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RESTRUCTURING TECHNIQUE FOR VIDEO FRAMES

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application Serial
Number 63/215,854 filed June 28, 2021.

BACKGROUND
[0002] The subject matter of this application relates to a restructuring technique for video
frames.
[0003] Referring to FIG. 1, a compressed bitstream from a storage device or transmission
channel 100 is input to a decoder buffer 110 which is connected over a communication
link 120 to a decoder 130, the output 140 of which is displayed 150.
[0004] Referring to FIG. 2, a video compression system receives an input video stream
200 that is provided as a first input to a picture coder 210 and as an input to a complexity
estimator 220. The complexity estimator outputs an estimate 230 that is an input to a picture bit
allocator 240 whose output 250 produces a second input to the picture coder 210. The picture
coder 210 operates on the first input 200, under control of the number of bits allocated as
indicated by the output 250, to produce a coded output 260 for the compressed bitstream.
[0005] Digital video compression techniques are widely used in many applications to reduce
the storage and transmission bandwidth requirements. The dominant digital video compression
techniques are specified by the international standards MPEG-1 (ISO/IEC 11718-2), MPEG-2
(ISO/IEC 13818-2), MPEG-4 (ISO/IEC JTC1/SC29/WG11), Advanced Video Coding (AVC)
H.264 Series H: Audiovisual and Multimedia Systems (06/2019), developed by the Moving
Picture Experts Group (MPEG), part of a joint technical committee of the International Standards
Organization (ISO) and the International Electrotechnical Commission (IEC), each of which is
incorporated by reference herein. These standards were developed for coding of motion pictures
and associated audio signals for a wide range of applications involving the transmission and
storage of compressed digital video, including video streaming, video distribution on demand,
digital television transmission via coaxial networks, fiber-optic networks, terrestrial broadcast or

direct satellite broadcast; and for interactive multimedia contents stored on a storage media.
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[0006] The MPEG standards specify a bitstream in which a variable number of bits are used
to represent each compressed picture. The variable feature is due to the different types of picture
processing, as well as the inherent variation with spatio-temporal complexity of the scene being
coded. This leads to the use of buffers to smooth out the fluctuations in the bitrate. For a
constant-bit-rate storage media or transmission channel buffering allows the bitrate of the
compressed pictures to vary within limits that depend on the size of the buffers, while outputting
a constant bitrate to the storage device or transmission channel.

[0007] Referring to FIG. 3, an example is illustrated of the three types of encoded frames
(e.g., pictures) I, P, B within a group of frames that form a sequence of frames of a set of
compressed MPEG frames. The principal distinguishing feature among the frame types is the
compression method which is used. The first type, Intra-mode frames or I frames, are
compressed independently of any other frames. Although there are no fixed upper bound on the
distance between I frames, often they are interspersed frequently throughout a sequence to
facilitate random access and other special modes of operation. Predictively motion-compensated
frames (P frames) are reconstructed from the compressed data in that frame and from the
previous I or P frame. Bidirectionally motion-compensated frames (B frames) are reconstructed
from the compressed data in that picture plus a previous I or P frame and a subsequent I or P
frame. Because reconstructed I or P frames can be used to reconstruct other frames, they are
called reference pictures.

[0008] MPEG pictures are constructed from macroblocks that are coded based upon a
macroblock quantizer parameter that acts as the primary manner of trading off quality versus
bitrate in MPEG-2. The quantizer parameter can vary from macroblock to macroblock within a
frame. The macroblock quantizer is computed in any suitable manner. Most video sequences
exhibit a high degree of correlation between consecutive pictures. A useful method to remove
this redundancy before coding a picture is motion compensation.

[0009] The MPEG standards can be used with both constant-bit-rate and variable-bit-rate
transmission and storage media. The number of bits in each picture will be variable, due to the
different types of picture processing, as well as the inherent variation of the spatio-temporal

complexity of the scene being coded.
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[0010] For the bitstream to satisfy the MPEG rate control requirements, all the data for each
frame needs to be available within the buffer at the instant it is needed by the decoder and that
the decoder buffer does not overfill. These requirements translate to upper and lower bounds on
the number of bits allowed in each frame. The upper and lower bounds for a given frame depend
on the number of bits used in the frames preceding it.

[0011] Video transcoding is a process of converting one compressed video stream to another
compressed video stream. Video transcoding techniques are widely used in various applications.
There are two primary advantages to applying transcoding techniques to video streaming. First,
by storing a high quality compressed video stream (rather than the raw video file), a substantial
amount of storage space in the server can be saved. Second, by reusing a part of the compressed
video information carried in the source video stream, the transcoding process can be greatly
simplified in comparison with the traditional encoding process. Video transcoding among
various bitrates (e.g. from DVD high quality video to wireless low quality video) uses rate
control to satisfy the bandwidth, buffer, and delay constraints, etc.

[0012] Generally speaking, video transcoders may be classified into three types. Referring to
FIG. 4A, the transcoder may re-quantize DCT coefficients of the input bitstream by a bigger
quantization step size and thus lower quality. Consequently, the complexity of the transcoder is
relatively low. However, drift errors can occur in P and B frames and accumulate in P frames
until the next I frame is transcoded.

[0013] Referring to FIG. 4C, the transcoder may cascade a full decoder with a full encoder.
Because motions are re-estimated and residues are recalculated in the transcoder, drift errors can
be eliminated. However, this results in high computational complexity, and is not normally
suitable for low complexity or real-time applications.

[0014] Referring to FIG. 4B, to compromise the quality and the complexity, a transcoder
may recalculate residues based on the previous transcoded frame, drift errors can be avoided and
the final reconstruction error depends on the quantization noise. Thus, the transcoder results in
relatively high quality transcoded video. The complexity of the transcoder of FIG. 4B is higher
than that of FIG. 4A due to the IDCT/MCP/DCT (inverse discrete cosine transform/motion
compensated picture/discrete cosine transform) operations. However, the transcoder is

significantly less complex than that of FIG. 4C, since it re-uses the motion information carried
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by the input bitstream instead of processing motion re-estimation. Hence, the
transcoder provides relatively high quality and relatively low complexity.
[0015] Unfortunately, some transcoded video streams tend to have difficulty in maintaining

the encoding quality with a desired maximum bitrate.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] For a better understanding of the invention, and to show how the same may be carried
into effect, reference will now be made, by way of example, to the accompanying drawings, in
which:
[0017] FIG. 1 illustrates decoding a bitstream that includes video.
[0018] FIG. 2 illustrates a picture coder based upon bit allocation.
[0019] FIG. 3 illustrates I, P, and B frames and references between them.
[0020] FIGS. 4A-4C illustrate transcoders.
[0021] FIG. 5 illustrates 24P to 60P conversion including repeating frames.
[0022] FIG. 6 illustrates pattern recognition for frames of the video.
[0023] FIG. 7 illustrates selection frame type modification based upon repeat patterns.

[0024] FIG. 8 illustrates selection frame type modification based upon repeat patterns.

DETAILED DESCRIPTION
[0025] Referring to FIG. 5, typically motion pictures have a frame rate of 24 progressive
frames per second. However, it many cases the motion pictures having a frame rate of 24
progressive frames per second is transcoded to 60 progressive frames per second or 60 interlaced
fields per second (generally referred to herein as frames for simplicity). To convert the 24P
content to the 60P content, a pulldown is typically used to convert the 24 frames into 60 frames.
This pulldown may be performed by taking every other frame and repeating it twice, and then
taking the other frames and repeating them trice. The result is a repeating pattern of 2 frames, 3
frames, 2 frames. 3 frames, 2 frames, 3 frames, 2 frames, 3 frames. 2 frames, 3 frames, etc. By
way of example, for 1 second of video there may be 24 original frames and 36 repeat frames.
[0026] Referring to FIG. 6, when transcoding video content that is received that has been

previously converted from 24P video content, such as in an encoded bitstream, it would be
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expected that the repeat frames would be properly signaled within the bitstream as repeat frames,
so that no encoded bits are required to encode the pixels of the repeat frame. Unfortunately, over
time and likely as a result of multiple entities encoding, multiple entities modifying, ticker
overlays, and other modifications, the repeat frames are not properly identified as repeat frames,
but rather, are often encoded in a manner that may require a substantial number of bits to encode
the pixels of the frame. By way of example, all of the frames may be encoded with I, P, and B
frames each of which encodes the pixels of the frames, some of which may use motion vectors to
reference other frames. A pattern recognition process may be used to compare the frames with
one another to identify whether a pull down process was used, and if used, the frames
corresponding to the repeat frames.

[0027] Referring to FIG. 7 and FIG. 8, one technique to code the video stream is to use the
output of the pattern recognition to determine the pattern of the pull down frames, such as 2
frames, 3 frames, 2 frames, 3 frames, etc., of the received frames 700. With the repeating pattern
of the frames determined, it is desirable to code the bitstream using a repeating pattern of a group
of pictures, such as I, B, B, P, B, B, P, B, B, P, B, B, I, etc. The group of pictures may be
defined as the group of pictures between a sequential series of I frames, inclusive of the initial I
frame. However, it was determined that with the repeating frames as a result of the pull down
conversion that previously occurred, there exists situations where a second B frame is a repeat of
only an immediately previous B frame but is not permitted to reference a previous B frame.
When this pattern occurs the selection of the types of frames of the group of pictures is
unsuitable for efficient encoding because the second B frame will need to be encoded using a
substantial number of bits because it cannot be encoded as a repeat of the previous B frame.
However, it is noted that the second B frame may reference a previous P frame or I frame, which
may be desirable if the second B frame is a repeat of such a previous P frame or I frame.
Accordingly, a technique is desirable so that the frame represented by the second B frame may
be encoded with ‘zero’ bits for encoding the pixels of the frame (there may be bits used for
overhead signaling of a repeat frame). Moreover, if a pair of sequential B pictures have
substantially different number of bits required for encoding that are not otherwise marked as
duplicates, a rate control mechanism that is not sufficiently forward looking tends to degrade the

quality of the images around the sequential B frames.
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[0028] The system initially checks if the current frame is a second B frame in a sequential
series of frames 710. If the current frame is the second B frame in the sequential series of frames
710, then the system checks if the second B frame is a repeat frame of the immediately
previously B frame 720. In this manner, the system has determined that the pair of B frames are
repeat frames of one another. Next, the system checks to determine if the immediately
previously frame to the pair of B frames is not a repeat of either of the B frames that are repeats
of one another 730. In the case that the previous frame to the pair of B frames is a repeat of
either of the B frames that are repeats of one another 730, then the system preferably codes the
second B frame (which is not permitted to reference another B frame) as a repeat of the
immediately previous frame (e.g., P or I frame) of the pair of B frames. In this manner, the
coding efficiency is increased and the rate control of the transcoder is likely to be more effective.
In the case that the immediately previous frame to the pair of B frames is not a repeat of either of
the B frames that are repeats of one another 730, then the system preferably promotes the second
B frame (which is not permitted to reference another B frame) to a P frame (or I frame) and
referenced as a repeat of the first previous I or P frame (P frames are permitted to reference
another P or I frame) 740.

[0029] A similar process may be used for source content that is coded with AVC where a
typical pattern include P, B, Bret, B, P, B, Bret, B, P, B, Brer, B, where Bref can be referenced by
the other B frames. By way of example if Brer is a second B frame, and it is a repeat of the
immediately preceding B frame, which is not a repeat of the previous frame (aka P frame) then
the Brer is promoted to a P frame. In a similar manner, if the third B frame is a repeat of the
immediately previous Brer frame, then the third B frame is promoted to a P frame.

[0030] A similar process may be used for source content that originates with 30P content that
is converted to 60P content by repeating each frame once. If the system determines this is the
pattern that occurred, then preferably the sequence is modified to include I, P, B, P, B, P, B, P, B,
I. In this manner each of the B frames may reference the previous P frame, and be signaled as a
‘repeat frame’ thus increasing the coding efficiency.

[0031] It is noted that in many cases, the input frames are HEVC or AVC with a relatively
high quality with an output that is AVC or MPEG-2 with a relatively lower quality.
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[0032] Moreover, each functional block or various features in each of the aforementioned
embodiments may be implemented or executed by a circuitry, which is typically an integrated
circuit or a plurality of integrated circuits. The circuitry designed to execute the functions
described in the present specification may comprise a general-purpose processor, a digital signal
processor (DSP), an application specific or general application integrated circuit (ASIC), a field
programmable gate array (FPGA), or other programmable logic devices, discrete gates or
transistor logic, or a discrete hardware component, or a combination thereof. The general-
purpose processor may be a microprocessor, or alternatively, the processor may be a
conventional processor, a controller, a microcontroller or a state machine. The general-purpose
processor or each circuit described above may be configured by a digital circuit or may be
configured by an analogue circuit. Further, when a technology of making into an integrated
circuit superseding integrated circuits at the present time appears due to advancement of a
semiconductor technology, the integrated circuit by this technology is also able to be used.
[0033] It will be appreciated that the invention is not restricted to the particular embodiment
that has been described, and that variations may be made therein without departing from the
scope of the invention as defined in the appended claims, as interpreted in accordance with
principles of prevailing law, including the doctrine of equivalents or any other principle that
enlarges the enforceable scope of a claim beyond its literal scope. Unless the context indicates
otherwise, a reference in a claim to the number of instances of an element, be it a reference to
one instance or more than one instance, requires at least the stated number of instances of the
element but is not intended to exclude from the scope of the claim a structure or method having
more instances of that element than stated. The word "comprise" or a derivative thereof, when
used in a claim, is used in a nonexclusive sense that is not intended to exclude the presence of

other elements or steps in a claimed structure or method.
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CLAIMS

We claim:

1. A method encoding video into a bitstream comprising:

(a) receiving said video comprising a plurality of I frames, B frames, and P frames,
where said I frames are each intra coded frames, where said P frames are each forward predicted
frames, and said B frames are each bi-directionally predicted frames;

(b) determining whether one of said B frames is a repeat frame of an immediately
preceding B frame of said encoded video;

(©) determining whether said immediately preceding B frame of said encoded video
is a repeat from of an immediately preceding frame to said immediately preceding B frame;

(d) promoting said one of said B frames to either a P frame or an I frame if

(1) said one of said B frames is a repeat frame of said immediately preceding

B frame of said encoded video; and

(i)  said immediately preceding B frame of said encoded video is not a repeat
from of said immediately preceding frame to said immediately preceding B frame;

(e) encoding said video into said bitstream including said I frames, said B frames,

and said P frames.

2. The method of claim 1 further comprising a pattern recognition process
determining whether said video includes a repeating pattern of repeating frames having a

sequence of 2 repeats and 3 repeats.

3. The method of claim 1 further comprising said promoting said one of said B

frames to either said P frame or said I frame is said P frame.

4. The method of claim 3 wherein said promoted P frame is coded as a repeat frame

of a previous frame.
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5. A method encoding video into a bitstream comprising:

(a) receiving said video comprising a plurality of I frames, B frames, and P frames,
where said I frames are each intra coded frames, where said P frames are each forward predicted
frames, and said B frames are each bi-directionally predicted frames;

(b) determining whether a sequence of pairs of frames are repeats of one another;

(©) coding said sequence of pairs of frames based upon said determining as a
sequence of pairs of P frames and B frames, where each of said B frames is coded as a repeat
frame of a corresponding P frame;

(d) encoding said video into said bitstream including said I frames, said B frames,

and said P frames.



