
ADAPTIVE ENCODER-ASSISTED FRAME RATE UP CONVERSION
CLAIM OF PRIORITY UNDER 35 U.S.C. 119 [0001] This
application claims the benefit of U.S. Provisional
Application No. 60/789,319, filed April 4, 2006, and
No. 60/795,038, filed April 25, 2006, the entire
content of which is incorporated herein by reference.
TECHNICAL FIELD [0002] This disclosure relates to
digital video encoding and decoding and, more
particularly, techniques for interpolation of video
frames. 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,
desktop computers, video game consoles, digital
cameras, digital recording devices, cellular or
satellite radio telephones, and the like. Digital
video devices can provide significant improvements
over conventional analog video systems in processing
and transmitting video sequences. [0004] Different
video encoding standards have been established for
encoding digital video sequences. The Moving Picture
Experts Group (MPEG), for example, has developed a
number of standards including MPEG-I, MPEG-2 and
MPEG-4. Other examples include the International
Telecommunication Union (ITU)-T H.263 standard, and
the ITU-T H.264 standard and its counterpart, ISO/IEC
MPEG-4, Part 10, i.e., Advanced Video Coding (AVC).
These video encoding standards support improved
transmission efficiency of video sequences by encoding
data in a compressed manner. [0005] Various video
encoding standards support video encoding techniques
that utilize similarities between successive video
frames, referred to as temporal or Interframe
correlation, to provide Inter-frame compression. The
Inter-frame compression techniques exploit data
redundancy across frames by converting pixel-based
representations of video frames to motion
representations. Frames encoded using Interframe
techniques are referred to as P ("predictive") frames
or B ("bi-directional")frames. Some frames, referred
to as I ("intra") frames, are encoded using spatial 



compression, which is non-predictive. SUMMARY [0006]
This disclosure describes adaptive video encoding and
decoding techniques for encoder-assisted frame rate
up-conversion (EA-FRUC). According to the disclosed
techniques, an encoder selectively encodes a video
frame, such as a B frame or other predictive frame, or
a region of such a video frame, such as a block, using
an interpolated FRUC frame as a reference. The encoder
interpolates the FRUC frame at the same time instance
as the yet to be encoded video frame, and selects one
of a plurality of FRUC encoding modes, e.g., based on
a rate distortion (RD) optimization decision. The
encoder then encodes at least a portion of the frame,
e.g., a block in the frame, using the selected FRUC
encoding mode, the FRUC reference frame, and any
additional reference frames that may be indicated.
[0007] A decoder interpolates the FRUC frame and uses
it to decode the encoded frame or portion thereof with
knowledge of the particular FRUC mode that was used by
the encoder. The encoder communicates the FRUC mode
via one or more existing parameters in the encoded
video frame. In this manner, the encoding mode can be
communicated to the decoder for use in decoding the
encoded video frame efficiently without consuming
substantial, additional bandwidth. Use of FRUC
reference frames and communication of FRUC encoding
modes permit the encoder and decoder to more
effectively balance coding efficiency and visual
quality. [0008] In one aspect, the disclosure provides
a digital video encoding method comprising
interpolating a frame rate up-conversion (FRUC) video
frame, encoding at least a portion of a video frame
using the FRUC frame as a reference, selecting one of
a plurality of FRUC modes for the at least a portion
of the encoded video frame, and adjusting one or more
parameters for the at least a portion of the encoded
video frame to indicate the selected FRUC mode. [0009]
In another aspect, the disclosure provides a digital
video encoding apparatus comprising an interpolation
module that interpolates a frame rate up-conversion
(FRUC) video frame, an encoding module that encodes at
least a portion of a video frame using 



the FRUC frame as a reference, a mode selection module
that selects one of a plurality of FRUC modes for the
at least a portion of the encoded video frame, and a
signalingmodule that adjusts one or more parameters
for the at least a portion of the encoded video frame
to indicate the selected FRUC mode. [0010] In an
additional aspect, the disclosure provides a processor
for encoding digital video data, the processor being
configured to interpolate a frame rate upconversion
(FRUC) video frame, encode at least a portion of a
video frame using the FRUC frame as a reference,
select one of a plurality of FRUC modes for the at
least a portion of the encoded video frame, and adjust
one or more parameters for the at least a portion of
the encoded video frame to indicate the selected FRUC
mode. [0011] In a further aspect, the disclosure
provides a digital video decoding method comprising
interpolating a frame rate up-conversion (FRUC) video
frame, selecting one of a plurality of FRUC modes to
decode at least a portion of an encoded video frame
based on one or more parameters for the at least a
portion of the encoded video frame that indicate the
selected FRUC mode, and decoding the at least a
portion of the encoded video frame according to the
selected FRUC mode using the interpolated FRUC frame
as a reference. [0012] In another aspect, the
disclosure provides a digital video decoding apparatus
comprising an interpolation module that interpolates a
frame rate up-conversion (FRUC) video frame, a mode
selection module that selects one of a plurality of
FRUC modes to decode at least a portion of an encoded
video frame based on one or more parameters for the at
least a portion of the encoded video frame that
indicate the selected FRUC mode, and a decoding module
that decodes the at least a portion of the encoded
video frame according to the selected FRUC mode using
the interpolated FRUC frame as a reference. [0013] In
another aspect, the disclosure provides a processor
for decoding digital video data, the processor being
configured to interpolate a frame rate up-conversion
(FRUC) video frame, select one of a plurality of FRUC
modes to decode at least a portion of an encoded video
frame based on one or more parameters for the at least
a portion of the encoded video frame that indicate the
selected FRUC mode, and decode the at least a portion
of the encoded video frame according to the selected
FRUC mode 



using the interpolated FRUC frame as a reference.
[0014] The techniques described in this disclosure may
be implemented in a digital video encoding and/or
decoding apparatus in hardware, software, firmware, or
any combination thereof. If implemented in software,
the software may be executed in a computer. The
software may be initially stored as instructions,
program code, or thelike. Accordingly, the disclosure
also contemplates a computer program product for
digital video encoding comprising a computer-readable
medium, wherein the computerreadable medium comprises
codes for causing a computer to execute techniques in
accordance with this disclosure. [0015] Additional
details of various aspects are set forth in the
accompanying drawings and the description below. Other
features, objects and advantages will become 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 employing an encoder-assisted-frame
rate up-conversion (EA-FRUC) technique in accordance
with this disclosure. [0017] FIGS. 2A and 2B are flow
charts illustrating exemplary operation of an encoder
and a decoder, respectively, for use in the system of
FIG. 1. [0018] FIG. 3 is a diagram illustrating
application of an EA-FRUC technique for use in a video
encoder of the system shown in FIG. 1 for a fixed
group of pictures (GOP) pattern. [0019] FIG. 4 is a
diagram illustrating application of another EA-FRUC
technique for use in a video encoder of the system
shown in FIG. 1 for an adaptive GOP pattern. [0020]
FIG. 5 is a block diagram illustrating an EA-FRUC
encoder for use in a video encoder as shown in FIG. 1.
[0021] FIG. 6 illustrating a video frame encoded
according to the EA-FRUC techniques described in this
disclosure. [0022] FIG. 7 is a flow chart illustrating
a technique for encoding video frames or portions
thereof in accordance with an adaptive EA-FRUC
technique described in this disclosure. 



[0023] FIG. 8 is a flow chart illustrating a decoding
technique for video frames or portions thereof encoded
according an adaptive EA-FRUC technique described in
this disclosure. [0024] FIG. 9 is a block diagram
illustrating an apparatus for encoding video frames or
portions thereof in accordance with an adaptive
EA-FRUC technique described in this disclosure.[0025]
FIG. 10 is a block diagram illustrating an apparatus
for decoding video frames or portions thereof encoded
according an adaptive EA-FRUC technique described in
this disclosure. DETAILED DESCRIPTION [0026] This
disclosure describes adaptive video encoding and
decoding techniques for encoder-assisted frame rate
up-conversion (EA-FRUC). According to the disclosed
techniques, an encoder selectively encodes a video
frame, such as a B frame or other predictive frame, or
a portion of such a video frame such as a block, using
an interpolated FRUC frame as a reference. The encoder
interpolates the FRUC frame at the same time instance
as the yet to be encoded video frame, and selects one
of a plurality of FRUC encoding modes, e.g., based on
a rate distortion (RD) optimization decision. The FRUC
encoding mode may apply to the frame or a portion of
the frame, such as a macroblock (MB) or sub-partition
or sub-block of a macroblock, each of which may be
referred to generally as a block in this disclosure.
The encoder then encodes the frame or portion thereof
using the selected FRUC encoding mode, the FRUC
reference frame, and any additional reference frames
that may be indicated. [0027] A decoder interpolates
the FRUC frame and uses it to decode the encoded frame
or portion thereof with knowledge of the particular
FRUC mode that was used by the encoder. The encoder
communicates the FRUC mode via one or more existing
parameters in the encoded video frame. For example,
parameters for a macroblock may be used to communicate
a FRUC mode for the macroblock. In this manner, the
encoding mode can be communicated efficiently to the
decoder for use in decoding the encoded video frame
without consuming substantial, additional bandwidth.
Use of FRUC reference frames and communication of FRUC
encoding modes permit the 



encoder and decoder to more effectively balance coding
efficiency and visual quality. [0028] The encoder may,
for example, adjust a coded block pattern (CBP)
parameter and/or a motion vector (MV) parameter
associated with a macroblock or sub-partition, i.e., a
block, in the encoded video frame to identify the
selected FRUC mode for that block. Each of these
parameters includes a bit that can be set to zero or a
nonzero value. Accordingly, a first mode can be
indicated by setting the CBP parameter to zero and the
MV parameter to zero, a second mode can be indicated
by setting the CBP parameter to a nonzero value and
the MV parameter to zero, a third mode can be
indicated by settingthe CBP parameter to zero and the
MV parameter to a nonzero value, and a fourth mode can
be indicated by setting the CBP parameter and the MV
parameter to a nonzero value. Although four FRUC modes
are described in this disclosure for purposes of
example, additional or alternative modes may be
specified with the CBP and MV parameters, and/or with
additional combinations of the CBP, MV, and other
parameters. [0029] Using such parameters, or similar
parameters, FRUC modes used to encode blocks in a
video frame that make use of a FRUC frame as a
reference can be communicated effectively and
efficiently to a decoder for use in decoding. For each
of the FRUC modes, the encoder may encode the
pertinent block in the video frame with different
motion compensation information, e.g., residual data
and motion vectors. As an example, no motion
compensation information may be encoded for the first
FRUC mode, motion vector information may be encoded
for the second FRUC mode, residual information may be
encoded for the third mode, and residual information
and motion vector information may be encoded for the
fourth mode. [0030] A decoder decodes the encoded
video frames by examining the parameters embedded in
the encoded video frame, e.g., CBP and MV, to identify
the selected FRUC mode used to encode the blocks in
the video frame. Using the parameters, the decoder can
determine for which frames or portions thereof a FRUC
frame should be interpolated and how to decode an
encoded video frame or portion thereof using the FRUC
frame as a reference. In this manner, the decoder can
selectively decode video blocks in a frame by
selecting using standard decoding operations and
EA-FRUC decoding operations, as specified by the
encoder. 



[0031] FIG. 1 is a block diagram illustrating a video
encoding and decoding system 10 employing an adaptive
encoder-assisted-frame rate up-conversion (EA-FRUC)
technique in accordance with an aspect of this
disclosure. As shown in FIG. 1, system 10 includes a
video encoder 12 and a video decoder 14 connected by a
transmission channel 15. Transmission channel 15 may
be a wired or wireless medium. System 10 may support
bi-directional video transmission, e.g., for video
telephony. Accordingly, reciprocal encoding, decoding,
multiplexing (MUX) and demultiplexing (DEMUX)
components may be provided on opposite ends of channel
15. Alternatively, video encoder 12 may form part of a
video broadcast device that broadcasts or streams
video to one or more subscriber devices over a wired
or wireless media. In various aspects, encoder system
12 and decoder system 14 may be embodied within
videocommunication devices such as wireless mobile
terminals equipped for video streaming, video
telephony, or both. [0032] System 10 may support video
telephony of video streaming according to the Session
Initiated Protocol (SIP), ITU-T H.323 standard, ITU-T
H.324 standard, or other standards. Video encoder 12
generates encoded video data according to a video
compression standard, such as MPEG-2, MPEG-4, ITU-T
H.263, or ITU-T H.264. Although not shown in FIG. 1,
video encoder 12 and video decoder 14 may be
integrated with an audio encoder and decoder,
respectively, and include appropriate MUX-DEMUX units,
or other hardware and software, to handle encoding of
both audio and video in a common data stream or
separate data streams. If applicable, MUXDEMUX units
may conform to the ITU H.223 multiplexer protocol, or
other protocols such as the user datagram protocol
(UDP). [0033] In some aspects, this disclosure
contemplates application to Enhanced H.264 video
coding for delivering real-time video services in
terrestrial mobile multimedia multicast (TM3) systems
using the Forward Link Only (FLO) Air Interface
Specification, "Forward Link Only Air Interface
Specification for Terrestrial Mobile Multimedia
Multicast," to be published as Technical Standard TIA-
1099 (the "FLO Specification"). The FLO Specification
includes examples defining bitstream syntax and
semantics and decoding processes suitable for
delivering services over the FLO Air 



Interface. However, the EA-FRUC techniques are not
limited to any particular type of broadcast, multicast
system, or point-to-point system. [0034] Video encoder
12 and video decoder 14 may be implemented as one or
more processors, digital signal processors,
application specific integrated circuits (ASICs),
field programmable gate arrays (FPGAs), discrete
logic, software, hardware, firmware or any
combinations thereof. The illustrated components of
video encoder 12 and video decoder 14 may be included
in one or more encoders or decoders, either of which
may be integrated as part of a combined
encoder/decoder (CODEC) in a respective subscriber
device, broadcast device, server, or the like. In
addition, video encoder and decoder 12, 14 may include
appropriate modulation, demodulation, frequency
conversion, filtering, and amplifier components for
transmission and reception of encoded video, including
radio frequency (RF) wireless components and antennas,
as applicable. For ease of illustration, however, such
components are not shown in FIG. 1.[0035] Encoder 12
selectively encodes video frames of input source video
source stream 2 based on the video content of the
frames. The plurality of frames may include one or
more intra ("I") frames that are encoded without
reference to other frames, predictive ("P") frames
encoded with reference to temporally prior frames,
and/or b i directional ("B") frames that are encoded
with respect to temporally prior and/or future frames.
In addition, individual blocks in such frames may be
encoded as I, P or B blocks. Encoder 12 encodes a
plurality of video frames according to the EA-FRUC
techniques described in this disclosure. [0036]
Encoder 12 performs EA-FRUC to interpolate FRUC frames
that are used as reference frames for encoding
corresponding video frames. Specifically, encoder 12
interpolates a FRUC frame that is used as a reference
for a video frame at the same time index, i.e., same
time instance, as the video frame. In this manner,
EA-FRUC enables encoder 12 to predictive Iy encode a
video frame with a reduced size because the
corresponding FRUC frame may be a closer match to the
yet to be encoded video frame than the other video
frames that would otherwise be used as references for
encoding the video frame. In addition to encoding the
video frame using the FRUC frame as a reference,
however, encoder 12 also selectively encodes each of
the blocks in the video 



frame according to one of a plurality of FRUC modes.
Encoder 12 may select the FRUC modes for encoding the
blocks in the video frame based on a rate-distortion
(RD) optimization decision to balance requirements of
coding bitrate and visual quality loss. [0037] Encoder
12 encodes a block in a video frame with different
motion compensation information, e.g., residual data
and motion vectors, based on the selected FRUC mode.
As an example, no motion compensation information may
be encoded in block for a first FRUC mode, motion
vector information may be encoded for a second FRUC
mode, residual information may be encoded for a third
mode, and residual information and motion vector
information may be encoded for a fourth mode. In this
manner, encoder 12 may select different FRUC modes to
reduce effective bit rate if visual quality is
acceptable, or increase effective bit rate if visual
quality requires improvement. [0038] The above FRUC
modes are described for purposes of example.
Additional FRUC modes may be provided. In addition,
alternative FRUC modes may be provided. As one
example, an alternative FRUC mode may combine any of
the above FRUC modes with one or more normal
bidirectional (B) MB modes that are known in the art
ofpredictive video encoding. Therefore, the total
combination of EA-FRUC modes may be more than four
modes, and/or the four modes may include one or more
alternative modes combining the FRUC modes described
herein with a normal B mode. [0039] Encoder 12
communicates the selected FRUC mode to decoder 14 by
adjusting existing parameters of the encoded video
frame, e.g., parameters associated with blocks in this
frame, such as CBP and MV parameters. This can be
achieved, for example, by using bits provided by the
existing parameters to indicate which one of the FRUC
modes was used to encode each block in the video
frame. In this manner, encoder 12 can communicate the
selected FRUC mode without increasing the encoding
size of the video frame. Instead, encoder 12 can
utilize parameter values that would otherwise be
present in the encoded video frame, thereby
communicating FRUC mode information without consuming
a substantial number of additional coding bits, while
permitting conversation of coding bits through the use
of a FRUC scheme. [0040] In the example of FIG. 1,
video encoder 12 includes a frame processing 



module 20, a standard encoder 16, and an EA-FRUC
encoder 18. Frame processing module 20 is configured
to process input source video stream 2. Frame
processing module 20 may be configured to process
incoming video frames according to a fixed group of
pictures (GOP) pattern, such as IBPBPBP. Frame
processing module 20 may alternatively be configured
to process incoming video frames according to an
adaptive GOP pattern in which multiple B frames are
encoded between each P frame based on the video
content. In any case, frame processing module 20
determines whether to encode incoming video frames,
e.g., F1, F2, and F3, using standard techniques or
using the adaptive EA-FRUC techniques described in
this disclosure. In FIG. 1, F represents a B frame,
while frames Fi and F represent previous and
subsequent P frames, respectively, that are used as
reference frames for encoding frame F2. [0041]
Standard encoder 16 encodes P frames and I frames,
such as Fi and F3, using standard encoding techniques.
EA-FRUC encoder 18 may encode at least a portion of
each bidirectional (B) predictive video frames, such
as F2, according to the adaptive EAFRUC techniques
described in this disclosure. In particular, EA-FRUC
encoder 18 may selectively encode each of the blocks
in F2 according to one of a plurality of FRUC modes
and with reference to an interpolated FRUC frame to
balance the requirements of coding bitrate and visual
quality loss.[0042] In order to selectively encode a
block within frame F2 according to one of the FRUC
modes, EA-FRUC encoder 18 first interpolates a FRUC
frame at the same time index as F . The FRUC frame is
a predictive frame that temporally resides between
frame Fi and frame F 3 and relies on its two
neighboring frames Fi and F 3 as reference frames, in
the same manner as an ordinary B frame. EA-FRUC
encoder 18 interpolates the FRUC frame using the same
FRUC process that is employed in decoder 14. That is,
EA-FRUC encoder 18 may interpolate the FRUC frame, for
example, using the neighboring P frames Fi and F3.
Accordingly, the FRUC frame corresponding to F2 may be
interpolated from Fi and F3. Interpolation may be
based on frame averaging, frame repetition or other
interpolation techniques. [0043] As described above,
the EA-FRUC process encodes at least a portion of the
video frame F2 using a corresponding portion of an
interpolated FRUC frame generated 



at the same time instance as video frame F2. It is
known that decoder 14 will be able to interpolate the
FRUC frame at the decoder side. Therefore, it is also
known that the FRUC frame will then be available at
the decoder side for use in decoding frame F2. On this
basis, the FRUC frame can then be used as a reference
frame for frame F2. [0044] Encoding at least a portion
of the video frame using the interpolated FRUC frame
as a reference can reduce the size of the encoded data
for the video frame because the reference data of the
FRUC frame may be a closer match than the reference
frames Fi and F 3that would otherwise be used for
encoding the video frame. As a result, the motion
compensation information, e.g., motion vectors and
residual data, encoded in the video frame F2 can be
reduced or even eliminated if the FRUC frame is an
exact or sufficiently close match to the yet to be
encoded video frame F2. EA-FRUC enables the encoder 12
to predict the ability of decoder 14 to perform FRUC
and exploit this to omit data from the encoded video
frame F2 that can be obtained from the interpolated
FRUC frame at the decoder. Consequently, EA-FRUC can
improve compression ratios and transmission bandwidths
across channel 15. [0045] After the FRUC frame is
generated for F2, EA-FRUC encoder 18 performs motion
estimation for each of the "possible" reference
frames. In this case, the "possible" reference frames
include the FRUC frame interpolated at the same time
instance as the to be encoded video frame F2,
reference frames previous to the to be encoded video
frame F2 in time, subsequent to the to be encoded
video frame F2 in time, or both the previous and
subsequent reference frames, e.g., Fi and F3. The
possiblereference frames may be temporally ordered in
one or more buffers or lists. For example, a backward
reference buffer may include one or more reference
frames subsequent to the to be encoded video frame F
in time, e.g., frame F3. A forward reference buffer
may include reference frames prior to the to be
encoded video frame in time. When EA-FRUC encoder 18
interpolates a FRUC frame at the same time instance as
the to be encoded video frame F , the FRUC frame is
also included in the forward reference frame as is
described in greater detail in FIG. 3. With respect to
FIG. 1, the forward reference buffer for F2 includes
Fi and the FRUC frame interpolated at the same time
index as F2, and the backward reference buffer
includes F3. 



[0046] For normal video encoding, i.e., non-FRUC video
encoding, the number of previously reference frames to
be considered for encoding is N, i.e., the number of
noninterpolated reference frames in the forward
reference frame buffer. The particular reference frame
which the video frame is encoded with reference to is
specified in an encoding data field, e.g., by
specifying which of the reference frames, 0 to N-I, is
the reference frame of interest. To indicate that the
video frame or a portion thereof is encoded with
reference to the FRUC frame interpolated at the
encoder, EA-FRUC encoder 18 may set the encoding field
to N for the forward reference buffer. By setting the
encoding field to N, i.e., one higher than is possible
for "normal" video encoding, the encoding data field
can be used to indicate EA-FRUC encoding without
increasing the encoding size for the video frame. In
other words, the same encoding field can be used to
indicate encoding based on an interpolated FRUC frame
or a non-interpolated reference frame. [0047] In order
to determine which of the FRUC modes to use for
encoding a block in frame F2, EA-FRUC encoder 18 may
perform motion estimation using the interpolated FRUC
frame for F2 for each of the FRUC modes. EA-FRUC
encoder 18 also may perform motion estimation for each
of the non-interpolated reference frames included in
the forward and backward reference buffers, i.e., Fi
and F with respect to F2. EA-FRUC encoder 18 selects
the mode, i.e., a standard mode or one of a plurality
of FRUC modes, for encoding a block in F2 based on an
RD optimization decision. That is, EA-FRUC encoder 18
may be configured to select the encoding mode that
minimizes a RD cost function. The RD optimization
decision may utilize an RD function that comprises a
measure of trade-offs between encoding size and
distortion using motion vectors and residuals of the
encoded frame or portion thereof and
correspondingestimates of the resulting image
distortion. EA-FRUC encoder 18 may use other suitable
cost functions known in the art, such as smallest
residue functions and sum of absolute difference (SAD)
functions. [0048] If a standard mode is selected to
encode a given block in frame F , i.e., if the block
in F2 is encoded using one or more of the
non-interpolated frames (e.g., Fi and F3) as a
reference, EA-FRUC encoder 18 encodes the block in
frame F2 to generate a 



standard compliant bitstream. However, if one of the
FRUC modes is selected to encode the block in F2,
i.e., if the F2 block is encoded using the FRUC frame
as a reference, EAFRUC encoder 18 may generate a
proprietary bitstream. The proprietary bitstream
enables decoder 14 to determine which of the FRUC
modes was used for encoding a corresponding block in
video frame F2, and then use that same FRUC mode to
decode the block in video frame F2. [0049] EA-FRUC
encoder 18 adjusts one or more existing parameters or
data fields to indicate which one of the plurality of
FRUC modes was used for encoding the corresponding
block in the video frame. Using the H.264 standard as
an example, EAFRUC encoder 18 may use bits provided by
the coded block pattern (CBP) parameter and the motion
vector (MV) parameter to indicate the selected FRUC
mode. For example, the first FRUC mode may be
indicated by setting the CBP parameter and the MV
parameter for a block to zero, the second FRUC mode
may be indicated by setting the CBP parameter to a
nonzero value and the MV parameter to zero, the third
FRUC mode may be indicated by setting the CBP
parameter to zero and the MV parameter to a nonzero
value, and the fourth FRUC mode may be indicated by
setting the CBP parameter to a nonzero value and the
MV parameter to a nonzero value. Typically, setting
the CBP parameter to zero and the MV parameter to zero
is an invalid state for purposes of the H.264
standard. However, by slightly breaking or modifying
the H.264 standard, the selected FRUC mode can be
indicated without increasing the encoding size for the
video frame. [0050] In one aspect, decoder 14 may, for
example, use the previously described "reference
frame" encoding field as a trigger for examining the
CBP and MV encoding fields for blocks in the frame. As
previously described, the reference frame encoding
field indicates that a corresponding reference frame
or block in the reference frame was encoded using a
FRUC frame interpolated by EA-FRUC encoder 18 when the
value stored in the field is N, i.e., one larger than
the size of the pre-defined size of the
forwardreference buffer, i.e., N-I. Thus, by first
examining the reference frame encoding field and
finding that the forward reference buffer size is N,
decoder 14 can determine if a portion of the video
frame was encoded using a non-interpolated frame as a
reference or 



the FRUC frame interpolated by EA-FRUC encoder 18 as a
reference, and process the information provided by the
CBP and MV parameters for the block accordingly.
[0051] Decoder 14 receives the transmitted bitstream
from encoder 12 and decodes the video frames. In the
example of FIG. 1, decoder 14 includes a standard
decoder 22 to handle the decoding of I and P frames
and an EA-FRUC decoder 24 to handle decoding B frames
and interpolation of FRUC frames. Standard decoder 22
applies standard decoding techniques to decode each I
frame and P frame, such as Fi and F3, sent by encoder
12. The information encoded in each of frames Fi and
F3 permit standard decoder 22 to decode and present a
frame of video information. Decoders 22 and 24 need
not be separate components, and instead may be
integrated as separate processes within a common
CODEC, making use of multiple components on a shared
basis. [0052] In the illustrated example of FIG. 1,
EA-FRUC decoder 24 examines the reference frame
encoding field of frame F ,which may reside temporally
between Fi and F3, to determine if F2 was encoded
using a non-interpolated frame or an interpolated FRUC
frame as a reference. When EA-FRUC decoder determines
that F2 was encoded using a non-interpolated frame as
a reference, EA-FRUC decoder 24 decodes F2 according
to standard techniques. For example, EA-FRUC decoder
24 may decode F2 to match the non-interpolated frame
specified by the reference frame encoding field.
However, when EA-FRUC decoder 24 determines that a
portion of F2 was encoded using the FRUC frame
interpolated by encoder 12, EA-FRUC decoder examines
the CBP and MV parameters for the blocks associated
with F2. Based on the CBP and MV parameters, EA-FRUC
decoder 24 determines which one of the FRUC modes was
used to encode the pertinent blocks of frame F2 and
decodes the F2 blocks accordingly. [0053] When a block
in frame F2 is encoded using one of the FRUC modes,
EAFRUC decoder 12 interpolates a FRUC frame using the
decoded video frames corresponding to reference frames
Fi and F3. This FRUC frame matches the FRUC frame
interpolated by encoder 12 and is used to decode one
or more blocks of F2. For example, when a given block
in F2 is encoded using the first FRUC mode, a 



corresponding block in the FRUC frame interpolated by
EA-FRUC decoder 24 can beused as F2 because the FRUC
frame and F2 are sufficiently close matches. As
another example, when a block in F2 is encoded using
the second FRUC mode, EA-FRUC decoder 24 uses the
interpolated FRUC frame and the motion vector
information provided by the received video frame to
decode the respective block in F2. In a further
example, when EA-FRUC decoder 24 determines that a
block in F2 was encoded using the third FRUC mode,
EA-FRUC decoder 24 uses the interpolated FRUC frame
and the residual data provided by the received video
frame to decode the respective block in F2. In yet
another example, when EA-FRUC decoder 24 determines
that a block in F2 was encoded using the fourth FRUC
mode, EA-FRUC decoder 24 uses the motion vector data
and the residual data provided by the received video
frame to decode the respective block in F2. In this
manner, decoder 14 can efficiently decode the
bitstream received from encoder 12. [0054] FIG. 2Ais a
flow chart illustrating exemplary operation of encoder
14. As shown in FIG. 2A, encoder 14 receives input
source video stream (3). More specifically, with
respect to encoder 14, frame processing unit 20
receives an input source video stream 2 and processes
video stream 2 to determine the video content (4).
Based on the video content, e.g., number of FRUC
frames and locations, frame processing module 20
determines if a received video frame is a B frame (5),
or if one or more blocks in frame are B blocks. [0055]
When frame processing module 20 determines that the
received video frame is not a B frame (no branch of
5), frame processing module 20 sends the video frame
to standard encoder 16. Standard encoder 16 performs
normal variable length coding (VLC) encoding to encode
the video frame (6) and generates a bitstream
accordingly (7). The bitstream may, for example, be
compliant with the ITU-T H.264 standard. [0056] When
frame processing module 20 determines that a received
video frame is a B frame (yes branch of 5), frame
processing module 20 sends the B frame to EA-FRUC
encoder 18. EA-FRUC encoder 18 interpolates a FRUC
frame at the same time index as the B frame (9) and
selects one or more modes for encoding the macroblocks
or sub partitions, i.e., blocks, in the B frame (11).
EA-FRUC encoder 18 may select one of a 



plurality of FRUC modes described in this disclosure
for a given block, or may select to apply standard
B-mode coding to encode the block instead of choosing
an EA FRUC mode.[0057] EA-FRUC encoder 18 encodes each
of the blocks in the B frame according to a selected
mode (13). If EA-encoder 18 encodes blocks in the B
frame according to an EA-FRUC mode (yes branch 17),
EA-FRUC encoder 18 generates an H.264 standards
non-compliant bitstream (21). The bitstream, in this
case, may not comply with the H.264 standard because
EA-FRUC encoder 18 may adjust one or more parameters,
e.g., the CBP and MV parameters for one or more block,
to indicate a selected FRUC mode. In particular, one
of the FRUC modes may be indicated by setting bits
provided by the modified parameters to a normally
invalid state. Additionally, EA-FRUC encoder may also
increase the size of the forward reference buffer by
one when selecting to encode blocks in the B frame
according to one of the FRUC modes. In this case, the
size of the reference buffer is greater than the
pre-defined max value and, therefore, is noncompliant
with the H.264 standard. [0058] On the other hand,
when EA-encoder 18 does not encode any of the blocks
of the B frame according to one of the FRUC modes (no
branch of 17), EA-FRUC encoder 18 generates a
bitstream that is compliant with the H.264 standard
(19). The bitstream generated by encoder 12 is
transmitted to decoder 14 over channel 15 (8). [0059]
FIG. 2B is a flow chart illustrating exemplary
operation of decoder 14. As shown in FIG. 2B, decoder
14 receives a bitstream over channel 15 (23). Upon
receiving the bitstream, decoder 14 parses the
bitstream into encoded video frames (25) and performs
error recovery. Decoder 14 processes each video frame
to determine if the video frame is a B frame (26).
When decoder 14 determines that the video frame is not
a B frame (no branch of 26), standard decoder 22
applies normal decoding operations to the video frame
to decode the video frame (27). [0060] However, when
decoder 14 determines that the video frame is a B
frame (yes branch of 26), EA-FRUC decoder 24
determines if FRUC modes were used to encode any of
the blocks in the B frame (29). EA-FRUC decoder 24 may
determine that a FRUC mode was used by an indication
that the forward reference buffer has increased 



from N-I to N, and then may identify the particular
FRUC modes that were used to encode the respective
blocks in the B frame by examining the pertinent CBP
and MV parameters, as previously described. [0061] In
order to determine if the B frame was encoded using a
non-interpolated frame as a reference or whether any
of the B frame blocks were encoded according to one of
the FRUC modes using a FRUC frame as a reference (29),
EA-FRUC decoder 24may, for example, process the
reference frame encoding field. As previously
described, when the value stored in the reference
frame encoding field is a value between 0 and N- 1,
the value indicates which one of the non-interpolated
reference frames in the forward reference buffer was
used as a reference for encoding the B frame. However,
when the value stored in the reference frame encoding
field is N, EA-FRUC decoder 24 knows that at least a
portion of the B frame was encoded according to one of
the FRUC modes using a FRUC frame as a reference.
[0062] If blocks in the B frame were encoded according
to one of the FRUC modes (29), decoder 24 determines
the FRUC mode that was used (31), e.g., by reference
to the CBP and MV parameters for the respective block.
On this basis, EA-FRUC decoder 24 selects the
appropriate FRUC mode for each block. EA-FRUC decoder
24 interpolates a FRUC frame (33) in response to
determining that the B frame was encoded according to
one of the FRUC modes (yes branch of 29). EA-FRUC
decoder 24 can then decode the blocks in the B frame
according to the selected FRUC modes (31) using the
interpolated FRUC frame (33) as a reference frame
(35). [0063] When it is determined that the blocks in
the B frame were not encoded according to one of the
FRUC modes (no branch of 31), EA-FRUC decoder 24
decodes the B frame using the appropriate video frame
as a reference (36). The appropriate reference frame
can be determined by examining the reference frame
encoding field as previously described. In any case,
decoder 14 reconstructs the video frames decoded by
standard decoder 22 and EA-FRUC decoder 24 to form a
video sequence (28). [0064] FIG. 3 is a diagram
illustrating application of an EA-FRUC technique for
use in video encoder 12 for a fixed GOP pattern of P
frames and B frames. In the illustrated example of
FIG. 3, frame processing module 20 processes input
source video stream 2 



into P frames 32A-32D, collectively referred to as "P
frames 32," FRUC frame 34, and B frame 30. Although
only B frame 30 is shown in FIG. 3, the frames
produced by frame processing module 20 may include
multiple B frames. [0065] FRUC frame 34 is
interpolated by encoder 12 at the same time index as B
frame 30 and B frame 30 is encoded using FRUC frame 34
as a reference. Thus, the encoding size of B frame 30
is reduced because it includes a differential between
FRUC frame 34 and B frame 30. That is, the encoded
video frame for B frame 30 includes the residual of
"true" B frame 30, as transmitted in video stream 2,
and FRUC frame 34. FRUC frame 34 is not encoded or
transmitted to decoder 14. Instead, decoder
14interpolates FRUC frame 34 using the same FRUC
technique used by encoder 12. Consequently, FIG. 3
merely illustrates the dependent relationships for B
frame 30. [0066] In this configuration, the
probability of dropping B frame 30 across channel 15
may be decreased because of the reduced encoding size
for B frame 30. In the case that the B frame 30 is
dropped, for example, under degrading transmission
conditions, decoder 14 can still perform FRUC to
replace the missing B frame 30 with FRUC frame 34.
Although visual quality may suffer to some degree,
decoder 14 may still able to produce a reasonable
facsimile of the B frame 30 using the FRUC process.
[0067] As shown in FIG. 3, B frame 30 may be encoded
with reference to any of P frames 32 and FRUC frame
34, or a combination of such frames. Accordingly, the
forward reference buffer for B frame 30 includes P
frames 32A-32C and FRUC frame 30 and the backward
reference buffer for B frame 30 includes P frame 32D.
To determine which of one of the possible reference
frames to use as a reference for encoding B frame,
encoder 12 performs motion estimation for each of the
reference frames included in the forward and backward
reference buffers, i.e., P frames 32 and FRUC frame
34. More specifically, encoder 12 may encode different
portions of B frame 30, e.g., different blocks such as
macroblocks, sub-partitions or subblocks, using
different reference frames. B frame may be divided
into an number of blocks, such as macroblocks (MBs)
and other smaller subblocks, such as a 16x16 array of
pixels, or into any number of smaller subblocks such
as 8x8 subblocks or 4x4 subblocks, each of which may
be coded independently or differently relative to
other blocks. In particular, 



such blocks within a B frame may be encoded using
different EA-FRUC modes depending on applicable
rate-distortion (RD) optimization decisions, as
described in this disclosure. [0068] In general,
subblocks may vary across B frame 30, P frames 32, and
FRUC frame 34. For example, motion estimation
algorithms may used to encode B frame 30 as a frame or
a plurality of blocks. As an example, B frame 30 may
be encoded in terms of blocks that include sizes such
as 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, and 4x4 pixels,
although other blocks sizes are conceivable. Thus, B
frame 30 may be partitioned into a set of encoded
blocks that encode substantially all the pixels of the
frame. The encoded blocks may be of different sizes
and each of the encoded blocks may be encoded using a
different EA-FRUC mode as described in this
disclosure. Accordingly, a FRUC frame34 may be used as
a reference frame for some or all of the blocks of a B
frame 30 to be encoded. [0069] In order to select
which frame to use as a reference for encoding B frame
30, encoder 12 performs motion estimation for B frame
30, or each subblock of B frame 30. With respect to
performing motion estimation using FRUC frame 34,
encoder 12 performs motion estimation for each of the
different FRUC modes. The motion estimation algorithm
calculates motion compensation information, e.g.,
motion vectors and residual data, for each group of
blocks. For example, encoder 12 may first calculate
motion compensation information data for larger
blocks, such as 16x16 blocks, followed by each
subblock or subpartition of the larger blocks, e.g.,
16x8 blocks, 8x16, 8x8, 4x8, 4x4 blocks, and the like.
[0070] As previously described, encoder 12 selects the
reference frame and, in the case of FRUC frame 34, the
FRUC mode for encoding B frame 30 based on a RD
optimization decision. When encoder 12 selects one of
the FRUC modes for encoding each block in B frame 30,
encoder 12 adjusts the CBP and MV vector parameters
for the respective block accordingly to communicate to
decoder 14 the FRUC mode that was used by encoder 12.
[0071] FIG. 4 is a diagram illustrating application of
an EA-FRUC technique for use in video encoder 12 for
an adaptive GOP pattern. In an adaptive GOP pattern,
multiple 



B frames may be encoded between neighboring P frames
based on the video content and an independent FRUC
frame may be generated at the same time index for each
B frame. [0072] As shown in FIG. 4, frame processing
module 20 processes input source video stream to
generate B frames 40A-40C and P frames 42A-42D. B
frames 40A-40C are encoded between P frames 44C and
44D. The arrows between B frame 4OB and P frames
44C-44D illustrate the possible dependent
relationships for B frame 4OB. Accordingly, the
forward reference buffer for B frame 4OB includes P
frames 42A-42C and FRUC frame 44 and the backward
reference buffer includes P frame 42D. Although not
illustrated in FIG. 4 with arrows, B frame 4OA and B
frame 4OC may also be referenced to P frames 44A-44C.
Additionally, although not shown, encoder 12 may
interpolate a corresponding FRUC frame for each of B
frames 4OA and 4OC. The forward reference buffer for
each of B frames 40A-40C includes P frames 42A-42C and
the corresponding FRUC frame. In other words, the
forward reference buffer for Bframe 4OA includes the
corresponding FRUC frame (not shown) and P frames
42A-42C, but not FRUC frame 44 because FRUC frame 44
corresponds to B frame 4OB. [0073] Selecting which
FRUC mode to use for encoding a block within B frame
4OB follows the same technique as described in FIG. 3
except that FRUC frame 44 may be generated
differently. In particular, the information of P
frames 42C and 42D may be scaled based on the number
of other B frames, e.g., B frames 4OA and 4OB, between
P frames 42C and 42D. Otherwise, the process of
performing motion estimation and selecting the FRUC
mode based on a RD optimization decision remains the
same. This process is the same for B frames 4OA and
4OC as well, except that the corresponding FRUC frame,
rather than FRUC frame 44, is used. [0074] FIG. 5 is a
block diagram illustrating an example of EA-FRUC
encoder 18 in greater detail. As shown in FIG. 5,
EA-FRUC encoder 18 includes interpolation module 50,
mode selection module 52, signaling module 56, and
encoding module 58. Mode selection module 52 further
includes motion calculation unit 54 and rate
distortion (RD) calculation unit 55. In general,
EA-FRUC encoder 16 selectively encodes blocks in B
frames received from standard encoder 16 according to
one of a plurality of FRUC modes. 



[0075] Interpolation module 50 interpolates a FRUC
frame at the same time instance as a B frame, such as
F , using P frames received from standard encoder 16.
In particular, interpolation module 50 interpolates a
FRUC frame at the same time index as the B frame and
generates the FRUC frame in the same manner as decoder
14 generates a FRUC frame for the B frame. Using frame
F2 as an example, interpolation module 50 interpolates
a FRUC frame using frames Fi and F3. [0076] In
general, mode selection module 52 selects one of the
plurality of FRUC modes for encoding each block in F2.
Mode selection module 52 may, for example, select the
FRUC mode based on an RD optimization decision that
uses the results of motion estimation to balance the
requirements of coding bitrate and visual quality
loss. In particular, motion calculation unit 54
performs motion estimation for F2 with respect to each
of the possible reference frames. The possible
reference frames include the FRUC frame generated by
interpolation module 50 and the non-interpolated video
frames included in the forward and backward reference
buffers for the B frame, i.e., F1, F3, and the FRUC
frame generated at the same time instance as F2 with
respect to F2.[0077] Motion calculation unit 54
generates motion vectors representing motion between
video blocks within F and corresponding blocks within
the preceding frame F1, subsequent frame F3, and FRUC
frame generated at the same time instance as frame F .
Motion calculation unit 54 also generates residual
data representing the difference between video blocks
within F2 and corresponding blocks within F1, F2, and
the FRUC frame. [0078] RD calculation unit 55 may
evaluate the results of using each of the FRUC modes
for encoding blocks in frame F2. RD calculation unit
55 also may evaluate the results of using Fi or F3 for
encoding blocks in frame F2. In particular, RD
calculation unit 55 may selectively apply the
information generated by motion estimation unit 54 to
an RD function for each of the FRUC modes. For
example, RD calculation unit 55 process the RD cost
function for a block using no motion vector data and
no residual data for the first FRUC mode. In another
example, RD calculation unit 55 processes the RD cost
function using only motion vector data for the second
FRUC mode. In an additional example, RD calculation
unit 55 processes the RD cost function using only 



residual data for the third FRUC mode. In yet another
example, RD calculation unit 55 applies residual data
and motion vector data to the RD cost function for the
fourth FRUC mode. [0079] RD calculation unit 55
compares the results of the cost function for each of
the FRUC modes as well as for Fi and F , and selects
the FRUC mode that minimizes the RD cost function for
the encoded block. More specifically, RD calculation
unit 55 outputs a signal that is indicative of the
selected FRUC mode for the block. In this manner,
encoding module 56 determines applicable FRUC modes
for the blocks within the frame. [0080] Signaling
module 56 receives the output and adjusts one or more
parameters accordingly. As previously described,
signaling module 56 may, for example, set the bits
provided by the CBP parameter and the MV parameter for
a block to either a zero or nonzero value to indicate
the selected FRUC mode. Signaling module 56 may also
set the reference frame encoding field to a value one
greater than the pre-defined size of the forward
reference buffer, i.e., set the field to N instead of
N-I, when one of the FRUC modes is selected. In this
manner, decoder 14 can examine the reference frame
encoding field to determine if the corresponding video
frame was encoded using a FRUC frame or a
non-interpolated video frame as a reference.[0081]
When this encoding field indicates that at least a
portion of the video frame was encoded using a FRUC
frame as a reference, decoder 14 can process the CBP
and MV parameters for each block accordingly. That is,
decoder 14 knows to process the CBP and MV parameters
to determine which FRUC mode was selected for a block
instead of processing the CBP and MV parameters in a
normal manner. This should be noted because the first
FRUC mode may be indicated by an invalid state as
defined by the H.264 standard and decoder 14 may
interpret this as an error if the reference frame
encoding field is not examined prior to the CBP and MV
parameters. [0082] Accordingly, encoding module 58
generates a proprietary output bitstream when one of
the FRUC modes is selected for encoding a block in F .
Otherwise, encoding module 58 generates a standard
output bitstream. That is encoding module 58 generates
the output stream in accordance with the H.264
standard syntax when F is 



encoded using Fi or F3 as a reference. [0083] FIG. 6
is a block diagram illustrating a video frame 60
encoded according to one of the FRUC modes described
in this disclosure. Video frame includes a video frame
header 62, video frame information 64 including
encoded video content, video frame parameters 66, and
a video frame end 70. In the illustrated example of
FIG. 6, the amount of video information 64, i.e.,
motion vector data and residual data, is reduced by
encoding blocks in video frame 60 using a FRUC frame
interpolated at the same time index as video frame 60.
Video information 64 may be further reduced based on
the FRUC mode selected for encoding the blocks within
video frame 60. [0084] As previously described, video
information 64 for a given block in video frame 60 may
not include any motion compensation information when
the block is encoded using the first FRUC mode.
Alternatively, video information 64 for a given block
may include only motion vector information when the
block is encoded using the second FRUC mode. As
another example, video information 64 for a given
block may only include residual data when the block is
encoded using the third FRUC mode. As yet another
example, video information 64 for a given block in
video frame 60 may include motion vector data and
residual data when the block is encoded using the
fourth FRUC mode. However, video information 64 may be
reduced in each of these cases relative to the video
information required when encoding a video frame using
a noninterpolated frame as a reference.[0085] In the
illustrated example of FIG. 6, video frame parameters
66 include a CBP parameter 67, a motion vector
parameter 68, and a reference frame parameter 69. The
CBP parameter 67 and motion vector parameter 68 may be
specified independently for individual blocks within
the frame 60. Each of parameters 67-69 may be an
existing parameter that is defined in the syntax of an
applicable standard such as the H.264 standard and is
included in an encoded video frame. The techniques
described in this disclosure may be especially
applicable to the H.264 standard, but need not be
limited as such. By using video frame parameters 66 to
indicate which FRUC mode was used for encoding a block
within video frame 60, sufficient coding information
can be provided in an efficient manner. 



[0086] In particular, CBP parameter 67 and motion
vector parameter 68 are used for indicating the FRUC
mode used to encode a block within video frame 60. As
previously described, each of CBP parameters 67 and 68
may provide a bit that can be set to a zero and a
nonzero value. Accordingly, CBP parameter 67 and
motion vector parameter 68 can be used to indicate the
FRUC modes described in this disclosure. Hence,
different blocks in frame 60 may have different CBP
and motion vector (MV) parameters to indicate
different FRUC modes for the respective blocks. [0087]
Reference frame 69 corresponds to the reference frame
encoding field referred to previously in this
disclosure. Accordingly, reference frame parameter 69
is used to indicate if blocks in video frame 60 are
encoded using an interpolated FRUC frame as a
reference or a non-interpolated video frame as a
reference. For example, decoder 14 may identify a
block in reference frame 60 as being encoded based on
one of the noninterpolated reference frames included
in a forward reference buffer when reference parameter
69 is numbered from 0 to N-I . However, decoder 14 may
identify a block in reference frame 60 as being
encoded according to one of the described FRUC modes
when reference parameter 69 is set to N. When
reference frame parameter 69 is set to N, decoder 14
interprets CBP parameter 67 and motion vector
parameter 68 to determine which of the FRUC modes was
used for encoding a given block in video frame 60.
[0088] FIG. 7 is a flow chart illustrating a technique
for adaptive EA-FRUC. In general, the technique
illustrated in FIG. 7 may be performed by encoder 12
to selectively encode blocks in a video frame, such as
a B frame or P frame, according to one of a plurality
of FRUC modes. The FRUC mode is selected to balance
the requirements of coding bitrate and visual quality
loss and reduces the encoding size ofthe video frame
because the video frame is encoded using a FRUC frame
as a reference. The selected FRUC mode can be
identified efficiently and, in some aspects, without
increasing the encoding size, by adjusting existing
parameters or encoding fields associated with blocks
in the frame. Decoder 14 can efficiently decode the
encoded video frame by examining the modified
parameters to determine which FRUC mode to use for
decoding blocks in the video frame. [0089] The process
shown in the flow chart of FIG. 7 begins when encoder
12 



receives a video frame 80. Encoder 12 may receive
video frames in a fixed GOP pattern, such as IBPBPBP,
or an adaptive GOP pattern in which multiple B frames
can be encoded between neighboring P based on the
video content. Encoder 12 processes the received video
frame to determine if the video frame is a B frame 82.
If the video frame is not a B frame, encoder 12
performs P frame encoding 84, e.g., encodes the blocks
in the P frame using the preceding P frame as a
reference. Encoder 12 then performs variable length
coding (VLC) 86 on the encoded P frame and generates
an output bitstream 88 that is transmitted over
channel 15 to decoder 14. [0090] After encoder 12
encodes the P frame, encoder 12 interpolates a FRUC
frame 90. In particular, encoder 12 interpolates the
FRUC frame at the same time index as the subsequent B
frame. Encoder 12 may interpolate the FRUC frame by
generating FRUC information using information of the
just encoded P frame, i.e., the P frame encoded in
step 90, when the subsequent B frame is the first of
multiple frames in-between neighboring P frames.
Otherwise, encoder 12 may generate FRUC information by
scaling the FRUC information of both neighboring P
frames and using the scaled FRUC information to
generate the FRUC frame. Encoder 12 may interpolate
the FRUC frame in this manner when a single B frame is
encoded between neighboring P frames. [0091] In order
to interpolate the FRUC frame, the motion vectors for
the P frame may be stored in a motion vector buffer
and the P frame may be reconstructed and stored in a
reconstructed frame buffer. Encoder 12 interpolates a
FRUC frame 90 using the information stored in the
motion vector buffer and the reconstructed frame
buffer. Encoder 12 stores the FRUC frame in a buffer
96. When the FRUC frame is stored in the buffer,
encoder 12 may adjust the reference frame encoding
field. That is, the size of the forward reference
buffer is increased to N when the FRUC frame is stored
in the buffer to indicate that the FRUC frame is used
as a reference frame.[0092] After encoding the P frame
in step 84, encoder 12 receives another video frame
and processes this video frame to determine if it is a
B frame 82. When encoder 12 determines that the
received video frame is a B frame, encoder performs B
frame encoding for the video frame 98. In order to
reduce the encoding size of the B frame, encoder 12
performs motion estimation 100 for the B frame for
each possible reference 



frame. The possible reference frames are stored in the
forward and backward reference buffers. As previously
described, the FRUC frame generated in step 90 is
stored in the forward reference buffer. [0093] Encoder
12 applies a RD cost function to the motion estimation
results 102 and selects a FRUC mode or normal mode for
each block in the frame based on the RD cost function
104. With respect to the motion estimation results
generated using the FRUC frame as a reference for the
B frame, encoder 12 applies the RD cost function for
each of the FRUC modes. In other words, as previously
described, encoder 12 may apply the RD cost function
to the information of the motion estimation result
that corresponds with each FRUC mode. Using the second
FRUC mode as an example, encoder 12 may apply only the
motion vector information resulting from the motion
estimation to the RD cost function. In this manner,
encoder 12 can compare the results of the RD cost
function for each block in a non-interpolated
reference frame and each FRUC mode for the FRUC frame
to determine which mode to select 106. Encoder 12 may
then selects the FRUC mode or normal, non-FRUC mode
that minimizes the RD cost function for a given block
or, if not minimal, at least produces the most
desirable RD cost. [0094] If one of the FRUC modes
minimizes the RD cost function for a given block,
encoder 12 performs VLC encoding of that block
according to the selected FRUC mode 110. Otherwise,
encoder 12 performs normal VLC encoding 108 of the
block using the selected non-interpolated video frame
as a reference. Encoder 12 generates an output
bitstream 88 that is transmitted to decoder 14. The
output bitstream may be compliant with the H.264
standard when encoder 12 encodes the B frame using
normal VLC encoding. However, when encoder 12 encodes
one or more blocks in the B frame using one of the
described FRUC modes, the output bitstream may not be
compliant with the H.264 standard because of the
adjustments made to one or more parameters of the
encoded B frame, such as the CBP and MV
parameters.[0095] In particular, the output bitstream
may not be compliant because the reference frame
encoding field is increased from N-I to N when the B
frame is encoded according to one of the FRUC modes
and the CBP and MV parameters for one or more blocks
are 



used to indicate the selected FRUC mode. Although the
output bitstream is not compliant, decoder 14 can
efficiently decode the bitstream. [0096] FIG. 8 is a
flow chart illustrating a decoding technique for
decoding video frames encoded according to the
adaptive EA-FRUC techniques described in this
disclosure. In general, the decoding technique shown
in FIG. 8 is performed by decoder 14 to efficiently
decode encoded video frames received from encoder 14.
The flow chart begins when decoder 14 receives an
encoded video frame 120. [0097] Upon receiving the
encoded video frame 120, decoder 14 examines the
reference frame parameter or encoding field 122 to
determine if the video frame was encoded according to
one of the described FRUC modes or encoded using a
noninterpolated video frame as a reference. If the
reference frame parameter is greater than N-I 124,
where N is the number of non-interpolated reference
frames in the forward reference buffer, decoder 14
proceeds to decode blocks in the video frame according
to one of the described FRUC modes. However, if the
reference frame parameter is less than N-I, decoder 14
decodes blocks in the video frame using the indicated
video frame as a reference 126. When the reference
frame parameter stores a value between 0 and N-I, the
value identifies the non-interpolated reference frame
used as a reference for encoding the video frame.
[0098] However, when the reference frame parameter
stores a value of N, decoder 14 examines the CBP and
MV parameters for each block of the video frame 128
and determines the FRUC mode used for encoding the
respective block based on the CBP and MV parameters
130. In this manner, the reference frame parameter is
used as a trigger by decoder 14 to determine when the
CBP and MV parameters are used normally, i.e., in
compliance with the H.264 standard, or to indicate the
FRUC mode used for encoding a block in the video
frame. After determining the FRUC mode, decoder 14 can
decode the video frame according to the selected FRUC
mode, i.e., the FRUC mode determine in step 130.
[0099] FIG. 9 is a block diagram illustrating a
digital video encoding apparatus 136 for encoding
video frames or portions thereof in accordance with an
adaptive EA-FRUC 



technique described in this disclosure. Digital video
encoding apparatus 136 may residein a video encoder,
such as video encoder 12 of FIG. 1, and may be
realized by hardware, software, or firmware, or any
suitable combination thereof. As shown in FIG. 9,
digital video encoding apparatus 136 may include a
module 138 for interpolating a FRUC frame as described
herein, a module 140 for encoding a video frame using
the FRUC frame as a reference as described herein, a
module 142 for selecting one or more FRUC modes for
encoding a video frame or portion thereof as described
herein, and a module 144 for adjusting parameters to
indicate the FRUC modes used to encode the video frame
or portions thereof as described herein. In some
example configurations, module 138 may correspond
substantially to interpolation module 50 of FIG. 5,
module 140 may correspond substantially to encoding
module 58 of FIG. 5, module 142 may correspond
substantially to mode selection module 52 of FIG. 5,
and module 144 may correspond substantially to
signaling module 56 of FIG. 5. [00100] FIG. 10 is a
block diagram illustrating a digital video decoding
apparatus 146 for decoding video frames or portions
thereof encoded according an adaptive EA-FRUC
technique described in this disclosure. Digital video
decoding apparatus 146 may reside in a video decoder,
such as video decoder 14 of FIG. 1, and may be
realized by hardware, software, or firmware, or any
suitable combination thereof. As shown in FIG. 10,
digital video decoding apparatus 146 may include a
module 148 for interpolating a FRUC frame as described
herein. Digital video decoding apparatus 146 also may
include a module 150 for selecting one or more FRUC
modes to decode at least a portion of a digital video
frame as described herein, e.g., based on one or more
parameters for the at least a portion of the encoded
video frame that indicate the selected FRUC mode. In
addition, digital video decoding apparatus 146 may
include a module 152 for decoding a video frame or
portion thereof according to the selected FRUC mode
using the FRUC frame as a reference. [00101] The
techniques described herein may be implemented in
hardware, software, firmware, or any combination
thereof. If implemented in software, the techniques
may be realized in part by a computer program product
for digital video encoding comprising a
computer-readable medium, wherein the
computer-readable medium comprises codes 



for causing a computer to execute techniques in
accordance with this disclosure. In this case, the
computer-readable medium may comprise random access
memory (RAM) such as synchronous dynamic random access
memory (SDRAM), read-only memory (ROM), non-volatile
random access memory (NVRAM), electrically erasable
programmableread-only memory (EEPROM), FLASH memory,
magnetic or optical data storage media, and the like.
[00102] The program code 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). [00103]
Various modifications may be made to the techniques
described without departing from the scope of the
following claims. Accordingly, the specific aspects
described above, and other aspects are within the
scope of the following claims.CLAIMS 1. A digital
video encoding method comprising: interpolating a
frame rate up-conversion (FRUC) video frame; encoding
at least a portion of a video frame using the FRUC
frame as a reference; selecting one of a plurality of
FRUC modes for the at least a portion of the encoded
video frame; and adjusting one or more parameters for
the at least a portion of the encoded video frame to
indicate the selected FRUC mode. 2. The method of
claim 1, wherein selecting one of a plurality of FRUC
modes comprises selecting one of a plurality of FRUC
modes for at least one of a plurality of blocks within
the encoded video frame, and adjusting one or more
parameters comprises adjusting one or more parameters
associated with at least one of the blocks to indicate
the selected FRUC mode for the respective blocks. 3.
The method of claim 2, wherein adjusting one or more
parameters comprises 



adjusting a coded block pattern (CBP) parameter and a
motion vector (MV) parameter for each of the blocks to
indicate the selected FRUC mode. 4. The method of
claim 3, further comprising setting the CBP parameter
to zero and the MV parameter to zero to indicate a
first mode, setting the CBP parameter to zero and the
MV parameter to a nonzero value to indicate a second
mode, setting the CBP parameter to a nonzero value and
the MV parameter to zero to indicate a third mode, and
setting the CBP parameter to a nonzero value and the
MV parameter to a nonzero value to indicate a fourth
mode. 5. The method of claim 1, wherein selecting one
of a plurality of FRUC modes comprises selecting one
of the FRUC modes based on a rate distortion
optimization decision.6. The method of claim 1,
further comprising including mode information in the
encoded video frame, wherein the mode information
comprises no residual information and no motion vector
information for a first mode, motion vector
information for a second mode, residual information
for a third mode, and both residual information and
motion vector information for a fourth mode. 7. A
digital video encoding apparatus comprising: an
interpolation module that interpolates a frame rate
up-conversion (FRUC) video frame; an encoding module
that encodes at least a portion of a video frame using
the FRUC frame as a reference; a mode selection module
that selects one of a plurality of FRUC modes for the
at least a portion of the encoded video frame; and a
signaling module that adjusts one or more parameters
for the at least a portion in the encoded video frame
to indicate the selected FRUC mode. 8. The apparatus
of claim 7, wherein the mode selection module selects
one of a plurality of FRUC modes for at least one of a
plurality of blocks within the encoded video frame,
and the signaling module adjusts one or more
parameters associated with each of the blocks to
indicate the selected FRUC mode for the respective
blocks. 9. The apparatus of claim 8, wherein the
signaling module adjusts a coded block 



pattern (CBP) parameter and a motion vector (MV)
parameter for each of the blocks to indicate the
selected FRUC mode. 10. The apparatus of claim 9,
wherein the signaling module sets the CBP parameter to
zero and the MV parameter to zero to indicate a first
mode, sets the CBP parameter to zero and the MV
parameter to a nonzero value to indicate a second
mode, sets the CBP parameter to a nonzero value and
the MV parameter to zero to indicate a third mode, and
sets the CBP parameter to a nonzero value and the MV
parameter to a nonzero value to indicate a fourth
mode.11. The apparatus of claim 7, wherein the mode
selection module selects one of the FRUC modes based
on a rate distortion optimization decision. 12. The
apparatus of claim 7, wherein the encoding module
includes mode information in the encoded video frame,
wherein the mode information comprises no residual
information and no motion vector information for a
first mode, motion vector information for a second
mode, residual information for a third mode, and both
residual information and motion vector information for
a fourth mode. 13. A processor for encoding digital
video data, the processor being configured to
interpolate a frame rate up-conversion (FRUC) video
frame, encode at least a portion of a video frame
using the FRUC frame as a reference, select one of a
plurality of FRUC modes for the at least a portion of
the encoded video frame, and adjust one or more
parameters for the at least a portion of the encoded
video frame to indicate the selected FRUC mode. 14. A
computer program product for digital video encoding
comprising: a computer-readable medium comprising
codes for causing a computer to: interpolate a frame
rate up-conversion (FRUC) video frame; encode at least
a portion of a video frame using the FRUC frame as a
reference; select one of a plurality of FRUC modes for
the at least a portion of the encoded video frame; and
adjust one or more parameters for the at least a
portion of the encoded video frame to indicate the
selected FRUC mode. 



15. A digital video encoding apparatus comprising:
means for interpolating a frame rate up-conversion
(FRUC) video frame; means for encoding at least a
portion of a video frame using the FRUC frame as a
reference; means for selecting one of a plurality of
FRUC modes for the at least a portion of the encoded
video frame; andmeans for adjusting one or more
parameters for the at least a portion of the encoded
video frame to indicate the selected FRUC mode. 16.
The apparatus of claim 15, wherein the means for
selecting one of a plurality of FRUC modes comprises
means for selecting one of a plurality of FRUC modes
for at least one of a plurality of blocks within the
encoded video frame, and the means for adjusting one
or more parameters comprises means for adjusting one
or more parameters associated with each of the blocks
to indicate the selected FRUC mode for the respective
blocks. 17. The apparatus of claim 16, wherein the
means for adjusting one or more parameters comprises
means for adjusting a coded block pattern (CBP)
parameter and a motion vector (MV) parameter for each
of the blocks to indicate the selected FRUC mode. 18.
The apparatus of claim 17, further comprising means
for setting the CBP parameter to zero and the MV
parameter to zero to indicate a first mode, means for
setting the CBP parameter to zero and the MV parameter
to nonzero to indicate a second mode, means for
setting the CBP parameter to nonzero and the MV
parameter to zero to indicate a third mode, and means
for setting the CBP parameter to nonzero and the MV
parameter to nonzero to indicate a fourth mode. 19.
The apparatus of claim 15, wherein the means for
selecting one of a plurality of FRUC modes comprises
means for selecting one of the FRUC modes based on a
rate distortion optimization decision. 20. A digital
video decoding method comprising: interpolating a
frame rate up-conversion (FRUC) video frame; selecting
one of a plurality of FRUC modes to decode at least a
portion of an 



encoded video frame based on one or more parameters
for the at least a portion of the encoded video frame
that indicate the selected FRUC mode; and decoding the
at least a portion of the encoded video frame
according to the selected FRUC mode using the
interpolated FRUC frame as a reference.21. The method
of claim 20, wherein selecting one of a plurality of
FRUC modes comprises selecting one of a plurality of
FRUC modes for at least one of a plurality of blocks
within the encoded video frame, wherein one or more
parameters associated with each of the blocks
indicates the selected FRUC mode for the respective
blocks. 22. The method of claim 21, wherein the
parameters that indicate the selected FRUC mode
comprise a coded block pattern (CBP) parameter and a
motion vector (MV) parameter for each of the blocks.
23. The method of claim 22, wherein the CBP parameter
is set to zero and the MV parameter set to zero to
indicate a first mode, the CBP parameter is set to
zero and the MV parameter is set to nonzero to
indicate a second mode, the CBP parameter is set to
nonzero and the MV parameter is set to zero to
indicate a third mode, and the CBP parameter is set to
nonzero and the MV parameter is set to nonzero to
indicate a fourth mode. 24. The method of claim 20,
wherein the encoded video frame includes mode
information, wherein the mode information comprises no
residual information and no motion vector information
for a first mode, motion vector information for a
second mode, residual information for a third mode,
and both residual information and motion vector
information for a fourth mode. 25. A digital video
decoding apparatus comprising: an interpolation module
that interpolates a frame rate up-conversion (FRUC)
video frame; a mode selection module that selects one
of a plurality of FRUC modes to decode at least a
portion of an encoded video frame based on one or more
parameters for the at least a portion of the encoded
video frame that indicate the selected FRUC mode; and
a decoding module that decodes the at least a portion
of the encoded video 



frame according to the selected FRUC mode using the
interpolated FRUC frame as a reference.26. The
apparatus of claim 25, wherein the mode selection
module selects one of a plurality of FRUC modes for at
least one of a plurality of blocks within the encoded
video frame, wherein one or more parameters associated
with each of the blocks indicates the selected FRUC
mode for the respective blocks. 27. The apparatus of
claim 26, wherein the parameters that indicate the
selected FRUC mode comprise a coded block pattern
(CBP) parameter and a motion vector (MV) parameter for
each of the blocks. 28. The apparatus of claim 27,
wherein the CBP parameter is set to zero and the MV
parameter set to zero to indicate a first mode, the
CBP parameter is set to zero and the MV parameter is
set to nonzero to indicate a second mode, the CBP
parameter is set to nonzero and the MV parameter is
set to zero to indicate a third mode, and the CBP
parameter is set to nonzero and the MV parameter is
set to nonzero to indicate a fourth mode. 29. The
apparatus of claim 25, wherein the encoded video frame
includes mode information, wherein the mode
information comprises no residual information and no
motion vector information for a first mode, motion
vector information for a second mode, residual
information for a third mode, and both residual
information and motion vector information for a fourth
mode. 30. A processor for decoding digital video data,
the processor being configured to: interpolate a frame
rate up-conversion (FRUC) video frame; select one of a
plurality of FRUC modes to decode at least a portion
of an encoded video frame based on one or more
parameters for the at least a portion of the encoded
video frame that indicate the selected FRUC mode; and
decode the at least a portion of the encoded video
frame according to the selected FRUC mode using the
interpolated FRUC frame as a reference. 31. A computer
program product for digital video decoding comprising:
: a computer-readable medium comprising codes for
causing a computer to: interpolate a frame rate
up-conversion (FRUC) video frame;select one of a
plurality of FRUC modes to decode at least a portion
of an 



encoded video frame based on one or more parameters
for the at least a portion of the encoded video frame
that indicate the selected FRUC mode; and decode the
at least a portion of the encoded video frame
according to the selected FRUC mode using the
interpolated FRUC frame as a reference. 32. A digital
video decoding apparatus comprising: means for
interpolating a frame rate up-conversion (FRUC) video
frame; means for selecting one of a plurality of FRUC
modes to decode at least a portion of an encoded video
frame based on one or more parameters for the at least
a portion of the encoded video frame that indicate the
selected FRUC mode; and means for decoding the at
least a portion of the encoded video frame according
to the selected FRUC mode using the interpolated FRUC
frame as a reference. 33. The apparatus of claim 32,
wherein the means for selecting one of a plurality of
FRUC modes comprises means for selecting one of a
plurality of FRUC modes for at least one of a
plurality of blocks within the encoded video frame,
and wherein one or more parameters associated with
each of the blocks indicates the selected FRUC mode
for the respective blocks. 34. The apparatus of claim
33, wherein the parameters that indicate the selected
FRUC mode comprise a coded block pattern (CBP)
parameter and a motion vector (MV) parameter for each
of the blocks. 35. The apparatus of claim 34, wherein
the CBP parameter is set to zero and the MV parameter
set to zero to indicate a first mode, the CBP
parameter is set to zero and the MV parameter is set
to nonzero to indicate a second mode, the CBP
parameter is set to nonzero and the MV parameter is
set to zero to indicate a third mode, and the CBP
parameter is set to nonzero and the MV parameter is
set to nonzero to indicate a fourth mode. 36. The
apparatus of claim 32, wherein the encoded video frame
includes mode information, wherein the mode
information comprises no residual information and
nomotion vector information for a first mode, motion
vector information for a second mode, residual
information for a third mode, and both residual
information and motion vector information for a fourth
mode. 


