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(57) Abstract: Perceptual statistics may be used to compute importance maps that indicate which regions of a video frame are im-
portant to the human visual system. Importance maps may be applied to the video encoding process to enhance the quality of en-
coded bitstreams. The temporal contrast sensitivity function (TCSF) may be computed from the encoder's motion vectors. Motion
vector quality metrics may be used to construct a true motion vector map (TMVM) that can be used to refine the TCSF. Spatial com-
plexity maps (SCMs) can be calculated from metrics such as block variance, block luminance, SSIM, and edge strength, and the
SCMs can be combined with the TCSF to obtain a unified importance map. Importance maps may be used to improve encoding by
moditying the criterion for selecting optimum encoding solutions or by modifying the quantization for each target block to be en-
coded.
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PERCEPTUAL OPTIMIZATION FOR MODEL-BASED VIDEO ENCODING
RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.:
62/158,523 filed on May 7, 2015 and U.S. Provisional Application 62/078,181 filed on
November 11, 2014. This application is also a Continuation-in-Part (CIP) of U.S.
Application No.: 14/532,947, filed November 4, 2014, which claims the benefit of U.S.
Provisional Application No. 61/950,784, filed March 10, 2014 and U.S. Provisional
Application No. 62/049,342, filed September 11, 2014. The entire teachings of the above

referenced applications are incorporated herein by reference.

BACKGROUND

[0002] Video compression can be considered the process of representing digital video
data in a form that uses fewer bits when stored or transmitted. Video encoding can achieve
compression by exploiting redundancies in the video data, whether spatial, temporal, or
color-space. Video compression processes typically segment the video data into portions,
such as groups of frames and groups of pels, to identify areas of redundancy within the video
that can be represented with fewer bits than required by the original video data. When these
redundancies in the data are exploited, greater compression can be achieved. An encoder can
be used to transform the video data into an encoded format, while a decoder can be used to
transform encoded video back into a form comparable to the original video data. The
implementation of the encoder/decoder is referred to as a codec.

[0003] Standard encoders divide a given video frame into non-overlapping coding units
or macroblocks (rectangular regions of contiguous pels) for encoding. The macroblocks
(herein referred to more generally as “input blocks” or “data blocks™) are typically processed
in a traversal order of left to right and top to bottom in a video frame. Compression can be
achieved when input blocks are predicted and encoded using previously-coded data. The
process of encoding input blocks using spatially neighboring samples of previously-coded
blocks within the same frame is referred to as intra-prediction. Intra-prediction attempts to
exploit spatial redundancies in the data. The encoding of input blocks using similar regions
from previously-coded frames, found using a motion estimation process, is referred to as
inter-prediction. Inter-prediction attempts to exploit temporal redundancies in the data. The

motion estimation process can generate a motion vector that specifies, for example, the
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location of a matching region in a reference frame relative to an input block that is being
encoded. Most motion estimation processes consist of two main steps: initial motion
estimation, which provides an first, rough estimate of the motion vector (and corresponding
temporal prediction) for a given input block, and fine motion estimation, which performs a
local search in the neighborhood of the initial estimate to determine a more precise estimate
of the motion vector (and corresponding prediction) for that input block.

[0004] The encoder may measure the difference between the data to be encoded and the
prediction to generate a residual. The residual can provide the difference between a predicted
block and the original input block. The predictions, motion vectors (for inter-prediction),
residuals, and related data can be combined with other processes such as a spatial transform,
a quantizer, an entropy encoder, and a loop filter to create an efficient encoding of the video
data. The residual that has been quantized and transformed can be processed and added back
to the prediction, assembled into a decoded frame, and stored in a framestore. Details of such
encoding techniques for video will be familiar to a person skilled in the art.

[0005] MPEG-2 (H.262) and H.264 (MPEG-4 Part 10, Advanced Video Coding [AVC]),
hereafter referred to as MPEG-2 and H.264, respectively, are two codec standards for video
compression that achieve high quality video representation at relatively low bitrates. The
basic coding units for MPEG-2 and H.264 are 16x16 macroblocks. H.264 is the most recent
widely-accepted standard in video compression and is generally thought to be twice as
efficient as MPEG-2 at compressing video data.

[0006] The basic MPEG standard defines three types of frames (or pictures), based on
how the input blocks in the frame are encoded. An I-frame (intra-coded picture) is encoded
using only data present in the frame itself and thus consists of only intra-predicted blocks. A
P-frame (predicted picture) is encoded via forward prediction, using data from previously-
decoded I-frames or P-frames, also known as reference frames. P-frames can contain either
intra blocks or (forward-)predicted blocks. A B-frame (bi-predicted picture) is encoded via
bi-directional prediction, using data from both previous and subsequent frames. B-frames
can contain intra, (forward-)predicted, or bi-predicted blocks.

[0007] A particular set of reference frames is termed a Group of Pictures (GOP). The
GOP contains only the decoded pels within each reference frame and does not include
information as to how the input blocks or frames themselves were originally encoded (I-
frame, B-frame, or P-frame). Older video compression standards such as MPEG-2 use one

reference frame (in the past) to predict P-frames and two reference frames (one past, one
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future) to predict B-frames. By contrast, more recent compression standards such as H.264
and HEVC (High Efficiency Video Coding) allow the use of multiple reference frames for P-
frame and B-frame prediction. While reference frames are typically temporally adjacent to
the current frame, the standards also allow reference frames that are not temporally adjacent.
[0008] Conventional inter-prediction is based on block-based motion estimation and
compensation (BBMEC). The BBMEC process searches for the best match between the
target block (the current input block being encoded) and same-sized regions within
previously-decoded reference frames. When such a match is found, the encoder may transmit
a motion vector, which serves as a pointer to the best match’s position in the reference frame.
For computational reasons, the BBMEC search process is limited, both temporally in terms of
reference frames searched and spatially in terms of neighboring regions searched. This
means that “best possible” matches are not always found, especially with rapidly changing
data.

[0009] The simplest form of the BBMEC process initializes the motion estimation using a
(0, 0) motion vector, meaning that the initial estimate of a target block is the co-located block
in the reference frame. Fine motion estimation is then performed by searching in a local
neighborhood for the region that best matches (i.c., has lowest error in relation to) the target
block. The local search may be performed by exhaustive query of the local neighborhood
(termed here full block search) or by any one of several “fast search” methods, such as a
diamond or hexagonal search.

[0010] An improvement on the BBMEC process that has been present in standard codecs
since later versions of MPEG-2 is the enhanced predictive zonal search (EPZS) method
[Tourapis, A., 2002, “Enhanced predictive zonal search for single and multiple frame motion
estimation,” Proc. SPIE 4671, Visual Communications and Image Processing, pp. 1069-
1078]. The EPZS method considers a set of motion vector candidates for the initial estimate
of a target block, based on the motion vectors of neighboring blocks that have already been
encoded, as well as the motion vectors of the co-located block (and neighbors) in the previous
reference frame. The EPZS method hypothesizes that the video’s motion vector field has
some spatial and temporal redundancy, so it is logical to initialize motion estimation for a
target block with motion vectors of neighboring blocks, or with motion vectors from nearby
blocks in already-encoded frames. Once the set of initial estimates has been gathered, the
EPZS method narrows the set via approximate rate-distortion analysis, after which fine

motion estimation is performed.
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[0011] For any given target block, the encoder may generate multiple inter-predictions to
choose from. The predictions may result from multiple prediction processes (e.g., BBMEC,
EPZS, or model-based schemes). The predictions may also differ based on the
subpartitioning of the target block, where different motion vectors are associated with
different subpartitions of the target block and the respective motion vectors each point to a
subpartition-sized region in a reference frame. The predictions may also differ based on the
reference frames to which the motion vectors point; as noted above, recent compression
standards allow the use of multiple reference frames. Selection of the best prediction for a
given target block is usually accomplished through rate-distortion optimization, where the
best prediction is the one that minimizes the rate-distortion metric D+AR, where the
distortion D measures the error between the target block and the prediction, while the rate R
quantifies the cost (in bits) to encode the prediction and A is a scalar weighting factor.

[0012] Historically, model-based compression schemes have also been proposed to avoid
the limitations of BBMEC prediction. These model-based compression schemes (the most
well-known of which is perhaps the MPEG-4 Part 2 standard) rely on the detection and
tracking of objects or features (defined generally as “components of interest”) in the video
and a method for encoding those features/objects separately from the rest of the video frame.
Feature/object detection/tracking occurs independently of the spatial search in standard
motion estimation processes, so feature/object tracks can give rise to a different set of

predictions than achievable through standard motion estimation.

SUMMARY

[0013] Such feature/object-based model-based compression schemes, however, suffer
from the challenges associated with segmenting video frames into object vs. non-object (or
feature vs. non-feature) regions. First, because objects can be of arbitrary size, their shapes
need to be encoded in addition to their texture (color content). Second, the tracking of
multiple moving objects can be difficult, and inaccurate tracking causes incorrect
segmentation, usually resulting in poor compression performance. A third challenge is that
not all video content is composed of objects or features, so there needs to be a fallback
encoding scheme when objects/features are not present.

[0014] Co-pending U.S. Patent Application No. 61/950,784, filed November 4, 2014
(herein “the *784 Application”) presents a model-based compression scheme that avoids the

segmentation challenge noted above. The continuous block tracker (CBT) of the *784
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application does not detect objects and features, eliminating the need to segment objects and
features from the non-object/non-feature background. Instead the CBT tracks all input blocks
(“macroblocks”) in the video frame as if they are regions of interest by combining frame-to-
frame motion estimates into continuous tracks. In so doing, the CBT models motion in the
video, achieving the benefits of higher-level modeling of the data to improve inter-prediction
while avoiding the challenges of segmentation.

[0015] Other model-based compression approaches model the response of the human
visual system (HVS) to the content in the video data as importance maps that indicate which
parts of a video frame are most noticeable to human perception. Importance maps take on
values for each input or data block in a video frame, and the importance map values for any
given block may change from frame to frame throughout the video. Generally, importance
maps are defined such that higher values indicate more important data blocks.

[0016] One type of importance map is the temporal contrast sensitivity function (TCSF)
[de Lange, H., 1954, “Relationship between critical flicker frequency and a set of low
frequency characteristics of the eye,” J. Opt. Soc. Am., 44:380-389], which measures the
response of the HVS to temporally periodic stimuli and reveals that certain temporal
characteristics in the data are noticeable to human observers. These temporal characteristics
are related to the motion in the data, and the TCSF predicts that the most noticeable type of
motion in the data is “moderate” motion that corresponds to neither very high nor very low
temporal frequencies.

[0017] It is important to note that the TCSF requires accurate measurement of the
velocities of moving content in the video to generate accurate temporal contrast values.
These velocities can be approximated by computing optical flow, which describes the
apparent motion of video content due to camera motion and/or object motion. However,
most standard video encoders employ motion estimation processes that optimize compression
efficiency rather than accurately computing optical flow.

[0018] Another type of importance map is based on spatial contrast sensitivity and
measures the HVS response to spatial characteristics such as brightness, edges, spatial
frequencies, and color. The spatial-contrast sensitivity function (SCSF) [see, ¢.g., Barten, P.,
1999, Contrast Sensitivity of the Human Eye and Its Effects on Image Quality, SPIE Press],
also known simply as the contrast sensitivity function (CSF), measures spatial contrast that is
significant to the HVS and has been applied successfully in the JPEG 2000 image

compression standard to reduce image compression artifacts. Objects and features are also
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typically detected with the aid of spatial contrast measures (e.g., the presence of edges as
indicated by spatial frequency gradients). While spatial contrast sensitivity has been studied
and exploited in the context of image compression (e.g., the JPEG 2000 codec) and many
video compression processes based on object and feature detection have been proposed,
temporal contrast sensitivity as represented in the TCSF has not previously been applied to
video compression.

[0019] Some disclosed inventive embodiments apply importance maps to video
compression to enhance the quality of video encoding. In one example embodiment, within a
standard video encoding processing stream, temporal frequency is computed by using
structural similarity (SSIM) in the colorspace domain to approximate wavelength and the
encoder’s motion vectors to approximate velocity. Temporal frequency then serves as an
input to the temporal contrast sensitivity function (TCSF), which can be computed for every
data block to generate a temporal importance map that indicates which regions of the video
frame are most noticeable to human observers.

[0020] In a further example embodiment, information about the relative quality of the
motion vectors generated by the encoder can be computed at different points in the encoding
process and then used to generate a true motion vector map that outputs, for each target
block, how reliable its motion vector is. The true motion vector map, which takes on values
of 0 or 1, can then be used as a mask to refine the TCSF, such that the TCSF is not used for
target blocks whose motion vectors are not accurate (i.c., the true motion vector map is 0).
[0021] In a further embodiment, spatial complexity maps (SCMs) can be calculated from
metrics such as block variance, block luminance, and edge detection to determine the spatial
contrast of a given target block relative to its neighbors. In another embodiment, information
from the SCMs can be combined with the TCSF to obtain a composite, unified importance
map. The combination of spatial and temporal contrast information in the unified importance
map effectively balances both aspects of human visual response.

[0022] In one example embodiment, the unified importance map (including information
from both the TCSF and SCM) is used to weight the distortion part of the standard rate-
distortion metric, D+AR. This results in a modified rate-distortion optimization that is
weighted toward solutions that fit the relative perceptual importance of each target block,
cither low-distortion solutions when the importance map is closer to its maximum or low-rate
solutions when the importance map is closer to its minimum. In an alternative embodiment,

either the TCSF or SCM may be used individually for the above purpose.
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[0023] In another example embodiment, the TCSF (with true motion vector refinement)
and SCM can be used to modify the block-level quantization of the encoder. In target blocks
where the importance maps take on high values, the quantization parameter is reduced
relative to the frame quantization parameter, resulting in higher quality for those blocks. In
target blocks where the importance maps take on low values, the quantization parameter is
increased relative to the frame quantization parameter, resulting in lower quality for those
blocks. In an alternative embodiment, either the TCSF or SCM may be used individually for
the above purpose.

[0024] While the TCSF can be computed for any encoder that incorporates inter-
prediction and generates motion vectors (used by the TCSF to approximate the velocity of the
content in the video), application of the TCSF to video compression is most effective within a
model-based compression framework such as the continuous block tracker (CBT) of the *784
Application that provides accurate determination of which motion vectors are true motion
vectors. As noted above, most standard video encoders compute motion vectors that
optimize compression efficiency rather than reflecting true motion. By contrast, the CBT
provides both motion vectors suitable for high compression efficiency and modeling
information that maximizes the effectiveness of the TCSF.

[0025] Some example inventive embodiments are structured so that the resulting
bitstream is compliant with any video compression standard — including, but not limited to,
MPEG-2, H.264, and HEVC — that employs block-based motion estimation followed by
transform, quantization, and entropy encoding of residual signals. The present invention can
also be applied to non-standard video encoders that are not block-based, as long as the
encoder incorporates inter-prediction and generates motion vectors.

[0026] Some example embodiments may include methods and systems of encoding video
data, as well as any codecs (encoders/decoders) for implementing the same. A plurality of
video frames having non-overlapping target blocks may be processed by an encoder. The
plurality of video frames may be encoded by the encoder using importance maps, such that
the importance maps modify the quantization, as well as the encoding quality of each target
block to be encoded in each video frame.

[0027] The importance maps may be formed using at least one of: temporal information
or spatial information. If both temporal and spatial information are used, the importance map
is considered a unified importance map. The importance maps may be configured so that they

indicate/identify/represent parts of a video frame in the plurality of video frames that are the
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most noticeable to human perception. Specifically, in blocks where the importance maps
take on high values, the block quantization parameter (QP) is reduced relative to the frame
quantization parameter QPpume, resulting in higher quality for those blocks; and in target
blocks where the importance maps take on low values, the block quantization parameter is
increased relative to the frame quantization parameter QPgame, resulting in lower quality for
those blocks.

[0028] The spatial information may be provided by a rule-based spatial complexity map
(SCM) in which the initial step is to determine which target blocks in the frame have higher
variance than the average block variance in the frame, varsqm. . For such blocks, a QP value
may be assigned that is higher than the frame quantization parameter QPpame , with the block
QP assignment QPpoc scaled linearly between QPfame and the maximum quantization
parameter QP,,... , based on how much higher the block variance varsioex 1s than vargame .
[0029] The temporal information may preferably be provided by a temporal contrast
sensitivity function (TCSF) that indicates which target blocks are most temporally noticeable
to a human observer and a true motion vector map (TM VM) that indicates which target
blocks correspond to foreground data. It should be noted that the TCSF may only be
considered valid for those target blocks identified as foreground data.

[0030] A high-variance block may have its block QP assignment QPpoc further refined
by the TCSF and TMVM, such that if the TMVM identifies a target block as foreground data
and the TCSF has a log contrast sensitivity value less than 0.5 for that block, QPpiocx 1S raised
by 2.

[0031] The SCM may include luminance masking, in which target blocks that are either
very bright (luminance above 170) or very dark (luminance below 60) have their block
quantization parameters QPpiocr adjusted back to QP g . The SCM may include dynamic
determination of QP,,,, based on the quality level of the encoded video, where quality is
measured using an average structural similarity (SSIM) calculation of target blocks in Intra
(I) frames, together with the average block variance vargame of such frames; such that when
the measured quality is low, the value of QP is lowered to something closer to QP pame.
[0032] Very-low-variance blocks may be assigned fixed, low QP values QP to ensure
high-quality encoding in those regions, such that the lower the block variance, the lower the
value of OPpock (and the higher the quality). The assignment of low QP values QPpocr for
very-low-variance blocks may be fixed first for I frames and then determined for P and B

frames using the ipratio and pbratio parameters. Blocks that are low-variance but do not
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qualify as very-low-variance are examined to determine whether quality enhancement is
needed for those blocks; in that an initial estimate of the block QP, QP , 1s calculated by
average the QP values of neighboring, already encoded blocks to the left, top-left, right, and
top-right of the current block. An estimate of the SSIM of the current block, SSIM,,, , may be
calculated from the SSIM values of neighboring, already-encoded blocks to the left, top-left,
right, and top-right of the current block. The value of QPpocx may be lowered by 2 if SSIM
is lower than 0.9.

[0033] In some embodiments, the quality enhancement is only applied to those blocks
that are identified as foreground data by the TMVM and for which the TCSF has log contrast
sensitivity value greater than 0.8. The TMVM may be set to 1 only for foreground data.
[0034] In some embodiments, the temporal frequency of the TCSF is computed by using
SSIM in the colorspace domain between the target block and its reference block to
approximate wavelength and by using motion vector magnitudes and the framerate to
approximate velocity.

[0035] The TCSF may be calculated over multiple frames, such that the TCSF for the
current frame is a weighted average of the TCSF maps over recent frames, with more recent
frames receiving higher weighting.

[0036] The foreground data may be identified by computing the difference between the
encoder motion vector for a given target block and the global motion vector for that block,
such that blocks with sufficiently large differences are determined to be foreground data.
[0037] For data blocks that are identified as foreground data, the encoder motion vector
may be subtracted from the global motion vector to obtain a differential motion vector, and it
is the magnitude of the differential motion vector that is used in calculating the temporal
frequency of the TCSF.

[0038] Computer-based methods, codecs (encoders/decoders), and other computer
systems and apparatus for processing video data may embody the foregoing principles of the

present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The foregoing will be apparent from the following more particular description of
example embodiments of the invention, as illustrated in the accompanying drawings in which

like reference characters refer to the same parts throughout the different views. The drawings
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are not necessarily to scale, with emphasis instead placed on illustrating embodiments of the
present invention.

[0040] FIG. 1 is a block diagram depicting a standard encoder configuration.

[0041] FIG. 2 is a block diagram depicting the steps involved in inter-prediction for
general encoders.

[0042] FIG. 3 is a block diagram depicting the steps involved in initial motion estimation
via continuous block tracking.

[0043] FIG. 4 is a block diagram depicting unified motion estimation via a combination
of continuous block tracking and enhanced predictive zonal search.

[0044] FIG. 5 is a plot depicting a recent measurement of the temporal contrast sensitivity
function by Wooten et al [2010].

[0045] FIG. 6 is a block diagram depicting the calculation of structural similarity (SSIM)
in CIE 1976 Lab colorspace, according to an embodiment of the invention.

[0046] FIG. 7 is a block diagram depicting the general application of perceptual statistics
to improve the perceptual quality of video encodings, according to an embodiment of the
invention.

[0047] FIG. 8A is a block diagram depicting the use of perceptual statistics to modify
inter-prediction via continuous block tracking to improve the perceptual quality of video
encodings, according to an embodiment of the invention.

[0048] FIG. 8B is a block diagram depicting an example process of encoding using
importance maps to modify block quantization.

[0049] FIG. 9A is a schematic diagram of a computer network environment in which
embodiments are deployed.

[0050] FIG. 9B is a block diagram of the computer nodes in the network of FIG. 9A.

DETAILED DESCRIPTION

[0051] The teachings of all patents, published applications and references cited herein are
incorporated by reference in their entirety. A description of example embodiments of the
invention follows.

[0052] The invention can be applied to various standard encodings. In the following,
unless otherwise noted, the terms “conventional” and “standard” (sometimes used together
with “compression,” “codecs,” “encodings,” or “encoders”) can refer to MPEG-2, MPEG-4,

H.264, or HEVC. “Input blocks” are referred to without loss of generality as the basic coding
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unit of the encoder and may also sometimes be referred to interchangeably as “data blocks”

or “macroblocks.” The current input block being encoded is referred to as a “target block.”

Video Encoding and Inter-Prediction via Continuous Block Tracking

[0053] The encoding process may convert video data into a compressed, or encoded,
format. Likewise, the decompression or decoding process may convert compressed video
back into an uncompressed, or raw, format. The video compression and decompression
processes may be implemented as an encoder/decoder pair commonly referred to as a codec.
[0054] FIG. 1 is a block diagram of a standard transform-based, motion-compensated
encoder. The encoder in FIG. 1 may be implemented in a software or hardware environment,
or combination therecof. The encoder may include any combination of components,
including, but not limited to, a motion estimation module 15 that feeds into an inter-
prediction module 20, an intra-prediction module 30, a transform and quantization module
60, an inverse transform and quantization module 70, an in-loop filter 80, a frame store &5,
and an entropy encoding module 90. For a given input video block 10 (“input block™ for
short, or macroblock or “data block™), the purpose of the prediction modules (both inter-
prediction and intra-prediction) is to generate the best predicted signal 40 for the input block.
The predicted signal 40 is subtracted from the input block 10 to create a prediction residual
50 that undergoes transform and quantization 60. The quantized coefficients 65 of the
residual then get passed to the entropy encoding module 90 for encoding into the compressed
bitstream. The quantized coefficients 65 also pass through the inverse transform and
quantization module 70, and the resulting signal (an approximation of the prediction residual)
gets added back to the predicted signal 40 to create a reconstructed signal 75 for the input
block 10. The reconstructed signal 75 may be passed through an in-loop filter 80 such as a
deblocking filter, and the (possibly filtered) reconstructed signal becomes part of the frame
store 85 that aids prediction of future input blocks. The function of each of the components
of the encoder shown in FIG. 1 is well known to one of ordinary skill in the art.

[0055] FIG. 2 depicts the steps in standard inter-prediction (30 in FIG. 1), where the goal
is to encode new data using previously-decoded data from earlier frames, taking advantage of
temporal redundancy in the data. In inter-prediction, an input block 10 from the frame
currently being encoded (also called the target frame) is “predicted” from a region of the
same size within a previously-decoded reference frame, stored in the frame store 85 from

FIG. 1. The two-component vector indicating the (x, y) displacement between the location of
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the input block in the frame being encoded and the location of its matching region in the
reference frame is termed a motion vector. The process of motion estimation thus involves
determining the motion vector that best links an input block to be encoded with its matching
region in a reference frame.

[0056] Most inter-prediction processes begin with initial motion estimation (110 in FIG.
2), which generates one or more rough estimates of “good” motion vectors 115 for a given
input block. This is followed by an optional motion vector candidate filtering step 120,
where multiple motion vector candidates can be reduced to a single candidate using an
approximate rate-distortion metric. In rate-distortion analysis, the best motion vector
candidate (prediction) is chosen as the one that minimizes the rate-distortion metric D+AR,
where the distortion D measures the error between the input block and its matching region,
while the rate R quantifies the cost (in bits) to encode the prediction and A is a scalar
weighting factor. The actual rate cost contains two components: fexture bits, the number of
bits needed to encode the quantized transform coefficients of the residual signal (the input
block minus the prediction), and motion vector bits, the number of bits needed to encode the
motion vector. Note that motion vectors are usually encoded differentially, relative to
already-encoded motion vectors. In the early stages of the encoder, texture bits are not
available, so the rate portion of the rate-distortion metric is approximated by the motion
vector bits, which in turn are approximated as a motion vector penalty factor dependent on
the magnitude of the differential motion vector. In the motion vector candidate filtering step
120, then, the approximate rate-distortion metric is used to select either a single “best” initial
motion vector or a smaller set of “best” initial motion vectors 125. The initial motion vectors
125 are then refined with fine motion estimation 130, which performs a local search in the
neighborhood of each initial estimate to determine a more precise estimate of the motion
vector (and corresponding prediction) for the input block. The local search is usually
followed by subpixel refinement, in which integer-valued motion vectors are refined to half-
pixel or quarter-pixel precision via interpolation. The fine motion estimation block 130
produces a set of refined motion vectors 135.

[0057] Next, for a given fine motion vector 135, a mode generation module 140 generates
a set of candidate predictions 145 based on the possible encoding modes of the encoder.
These modes vary depending on the codec. Different encoding modes may account for (but
are not limited to) interlaced vs. progressive (field vs. frame) motion estimation, direction of

the reference frame (forward-predicted, backward-predicted, bi-predicted), index of the
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reference frame (for codecs such as H.264 and HEVC that allow multiple reference frames),
inter-prediction vs. intra-prediction (certain scenarios allowing reversion to intra-prediction
when no good inter-predictions exist), different quantization parameters, and various
subpartitions of the input block. The full set of prediction candidates 145 undergoes “final”
rate-distortion analysis 150 to determine the best single candidate. In “final” rate-distortion
analysis, a precise rate-distortion metric D+AR is used, computing the prediction error D for
the distortion portion (usually calculated as sum of squared errors [SSE]) and the actual
encoding bits R (from the entropy encoding 90 in FIG. 1) for the rate portion. The final
prediction 160 (or 40 in FIG. 1) is the one that has lowest rate-distortion score D+AR among
all the candidates, and this final prediction is passed to the subsequent steps of the encoder,
along with its motion vector and other encoding parameters.

[0058] FIG. 3 depicts how initial motion estimation can be performed during inter-
prediction via continuous block tracking (CBT). CBT is useful when there is a gap of greater
than one frame between the target frame and the reference frame from which temporal
predictions are derived. For MPEG-2, a typical GOP structure of IBBPBBP (consisting of
intra-predicted I-frames, bi-predicted B-frames, and forward-predicted P-frames) allows
reference frames as many as three frames away from the current frame, as B-frames cannot
act as reference frames in MPEG-2. In H.264 and HEVC, which allow multiple reference
frames for each frame to be encoded, the same GOP structure allows reference frames to be
located six or more frames away from the current frame. For longer GOP structures (e.g.,
seven B-frames in-between each P-frame), reference frames can be located even further from
the target frame. When there is a greater-than-one-frame gap between the current frame and
the reference frame, continuous tracking enables the encoder to capture motion in the data in
a way that standard temporal prediction methods cannot, allowing CBT to produce superior
temporal predictions.

[0059] The first step in CBT is to perform frame-to-frame tracking (210 in FIG. 3). For
each input block 10 in a frame, motion vectors are calculated in both the backward direction
to the previous frame in the frame buffer 205 and the forward direction to the next frame in
the frame buffer. In one embodiment, frame-to-frame tracking operates on frames from the
original source video, not reconstructed reference frames.  This is advantageous because
source video frames are not corrupted by quantization and other coding artifacts, so tracking

based on source video frames more accurately represents the true motion field in the video.
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Frame-to-frame tracking may be carried out using either conventional block-based motion
estimation (BBME) or hierarchical motion estimation (HME).

[0060] The result of frame-to-frame tracking is a set of frame-to-frame motion vectors
215 that signify, for each input block in a frame, the best matching region in the most recent
frame in the frame buffer 205, and, for each block of the most recent frame in the frame
buffer 205, the best matching region in the current frame. Continuous tracking 220 then
aggregates available frame-to-frame tracking information to create continuous tracks across
multiple reference frames for each input block. Details of how to perform continuous
tracking are found in the 784 Application, which is incorporated by reference herein in its
entirety. The output of continuous tracking 220 are the continuous block tracking (CBT)
motion vectors 225 that track all input blocks in the current frame being encoded to their
matching regions in past reference frames. The CBT motion vectors are the initial motion
vectors (125 in FIG. 2) for the CBT, and they can be refined with fine motion estimation (130
in FIG. 2) as noted above.

[0061] FIG. 4 depicts how the CBT can be combined with the EPZS method to create a
unified motion estimation process, according to an embodiment of the invention. In FIG. 4,
CBT generates its motion vectors through frame-to-frame tracking 210 and continuous
tracking 220 for initial motion estimation 110, followed by local search and subpixel
refinement 250 for fine motion estimation 130. EPZS generates its initial motion vectors
through a candidate generation module 230, followed by a candidate filtering module 240,
with the filtering carried out via approximate rate-distortion analysis as detailed above. This
is followed by fine motion estimation 130 via local search and subpixel refinement 260. The
resulting CBT motion vector 255 and EPZS motion vector 265 are both passed forward to the
remaining inter-prediction steps (mode generation 140 and final rate-distortion analysis 150
in FIG. 2) to determine the overall “best” inter-prediction.

[0062] In an alternative embodiment, the CBT and EPZS motion vector candidates 255
and 265 in FIG. 4 may be supplemented by additional candidates, including (but not limited
to) random motion vectors, the (0, 0) motion vector, and the so-called “median predictor.”
The random motion vector may have fine motion estimation 130 applied to it to find the best
candidate in its local neighborhood. The (0, 0) motion vector is one of the initial candidates
in EPZS, but it is not always selected after EPZS candidate filtering (240 in FIG. 4), and even
if it selected after candidate filtering, fine motion estimation 130 may result in a motion

vector other than (0, 0). Explicitly including the (0, 0) motion vector (with no accompanying
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fine motion estimation) as a candidate for final rate-distortion analysis ensures that at least
one low-magnitude, “low-motion” candidate is considered. Similarly, the “median predictor”
is also one of the initial candidates in EPZS, but it is also not always selected after EPZS
candidate filtering (240 in FIG. 4). The median predictor is defined as the median of the
motion vectors previously calculated in the data blocks to the left, top, and top right of the
data block currently being encoded. Explicitly including the median predictor (with no
accompanying fine motion estimation) as a candidate for final rate-distortion analysis can be
especially beneficial for encoding spatially homogeneous (“flat”) regions of the video frame.
In this alternative embodiment, then, five or more motion vector candidates may be passed
forward to the remaining inter-prediction steps (mode generation 140 and final rate-distortion
analysis 150 in FIG. 2), including (but not limited to) a CBT-derived motion vector, an
EPZS-derived motion vector, a motion vector derived from a random motion vector, the (0,

0) motion vector, and the median predictor.
Computation of Importance Maps for Video Encoding

[0063] Perceptual statistics may be used to compute importance maps that indicate which
regions of a video frame are important to the human visual system (HVS).

[0064] One example of a perceptual statistic is the so-called temporal contrast sensitivity
Sfunction (TCSF), which models the response of the human visual system (HVS) to temporally
periodic stimuli. As noted in the Background section above, the concept of the TCSF has
been around since the 1950s (when it was introduced as a “temporal modulation transfer
function”), but it has not been applied to video compression before. FIG. 5 shows a recent
measurement of the TCSF [Wooten, B. et al., 2010, “A practical method of measuring the
temporal contrast sensitivity function,” Biomedical Optical Express, 1(1):47-58], displaying
the log of the temporal contrast sensitivity as a function of the log of frequency. The
measured data points (the circles in FIG. 5) are fit with a 3™-degree polynomial (the solid line
in FIG. 5), which is then used for all TCSF calculations below. The TCSF predicts that the
highest response of the human visual system (HVS) is for moderate frequencies, while HVS
response falls off slightly for low frequencies and rapidly for high frequencies.

[0065] Application of the TCSF to video compression requires a method of calculating
temporal frequency, which is the input to the TCSF (horizontal axis in FIG. 5). One way of

calculating frequency, according to an embodiment of the invention, is described in the
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following. Frequency fis given byf = v/A, where v is velocity and A is wavelength. In one
embodiment, the velocity v (in units of pixels/s) associated with the content of any data block
can be calculated from the magnitude of the motion vectors generated by the encoder (e.g.,
135 in FIG. 2, 215 or 225 in FIG. 3, or 255 or 265 in FIG. 4) as v = |[MV| * framerate /N,
where |MV| is the magnitude of the motion vector associated with the data block, framerate
is the number of frames per second at which the video has been generated, and N is the
number of frames between the reference frame pointed to by the motion vector and the
current frame.

[0066] A suitable approximation for the wavelength A can be derived from a computation
of structural similarity (SSIM) [Wang, Z. et al., 2004, “Image quality assessment: From error
visibility to structural similarity,” IEEE Trans. on Image Processing, 13(4):600-612],
computed in CIE 1976 Lab colorspace [www://en.wikipedia.org/wiki/Lab color space].
Computation of SSIM in the Lab colorspace is described in FIG. 6. SSIM is computed
between a target block 300 (the current data block to be encoded) and the reference block 310
to which its motion vector points. The video data processed by encoder is usually
represented in a standard space such as YUV 420, so the next step is to convert both the
target block (320) and the reference block (330) into CIE 1976 Lab space, using any of the
methods commonly found in the literature. Next, the error AE (340) between the target block

and the reference block in Lab space is computed as

AE = [(Ly — Lg)? + (a; — ag)? + (by — bp)? , where the T subscript stands for “target
block™ and the R subscript stands for “reference block.” Finally, the SSIM 360 between the
error AE and the zero matrix of the same dimension is computed to serve as a measure of the
colorspace variation of the data. SSIM as originally defined takes on values between -1 and
1, with values of 1 indicating perfect similarity (no spatial distinction). For the purpose of
converting SSIM to wavelength A, one can use spatial dissimilarity DSSIM = (1 — SSIM)/2,
which takes on values between 0 and 1, where 0 corresponds to small wavelengths
(maximum spatial similarity) and 1 corresponds to large wavelengths (minimum spatial
similarity). To convert SSIM to units of pixels, one can multiply the value of SSIM to the
number of pixels in the block for which it is calculated. In one embodiment, the SSIM block
size 1s 8x8, so the DSSIM value is multiplied by 64. The final calculation for frequency is
thus given by f = |MV| * framerate/[N * 64 x (1 — SSIM)/2].



WO 2016/040116 PCT/US2015/048353
-17 -

[0067] Once the frequency is calculated for a given target block, the TCSF value for that
block can be determined from the curve fit (solid line) in FIG. 5. The TCSF takes on values
between 0 and 1.08 in log10 scale or between 1 and 11.97 on an absolute scale. With
different blocks in a frame taking on different TCSF values, the aggregate set of TCSF values
over all the blocks in a frame forms an importance map, with high values indicating blocks
that are perceptually important from a temporal contrast perspective and low values
indicating blocks that are perceptually unimportant.

[0068] In a further embodiment, the values of the TCSF from recent frames may be
averaged for each data block to prevent the TCSF-based importance map from fluctuating too
much from frame to frame. For example, one such calculation of the average TCSF,

TCSF ., might be TCSF,,e = 0.7-TCSF, + 0.3- TCSF,.,, where TCSF_,, is the TCSF value
from the current frame and TCSF,., is the TCSF value from the most recently encoded
previous frame. The TCSF calculation is more robust when averaged in this way.

[0069] In a further embodiment, information about the relative quality of the motion
vectors generated by the encoder can be computed at different points in the encoding process
and then used to generate a true motion vector map (TMVM) that outputs, for each data
block, how reliable its motion vector is. The true motion vector map, which takes on values
of 0 or 1, can then be used as a mask to refine the TCSF, such that the TCSF is not used for
data blocks whose motion vectors are not accurate (i.e., whose TMVM values are 0).

[0070] In one embodiment, motion vector accuracy can be determined by estimating a
global motion model for a given video frame, applying the motion model to each of the data
blocks in the frame to determine a global motion vector for each data block, and then
comparing the global motion vector with the encoder’s motion vector for that data block.
Global motion may be estimated from the aggregate set of encoding motion vectors from the
frame, fitted to either a six-parameter or eight-parameter affine motion model. If the global
motion vector and encoder motion vector for a given data block are the same (or similar), the
encoder motion vector is deemed accurate (and TMVM=1 for that data block). If the two
vectors are not the same, one can compare their prediction errors (measured in terms of sum
of square error [SSE] or sum of absolute difference [SAD]). If one of the errors is low and
the other is high, the motion vector whose error is low is used for encoding and deemed
accurate (TMVM=1).

[0071] In an alternative embodiment, the magnitude of the difference between the global

motion vector and encoder motion vector for a given data block is used to identify that the
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data block is foreground data, meaning that the content in the data block is moving
differently than the rest of the frame (the background). In this embodiment, the TMVM is set
to 1 —and the TCSF is applied — only for foreground data. In a further embodiment, for data
blocks that are identified as foreground data, the encoder motion vector is subtracted from the
global motion vector to obtain a differential motion vector, and it is the magnitude of the
differential motion vector (not the encoder motion vector) that is used to calculate frequency
for the TCSF (see the expression above, substituting [DMV| for [IMV|, where DMV =
differential motion vector).

[0072] In another embodiment, motion vector symmetry may be used to refine the
TMVM. Motion vector symmetry [Bartels, C. and de Haan, G., 2009, “Temporal symmetry
constraints in block matching,” Proc. IEEE [ 3" Intl, Symposium on Consumer Electronics,
pp. 749-752] is defined as the relative similarity of pairs of counterpart motion vectors when
the temporal direction of the motion estimation is switched, is a measure of the quality of
calculated motion vectors (the higher the symmetry, the better the motion vector quality).
The “symmetry error vector” is defined as the difference between the motion vector obtained
through forward-direction motion estimation and the motion vector obtained through
backward-direction motion estimation. Low motion vector symmetry (a large symmetry
error vector) is often an indicator of the presence of complex phenomena such as occlusions
(one object moving in front of another, thus either covering or revealing the background
object), motion of objects on or off the video frame, and illumination changes, all of which
make it difficult to derive accurate motion vectors.

[0073] In one embodiment, low symmetry is declared when the symmetry error vector is
larger in magnitude than half the extent of the data block being encoded (e.g., larger in
magnitude than an (8, 8) vector for a 16x16 macroblock). In another embodiment, low
symmetry is declared when the symmetry error vector is larger in magnitude than a threshold
based on motion vector statistics derived during the tracking process, such as the mean
motion vector magnitude plus a multiple of the standard deviation of the motion vector
magnitude in the current frame or some combination of recent frames. In one embodiment,
data blocks whose motion vectors have low symmetry as defined above are automatically
assigned a TMVM value of 0, while other data blocks retain their previous TMVM value
from comparison of the global motion vector with the encoder motion vector.

[0074] Blocks that are flat, while having high spatial contrast sensitivity, tend to give rise

to unreliable motion vectors because of the well-known aperture problem (see
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hitp://en.wikipedia.org/wiki/Motion_perception#The _aperture_problem) in calculating

motion vectors. Flat blocks may be detected, for example, using an edge detection process
(where a flat block would be declared if no edges are detected in a data block) or by
comparing the variance of a data block to a threshold (low variance less than the threshold
would indicate a flat block). In one embodiment, block flatness may be used to modify the
TMVM calculated as above. For example, a block may be reassigned a TMVM value of 0 if
it is detected as a flat block.

[0075] In one embodiment, the TMVM may be used as a mask to refine the TCSF, which
depends on having reliable motion vectors. Since the TMVM has values of 0 or 1, block-by-
block multiplication of the TMVM value for a block with the TCSF value for that block has
the effect of masking the TCSF. For blocks where the TMVM value is 0, the TCSF is
“turned off,” since the motion vector the TCSF relies on for its calculation is unreliable. For
blocks where the TMVM value is 1, the TCSF calculation is considered reliable and used
with confidence in any of the ways described above.

[0076] In another set of embodiments, spatial contrast maps can be generated instead of,
or in addition to, the temporal contrast map (the TCSF as described above).

In the present invention, simple metrics are used to measure spatial contrast, the opposite of
which is termed here “spatial complexity.” In one embodiment, block variance, measured for
both the luma and chroma components of the data, is used to measure the spatial complexity
of a given input block. If an input block has high variance, it is thought to be spatially
complex and less noticeable to the HVS, and thus it has low spatial contrast.

[0077] In another embodiment, block luminance, measured for the luma component of
the data, is used to refine the variance measurement of spatial complexity. If an input block
has low variance (low spatial complexity, high spatial contrast) but is either very bright or
very dark, the block is automatically considered to have low spatial contrast, overriding its
previously-measured high spatial contrast. The reason for this is that very dark and very
bright regions are not noticeable to the HVS. The luma thresholds for classifying a block as
very bright or very dark are application specific, but typical values for 8-bit video are “above
170 for very bright and “below 60 for very dark.

[0078] Block variance, modified by block luminance as described above, may be
calculated for all the input blocks of a video frame to form a spatial contrast map (SCM) that

indicates regions of high and low noticeability to the HVS in terms of spatial contrast.
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[0079] In one embodiment, the SCM can be combined with the TCSF (refined by the
TMVM) to form a unified importance map. The unified map may be formed, for example,
by block-by-block multiplication of the SCM value for a block with the TCSF value for that
block, with both the SCM and TCSF appropriately normalized. In another embodiment, the
SCM may be used in place of the TCSF. In another embodiment, the SCM may be used to
refine the TCSF. For example, in a block of high complexity, the SCM value may override
the TCSF wvalue for that block, whereas in a block of low complexity, the TCSF value for that
block may be used directly.

Application of Importance Maps for Video Encoding

[0080] Importance maps as described above may be applied to the video encoding
process to enhance the quality of encoded bitstreams, either for general encoders (FIG. 2) or
for the CBT encoder (FIG. 3).

[0081] FIG. 7 depicts the general application of importance maps to video encoding. The
input video frame 5 and frame store 85 are used to generate perceptual statistics 390 that are
then applied to form importance maps 400 as described above, the TCSF (refined by the
TMVM) and/or the SCM. The perceptual statistics 390 may include (but are not limited to)
motion vector magnitudes, block variance, block luminance, edge detection, and global
motion model parameters. The input video frame 5 and frame store 85 are also inputted as
usual to the encoding of the video frame in 450, which includes the usual encoding steps (in
FIG. 2, motion estimation 15, inter-prediction 20, intra-prediction 30, transform and
quantization 60, and entropy encoding 90). In FIG. 7, however, the encoding 450 is
enhanced by the importance maps 400, as described below.

[0082] FIG. 8A depicts the specific application of importance maps to enhance video
encoding using the CBT. FIG. 8A shows initial motion estimation (110 in FIG. 2) via the
frame-to-frame tracking 210 and continuous tracking 220 steps from CBT. Fine motion
estimation 130 is then applied to the global CBT motion vectors 225, with the same fine
motion estimation steps of local search and subpixel refinement (250 in FIG. 4). This is
again followed by a mode generation module 140 that generates a set of candidate predictions
145 based on the possible encoding modes of the encoder. As in FIG. 4, EPZS and other
non-model-based candidates such as the (0, 0) motion vector and the median predictor may
also be generated in parallel as part of a unified motion estimation framework (these other

candidates are not shown in FIG. 8A to simplify the diagram). Returning to FIG. 8A, the full
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set of prediction candidates 145, including all encoding modes for CBT candidates and
possibly all encoding modes for other, non-model-based candidates, again undergoes “final”
rate-distortion analysis 155 to determine the best single candidate. In “final” rate-distortion
analysis, a precise rate-distortion metric D+AR is used, computing the prediction error D for
the distortion portion and the actual encoding bits R (from the entropy encoding 90 in FIG. 1)
for the rate portion. The final prediction 160 (or 40 in FIG. 1) is passed to the subsequent
steps of the encoder, along with its motion vector and other encoding parameters.

[0083] In FIG. 8A, perceptual statistics 390 can be calculated from the motion vectors
derived from frame-to-frame motion tracking 210 and then applied to form importance maps
400 as described above, which are then inputted into the final rate-distortion analysis 155.
Again, the perceptual statistics 390 may include (but are not limited to) motion vector
magnitudes, block variance, block luminance, edge detection, and global motion model
parameters.

[0084] In one embodiment, importance maps are used to modify the rate-distortion
optimization criterion accordingly. In a standard encoder (see FIG. 2), the full set of
prediction candidates 145 for a given input block 10 undergoes “final” rate-distortion analysis
150 to determine the best single candidate. In “final” rate-distortion analysis, a precise rate-
distortion metric D+AR is used, computing the prediction error D for the distortion portion
and the actual encoding bits R (from the entropy encoding 90 in FIG. 1) for the rate portion.
The candidate with the lowest score for the rate-distortion metric D+AR becomes the final
prediction 160 for the given input block 10. In one embodiment of the invention, for the
perceptually-optimized encoders of FIGS. 7 or 8, the importance map IM is calculated in 400
and the final rate-distortion analysis 155 uses a modified rate-distortion metric D-IM+AR. In
the modified rate-distortion metric, the IM value for a given input block multiplies the
distortion term, assigning more importance to low-distortion solutions the higher the IM
value is, since a high IM value indicates that the corresponding input block is perceptually
important. The importance map may include the TCSF (possibly refined by the TMVM), the
SCM, or a composite of both.

[0085] In a further embodiment to the above, the distortion D in the rate distortion metric
may be computed as a weighted sum of SSE (sum of squared errors, the “standard” method
calculating distortion) and SSIM, calculated in YUV space. The weighting y can be

computed adaptively so that the average SSIM value over the first few (or most recent few)



WO 2016/040116 PCT/US2015/048353
-0

frames of the video, SSIM,y,, equals the average SSE value over the first few (or most recent
few) frames of the video, SSEavg: V-SSIMave= SSEave. For each input block, the modified
rate-distortion metric would then be

(SSE +y - SSIM) - IM + 2AR, where the multiple of 2 in front of the AR term accounts for
the fact that there are two distortion terms. The inclusion of SSIM in the distortion
measurements provides further accounting for HVS perception in the rate-distortion
optimization, as SSIM accounts for structural information in the data.

[0086] In another set of embodiments, importance maps (e.g., the TCSF with TMVM
refinement and the SCM) may be used to modify the block quantization of the encoder in
addition to (or instead of) modifying the rate-distortion optimization. Quantization controls
the relative quality at which a given data block is encoded; highly-quantized data results in
poorer quality encoded output, while less-quantized data results in higher quality encoded
output. The amount of quantization is controlled by a quantization parameter, QP. Standard
encoders assign different QP values QPgame to different frame types, with I-frames being
encoded with the smallest QP (highest quality), B-frames being encoded with the highest QP
(lowest quality), and P-frames being encoded with an intermediate QP (intermediate quality).
[0087] The above technique then represents a method of encoding a plurality of video
frames having nonoverlapping target blocks, by using importance maps to modify the
quantization (and thus affecting the encoding quality) of each target block in each video
frame. The importance maps may be configured using temporal information (the TCSF with
TMVM refinement), spatial information, or a combination of the two (i.c., a unified
importance map). Because the importance maps indicate which parts of each video frame
are most noticeable to human perception, the importance map values should modify the QP
for each target block as follows: (i) for blocks where the importance maps take on high
values, the block QP is reduced relative to QPgame , resulting in higher quality for those
blocks; (ii) for blocks where the importance maps take on low values, the block QP is
increased relative to the frame quantization parameter QP , resulting in lower quality for
those blocks.

[0088] FIG. 8B shows an example process for using importance maps 400 to modify
quantization during encoding. At 400, importance maps may be configured/created using
temporal information and/or spatial information derived from perceptual statistics 390.
Temporal information, for instance, may be provided by a temporal contrast sensitivity

function (TCSF) that indicates which target blocks are most temporally noticeable to a human
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observer and a true motion vector map (TMVM) that indicates which target blocks
correspond to foreground data, with the TCSF only considered valid for those target blocks
identified as foreground data. Spatial information, for instance, may be provided by a rule-
based spatial complexity map (SCM).

[0089] The importance maps 400 are then used to modify the quantization step 430
within the encoding 450, as described above. In blocks where the importance maps take on
high values, the block quantization parameter (QP) is reduced relative to the frame
quantization parameter QPg.me , resulting in higher encoding quality for those blocks. In
blocks where the importance maps take on low values, the block quantization parameter is
increased relative to the frame quantization parameter QPgame , resulting in lower encoding
quality for those blocks. By using the information from the importance maps, quantization
may be modified in a way that improves the encoding quality of each target block to be
encoded in each of the video frames.

[0090] In one embodiment, the TCSF map for a given frame can be used to adjust the
frame QP on a block-by-block basis. One method of calculating the block QP, OPpocr, 18 to
relate the adjustment to the full TCSF map in the frame, following the method of [Li, Z. et al,
2011, “Visual attention guided bit allocation in video compression, J. of Image and Vision
Computing, 29(1):1-14]. The resulting equation is given by QPpjock = [TCSFrrame/
(TCSFyiock x M)] - QPsrame> Wwhere TCSFgiame 1s the sum of TCSF values for all blocks in
the frame, TCSFyiock 1S the TCSF value for the given block, OPfpame 15 the frame QP, and M is
the number of blocks in the frame. In a further embodiment, the multiplication factor
[TCSFframe/ (TCSFyi0c x M)] may be scaled to prevent the final values of QPpjoc from
becoming too high or too low relative to OPpame.

[0091] In an alternative embodiment, the block-by-block adjustment of the QP via the
TCSF map can be accomplished without reference to the full TCSF map for the frame. In
this embodiment, the calculation of QPpjocr 18 simpler:

QPpiock = QPframe/TCSFpiock- In one embodiment, the resulting value of QPpioer 18 clipped
so that it does not exceed a predetermined maximum or minimum QP value for the frame:
OPin < OPbiock < OPpax .

[0092] In another embodiment, the outputs of the SCM may be used to modify the
quantization parameter on a block-by-block basis using a rule-based approach. This

embodiment begins by assigning blocks with high variance a high QP value (low quality),
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because highly-complex regions are less noticeable to the HVS. Blocks with low variance
are assigned a low QP value (high quality), because less-complex regions are more noticeable
to the HVS. In one embodiment, the QP assignment for a given block is bounded by the
frame’s maximum and minimum QP values, QP,.,, and QP,;,, and is scaled linearly based
on the block variance relative to the variance of other blocks in the frame. In an alternative
embodiment, only those blocks having variance higher than the average variance of the entire
frame are assigned QP values between the frame QP, OPpame, and OP,,qx, with the assignment
scaled linearly such that QPpiocr = [(Varsiock — Varsame)/ Varsiock) *(OPmax — OPframe) T OPframe-
In this alternative embodiment, the QP assignment for high-variance blocks may be further
refined by the TCSF. For example, if the block is considered a foreground data in the
TMVM and the TCSF has a log contrast sensitivity value (vertical axis in FIG. 5) less than
0.5, meaning that the block is temporally unimportant, OPp, is raised by 2. In an
alternative embodiment, an edge detection process can be applied and blocks containing
edges can have their QPs adjusted to QP,.», overwriting the previously-assigned QPs from
spatial complexity, because edges are particularly noticeable to the HVS. In a further
embodiment, blocks that are either very bright or very dark can have their QPs adjusted to
QP v, again by overwriting the previously-assigned QPs from variance and (if applicable)
from edge detection, because very dark or very bright regions are not noticeable to the HVS.
This process is known as luminance masking.

[0093] In a further embodiment to the above, the value of QP,., for high-variance blocks
may be determined dynamically based on the quality level of the encoded video. The idea is
that low-quality encodings cannot afford any quality drop in high-variance blocks, s0 QP
should be closer to QPfume, whereas high-quality encodings can afford an increased QP . for
high-variance blocks, to save bits. The quality of the encoding may be updated at each |
(Intra) frame by calculating the average SSIM of blocks having variance within 5% of the
average frame variance, with higher SSIM values corresponding to greater values of QP g In
an alternative embodiment, the average SSIM is adjusted by the average variance of the
frame, so that the quality indicator is calculated as the product of the average SSIM and the
average frame variance.

[0094] In a further embodiment to the above, very-low-variance blocks (corresponding to
flat regions, which are especially visible to the HVS), may be assigned fixed, low QP values
to ensure high-quality encoding in those regions. For example, for I (Intra) frames, blocks

with variance between 0 and 10 may be assigned QP=28, blocks with variance between 10
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and 30 may be assigned QP=30, and blocks with variance between 30 and 60 may be
assigned QP=32. QP assignments for blocks in P and B frames may then be derived from the
above QPs using the ipratio and pbratio parameters.

[0095] In a further embodiment to the above, low variance blocks (for example, those
having variance between 60 and the average frame variance) are assigned the frame QP,
OPf.ume and then examined to determine whether further quality enhancement is needed. In
one embodiment, one can detect blockiness artifacts by comparing the spatial complexity and
luminance of both the reconstructed pixels and the original pixels from the current (target)
block being encoded with the spatial complexity and luminance of previously-encoded
surrounding blocks (e.g., blocks to the left, top-left, top, and top-right when available). If
there is a large difference between the spatial complexity and luminance measures of the
reconstructed pixels of the target block and the corresponding measures of neighboring
blocks, but there is no such difference in spatial complexity and luminance between the
original pixels of the target block and that of the neighboring blocks, then the target block is
considered “blocky.” In this case, the block’s QP value is decreased (e.g., decreased by 2) to
improve the encoding quality of the block. In another embodiment, the estimated quality of
the target block is calculated by averaging the SSIM and QP values of previously-encoded
surrounding blocks (e.g., blocks to the left, top-left, right, and top-right when available). The
average QP value, OP,.,, is the estimated QP, OPpiock, for the target block. If the average
SSIM value, SSIM.q, is lower than 0.9, QPpiock =QPavg 18 lowered by 2, increasing its quality.
In a further embodiment, if the target block is identified as foreground data by the TMVM,
then QPpiock 18 lowered by 2 only if the TCSF has a log contrast sensitivity value (vertical axis
in FIG. 5) greater than 0.8, meaning that the block is temporally important.

[0096] The methods outlined above may use temporal importance maps (the TCSF, with
or without TMVM refinement), spatial importance maps (the SCM), or both. If both
temporal and spatial importance maps are used, the result is termed a unified importance
map.

[0097] Importance maps, generated from perceptual statistics as described above, can be
applied to any video compression framework that uses motion compensation to produce
motion vectors, such that both rate-distortion analysis and quantization are enhanced to
produce visually superior encodings for the same encoding sizes. The use of importance
maps for video compression does not require specific application to the continuous block

tracker (CBT) as detailed above. However, the CBT provides the additional capability of
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accurately determining which motion vectors are true motion vectors, so importance maps are
more effective in a CBT-based encoding framework. The particular reason for this is that the
CBT’s frame-to-frame motion vectors (from frame-to-frame tracking 210 in FIG. 8A) are
generated from the original frames of the video and not the reconstructed frames. The frame
store 85 in FIG. 2 and FIG. 7 for general encoders contains reconstructed frames generated
from the encoding process, but the frame store 205 in FIG. 3, FIG. 4, and FIG. 8A contains
the original video frames. Because of this, the CBT’s frame-to-frame tracking (210 in FIGS.
3,4, and 8) is better able to track the true motion of the video, and its frame-to-frame motion
vectors generate more accurate true motion vector maps. By contrast, a general encoder’s
motion vectors are selected to optimize rate-distortion (compression) performance and may
not reflect the true motion of the video.

[0098] It should also be noted that importance maps, once generated, may be applied to
intra-predicted frames as well, either by modifying the rate-distortion optimization among
intra-prediction modes or by modifying the block-level quantization, following the
techniques described above. For all-intra encoders, however, computation of the TCSF
requires a separate encoding module (such as frame-to-frame tracking 210 in FIG. 8A) to

generate motion vectors for each data block in the video frame.
Digital Processing Environment

[0099] Example implementations of the present invention may be implemented in a
software, firmware, or hardware environment. FIG. 9A illustrates one such environment.
Client computer(s)/devices 950 (e.g., mobile phones or computing devices) and a cloud 960
(or server computer or cluster thereof) provide processing, storage, encoding, decoding, and
input/output devices executing application programs and the like.

[00100] Client computer(s)/devices 950 can also be linked through communications
network 970 to other computing devices, including other client devices/processes 950 and
server computer(s) 960. Communications network 970 can be part of a remote access
network, a global network (e.g., the Internet), a worldwide collection of computers, Local
arca or Wide area networks, and gateways that currently use respective protocols (TCP/IP,
Bluetooth, etc.) to communicate with one another. Other electronic devices/computer
network architectures are suitable.

[00101] Embodiments of the invention may include means for encoding, tracking,

modeling, filtering, tuning, decoding, or displaying video or data signal information. FIG. 9B
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is a diagram of the internal structure of a computer/computing node (e.g., client
processor/device/mobile phone device/tablet 950 or server computers 960) in the processing
environment of FIG. 9A, which may be used to facilitate encoding such videos or data signal
information. Each computer 950, 960 contains a system bus 979, where a bus is a set of
actual or virtual hardware lines used for data transfer among the components of a computer or
processing system. Bus 979 is essentially a shared conduit that connects different elements
of a computer system (e.g., processor, encoder chip, decoder chip, disk storage, memory,
input/output ports, etc.) that enables the transfer of data between the elements. Attached to
the system bus 979 is an 1/O device interface 982 for connecting various input and output
devices (e.g., keyboard, mouse, displays, printers, speakers, etc.) to the computer 950, 960.
Network interface 986 allows the computer to connect to various other devices attached to a
network (for example, the network illustrated at 970 of FIG. 9A). Memory 990 provides
volatile storage for computer software instructions 992 and data 994 used to implement a
software implementation of the present invention (e.g., codec: encoder/decoder).

[00102] Disk storage 995 provides non-volatile storage for computer software instructions
998 (equivalently "OS program") and data 994 used to implement an embodiment of the
present invention: it can also be used to store the video in compressed format for long-term
storage. Central processor unit 984 is also attached to system bus 979 and provides for the
execution of computer instructions. Note that throughout the present text, “computer
software instructions” and "OS program” are equivalent.

[00103] In one example, an encoder may be configured with computer readable
instructions 992 to encode video data using importance maps formed from temporal
information or spatial information. The importance maps may be configured to provide a
feedback loop to an encoder (or elements thereof) to optimize the encoding/decoding of video
data.

[00104] In one embodiment, the processor routines 992 and data 994 are a computer
program product, with an encoder (generally referenced 992), including a computer readable
medium capable of being stored on a storage device 994 which provides at least a portion of
the software instructions for the encoder.

[00105] The computer program product 992 can be installed by any suitable software
installation procedure, as is well known in the art. In another embodiment, at least a portion
of the encoder software instructions may also be downloaded over a cable, communication,

and/or wireless connection. In other embodiments, the encoder system software is a
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computer program propagated signal product 907 (in Fig. 9A) embodied on a nontransitory
computer readable medium, which when executed can be implemented as a propagated signal
on a propagation medium (e.g., a radio wave, an infrared wave, a laser wave, a sound wave,
or an electrical wave propagated over a global network such as the Internet, or other
network(s)). Such carrier media or signals provide at least a portion of the software
instructions for the present invention routines/program 992.

[00106] In alternate embodiments, the propagated signal is an analog carrier wave or
digital signal carried on the propagated medium. For example, the propagated signal may be
a digitized signal propagated over a global network (e.g., the Internet), a telecommunications
network, or other network. In one embodiment, the propagated signal is transmitted over the
propagation medium over a period of time, such as the instructions for a software application
sent in packets over a network over a period of milliseconds, seconds, minutes, or longer. In
another embodiment, the computer readable medium of computer program product 992 is a
propagation medium that the computer system 950 may receive and read, such as by
receiving the propagation medium and identifying a propagated signal embodied in the
propagation medium, as described above for the computer program propagated signal
product.

[00107] While this invention has been particularly shown and described with references to
example embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.
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CLAIMS
What is claimed is:
1. A method of encoding a plurality of video frames having non-overlapping target

blocks, the method comprising:

encoding the plurality of video frames using importance maps, such that the
importance maps modify quantization affecting the encoding quality of each target
block to be encoded in each video frame, the importance maps being formed by:

configuring the importance maps using temporal information and spatial
information; and

computationally causing the importance maps indicate which parts of a video
frame in the plurality of video frames which are most noticeable to human perception,
such that: (i) in blocks where the importance maps take on high values, the block
quantization parameter (QP) is reduced relative to the frame quantization parameter
OPf.ume , resulting in higher quality for those blocks, and (i1) in target blocks where the
importance maps take on low values, the block quantization parameter is increased
relative to the frame quantization parameter QPsrame , resulting in lower quality for

those blocks.

2. The method as in Claim 1, wherein the spatial information is provided by a rule-based
spatial complexity map (SCM) in which the initial step is to determine which target
blocks in the frame have higher variance than the average block variance in the frame,
Varfame ; and

for such blocks, to assign a QP value higher than the frame quantization
parameter QPf.qme , with the block QP assignment QPpoc scaled linearly between
OPfume and the maximum quantization parameter QP , based on how much higher

the block variance varpicr 18 than varsame .

3. The method as in Claim 1, wherein the temporal information is provided by
a temporal contrast sensitivity function (TCSF) that indicates which target
blocks are most temporally noticeable to a human observer and
a true motion vector map (TMVM) that indicates which target blocks

correspond to foreground data,
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with the TCSF only considered valid for those target blocks identified as

foreground data.

The method as in Claim 2, wherein a high-variance block has its block QP assignment
OP e further refined by the TCSF and TM VM, such that if the TMVM identifies a
target block as foreground data and the TCSF has a log contrast sensitivity value less

than 0.5 for that block, QPsioer 18 raised by 2.

The method as in Claim 2, wherein the SCM further includes luminance masking, in
which target blocks that are either very bright (luminance above 170) or very dark
(luminance below 60) have their block quantization parameters QPsocx adjusted back

to OPmax .

The method as in Claim 2, wherein the SCM further includes dynamic determination
of OP,.., based on the quality level of the encoded video,

where quality is measured using an average structural similarity (SSIM)
calculation of target blocks in Intra (I) frames, together with the average block
variance varfame of such frames;

such that when the measured quality is low, the value of QP,,,, is lowered to

something closer to OPfume.

The method as in Claim 2, wherein very-low-variance blocks are assigned fixed, low
QP values QPpiocr to ensure high-quality encoding in those regions, such that the

lower the block variance, the lower value of QP00 (and the higher the quality).

The method as in Claim 7, wherein the assignment of low QP values QP for very-
low-variance blocks is fixed first for I frames and then determined for P and B frames

using the ipratio and pbratio parameters.

The method as in Claim 7, wherein blocks that are low-variance but do not qualify as
very-low-variance are examined to determine whether quality enhancement is needed
for those blocks;

such that an initial estimate of the block QP, QPpcx , 1s calculated by average
the QP values of neighboring, already encoded blocks to the left, top-left, right, and
top-right of the current block;
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an estimate of the SSIM of the current block, SSIM.,; , is calculated from the
SSIM values of neighboring, already-encoded blocks to the left, top-left, right, and
top-right of the current block;

and the value of QP 18 lowered by 2 if SSIM,, is lower than 0.9.

The method as in Claim 9, wherein the quality enhancement is only applied to those
blocks that are identified as foreground data by the TMVM and for which the TCSF

has log contrast sensitivity value greater than 0.8.

The method as in Claim 3, wherein the temporal frequency of the TCSF is computed
by using SSIM in the colorspace domain between the target block and its reference
block to approximate wavelength and by using motion vector magnitudes and the

framerate to approximate velocity.

The method as in Claim 3, wherein the TCSF is calculated over multiple frames, such
that the TCSF for the current frame is a weighted average of the TCSF maps over

recent frames, with more recent frames receiving higher weighting.
The method as in Claim 3, wherein the TMVM is set to 1 only for foreground data.

The method as in Claim 13, wherein foreground data is identified by computing the
difference between the encoder motion vector for a given target block and the global
motion vector for that block, such that blocks with sufficiently large differences are

determined to be foreground data.

The method as in Claim 14, wherein for data blocks that are identified as foreground
data, the encoder motion vector is subtracted from the global motion vector to obtain
a differential motion vector, and it is the magnitude of the differential motion vector

that is used in calculating the temporal frequency of the TCSF.

The method as in Claim 3, wherein the TCSF is computed from motion vectors from

an encoder.

The method as in Claim 1, wherein if the importance map is configured with the
temporal information and spatial information, the importance map is a unified

importance map.
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A system of encoding video data, the system comprising:

a codec using importance maps to encode a plurality of video frames having
non-overlapping target blocks; and

the importance maps configured to modify quantization affecting the encoding
quality of each target block to be encoded in each video frame, the importance maps
being formed by:

configuring the importance maps using temporal information and spatial
information, where an importance map that is configured with the temporal
information and spatial information is a unified importance map; and

computationally causing the importance maps to indicate parts of a video
frame in the plurality of video frames which are most noticeable to human perception,
such that: (i) in blocks where the importance maps take on high values, the block
quantization parameter (QP) is reduced relative to the frame quantization parameter
OPf.ame, resulting in higher quality for those blocks, and (i1) in target blocks where the
importance maps take on low values, the block quantization parameter is increased
relative to the frame quantization parameter QP e, resulting in lower quality for

those blocks.

The encoder as in Claim 18, wherein the spatial information is provided by a rule-
based spatial complexity map (SCM) in which the initial step is to determine which
target blocks in the frame have higher variance than the average block variance in the
frame, vargame; and

for such blocks, to assign a QP value higher than the frame quantization
parameter OPf.qme , with the block QP assignment QPpoq scaled linearly between
OPf.ume and the maximum quantization parameter QP , based on how much higher

the block variance varsicr 1 than varsame -

The encoder as in Claim 18, wherein the temporal information is provided by

a temporal contrast sensitivity function (TCSF) that indicates which target
blocks are most temporally noticeable to a human observer and

a true motion vector map (TMVM) that indicates which target blocks
correspond to foreground data,

with the TCSF only considered valid for those target blocks identified as

foreground data.
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The encoder as in Claim 19, wherein a high-variance block has its block QP
assignment OPpoc further refined by the TCSF and TMVM, such that if the TMVM
identifies a target block as foreground data and the TCSF has a log contrast sensitivity

value less than 0.5 for that block, QP 1s raised by 2.

The encoder as in Claim 19, wherein the SCM further includes luminance masking, in
which target blocks that are either very bright (luminance above 170) or very dark

(luminance below 60) have their block quantization parameters QPsocx adjusted back

to OPax .

The encoder as in Claim 19, wherein the SCM further includes dynamic
determination of QP based on the quality level of the encoded video,

where quality is measured using an average structural similarity (SSIM)
calculation of target blocks in Intra (I) frames, together with the average block
varlance varfame of such frames;

such that when the measured quality is low, the value of QP is lowered to

something closer to OPfume.

The encoder as in Claim 19, wherein very-low-variance blocks are assigned fixed,
low QP values QP to ensure high-quality encoding in those regions, such that the

lower the block variance, the lower value of QP00 (and the higher the quality).

The encoder as in Claim 24, wherein the assignment of low QP values QPpocr for
very-low-variance blocks is fixed first for I frames and then determined for P and B

frames using the ipratio and pbratio parameters.

The system as in Claim 19, wherein blocks that are low-variance but do not qualify as
very-low-variance are examined to determine whether quality enhancement is needed
for those blocks;

such that an initial estimate of the block QP, OPp,. , is calculated by average
the QP values of neighboring, already encoded blocks to the left, top-left, right, and
top-right of the current block;

an estimate of the SSIM of the current block, SSIM.,; , is calculated from the
SSIM values of neighboring, already-encoded blocks to the left, top-left, right, and
top-right of the current block;



27.

28.

29.

30.

31.

32.

33.

34.

WO 2016/040116 PCT/US2015/048353

-34 -

and the value of QPpiocr 18 lowered by 2 if SSIM.,; is lower than 0.9.

The system as in Claim 26, wherein the quality enhancement is only applied to those
blocks that are identified as foreground data by the TMVM and for which the TCSF

has log contrast sensitivity value greater than 0.8.

The system as in Claim 20, wherein the temporal frequency of the TCSF is computed
by using SSIM in the colorspace domain between the target block and its reference
block to approximate wavelength and by using motion vector magnitudes and the

framerate to approximate velocity.

The system as in Claim 20, wherein the TCSF is calculated over multiple frames, such
that the TCSF for the current frame is a weighted average of the TCSF maps over

recent frames, with more recent frames receiving higher weighting.
The system as in Claim 20, wherein the TMVM is set to 1 only for foreground data.

The system as in Claim 30, wherein foreground data is identified by computing the
difference between the encoder motion vector for a given target block and the global
motion vector for that block, such that blocks with sufficiently large differences are

determined to be foreground data.

The system as in Claim 20, wherein for data blocks that are identified as foreground
data, the encoder motion vector is subtracted from the global motion vector to obtain
a differential motion vector, and it is the magnitude of the differential motion vector

that is used in calculating the temporal frequency of the TCSF.

The system as in Claim 20, wherein the TCSF is computed from motion vectors from

the encoder.

The system as in Claim 18, wherein if the importance map is configured with the
temporal information and spatial information, the importance map is a unified

importance map.
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Citation of document, with indication, where appropriate, of the relevant passages
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X ZHICHENG LI ET AL:

compression",
IMAGE AND VISION COMPUTING,
vol. 29, no. 1

XP055126506,

ISSN: 0262-8856, DOI:
10.1016/j.imavis.2010,07.001
cited in the application

A * sections 1, 2 and 5 *

"Visual attention
guided bit allocation in video

1 January 2011,(2011-01-01), pages 1-14,

1,17,18,
34

2,4-10,
19,21-27

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

1 December 2015

Date of mailing of the international search report
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Name and mailing address of the ISA/
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Compression Standard, 2nd Edition, chapter
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Richardson",
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20 April 2010 (2010-04-20), XP030001638,
* equation 7.17 and table 7.3 *
X US 8 135 062 B1 (COTE GUY [US]) 1,17,18,
13 March 2012 (2012-03-13) 34
A figure 4 2,4-10,
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X US 8 737 464 B1 (ZHANG HUIPIN [US] ET AL) 1,2,4,
27 May 2014 (2014-05-27) 6-10,
17-19,
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23-27,34
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X EP 1 250 012 A2 (SHARP KK [JP]) 1,17,18,
16 October 2002 (2002-10-16) 34
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figure 1
Y "Lumi masking", 5,22
Wikipedia,
8 November 2006 (2006-11-08), XP055232466,
Retrieved from the Internet:
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[retrieved on 2015-12-01]
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6-10,
17-19,
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23-27,34
X CHRISTOPHER BULLA ET AL: "High Quality 1,17,18,
Video Conferencing: Region of Interest 34
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INTERNATIONAL JOURNAL ON ADVANCES IN
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vol. 6, no. 3-4,
1 December 2013 (2013-12-01), pages
153-163, XP055232071,
ISSN: 1942-2601
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1 February 2007 (2007-02-01), pages
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ISSN: 1520-9210, DOI:
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8-5-2009; CHICAGO,,

6 May 2009 (2009-05-06), XP030081866,

* section 2 *

A NACCARI M ET AL: "Improving HEVC 1,2,
compression efficiency by intensity 4-10,
dependant spatial quantisation", 17-19,
101. MPEG MEETING; 16-7-2012 - 20-7-2012; 21-27,34
STOCKHOLM; (MOTION PICTURE EXPERT GROUP OR
I1SO/1EC JTC1/SC29/WG11),,
no. m25398, 11 July 2012 (2012-07-11),
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the whole document
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BoxNo.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribad requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Internaticnal Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:_| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1, 2, 4-10, 17-19, 21-27, 34

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1, 2, 4-10, 17-19, 21-27, 34

How to derive spatial information and how to modify the QP
using this spatial information

2. claims: 3, 11-16, 20, 28-33

How to derive temporal information
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