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(57) Abstract: A method of optimizing an encoded video stream comprising one or more video frames, each video frame comprising
a plurality of macroblocks, each macroblock comprising a plurality of pixels. The method includes receiving an encoded macrob -
lock, decoding the encoded macroblock, and extracting a first quantization parameter. The first quantization parameter corresponds
to quantization settings originally used for compressing the encoded macroblock. The method also includes computing a second
quantization parameter based at least in part on the first quantization parameter, re-encoding the decoded macroblock based on the
second quantization parameter, and providing the re-encoded macroblock.
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MACROBLOCK-LEVEL ADAPTIVE QUANTIZATION IN QUALITY-AWARE VIDEO
OPTIMIZATION

Cross Reference to Related Patents

[0001] This application claims the priority and benefit of U.S. Provisional Application
No. 61/495,951, filed on June 10, 2011, titled “Application of Adaptive Quantization in Quality-

Aware Video Optimization,” the entire contents of which are incorporated herein by reference.

Backeround Information

Quantization vs. Perceptual Quality

[0002] In video processing, quantization is a lossy compression technique achieved by
compressing a range of values to a single quantum value. When a video frame is quantized in
any system, information is lost. For example, typical video encoders (e.g., MPEG-2, MPEG-4,
H.264, VC-1, etc.) can compress video streams by discarding information that is intended to be
perceptually the least significant — information without which the decoded (decompressed) video
can still closely resemble the original video. The difference between the original and the
decompressed video resulting from quantization is sometimes referred to as “quantization noise.”
The amount of information discarded during encoding depends on how the video stream is
quantized. Each video compression format defines a discrete set of quantization settings, and
each quantization setting has an abstract identifier, denoted as a quantization parameter (QP).
The QP can be arbitrarily defined as, for example, an integer that indexes an array of
quantization settings such that quantization noise introduced by a smaller QP value of X is less
than the quantization noise introduced by a larger QP value of X+1. The quantization settings

indexed by a given QP value can be different for each video codec.
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[0003] If too much information is discarded during quantization, the video stream may
appear distorted when it is decompressed during playback. This captures the relationship
between quantization and perceptual quality. Thus, the QP may be used as an indicator of
perceptual quality since the QP indicates how much information is discarded when encoding a
video stream. In particular, when the QP value is smaller, more information is retained. As the
QP value is increased, however, more information is discarded because some of the information
1s aggregated so that the bit rate drops, which results in some loss of quality and some increase

in distortion.

Quantization vs. Bitrate

[0004] In video processing, bitrate refers to a number of bits used per unit of playback
time to represent a continuous video after encoding (data compression). Different sections of a
video stream can naturally require a different number of bits to be represented even when they
consist of the same number of pixels and are encoded with the same QP. A given section of a
video stream quantized with a higher QP value of X+1, however, will never require more bits
than the same section quantized with a smaller QP value of X, assuming all other encoding
parameters are held constant and assuming a higher QP value represents a coarser quantization
(more information loss). In practice, this means that average bitrate requirement decreases when
the QP is increased. FIG. 4 shows how the bitrate of an encoded video stream decreases as the
QP increases. The bitrate numbers and the QP values in FIG. 4 are just examples. In practice, the
numbers and the values can be different and correlation between QP values and bitrate can vary
for different video sequences.

[OOOS] The value of QP can be dynamically changed throughout the video stream by

the video encoder. For example, each frame within the video stream can be assigned its own QP
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value, and that value will be used to quantize all pixels within that frame. Frames assigned higher
QP values would therefore undergo coarser quantization and result in fewer encoded bits than
similar frames quantized with lower QP values. Changing the QP value at a frame level is used
by some video encoders, for example, for maintaining an average bitrate of the encoded stream
at a relatively constant level — when the bitrate starts to exceed a predefined level, QP value(s)
for subsequent frames(s) can be increased, and vice versa, when the bitrate falls below the
predefined level, QP value(s) for subsequent frame(s) can be decreased.

[0006] Frame-level QP modification, however, does not take into account the fact that
the visual information included in a given frame is rarely equally distributed across the frame.
More typically, a video frame would have some “flat” regions with relatively constant color and
brightness (e.g., sky, grass, water, walls) while other regions would be have more details (e.g., a
person’s face, a text, or any other object characterized with abrupt color and/or brightness
changes). Regions characterized by different levels of detail or pixel variance may also differ
significantly in terms of compressibility, that is, to what degree they can be compressed without

significant degradation of perceptual quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 illustrates a block diagram of an exemplary system.

[0008] FIG. 2 is a block diagram illustrating an embodiment of an exemplary
macroblock-level quality-aware video optimizer in the exemplary system of FIG. 1.

[0009] FIG. 3 is a functional diagram illustrating an exemplary process flow in the
embodiment of FIG. 2.

[0010] FIG. 4 illustrates exemplary correlation between bitrate and QP for various

video streams.
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[0011] FIG. 5 is a flowchart representing an exemplary method of macroblock-level

quality-aware video optimization.

DETAILED DESCRIPTION

[0012] Reference will now be made in detail to the exemplary embodiments, examples
of which are illustrated in the accompanying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the same or like parts.

[0013] Exemplary embodiments disclosed herein are directed to methods and systems
for macroblock-level quality-aware video optimization. Macroblock-level quality-aware video
optimization is a technique to modify an encoded video stream on a macroblock level so that the
byte size (the bitrate) of the encoded video stream is reduced as much as possible, while
simultaneously limiting the perceptual quality degradation to a controllable level.

[0014] A framework for macroblock-level quality-aware video optimization can adjust
image quantization, allowing, through empirical testing, the fine control of the quality
degradation in the byte-reduced content. Through further empirical testing, it is also possible to
apply the quantization adjustment optimizations to transcoding scenarios, where the input and
output compression formats are different.

[0015] Advanced video compression standards today advantageously allow video
encoders to assign a different QP value not only to each frame, but also to each macroblock in
the frame. A macroblock is a block of pixels within a frame, for example, a block of 16x16
pixels. Video encoders and decoders can divide a frame into multiple adjacent non-overlapping
macroblocks and then process (encode or decode) the frame one macroblock at a time. Encoding
a macroblock includes, for example, “predicting” the macroblock based on a similar pixel data

within the same frame (in intra-prediction mode) or previous/future frame(s) (in inter-prediction
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mode), obtaining the difference between the prediction and the actual pixel data, transforming
the difference into a frequency domain using, for example, a discrete cosine transform (DCT),
quantizing the transformed data using a fixed quantization matrix and an adjustable QP value,
entropy encoding the quantized data, etc. The encoded data is then stored or transmitted together
with the coding parameters that were used to encode it.

[0016] The coding parameters include, for example, a QP value that was used for
quantizing the macroblock, one or more motion vectors indicating the location of the prediction
block(s) in inter-prediction, and any additional information that may be subsequently required by
the video encoder to reliably decode the macroblock’s encoded data.

[0017] The video decoder can decode the encoded data contained in the macroblock
using the coding parameters. Decoding the macroblock includes, for example, performing
entropy decoding, de-quantizing the entropy-decoded data using the same fixed quantization
matrix and the same adjustable QP value, transforming the de-quantized data back to the spatial
domain using, for example, inverse discrete cosine transform (IDCT), obtaining and adding back
the prediction data, and any additional steps required or optional under a given compression
standard.

[0018] FIG. 1 illustrates a block diagram of an exemplary system 100. Exemplary
system 100 may be any type of system that provides video content over a local connection or a
network, such as a wireless network, Internet, broadcast network, etc. Exemplary system 100
may include, among other things, a user device 102, a gateway 104, one or more networks 106
and 110, a video optimizer 108, and one or more media servers 112-114.

[0019] User devices 102 can be a hardware device such as a computer, a PDA, a cell

phone, a laptop, a desktop, a VCR, a Laserdisc player, a DVD player, blue ray disc player, a
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television set including a broadcast tuner, or any electronic device capable of accessing a data
network and/or capable of playing video. User device 102 can include software applications that
allow user device 102 to communicate with and receive video content from a data network, e.g.,
network 106. For example, user device 102 may send request data to a media server to download
a particular video streaming file, and the media server can transmit the video streaming file to
user device 102. In some embodiments, the video streaming file may be routed through video
optimizer 108. User device 102 may provide a display and one or more software applications,
such as a media player, for displaying the video stream to a user of the user device.

[0020] In some embodiments, user device 102 can also be or include a storage device
for storing or archiving video content. For example, the storage device can be provided as a
video CD, DVD, Blu-ray disc, hard disk, magnetic tape, flash memory card/drive, volatile or
non-volatile memory, holographic data storage, and any other storage medium.

[0021] Gateway 104 is one or more devices that serve as an entrance or a means of
access and may or may not convert formatted data provided in one type of network to a
particular format required for another type of network. Gateway 104, for example, may be a
server, a router, a firewall server, a host, or a video optimizer. For example, gateway 104 may
have the ability to transform signals received from user device 102 into signals that network 106
or 110 can understand and vice versa. This transforming ability, however, is not required in some
data network, for example, Fourth-Generation (4G) or Worldwide Interoperability for
Microwave Access (WiMAX). Gateway 104 may be capable of processing audio, video, and
T.120 transmissions alone or in any combination, and is capable of full duplex media
translations. Further, gateway 104 can include video optimizer 108 for quality-aware video

optimization.
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[0022] Networks 106 and 110 may include any combination of wide area networks
(WANS), local area networks (LANs), or wireless networks suitable for packet-type
communications, such as Internet communications, or broadcast networks suitable for
distributing video content.

[0023] Video optimizer 108 can be implemented as a software program and/or
hardware device that provides quality-aware video optimization. Video optimizer 108 is a server
that provides communication between user device 102 and media servers 112-114. Video
optimizer 108 can perform single-pass, on-the-fly, quality-aware optimization to a previously
encoded video frame sequence, as described below. Since the video optimization method only
requires one pass over the video frame sequence, video optimizer 108 is well suited to operate in
a wide variety of environments. For example, video optimizer 108 can be part of any of media
servers 112-114, or any network device between user device 102 and media servers 112-114. In
this way, video optimizer 108 optimizes live video feeds before they traverse a low-capacity
network segment. Video optimizer 108 can also be installed in front of a storage array to
optimize surveillance video before it is archived, thereby saving storage space.

[0024] Video optimizer 108 can have one or more processors and at least one memory
for storing program instructions. The processor(s) can be a single or multiple microprocessors,
field programmable gate arrays (FPGAs), or digital signal processors (DSPs) capable of
executing particular sets of instructions. Computer-readable instructions can be stored on a
tangible non-transitory computer-readable medium, such as a flexible disk, a hard disk, a CD-
ROM (compact disk-read only memory), and MO (magneto-optical), a DVD-ROM (digital
versatile disk-read only memory), a DVD RAM (digital versatile disk-random access memory),

or a semiconductor memory. Alternatively, the methods can be implemented in hardware
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components or combinations of hardware and software such as, for example, ASICs, special
purpose computers, or general purpose computers.

[0025] Media servers 112-114 can be computer servers that receive a request for video
content from user device 102, process the request, and provide video content to user device 102
through, in some embodiments, video optimizer 108. For example, media servers 112-114 can be
web servers, enterprise servers, or any other type of computer servers. Media servers 112-114
can be computers programmed to accept requests (e.g., HTTP, RTSP, or other protocols that can
initiate a video session) from user device 102 and to serve user device 102 with video stream.
Also, media servers 112-114 can be PDAs, cell phones, laptops, desktops, or any devices
configured to transfer video content to user device 102 through, in some embodiments, one or
more networks 106 and 110. In addition, media servers 112-114 can be broadcasting facilities,
such as free-to-air, cable, satellite, and other broadcasting facilities, for distributing video content
to user device 102 through, in some embodiments, video optimizer 108. Further, media servers
112-114 can be video sources, such as surveillance devices configured to capture videos and
transfer the captured videos to user device 102 through, in some embodiments, video optimizer
108. Also, as an alternative to the configuration of system 100 shown in FIG. 1, any of media
servers 112-114 can include video optimizer 108 for quality-aware video optimization.

[0026] FIG. 2 is a block diagram illustrating an embodiment of an exemplary
macroblock-level quality-aware video optimizer 108 in the exemplary system of FIG. 1. For
simplicity, FIG. 2 only illustrates a video optimizer 108, encoded video stream 202 as input, and
re-encoded video stream 204 as output. Video optimizer 108 may include, among other things, a
decoder 210, a QP adjustment module 220, and an encoder 230. The illustrated configuration of

video optimizer 108 is exemplary only, and can be modified to provide discrete elements or
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combine multiple elements into a single one, and be provided as any combination of hardware
and software components.

[0027] Decoder 210 can be a software program and/or a hardware device configured to
decode the incoming encoded video stream 202. Encoded video stream 202 contains one or more
frames, where each frame consists of one or more macroblocks. For example, a high-definition
frame having a resolution of 1920x1080 pixels can be divided into 120x68=8160 macroblocks,
16x16 pixels each, where the last row of macroblocks is partially “out of bounds”. One second of
video stream can contain, for example, 30 such frames, i.e., 244,800 macroblocks.

[0028] In an embodiment, decoder 210 decodes the incoming encoded video stream 202
one macroblock at a time. Extracting input information embedded within the encoded
macroblock (this input information further described below), decoder 210 decodes encoded
video stream 202 macroblock by macroblock and forwards the decoded macroblocks to encoder
230. In some embodiments, some decoded macroblocks can be temporarily stored in a data
storage (not shown), such as a database or a cache. The data storage can store decoded
macroblocks that may be required for decoding future encoded macroblocks, for example, for
obtaining intra- or inter-prediction information. Decoder 210 can also provide the input
information (including any information derived therefrom) to QP adjustment module 220.

[0029] QP adjustment module 220 can be a software program and/or a hardware device
having the capability to adjust the input QP value received by video optimizer and output an
adjusted QP value. The input QP value can be adjusted according to the input information
received from decoder 210, the output information (further described below) received from

encoder 230, and measured information (further described below) generated during the video
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optimization process. After adjusting the QP value, QP adjustment module 220 provides the
output QP value (i.e., adjusted QP value) to encoder 230.

[0030] Encoder 230 can be a software program and/or a hardware device configured to
re-encode a video stream, macroblock by macroblock, after receiving the decoded video stream
from decoder 210 and the output QP value from QP adjustment module 220. After re-encoding a
macroblock of the video stream, encoder 230 outputs the re-encoded macroblock as part of re-
encoded video stream 204. Encoder 230 also provides the output information to QP adjustment
module 220.

[0031] FIG. 3 is a functional diagram illustrating an exemplary process flow in the
embodiment of FIG. 2. Without departing from the exemplary embodiments, the exemplary
process flow can be altered to delete steps, change the order of steps, or include additional steps.

[0032] After receiving the encoded video stream 202 from a data network, video
optimizer 108 can direct the encoded video stream 202 to decoder 210. Decoder 210 decodes the
encoded video stream one macroblock at a time and extracts input information embedded within
each encoded macroblock. The input information can include input coding parameters 302 and
visual characteristics 304. Upon extraction, the input information is transferred to QP adjustment
module 220.

[0033] Input coding parameters 302 can include any compression-related information
contained in an encoded macroblock, such as the original QP values (“QPpy”) that were used to
quantize the macroblock when it was first encoded, or one or more motion vectors indicating
relative positions of one or more prediction blocks, if the macroblock was encoded using inter-
prediction. Input coding parameters 302 can also include compression-related statistical

information, such as the number of bits that were used to encode the encoded macroblock.
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[0034] In some embodiments, decoder 210, while decoding the encoded macroblock,
also extracts visual characteristics 304, which are then transferred to QP adjustment module 220.
Visual characteristics 304 include any information pertaining to the actual (decoded) pixel data
of the macroblock, such as the variance or the average brightness of macroblock’s pixels.

[0035] Besides receiving input information, QP adjustment module 220 can also
receive output information. Output information can include output coding parameters 310
extracted from the re-encoded video stream 204. In some embodiments, encoder 230 transfers to
QP adjustment module 220 output coding parameters 310 extracted from the re-encoded
macroblocks that make up the re-encoded video stream 204. Output coding parameters 310
include any compression-related information incorporated by encoder 230 into re-encoded
macroblocks, such as QPougu values, motion vectors, prediction modes, and so forth. (Instead of
receiving previously computed QPoupu: values from encoder 230, in some embodiments, QP
adjustment module 220 can temporarily store the values, for example, in an internal buffer).
Output coding parameters 310 can also include statistical information related to the compression
of re-encoded macroblocks, such as the number of bits occupied by the re-encoded macroblocks .

[0036] The types of parameters included in input coding parameters 302 may or may
not match the types of parameters included in output coding parameters 310, depending on
which types of parameters were used in encoded video stream 202 and are used in re-encoded
video stream 204, and depending on what kind of information is requested by QP adjustment
module 220. For example, encoded video stream 202 may have been encoded using a
compression standard that does not support macroblock-level QP adjustment, while it is
supported by the standard being used by encoder 230 for re-encoded video stream. In this

example, input coding parameters 302 can only include a frame-level QP value (repeated for

11
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each decoded macroblock, as explained below), while output coding parameters 310 can include
all the individual macroblock-level QP values, if requested by QP adjustment module 220.

[0037] In some embodiments, encoded video stream 202 does not include individual
QP values for its macroblocks, but only includes frame-level QP values, where each frame is
assigned a single QP value, and that value is used to quantize all macroblocks within that frame.
In that case, to facilitate the macroblock-by-macroblock operation of video optimizer 108,
decoder 210 can still provide QPppy value as part of input coding parameters 302 for each
decoded macroblock, by transferring the same frame-level QP value for each macroblock that
belongs to that frame.

[0038] In some embodiments, QP adjustment module 220 can also preprocess input
coding parameters 302 received from decoder 210. For example, QP adjustment module 220 can
perform a statistical analysis and obtain an average value of QPynpy Or an average motion vector
length, across all previously decoded macroblocks belonging to a certain frame. Similarly, QP
adjustment module 220 can calculate, for example, an average number of bits per encoded
macroblock, across all previously-decoded macroblocks belonging to a certain frame.

[0039] In some embodiments, QP adjustment module 220 can also preprocess output
coding parameters 310 received from encoder 230. For example, QP adjustment module 220 can
perform a statistical analysis and obtain an average number of bits per macroblock, across all
previously re-encoded macroblocks belonging to a certain frame. Similarly, QP adjustment
module 220 can calculate an average value of QPoypu values (obtained either from an internal
buffer or from encoder 230) across all previously re-encoded macroblocks belonging to a certain

frame.

12
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[0040] In some embodiments, QP adjustment module 220 can also preprocess visual
characteristics 304 received from decoder 210. For example, QP adjustment module 220 can
perform a statistical analysis and obtain an average value of pixel variance and/or brightness of
all previously decoded macroblocks that belong to a certain frame.

[0041] Obtaining statistical information may require access to previously received
(“historical”) information. To enable access to historical information, QP adjustment module 220
can include a database (not shown) for temporarily storing a predefined number of recently
received parameters.

[0042] In some embodiments, the preprocessing of input coding parameters 302, output
coding parameters 310 and/or visual characteristics 304 can occur outside QP adjustment module
220. For example, some or all preprocessing of input coding parameters 302 and/or visual
characteristics 304 can be performed by decoder 210 and transferred to QP adjustment module
220. As another example, some or all preprocessing of output coding parameters 302 can be
performed by encoder 230 and transferred to QP adjustment module 220.

Quality-aware Video optimization: QP Adjustment

[0043] QP adjustment module 220 can compute macroblock-level QPouyput values to be
used by encoder 230 for quantizing macroblocks of decoded video stream 206. As discussed
above, QPouypu value can be computed based on any combination of the following data: input
coding parameters 302, visual characteristics 304, and output coding parameters 3 10.

[0044] In some embodiments, QP adjustment module 220 derives QPouypy for a given
macroblock based on the QPyypy of that macroblock, which can be received in input coding
parameters 302. Since a relationship can be established between a QP value used to qﬁantize a

macroblock and perceptual quality of the macroblock, and also between the QP value and the

13
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bitrate (number of bits used to encode the macroblock), QP adjustment module 220 can use the
difference between QPrypy and QPoupy to simultaneously control the bitrate reduction and
perceptual quality degradation of the macroblock in re-encoded video stream 204.

[0045] A parameter AQP can be defined as, for example:

AQP = QPoutput - QPrmput

[0046] QP adjustment module 220 can choose a AQP value to derive a QPouyput that can
satisfy the requirement of byte size reduction and preserve, to the extent possible, the original
perceptual quality. The smaller the AQP value is, the smaller the QPoupput value is, and thus less
information will be discarded during encoding — less degradation of perceptual quality. On the
contrary, the larger the AQP value is, the larger the QPoypy value is, and thus more information
will be discarded during encoding — more degradation of perceptual quality.

[0047] Two properties of the QP vs. bitrate curve shown in FIG. 4 can be exploited to
achieve optimization for an input video stream. The first property to exploit is the fact that a
small AQP has little impact on bitrate when the QPropue 1s high. This is shown on the rightmost,
flat part of the curves in FIG. 3. Considering this property, when QP for a given macroblock
is high, QP adjustment module 220 can decide to maintain AQP at O (that is, to keep QPoutput =
QPryput) because increasing AQP would have little impact on bitrate but could have detrimental
effect on the perceptual quality of the macroblock.

[0048] Sometimes, a zero AQP can still result in degraded perceptual quality. In some
embodiments, encoder 230 can re-encode decoded video stream 206 using a completely different
compression standard than the one with which encoded video stream 202 was originally
encoded. In other embodiments, encoder 230 can use the same compression standard that was

originally used, but it may choose a completely different set of coding features or coding
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decisions. For example, encoded video stream 202 may have been encoded with half-pixel
precision for motion compensation, while encoder 230 may choose to re-encode the stream using
a quarter-pixel (“Qpel”) precision. In some embodiments, encoder 230 can also change the
stream’s frame rate. The result of any such discrepancies between original encoding and the re-
encoding techniques may be that for a given macroblock, a different pixel data is being quantized
by encoder 230 than the pixel data that was quantized by the original encoder. Therefore,
quantizing the macroblock with the same QP value will not necessarily result in the same bitrate
and perceptual quality degradation. Consequently, to reduce the probability of unwanted
degradation of perceptual quality, QP adjustment module can sometimes select a negative AQP,
i.e., choose a QPoupu value that is lower than the value of QPput.

[0049] The second property to exploit is that a small AQP has a large impact on bitrate
when the QPyypy is low. This is shown on the leftmost, steep part of the curves in FIG. 4. When
QPrnpu 1s low, even a small positive AQP will result in large byte reduction. Consequently, in
some embodiments, QP adjustment module 220 will select higher AQP (i.e., output higher
QPoupu values) for lower values of QPjnpu. In order to determine whether QPrnpy; Of a particular
macroblock is “low” or “high”, QP adjustment module 220 can compare QPrnpuc to one or more
predefined threshold values. Alternatively, QP adjustment module 220 can compare the QPraput
to an average value of QPy,py , for example, across all macroblocks that belong to a certain
frame.

[0050] In some embodiments, QP adjustment module 220, when computing QPouipu: for
a macroblock, considers how many bits were used to encode the macroblock in encoded video
stream (202). For example, for macroblocks that have already been encoded with very few bits,

AQP <0 can be selected in order to avoid further degradation of perceptual quality.
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[0051] In some embodiments, the number of encoded bits is considered in conjunction
with the QPpypu value of the macroblock. For example, when QP adjustment module determines
that a macroblock was quantized with a low QPrapue (which could prompt a high QPoupu) but the
macroblock nevertheless resulted in a small number of encoded bits, QP adjustment module 220
can “override” the QPpypu-based selection and select AQP < 0. Conversely, when QP adjustment
module 220 determines that a high QPpypy value resulted in an unusually large number of
encoded bits, a positive AQP (high QPoupu) can be selected. In order to determine whether the
number of bits of a particular macroblock is large or small, QP adjustment module 220 can
compare it, for example, to one or more predefined threshold values, or to an average number of
bits used to encode a macroblock belonging to one or more of previously encoded frames.

[0052] In some embodiments, QP adjustment module 220 can take into account pixel
variance of a macroblock (i.e., variance among the pixel values of the macroblock), which can be
received from decoder 210 as one of visual characteristics 304. High pixel variance can indicate
that the macroblock can be further compressed with minimal degradation of perceptual quality,
and vice versa, compressing macroblocks with low pixel variance is more likely to degrade
perceptual quality. For example, the edge between two macroblocks with low pixel variance is
more likely to become visible when quantization for both macroblocks is increased, which can
lead to image degradation in the form of “blocking” artifacts. Thus, macroblocks whose pixel
variance is, for example, lower than a predefined threshold, or significantly lower than average
pixel variance of previously encoded macroblocks, can be quantized with QPoyiput lower than
macroblocks with high variance.

[0053] In some embodiments, QP adjustment module 220 takes into account the

average brightness of macroblock’s pixels, which can be received from decoder 210 as one of
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visual characteristics 304. Quality defects may be more easily perceived in bright areas of the
image. Therefore, QP adjustment module 220 may requantize the macroblock more aggressively
(with a higher QPouipu) When the average brightness of macroblock’s pixels is low, and vice
versa.

[0054] In some embodiments, QP adjustment module 220 takes into account the
motion vectors of a macroblock, which can be received from decoder 210 as part of input coding
parameters 302. For example, very short motion vectors indicate a low-movement area within
the video stream, which QP adjustment module 220 may choose to process with care by
selecting, for example, AQP <0.

[0055] Output coding parameters 310 can also be considered by QP adjustment module
220 when computing QPoypu. For example, QP adjustment module 220 can monitor the
resulting bitrate of re-encoded video stream 204 and adjust subsequent QPoupu computations
accordingly. For instance, if the average bitrate of re-encoded video stream 204 is too high (e.g.,
higher than a first predefined target bitrate), QP adjustment module 220 can start compressing
subsequent macroblocks more aggressively by choosing higher QPoupu values, and vice versa, if
the average bitrate of re-encoded video stream 204 is too low (e.g., lower than a second
predefined target bitrate), QP adjustment module 220 can start compressing subsequent
macroblocks less aggressively by choosing lower QPouypy values .

[0056] In some embodiments, QP adjustment module 220, by analyzing the information
obtained from output coding parameters 310, can improve the accuracy of its subsequent QPoupu
computations. For example, it may calculate how many bits, on average, result from applying a
certain QPougpue to @ macroblock with a certain number of originally encoded bits. QP adjustment

module 220 can then use that information to adjust its QPouiput computations, for example, for
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similar subsequent macroblocks. Generally speaking, QP adjustment module 220 can use
information obtained from output coding parameters 310 to analyze past quantization decisions
and modify its future quantization decisions based on that analysis. One way of modifying future
decisions is by adjusting the various threshold values mentioned above.

[0057] FIG. 5 is a flowchart representing an exemplary method of a macroblock-level
quality-aware video optimization. Without departing from the exemplary embodiments, the
exemplary process flow can be altered to delete steps, change the order of steps, or include
additional steps.

[0058] After receiving 502 an encoded macroblock, a video optimizer (e.g., video
optimizer 108) decodes 504 the encoded macroblock and extracts input coding parameters (e.g.,
input coding parameters 302) in the process. In addition, the video optimizer can extract 506
visual characteristics (e.g., visual characteristics 304) from the decoded macroblock, if the visual
characteristics are considered when computing QPouspu at step 510. In addition, the video
optimizer can extract 508 output coding parameters (e.g., output coding parameters 310) from
macroblocks previously re-encoded by the video optimizer, if output coding parameters are
considered when computing QPoypu at step 510.

[0059] At step 510, the video optimizer computes QPoygpu based on the input coding
parameters extracted at step 504. The input coding parameters can include QPpypy — a
quantization parameter that was used when the macroblock was originally encoded. In some
embodiments, QPypy corresponds to the QP of the frame, which has been applied to all
macroblocks of that frame. The video optimizer can, for example, increase QPouput when QPryput

is low (e.g., lower than a predefined low threshold) and decrease QPoutput when QPrypy is high
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(e.g., higher than a predefined high threshold). In some cases, for example, when QPiupy is very
high, the video optimizer can set QPoupu to a value equal to or lower than QPriput.

[0060] In some embodiments, the input coding parameters can include the number of
bits consumed by the encoded macroblock. The video optimizer can decrease QPoupu: When the
number of bits is low (e.g., lower than a predefined low threshold) and increase QPouypu when the
number of bits is high (e.g., higher than a predefined high threshold). In some cases, when the
number of bits is very low, the video optimizer can set QPoupu: to a value equal to or lower than
QPjnput- In addition, the video optimizer can consider the number of bits in conjunction with the
QPrypue value, for example, decreasing QPoupu when both QPyypy and the number of bits are low,
and increasing QPoupu When both QPjypy and the number of bits are high.

[0061] In some embodiments, the input coding parameters can include the variance
among pixels of the encoded macroblock. The video optimizer can decrease QPouyipue When the
variance is low (e.g., lower than a predefined low threshold) and increase QPouput when the
variance is high (e.g., higher than a predefined high threshold). In some cases, when the variance
is very low, the video optimizer can set QPoypu to a value equal to or lower than QP1nput..

[0062] In some embodiments, the input coding parameters can include the motion
vectors used to originally encode the encoded macroblock. The video optimizer can decrease
QPoupu when the motion vectors are short (e.g., shorter than a predefined low threshold) and
increase QPouyput when the motion vectors are long (e.g., longer than a predefined high
threshold). In some cases, when the motion vectors are very short, the video optimizer can set
QPoupu to a value equal to or lower than QPjnpu.

[0063] In some embodiments, the video optimizer, when computing QPouspur, can take

into account the visual characteristics extracted at step 508. The visual characteristics can
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include, for example, the average brightness of the encoded macroblock’s pixels. The video
optimizer can decrease QPoupw When the average brightness is high (e.g., higher than a
predefined low threshold) and increase QPoupu When the average brightness is low (e.g., lower
than a predefined high threshold).

[0064] In some embodiments, the video optimizer, when computing QPouyput, can take
into account the output coding parameters extracted at step 508. The output coding parameters
can include, for example, the average bitrate of previously re-encoded macroblocks. The video
optimizer can increase QPoupu When the average bitrate is higher than a predefined target bitrate,
and decrease QPoypu; When the average bitrate is lower than a predefined target bitrate. The video
optimizer can also use the output coding parameters of previously re-encoded macroblocks to
analyze, based on actual results, the relationship between the input coding parameters, the visual
characteristics, the selected QPoupui, and the resulting output coding parameters. For example,
the video optimizer can analyze how many bits, on average, were obtained when a macroblock
having a certain number of originally encoded bits was re-encoded using a certain QPoyipu: value.
As aresult of that analysis, the video optimizer can adjust its subsequent QPouypu computations to
achieve higher accuracy. The adjustment can be accomplished, for example, by modifying the
various thresholds mentioned above.

[0065] After computing QPouipus, the video optimizer can re-encode 512 the decoded
macroblock by encoding it based on quantization setting corresponding to the computed QPoutput.
The re-encoding can optimize the decompressed macroblock so that the byte size of the
compressed macroblock is reduced as much as possible, while simultaneously limiting the
perceptual quality degradation to a controllable level. The video optimizer can transmit 514 the

re~encoded macroblock to a destination. The method can then end 516.
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[0066] The methods disclosed herein may be implemented as a computer program
product, i.e., a computer program tangibly embodied in an information carrier, e.g., in a machine
readable storage device, for execution by, or to control the operation of, data processing
apparatus, €.g., a programmable processor, a computer, or multiple computers. A computer
program can be written in any form of programming language, including compiled or interpreted
languages, and it can be deployed in any form, including as a standalone program or as a module,
component, subroutine, or other unit suitable for use in a computing environment. A computer
program can be deployed to be executed on one computer or on multiple computers at one site or
distributed across multiple sites and interconnected by a communication network.

[0067] A portion or all of the methods disclosed herein may also be implemented by an
application specific integrated circuit (ASIC), a field-programmable gate array (FPGA), a
complex programmable logic device (CPLD), a printed circuit board (PCB), a digital signal
processor (DSP), a combination of programmable logic components and programmable
interconnects, a single central processing unit (CPU) chip, a CPU chip combined on a
motherboard, a general purpose computer, or any other combination of devices or modules
capable of performing quality-aware video optimization disclosed herein.

[0068] In the preceding specification, the invention has been described with reference
to specific exemplary embodiments. It will, however, be evident that various modifications and
changes may be made without departing from the broader spirit and scope of the invention as set
forth in the claims that follow. The specification and drawings are accordingly to be regarded as
illustrative rather than restrictive. Other embodiments may be apparent to those skilled in the art

from consideration of the specification and practice of the invention disclosed herein.
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WHAT IS CLAIMED IS:

1. A method of optimizing an encoded video stream comprising one or more video
frames, each video frame comprising a plurality of macroblocks, each macroblock comprising a
plurality of pixels, the method comprising:

receiving an encoded macroblock;

decoding the encoded macroblock;

extracting a first quantization parameter, wherein the first quantization parameter
corresponds to quantization settings originally used for compressing the encoded macroblock;

computing a second quantization parameter based at least in part on the first quantization
parameter;

re-encoding the decoded macroblock based on the second quantization parameter; and

providing the re-encoded macroblock.

2. The method of claim 1, wherein computing the second quantization parameter
comprises setting the second quantization parameter to be equal or lower than the first
quantization parameter when the first quantization parameter is higher than a first threshold, and
setting the second quantization parameter to be higher than the first quantization parameter when

the first quantization parameter is lower than a second threshold.

3. The method of claim 2, further comprising defining the first and the second
thresholds as a function of past input quantization parameters, wherein the past input
quantization parameters correspond to quantization settings originally used for compressing a

plurality of previously received encoded macroblocks.
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4. The method of claim 1, wherein computing the second quantization parameter is

based in part on a number of bits occupied by the encoded macroblock.

5. The method of claim 1, wherein computing the second quantization parameter is

based in part on visual characteristics of the macroblock.

6. The method of claim 5, wherein the visual characteristics of the macroblock
include a variance of the plurality of pixels of either the encoded macroblock or the decoded

macroblock.

7. The method of claim 5, wherein the visual characteristics of the macroblock
include an average brightness of the plurality of pixels of either the encoded macroblock or the

decoded macroblock.

8. The method of claim 1, wherein computing the second quantization parameter is

based in part on output coding parameters received from an encoder.

9. The method of claim 8, wherein the output coding parameters include one or more

past output quantization parameters that correspond to quantization settings used for re-encoding

previously received encoded macroblocks.
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10. The method of claim 8, wherein the output coding parameters include an output
bitrate, wherein the output bitrate corresponds to an average number of bits occupied by a

plurality of previously re-encoded macroblocks.

11. The method of claim 10, wherein computing the second quantization parameter
comprises increasing the second quantization parameter if the output bitrate is higher than a first
predefined target bitrate, and decreasing the second quantization parameter if the output bitrate is

lower than a second predefined target bitrate.

12. A non-transitory computer readable medium storing instructions that, when
executed by a computer, cause the computer to perform a method of optimizing an encoded
video stream comprising one or more video frames, each frame comprising a plurality of
macroblocks, and each macroblock comprising a plurality of pixels, the method comprising:

receiving an encoded macroblock;

decoding the encoded macroblock;

extracting a first quantization parameter, wherein the first quantization parameter
corresponds to quantization settings originally used for compressing the encoded macroblock;

computing a second quantization parameter based at least in part on the first quantization
parameter;

re-encoding the decoded macroblock based on the second quantization parameter; and

providing the re-encoded macroblock.

13. The non-transitory computer readable medium of claim 12, wherein computing

the second quantization parameter comprises setting the second quantization parameter to be
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equal or lower than the first quantization parameter when the first quantization parameter is
higher than a first threshold, and setting the second quantization parameter to be higher than the
first quantization parameter when the first quantization parameter is lower than a second

threshold.

14. The non-transitory computer readable medium of claim 13, wherein the method
further comprises defining the first and the second thresholds as a function of past input
quantization parameters, wherein the past input quantization parameters correspond to
quantization settings originally used for compressing a plurality of previously received encoded

macroblocks.

15. The non-transitory computer readable medium of claim 12, wherein computing
the second quantization parameter is based in part on a number of bits occupied by the encoded

macroblock.

16.  The non-transitory computer readable medium of claim 12, wherein computing

the second quantization parameter is based in part on visual characteristics of the macroblock.

17. The non-transitory computer readable medium of claim 16, wherein the visual

characteristics of the macroblock include a variance of the plurality of pixels of either the

encoded macroblock or the decoded macroblock.
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18. The non-transitory computer readable medium of claim 16, wherein the visual
characteristics of the macroblock include an average brightness of the plurality of pixels of either

the encoded macroblock or the decoded macroblock.

19. The non-transitory computer readable medium of claim 12, wherein computing
the second quantization parameter is based in part on output coding parameters received from an

encoder.

20. The non-transitory computer readable medium of claim 19, wherein the output
coding parameters include one or more past output quantization parameters that correspond to

quantization settings used for re-encoding previously received encoded macroblocks.

21.  The non-transitory computer readable medium of claim 19, wherein the output
coding parameters include an output bitrate, wherein the output bitrate corresponds to an average

number of bits occupied by a plurality of previously re-encoded macroblocks.

22.  The non-transitory computer readable medium of claim 21, wherein computing
the second quantization parameter comprises increasing the second quantization parameter if the
output bitrate is higher than a first predefined target bitrate, and decreasing the second

quantization parameter if the output bitrate is lower than a second predefined target bitrate.

23. A video optimizer for optimizing an encoded video stream comprising one or
more video frames, each frame comprising a plurality of macroblocks, and each macroblock

comprising a plurality of pixels, the video optimizer comprising:
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a decoder configured to receive an encoded macroblock, to decode the encoded
macroblock, and to extract a first quantization parameter, wherein the first quantization
parameter corresponds to quantization settings originally used for compressing the encoded
macroblock;

a quantization parameter adjustment module configured to compute a second quantization
parameter based at least in part on the first quantization parameter; and

an encoder configured to re-encode the decoded macroblock based on the second

quantization parameter and to provide the re-encoded macroblock.

24.  The video optimizer of claim 23, wherein computing the second quantization
parameter comprises setting the second quantization parameter to be equal or lower than the first
quantization parameter when the first quantization parameter is higher than a first threshold, and
setting the second quantization parameter to be higher than the first quantization parameter when

the first quantization parameter is lower than a second threshold.

25. The video optimizer of claim 24, wherein the quantization parameter adjustment
module is further configured to define the first and the second thresholds as a function of past
input quantization parameters, wherein the past input quantization parameters correspond to
quantization settings originally used for compressing a plurality of previously received encoded

macroblocks.

26.  The video optimizer of claim 23, wherein computing the second quantization

parameter is based in part on a number of bits occupied by the encoded macroblock.
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27. The video optimizer of claim 23, wherein computing the second quantization

parameter is based in part on visual characteristics of the macroblock.

28. The video optimizer of claim 27, wherein the visual characteristics of the
macroblock include a variance of the plurality of pixels of either the encoded macroblock or the

decoded macroblock.

29. The video optimizer of claim 27, wherein the visual characteristics of the
macroblock include an average brightness of the plurality of pixels of either the encoded

macroblock or the decoded macroblock.

30. The video optimizer of claim 23, wherein computing the second quantization

parameter is based in part on output coding parameters received from an encoder.

31. The video optimizer of claim 30, wherein the output coding parameters include
one or more past output quantization parameters that correspond to quantization settings used for

re-encoding previously received encoded macroblocks.

32. The video optimizer of claim 30, wherein the output coding parameters include an
output bitrate, wherein the output bitrate corresponds to an average number of bits occupied by a

plurality of previously re-encoded macroblocks.
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33. The video optimizer of claim 32, wherein computing the second quantization
parameter comprises increasing the second quantization parameter if the output bitrate is higher
than a first predefined target bitrate, and decreasing the second quantization parameter if the

output bitrate is lower than a second predefined target bitrate.
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