a filter, 
and the motion compensation module applies the filter to the 
blocks for motion vectors that point to integer pixel loca 
tions. 
0013. In another aspect, the disclosure provides a wire 
less communication device handset comprising a motion 
compensation module that performs motion compensation 
on blocks within a video frame to generate prediction video 
blocks, wherein the motion compensation module includes 
a filter, and the motion compensation module applies the 
filter to the blocks for motion vectors that point to integer 
pixel locations. 
0014. The techniques described in this disclosure may be 
implemented in hardware, Software, firmware, or any com 
bination thereof. If implemented in software, the software 
may be executed in one or more processors, such as a 
microprocessor, application specific integrated circuit 
(ASIC), field programmable gate array (FPGA), or digital 
signal processor (DSP). The software that executes the 
techniques may be initially stored in a computer-readable 
medium and loaded and executed in the processor. Accord 
ingly, this disclosure also contemplates a computer program 
product comprising a computer-readable medium compris 
ing instructions to perform techniques as described in this 
disclosure. 
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0015 The details of one or more aspects of the disclosure 
are set forth in the accompanying drawings and the descrip 
tion below. Other features, objects, and advantages will be 
apparent from the description and drawings, and from the 
claims. 

BRIEF DESCRIPTION OF DRAWINGS 

0016 FIG. 1 is a block diagram illustrating a video 
encoding and decoding system. 
0017 FIG. 2 is a block diagram illustrating an example of 
a video encoder. 
0018 FIG. 3 is a diagram illustrating formation of a 
prediction block by smaller subblocks with different motion 
VectOrS. 

0019 FIG. 4 is a block diagram illustrating an example of 
a video decoder configured to Support adaptive filtering to 
generate prediction blocks. 
0020 FIG. 5 is a block diagram illustrating another 
example of a video decoder configured to Support adaptive 
filtering to generate prediction blocks. 
0021 FIG. 6 is a block diagram illustrating an example of 
a video decoder configured to Support Scalable video coding 
(SVC) using adaptive filtering to generate prediction blocks. 
0022 FIG. 7 is a diagram illustrating application of a 
smoothed reference process in SVC enhancement layer 
coding. 
0023 FIG. 8 is a diagram illustrating application of a 
Smoothed reference process using adaptive motion compen 
sation in SVC enhancement layer coding. 
0024 FIG. 9 is a diagram illustrating example character 

istics of a one-dimensional, six-tap filter for luma /2-pixel 
interpolation. 
0025 FIG. 10 is a block diagram illustrating an example 
of a video decoder configured to Support application of 
different adaptive filters in the vertical and horizontal dimen 
sions of a prediction block to accommodate motion vector 
components with integer or fractional pixel precision. 
0026 FIG. 11 is a flow diagram illustrating exemplary 
operation of a video decoder in performing adaptive motion 
compensation at the block level of inter coded frames. 
0027 FIG. 12 is a flow diagram illustrating exemplary 
operation of the video decoder in performing Smoothing and 
motion compensation using a combined Smoothed motion 
compensation unit at the block level of inter-coded frames. 
0028 FIG. 13 is a flow diagram illustrating exemplary 
operation of a video decoder in performing adaptive motion 
compensation with different filters in the vertical and hori 
Zontal dimensions. 

DETAILED DESCRIPTION 

0029. In general, the disclosure is directed to video 
coding techniques that Support adaptive filtering of motion 
compensated prediction blocks in a video decoder. Adaptive 
filtering of motion compensated prediction blocks may be 
applied to promote prediction accuracy and/or reduce com 
plexity. The filtering mode may be dynamically adjusted, 
e.g., at a frame level, slice level, macroblock (MB) level, or 
block level. A filtering mode decision may be explicitly 
signaled by an encoder in the encoded bitstream. Alterna 
tively, the mode decision may be determined at the decoder 
side based on statistics and/or characteristics of the video 
Sequence. 
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0030. In a first filtering mode, a video decoder may apply 
regular motion compensation to form a motion compensated 
prediction block. In a second filtering mode, the video 
decoder may apply regular motion compensation plus an 
additional filter to the motion compensated prediction block. 
The additional filter may have different characteristics. As an 
example, the additional filter may be a low pass filter, which 
also may be referred to as a smoothing filter in the following 
discussion. In some cases, the Smoothing filter may be a 
3-tap filter. In the second filtering mode, the video decoder 
may apply the additional filter in cascade with a regular 
motion compensation filter or by using a different filter that 
combines the regular motion compensation filter and the 
additional filter. 
0031. In some cases, different filters may be applied in 
the horizontal and vertical directions of the motion compen 
sated prediction block. For example, a smoothing filter Such 
as a 3-tap filter may be applied for motion vector compo 
nents with integer pixel precision, while an interpolation 
filter Such as a 2-tap filter, e.g., a bilinear filter, may be 
applied for motion vector components with fractional pixel 
precision. The different filters may be separate or form part 
of a combined filter. 
0032. Adaptive filtering may promote visual quality and 
coding efficiency. For example, adaptive filtering may be 
applied at the MB or block level, providing finely tuned 
filtering of individual blocks. A macroblock (MB) may refer 
to a 16-by-16 pixel area of a video frame, whereas a block 
or subblock may be used to refer to a smaller area. Also, 
additional or different filtering may be applied when needed, 
rather than full-time, reducing complexity. 
0033. In addition, the video coding techniques may be 
applied to single-layer video or multi-layer, Scalable video. 
As mentioned above, the motion compensation filter and the 
additional filter may be combined, rather than applied in 
cascade, further reducing complexity. For scalable video 
coding, for example, a combined motion compensation filter 
module may replace a cascaded motion compensation filter 
and additional filter, Such as a smoothing filter. 
0034 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 14 via a communication 
channel 16. Source device 12 may include a video source 18, 
Video encoder 20 and a transmitter 22. In some aspects, 
transmitter 22 may be a wireless transmitter. Receive device 
14 may include a receiver 24, video decoder 26 and video 
display device 28. In some aspects, receiver 24 may be a 
wireless receiver, such as a wireless receiver in a wireless 
communication device handset. System 10 may be config 
ured to Support adaptive filtering of motion compensated 
prediction blocks to improve both visual quality and pro 
cessing efficiency. 
0035 Video decoder 26 may apply motion compensation 
to blocks within a video frame to generate prediction video 
blocks, and adaptively adjust the motion compensation to 
apply either a first filter mode or a second filter mode to each 
of the blocks based on a filter mode decision. Video decoder 
26 may adaptively apply additional filtering to Some video 
blocks in the second filter mode. In the first filter mode, 
Video decoder 26 may apply regular motion compensation, 
which may include interpolation filtering if motion vectors 
reference fractional pixel locations in either the vertical 
dimension, horizontal dimension or both. In the second filter 
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mode, video decoder 26 may apply motion compensation 
plus an additional filter to the motion compensated predic 
tion block. As an example, the additional filter may be a 
smoothing filter. Alternatively, in the second filter mode, 
video decoder 26 may apply a different filter that combines 
regular motion compensation and additional filtering such as 
Smoothing. 
0036 Video decoder 26 may adaptively adjust the motion 
compensation on a block-by-block, macroblock-by-macrob 
lock, slice-by-slice, or frame-by-frame basis. The filter 
mode decision may be based on a signal encoded in the 
video frame, e.g., by video encoder 20. For example, video 
encoder 20 may include a flag, command or other instruction 
in the encoded video to indicate whether video decoder 26 
should adjust motion compensation to apply the first or 
second filter mode. Alternatively, video decoder 26 may 
make the filter mode decision based on analysis of one or 
more characteristics of the video frame. For example, video 
decoder 26 may analyze the reconstructed video blocks 
obtained after decoding, to determine whether the second 
filtering mode should be applied. 
0037. In the first filter mode, video decoder 26 may apply 
regular motion compensation, e.g., with interpolation filter 
ing for motion vectors with fractional pixel values. In the 
H.264/MPEG-4, Part 10 (Advanced Video Coding (AVC)) 
scheme, for example, the motion compensation filter for 
interpolating a pixel at a /2 pixel location may comprise a 
6-tap filter. The number of taps generally indicates the 
number of coefficients required to represent the filter math 
ematically. A filter with a higher tap number generally 
comprises a more complex filter than those having a lower 
tap number. Thus, a 6-tap filter comprises a more complex 
filter than either a 2-tap or 3-tap filter. 
0038. In the second filter mode, video decoder 26 may 
apply an additional filter, Such as a Smoothing filter. The 
Smoothing filter may comprise, for example, a 3-tap filter. 
The smoothing filter may be provided in the second filter 
mode as an additional filter, e.g., in addition to the motion 
compensation filter. Alternatively, the Smoothing filter may 
be combined with an interpolation filter used for regular 
motion compensation. The combined filter used in motion 
compensation therefore represents a different filter, such as 
a 2-tap filter, for interpolating a pixel at a partial pixel 
location. An exemplary 2-tap filter is abilinear filter. Hence, 
the second filter mode applied by video decoder 26 may 
include application of both the motion compensation and 
Smoothing filters, either by the use of a motion compensa 
tion filter and an additional smoothing filter, or by the use of 
the different filter that combines motion compensation and 
Smoothing. In each case, additional filtering, Such as 
Smoothing, is provided in the second filter mode. 
0039. In the second filter mode, video decoder 26 may 
apply the Smoothing filter to both dimensions for motion 
vectors with both components having integer pixel preci 
Sion. Alternatively, the Smoothing filter, such as a 3-tap filter, 
may be applied in either the horizontal dimension or vertical 
dimension, or both, for motion vectors having integer pixel 
precision in those dimensions. A 2-tap motion compensation 
filter, such as a bilinear filter, may be applied for interpola 
tion in at least one of the dimensions in the event motion 
vectors have fractional precision in Such dimensions. For 
motion vectors having fractional pixel precision in both 
dimensions, a 2-tap interpolation filter may be applied for 
both vertical and horizontal dimensions. Similarly, for 
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motion vectors having integer pixel precision in both dimen 
sions, a Smoothing filter may be applied in both vertical and 
horizontal dimensions. 
0040. For example, video decoder 26 may apply the 
Smoothing filter in the horizontal dimension and apply a 
2-tap filter, such as abilinear filter, in the vertical dimension 
when a motion vector points to an integer pixel location in 
the horizontal dimension and to a fractional pixel location in 
the vertical dimension. Alternatively, video decoder 26 may 
apply the Smoothing filter in the vertical dimension and 
apply a 2-tap filter such as abilinear filter, in the horizontal 
dimension when a motion vector points to an integer pixel 
location in the vertical dimension and to a fractional pixel 
location in the horizontal dimension. Alternatively, video 
decoder 26 may apply either the smoothing filter or the 
interpolation filter in both dimensions, depending on integer 
or fractional precision of the motion vectors. 
0041 Adaptive filter adjustment, e.g., at the frame level, 
slice level, macroblock (MB) level, or block level, can 
promote both coding efficiency and processing efficiency. 
With adaptive filtering, additional or different filtering may 
be applied to frames, slices, MBs, or blocks when needed, 
rather than on a full-time basis, thereby reducing processing 
overhead. In particular, the first filtering mode may omit the 
additional filter, while the second filtering mode may require 
the additional filter to promote coding efficiency. As men 
tioned above, in Some aspects, the additional filter may be a 
Smoothing filter. A Smoothing filter may be useful in reduc 
ing or eliminating quantization noise or other artifacts from 
a motion compensated prediction block. 
0042 Video decoder 26 may apply the adaptive filtering 
technique to single-layer video or multi-layer, Scalable 
Video. In some cases, video decoder 26 may combine a 
motion compensation filter and a smoothing filter, rather 
than applying the filters in cascade, further reducing com 
plexity. For scalable video coding (SVC), for example, video 
decoder 26 may be configured to apply a combined 
Smoothed motion compensation filter module that Supports 
simplified processing. 
0043. In the example of FIG. 1, communication channel 
16 may comprise any wireless or wired communication 
medium, Such as a radio frequency (RF) spectrum or one or 
more physical transmission lines, or any combination of 
wireless and wired media. Channel 16 may form part of a 
packet-based network, Such as a local area network, wide 
area network, or a global network Such as the Internet. 
Communication channel 16 generally represents any Suit 
able communication medium, or collection of different com 
munication media, for transmitting video data from Source 
device 12 to receive device 14. 
0044 Source device 12 generates video for transmission 
to destination device 14. In some cases, however, devices 
12, 14 may operate in a Substantially symmetrical manner. 
For example, each of devices 12, 14 may include video 
encoding and decoding components. Hence, system 10 may 
Support one-way or two-way video transmission between 
Video devices 12, 14, e.g., for video streaming, video 
broadcasting, or video telephony. 
0045 Video source 18 may include a video capture 
device, such as one or more video cameras, a video archive 
containing previously captured video, or a live video feed 
from a video content provider. As a further alternative, video 
Source 18 may generate computer graphics-based data as the 
Source video, or a combination of live video and computer 
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generated video. In some cases, if video source 18 is a 
camera, Source device 12 and receive device 14 may form 
so-called camera phones or video phones, including satellite 
or mobile wireless telephones, or other wireless communi 
cation devices. Hence, in some aspects, the techniques 
described in this disclosure may be implemented within a 
mobile wireless communication device handset, such as a 
mobile telephone handset. In each case, the captured, pre 
captured or computer-generated video may be encoded by 
video encoder 20 for transmission from video source device 
12 to video decoder 26 of video receive device 14 via 
transmitter 22, channel 16 and receiver 24. Display device 
28 may include any of a variety of display devices such as 
a liquid crystal display (LCD), plasma display or organic 
light emitting (OLED) diode display. 
0046) Video encoder 20 and video decoder 26 may be 
configured, in Some aspects of this disclosure, to Support 
Scalable video coding for spatial, temporal and/or signal-to 
noise ratio (SNR) scalability. Encoder 20 and decoder 26 
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 coding, a 
base layer carries video data with a minimum level of 
quality. One or more enhancement layers carry additional 
bitstream to support higher spatial, temporal or SNR levels. 
0047 Video encoder 20 and video decoder 26 may oper 
ate 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 (AVC). Although not shown in FIG. 1, in some 
aspects, video encoder 20 and video decoder 22 may be 
integrated with an audio encoder and decoder, respectively, 
and include appropriate MUX-DEMUX units, or other hard 
ware 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). 
0048. The H.264 standard was developed by the ITU-T 
Video Coding Experts Group and the ISO/IEC Moving 
Picture Experts Group (MPEG), as the product of a part 
nership known as the Joint Video Team (JVT). The H.264 
standard is described in ITU-T Recommendation H.264, 
Advanced video coding for generic audiovisual services, 
dated March 2005, which may be referred to herein as the 
H.264 standard or H.264 specification, or the H.264/AVC 
standard or specification. In some aspects, techniques 
described in this disclosure may be applied to devices that 
generally conform to the H.264 standard, or other devices 
that do not generally conform to the H.264 standard. 
0049. The Joint Video Team (JVT) continues to work on 
a scalable video coding (SVC) extension to H.264/MPEG-4 
AVC. The specification of both H.264/MPEG-4 AVC and the 
evolving SVC extension are in the form of a Joint Draft (JD). 
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 SVC can be 
found in the Joint Draft documents, and particularly in Joint 
Draft 7 (JD7), by Thomas Wiegand, Gary Sullivan, Julien 
Reichel, Heiko Schwarz, and Mathias Wien, “Joint Draft 7 
of SVC Amendment (revision 2).” JVT-T201r2, July 2006, 
Klagenfurt, Austria. 
0050. In some aspects, for video broadcasting, this dis 
closure contemplates application to Enhanced H.264 video 
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coding for delivering real-time video services in terrestrial 
mobile multimedia multicast (TM3) systems using the For 
ward Link Only (FLO) Air Interface Specification, “Forward 
Link Only Air Interface Specification for Terrestrial Mobile 
Multimedia Multicast, to be published as Technical Stan 
dard TIA-1099 (the “FLO Specification”). The FLO Speci 
fication includes examples defining bitstream syntax and 
semantics and decoding processes suitable for the FLO Air 
Interface. Alternatively, video may be broadcasted accord 
ing to other standards such as DVB-H (digital video broad 
cast-handheld), ISDB-T (integrated services digital broad 
cast-terrestrial), or DMB (digital media broadcast). Hence, 
in Some cases, source device 12 may be a mobile wireless 
terminal. Such as a wireless communication device handset, 
a video streaming server, or a video broadcast server. 
However, the techniques described in this disclosure are not 
limited to any particular type of broadcast, multicast, or 
point-to-point system. 
0051 Video encoder 20 and video decoder 26 each may 
be implemented as one or more microprocessors, digital 
signal processors (DSPs), application specific integrated 
circuits (ASICs), field programmable gate arrays (FPGAs), 
discrete logic, Software, hardware, firmware or any combi 
nations thereof. Hence, the techniques described herein may 
be implemented within one or more integrated circuit 
devices, which may be referred to collectively as an inte 
grated circuit device. Such an integrated circuit device may 
be provided within a communication device, such as a 
wireless communication device handset. Each of video 
encoder 20 and video decoder 26 may be included in one or 
more encoders or decoders, either of which may be inte 
grated as part of a combined encoder/decoder (CODEC) in 
a respective mobile device, subscriber device, broadcast 
device, server, or the like. In addition, video source device 
12 and video receive device 14 each may include appropri 
ate modulation, demodulation, frequency conversion, filter 
ing, and amplifier components for transmission and recep 
tion 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 not shown in FIG. 1. 
0.052 A video sequence includes a series of video frames. 
Video encoder 20 operates on blocks of pixels within 
individual video frames in order to encode the video data. 
The video blocks may have fixed or varying sizes, and may 
differ in size according to a specified coding standard. As an 
example, the ITU-T H.264 standard supports intra prediction 
in various block sizes, such as 16 by 16, 8 by 8, 4 by 4 for 
luma components, and 8x8 for chroma component, as well 
as inter prediction in various block sizes, such as 16 by 16, 
16 by 8, 8 by 16, 8 by 8, 8 by 4, 4 by 8 and 4 by 4 for luma 
components and corresponding scaled sizes for chroma 
components. Smaller video blocks can provide better reso 
lution, and may be used for locations of a video frame that 
include higher levels of detail. In general, macroblocks and 
the various smaller blocks may be considered to be video 
blocks. In some cases, the smaller blocks may be referred to 
as Subblocks. After prediction, a transform may be per 
formed on the 8x8 residual block or 4x4 residual block, and 
an additional transform may be applied to the DC coeffi 
cients of the 4x4 blocks for chroma components or luma 
component if the intra 16x16 prediction mode is used. 
0053 FIG. 2 is a block diagram illustrating an example of 
a video encoder 20. Video encoder 20 may perform intra 



US 2008/0O894.17 A1 

and inter-coding of 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. For 
inter-coding, video encoder 20 performs motion estimation 
to track the movement of matching video blocks between 
two or more adjacent frames. 
0054 As shown in FIG. 2, video encoder 20 receives a 
current video block 21 within a video frame to be encoded. 
In the example of FIG. 2, video encoder 20 includes motion 
estimation unit 23, reference frame store 25, motion com 
pensation unit 27, block transform unit 29, quantization unit 
31, inverse quantization unit 33, inverse transform unit 35 
and entropy coding unit 37. Video encoder 20 also includes 
summer 39 and summer 41. FIG. 2 illustrates the temporal 
prediction components of video encoder 20 for inter-coding 
of video blocks. Although not shown in FIG. 2 for ease of 
illustration, video encoder 20 also may include spatial 
prediction components for intra-coding of Some video 
blocks. 
0055 Motion estimation unit 23 compares video block 
21 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 25. 
Motion estimation may be performed for blocks of variable 
sizes, e.g., 16x16, 16x8, 8x16, 8x8 or smaller block sizes. 
Motion estimation unit 23 identifies a block in an adjacent 
frame that most closely matches the current video block 21, 
e.g., based on a rate distortion model, and determines a 
displacement between the blocks. On this basis, motion 
estimation unit 23 produces a motion vector that indicates 
the magnitude and trajectory of the displacement. 
0056 Motion vectors may have half- or quarter-pixel 
precision, or even finer precision, allowing video encoder 20 
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 may be carried out in motion compensation unit 
27. For example, in the AVC/H.264 standard, to obtain a 
luma signal at half-pixel positions, the 6-tap Wiener filter 
with coefficients (1 -5, 20, 20, -5, 1)/32 may be used. To 
obtain luma signals at quarter-pixel locations, bilinear fil 
tering on the values at integer pixel locations and the 
interpolated values at half pixel locations may be used. The 
bilinear filter also may be used in fractional pixel interpo 
lation for the chroma components, which may have up to 
/8-pixel precision. 
0057 Motion estimation unit 23 identifies the best 
motion vector for a video block using a rate-distortion 
model. Using the resulting motion vector, motion compen 
sation unit 27 forms a prediction video block by motion 
compensation. Video encoder 20 forms a residual video 
block by subtracting the prediction video block produced by 
motion compensation unit 27 from the original, current 
video block 21 at summer 39. Block transform unit 29 
applies a transform to the residual block. Quantization unit 
31 quantizes the transform coefficients to further reduce bit 
rate. Entropy coding unit 37 entropy codes the quantized 
coefficients to even further reduce bit rate. Video decoder 26 
performs inverse operations to reconstruct the encoded 
video. 

0058 Inverse quantization unit 33 and inverse transform 
unit 35 apply inverse quantization and inverse transforma 
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tion, respectively, to reconstruct the residual block. Summer 
41 adds the reconstructed residual block to the motion 
compensated prediction block produced by motion compen 
sation unit 27 to produce a reconstructed video block for 
storage in reference frame store 25. The reconstructed video 
block is used by motion estimation unit 23 and motion 
compensation unit 27 to encode a block in a Subsequent 
video frame. 
0059. When performing motion compensation for a given 
block in the current video frame 21, motion compensation 
unit 27 may use a fixed set of filters to interpolate a reference 
block from a reference frame. One reference block is needed 
if the current block is uni-directionally predicted or two 
reference blocks are needed if the current block is bi 
directionally predicted. In H.264, multiple reference frames 
in forward and backward directions may be used in some 
cases. The actual filters used in motion compensation unit 27 
depend on the fractional part of the motion vector. For 
example, if the motion vector points to a half-pixel location 
in the reference frame in a given dimension, to obtain the 
value of the half-pixel location, a 6-tap filter such as (1 -5, 
20, 20, -5, 1)/32 is used in that dimension with a half-pixel 
motion vector. If both motion vector components point to 
integer locations, the pixel values from the reference frame 
in reference frame store 25 may be used directly without 
performing any interpolation filtering operation. 
0060 FIG. 3 is a diagram illustrating formation of a 
prediction block by blocks with different motion vectors. In 
the example of FIG. 3, an 8x16 prediction block 43 is 
formed by a combination of two 8x8 subblocks 45, 47 from 
a reference frame 49, each with a different motion vector 
(MV). For example, 8x8 block 45 has a subblock motion 
vector of (0,-6) and 8x8 subblock 47 has a block motion 
vector of (-2, -6). 
0061. As discussed above, the reconstructed video block 
is formed by taking the Sum of the motion compensated 
prediction video block produced by motion compensation 
unit 27 and the reconstructed residual block produced by 
inverse quantization unit 33 and inverse transform unit 35, 
with additional clipping operations performed if necessary. 
The reconstructed blocks are then stored in the reference 
frame store 25 for future prediction use. The reconstructed 
blocks may contain quantization noise and undesired arti 
facts when directly used to generate the prediction video 
block. 
0062 Applying Smoothing operations on the prediction 
video block may alleviate such artifacts. Also, the prediction 
video block may be formed by Subblocks that are motion 
compensated with different motion vectors, e.g., as shown in 
FIG. 3. Thus, discontinuity may exist along the borders of 
these Subblocks. Applying an in-loop deblocking filter, e.g., 
as in AVC/H.264, where the deblocking filter parameters 
depend on the motion information, may alleviate the dis 
continuity problem within the reconstructed block. How 
ever, the deblocking filter may have high computational 
complexity. In addition, a deblocking filter such as in H.264 
is designed for improving the visual quality of the current 
frame instead of altering the frame such that future frames 
may be better predicted. Therefore, applying a smoothing 
operation to the prediction block obtained from motion 
compensation, e.g., via a low-pass filter, may provide better 
prediction for the current block. 
0063. Depending on the nature and magnitude of noise 
that may exist in individual prediction blocks, it may or may 
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not be beneficial to apply additional Smoothing filtering. 
This is also true if the smoothing filter is applied for the 
purpose of altering the reference block to make it more 
closely match the current block, because the objects in the 
reference frame and in the current frame may go through 
different spatial transforms. Hence, Smoothing may have 
different impacts on the coding process as a function of the 
actual content of the blocks. 
0064. In accordance with various aspects of this disclo 
Sure, it is possible to adaptively decide whether a regular or 
filtered (smoothed) prediction block should be used. Use of 
a regular prediction block may involve application of motion 
compensation according to a first filter mode. The first filter 
mode may involve application of an interpolation filter if a 
pertinent motion vector specifies fractional pixel values. 
Smoothing of the prediction block may involve application 
of an additional filter according to a second filter mode. The 
filter mode decision may be encoded and sent in the encoded 
video bitstream. Alternatively, the filter mode decision may 
be inferred at the video decoder using statistics and/or 
characteristics of the received video. 
0065. In some instances, additional filtering, such as low 
pass filtering for Smoothing of predictive blocks, may 
improve the resulting visual quality of digital video when 
displayed on display device 28. For example, application of 
a Smoothing filter, Such as a 3-tap 1.2.1 filter, may reduce 
quantization noise and the number of artifacts that occur in 
the predictive frame. Also, application of this smoothing 
filter may generate the effects of motion blur, such that the 
reference frame and current frame better match one another. 
0066 System 10 may be configured to support adaptive 
filtering of motion compensated to generate prediction 
blocks, which improves both visual quality and processing 
efficiency. For example, video decoder 26 may adaptively 
adjust motion compensation to apply either a first filter mode 
without additional filtering or a second filter mode with 
additional filtering. The filter mode may be adapted on a 
block-by-block, macroblock-by-macroblock, slice-by-slice, 
or frame-by-frame basis, and may be based on a signal 
encoded in the video frame, or analysis of one or more 
characteristics of the video frame. In some cases, video 
decoder 26 may combine a motion compensation filter and 
a smoothing filter, rather than applying the filters in cascade, 
further reducing complexity. 
0067 FIG. 4 is a block diagram illustrating an example of 
a video decoder 26a configured to support adaptive filtering 
to generate prediction blocks. In the example of FIG. 4, 
Video decoder 26a implements adaptive filtering based on a 
filter mode decision indicated by a filter mode signal 
encoded in the video bitstream. As shown in FIG. 4, video 
decoder 26A includes a motion compensation module 30, an 
entropy decoding module 32, an inverse quantization mod 
ule 34, an inverse transform module 36, a summer S1, a 
deblocking filter 38, a reference frame store 40, a motion 
compensation unit 42, a Smoothing filter 44, and a control 
module 46. 

0068. In a first filter mode, video decoder 26A performs 
regular motion compensation, which may include interpo 
lation filtering for fractional pixel values. In a second filter 
mode, video decoder 26A performs motion compensation 
with additional filtering. Smoothing filter 44 represents an 
exemplary additional filter to be applied in the second filter 
mode. However, the disclosure should not be limited to 
smoothing filter 44, but may include other additional filters 
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comprising different filtering characteristics. Although not 
shown in FIG. 4, video decoder 26A also supports decoding 
of intra-coded (I) blocks. For ease of illustration, however, 
FIG. 4 focuses on decoding of inter-coded (P or B) blocks. 
0069. In the example of FIG. 4, entropy decoding module 
32 applies entropy decoding to encoded video to produce 
quantized transform coefficients, motion vectors, and a filter 
mode signal. Inverse quantization module 34 and inverse 
transform module 36 convert the transform coefficients to 
residual block information. Motion compensation module 
30 forms a predictive block that is summed, as represented 
by summer S1, with the residual block information. 
Deblocking filter 38 filters the resulting summed block to 
remove “blocky’ artifacts. “Blocky’ artifacts often occur at 
lower bitrates. Exemplary inverse quantization, inverse 
transform and deblocking filter techniques are described in 
the H.264/MPEG-4 Part 10 AVC standard, although the 
techniques described in this disclosure may be used with 
other video compression standards or techniques. Video 
frames filtered by deblocking filter 38 are stored in reference 
frame store 40. Reference frame store 40 may comprise a 
memory capable of storing reference frames used for further 
predictions. 
0070 Motion compensation module 30 comprises 
motion compensation unit 42, which receives motion vec 
tors from entropy decoding module 32 and reference frames 
from reference frame store 40 to produce predictive blocks. 
For example, motion compensation unit 42 applies the 
motion vectors to a reference frame to select matching 
blocks, and provides the selected blocks as predictive blocks 
for Summing with the residual information produced by 
inverse transform module 36, as represented by summer S1. 
In some cases, motion compensation unit 42 may apply an 
interpolation filter to generate the predictive block from a 
block in the reference frame. To obtain video data at 
fractional pixel locations, for example, motion compensa 
tion unit 42 may include an interpolation filter. Accordingly, 
the first filter mode may be a mode in which regular motion 
compensation is performed with or without interpolation 
filtering, depending on whether the applicable motion vector 
points to integer or fractional pixel values. Motion compen 
sation module 30 may provide the predictive block directly 
in a first filter mode, or apply smoothing filter 44 to the 
predictive block in a second filter mode 44. Hence, the 
second filter mode may be a mode substantially identical to 
the first filter mode, but with the addition of a smoothing 
filter 44 or other filter. 

0071. A control module 46 receives the filter mode signal 
from entropy decoding module 32 and controls switch 50 
within motion compensation module 30 to select either a 
first filter mode in which the additional smoothing filter 44 
is not applied, or a second filtering mode in which the 
additional smoothing filter 44 is applied to the predictive 
block produced by motion compensation unit 42. Control 
module 46 retrieves the filter mode signal from the decoded 
bitstream to determine whether the encoder has indicated the 
first or second filter mode, and makes an appropriate filter 
mode decision. 

0072 Although the selection of the first filter mode or the 
second filter mode is represented by a switch 50 for purposes 
of illustration, the selection may be a software function and 
need not be realized by an actual switch. In addition, 
although control module 46 retrieves the filter mode signal 
form the entropy decoded bitstream in the example of FIG. 
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4, the filter mode signal may be determined from the 
statistics and/or characteristics of the decoded video signal 
before or after inverse quantization or inverse transforma 
tion. 

0073 Entropy decoding module 32 transmits motion 
vectors to motion compensation unit 42, which performs 
motion compensation techniques to generate predictive 
blocks from reference frames stored in reference frame store 
40. Smoothing filter 44, as described above, is an example 
of an additional filter that may be adaptively applied in 
accordance with the principles of this disclosure. Video 
decoder 26A may, in Some aspects, adaptively apply 
smoothing filter 44 at the block level of the predicted frames 
based on the filter mode decision. In other words, encoder 20 
may adjust the filter mode signal on a block-by-block basis. 
Alternatively, the filter mode signal may be adjusted on a 
frame-by-frame, slice-by-slice, or macroblock-by-macrob 
lock basis. Consequently, motion compensation module 30 
may adaptively apply smoothing filter 44 at the frame-, 
slice-, macroblock- or block-level. 
0074 Video encoder 20 may generate the filter mode 
decision based on analysis of one or more characteristics of 
the digital video being encoded. Particular statistics of the 
predictive block may be used to determine the filter mode to 
be used. For example, the amount of low- and high-pass 
frequency components in the predictive block may be used 
to derive the filter mode. If a large amount of high-pass 
frequency components are present in the predictive block, 
then the second filter mode may be applied, e.g., to provide 
Smoothing. Alternatively, if the amount of high frequency 
components in the predictive block is not large, the first filter 
mode may be applied. Other statistics or characteristics of 
the predictive block and/or neighboring video blocks may be 
used. For example, if the predictive block is formed by small 
(e.g., 4x4) block partitions during motion compensation, 
then the second filter mode may be applied. Alternatively, if 
the predictive block is not formed by small block partitions, 
the first filter mode may be applied. 
0075 When the filter mode signal is not transmitted in 
the encoded bitstream, control module 46 at the decoder side 
may infer the filter mode signal based on analysis of the 
encoded video received via channel 16, using Substantially 
the same statistics and/or characteristics of the video signal 
that the encoder in source device 12 might use to decide the 
filter mode during encoding of the video, as described 
above. Accordingly, like the encoder, the decoder 26A may 
analyze the predictive block to determine the presence of 
high frequency and low frequency components, and/or to 
determine whether the block is made up of small block 
partitions. On this basis, the decoder 26 selects the appro 
priate filter mode in substantially the same way as the 
encoder. In general, the encoder 20 and decoder 26 should 
use the same information and follow the same logic to derive 
the filter mode in order to prevent drifting in the decoder. 
0076 FIG. 5 is a block diagram illustrating another 
exemplary aspect of a video decoder 26B. Video decoder 
26B may be substantially similar to the video decoder 26A 
of FIG. 4. However, video decoder 26B further includes a 
Smoothed motion compensation module 52 that combines 
interpolation filtering associated with regular motion com 
pensation and additional Smoothing. When control module 
46 generates a filter mode decision indicating the first filter 
mode, motion compensation module 30 selects motion com 
pensation unit 42 to generate the predictive block without 
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additional filtering. In this case, motion compensation unit 
42 performs regular motion compensation, which may 
include interpolation filtering for motion vectors with frac 
tional pixel precision. When control module 46 generates a 
filter mode decision indicating the second filter mode, how 
ever, motion compensation module 30 selects Smoothed 
motion compensation filter 52. Hence, control module 46 
selects whether a regular or smoothed prediction block 
should be used. 
0077. In effect, smoothed motion compensation filter 52 
may combine the features of motion compensation unit 42 
and a Smoothing filter. In this manner, in the second filter 
mode, Smoothing may be applied in combination with 
interpolation filtering, rather than in a cascade. With a single 
filter module, instead of two or more filter modules, pro 
cessing complexity may be reduced. To obtain video at 
fractional pixel locations, motion compensation unit 42 may 
include the functionality of an interpolation filter. When an 
additional filter, Such as a smoothing filter, is applied, it may 
be combined with the interpolation filter in motion compen 
sation unit 42 to form Smoothed motion compensation filter 
48, and thereby reduce system complexity. Smoothed 
motion compensation module 52 combines the functionality 
of motion compensation unit 42 and a smoothing filter based 
on multiple assumptions and approximations, which will be 
described below. 

0078. An alternative way to view this combination of 
interpolation filter and Smoothing filter is that motion com 
pensation module 30 invokes a different, modified filter, i.e., 
smoothed motion compensation filter 52, in the second filter 
mode when a smoothed prediction block is to be produced. 
In other words, the cascade of a smoothing filter S with 
motion compensation MC to produce S(MC(reference block 
(s), motion vector(s)) is replaced with a combined filter 
MC"(reference block(s), motion vector(s)) that is the math 
ematical approximation of S(MC()). 
0079. This mathematical approximation may be embod 
ied in smoothed motion compensation filter 52 for applica 
tion in the second filter mode when Smoothing is desired. An 
example of how to form the filters used in MC" of smoothed 
motion compensation filter 52 may be derived from the 
framework of the scalable video coding (SVC) extension to 
H.264/AVC. The approach of performing additional filtering 
on the motion compensated prediction may be referred to as 
adaptive motion compensation in this disclosure. In some 
cases, the filter mode signal may be the smoothedPred flag 
specified in the H.264/AVC standard. In particular, control 
module 46 may interpret the status of the smoothedPred flag 
as an indication of the filter mode decision. 

0080 FIGS. 6-8 illustrate a context for derivation of an 
example smoothed motion compensation filter 52. However, 
the techniques should not be limited to this exemplary 
derivation and may be applied to the general framework 
discussed above. Smoothed motion filter 52 may be sub 
stantially similar to smoothed motion filter 52 discussed 
below in reference to FIG. 6. 
I0081 FIG. 6 is a block diagram illustrating another 
exemplary video decoder 26C. In FIG. 6, video decoder 26C 
may be configured to support Scalable video coding (SVC). 
As an example, video decoder 26C may be compliant with 
the SVC extension of the H.264/MPEG-4 Part 10 AVC 
standard. Video decoder 26C may be substantially similar to 
the video decoder 26B of FIG. 5, but be further configured 
to support SVC. As in the example of FIG. 5, the filter mode 
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signal in the example of FIG. 6 may be the smoothedPred 
flag specified in the H.264/MPEG-4 Part 10 AVC standard. 
In this example, control module 46 may interpret the status 
of the smoothedPred flag as an indication of the filter mode 
decision. In the example of FIG. 6, video decoder 26C 
further includes the functionality of a switch 54 that may 
receive as an input a ResPred flag according to the SVC 
extension to AVC/H.264, as described in more detail below. 
I0082. The Joint Video Team (JVT), which consists of 
video coding experts from ISO/IEC MPEG and ITU-T 
VCEG, is currently working on the SVC extension to 
H.264/AVC. The common software, called JSVM (Joint 
Scalable Video Model), is being used by the participants. 
JSVM supports combined scalability. A bitstream may have 
SNR scalability, Fine Granularity Scalability (FGS), spatial 
scalability, and temporal scalability. Spatial scalability 
allows video decoder 26C to reconstruct and display a video 
signal of higher spatial resolution, e.g., common intermedi 
ate format (CIF) instead of quarter common intermediate 
format (QCIF), by decoding enhancement layer bitstreams 
from an SVC bitstream. 
0083 SVC supports a number of inter-layer prediction 
techniques to improve coding performance. For example, 
when coding an enhancement layer macroblock, the corre 
sponding macroblock mode, motion information, and 
residual signals from the base or previous layer may be used. 
In particular, a BLSkip flag may be added as the macroblock 
(MB) level syntax element. If the current MB is an inter MB 
and the BLSkip flag is set to 1, then the enhancement layer 
MB will inherit MB mode, motion vectors, and reference 
picture indices from the corresponding base or previous 
layer MB. 
0084. When spatial scalability is used, the enhancement 
layer represents a video signal of higher spatial resolution 
than that of the base or previous layer bitstream. In this case, 
the base or previous layer MB information is upsampled 
before it is used in inter-layer prediction. As an example, 
when the spatial scalability factor is 2:1 (dyadic spatial 
scalability), the base or previous layer MB information is 
upsampled by a factor of 2 in each dimension. If the base or 
previous layer MB has MODE 8x8 (inter predicted mac 
roblock with four 8x8 blocks), then the upsampled video 
signal will have four macroblocks with MODE 16x16 at 
corresponding locations. 
0085. Another inter-layer prediction method, residual 
prediction, is also supported in SVC. Some 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 is indicated using a one-bit flag ResPred. Like BLskip, 
ResPred is also coded as a macroblock level syntax element. 
If ResPred=1, then the enhancement layer residual is coded 
after subtracting from it the base or previous layer residual 
block. 

I0086. Therefore, to properly decode the enhancement 
layers, video decoder 26C may add the base or previous 
layer residual blocks to the enhancement layer. With refer 
ence to FIG. 6, for example, if ResPred=1, switch 54 
provides the base or previous layer residual (“base layer 
residual' in FIG. 6) to the summer S1 that sums the 
enhancement layer residual (“residual' in FIG. 6) and pre 
diction block (“prediction' in FIG. 6). In contrast to the SVC 
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context, FIG. 5 shows similar techniques but does not 
include the representation of switch 58 to provide the base 
layer residual to this summer. Similar to switch 50 of FIG. 
4, however, switch 54 is for purposes of illustration only and 
the selection of whether to provide the base layer residual 
may be a software function and need not be realized by an 
actual Switch. 
I0087. If spatial scalability is used, then the base or 
previous layer residual signal is upsampled before being 
used in inter-layer prediction. In the case of dyadic spatial 
scalability, SVC uses the bilinear filter to upsample the 
residual signal. More details on inter layer prediction used in 
SVC may be found, e.g., in Thomas Wiegand, Gary Sulli 
van, Julien Reichel, Heiko Schwarz, and Mathias Wien, 
“Joint Draft 7 of SVC Amendment (revision 2).” JVT 
T201r2, July 2006, Klagenfurt, Austria (JD7). 
I0088 Based on residual prediction, a technique called 
Smoothed Reference (SR) may be applied in a video 
decoder to further improve coding performance for spatial 
scalability. An example of the SR technique is described in 
Woo-Jin Han “Modified IntraBL design using smoothed 
reference.” JVT-R091r1, January 2006, Bangkok, Thailand. 
Video coding techniques that Support adaptive filtering of 
motion compensated prediction blocks, as described in this 
disclosure, may achieve coding gain similar to the SR 
technique but with significantly lower complexity. For con 
text, an example SR technique is described below in con 
junction with FIG. 7, which is a diagram illustrating appli 
cation of a smoothed reference (SR) process in SVC 
enhancement layer coding. 
I0089. Derivation of an example implementation of 
Smoothed motion compensation filter 52, in accordance with 
certain aspects of this disclosure, will now be described with 
reference to the H.264/MPEG-4 Part 10 AVC standard. First, 
the following equation (1) describes, in part, the Smoothed 
Reference operation of the SVC extension to the H.264/ 
MPEG-4 Part 10 AVC standard as: 

where O represents the original block in the current coding 
layer, S represents the application of the smoothing filter, P 
represents the predictive block, U represents the upsam 
pling operation between the current layer and the base or 
previous layer, and R, represents the reconstructed residual 
block. In accordance with this disclosure, equation (1) may 
be simplified as follows by typical mathematical operations, 
yielding the following equation (2): 

Equation (2) may be further simplified to equation (3) below 
by noting that the effects of Smoothing the upsampled 
reconstructed residual block, or the S(U(R)) part of equa 
tion (2), often yields minor if any improvements in visual 
quality. It has been observed experimentally that the perfor 
mance gain from the SR process may be retained by Smooth 
ing only the prediction signal P. Thus, based on the assump 
tion that S(U(R)) can be adequately represented as 
U(R), the following equation (3) results: 

According to equation (3) above, Smoothed reference in 
SVC may be considered a special case of the more general 
framework shown in the exemplary aspect of video decoder 
26A of FIG. 4. Contrary to the SR technique of applying 
cascaded motion compensation MC() and Smoothing S(), 
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Smooth motion compensation filter 52 may be configured to 
Support a modified motion compensation MC"( ), herein 
referred to as Smoothed motion compensation. 
0090 FIG. 7 is a diagram illustrating exemplary appli 
cation of a smoothed reference (SR) process in SVC 
enhancement layer coding. More particularly, FIG. 7 shows 
a motion compensation process in a video decoder involving 
a forward reference frame 51A, current frame 51B and 
backward reference frame 51C in an enhancement layer 
(Layer N) and a forward reference frame 53A, current frame 
53B and backward reference frame 53C in a base or previous 
layer (Layer N-1). FIG. 7 illustrates bi-directional predic 
tion. However, prediction in one direction may be used. 
0091 First, when both the ResPred and BLskip flags are 
set for a given MB 55B in the enhancement layer, an 
additional flag SmoothedRef is sent by encoder 20. When 
SmoothedRef=1, the possibly upsampled motion vectors 
U(MVb) from the corresponding macroblock 57B in the 
base or previous layer (Layer N-1) are used to code the 
current video block 55B in the enhancement layer (Layer N), 
where U() is the upsampling operation on motion vectors. 
This step is indicated as “motion reuse” 59A, 59B in the 
diagram of FIG. 7. If the resolution of the enhancement layer 
is the same as that of the base layer, then U(MVb)=MVb. 
Alternatively, the upsampling operation U() is needed to 
upsample from the spatial resolution of the base layer (or 
previous layer) to the resolution of the applicable enhance 
ment layer. 
0092 Second, a prediction block (P) 61 is generated 
through motion compensation with regular motion compen 
sation filtering 68 using the motion vectors derived in the 
motion reuse operation 59A, 59B. Third, the corresponding 
reconstructed residual block 57B (Rb) from the base or 
previous layer (Layer N-1) is upsampled to obtain U(R), 
where U() is the upsampling operation on the residual. 
Reconstructed residual block 57B is obtained from motion 
vectors pointing to corresponding blocks 57A, 57C in the 
reference frames 53A, 53C in the base or previous layer 
N-1. If spatial scalability is not used, then the U(r)=r. 
Upsampled block U(R) is added to the prediction block 61 
(P). This addition occurs because the ResPred flag is set, 
thereby causing a switch, such as switch 54 of FIG. 6, to 
provide the base layer residual, which in this instance is 
upsampled block U.(R), to a Summer S1. 
0093. Fourth, a smoothing filter 63 (S) is applied to the 
block P+U(R) to obtain a smoothed block 65 (S(P+U 
(R))). As an example, a 3-tap low-pass filter with coeffi 
cients 1.2.1 may be used as the smoothing filter 63. A 
macroblock (MB) is filtered in the horizontal direction first 
and then in the vertical direction. Fifth, the prediction 
residual difference O-S(P+U(R)), where O is the original 
block in the current layer (Layer N), is the prediction 
residual and is coded in typical steps such as transform, 
quantization and entropy coding 67. An SR process, as in 
SVC, may entail high complexity. SR adds one additional 
filtering operation, e.g., Smoothing filter 63, on top of any 
fractional pixel interpolation filters used in motion compen 
sation, presenting very high computational complexity. 
0094 For different prediction blocks, given different 
amounts and types of noise, application of additional 
Smoothing filtering is not always necessary. In accordance 
with various aspects of this disclosure, it is possible to 
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adaptively decide whether a regular or filtered (smoothed) 
prediction block should be used. Use of a regular prediction 
block may involve application of motion compensation 
according to a first filter mode. The first filter mode may 
involve application of an interpolation filter if a pertinent 
motion vector specifies fractional pixel values. Smoothing 
of the prediction block may involve application of an 
additional filter according to a second filter mode. As 
described in this disclosure, selection of the first or second 
filter mode may be based on a filter mode decision. By 
selectively applying either the first or second filter mode, 
computational complexity may be reduced for some blocks. 
0.095 FIG. 8 is a diagram illustrating exemplary appli 
cation of a smoothed reference (SR) process using adaptive 
motion compensation in SVC enhancement layer coding. 
More particularly, FIG. 8 shows another motion compensa 
tion process in a video decoder involving a forward refer 
ence frame 51A, current frame 51B and backward reference 
frame 51C in an enhancement layer (Layer N) and a forward 
reference frame 53A, current frame 53B and backward 
reference frame 53C in a base or previous layer (Layer N-1). 
FIG. 8 illustrates bi-directional prediction. However, pre 
diction in one direction may be used. The motion compen 
sation process shown in FIG.8 may be substantially similar 
to the motion compensation process shown in FIG. 7. In 
FIG. 8, however, the motion compensation process com 
prises adaptive motion compensation (MC) filtering 69, 
which replaces regular motion compensation filtering 68 and 
smoothing filter 63 of FIG. 7. 
0096. As described above, adaptive motion compensa 
tion filtering 69 may apply a different filter that represents a 
combination of two filters, e.g., an interpolation filter and a 
smoothing filter. The different filter provided by adaptive 
motion compensation filtering 69 may be used, for example, 
as Smoothed motion compensation filter 52 in the example 
of FIG. 5 or FIG. 6. Mathematically, in the example of FIG. 
8, the cascade of a smoothing filter 63 with regular motion 
compensation filtering 68 to produce S(MC(reference block 
(s), motion vector(s)) is replaced with a combined filter MC 
(reference block(s), motion vector(s)) or advanced motion 
compensation filtering 69 that is the mathematical approxi 
mation of S(MC()), or cascaded regular motion compensa 
tion filtering 68 and smoothing filter 63. By combining 
application of these two filters, the complexity of a video 
decoder may be reduced, while still possibly generating a 
prediction video block 61 of equal or higher visual quality 
than the same prediction visual block 61 generated above in 
reference to FIG. 7. 

0097 Adaptive motion compensation filtering 69, which 
applies Smoothed motion compensation filter 52, may fur 
ther be described through consideration of an example case, 
dyadic spatial scalability. In dyadic spatial scalability, /4- 
pixel motion vectors in the base or any previous layers are 
upsampled to become /2-pixel motion vectors in the 
enhancement layer. For /2-pixel precision motion vectors, a 
6-tap filter is used in H.264/MPEG-4 Part 10 AVC and SVC 
motion compensation process MC(). 
0.098 FIG. 9 is a diagram of an example of a one 
dimensional, six-tap filter for luma /2-pixel interpolation. In 
FIG. 9, the gray boxes represent integer pixel locations, the 
blackboxes represent /2 pixel locations, and the white boxes 
represent 4 pixel locations. To interpolate the /2-pixel 
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locations denoted by a, b, and c, the following equations (4) 
may be used: 

where A, B, C, D, E, F, G, and H represent integer pixel 
locations. 
0099. By assuming that a slightly different smoothing 

filter with coefficients 1, 4, 1 is used in place of the 
conventional 1, 2, 1 filter defined in the SVC extension, the 
equation for center '/2-pixel location, or b, reduces to the 
following equation (5): 

b' = (a + 4: b + c +3)f 6 = (5) 

(A - B+ C+95: D +95: E + F - G+ H+16+96)f 192 as 

(D - E + 1) >> 1 

In the above equation (5) and below equations (6) and (7), 
rounding offsets are omitted to simplify the discussion 
without loss of generality. In actual implementation, a 
rounding offset can be used before the division is performed 
in each of equations (5)-(7). Equation (5) results in a 
low-complexity 2-tap filter: (D+E)/2. This 2-tap filter may 
be used in the combined smoothed motion compensation 
filter MC'( ) for /2-pixel interpolation. For integer pixel 
motion vectors, smoothed motion compensation filter MC"( 
) may apply a 3-tap 1, 2, 1 Smoothing filter to obtain the 
smoothing effect. In this way, the complexity of the filters 
used in MC"(), i.e., smoothed motion compensation filter 52. 
may be significantly less than the combined complexity of 
the normal motion compensation filter MC(), i.e., in motion 
compensation unit 42, cascaded with the additional Smooth 
ing operation, i.e., Smoothing filter 44. In Summary, 
smoothed motion compensation filter MC'( ) in smoothed 
motion compensation module 52 may be configured to 
provide the following filter functions: 
0100 (1) if both components (vertical and horizontal) of 
the base motion vector (after upsampling) have integer 
precision, then a smoothing filter is applied in Vertical and 
horizontal directions; 
0101 (2) if one component of the base motion vector has 
integer precision and the other has fractional (e.g., "/2) pixel 
precision, then the interpolation with a 2-tap filter, such as 
abilinear filter, is carried out on the /2 pixel component first, 
in conjunction with the application of the Smoothing filter to 
the other component in the other dimension; and 
0102 (3) if both components of the base motion vector 
have fractional pixel precision, then the interpolation with 
the 2-tap filter is performed in both dimensions, i.e., vertical 
and horizontal. 
0103 SVC may also support extended spatial scalability 
(ESS), where the scaling factor between base and enhance 
ment layer video dimensions may be arbitrary. For ESS, the 
base or previous layer motion vectors are upsampled by the 
Scaling factor and rounded to the nearest /4-pixel locations. 
For motion vectors with /4-pixel precisions, the bilinear 
filter may be used in interpolation. Similar to equation (5) 
above, the combination of the bilinear filter in MC() and the 
Smoothing filter in S() may be roughly approximated by a 
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weighted average filter in MC"(), according to equation (6) 
below. As the smoothing filter may be combined with the 
bilinear filter in /2-pixel interpolation, so can the Smoothing 
filter be combined with the bilinear filter in 4-pixel inter 
polation, yielding a weighted average filter in MC'() defined 
in the following equation (6): 

e' = (d+ 4: e+f +3)/6 = (6) 

(223: D + 127: E + 33: C+ F - B - G + A + H+ 192)f 384 as 

(7: D + 4: E + C+6)f 12 s (2 : D + E +3)f 6 

where e' represents the 4-pixel location to be approximated 
and d, e, and f represent 4 pixel locations. Again, the 
cascaded filtering operations can be approximated by inter 
polation with a 2-tap filter. Although this weighted average 
filter may improve visual quality, this improvement may not 
warrant the added complexity introduced by a weighted 
average filter. Accordingly, in Some cases, Smoothed motion 
compensation module 52 may not implement this weighted 
average filter. Instead, Smoothed motion compensation mod 
ule 52 may implement a 2-tap filter with lower implemen 
tation complexity, such as a bilinear filter defined by the 
following equation (7): 

In this case, the 2-tap filter used for interpolating at a partial 
pixel location becomes a bilinear filter for both /2-pixel 
locations and /4-pixel locations in the case of ESS. Note that 
the above example of spatial scalability in SVC serves only 
as an example to illustrate the filters that may be used in the 
combined MC'() of smoothed compensation module 52, as 
shown in FIGS. 5 and 6, and is not intended to limit the 
Scope of this disclosure. The concept of a locally adaptive 
motion compensation filter and the filter with the special 
characteristics discussed above may be applied to general 
single-layer or multiple-layer video coding systems. 
0104 FIG. 10 is a block diagram illustrating another 
exemplary aspect of video decoder 26D configured to Sup 
port application of different filters in the vertical and hori 
Zontal dimensions of a prediction block to accommodate 
motion vectors components with integer or fractional pixel 
precision. In FIG. 10, video decoder 26D substantially 
conforms to video decoder 26C in the example of FIG. 6, but 
further illustrates the application of different filter functions 
for integer and fractional pixel precision motion vectors, 
e.g., in the vertical and horizontal dimensions. In the 
example of FIG. 10, video decoder 26D implements adap 
tive motion compensation by adaptively applying different 
filter functions in the horizontal and vertical dimension of 
the predictive blocks when motion vectors in one dimension 
point to integer pixel positions and motion vectors in the 
other dimension point to fractional pixel positions. For 
example, the combined filter implemented by smoothed 
motion compensation filter 52 may, in effect, apply a 
Smoothing filter for motion vector components having inte 
ger pixel precision, and an interpolation filter, Such as a 2-tap 
filter, which may be a bilinear filter, for motion vector 
components having fractional pixel precision. Hence, FIG. 
10 further illustrates the operation of smoothed motion 
compensation filter 52, e.g., as described with respect to 
smoothed motion compensation filter MC"() above. 
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0105 Similar to video decoder 26C shown in FIG. 6, 
video decoder 26D of FIG. 10 comprises motion compen 
sation module 30, entropy decoding module 32, an inverse 
quantization module 34, an inverse transform module 36, a 
deblocking filter 38, a reference frame store 40, motion 
compensation unit 42, and switch 54. As described above, if 
decoder 26D is used in decoding an SVC video stream and 
both the residual prediction mode is used and the additional 
filtering is indicated, the base layer (or previous layer) 
residual, with proper upsampling if the base layer has a 
different resolution from that of the enhancement layer, may 
be added to the reconstructed residual at the current layer 
and the prediction to obtain the reconstructed video. In these 
embodiments, video decoder 26D may include the function 
ality of a switch 54 to provide the base layer residual for 
Summation with the enhancement layer residual and predic 
tion blocks in accordance with the SVC extension of H.264/ 
MPEG 4 Part 1.O. 

0106. In addition, in the example of FIG. 10, motion 
compensation module 30 includes a Smoothed motion com 
pensation filter 52. In the example of FIG. 10, Smoothed 
motion compensation filter 52 further includes a smoothing 
filter 56 and a 2-tap filter 58, where 2-tap filter 58 may 
comprise abilinear filter. Smoothing filter 56 may be formed 
by a 3-tap filter. 
0107 Control unit 46 generates a filter mode decision 
based on the filter mode signal obtained from the encoded 
Video bitstream. The filter mode decision may change on a 
block-by-block basis to apply regular motion compensation 
via motion compensation unit 42 or motion compensation 
plus additional filtering represented by smoothing filter 56 or 
2-tap filter 58 via smoothed motion compensation filter 52. 
In particular, for the second filtering mode, control module 
46 adaptively applies one or both of additional filters 56, 58 
via smoothed motion compensation filter 52 when the filter 
mode signal in the encoded video bitstream indicates that 
additional filtering should be applied or, in some alternative 
implementations, when control module 46 infers from 
analysis of the received video that additional filtering should 
be applied. Smoothed motion compensation filter 52 applies 
smoothing filter 56 and 2-tap filter 58, such as a bilinear 
filter, in appropriate dimensions of predicted blocks when 
the second filter mode is selected. 
0108. Application of smoothing filter 56 and 2-tap filter 
58 in the second filtering mode depends on the motion vector 
associated with a predicted block. For example, if a motion 
vector points to fractional pixel locations in the horizontal 
dimension of a reference frame stored in reference frame 
store 40, and the second filter mode is selected, smoothed 
motion compensation filter 52 applies a 2-tap filter 58, e.g., 
a bilinear filter, as a horizontal filter in the horizontal 
dimension of the predictive block. If the motion vector 
points to integer pixel locations in the horizontal dimension 
of the reference frame, however, and the second filter mode 
is selected, Smoothed motion compensation filter 52 applies 
a smoothing filter 56, e.g., a 3-tap filter, as a horizontal filter 
in the horizontal dimension of the predictive block. 
0109 If the motion vector also points to fractional pixel 
locations in the vertical dimension of the reference frame, 
and the second filter mode is selected, Smoothed motion 
compensation filter 52 applies a 2-tap filter 58, e.g., the 
bilinear filter, as a vertical filter in the vertical dimension of 
the predictive block. Further, if the motion vector points to 
integer pixel locations in the vertical dimension of the 
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reference frame, and the second filter mode is selected, 
Smoothed motion compensation filter 52 applies Smoothing 
filter 56 as a vertical filter in the vertical dimension to the 
predictive block. Hence, Smoothed motion compensation 
filter 52 may apply a 2-tap filter 58, such as a bilinear filter, 
in the horizontal dimension and a smoothing filter, Such as 
a low pass filter, in the vertical dimension, a smoothing filter 
56, such as a low pass filter, in the horizontal dimension and 
a 2-tap filter, such as a bilinear filter, in the vertical dimen 
sion, 2-tap filters such as bilinear filters in both the hori 
Zontal and vertical dimensions, or Smoothing filters, such as 
3-tap low pass filters, in both the horizontal and vertical 
dimensions. 

0110. In this way, in the second filter mode, video 
decoder 26D may adaptively apply different filters in the 
horizontal and vertical dimensions of a predictive block 
based on whether the motion vectors point to fractional or 
integer pixel locations. In the first filter mode, motion 
compensation unit 42 applies regular motion compensation 
without additional filtering. Regular motion compensation in 
the first filter mode may include interpolation filtering in 
Some cases, e.g., for fractional precision motion vector 
components. In the second filtering mode, because addi 
tional filtering may be achieved by adaptively using 
smoothed motion compensation filter 52 in different dimen 
sions at the block-level and tailored to specific instances, 
video decoder 26D of FIG. 10 may provide improved coding 
efficiency and processing efficiency over conventional video 
decoders. 

0111. In summary, for the second filtering mode, if both 
components (vertical and horizontal) of the motion vector 
have integer precision, then Smoothed motion compensation 
filter 52 applies smoothing filter 56 in both the vertical and 
horizontal dimensions. If one component of a base motion 
vector has integer precision and the other has fractional pixel 
precision, then Smoothed motion compensation filter 52 
applies 2-tap filter 58 for the fractional pixel component in 
one dimension, and smoothing filter 56 is applied for the 
other integer pixel component in the other dimension. If both 
components of the motion vector have fractional pixel 
precision, then Smoothed motion compensation filter 52 
applies 2-tap filter 58 in both dimensions, i.e., vertical and 
horizontal. Hence, horizontal filtering may comprise one of 
a 2-tap filter 58 or a smoothing filter 56, and vertical filtering 
may comprise one of a 2-tap filter or a smoothing filter, 
according to whether a pertinent motion vector component 
in the horizontal or vertical dimension has fractional or 
integer pixel precision. Horizontal filtering may be applied 
before application of vertical filtering, or vice versa. 
0112 FIG. 11 is a flow diagram illustrating exemplary 
operation of the video decoder 26A of FIG. 4 in performing 
adaptive motion compensation at the block level of inter 
coded frames. As shown in FIG. 11, video decoder 26A 
receives encoded digital video (70), e.g., via channel 16, and 
performs motion compensation to form predicted blocks 
(72). Motion compensation in a first filter mode may involve 
selection of corresponding blocks in one or more reference 
frames using motion vectors received with the digital video, 
and interpolation filtering if the motion vectors point to 
fractional pixel locations. Additional filtering, such as 
Smoothing via Smoothing filter 44 to remove quantization 
noise or other artifacts, may be applied to a predicted block 
on an adaptive basis in a second filter mode, along with 
regular motion compensation. The additional filtering may 
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be achieved by applying an additional filter after a regular 
motion compensation filter, or by applying a different filter 
that combines both regular motion compensation and addi 
tional filtering, such as Smoothing. In the example of FIG. 4. 
however, the additional filtering is achieved by applying 
Smoothing filter 44 in conjunction with motion compensa 
tion unit 42, e.g., on a cascaded basis. 
0113. As described above, motion compensation module 
30 may adaptively apply either a first filter mode or a second 
filter mode based on a filter mode signal provided with the 
encoded digital video. In some cases, the filter mode signal 
may be an encoded signal Such as, for example, a smoothed 
reference flag as specified in Joint Draft 7 (JD7). In this 
manner, video decoder 26A may make a filter mode decision 
as directed by video encoder 20. Alternatively, video 
decoder 26 may analyze characteristics of the encoded 
digital video to determine whether the additional filtering 
mode should be applied. 
0114. The first filter mode may involve regular motion 
compensation, e.g., with any necessary interpolation filters, 
while the second filter mode involves regular motion com 
pensation plus additional filtering, such as Smoothing. As 
examples, interpolation may be applied using a 2-tap filter, 
and Smoothing may be applied by using a 3-tap filter. If the 
second filter mode is indicated (74), motion compensation 
module 30 applies the additional filter to the predicted block 
(76). Notably, the filter mode decision may be made on a 
block-by-block basis, where the term “block” may refer to 
a macroblock or smaller block, Such as a Subblock. Alter 
natively, the filter mode decision may be made at the frame 
or slice-level, and applied to all blocks within a given frame 
or slice, as applicable. If the second filter mode is not 
indicated (74), the additional filtering is not applied, thereby 
saving processing complexity for some blocks in the case of 
block-by-block adaptive motion compensation. 
0115. After either regular motion compensation (72) or 
motion compensation plus additional filtering (76), video 
decoder 26A sums the predicted block with residual data 
provided in the encoded digital video (78) and forms a 
decoded block based on the sum (80). In instances where the 
video decoder conforms to the SVC extension of H.264/ 
AVC, e.g., Such as a video decoder similar to video decoder 
26C of FIG. 6 or video decoder 26D of FIG. 10, the video 
decoder may further include the functionality of a switch 54 
that provides the base layer residual for Summation (e.g., as 
indicated by S1). In this case, motion compensation is 
applied to blocks in an enhancement layer of an SVC frame. 
Video decoder 26C, in these instances, may sum the base 
layer residual with the predicted block and the residual data 
provided in the encoded digital video (78) to form a decoded 
block based on the sum (80). In either instance, the sum may 
be processed by a deblocking filter 38 to remove blocking 
artifacts. The decoded blocks may be used to form a video 
frame to drive display device 28, and may be added to a 
reference frame store to form reference frames for decoding 
of Subsequent frames. By applying additional filtering at the 
block-level, the decoded digital video may exhibit enhanced 
coding efficiency. By applying the additional filtering on an 
adaptive basis rather than full-time, however, video decoder 
26C may achieve significant performance gains without 
excessive processing complexity. 
0116 FIG. 12 is a flow diagram illustrating exemplary 
operation of the video decoder 26B of FIG. 5 in performing 
Smoothing and motion compensation using a combined 
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Smoothed motion compensation unit. The process shown in 
FIG. 12 may be adapted for application to SVC coding. As 
shown in FIG. 12, upon receiving digital video (82) via 
channel 16, a video encoder 26B (FIG. 5) or video decoder 
26C (FIG. 6) determines whether a second filter mode is 
indicated (84). Again, the second filter mode may be indi 
cated by a filter mode signal included in the encoded video 
bitstream. The second filter mode may be indicated on a 
frame-, slice-, macroblock- or Subblock-basis. Alternatively, 
video decoder 26B may be configured to determine whether 
the second filter mode should be applied based on analysis 
of one or more characteristics of the digital video. 
0117 If the second filter mode is indicated (84), motion 
compensation module 30 performs a combined Smoothing 
and regular motion compensation, i.e., Smoothed motion 
compensation, to form a predicted block (86). Smoothed 
motion compensation may be performed via Smoothed 
motion compensation filter 52 (FIG. 5 or 6) of motion 
compensation module 30 in FIG. 5. If the second filter mode 
is not indicated (84), motion compensation module 30 
performs regular motion compensation to form the predicted 
block (88), e.g., via motion compensation unit 42 of motion 
compensation module 30, without additional filtering. Video 
decoder 26B of 26C then sums the predicted block with 
residual data (90) and forms a decoded block based on the 
sum (92). 
0118 Again, in instances where the video decoder con 
forms to the SVC extension of H.264/AVC, e.g., similar to 
video decoder 26C of FIG. 6 or video decoder 26D of FIG. 
10, the video decoder may further include the functionality 
of a switch 54 that provides the base layer residual for 
Summation. In this case, motion compensation is applied to 
blocks in an enhancement layer of an SVC frame. The video 
decoder, in these instances, may sum the base layer residual 
with the predicted block and the residual data provided in the 
encoded digital video (90) to form a decoded block based on 
the sum (92). In either instance, the sum may be processed 
by a deblocking filter 38 to remove blocking artifacts. The 
decoded blocks may be used to form a video frame to drive 
display device 28, and may be added to a reference frame 
store to form reference frames for decoding of Subsequent 
frames. 

0119 FIG. 12 illustrates the use of a combined smoothed 
motion compensation unit 52 that combines Smoothing with 
regular motion compensation in a single filter module, 
instead of applying regular motion compensation and 
Smoothing as separate filtering operations in a cascaded 
manner. In this way, in the example of FIG. 12, by com 
bining regular motion compensation and Smoothing, pro 
cessing complexity can be reduced. This process may con 
tinue over the blocks in each frame, and over the multiple 
frames and slices associated with a video sequence. Again, 
the filter mode decision of whether to apply smoothed 
motion compensation unit 52 or regular motion compensa 
tion unit 42 may be determined on a frame-by-frame, 
slice-by-slice, macroblock-by-macroblock, or block-by 
block basis. 
I0120 FIG. 13 is a flow diagram illustrating exemplary 
operation of the video decoder 26D of FIG. 10 in performing 
adaptive motion compensation with different filters in the 
vertical and horizontal dimensions. In the example of FIG. 
13, video decoder 26D applies an adaptive filter mode, 
similar to FIG. 12. In particular, motion compensation 
module 30 may apply regular motion compensation unit 42 
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in a first filter mode. In a second filter mode, motion 
compensation module 30 may apply a smoothed motion 
compensation filter 52, which combines regular motion 
compensation and additional filtering, Such as Smoothing. 
As shown in FIG. 10, however, application of smoothed 
motion compensation filter 52 may further involve applica 
tion of different filters 56, 58 in the horizontal and vertical 
dimensions. Upon receiving digital video (94), video 
decoder 26 determines whether a second filter mode is 
indicated (96). If the second filter mode is not indicated, 
motion compensation module 30 applies regular motion 
compensation (98), e.g., via motion compensation unit 42 
(FIG. 10). If the second filter mode is indicated (96), motion 
compensation module 30 may apply smoothed motion com 
pensation filter 52, in effect providing both regular motion 
compensation and additional filtering. 
0121 The additional filtering may be provided by a 
Smoothing filter Such as a 3-tap filter applied by Smoothed 
motion compensation unit 52 in a dimension in which the 
pertinent motion vector points to an integer pixel location 
(100), i.e., in the integer dimension. In addition, smoothed 
motion compensation unit 52 may apply an interpolation 
filter, e.g., a 2-tap filter such as a bilinear filter, in a 
dimension of the prediction block in which the pertinent 
motion vector points to a fractional pixel location (102), i.e., 
a fractional dimension. Hence, Smoothed motion compen 
sation unit 52 may apply different filters in different dimen 
sions when the second filter mode is indicated. If the second 
filter mode is not indicated (96), the regular motion com 
pensation is applied instead (98). 
0122. In either case, the video decoder sums the predicted 
block with applicable residual data (104) and forms a 
decoded block based on the sum (106). As discussed pre 
viously, in instances where the video decoder conforms to 
the SVC extension of H.264/AVC, e.g., similar to video 
decoder 26D of FIG. 10, video decoder 26D further may 
include the functionality of a switch 54 that provides the 
base layer residual for Summation. In this case, motion 
compensation is applied to blocks in an enhancement layer 
of an SVC frame. Video decoder 26D, in these instances, 
may sum the base layer residual with the predicted block and 
the residual data provided in the encoded digital video (104) 
to form a decoded block based on the sum (106). In either 
instance, the sum may be processed by a deblocking filter 38 
to remove blocking artifacts. The decoded blocks may be 
used to form a video frame to drive display device 28, and 
may be added to a reference frame store to form reference 
frames for decoding of Subsequent frames. As described 
above, smoothed motion compensation filter 52 effectively 
applies both motion compensation and Smoothing opera 
tions, thus reducing the complexity relative to independent 
application of each operation in a cascaded manner. In 
addition, Smooth motion compensation filter 52 is config 
ured to adaptively apply different filters in the horizontal and 
vertical dimensions depending on the applicable motion 
Vector. 

0123. Any device described in this disclosure may rep 
resent various types of devices, such as a wireless phone, a 
cellular phone, a laptop computer, a wireless multimedia 
device, a wireless communication personal computer (PC) 
card, a personal digital assistant (PDA), an external or 
internal modem, a gaming device, or any device that com 
municates through a wireless or wired channel. Such a 
device may have various names, such as access terminal 
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(AT), access unit, Subscriber unit, mobile station, mobile 
device, mobile unit, mobile phone, mobile, remote station, 
remote terminal, remote unit, user device, user equipment, 
handheld device, or the like. In one aspect, a device as 
described in this disclosure may be or form part of a wireless 
communication device handset. 
0.124. The techniques described herein may be imple 
mented in hardware, Software, firmware, or any combination 
thereof. If implemented in software, the techniques may be 
realized at least in part by one or more stored or transmitted 
instructions or code on a computer-readable medium. Com 
puter-readable media may include computer storage media, 
communication media, or both, and may include any 
medium that facilitates transfer of a computer program from 
one place to another. A storage media may be any available 
media that can be accessed by a computer. 
0.125 By way of example, and not limitation, such com 
puter-readable media can comprise a data storage medium 
Such as RAM, Such as Synchronous dynamic random access 
memory (SDRAM), read-only memory (ROM), non-volatile 
random access memory (NVRAM), ROM, electrically eras 
able programmable read-only memory (EEPROM), 
EEPROM, FLASH memory, CD-ROM or other optical disk 
storage, magnetic disk storage or other magnetic storage 
devices, or any other computer-readable data storage 
medium that can be used to carry or store desired program 
code in the form of instructions or data structures and that 
can be accessed by a computer. 
0.126 Also, any connection is properly termed a com 
puter-readable medium. For example, if the software is 
transmitted from a website, server, or other remote source 
using a coaxial cable, fiber optic cable, twisted pair, digital 
subscriber line (DSL), or wireless technologies such as 
infrared, radio, and microwave, then the coaxial cable, fiber 
optic cable, twisted pair, DSL, or wireless technologies Such 
as infrared, radio, and microwave are included in the defi 
nition of medium. Disk and disc, as used herein, includes 
compact disc (CD), laser disc, optical disc, digital versatile 
disc (DVD), floppy disk and blu-ray disc where disks 
usually reproduce data magnetically, while discs reproduce 
data optically, e.g., with lasers. Combinations of the above 
should also be considered computer-readable media. 
I0127. The code associated with a computer-readable 
medium of a computer program product may be executed by 
a computer, e.g., by one or more processors, such as one or 
more digital signal processors (DSPs), general purpose 
microprocessors, application specific integrated circuits 
(ASICs), field programmable logic arrays (FPGAs), or other 
equivalent integrated or discrete logic circuitry. 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). Hence, the 
disclosure contemplates an integrated circuit device config 
ured to implement the techniques described in this disclo 
Sure. Such integrated circuit devices may have a variety of 
applications, including use within wireless communication 
device handsets. 
I0128 Various aspects of the disclosure have been 
described. These and other aspects are within the scope of 
the following claims. 

1. A method comprising: 
applying motion compensation to blocks within a video 

frame to generate prediction video blocks; and 
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adaptively adjusting the motion compensation to apply 
either a first filter mode or a second filter mode to each 
of the blocks based on a filter mode decision. 

2. The method of claim 1, further comprising applying a 
3-tap filter to the blocks for motion vectors that point to 
integer pixel locations. 

3. The method of claim 1, further comprising generating 
the filter mode decision based on one of a signal encoded in 
the video bitstream or one or more characteristics of the 
video frame. 

4. The method of claim 1, wherein the blocks comprise 
blocks in an enhancement layer of a scalable video coding 
frame. 

5. The method of claim 1, further comprising applying a 
motion compensation filter in the first filter mode, and 
applying a 3-tap filter in the second filter mode. 

6. The method of claim 5, further comprising applying the 
3-tap filter and the motion compensation filter in the second 
filter mode, wherein the motion compensation filter includes 
a 2-tap filter. 

7. The method of claim 5, further comprising, in the 
second filter mode, applying a filter that combines the 3-tap 
filter with an interpolation filter. 

8. The method of claim 7, wherein the interpolation filter 
includes a 2-tap filter, the method further comprising, in the 
second filter mode, applying the 3-tap filter in one of a 
horizontal dimension and a vertical dimension, and applying 
the 2-tap filter in another of the horizontal and vertical 
dimensions. 

9. The method of claim 7, wherein the interpolation filter 
includes a 2-tap filter, the method further comprising, in the 
second filter mode: 

applying the 3-tap filter in the horizontal dimension and 
applying the 2-tap filter in the vertical dimension when 
a motion vector points to an integer pixel location in the 
horizontal dimension and to a fractional pixel location 
in the vertical dimension; and 

applying the 3-tap filter in the vertical dimension and 
applying the 2-tap filter in the horizontal dimension 
when a motion vector points to an integer pixel location 
in the vertical dimension and to a fractional pixel 
location in the horizontal dimension. 

10. The method of claim 1, further comprising adaptively 
adjusting the motion compensation on one of a block-by 
block, macroblock-by-macroblock, slice-by-slice, or frame 
by-frame basis. 

11. A video coding device comprising: 
a motion compensation module that applies motion com 

pensation to blocks within a video frame to generate 
prediction video blocks; and 

a control module that adaptively adjusts the motion com 
pensation to apply either a first filter mode or a second 
filter mode to each of the blocks based on a filter mode 
decision. 

12. The device of claim 11, wherein the control module 
applies a 3-tap filter to the blocks for motion vectors that 
point to integer pixel locations. 

13. The device of claim 11, wherein the control module 
generates the filter mode decision based on one of a signal 
encoded in the video bitstream or one or more characteristics 
of the video frame. 
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14. The device of claim 11, wherein the blocks comprise 
blocks in an enhancement layer of a scalable video coding 
frame. 

15. The device of claim 11, wherein the motion compen 
sation module applies a motion compensation filter in the 
first filter mode, and applying a 3-tap filter in the second 
filter mode. 

16. The device of claim 15, wherein the motion compen 
sation module applies the 3-tap filter and the motion com 
pensation filter in the second filter mode, wherein the motion 
compensation filter includes a 2-tap filter. 

17. The device of claim 15, wherein the motion compen 
sation module, in the second filter mode, applies a filter that 
combines the 3-tap filter with an interpolation filter. 

18. The device of claim 17, wherein the interpolation filter 
includes a 2-tap filter, and wherein the motion compensation 
module, in the second filter mode, applies the 3-tap filter in 
one of a horizontal dimension and a vertical dimension, and 
applies the 2-tap filter in another of the horizontal and 
vertical dimensions. 

19. The device of claim 17, wherein the interpolation filter 
includes a 2-tap filter, and wherein the motion compensation 
module, in the second filter mode, applies the 3-tap filter in 
the horizontal dimension and the 2-tap filter in the vertical 
dimension when a motion vector points to an integer pixel 
location in the horizontal dimension and to a fractional pixel 
location in the vertical dimension, and applies the 3-tap filter 
in the vertical dimension and the 2-tap filter in the horizontal 
dimension when a motion vector points to an integer pixel 
location in the vertical dimension and to a fractional pixel 
location in the horizontal dimension. 

20. The device of claim 11, wherein the control module 
adaptively adjusts the motion compensation on one of a 
block-by-block, macroblock-by-macroblock, slice-by-slice, 
or frame-by-frame basis. 

21. The device of claim 11, wherein the device is one of 
a wireless communication device handset or an integrated 
circuit device. 

22. A video coding device comprising: 
means for applying motion compensation to blocks within 

a video frame to generate prediction video blocks; and 
means for adaptively adjusting the motion compensation 

to apply either a first filter mode or a second filter mode 
to each of the blocks based on a filter mode decision. 

23. The device of claim 22, further comprising means for 
applying a 3-tap filter to the blocks for motion vectors that 
point to integer pixel locations. 

24. A computer program product comprising a computer 
readable medium comprising instructions to cause a proces 
SOr to: 

apply motion compensation to blocks within a video 
frame to generate prediction video blocks; and 

adaptively adjust the motion compensation to apply either 
a first filter mode or a second filter mode to each of the 
blocks based on a filter mode decision. 

25. The computer program product of claim 24, further 
comprising instructions to cause the processor to apply a 
3-tap filter to the blocks for motion vectors that point to 
integer pixel locations. 
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