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(57) Abstract: A video codec is provided in which virtual reference data (e.g., virtual reference blocks) are advantageously em-
ployed by a video coder and decoder to significantly improve coding efficiency as compared to prior art codecs. Specifically, a
'Virtual reference," as used herein, is defined as a group of pixels (e.g., a block) that is used as reference material for encoding
portions of the video signal (e.g., a motion- compensated inter-predicted block), but that does not comprise or represent any por-
tion of the actual video sequence to he displayed. For example, it may advantageously be determined that portions of the video se-
quence may be efficiently represented as a motion-compensated block of pixel values which are generated by the video coder
based on the blocks being predicted but not based on any actual, blocks in any of the actual video frames or slices.
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VIDEO CODING USING VIRTUAL REFERENCE DATA

Field of the Invention
s The present invention relates generally to the field of video compression and
more particularly to an lmproved method and apparatus for performing block-based

video coding and decoding,

Background of the Invention

10 Most major standard video codecs {(ie., coders and decoders) achieve a data
compression advantage over still image coding technigues by using a block-based,
motion-compensated prediction scheme. Such schemes are fully familiar to those of
ordinary skill in the art and include, for example, the well known video coding
standards ITU-T/H.261, H.262, H.263, and H.264, and the comresponding ISO/TEC-

15 11172 (MPEG-1), ISG/IEC 13818 (MPEG-2), 1ISOG/IEC 14496 (MPEG-4/ASP), and
ISOAEC 14496-10 (MPEG-4/AVC).

Block-based schemes treat (typically rectangular) regions of pixels (e,
picture elements) as a single unit, and typically encode such units using one of two
broad methods, The first method s to independently code the block without reference

20 to other blocks at all (le, “intra-coding™), or to code a block relative to some
surrounding pixel values (fe., “intra-prediction™). The sccond method 1s to code a
block by providing a pointer to a similar, previously coded bloek which is used as a
reference, and to further provide an error block that indicates the differences between

the reference and the block to be coded (e, intercoding). This latter method works

Pl
141

extremely well because video frames tend to be very similar to other nearby video
frames, with many of the changes therebetween due to portions of the scene moving
between frames ~ hence, the ferm “motion-compensated prediction” is used to
indicate that these reference block pointers are compensating for object or camers
motion. Note that inter-coding 15 generally more efficient than intra-codmg. (the
3¢ efficiency of a codec in this context refers to the ability of a codec to represent an

image with a minimam of distortion by using as few bits as possible.}
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In recent years, many ecfficiency gains have been realized by providing

Increasingly better ways of specifying a reference bloek, including “bi-directional

prediction,” which uses multiple reference blocks (for example, one from a previeus~
in-iime video frame and one from a future~in-time video frame — even though cach of
these video frames must necessarily have been previcusly decoded before the given
video frame can be decoded), or by using variable size reference blocks. However,
even with the best of the current video coding techuiques, the bandwidth required for
video transmisston systems such as, for example, HDTV (High Definition
Television), and for wircless video applications still exceeds the capabilities of these

coding technigues and limits either the quality or the guantity of the resultant video,

Summary of the Invention

We have recognized that there exist certain lmitations in current video coding
techniques which limit the possibie efficiency thereof. The first such limitation is that
the reference blocks used in current video coders mwust necessarily be part of a
previously decoded video frame (which may. in fact, represent cither a previous-in-
time and/or a later-in-time video frame). That is, the reference block must necessarily
be based on an actual part of the video as presented in an sctual video frame. The
second such limitation is that reference blocks must be updated en masse, as part of a
slice or frame. {Those of ordinary skill in the art will recognize that a frame refers to

a single still-image picture in a video sequence, whereas a “slice” simply refers to

some subset of a frame) That is, in many standard video codec implementations,

such as 11.264, the encoder can save multiple slices or frames to use as references, but
ultimately, some finite limit is chosen to fix the storage required at the decoder.

In accordance with various iHustrative embodiments of the present invention,
a video codec is provided in which virtual reference data (e.g., virtual reference
blocks) are advantageously emploved by a video coder and decoder to significantly
waprove coding efficiency as compared to prior art codecs. Specifically, a “virtual
reference,” as used herein, is defined as a group of pixels (e.z., a block) that is used as
reference material for encoding portions of the video signal (e.g. a motion-

compensated inter-predicted block), but that does not comprise or represent any
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portion of the actual video sequence to be displaved. For example, it may
advantageously be determined that portions of the video sequence may be efficiently
represented as a motion-compensated block of pixel values which are generated by
the video coder based on the blocks being predicted, but do not represent any actual
block in any of the actual video frames or shces.

Specifically, an illustrative embodiment of the present invention provides a
method and apparatus for generating an encoded video signal from an original video
signal, the original video signal comprising a sequence of video frames, the encoded
video signal for use in a subsequent video display of said original video signal, the
method or apparatus comprising steps or machine-executable code for: generating
virtual reference data based on a portion of the original video signal, wherein the
generated virtual reference data does not represent any portion of any individual
frame of the original video signal which is to be displayed in said subsequent video
display thereol; encoding said generated virtual reference data and incorporating said
encoded virtual reference data into the encoded video signal; incorporating into the
encoded video signal an ndication that said encoded virtual reference data
Incorporated therein comprises data which does not represent any portion of any
individual frame of the original video signal to be displayed in said subsequent video
display theveof; encoding one or more portions of the original video signal which are
to be displayed in said subsequent video display thercof, wherein said encoding of
saild one or more portions of said original video signal which are to he displayed are
based on and specifically reference a portion of said encoded virtual reference date;
and incorporating said encoded portions of said original video signal which are to be
displayed into said encoded video signal.

In addition, another illustrative embodument of the present invention provides
a method and apparatus for decoding an encoded video signal to generate a decoded
video stgnal for use in a subsequent video display of an original video signal, the
original video signal comprising a sequence of video frames, the encoded video signal
having been generated from the original video signal, the methed or apparatus
comprising steps or machine-executable code for: identifying in said encoded video

signal an indication that encoded virtual reference data has been incorperated therein,
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wherein said encoded virtual reference data does not represent any portion of any
individual frame of the original video signal which iz to be displayed in said
subsequent video display thereof; decoding from said encoded video signal said
enceded virtual reference data incorporated therein; and decoding from said encoded
video signal one or more encoded portions of the original video signal which are to be
displayed in said subsequent video display thereof, wherein said encoded portions of

said original video signal which are to be displayed are based on and specifically

reference a portion of said encoded virtual reference data.

Brief Description of the Drawings

Figure 1 shows a flow chart of a method of encoding a video signal with use
of virtual reference data in accordance with a first illustrative embodiment of the
present invention.

Figure 2 shows a flow chart of a method of decoding an encoded video signal
with use of virtual reference data in accordance with a first illustrative embodiment of
the present invention.

Figure 3 shows a flow chart of a method of encoding a video signal with use
of virtual reference data in accordance with a second Hlustrative embodiment of the
present mvention.

Figure 4 shows a flow chart of a method of decoding an encoded video signal
with use of virtual reference data in accordance with a second illustrative embodiment
of the present invention.

Figure 5 shows a flow chart of a method of encoding a video signal with use
of virtual reference data in accordance with a third illustrative embodiment of the
present invention.

Figure 6 shows a flow chart of a method of decoding an encoded video signal
with use of virtual reference data in accordance with a third tHhustrative embodiment
of the present invention.

Figure 7. shows a flow chart of a method of encoding a video signal with use
of virtual reference data in accordance with a fourth iflustrative embodiment of the

present invention.
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Figure 8 shows a flow chart of a method of decoding an encoded video signal
with use of virtual reference data in accordance with a fourth illustrative embodiment
of the present invention.

Figure 9 shows a flow chart of an illustrative method for generating coefficient

5 wvalues, which may be employed in connection with varions ones of the methods of
encoding a video signal with use of virtual reference data in accordance with various

iliustrative embodiments of the present invention,

Detailed Deseription of the Preferred Emboedinents
10 Introduction
To clanfy the operation of the illustrative embodiments described in detail
below, consider the advantage of encoding a virtual reference in terms of minimizing
encoded bits. Note first that typical state-of-the-art encoders represent blocks to be

encoded In terms of previously escoded frames (or slices) by specifyving the error

,_.
v

between a pointed-to reference block and the block to be encoded. This error is
typically encoded using entropy coding (which is fully familiar to those of ordinary
skill in the art) or some similar method that reduces the required number of bits
{typically to less than one bit of error per pixel).

In the H.264 standard encoder, for example, the Context-Adaptive Variable
20 Length Coding (CAVLC) entropy coder (which is alse familiar to those skilled in the
arty is used as a lossless compression method well suited for block-based video
coding. In a typical case, the error is a quantized difference between the discrete
cosine transform {(DCT) coefficients of the predicted pixels and the DCT coeflicients

of the actual pixels. {The use of DCT coefficients in video coding is also fully

1)
h

familiar to those of ordinary skill in the art.) In general, the encoding is more efficient
if there are many differences which are equal to zervo, but it is still highly efficient if
the {absolute value of the) difference of select non-zero termsg is equal to 1. An
oceasional absolute difference greater than 1 In these select terms breaks the

efficiency of the entropy coder and requires a disproportionately large number of bits

Ly
<

to encode.

Consider, for example, the case where one of these select terms is equal to 2.
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In the H.264 coder, for example, one woukd need to either accept the cost of coding
the additional bits, distort the video by changing the absolute errortoa O ora 1, or
increase the quantization level of the error by, for example, dividing by 2 (which is

identical to dropping the least significant bit of the error) so that the offending value

N

of a 2 becomes a 1, and (unfortunately) all the previous 1 values become 0 values.

Adopting the first choice is to accept lower efficiency, and adopiing either the second

or the third choices is to increase the distortion (ie., to decrease the guality of the

resultant video). This creates a classic trade-off between bit-rate versus quality in a

video codec. In summary, two blocks are sent (a first block for the previously

10 encoded frame or shice, and a second block for the frame or slice being coded, inter

alig in terms of the previously encoded frame or shice), but the second block may be
coded i a less efficient manner than is, in theory, possible.

In accordance with the principles of the present imvention, and in accordance

with various illustrative embodiments thereof, the coding efficiency associated with

15 the above example could be significantly improved by sending virtua! reference data

having the ferm in question set one bit higher than in the first block above. Thus, the

first block above could advantageously use the virtual reference data with a -1 “error”

(Le., the value of the term in guestion in the first block would be one less than the

value specified in the virtual reference data), and the second block above could

20 advantageously use the virtual reference data with a +1 “error”™ (i.e., the value of the

term In question in the second block would be one more than the value specified in

the virtual reference data). In this case, a virtual block is sent, and two regular (e,

“real”) blocks (e, the first block above and the second block above) are also sent.

‘The net coding, however, will be more efficient in many cases, since the virtual block

25 can be carefully tuned to minimize the “emror™ values for the two “real” blocks.
Effectively, although the coding of the virtual block and first regular block are likely
to slightly exceed (in bits required) the coding of the first block for a prior art coder
such as H.264, the second regular block is likely to be coded at such a better
efficiency that there is a net reduction in the total number of required bits.

30

A first illusirative embodiment of the present invention
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In accordance with a first 1llustrative embodiment of the present invention, an
entire. frame {or slice} of wirtval reference blocks is advantageously coded and
transmitted in the coded bit stream 1o the deceder. These coded virtual reference
blocks are then advantageously decoded and stored for future use as reference blocks,
without ever being displayed as part of the output video (since they do not represent
any part of the actual video signal itsetf). The coding of the virtual reference material
may be othcrwise identical to normal codec operation, with intra-coded blocks (1~
blocks”), bi-directionally-coded. blocks (“B-blocks™), and predictive-coded (*P-
blocks™) each used where appropriate (7.e., where most advantageous).

In particular, in accordance with the principles of the present invention, the
virtual reference blocks are advantageously generated in such a manner so as to
maximize the overall efficiency of the codec, whereas prior art encoders must
necessarily choose reference blocks from existing blocks (ie.. blocks which represent
an actual portion of the video). One method for generating virtual reference blocks in
accordance with an illustrative embodiment of the present invention is described
below in connection with Figure 9 herein.

Figure | shows a flow chart of a methed of encoding a video signal with use
ol virtual reference data in accordance with the first illustrative embodiment of the
present invention. Flowchart box 101 writes a frame (or slice) header indicating that
this is a virtual reference frame (or slice), Flowchart box 102 decides whether there
are more video blocks in the virtual reference frame {or slice) to be encoded. If so,
flowchart box 103 encodes ‘a next video block, flowchart box 104 places the encoded
video block in an output buffer, and control proceeds back to flowchart box 102, If
not, flowehart box 105 closes the frame (or shice) and the flow terminates. In this
manner, one or more virtual reference blocks have been advantageously generated and
encoded for subsequent use in, for example, the predictive coding of actual video
blocks by the encoder,

Figure 2 shows a flow chart of a method of decoding an encoded video signal
with use of virtual reference data in accordance with the first illustrative embodimerd
of the present invention, Flowchart box 201 identifies that the frame {or slice) to be

decoded s a virtual reference (only) frame (or slice). Flowchart box 202 decides
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whether there are more blocks to be decoded. 1 so, tlowechart box 203 decodes a next
video block, flowchart box 204 places the video block directly in a reference frame
buffer, and control proceeds back to flowchart box 202, If not, flowchart box 205
closes the frame {or shice) and flow terminates. In this manner, one or more virtual
reference blocks have been advantageously decoded and stored for subsequent use in,

for example, the predictive decoding of actual video blocks by the decoder.

A second illustrative emmbodiment of the present invention

In accordance with a second illustrative embodiment of the present invention,
what will be referred to herein as “Dual blocks™ or D-blocks™ are introduced. As
defined herein, a D-block is advantageously composed of three parts: a header, a
primary block and a secondary block. The header is a flag indicating the type of
reference to follow. For example, if the header is a “DBLOCK _NO” flag (which
may, for example, be represented by a O bit), it indicates that there is no virtual
reference block, which therefore indicates a conventional encoding. In this case the
flag may be merely removed by the decoder, and the block may be decoded as it is in
conventional decoders {e.g.,, as an I~block, a P-block, or a B-block). If, on the other
hand, the header is a “DBLOCK_YES” flag (which may, for example, be represented
by a 1 bit), it indicates that two blocks will be encoded {and will immediate follow the
header). First, what will be referred to herein as the “primary™ block will be encoded

in the bits immediately following the initial flag, and this will advantageously

comprise the encoding of a virtual reference block. Following the enceding of the

virtual reference bleck will be an encoding of what will be referred to herein as the
“secondary™ block. which will comprise an encoding of the actual block representing
the current location in the video {(f.e, a “normal video block™ in a conventional coder).
Either of the two blocks (i.e., the primary block and the secondary block) may be an I
block, a P-block, or a B-block, independent of one another. In particular, the
secondary block may advantagecusly be coded as a P-block or a B-block which
references (J.e., depends upon) the primary {(virtual reference) block.

Figure 3 shows a flow chart of a methed of encoding a video signal with use

of virtual reference data in accordance with the second tllustrative embodiment of the
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present invention. Flowchart box 301 determines whether the video block should be
represented as a D-block. I it is advantageous to do so, flowchart box 302 writes a
DBLOCK _YES flag into the output buffer as the header. Flowchart box 303 then
encodes a virtual reference video block and writes it into the output buffer. Flowchart
box 304 encodes a pormal (fe. actual) video block and writes it into the output
buffer, and flow terminates at flowchart box 305, Advantageously, the normal video
block may be encoded with reference to the virtual reference video block encoded in
flowchart box 303. If flowchart box 301 determines that it is not advantageous to
represent the video block as a D-block, flowchart box 306 writes a DBLOCK. NO
flag into the output buffer as the header, and flow proceeds to flowchart box 304 to
encode the video block in a conventional manner.

Figure 4 shows a flow chart of a method of decoding an encoded video signal
with use of virtual reference data in accordance with the second illustrative
embodiment of the present invention. Flowchart box 401 examines the DBLOCK
flag in the header of the encoded data for the video block. If the flag is equal to
DBLOCK_YES, Bowchart box 402 decodes the first {primary) video block, which
comprises a virtual reference blogk, and writes the decoded virtual reference block
directly into the reference frame buffer. Flowchart box 403 then decodes the next
(secondary} video block, which represents the actual video block to be displayed, and
wiltes the decoded video block directly into a video frame cutput buffer. Flow then
terminates at flowchart box 404, If, on the other hand, the flag from flowchart box
401 is equal to BBLOCK NGO, flow proceeds directly to flowchart box 403 where the

{actuatl) video block is decoded and written to the video franie output buffer.

A third HBlucirative embodiment of the present invention

In accordance with a third iHlustrative embodiment of the present invention,
the virtual reference block embedded in the DD-block in accordance with the second
illustrative embodiment of the present invention (as described above) advantageously
contalns an additional motion vector to place {7 e., locate within the frame or slice) the
primary block. In accordance with this third lustrative embodiment, this may be

tndicated by an extended header., For example, following a DBLOCK. YES flag (see
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18 to be relocated, whereas & PBLOCK RELOCATED NGO flag may be used to

indicate no such refocation (and thus, the scheme as described above in connection

above), a DBLOCK. RELOCATED YES flag may be used to indicate that a D-block

with the second Hlustrative embodiment of the present invention). Note that a leading
5  DBLOCK NG may be advantageously handled in an identical manner as is described
above 1n vonnection with the second illustrative embodiment of the present invention,

and is advantageously not followed by the extended header.
When the DBLOCK RELOCATED YES flag is present, the first motion
vector of the secondary block may be advantageously used to relocate the primary
10 virtual reference block, and the secondary block must therefore be either a P-block or
a B-block. For example, a secondary P-block following an extended header may be
advantageously parsed to decode the motion vector, and the decoded motion vector
may then be advantageously applied to the primary block, such that the primary block

is decoded and then replaces the block pointed to by the motion vector.

it
13

Note that an encoder will advantageously employ either the technigue of the
secoud illusirative embodiment of the present invention or the technique of the third
lustrative entbodiment of the present invention at any given time, since the second
header bit needs to be properly interpreted by the corresponding decoder.  In
accordance with various iHlustrative embodiments of the invention, this may be
20 achieved by (a} only using one of these two techniques throughout the encoding of the
entire video signal; (b) updating in a frame (or slice) header information specifving
which of the technigues (i.e.. “modes™) is to be used until a subsequent such update is
provided; or (¢} switching between modes using some parameter setting sequence in

the syntax of the coder.

o
]

Figure 5 shows a flow chart of a method of encoding a video signal with use
of virtual reference data in accordance with the third illustrative embodiment of the
present mvention,  First, flowchart box 501 determines whether the video block
should be represented as a D-block. If it is advantageous to do so, flowchart box 302
writes a DBLOCK YES flag into the output buffer, and then, flowchart box 503
30 determines whether it is advantageous for the video block to be a relocated D-block,
If it is, flowchart box 504 writes a DBLOCK RELOCATED YES flag into the
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output buffer, and Howchart box 305 encodes an appropriate motion vector and writes
it into the output buffer. (The motion vector may be determined with use of
conventional motion-compensation techmiques fully familiar to those of ordinary skill
in the art.) Then, flowchart box 506 encodes a virtual referenice block and writes it to
the owiput buffer, and flowchart box 307 encodes the (actual} video block, omitting
the motion vector for the P-block or the first motion vector of a B-block, which is
now advantageously assumed to be the motion vector from flowchart box 505 (ie.
the motion vector from the virtual reference bloek). Flow terminates at flowchart box
508.

If, however, flowchart box 503 determines that the video block should notbe a
refocated D-block, then flowchart box 509 writes a DBLOCK RELOCATED NO
Hag into the output buffer. ¥Flowchart box 510 then encodes the virtnal refevence
block and places it in the output butfer, and flowchart box 511 encodes the normal
block and places it in the output buffer as well. Flow is then terminated at flowchart
box 508. Finally, if flowchart box 501 had determined that the video block should not
be a D-block, then flowchart box 512 wriles a DBLOCK _NO flag into the output
butfer, and flow proceeds to Howchart box 511 1o encode the normal block and place
it in the output buffer. In accordance with an alternative illustrative embodiment of
the present invention, all video blocks in flowchart box 507 may be encoded
normally, without the sncoder making any assumptions about the ingter-coded blocks
pointing to the virtual reference block encoded in flowchart box 506.

Figurs 6 shows a flow chart of a method of decoding an encoded video signal
with use of virtual reference data in accordance with the third Hustrative embodiment
of the present invention. Flowchart box 601 examines the DBLOCK flag in the video
block. I the flag is determined to be DBLOCK_YES, flowchart box 602 examines
the DBLOCK _RELOCATED flag in the video block. I the flag is determined to be
PBLOCK_RELOQCTED_YES, then flowchart box 603 decodes the provided motion
vector and flowchart box 604 decodes the provided virtual reference block.
Flowchart box 6035 then places the virtnal reference block in the reference frame and
location as indicated by the motion vector decoded in flowchart box 603, and

flowchart box 606 then decodes the provided (actual) video block without use of a
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motion vector. As indicated above, if the video block Is an inter-coded block, the first
motion vecior is advantageously assumed to be the block decoded in flowchart box
603 (ie, the virtual reference block is the virtual reference block decoded in

flowchart box 604), Flowchart box 606 also advantageously writes the decoded

A

{actual) video block directly into a video frame output buffer, and then flow
terminates at flowchart box 607.

If, on the other hand, the DBLOCK_RELOCATED flag is determined in
flowchart box 602 to be DBLOCK _RELOCATED NO, flow proceeds to flowchart
box 608 which decodes a virtual reference bloek and places it in the reference buffer.
10 Flow then proceeds to flowchart box 609, which decodes a (normal) video block and

places it in the output buffer. If, however, flowchart box 601 had determined that the
DBLOCK flag in the video block is DBLOCK _NQO, then flow would have proceeded
directly to flowchart box 609 for the decoding of a (normal) video block. In
accordance with an allernative illustrative embodiment of the present invention
15 comresponding to the aliernative illusirative embodiment described above in
connection with the illustrative encoder of Fig. 5, all video blocks in flowchart box
606 may be decoded normally, with the decoder making no assumptions about the

inter-coded blocks pointing to the reference from flowchart box 603,

20 A fourth Hlustrative embodiment of the present inveuntion
In accordance with a fourth iHustrative embodiment of the presert invention,
intra-coding prediction modes, such as those employed by the H.264 standard codec
{which i3 fully familiar to those of ordinary skill in the ar) arc advantageously
modified. That is, whereas the previously described illustrative embodiments of the
25 present invention have employed virtual reference data (i.e., virtual reference blocks)
advantageously used in certain inter-coding prediction modes, this fourth tHustrative
embodiment employs virtual reference data which are advantageously used in certain
intra-coding prediction modes. Note that the intra~coding prediction modes of the

H.264 standard codec are fully familiar to those of ordinary skill in the art.

topd
=
L —

In particular, these intra~coding prediction modes function 1n a manner similar

to that of inter-prediction modes such as motion compensation, but rather than using
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video blocks from other frames (or slices), added to an error block, to predict a video
block 10 be coded, they use the values of surrounding pixels from other blocks in the
same frame (or slice), added to an error block, to predict the video block to be coded.
The surrounding pixels may, for example, comprise the column of pixels to the left of
the block 1o be decoded, the row of pixels above the block to be coded, or a number of
other such possibilities. In the H.264 standard codec, for example, there are eight
such intra~coding prediction modes in total.

In accordance with this fourth illustrative embodiment of the present
invention, the pixels used in a given prediction mode are advantageously enceded in
the primary block of a D-block, such as is described in connection with the second
illustrative embodiment of the present invention. (See above.) The specific
prediction mode used in encoding a given block, which is conventionally specified in
an intra~prediction block, is, in accordance with this fourth iHustrative embodiment of
the present invention, advantageously specified in the secondary block of the D-block,
Note that the primary block need not be saved, since it is used only for the cuwrent
block. The intra~coded pixels may be advantageously and efficiently encoded using
standard methods, such as differential encoding, fully familiar to those of ordinary
skill 1n the art.

Figure 7 shows a flow chart of a method of encoding a video signal with use
of virtual reference data in accordance with the fourth illustrative embodiment of the
present yvention.  Flowchart box 701 determines whether it would be advantageous
to represent the cuwrrent video block as an intra-predicted D-block. It so, flowchart
box 702 writes a DBLOCK_YES flag into the output buffer and tlowchart box 703
encodes virtual reference pixels and writes them into the output buffer. Flowchart
box 704 then encodes the (normal) video block as an intra-predicted block using these
virtual reference pisels, and writes the encoded video bleck into the output buffer.
Flow terminates at flowchart box 705. If, on the other hand, flowchart box 701
determines that the current video block should not be represented as an intra-predicted
D-block, flowchart box 706 writes a DBLOCK_NO flag into the output buffer, and
flow proceeds to flowchart box 704, where the (normal) block is encoded and written

into the output buffer in a conventional mansier,
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Figure 8 shows a flow chart of a method of decoding an encoded video signal
with use of virtual reference data in accordance with the fourth Hlustrative
embodinment of the present invention. Flowchart box 801 examines the DBLOCK.
flag in the encoded video block. If the flag is determined to be DBLOCK_YES,

5  Hlowchart box 802 decodes the provided set of virtual reference pixels. Flowchart box
803 then decodes the current video block using the virtual reference pixels, and writes
the video block directly into a video frame output buffer. Flow then terminates at
flowchart box 804. If, on the other hand, the flag from fowchart box 801 is
determined to be DBLOCK _NO, flow proceeds diveetly to flowehart box 803, which

10 decodes the block using reference pixels in a conventional manner. Flow then
terminates at flowchart box 864.

Note that in accordance with various additional illustrative embodiments of

the present invention, it may be advantageous to mix the techmques of the second

illugtrative embodiment described above, the third illustrative embodiment described

15 above, and the fourth illustrative embodiment described above, by judiciously
inspecting the primary and secondary blocks, and based thereapon, determining the
which coding and decoding technigues are to be employed. Such judicious mixtures
will be obvious to those skilled in the art based upon the disclosure provided herein.

20 An illusirative method for selecting coefficient values in virtnal blocks

Figure 9 shows a flow chart of an illustrative method for generating frequency
transform coeflicient values, which may be emploved in connection with various ones
of the methods of encoding a video signal with use of virtual reference data in
agcordance with various illustrative embediments of the present invension. (The use

25 of frequency transform coefficients for coding video signals is fully familiar to those
of ordinary slall in the art) In particular, the figure shows an Hustrative method
which may be employed for generating a virtual reference block for use in the above-
referenced illustrative embodiments of the invention. More specifically, a block of
cocfficient values — for example, DCT (Discrete Cosine Transform) or similar

30 coefficients, fully familiar to those of ordinary skill in the art -~ may be generated by

the illustrative method of Figure 9 and then used as the data for a virtual reference
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block i dccordance with, for example, the illustrative encoding methods shown in
Figures 1, 3and 5.

Specifically, block encoding 1n accordance with the illustrative method of

Figure 9 proceeds as follows: A DCT or similar block transform employed by the

5 codec is advantageously performed on an N x M block of pixels, where, for example,

N =M = 16. Such a step is specified in essentiaily all conventional MPEG and ITU

block-based video codecs, and is fully familiar to those of ordinary skill in the agt.

This process is typically performed on a “Group of Pictures” (GOP), which is defined

m conventional codecs as a set of frames (or slices) that are to be independently

) encoded without reference to any content outside the GOP. (Use of a GOP is also

fully familiar to those of ordinary skill in the art). Conventional motion search

procedures, implemented in essentially all such conventional encoders, can be then

used to determine which coefficients belong to a “family™, where a family is defined

as a group of cocfficients that move throughout at least some section of the GOP.

15 (Note that, in terms of the images being encoded, this tvpically refers to a real-world

object that is captured moving across the images, or that moves due to camera

motion.) In accordance with certain illustrative embodiments of the present

invention, a virtual reference block will be advantageously used to represent such a

family, Ideally, the virtual reference block will have coefficients that minimize the

20 total error of the P-blocks referencing it, in combination with the total enceded size of

itself, and will be advantageously placed in the reference frame so as to minimize the

encoded number of bits for all motion vectors pointing to that virtual reference block.

A practical method for generating a virtual reference block which meets or is close to

such an ideal in most cases is advantageously provided by the illustrative method

[
LA

shown in Figure 9.

Specifically, as shown In Figure 9, flowchart hox 901 first selects the lowest
modal value m — that is, if there is more than one mode, the lowest value is selected.
{A “mode” of a set of values is defined in statistics theory to be a value which occurs
most frequently in the set.) Using this number, m, will therebv result in the largest
30 possible number of *07 enivies in subsequewt error blocks. However, in practice, the

actual distribution of values in a set of transform coéfficients repreésenting a video
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block is often close to bimedal or is skewed, and therefore, using such a modal value
may not always be optimal in reducing the total number of coefficients having an
error with an absolute value less than or equal to 1 (e, “small error” coetlicients, ag
opposed to “large error” coefficients having an error with an absolute valte greater
than 1).

L4

Thus, nexy, in flowchart box 902, N, which is defined herein to be the total
number of large error coeflicients (i.e., those having an error with an absolute value
greater than 1) assuming the use of the selected modal value m, is determined (fe.,
counted). Flowchart box 903 then computes Ny.s, which is defined herein to be the

10 total number of large error coefficients assuming instead the use of a value of one less
than the previously determined modal value — namely, using m-/ instead of m. Then,
in flowchart box 904, N,..; and N,, are compared, and if N,,.; is less than IV, then flow
proceeds to flowechart box 903, in which the value m-f iz selected and flow proceeds
to flowchart box 910 where the process stops.

15 Otherwise {(Le., if N, 18 not less than N,), Bow proceeds to flowchart box
906, which computes N, which is defined herein to be the total number of large
error coefticients assuming the use of a value of one above the previeusly determined
modal value — namely, using m+/ instead of »m {or m-7). Next, in flowchart box 907,
Nopsg 1s compared to N, and if N, is Iess than N, then flow proceeds to flowchart

20 box 908 in which the value m+/ is selected and flow proceeds to flowchart box 910
where the process stops. Otherwise (Le. if Ny Is not less than N,,), flowchart box
909 selects the originally determined modal value m, and again, flow proceeds to
flowchart box 910 where the process stops.

Once all of the coefficients are selected, the block s advantageously placed in

o)
L

the virtual frame at a location that is the approximate average of its loeation through
the frames. Since the blocks are allocated to non-overlapping places, the virtual
frame 13 divided into a plurality of N x M sections, and so the virtual block may be
advamageousty placed in the closest one of these sections. If, however, the closet one
of these sections is occupied, the block may instead be placed in one of the nearby

30 open sections.
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lustrative emabodiments comprising a video encoder or a vides decoder
In accordance with various illustrative embodiments of the present invention,
video encoders and video decoders may be advantageously implemented using
machine-executable code which implement the principles of the present invention.
5 For example, the above-described illustrative methods may be physically embodied in
machine-executable code which may then be incorporated into an otherwise
conventional memory, and such. execotable code may then be exccuted by a
conventional associated processor.  As used herein, the term “memory” is used
without limitation and may comprise any type of data storage device which may hold
10 machine-executable code, including, for example, read-only memory (ROM), random
access memory (RAM), mass storage devices (such as, for example, a disc), ere.
Similarly, as used herein, the term “processor” is used without limitation and may
comprise any device capable of executing program code supplied thereto in any

possible manner.

,_.
(P 4

Addendum to the detatled description
It should be noted that all of the preceding discussion merely iliustrates the
general principles of the invention. It will be appreciated that those skilled in the art
will be able to devise various other arrangernents, which, although not explicitly
26 described or shown herein, embody the principles of the invention, and are included
within its spirit and scope. In addition, all examples and conditional language recited
herein are principally intended expressly to be only for pedagogical purposes to aid
the reader in understanding the principles of the invention and the concepts
coniributed by the inventor to furthering the art, and are to be construed as being
25 without hmitation to such specifically recited examples and conditions. Moreover, all
statements herein reciting principles, aspects, and embodiments of the invention, as
well as specific examples thereof, are intended (o encompass both structural and
functional equivalents thercof. It is also intended that such equivalents include both
currently known eguivalents as well as equivalents developed in the fature — ie, any

30 elements developed that perform the same function, regardless of stracture.
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What is claimed is:

. A method for generating an encoded video signal from an original video
signal, the original video signal comprising a sequence of video frames, the encoded
5 video signal for use in a subsequent video display of said original video signal, the
method comprising the steps of:

generating virtual reference data based on a portion of the original video
signal, wherein the generated virtual reference data does not represent any portion of
any individual frame of the original video signal which is to be displayed in said

10 subsequent video display thereof;
encoding said generated virtual reference data and incorporating said encoded

virtual reference data into the encoded video signal;

Incorporating into the encoded video signal an indication that said encoded

virtual reference data incorporated therein comprises data which does not represent

m
LA

any portion of any individual frame of the original video signal to be displayed in said
subsequent video display thereof;

encoding one or more portions of the original video signal which are to be
displayed in said subsequent video display thereof, wherein said encoding of said one
or more portions ol said original video signal which are to be displayed are based on
20 and specifically referénce a portion of said encoded virtual reference data; and
incorporating said encoded portions of said original video signal which are to

be displayed into said encoded video signal.

2. The method of elaim 1 wherein said encoded video signal comprises a

[od
(9]

block-based encoding of said original video signal, wherein said virtual reference data
comprises one or more virtual reference blocks, and wherein said encoded portions of
said original video signal which are to be displayed are encoded based on said
encoded virlual reference data with use of a block-based motion compensated

prediction scheme.
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3. The methed of claim 2 wherein the step of generating the virtual reference
data comprises:
identifving a set of video blocks comprising a video block from each of a
plurality of video frames represented by said original video signal; and
3 geperating the virtual reference data so as to minimize differences between

said identilied video blocks and the generated virtual reference data.

4. The method of claim 2 wherein said encoded virtual reference data and one
encoded portion of said original video signal which is to be displayed are incorporated

10 into said encoded video signal together as an encoded dual block.

5. The methed of claim 1 wheremn the encoded video signal comprises a
block-based encoding of said original video signal, wherein one of said portions of the

original video signal which is to be displayed is comprised in a given frame of said

—
s

original video signal, wherein said virtual reference data is generated based on said
given frame of said original video signal, and wherein said one of said portions of the
original video signal which is to be displayved is encoded based on said encoded

virtual reference data with use of an intra~coding prediction scheme.

20 &. A method for decoding aun encoded video signal to generate a decoded
video signal for use in a subsequent video display of an original video signal, the
original video signal comprising a sequence of video frames, the encoded video signal
having been generated from the original video signal, the method comprising the steps

of

g
I

identifying in said encoded video signal an indication that encoded virtual
reference data has been incorporated therein, wherein said encoded virtual reference
data does not represent any portion of any individual frame of the original video
signal which 1s to be displaved in said subsequent video display thereof;

decoding from said encoded video signal said encoded virtual reference data

3¢ incorporated therein; and
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decoding from said encoded video signal one or more encoded portions of the
original video signal which are to be displayed in said subsequent video display
thereof, wherein said encoded portions of said original video signal which are to be
displayed are based on and specifically reference a portion of said encoded virtual

reference data’

7. The method of claim 6 wherein said encoded video signal comprises a
block-based encoding of said original video signal, wherein said encoded virtual
reference data comprises one or more encoded virtual reference blocks, wherein said
encoded portions of said original video signal which are to be displayed are based on
satd encoded virtual reference data and have been encoded with use of a block-based
motion compensated prediction scheme, and wherein the step of decoding from said
encoded video signal said one or more encoded portions of the original video signal
which are to be displayed comprises performing block-based motion compensation on

the decoded virtual reference data.

8. The method of claim & further comprising the step of storing said decoded

virtual reference data in a reference frame butfer.

9. The method of claim 7 wherein said encoded virlual reference data and one
encoded portion of said original video signal which is to be displayed have been

incorporated into said encoded video signal together as an encoded dual block.

18. The method of claim 6 wherein the encoded video signal comprises a
block-based encoding of said original video signal, wherein one of said encoded
portions of the original video signal which is to be displaved is comprised in a given
trame of said original video signal, wherein said virtual reference data has been
generated based on said given frame of said original video signal, and wherein said
one of said encoded portions of the original video signat which 1s to be displayved has
been encoded based on satd encoded virtual reference data with use of an intra~coding

prediction scheme,
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