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ESTIMATION, ENCODING AND DECODING OF MOTION INFORMATION IN
MULTIDEMENSIONAL  SIGNALS THROUGH MOTION ZONES, AND
AUXILIARY INFORMATION THROUGH AUXILIARY ZONES

BACKGROUND

Motion estimation in the known art is the process of determining motion vectors that
desctibe the transformation from one picture to another, usually from adjacent pictures in a
video sequence. Motion estimation is typically based on an assumption that image values
(e.g., brightness, color, etc., expressed in a suitable color space) remain constant over time,
whereas therr position in the image may change.

In known methods such as MPEG (Moving Picture Expert Group) methods, motion vectors
may relate to the whole image {global motion estimation) or to specific parts, such as
rectangular blocks, or even per each clement of the image. The map of all motion vectors
(“motion map”) can thus posscss a different resolution from the image/frames to which it
refers. When motion estimation calculates a motion vector per each element of the image
{e.g., per each pixel of a frame of a video), the motion map (“accurate” or “dense” motion
map) will have the same resolution as the image to which it refers.

Motion maps are helpful for a variety of applications.

First, they can notably improve the compression rate of video encoding, since they allow to
produce a rendition of an image based on a reference {e.g., in known methods, a previous
reference image of the same sequence) already known to the decoder (“motion
compensation”), avoiding the need to transmit again the information that can be reused
from previous images: the decoder can generate settings for the given element in the
cutrent image based on settings of the element in the reference image to which the motion
vector points. In fact, basic motion estimation and motion compensation technigues have
been employed in conventional video codecs (e.g., MPEG family codecs or other
frequency-transform based / block-based codecs) in order to account for movement of an
object in a moving picture of multiple sequential images.

For example, using block motion compensation (BMC), the images is partitioned into

blocks of elements (“pixels”™). Each block B in the current image is predicted based on a
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block By of equal size in a reference image. The position of the block By in the reference
image with respect to the position of B in the current image (“offset™) is typically encoded
as a mofion vector with two coordinates, In these cases, the motion vector indicates the
opposite of the estimated x and y movement of the block of pixels (in particular, it indicates
the opposite of the movement since it points from B to B, while the movement is from By
to B). The motion vector is typically encoded by using two integer coordinates with sub
pixel precision {i.e., can specify movements also of fractions of a pixel, typically in steps of
Vs of a pixel) because the encoder wants to be able to capture also subtle movements of less
than a full pixel. According to MPEG family codecs, the blocks are not transformed other
than being shifted to the position of the predicted block, and additional encoded
information can indicate differences between block B and block B.

In addition to video encoding, there arc also many other applications that can benefit from
motion estimation, ranging from robotics (a dense motion field can help identify objeets
and/or cstimate the z-order of an image, i.e. a z-map associated with the image and making
sense of depth) to professional movie post-production / visual effects.

Estimating accurate/dense motion maps that describe the motion of each image element is
very complex, so conventional motion estimation techniques try to limit both the
computational load and the amount of information required to describe motion. State of the
art techniques are usually based on either block matching methods or on optical flow
methods.

In block matching metheds (typically aimed at applications that require very fast
processing and limited amount of motion information, such as video encoding), a small
square region of the current image is compared with similar sized regions in the reference
image, which is typically oversampled in order to allow for sub-pixel motion estimation,
until an offset motion vector that minimizes some error criterion is chosen,

In optical flow methods (typically aimed at applications that require precise description of
motion even at the expense of speed and amount of motion information, such as special
effects and video editing), the image is preprocessed so as to extract a number of features;
then the algorithm tries to identify the precise motion of the features and calculates a dense

motion map (i.c., one offset motion vector per each image clement) through interpolation.
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Known encoding techniques based on block motion compensation and on offset motion
veotors Using integer coordinates (i.e., coordinates with fixed precision, such as 1/8" of a
pixel) have several important drawbacks, suitably addressed by novel methods described
herein.  First, the borders of moving object are poorly described by blocks, generating
artifacts that must be corrected with residual data (or that corrupt the rendition of the image
obtained via motion compensation). Second, the use of offset coordinates with a given sub-
pixel precision typically requires to buffer an upsampled rendition (e.g., a very high
resolution version) of the reference image at the given sub-pixel resolution: as a
consequence, capturing very subtle movements (e.g., 1/128 of a pixel, important for
instance in the case of high frame-rate video signals or in the case of complex movements
such as a 1% zoom with 2-degree rotation) is not feasible due to memory limitations.
Third, in the casc of large objects with a consistent movement {e.g., a large background), a
degree of waste of bit-rate is necessary due to the need to encode and transmit multiple
correlated (and not necessarily identical) motion vectors. Lastly, these well-known
methods are unable to cope very well with more complex movements (e.g., like rotation,
zoom, perspective changes, ¢te.), which are imperfectly defined by translation movements
of blocks.

Motion maps are just specific examples of what we defined as “auxiliary maps” — i.¢. maps
of auxiliary information that is associated to a signal — in a way that for given portions of
the signal (e.g., in the case of accurate/dense auxiliary maps, for every plane element of the
signal) the auxiliary map specifies suitable information and/or meta-information associated
with that portionfelement. The signal can be without limitation an audio signal, a 2D
image, a 3D volumetric image, a 3D signal including both space and time-based
dimensions, or even a signal featuring more than three dimensions, In the case of motion
maps for video, this auxiliary information corresponds to the information on motion of each
portion of the image and to additional meta-information related to the motion vector (e.g.,
confidence level, statistical precision, ete.).

Aside from motion maps, other non-limiting examples of auxiliary maps are z-maps (which
provide, for every portion/element of the signal, information relative to the depth of field /

distance from the observer), simplificd motion fields (which provide simplified information
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on the motion of every portion/element of the signal, e.g. highly quantized motion
information suitable to distinguish between what moves with a motion within a given range
of movements vs. what is still or moves with a movement outside of the range), class maps
(which provide, for every portion/element of the signal, information relative to what class it
belongs to, e.g., distinguishing in medical imaging between plane clements belonging to
bones, soft tissues, fluids, metals, etc.), and so forth.

One of the key characteristics of auxiliary maps is that they present fairly homogenous
arcas separated by sharp discontinuities, and it is often inappropriate to modify their
resolution (e.g., obtaining a more accurate map starting from a lower resolution one, or vice
versa) by leveraging interpolation techniques or other standard upsampling/downsampling
techniques. For instance, in a video it would be inappropriate to define the motion of an
clement at the transition between two objects moving in different ways by means of a
motion vector calculated by interpolating the two different motions, since the interpolation
would likely lead to a movement that has nothing to do with either of the two movements.
In a similar fashion, in a medical image it would be inappropriate to define the value of an
element at the transition between a bone and a soft tissue by means of interpolating the two
corresponding classes, since the class corresponding to the interpolated value would likely

have no meaning in that context.

BRIEF DESCRIPTION OF EMBODIMENTS

According to a first aspect of the present invention, there is provided a method for decoding
descriptive information for each element of a given set of elements, said set of clements
corresponding to a sample of a signal with one or more dimensions, the method
comprising: receiving zone information specifying multiple elements of the rendition of the
signal belonging to a zone; receiving descriptive information associated with the zone, the
descriptive information encoded to indicate information pertaining to the muitiple elements
in the zone; and for each respective clement in the zone, utilizing the descriptive
information to derive a corresponding value, the corresponding value indicating
information pertaining to the respective element.

According to a second aspect of the present invention, there is provided a method to
reproduce a rendition of a signal, the method comprising: via computer processor hardware:

receiving zone information specifying multiple elements of the rendition of the signal
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belonging to a zone; receiving motion information associated with the zone, the motion
information encoded to indicate to which corresponding element in a reference signal each
of the multiple elements in the zone pertains; and for each respective element in the zone,
utilizing the motion information to derive a corresponding location value in the reference
signal, the corresponding location value indicating a location in the reference signal to
which the respective element pertains.

According to the third aspect of the present invention, there is provided a method to
reproduce information for each element of a rendition of a signal, the method comprising:
via computer processor hardware: receiving zone information specifying multiple elements
of the rendition of the signal belonging to a zone; receiving descriptive information
associated with the zone, the descriptive information encoded to indicate information
pertaining to the multiple elements in the zone; and for each respective element in the zone,
utilizing the descriptive information to derive a corresponding value, the corresponding

value indicating information pertaining to the respective element.

Embodiments herein are directed to improvements in methods to estimate, encode and
process auxiliary information such as, by way of non-limiting example, motion information
{e.g., motion occurred between two neighbouring images of a time-based signal), hence
supporting methods such as motion estimation, motion compensation, signal encoding,
signal quality enhancement {e.g., denoising, super-resolution, etc.), signal mterpolation
{e.g., increase of frame-rate), special effects, computer graphics, medical imaging,
computer vision, augmented reality applications, etc.

One embodiment herein includes a method for efficiently assigning accurate auxiliary
information to each element of a signal, by assigning class information to arbitrary portions

/ patches of a signal (“motion zones”, or more broadly “auxiliary zones™) — with size
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ranging from a single element to the whole signal, and with arbitrarily-defined contiguous
and/or non-contiguous shapes — and then assigning suitable auxiliary descriptive
information (e.g., without limitation, descriptive information on motion) to each zone,
which allows to reconstruct suitable auxiliary information for each clement of said zone.
For simplicity, non-limiting embodiments illustrated herein usually refer to the use case of
motion information and motion zones {(allowing io cificiently encode, transmit and decode
motion information for every element of a sigral), although people skilled in the art can
easily understand that the same methods are also applicable for other types of auxiliary
information as well {e.g., by ways of non-limiting cxamples, depth information / z-order
information, temperature information, tissue type infermation, density information,
radioactivity information, etc.).

In one of the non-limiting embodiments, motion zones are encoded in a ticred hicrarchy
that comprises two or more tiers, wherein cach of the ders has a distinet level of quality,
and class information relative to motion zones is inherited from a lower level to the next
higher level, according to methods described in other applications of the same authors.
This method comprises a decoding step during which motion zones are computed through
reconstruction operations by starting from the information of the tier that has the lowest

+

level of quality. The terms “tiet” and “level of quality” (or “LOQ™) will be used

interchangeably in the rest of the application.

For simpiicity, non-limiting embodiments illustrated herein refer to a signal as a sequence
of multi-dimensional samples (i.e., sets of one or more clements organized as arrays with
one or more dimensions, e.g., by way of non-limiting example sets of picture elements
organized as two-dimensional images) occurring at a given sample rate along the time
dimension. In the description the terms “image” or “plane” (intended with the broadest
meaning of “hyperplane”, i.e., array of elements with any number of dimensions) will be
often used to identify the digital rendition of a sample of the signal along the sequence of
samples, wherein each plane has a given resolution for each of its dimensions (e.g., X and
Y), and comprises a set of plane elements {(or “clement”, or “pel”, for two-dimensional

images often called “pixel”, for volumetric images often called “voxel”, cte.) characterized
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by one or more “values” or “settings” (e.g.. by ways of non-limiting examples, color
settings in a suitable color space, settings indicating density level, settings indicating
temperature levels, settings indicating audio pitch, settings indicating amplitude, ete.). Each
plane element is identified by a suitable set of coordinates.

As non-limiting examples, a signal can be an image, an audio signal, a multi-channei audio
signal, a video signal, a muiti-view video signal {¢.g., 3D video), a vohumetric signal (e.g.,
medical imaging, scientific imaging, holographic imaging, ete.), a volumetric video signal,
or even signals with more than four dimensions,

Embodiments illustrated herein will be particutarly focused on signals evolving over time
and featuring some degree of motion from one sample to the next, i.c., samples are time
correlated. Also very high sample rates {e.g., also over 1,000 images per second, the motion
of which is typically badly described by conventional motion estimation and compensation
methods) are casily addressed by the described cmbodiments.

For simplicity, non-limiting embodiments illustrated herein often refer to signals that are
displayed as sequences of 2D planes of settings (c.g., 2D images in a suitable color space),
such as for instance a video signal. However, the same concepts and methods are also
applicable to any other types of time-based signal (e.g., multi-view video signals, 3D video
signals, sequences of 3D volumetric signals, ctc.), and also to non-time-based muiti-
dimensional signals (e.g., sequences of audio channels of a same audio signal, two-
dimensional pictures, volumetric/holographic images, plenoptic images, ete.). As a non-
limiting example of a non-time-based signal, a series of two-dimensional slices of a CAT-
scan or an MRI (i.e., a non-time-based three-dimensional signal) can be suitably
represented as a series of two-dimensional samples along a dimension (i.e., the axis along
which the slices were taken), and processed according to methods illustrated herein, as if
the axis along which the slices were taken was a time dimension (by assuming either a
constant sample rate or even a variable sample rate, according to innovative methods
illustrated herein}.

Auxiliary information processed by embodiments illustrated herein often refer to the
specific use case of 2D auxiliary information (i.c., auxiliary information associated fo two-

dimensional planes of elements), and in particular to 2D motion information (e.g.,



10

15

20

25

30

WO 2013/171183 PCT/EP2013/059885

providing information to reconstruct a 2D image based on motion compensation of one or
more reference 2D images), but the same concepts also apply for any other types of
auxiliary information referring to multidimensional signals. By ways of non-limifing
examples, other types of auxiliary information suitably processed with novel methods
illustrated herein include z-order information indicating depth, three-dimensional motion
information {e.g., providing information to reconstruct a volumetric image based on motion
compensation of a reference volumetric image), ete. As already mentioned, people that are
skilled in the art can easily apply approaches and methods illustrated herein for motion
information to other types of auxiliary information (e.g., by leveraging “auxiliary zones”

instead of “motion zones”, etc.).

In conventional methods, motion estimation and compensation techniques arc utilized
between two different samples of a same signal evolving over ime. For some of the novel
non-limiting embodiments described herein, space and time are not wholly independent
dimensions to consider in isolation: space and time are just distinct dimensions of a broader
multidimensional space caiied space-time. By representing a scquence of N-dimensional
samples {¢.g., a sequence of two-dimensional images) as a single (N+1)-dimensional signal
(e.g., a three dimensional image), embodiments described herein can effectively process a
signal in its space-time (through suitable space-time processing operations), effectively
leveraging correlation information also across multiple samples (i.e., not just fiom one
sample to another). In short, some non-limiting embodiments described herein (in
particular the ones where a plurality of reference images are motion-compensated in order
to generate a motion-compensated prediction of a given image) manipulate the signal in its
enfirety, generating and processing sets of reconstruction data that refer to a plurality of

temporal samples.

In a non-limiting embodiment illustrated herein, a signal processor configured as a decoder
receives information specifying arbitrary — contiguous and/or non-contiguous — portions of
an image (“auxiliary zones”). For one or more of said auxiliary zones, the decoder receives

suitable descriptive information (e.g., by ways of non-limiting examples for the case of
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motion zones, a motion vector, a motion map of motion vectors, a motion matrix,

parameters corresponding to information on zoom / rotation / offset, etc.).

In another non-limiting embodiment illustrated herein, a signal processor configured as an
encoder performs motion estimation and identifies one or more motion zones {arbitrary —
contiguous or non-contiguous — portions of the signal). In a non-limiting embodiment, the
encoder decides the maximum number of motion zones based on a set of parameters (e.g.,
by way of non-limiting example, available computational power, target encoding latency,

target compression efficiency, cte.).

In other non-limiting embodiments illustrated herein, a signal processor is configured to
produce an image by performing motions compensation operations on a reference image
based on motion information, said motion information specifying motion zones and the
motion of each motion zone. In a non-limiting embodiment, the signal processor produces
an image with a different number of elements than the reference image. In another non-

limiting embodiment, a same element can belong to more than one motion zone.

In a non-limiting example embodiment, a signal processor receives and decodes motion
zone information with associated motion information and, for each plane element (“pel”) of
the signal, based on the motion zones to which the pel belongs and on the motion
information associated to the zone and/or to the pel, calculates motion compensation

information to support the computation of motion compensated settings for the pel.

Other non-limiting embodiments described herein includes a signal processor configured to
decode motion zones and/or other types of auxiliary zoncs (i.e., portions of a
multidimensional signal of any type and shape, also nen-contiguous), by leveraging an
inheritance-based tiered-hierarchy method according to the methods described in other
applications of the same authors. For cach element of each given Level of Quality of the
recenstructed signal, the decoder, based on information inherited from lower Levels of

Quality (generating a predicted rendition at the given Level of Quality) and on additional
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reconstruction data (e.g., residual data to combine with some of the elements of said
predicted rtendition), decodes class information corresponding to which zone a given
clement belongs, wherein each zone indicates a portion of the signal with specific
properties {e.g., by ways of non-limiting information, auxiliary zones could be used to
describe motion zones, color zones, depth zones, ete.). In a non-limiting embodiment, the
decoder receives descriptive information indicating properties (e.g., by ways of non-
limiting examples, information on motion, information on color settings, information on

depth, information on noise, etc.) for each auxiliary zone identified with class informaticn.

More specifically, non-limiting embodiments illustrated herein include a signal processor
such as a decoder configured to reconstruct an auxiliary zone map at subsequently higher
fcvels of quality in a hicrarchy. The signal processor receives a first set of reconstruction
data to reconstruct the signal at a first level of quality in the hierarchy. The first set of
reconstruction data includes a symbol specifying an attribute setting of a parent element
{e.g.. by way of non-limiting example, a suitable value indicating zone information) in the
rendition of the signal at the first level of quality. The signal processor divides the parent
element into multiple sub-clements to reconstruct the signal at a second, higher level of
quality. When doing so, the signal processor utilizes the attribute setting of the parent
element as specified by the symbol (at the first level of quality) to produce a default
attribute setting for one or more respective sub-clements into which the parent element is
divided, unless or until a second set of reconstruction data to reconstruct the signal at the
second level of quality specifies a different attribute setting for the respective sub-element.
When a parent clement is assigned a symbol belonging to a specific set (“finalization
symbols™) the attribute setting of the parent element is inherited by all of its sub-clements
and the sub-elements of its sub-elements up until the highest level of quality, without
requiring any adjustments (i.e., without need to combine the results of inheritance with any
residual data).  Accordingly, embodiments herein include reuse of parent setting
information when reconstructing an auxiliary zone map at one or more higher levels of
quality. Due to the inheritance of setting information from one level of quality to the next,

this technique can reduce an amount of data needed to define what elements of the auxiliary
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zone map belong to what zone. In this way, it is possible to increase encoding / decoding
efficiency also for very complicated (and/or non-contiguous) surfaces or multidimensional
shapes, without having fo encode information corresponding to cach of the elements in the
auxiliary zone map and without having to reconstruct equations (e.g., spline equations) for
any of the borders of the auxiliary zones. In a non-limiting embodiment, subsequent levels
of quality are calculated according to fractional scale factors. In another non-Hmuiting

embodiment, different pairs of subsequent levels feature different scale fuctors.

in accordance with another non-limiting example embodiment, the multidimensional
shapes encoded with inheritance-based tiered-hicrarchy method are received and decoded
by a signal processor, and subsequently the signal processor leverages them in the context
of a rendering and visualization engine. In this way, the signal processor can receive also
very complicated shapes in an efficient way, and subscquently render them properly before
sending them to a display device.

Non-limiting example application cases include representation of images characterized by
sharp transitions and relatively homogenous areas (e.g., by way of non-limiting examples,
vector graphics, cartogiaphic data, cartoons / anime, documents, complex 3D / volumetric
surface models, volumetric models characterized by sets of relatively homogenous
volumes, etc.). In some of such pon-limiting examples, auxiliary zones effectively

correspond to color zones.

In & non-limiting embodiment illustrated herein, when performing motion compensation
operations, the signal processor is configured to smooth the transition between different
zones, generating close to the “borders” (or the “separating surfaces™) plane elements that
arc assigned for a given percentage (according to suitable parameters) to one zone and for a
complementary percentage to the other zone (e.g., by way of non-limiting example,
assigning to border ¢lements two motion vectors instead of a questionable “intermediate”
motion vector).

On motion zone borders, artifacts occur due to occlusion / un-occlusion occurring between

neighboring moving objects/zones. In order to reduce artifacts related to uncertainty and/or
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to mistakes at determining to which motion zone a border clement belongs, in a non-
limiting embodiment a signal processor configured to perform motion compensation
smoothes information on zone belonging across borders (i.c., to smooth the transitions
between different zones). In a non-limiting embodiment, zone belonging information is not
encoded with Boolean numbers or discrete classes, but with fractional or floating point
values (e.g., belonging to cach zone is encoded with a fractional number between 0 and 1);
in other non-limiting embodiments, motion zone belonging information is enriched with
parameters indicating smoothing information (e.g., by way of non-limiting example, alpha
blending parameters}. In a non-limiting embodiment, motion zone smoothing is obtained
by performing a dilation filtering operation followed by a saturated erosion operation (i.e.,
erosion with a limited lower range). In another non-limiting embodiment, the decoder
follows the border between zones and, after calculating the orientation of the tangent,

performs a smoothed blending in the direction orthogonal to the tangent.

In a non-limiting embodiment, motion zones encoded according to a inheritance-based
hierarchical method, coupled with suitabie information on the motion of each of the motion
zones, ate leveraged in order to efficiently encode / decode auxiliary information to

perform motion compensation of a multidimensional signal.

In another non-limiting embodiment, the decoder reconstructs motion compensated settings
for elements of an tmage based at least in part on motion zone information, also leveraging
floating point operations and/or on-the-fly resampling operations in order to access any
arbitrary position of a reference image, regardless of the actual resolution (i.e., sampling
grid) of the reference image. In this way, it is possible to leverage on a coordinate system
where each coordinate is expressed with arbitrary precision (e.g., even by a floating point
number or a high precision fixed-point number, as opposed to an integer number in the
coordinate system of the reference image), so that the resolution of the reference image is
treated as essentially infinite / continuous. This approach is extremely innovative since all
encoding and decoding techniques have always been based so far on the assumption that

the reconstructed signal and reference signals have a finite resolution, with each coordinate
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specified by a symbol comprised in a discrete range/set of symbols.

In other non-limiting embodiments described herein, descriptive information on motion
agsociated to motion zones includes parameters corresponding to zoom, rotation and offset
of each motion zone with respect to a reference. In prior art and coaventional methods,
motion estimation and compensation in video encoding and video processing has always
been limited fo translation movements (typically expressed by means of motion vectors
with a set of parameters/coordinates indicating direction and radius of the franslation
movement), which tends to be a limiting and low quality approach for motion
compensation. In fact, objects are affected by a much more complex set of possible
movements. In order fo capture this complexity, innovative embodiments described herein
model motion by using transform matrixes (i.c, more than two paramcters per cach
described motion) rather than offSer motion vectors (1.e., two parameters per cach described
motion). Movements consisting of combmations of zoom, rotation and offset can be
suitably described using so-calied Affine transforms. Other non-limiting embodiments, by
using higher order motion matrixes and homogencous coordinates, also describe
perspective transformations (i.c., movements including perspective change) of motion
Zones.

Usage of transform matrixes instecad of offset motion vectors in the video compression
domain is very innovative, and notably distinguishes embodiments described herein from
conventional methods. For instance, coordinates of elements must be expressed with a
rational number resolution {e.g., even with an “infinite resclution” or “continuous
resobution” approach) rather than integer or finite precision fractional resolution. Prior art
methods frequently adopt the concept of half pel or even higher finite fractional pel
coordinates (e.g., ¥4 of a pel, 1/8 of a pel, 1/12 of a pel, etc.). In one embodiment, the goal
is 1o capture movements occurring at resolutions higher than the actual integer image
resolution (i.e., the sample grid of an image). Traditional motion-compensation methods
require to supersample the reference image (e.g., with a scale factor of 8 in order to capture
movements up to 1/8" of a pixel) with respect to the actual target image: such state-of:the-

art approach requires large memory buffers and is unsuitable for movements requiring
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extremely fine precision (e.g., even 1/100™ of a pixel or less), sinee it would also require to
calculate a high amount of pixels in the super-sampled reference image that would never be
used. In accordance with one embodiment, the novel approach as discussed herein does not
require large memory buffers, is extremely fast, and allows motion compensation

Y
[33]

operations with arbitrary precision (c.g., even 1/100™ of a pixel or less).

Some non-limiting embodiments described herein use fractional coordinates for elements
(e.g., by way of non-limiting example, by using floating point coordinates) and transform
matrixes in order to describe movements of motion zones, notably increasing precision in
describing the actwal movements. A non-limiting embodiment, in performing the necessary
calculations, takes advantage of the modern hardware used in gaming and 3D rendering, so
as to exploit continuous-coordinate motion compensation at very limited computational
cost. Modern hardware can perform interpolations on the fly (c.g., via on-the-fly
resampling) by using float coordinates for the computed element. One of the advantages
associated with the usage of fractional coordinates and on-the-fly resampling is the
possibility to represent very subtle movements while at the same time reducing memory
usage at both the encoder and the decoder side. Motion estimation and motion
compensation rely on the resampling operations performed on the fly, without any need for
generating and storing large reference images at higher resolutions.

Continuous coordinates are very important when motion compensation is based on motion
matrixes (i.c., more sophisticated movements than a simple translation), because
sophisticated movements often require extremely fine sub-pixel resolution, not achievable
with the standard technique of supersampling the reference image (e.g., with zoom /
divergence, even levels of zoom as small as 1% — 1.e., coordinate multiplications by 0.0 —

are relevant).

Motion matrixes require to send to the decoder a higher number of parameters representing
motion with respect to the number of parameters required for simple offset motion vectors:
as a consequence, the benefits of using motion matrixes is higher when they are applied to

relatively large and arbitrarily-shaped groupings of elements (“motion zones™), e.g.
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representing an object moving in a consistent way.

In a non-limitmg embodiment iilustrated herem, a signal processor configured as an
encoder receives a current (target) image and a reference image, performs mofion
estimation and identifies in the current image one or more motion zones (arbitrary —
contiguous or non-contiguous — portions of the signal) and corresponding descriptive
information on the motion of each motion zone, said motion being expressed in a
continuous coordinate system. In a non-limiting embodiment, the encoder decides the
maximum number of motion zones based on a set of parameters (e.g., by way of non-
limiting example, available computational power, target encoding latency, target
compression efficiency, ete.).

In another non-limiting embodiment illustrated herein, a signal processor configured as a
decoder receives motion zone Information {(c.g., a motion zone map) and then receives
descriptive information on motion with the motion characteristic of cach motion zone (e.g.,
by way of non-limiting embodiment, by receiving a set of parameters corresponding to a
motion mairix for cach motion zone). Based at least in part on said motion zone map and
on descriptive information on the motion of cach motion zone, for each element of the
target image the decoder calculates a motion vector, the coordinates of said motion vector
being expressed in a continuocus coordinate system {¢.g., without limitation, by means of
floating point numbers). Based on said motion vectors, reference values in arbitrary
locations are fetched from a reference image via on-the-fly resampling, allowing for motion
compensation with higher precision than traditional approaches based on fixed grids of

clements and integer-based coordinates.

In accordance with further more specific embodiments, the input signals to which auxiliary
zones correspond may be encoded and decoded by means of a tier-based hierarchical
encoding method, leveraging the techniques illustrated in the patent applications

incorporated herein as reference.

These and other embodiment variations are discussed In more detail below.
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Note that embodiments herein may be implemented in software or hardware, or may be
implemented using a combination of software and hardware, and can include a
configuration of ome or more computerized devices, routers, network, workstations,
handheld or laptop computers, tablets, mobile phones, game consoles, set-top boxes, etc., to
carry out and/or support any or all of the method operations disclosed herein. In other
words, one or more computerized devices or processors can be programmed and/or
configured to operate as explained herein to carry cut different embodiments.

In addition to the technigues as discussed above, vet other embodiments herein include
software programs to perform the steps and operations summarized above and disclosed in
detail below. One such embodiment comprises a computer-readable, hardware storage
resource (i.e., a non-fransitory computer readable media) including computer program
fogic, instructions, ete., encoded thercon that, when performed in a computerized device
having a processor and corresponding memory, programs and/or causcs the processor to
perform any of the operations disclosed herein. Such arrangements can be provided as
software, code, and/or other data (c.g., data structures) arranged or encoded on a computer
readable medium such as an optical medium (e¢.g., CD-ROM, DVD-ROM or BLU-RAY),
flash memory card, floppy or hard disk or any other medium capable of storing computer
readable instructions such as firmware or microcode in one or more ROM or RAM or
PROM chips or as an Application Specific Integrated Circuit {ASIC). The software or
firmware or other such configurations can be installed onto a computerized device to cause
the computerized device to perform the technigues explained herein.

One or more embodiments herein include a computer readable storage medium and/or
system having mstructions stored thereon, The instructions, when executed by computer
processor hardware of one or more computer devices, causes the computer processor
hardware to perform operations of: receiving at least one auxiliary zone, said auxiliary zone
indicating a subsct of clements of said set of elements, said subset of elements belonging to
said auxiliary zone, and at least one set of descriptive auxiliary information, each of said
set(s) of descriptive auxiliary information corresponding to an auxiliary zone; and based at
least in part on auxiliary zone information and on the descriptive auxiliary information

corresponding to auxiliary zones, computing auxiliary information for cach element of the
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given sample.

One or more embodiments herein include a computer readable storage medium and/or
system having instructions stored thereon. The instructions, when executed by computer
processor hardware of one or more computer devices, canges the computer processor
hardware to perform operations oft receiving zone mformation specifying multiple
elements of the rendition of the signal belonging to a zone; receiving motion information
associated with the zone, the motion information encoded to indicate to which
corresponding element in a reference signal each of the multiple elements in the zone
pertains; and for cach respective element in the zone, utilizing the motion information to
derive a corresponding location value in the reference signal, the corresponding location
value indicating a focation in the reference signal to which the respective clement pertains.
Accordingly, one or more particular embodiment of the present disclosure is directed to a
computer program product that includes a computer-readable hardware storage medium
having instructions stored thereon for supporting signal processing operations.

The ordering of the steps has been added for clarity sake. These steps can be performed in
any suitable order.

Other embodiments of the present disclosure include software programs, firmware, and/or
respective hardware to perform any of the method embodiment steps and operations
summarized above and disclosed in detail below.

Also, it 18 to be understood that the system, method, apparatus, instructions on computer
readable storage media, ctc., as discussed herein can be embodied strictly as a software
program, as a hybrid of software, firmware, and/or hardware, or as hardware alone such as
within a processor, or within an operating system or within a software application, etc.

As discussed above, techniques herein are well suited for use in software, firmware, and/or
hardware applications that process signals and produce bitstreams of encoded data, or that
process bitstreams of encoded data and produce renditions of signals. However, it should
be noted that embodiments herein are not limited to use in such applications and that the
techniques discussed herein are well suited for other applications as well.

Additionally, note that although each of the different features, techniques, configurations,

etc., herein may be discussed in different places of this disclosure, it is intended that cach of
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the concepts can be executed independently of each other or in combination with each
other, Accordingly, the one or more present inventions, embodiments, etc., as described
herein can be embodied and viewed in many different ways.

Also, note that this preliminary discussion of embodiments herein does not specify every
embodiment and/or incrementally novel aspect of the present disclosure or claimed
invention{s}). Imstead, this brief description only presents general embodiments and
corresponding points of novelty over conventional techniques, For additional details and/or
possible perspectives (permmtations) of the invention(s), the reader is directed to the
Detailed Description section and corresponding figures of the present disclosure as further

discussed below,

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features, and advantages of the invention will be
apparent from the following more particular description of preferred embodiments herein,
as illustrated in the accompanying drawings m which like reference characters refer to the
same parts throughout the different views. The drawings are not necessarily to scale, with
emphasis instead being placed upon illustrating the embodiments, principles, concepts, etc.
FIG. 1 shows a system for signal encoding and decoding, according to embodiments herein.
FIG. 2A and 2B show high-level flow charts according to embodiments herein. FIG. 3A
shows two sample images that are object of motion estimation and compensation, together
with the corresponding information generated at an encoder according to embodiments
herein.
FIG 3B shows a high-level flow chart of a non-limiting embodiment illustrated herein
applied to the two images of FIG. 3A, illustrating the information generated by a decoder
during the various steps according to embodiments herein.
FIG. 4A and 4B show two block diagrams that implement motion compensation according
to non-limiting embodiments illustrated herein.
FIG. 5A and 5B show a high-level flow chart and a block diagram of non-limiting
embodiments illustrated herein.

FI1G. 6A, 6B and 6C illustrate non-limiting embodiments of usage of motion zones encoded
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in a tiered hierarchy, according to non-limiting embodiments illustrated herein.

FIG. 7 shows a block diagram of a computer system that provides data processing
according to embodiments herein.

FIG. 8 is an example diagram illustrating generates of coordinates in a reference image
based on a coordinates in a motion compensated image according to embodiments herein.
FIG. 9 is an exampl

cach of multiple elements in a zone according to embodiments herein.

iagram illustrating generation of coordinates in a reference image for

o
(=9

FIG. 10 is an example diagram illustrating generation of settings for multiple elements in a
motion compensated image according to embodiments herein.

FIG. 11 is an example diagram illustrating motion compensation of a first display clement
in a zone according to embodiments herein,

FIG. 12 is an example diagram illustrating motion compensation of a second display
clement in a zone according to embodiments herein.

FI1G. 13 1s an example diagram illustrating a method according to embodiments herein.

FIG. 14 is an example diagram illustrating a method according to embodiments herein,

FIG. 15 is an cxample diagram illustrating generation of motion mesh access points
according to embodiments herein.

FIG. 16 is an example diagram iilustrating upsampling of a motion map from a lower level
of quality to a higher level of quality according to embodiments herein.

FIG. 17 is an example diagram illustrating upsampling of a motion map from a lower level
of quality to a higher level of quality according to embodiments herein.

FIG. 18 is an example diagram illustrating different motion zones according to

embodiments herein.

DETAILED DESCRIPTION AND FURTHER SUMMARY OF EMBODIMENTS

Methods for reconstructing samptles of a signal iflustrated herein are suitable for any type of
auxiliary information of any type of multi-dimensional signals, including without imitation
sound signals, multichannel sound signals, pictures, images, two-dimensional images,
video signals, multi-view video signals, 3D video signals, volumetric signals, volumetric

video signals, medical imaging signals, signals with more than four dimensions, etc.
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For simplicity, along the description the illustrated embodiments usually adopt the use case
of motion zones used in the context of motion compensation operations for the encoding
and decoding of video sequences, 1.¢., time-based signals consisting of a sequence of 2D
images (commonly called “frames”, or “ficlds” in the case of interlaced video signals}, with
each element (in such non-limiting example case typically referred to as “pixel”) being
characterized by a set of color settings in a suitable color space {e.g., YUV, RGB, HSV,
etc.). Different color planes (e.g., the luminance-Y plane and the two chrominance — U and
V — planes) are often encoded separately, and often with different resolutions (due to the
lower sensitivity of the human eye to chrominance information).

In other cases we will represent the signal to which auxiliary information is associated as a
sequence of N-dimensional samples, and refer to the fact that the full representation of the
signal 15 an (N+!)-dimensional signal (c.g., if onc of the dimensions is time, this
corresponds to representing a sequence of spatial renditions with a single time-space
rendition). These are to be considered non-limiting examples of the possible kinds of
signals that can be processed using innovative methods described herein.

For signals other than videos, people skilled in the art can easily apply methods described
herein by suitably adapting the approaches described for the use case of video signal. Ina
non-fimiting example, samples can also be hyperplanes of elements with a different number
of dimensions other than two (e.g., one-dimensional samples, three-dimensional samples,
¢te.) and/or it is possible to apply to dimensions different than time approaches that
correspond to the ones described herein for the time dimension. People skilled in the art
can also easily apply methods described herein for motion zones and motion information
also to other types of auxiliary information (such as, by way of non-limiting examples,
depth information, color class information, tissue class information, etc.).

Every sample in time of a signal is represented with a hyperplane (or more simply “plane”,
intended in its broadest meaning as “set of elements organized as an array with one or more
dimensions™): for example a 2D HD video frame, or a 3D volumetric medical image are
both represented with arrays of plane elements {specifically, a 2D plane of elements for the
HD video frame and a three-dimensional hyperplane of elements for the volumetric

medical image).
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Methods and embodiments illustrated herein can be used in conjunction with one another
and/or with other methods. Many of the preferred embodiments illustrated herein describe
techniques and algorithms with the goal of achieving compression, i.e., encoding a suitable
rendition of the signal with a minimum quantity of bits. This also is a non-limiting
example: other non-limiting embodiments achieve different purposes, such as robust and

efficient filtering, image denoising, signal supersampling, machine vision, ete.

FIG. 1 1s an example diagram illustrating a system for signal encoding and decoding,
according to non-limiting embodiments illustrated herein.

An original signal 100 — including a plurality of images 100-1, 100-2, ..., 100-n — is
processed by encoder 110. Encoder 110 generates datastream 120, which is received and
processed by decoder 130, Decoder 130 processes datastream [20, reconstructing signal
140, wherein ecach reconstructed image 140-1 of reconstructed signal 140 corresponds to
image 100-1 of original signal 100. Reconstructed signal 140 can be an exact replica of

original signal 100 or a substantially similar rendition of original signat 100.

FIG. 2A shows a high-level flow chart of a non-limiting embodiment of decoding based on
motion zones according to embodiments herein.

In order to reconstruct a target image, in step 2.01 a decoder 130 receives a reference image
(if necessary decoding it and reconstructing it according to suitable operations).

Then in step 2.02 the decoder 130 receives motion zones — i.¢., information indicating what
elements of the target image belong to what motion zone — and descriptive information en
the motion of cach motion zone. Each zone can represent one or more entities such as one
ot more moving objects.

In this non-limiting embodiment, motion zones may include a “residual motion zone”, i.¢.,
a zone indicating the elements that cannot be reconstructed based on the reference image
(e.g., because they belong to objects that are present in the target image but not in the
reference inage); a residual motion zone is characterized by specific values assigned to its
descriptive information on motion. In other non-limiting embodiments, a residual motion

zone can be characterized by its relative position in the sequence of motion zones.
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In step 2.03, based at least in part on the reference image, on motion zones and on
descriptive information on motion, the decoder 130 generates a predicted rendition of the
target image. Such predicted rendition is generated by motion compensating the reference
image based on motion zone information. As its name suggests, the predicted rendition can
be a preliminary rendition of a respective signal being reproduced.

Each given element of each given motion zone corresponds — according 1o descriptive
information on the motion of the given motion zone — to a location of the reference image:
for cach clement of the target mage the decoder 130 calculates the corresponding location
of the reference image and — based on the values of the elements of the reference image —
generates a motion-compensated value for the element.

For clements belonging to a residual motion zone (if any), the decoder sets a default
motion-compensated value (“Not available™ vahue).

In step 2.04, the decoder 130 receives and decodes residual data, aimed at adjusting the
predicted rendition of the target image. The residual data specifies how to refine the
preliminary rendition of the signal such that the overall produced signal is substantially
similar or identical to the original signal.

In step 2.05, the decoder 130 combines the predicted rendition of the target image with
residual data, reconstructing the target image,

Note that one or more of the high-level steps indicated above can occur concurrently (as is
the case for all of the high-level flow charts illustrated in this application), without being

strictly sequential.

FIG. 2B shows a high-level flow chart of a non-limiting embodiment of decoding auxiliary
information based on auxiliary zones (i.c., efficiently generating auxiliary information for
each element of a signal without having to receive specific auxiliary information for each
clement) according to embodiments herein,

In step 2.11, the decoder 130 receives auxiliary zones and deseriptive auxiliary information
for ecach auxiliary zone. Auxiliary zones and auxiliary information refer to a specific signal
that the decoder 130 is processing.

In step 2.12, based at least in part on the received auxiliary zones and on the descriptive
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auxiliary information for each auxiliary zone, the decoder 130 generates auxiliary

information for each element of the signal to which auxiliary zones refer.

FIG. 3A shows two sample mmages that are object of motion estimation and motion
compensation, together with the comesponding information generated at encoding by
encoder 100 according to embodiments herein.

In particular, the diagram illustrates two images 100-1 and 100-2 that are correlated with
respect to each other. A same set of coordinates is used to define objects in each of the
images, although the images represent different image planes.  Without limitation, the
image 100-2 may be part of a sequence of multiple images following image 100-1, i.e., the
two images may be captured close in time. Combined, the images 100 can be video data
displayed on a display screen, to be played back, one after another, on a display screen.
Alcrnatively, according to methods described in other applications of the same authors,
image 100-1 may cven be an image that was specifically generated in order to serve as a
predictor for a plurality of images, including 100-2.

Regardless of the reason why the images 100-1 and 100-2 are significantly correlated, their
correlation can be enhanced even further by means of motion compensation. For example,
the background slightly rotates counter-clockwise; an object 301-1 in image 100-1 moves
to become object 301-2 in image [00-2 (wherein the movement involves both translation
toward the lower right and de-zoom, i.e., the object 301 is becoming smaller from one
image to the next). As further shown, an object 302-2, not visible in image 100-1, becomes
visible in image 100-2 and was not present in image 100-1.

The method according to embodiments herein can include computer processor hardware
that, by starting from the images 100-1 (reference image) and 100-2 (target image),
encodes/decodes a target image by using motion zones having arbitrary shapes (e.g.,
contiguous or even non-contiguous), wherein the shapes are chosen on the basis of images
100-1 and 100-2.

Note that the shape of each motion zone can be arbitrary, and is not limited to rectangular
blocks like in state-of-the-art methods. In some situations this may allow to increase the

efficiency and the effectiveness of motion compensation, more closely following the
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borders of objects (e.g., avoiding to “drag” clements that are close to the borders of a
moving object) and more efficiently transmitting motion information for each given
element of an image. In other words, objects in real-life, as captured by images, are ill-
represented by rectangular blocks, and generally are not restricted to only one specific
shape,

More specifically, by processing images 100-1 and 100-2, an encoder 100 identifies motion
zone 311-2 (representing the portion of the background of image 100-2 that can be
efficiently predicted by motion-compensating elements of reference image 100-1), motion
zone 312-2 (representing object 301-2 of image 100-2, which can be efficiently predicted
by motion-compensating object 301-1 in image 100-1) and a non-contiguous residual
motion zone made of 313-2, 314-2 and 315-2 {representing the elements of image 100-2
that were not visible in image 100-1, and consequently cannot be predicted by motion-
compensating clements of image 100-1).

In accordance with further embodiments, encoder 100 also generates descriptive
information 320-2 associated to motion zones. In a non-limiting embodiment, such
informaticn comprises a ZRO (Zoom, Rotation and Offset) motion matrix for cach motion
zone, and a default parameter for the residual motion zone (“N/A motion” — different from
no motion, which would mean that the motion zone was still - meaning that the elements of
the residual motion zone cannot be suitably predicted through motion compensation),

As a more specific example, descriptive information on the motion of motion zone 312-2
can be computed by trying to transform object 301-1 into object 301-2 through a finite set
of transformations, i.c. translation, rotation, zoom, ctc. In this particular example, object
301-1 can be multiplied by a scale factor, s, in order to make it of the same size of object
301-2; the center of the object 301 is to be translated along the axes X and Y by quantitics
tx and 1y respectively in order to obtain a suitable prediction of object 301-2, In other
words, in addition to becoming smaller in the image 100-2, the object 301 moves from one
location in image 100-1 to a new location in image 100-2. Therefore, the descriptive
information on motion assigned to motion zone 312-2 comprises a translation parameter
along the X axis TX representing the quantity fx, a translation parameter along Y axis 7V

representing the quantity ty, a scale factor S repregenting the zoom scale factor s, and a
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rotation parameter R (not relevant in this example, e.g., equal to zero or substantially
because there 18 no rotation in this example). Without limitation, such information can be
summarized with the following parameters: (7X, 77, S, R). For more general Zoom-
Rotation-Offset motions, motion information can be summarized with the six parameters of
the following Affine transform matrix applied to a vector (x, v, 1) in homogenous

coordinates — i.e., (X, y, W} with w normalized to 1:

{a b O
M= ¢ d 0

ETX TY 1)

More broadly, the above affine matrix M can represent scaling (including anisotropic
scaling), rotation, offset and shearing.

In yet other non-limiting embodiments, an even more general motion transformation can be
expressed by using a projective transform, 1e., a 3x3 matrix with 8 relevant coefficients,
and the 9% coefficient normalized o 1, describing with a single transform scaling, rotation,
offset, shearing and perspective change. Since some of such transforms require a division
operation for each fransform, a non-limiting embodiment uses approximate division
operations {e.g., by way of non-limiting examples, using onty 16 bits, or using some of the
algorithms commonly used for shaders).

The detection of motion zones and the generation of descriptive information associated to
motion zones can be performed according to suitable motion zone detection methods. In
general, motion zones can be identified via analysis of images and identification of
representative objects that move from one location to another over a time sequence.

Lastly, encoder 100 generates residual data 330-2 to adjust the prediction of the target
image 100-2 obtained by means of motion-zone-based motion compensation of reference
image 100-1. When combined with a predicted rendition of an image obtained by motion
compensation (such as a motien compensated image), application of residual data allows
full reconstruction of a rendition of target image 100-2.

Motion zones can be described in several different ways. Some non-limiting emboediments
describe motion zones by means of a class map (i.e., image with a discrete set of colors)

wherein each class value identifies a motion zone. Other non-limiting embodiments
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represent motion zones by means of vector graphics, using geometrical primitives based on
mathematical expressions in order to describe motion zones (allowing efficient encoding
and decoding of circles, ellipses, polygonal shapes, etc.).

A method for decoding images encoded by using the above-described encoding method

comprises the following phases:

a. providing at least one motion zone and one set of descriptive information on
motion;

b. providing a first (reference) image;

c. computing a prediction for the second (target) image by using the first image

received during phase b, the motion zones and the descriptive information on motion
received during phase a;

d. receiving and decoding residuad data (if any);

c. combining the prediction for the sccond image with residual data (if any), obtaining
a rendition of the second (target) image.

Also in this case, one or more of the phases can occur concurrently, without being strictly
scquential.

In other non-limiting embodiments, information on motion comprises parameters
corresponding to a projective transform matrix. In yet other non-limiting embodiments,
information on motion comprises parameters of a geometric algebra transform (thus
representing even more complex types of motion). In yet other non-limiting embodiments,
aside from information on motion of cach motion zone, encoder 100 also generates other
meta-information or auxiliary nformation associated to cach motion zone, such as —
without limitation — a confidence level (or precision of the prediction generated through
motion compensation), noise parameters associated to the motion zone, parameters
indicating operations to usc to reconstruct higher levels of quality of elements belonging to
the motion zone, priority of the motion zone (¢.g., to drive bitrate optimization heuristics),
color information, lighting information (e.g., indicating one or more parameters to use in
order to adjust the values of motion-compensated elements), etc.

In a non-limiting embodiment, meta-information associated with one or more motion zones

can include a depth map, which influences the way in which descriptive information on the
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motion of the motion zone is leveraged in order to generate the motion of cach element of
the motion zone.

A further non-limiting embodiment generates only one motion zone comprising the whole
image (which is thus not transmitted to the decoder), and only one set of descriptive
information on motion: in such embodiment, motion compensation is achieved by applying
a same transform matrix (e.g., representing zoom, rotation and offsct) to the whole image.
Another non-limiting embodiment generates only one motion zone (with corresponding
descriptive information on motion) and a residual motion zone indicating the elements not
suitably predicted via motion compensation.

Other non-limiting embodiments apply the encoding method according to the embodiments

heremn on images having more than two dimenstons (X,Y).

FIG. 3B shows a high-level flow chart of & non-limiting cmbodiment of a decoder 138
receiving the information generated in FIG. 3A and reconstructing image 100-2 based on
reference image 140-1 (corresponding to original image 100-1) according to embodiments
herein. FIG. 3B also illustrates on the left the information generated by the decoder during
the various steps of the process according to embodiments herein.

First, in step 2.01 decoder 130 receives data to reproduce reference image 140-1, i.c., the
decoded rendition corresponding to original reference image 100-1.

In step 2.02, decoder 130 then receives information defining moticn zones 310-2 (aillowing
the decoder to precisely identify which element of the target image belongs to which
motion zone) and descriptive information 320-2 on the motion of each motion zone.

In step 2.03, decoder 130 generates a predicted rendition 340-2 of the target image, by
applying motion-compensation to selected portions of reference image 140-1, as indicated
by motion zones 310-2 and descriptive information 320-2. In this example embodiment,
elements belonging to the residual motion zone are left black, since no prediction is
possible based on reference image 140-1.

In step 2.04, decoder 130 decodes residual data. In this non-limiting example, residual data
is different from zero only for elements belonging to the residual motion zone (i.c., motion-

compensation provided correct predictions). This must be considered just as a simplified
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example, since in other cases also a plurality of elements predicted based on motion
compensation might have to be adjusted via residual data.

In step 2.05, decoder 130 combines residual data 330-2 with predicted rendition 340-2,
generating the target image 140-2 (corresponding to original image 100-2).

Also in this case, one or more steps can occur concurrently, without being sirictly

sequential,

FIG. 4A and 4B show two block diagrams that implement motion compensation according
te non-limiting embodiments illustrated herein.

FI1G. 4A, shows motion compensator 400 implementing the above described method for
generating a prediction of the target image (i.¢., a motion-compensated image) by means of
motion compensation according to embodiments herein.

Block 400 receives information comprising a first set of input 410-0, ..., 410-n, and 420-0,
..., 420-n for motion zones and descriptive information on motion, a second input 430 for
clement coordinates (i.e., identifving the specific element to predict, according to the
sample grid of the motion-compensated image), a third input 440 for the reference image,
and an output 450 for the motion compensated element. Based on element coordinates (x,
v} 430, Motion Compensator 400 identifies the motion zone(s) to which the e¢lement
belongs, and ~ based at least in part on the corresponding descriptive information on
motion and on element coordinates 430 — generates the location (x', y'} in reference image
440 that corresponds to element coordinates (X, y) 430 in the motion-compensated image.
Lastly, based on reference image 440 and on the generated location (x!, "), motion
compensator 400 calculates the motion-compensated settings 450 (i.e., the prediction) for
the specific element at coordinates (x, y) in the motion-compensated image.

FIG. 4B shows a different non-limiting embodiment of motion compensation. Instead of
receiving separate sets of data 410-0, ..., 410-n indicating the size and shape of cach
motion zone, Motion Compensator 460 receives as input a Motion Zone Map 410,
comprising indication of the motion zone to which each given element of the motion-
compensated image belongs.

For each set of coordinates (%, v) 430 of a given element of the motion-compensated image,
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Motion Zone Map 410 provides class information on the motion zone(s) to which the given
element belongs.  Similar to what is illustrated in FIG. 4A, Motion Compensator 460
calculates the location (x', y')} in Reference Image 440 corresponding to element
coordinates (X, y) 430 in the motfion-compensated image, and consequently generates
motion-compensated settings 450 (i.e., the values to assign to the element located in
coordinates (x, yy 430 of the motion-compensated image).

In some non-limiting embodiments, the location (x', y') in Reference Image 440
corresponding to element coordinates (x, y) in the motion-compensated image is indicated
with fractional coordinates (e.g., subscriber-pixel level) with respect 1o the coordinate
system of Reference Image 440 (i.e., independently of the sample grid of Refereace Image
440). Motion-compensated settings 450 can be calculated by means of on-the-fly
resampling, effectively implementing motion compensation of any arbitrary point (', v')
of Reference Image 440, regardless of the actual resolution of the reforence image. Such
novel method of motion compensation with continuous coordinates is detailed in a separate
patent application filed by the same authors.

In some non-limiting embodiments, Motion Zone Map 410 is decoded with a tier-based
hierarchical method leveraging inheritance, according to methods further described in other
applications of the same authors included herein as reference, wherein the method
comprises: decoding a rendition of the motion Zone map at a first level of quality;

based at least in part on said motion zone map at a first level of quality, producing a
preliminary rendition of the motion zone map at a second level of quality, the second level
of quality being higher than the first level of quality; decoding a set of adjustment values;
and combining said preliminary rendition of the motion zone map at the second level of
quality with said adjustment values, producing a rendition of the motion zone map at the
second level of quality.

In other non-limiting embodiments, Motion Zone Map 410 is decoded with a tier-based
hierarchical method leveraging inheritance, according to methods further described in other
applications of the same authors included herein as reference, wherein the method
comprises: receiving a motion zone map at a first level of quality, wherein elements of said

motion zone map (“parent elements”) are assigned either a symbol belonging to a first set
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of symbols (“finalization symbols™) or a symbol belonging to a second set of symbols
(*non-finalized symbols”); generating a motion zone map at a second (higher) level of
quality, wherein sub-elements at the second level of quality corresponding to a same parent
clement at the first level of quality are assigned (“inherit™) the same symbol (i.e., the same
motion zone information) as the parent element; only for sub-clements which were
assigned a non-finalized symbol, modifying the assigned symbol based on adjustment data

{(“residual data”), adjusting the motion zone assigned to one or more of said sub-elements.

FIG. 5A and 5B show a high-level flow chart and a block diagram of non-limiting
embodiments implementing prediction of a target images based on multiple motion-
compensated reference images. Such embodiments are particularly useful for signals
where multiple sequential images show correlation with one another, and when the signal is
encoded accordimyg to a tiered temporal hicrarchy (., a sct of methods developed by the
same authors of this application and not described herein).

More specifically, FIG. 3A shows a high-level flow chart of the method implemented in a
signal processor configured as a decoder (as well as within the encoder, in order to simulate
the computations performed at the decoding side and generate the appropriate
reconstruction data to include in data stream 120) according to embodiments herein.

In step 5.01, decoder 130 receives multiple reference images YK(tn), where K indicates the
tier (e.g., the level of temporal aggregation, wherein a lower level indicates that the image
refers to a longer temporal span) and t, indicates the sampling position (which is not
necessarily located at the center of the temporal span to which the image refers).

In step 5.02, for each of the multiple reference images, decoder 130 receives motion zone
information and descriptive information on the motion of ecach motion zone. Such
information — all relative to the motion between the sampling position of each reference
image and sampling position t; of the target image — will efficiently allow decoder 130 to
perform motion compensation on cach of the reference images Y (t,).

In step 5.03, for each of the muitiple reference images, decoder 130 generates according to

embodiments herein — ie., based at least in part on motion zones, on descriptive
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information on the motion of each motion zones and on the reference image ~ a motion-
compensated predictor image MC(YK(tﬁ)).

FIG. 5B shows a non-limiting embodiment wherein this is performed by means of a Motion
Compensator block 500-i per each MC(Y (1)) according to embodiments herein. Other
non-limiting embodiment perform some of such operations sequentially rather than in
parallel, leveraging a saime Motion Compensator block for a plurality of MC(Y™(t:)).

In step 5.04, decoder 130 combines (e.g., by way of non-limiting example, with a weighted
average) the multiple motion-compensated predictors, generating a predicted rendition
UKH(&) of the target image. FIG. 5B shows a non-limiting embodiment wherein this is
performed by Predictor Generator block 550 according to embodiments herein. In a non-
limiting embodiment, Predictor Generator 550 receives the specific weights to apply to the
weighted average of predictors.

In step 5.05, decoder 130 receives and decodes residual data (if any).

In step 5.06, decoder 130 combines residual data with predicted rendition U* (1),
generating the target image.

Also in this case, note thaf one or more steps can occur concurrently, without being strictly
sequential.

In other non-limiting embodiments, a similar method is used to generate predicted images
UML), i.e., at a lower level rather than a higher level of reference images Y.

In yet other non-limiting embodiments, the resolution of predicted images is different
(either higher or lower) from the resolution of reference images. In some of such non-
limiting embodiments, upsampling and/or downsampling operations are performed jointly
with motion compensation operations, so that Prediction Generator 550 combines
upsampled motion-compensated renditions at level K+1 (or downsampled motion-
compensated renditions at level K-1).

In yet other non-limiting embodiments, renditions of predictor spans YK(tj_), s YK(tn) are

upsampled or downsampled along spatial dimensions before being motion compensated.

FIG. 6A, 6B and 6C illustrate non-limiting embodiments of usage of motion zones encoded

in a tiered hierarchy (e.g., particularly useful if also the signal is encoded in a tiered
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hierarchy}) according to embodiments herein.

Decoder 130 receives Motion Zone Map 610 at a lower level of quality. By means of
Motion Zone Map Reconstructor 600, decoder 130 upsamples Motion Zone Map 610
through suitable upsampling operations, generating a predicted rendition of the Motion
Zone Map at a higher level of quality. Motion Zone Map Reconstructor 600 then combines
said predicted rendition with residual data corresponding to Residuals 620, thus generating
Motion Zone Map 410. The method then proceeds similar to what is illustrated in FIG. 4A
and 4B.

FIG. 6C illustrates the high-level flow chart of & non-limiting embodiment wherein the
upsampiing of Motion Zone Map 610 is performed by leveraging on additional supporting
information received by Motion Zone Map Reconstructor 600. In some non-limiting
embodiments, said supporting information comprises parameters indicating the upsampling
operations to porform.

In 2 non-limiting embodiment, said supporting nformation comprises a reference image at
a higher level of quality, and upsampling of Motion Zone Map 610 is based at least in part
on said reference image {¢.g., without limitation, implementing a bilateral upsampling
operation wherein Motion Zones are upsampled by “following the borders” of a luminance
image).

In some non-limiting embodiments, Motion Zone Map are encoded in a tiered hierarchy
with multiple levels of quality, and upsampling operations leverage on an inheritance
method, according to methods described in other applications of the same authors.

For example, a Motion Zone Map at a first (lower) level in the hierarchy includes a symbol
specifying an attribute setting of a parent element {e.g., by way of non-limiting example, a
suitable value indicating that the parent element belongs to a given motion zone and that
this will remain true for all of the sub-elements of that parent element, at any higher level
of quality). Motion Zone Map Reconstructor 600 divides the parent element into multiple
sub-clements to reconstruct the Motion Map at a second, higher level of quality, When
doing so, reconstructor 600 utilizes the atiribute setting of the parent element as specified
by the symbol (at the first level of quality) to produce a default attribute setting for one or

more respective sub-elements into which the parent element is divided for the same display
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region (dividing a parent into sub-elements produces higher resolution image clements for
the region), without receiving residual information for such sub-elements (i.e., residuals
620 do not comprise residual information for such sub-clements). Due to the inheritance of
motion zone information from one level of quality to the next (such as when upsampling
from a lower resolution to a higher resolution rendition), this technique can reduce an
amount of data needed to define what clements of the motion zone map belong to what
zone, efficiently encoding / decoding also very complicated {and/or non-contiguous)
surfaces or multidimensional shapes, without having to encode residual information
corresponding to each of the elements in the zone map at a given level of quality and
without having to reconstruct equations (¢.g., spline equations) for any of the borders of the
zones,

In & non-limiting embodiment, for some of the highest levels of quality (c.g., without
himitation, the last two levels of quality) Motion Zone Map Reconstructor 600 does not
recetve Residuals 620, and when upsampling Motion Zone Map 610 is configured to
smooth the transition between different zones. generating close to the “borders” between
different motion zones clements that arc assigned for a given percentage o one zone and
for a complementary percentage to the other zone (c.g., by way of non-limiting example,
assigning to border clements two motion vectors instead of a questionable “intermediate”

motion vector).

FIG. 7 is a block diagram of a computer system 800 that provides computer processing
according to embodiments herein.

Computer system 800 can be or at least include a computerized device such as a personal
computer, processing circuitry, television, playback device, encoding device, workstation,
portable computing device, mobile phone, tablet, console, network terminal, processing
device, network device, operating as a switch, router, server, client, etc.

Note that the folilowing discussion provides a basic embodiment indicating how to carry out
functionality associated with a signal processor as previously discussed. However, it
should be noted that the actual configuration for carrying out the operations as described

herein can vary depending on a respective application.,
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As shown, computer system 800 of the present example comprises a communication bus
811, which provides communication with a computer readable storage media 812 suchas a
non-transitory computer-readable storage medium, ete., in which digital information can be
stored and retrieved,

Computer system 800 cap further comprise a processor 813, an VO interface 814, and a
communications interface 817.

In one embodiment, VO interface 814 provides connectivity to repository 180, and if
present, to a screen display, audio speakers, peripheral devices 816 such as a keyboard, a
compuier mouse, etc.

As briefly mentioned above, the computer readable storage media 812 can be any suitable
device and/or hardware such as memory, optical storage, solid state storage, hard drive,
floppy disk, ¢te. In onc embodiment, the storage media 812 is a non-fransitory storage
media (i.c., non-carrier wave media) configured to storc instructions associated with a
stgnal processor application 840-1. The instructions are exccuted by a respective resource
such as the processor 8§13 in order to perform any of the operations as discussed herein.

The communications interface 817 cnables computer system 800 to communicate over a
network 190 in order to retrieve mformation from remote sources and communicate with
other computers, switches, clients, servers, etc. The VO interface 814 also enables
processor 813 to retrieve or attempt retrieval of stored information from repository 180.

As shown, the computer readable storage media 812 can be encoded with signal processor
application 840-1 executed by processor 813 as a process 840-2.

Note that the computer system 800 can be embodied to include a computer readable storage
media 812 for storing data and/or logic instructions.

The code associated with the signal processor application 840-1 can implement the
functionalities of the signal processors described herein and/or other resources necessary to
tmplement embodiments herein.

During operation of one embodiment, processor 813 accesses computer readable storage
media 812 via the communication bus 811 in order to launch, run, execute, interpret or
otherwise perform the instructions of signal processor application 840-1 stored in computer

readable storage media 812. Execution of the signal processor application 840-1 produces
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processing functionality in processor 813. In other words, the signal processor process
840-2 associated with processor 8§13 represents one or more aspects of executing signal
processor application 840-1 within or upon the processor 813 in the computer system 800.
Those skilled in the art will understand that the computer system 800 can include other
processes and/or software and hardware components, such as an operating system or other
software that controls allocation and use of hardware processing resources to execute signal
processor application 8440-1,

In accordance with different embodiments, note that computer system may be any of
various types of devices, including, but not limited to, a personal computer system, desktop
computer, laptop, notebook, netbook computer, mainframe computer system, handheld
computer, workstation, network computer, application server, storage device, a consumer
cleetronics device such as a camera, camcorder, sct top box, mebile device, smartphonc,
tablet, video game console, handheld video game device. s peripheral device such as a

switch, modem, router, or, in general, any type of computing or elcctronic device.

et

o

e
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FIG. 8 is an example diagram describing calculation of a reference location |
image, illustrating a non-limiting embodiment of New Coordinate Calculator 860 according
to embodiments herein.

Homogenous Coordinate Converter 800 receives coordinates (x, y) 430 of the element in
the Destination Image and converts them into homogenous coordinates (x, y, 1) 801. The
value 1 represents the z coordinate, which is only one deep because the image is a 2-
dimensional 1mage. Matrix Calculator 802 receives Descriptive Information on Motion
210 (such as motion information) and converts it into Motion Matrix M 803 (¢.g., motion
information describing motion attributes of the zone with respect to a reference image).
Multiplier 804 receives homogenous coordinates 801 and motion matrix 803, and
calculates Transformed Coordinates 810. If Motion Matrix M 803 was an Affine
transform, the third coordinate of Transformed Coordinates 810 would already be equal to
one, due fo the nature of the coefficients of an Affine transform matrix; otherwise (e.g., if

matrix M was a projective matrix) it is necessary to normalize coordinates 810,

Homogenous Coordinates Converter 830 performs such normalization (if necessary),
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generating homogenous coordinates (x', y', 1) 835. Lastly, Selector 840 generates
Coordinates (x', y') 850 in the Reference Image.

Coordinates (x, y) of the element in the Destination Image describe an clement of the
sample grid of the Destination Image (i.e., they describe integer positions of the sample
grid), while Coordinates (x', y') — expressed with fractional numbers — may describe any
arbitrary off-grid location of the Reference Image (comprising, without Hmftation, locations
outside of the boundaries of the sample grid of the Reference Image). Coefficients of
Matrix M 803 may be fractional numbers, and calculations performed within New
Coordinate Calculator 860 comprise calculations with fractional numbers (¢.g., without
limitation, floating point operations, or operations with high-precision fixed point
numbers).

As discussed hercin, coordinates caleulator 860 produces 2 coordinate value in the

reference image for cach clement in a respective zone of an image being reconstructed.

FIG. 9 illustrates a non-limiting example embodiment of the computations described in
FIG. 4A. The non-limiting example shows a case in which Motion Matrix M 803
corresponds to an affine transform, so that the multiplication of (x, y, 1) times Matrix M
generates a set of coordinates (x', y', 1) that is already normalized.

In a non-limiting embodiment, when coordinates 430 of element 9035 and matrix 803 are
such that coordinates 850 of location 915 are outside of the reference image beyond a
threshold (e.g., without limitation, outside of the sampling grid of the reference image by
an amount higher than the distance between two neighbouring clements), element 903 is
assigned a default value (e.g., “N/A” value). This is not the case shown in the figure,
though, since element 915 is located inside the reference image.

As shown in FIG. 9, the elements 903, 904, 905, and 906 are all members of zone 970,
These display elements represent an object captured in reference image 100-1. In this
example, the object represented by the display elements 903, 904, 905, and 906 is a smaller
rendition of the object captured by reference image 100-1. Thus, generated coordinates
913, 914, 915, and 916 appear spread out with respect to ecach other compared to a
closeness of display elements 903, 904, 905, and 906 with respect to each other.
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Via matrix 803, the computer processor hardware identifies location coordinates 914, 915,
and 916 associated with display elements 904, 903, and 906. In this example, the computer
processor hardware generates coordinates 914 for display element 904; the computer
processor hardware generates coordinates 915 for display element 905; the computer
processor hardware generates coordinates 916 for display clement 906. Via the same
matrix 803, the computer processor hardware also identifies location coordinates 933
associated with display element 903, generating coordinates 913 for display element 903.
In other words, elements belonging to a same motion zone leverage a same motion matrix

in order 1o gencrate coordinates for their corresponding location in the reference image,

FIG. 10 is an example diagram describing on-the-fly resampling operations according to a
non-limiting embodiment.

Position 915 with coordinates (x', v') is not described by any clement of the sample gnid of
Reference Image 100-1.  As a consequence, no value is readily available for the
corresponding motion-compensated element of Destination Image 930, However, it is
possible to calculate such a value on the fly, by sclecting a suitable set of clements
(“predictors™) close to coordinates (x', y') and by performing a weighted average of their
values according to suitable weights (e.g., a suitable filtering kernel). FIG. 10 illustrates a
non-limiting example where a bicubic filter kernel is used, and consequently the value of
Reference Image 100-1 in position (x', v') is calculated by performing a weighted average
of 16 predictor elements,

In order to perform the resampling, Resampler 1060 must identify the 16 predictors to
leverage for the weighted average (i.e., where to “position the filter”) and must compute the
specific weights to be used. The integer component of the (x', y') coordinates indicate
where to position the filter, and the fractional component of the coordinates indicate what
cocfficients to use in the filter.

Floor Caleulator 1000 receives Coordinates (x', v') 850, calculating the integer compongents
1005 of coordinates (x', y'). In the non-limiting example of coordinates based on an origin
at the top left of the reference image, the Integer Coordinates 1005 identify the closest

element of the sample grid at the top left of coordinates (x', y'). Selector of Predictors
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1010, which receives Reference Image 1040, Metadata on Reference Image 1045 (if any)
and Info on Resampling Method 1050 (if any), is thus able to sclect the 16 predictors, by
selecting the 4x4 block of clements of the reference image that has the element with
coordinates 1005 as the second element in the diagonal from the top left of the block. If
some of the 16 predictors are assigned “N/A” (not available value, e.g., because they are
outside of the boundaries of the reference image), they are taken out of the set of predictors,
and only the predictors with a value are kept.

Caloulator of Weights 1020 receives coordinates (x', y'} and the coordinates of the
predictors. Based on the chosen resampling method (e.g., in this non-limiting example,
bicubic filtering) and on the fractional component of coordinates (x', y') — i.c., on the
distance between position (x, ') and the clement with integer coordinates 1005 —
Calculator of Weights 1020 caleulates the weights to apply to cach predictor. If less than
16 predictors have been selected, Caleulator of Weights 1020 generates the suitable bicubic
weights for the ideal 4x4 kemel, then sclects only the coefficients corresponding to the
predictors that were selected and normalizes the coefficients so that their sum is equal to 1.
Finally, Multiplier 1030 receives both the predictors and the weight to apply to each
predictor, consequently calculating the resampled value of Reference Image in position (x',
v, e, Settings 1070 for coordinates (x, y) in the destination image.

In a non-limiting embodiment, in order to avoid the need to generate in real time the precise
coefficients of the filter based on the specific (x', yv') coordinates, the signal processor
implementing Calculator of Weights 1020 is configured so as to access suitable lookup
tables with a given number of pre-calculated sets of coefficients (c.g., in a non-limiting
example, 128 sets of cocfficients), and then to interpolate the coefficients of the two sets of
coefficients that are closest to the fractional components of the specific (x', y') coordinates.
In a non-limiting embodiment, metadata 1045 on reference image contains information on
modifications to apply to Reference Image 100-1 before motion compensation (e.g.,
without limitation, a scale parameter to apply to values of the image, so as to account for

changes in lighting).

FIG. 11 is an example diagram iltustrating usc of a reference image to derive settings for
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each of multiple image elements in a compensated image according to embodiments herein.
More specifically, as shown, computer processor hardware such as a decoder receives
settings information specifying settings of display elements 810 (e.g., display clements
810-1, 810-2, 810-3, ..., 810-16) in rendition of image 840 (such as a reference image).
Note that the renditions can include any number efements. The settings of the clements can
indicate any suitable parameter such as color, chrominance, luminance, etc.

One or more of the display elements in the rendition of image 840 can represent at least a
portion of an object captured in the reference image. The rendition of image 850 can
represent another image in a sequence that includes a portion of the object captured in the
reference image. As discussed herein, the reference image (rendition of image 840) can be
used as a basis to reconstruct another image such as rendition of image 850. Using settings
of a previous image i a sequence of video frames or planes to produce a rendition of the
object in the Jater video frame reduces an amount of data needed to capture and reconstruct
an original signal.

In this non-limiting example embodiment, the rendition of image 850 such as a motion
compensated image includes multiple display clements 820 (e.g., display element 820-1,
display element 820-2, display clement 820-3, ..., 820-16). As previously discussed, the
rendition of image 850 can be generated based at least in part on a rendition of an object
captured by settings of display elements in the reference image.

Note that the resolution of the rendition of the signal 850 can be substantially the same as a
resolution of the reference signal (rendition of image 840). In accordance with further
embodiments, the resolution of the rendition of the signal 850 can be substantially different
than a resolution of the rendition of image 840,

In this example embodiment, assume that respective zone information 1120 indicates that
display element 820-5 and display element 820-9 represent 2 motion zone. An image can
include multiple zones. Each zone can include any number of display elements.

Any suitable manner can be used to specify which of multiple display elements are to be
included in a zone. For cxample, in one embodiment, the zone information 1120 can
individually specify the display elements in the rendition of image 850 that are to be used

in the zone. In accordance with another embodiment, the zone information 1120 includes
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geometric parameters defining a shape of the zone. Based on a defined shaped of the zone
in the rendition of image 850, the computer processor hardware is able to identify members
of the zone. Use of geometric parameters to define a zone may be useful to reduce an
amount of data required to delineate or define a respective zone as the zone information
1120 and the motion information 1130 represent encoded data received by the computer
processor hardware to reproduce the rendition of image 850,

In one embodiment, the rendition of image 850 is a motion compensated image. The
region represented by the zone of display elements 820 is substantially rectangular.
However, as discussed above, a zone can be of any size and shape. In one embodiment, a
region of the motion compensated image as represented by the zone of clements in
rendition of image 850 is a non-rectangular shape.

In accordance with further embodunenis, a zone in the motion compensated image can
include multiple contiguous regions or wlands of display eloments that do not touch, For
example, a zone as specificd by zone information 1120 can include and specify a first
region of display clements in rendition of image 850 and a sccond region of display
elememts in rendition of image §50. The first region of display elements can be non-
contiguous (non-touching) with respect to the second region of display elements even
though the multiple regions of display elements represent a same zone.

As mentioned, the rendition of signal being reconstructed can include multiple zones, In
one embodiment, first zone information defines display elements in the rendition of signal
850 that are members of a first zone. The first zone mformation can indicate that a given
element such as display clement 8§20-9 resides in the first zone. The computer processor
hardware can be configured to receive sccond zone information associated with the
rendition of image 850. The second zone information can information indicates that the
given display element 820-9 resides in a second zone. Accordingly, a single display
clement can be members o none, one, or more motion zones.

Assume in this example that the motion zone (i.e., display clements 820-5 and 820-9) as
specified by zone information 1120 has been assigned motion information 1130. Motion
information 1130 includes information indicating how to derive location information for

cach clement in the zone. For example, in one embodiment, to reproduce a rendition of a



10

20

25

30

WO 20613/171183 PCT/EP2013/059885

-40-

respective signal such as rendition of image 850, computer processor hardware, receives
zone nformation 1120. The zone information 1120 in this example specifies multiple
display elements of the rendition of the signal 850 that belong to a zone. As mentioned, in
this example, the zone includes 820-5 and display element 820-9.

The computer processor hardware also receives motion information 1130 associated with
the zone, By way of a non-limiting example, the motion information is encoded to indicate
to which cotresponding location and/or elements in reference signal (such as rendition of
image 840) each of the multiple elements in the zone pertains.

For ¢ach respective display element in the zone, the computer processor hardware utifizes
the motion information 1130 as a basis to derive a corresponding location value in the
rendition of image 840 (e.g., reference signal). The corresponding location value indicates
a location in the reference signal to which the respective clement portains,  Accordingly,
the moton information 1130 enables the computer processor hardware to mayp cach display
element in the zone to a corresponding location m the reference image.

In this example, motion information 1130 includes a set of coefficients for the zone. The
computer processor hardware utilizes the motion information 1130 to generate coefficients
a, b, ¢, d, e, and f for matrix M (803) in FIG. 9. The values X; and Y, {valucs 430 in FIG.
&) represent the coordinates of the display element 820-9 in rendition of image 850. To
produce a precise location (in rendition of image 840) to which the display element 820-9
pertains, the computer processor hardware multiplies the coordinate [X; Y; 1] by matrix M
to produce x' and yl. [X1 Y 1] represents the coordinate location of display element 820-
9 in rendition of image 850. The location in rendition of image 840 (or reference image
110-1) associated with the display element 820-9 is represented by values x', v'. As shown
in FIG. 11, the display clement 820-9 falls at an offegrid location with respect to the grid of
clements in the reference image.

FIG. 12 is an example diagram illustrating mapping of display element 820-5 in a zone to a
corresponding location in a reference image (rendition of image 8§40). In this example, as
mentioned above, the computer processor hardware already generated coefficients a, b, ¢, d,
¢, and f for mafrix M (803). The values X, and Y7 (430) represent the coordinates of the

display element 820-5 in rendition of image 850. To produce a precise location (in
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rendition of image 840) to which the display clement 820-5 pertains, the computer
processor hardware multiplies the coordinate [X;Y; 1] by matrix M to produce x” and v°,
[X2 Y2 1] represents the coordinate location of display element 820-5 in rendition of image
§50. The tocation in rendition of image 840 (or reference image [10-1) associated with the
display element 820-9 is represented by values x°, y°. As shown in FIG. 12, the display
element 820-5 falls at an off-grid location with respect to the grid of elements in the
reference image.

Accordingly, utilizing the motion information 1120 to derive a correspending location
value for a respective display element includes: obtaining coordinates (x and y) for the
respective element in rendition of image 850, the coordinates specifying a location of the
respective element in the rendition of image 850 (signal); and via the motion information
11380, performing one or more lincar combinations of the coordinates of the respective
clement with the cocflicient values o produce the corresponding location mformation in
rendition of image 840. As mentioned, the corresponding location information such as [x',
y'L Ix% ¥'L ete.. specifies coordinates in the reference sigral to which the respective
clement { in rendition of tmage 850) pertains.,

In one embodiment, the computer processor hardware generates the location values to have
sufficiently high resolution in order to be able to specify sub-element accuracy in the
reference signal. In this examples shown FIG. 11 and FIG. 12, the location information [x',
yi]ﬂ {xz, yz] illustrates subscriber-pixel resolution. In other words, the display efements 820-
9 and 820-5 do not fall directly over a respective display element in the rendition of image
840 but are instead offset by a fractional amount.

In accordance with further embodiments, for each respective element in the zone, the
computer processor hardware utilizes the location value such as [x', '], [x%, y*] for the
respective element 8§20-9, 820-5 to select a corresponding group of elements in the
rendition of image 840 (ic., reference signal).  As shown in FIG. 11, the computer
processor hardware sclects display elements 810-6, 810-7, 810-10, 810-11, 810-12, and
810-15 as a grouping associated with display element 820-9. As shown in FIG. 12, the
computer processor hardware selects display elements 810-1, 810-2, 810-5, and 810-611 as

a grouping associated with display element 820-5.
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The computer processor hardware can select a respective grouping based on any suitable
criterta. For example, in one embodiment, the computer processor hardware selects the
grouping of display elements in rendition of image 840 associated with display element
820-9 bascd on a closeness of the corresponding display elements in the rendition of image
840 to the location [x, v']. The computer processor hardware selects the grouping of
display elements in rendition of image 840 associated with display element §20-5 based on
a closeness of the correspending display elements in the rendition of image 840 to the
location [x%, ¥7].

The motion information 1130 can include further information indicating criteria or rules to
be used to identify which display elements in the rendition of image are to be used to
generate a setting for a display element in the zone. Thus, by way of a non-limiting
example, the motion information 1130 can effectively specify, for cach display clement in
the zone, & group of display elements i the reference image w be vsed o reproduce
settings for display elements in the zone.

In onc embodiment, the computer processor hardware calculates a setting for cach
respective display element 820 in the zone based on settings of elements in the
corresponding group. For example, in furtherance of generating a setting for display
clement 820-9, the computer processor hardware obtains settings of display elements 810-
6, 810-7, 810-10, 810-11, 810-12, and 810-15. The computer processor hardware then
calculates a setting for the display element 820-9 in the zone based on the settings of these
display elements.

In fortherance of generating a setting for display element 820-3, the computer processor
hardware obtains settings of display elements 810-1, 810-2, 810-3, and 810-6. The
computer processor hardware then calculates a setting for the display element 820-5 in the
zone based on the settings of these display elements.

In one embodiment, the display elements in the zone of the rendition of image 850 (e.g., a
secondary image with respect to the reference image) represents a rendition of an object.
The group of display clements in the reference image represents a rendition of the object.
The motion information 1130 captures motion of the object from a location in the reference

image to a location in the secondary image (e.g., image being reproduced based at least in
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part on the reference image).

Note that the motion information 1130 or set of coefficients as discussed herein
corresponds to motion parameters associated with movement of the object. For example,
the motion information 1130 can include a translation parameter capturing translation of

the rendition of the object in the secondary image (rendition of image 850) with respect to

-
3

=

ence image (rendifion of image 840); the motion
information 1130 can include a rotation parameter capturing rotation of the rendition of the
object in the secondary image with respect to the rendition of the object in the reference
irmage; the motion information 1130 can include one or more scaling parameters (for
zooming in and out) capturing scaling of the rendition of the object in the secondary image
with respect to the rendition of the object in the reference image; the motion information
1130 can include a shearing parameter capturing shearing of the rendition of the object in
the secondary image with pspect 1o the rendition of the object in the reference image; the
motion information 1130 can include a perspective parameter capturing a perspective
transform of the rendition of the object in the secondary image with respect to the rendition
of the chicet in the reference image; and so on. Any of one or more of these parameters
can be used to describe motion associated with object from one plane to another.

In one embediment, the motion information 1130 includes offset adjustment information
representing a transiation of an object from one location in one plane of elements to another
location in a subsequent plane in which the object appear to move laterally across a display
screen. As mentioned, the computer processor hardware utilizes the motion information
1130 to denve a corresponding location value for the respective elements in a zone.
Generating the location information for the display elements can include first obtaining
coordinates for a respective clement. As mentioned, the coordinates of the display element
in the zone can specify a location of the respective element in rendition of the signal 850,
The computer processor hardware applies the offset adjustment information (as encoded by
coefficient a and coefficient d in the set of coefficients of matrix &03) to the display
element coordinates to produce the corresponding location information for the respective
element in rendition of image 840. In one embodiment, the corresponding location

information {or generated coordinates) indicate a location that is offset with respect to the
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coordinates by an amount as specified by the offSet adjustment information. Thus, the zone
information 1120 can capturc movement of an object from one location in a first plane to a
second location in a second plane as displayed on a display screen.

The motion nformation 1130 can include rotation adjustment information. For example
the motion mformation 1130 includes image rotation information representing a rotation of
an object from one location in a first plane to another location in a second plane. In one
embodiment, the computer processor hardware utilizes the motion information to derive a
corresponding location value for each respective element in a zone. Generating the rotation
information for the display clements can include first obtwaining coordinates for the
respective element; the coordinates specify a location of the respective element in rendition
of the signal. The computer processor hardware applies the rotation adjustment information

as cncoded by the set of coefficients In matrix 803} to the coordinates to produce the

o,

o

corresponding location information for the respective claments. The corresponding location
information captures a rotation of the coordinates by an amount as specified by the rotation
adjustment information.

In accordance with further cmbodiments, the motion mformation 1130 indicates how the
mutltiple elements in the zone of the rendition of the signal can be scaled (to support
zooming such that the object appears larger or smaller from one image to the next) from a
corresponding grouping of display elements in the reference signal.

In certain instances, display elements in the rendition of image 850 may not fall within a
motion zone representing a moving object. The location value for such display elements
can be assigned a default value when motion information indicates a corresponding element
located outside of the reference signal or when motion information is assigned a defauit
value.

In this example, the motion vector 860 specifies a precise location in the rendition of image
840 to which the display element 820-9 pertains. According to embodiments herein, as an
alternative to upsampling the rendition of image 840 into a super high resolution image (as
m conventional methods) to accommodate sub-element or fractional element motion
compensation for a block of elements, embodiments herein include deriving a setting for

display element 820-9 based on a relatively low level of quality or low resolution rendition
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of image 840.

As a specific example, the computer processor hardware receives motion compensation
information and/or other metadata or reconstruction data for display element 820-9 in
rendition of 1mage 850. Rendition of image 830 represents an image being created based at
least in part on settings of display clements in rendition of image 840 (reference image).
Received motion compensation information indicates a coordinate location within a display
element 810-11 in the rendition of image 840 to which the display element 820-9 pertains.
The received reconstruction data to reconstruct the settings for display element 820-9 can
specify which of one or more reference images as well as one or more locations within each
reference image are to be used as a basis to reconstruct a respective setting for the display
element. In a simpie example embodiment, motion compensation information indicates a
iocation within a single reference image to wse as & basis 1o determine settings for the
display clement X20-9.

In one embodiment, computer processor hardware converts the received compensation
information into motion vector 860 (assigned to display clement 820-9) specifving an off-
grid location in rendition of image 2340 {gnid) w which the clement 820-9 pertains. The
location of display element 820-9 is off-grid in rendition of image 840 because it does not
fall directly over only a single display ciement in rendition of image 840. In this example
embodiment, the location of image clement 820-9 as specified by the motion vector 860 at
least partially overlaps multiple display elements 810-6, 810-7, 810-10, and 810-11 in
rendition of image 840.

The computer processor hardware utilizes the coordinate location as specified by the
motion vector 860 as a basis from which to select a grouping of multiple display elements
in the rendition of image 840. For example, in this example embodiment, due to proximity
or other suitable parameter, assume that the computer processor hardware selects display
elements 810-6, 810-7, 810-10, 810-11, 810-12, and &10-15 as suitable nearby elements
from which to generate one or more settings for display element 820-9. Based on such
settings of selected display clements &10-6, 810-7, 810-10, 810-11, 810-12, and 810-15, the
computer processor hardware generates settings for display clement 820-9.

In one embodiment, the compufer processor hardware calculates setting information for
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display clement 820-9 based on rendition of image 840 as if display clement 820-9 were
located in the fractionally offset location as specified by the motion vector 860. For
example, the centroid of display element 820-9 as specified by the motion vector 860 does
not align exactly over the centreid of display element 810-11. Embodiments herein include
generating a setting for the display element 820-9 in the second image based on settings of
the multiple display clemernts §10-6, 810G-7, 8110, Bi10-11, 8i0-12, and §10-15 in the
selected grouping.

Note that any suitable algorithm amongst multiple algorithms can be used to derive the
setting for the display element 820-9 based on the selected grouping of display clements.
For example, assume in this example that received reconstruction information associated
with display element 820-9 indicates to the computer processor hardware to use a particular
algorithm to generste the grouping to include display clements 810-6, 810.7. 810-10, 810-
P E10-12, and R10-13 as menttoned above.

In accordance with a specified algorithm, the computer processor hardware caleulates the
seiting for the display clement 820-9 based at least in part on distances of the multiple
display elements in the grouping with respect to the coordinsie location {of the centroid of
display element 820-9 as specified by the motion vector 860) in the particular display
clement 810-11.

For example, the length of line L1 represents a distance between centroid (ie., center) of
display element 810-6 (as depicted by respective symbol x in center of display element
810-6) and a centroid of display element 820-9 (as specified by the motion vector 860 and
as depicted by a dot in display element 820-9); the length of line L2 represents a distance
between centroid of display element 810-7 (as depicted by respective symbol x in center of
display clement 810-7) and a centroid of display ¢lement 820-9 (as specified by the motion
vector 860 and as depicted by a dot m display element 820-9); the length of line L3
represents a distance between centroid of display clement 810-12 (as depicted by respective
symbol x in center of display element 810-12) and a centroid of display element 820-9; the
length of line 14 represents a distance between centroid of display clement 810-11 (as
depicted by respective symbol x in center of display element 810-11) and a centroid of

display element 820-9; the length of line L3 represents a distance between centroid of
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display element 810-15 (as depicted by respective symbol x in center of display element
810-15) and a centroid of display element 820-9; the length of line L6 represents a distance
between centroid of display element 810-10 {as depicted by respective symbol x in center
of display element 810-10) and a centroid of display element 820-9.

As mentioned, computer processor hardware can be configured to generate a value such as

a display setting in any suitable manner. For example, the algorithm can be configured

=
o

generate the setting for display element 820-9 based on calculating an average of settings
associated with nearby display elements 810-6, 810-7, 810-10, 810-11, 810-12, and 810-15.
For example, assume that display element 810-6 is set to a value of 24, display clement
g10-7 is set to a value of 60; display element 810-10 is set to a value of 228; display
element 810-11 is set to a value of —=123; display element 810-12 is set to a value of -41;
and displey clement 810-15 s set o o value of 20 The average of those values 1 25,
Accordingly, in this instance, the algonithm assigns the display clement 820-9 2 value of 25
In accordance with further embodiments, the algorithm can be configured 1o generate
weights for cach of the display clements in the selected grouping.  For example. the
sclected algorithm to generate scttings for display clement 828-9 can be configured ©
calculate a length of each of the lines L1, L2, L3, 14, L5, and L6 and generate a
corresponding weight for a respective display element depending on a length of a line. The
shorter the line, the higher the magnitude of the respective weight such that the setting
calculated for the display element 820-9 is more heavily weighted based on the setting of
nearer elements than farther elements. As a specific example, the length of line L1 can be 7
units; the length of line L2 can be 5 units; the length of line L3 can be 6 units; the length of
line L4 can be | unit; the length of line L5 can be 6 units; the length of line L7 can be 4
units. Based on lengths, the algorithm sets W1 for line L1 to be .053; the algorithm sets
W2 for line L.2 to be .157; the algorithm sets W3 for line L3 to be .105; the algorithm sets
W4 for line L4 to be .368; the algorithm sets W35 for line L5 to be .105; the algorithm sets
W6 for line L6 to be 21. The sum of weights can equal one. To calculate the setting for
display element 820-9 based on weights, the algorithm generates the value of display

element 820-9 as follows:
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Value = (W1 x ST} + (W2 x 82) + (W3 x S3) + (W4 x S4)+ (W5 x S5)+ (W6 x S6);
where S1 =the setting of display element 810-6 = 24;

S2 = the setting of display element 810-7 = 60;

53 = the setting of display element 810-10 = 228;

S4 = the setting of display element 810-11 =-123;

S5 = the setting of display element 810-12 = -41;

S6 = the setting of display element 8§10-15 = 2.

Value = (053 x 24) + (157 x 60)+ (105 x 228) + (368 x (-1237) +
(105 x (41) + (21 x2)= -14.2;

3

I this example instance, the z2lgorthm assigns the sotting of display clement 8209 w0 2
valuc of 142,

In other non-limiting embodiments, weight values are selected based on suitable
resampling kernels (e.g., without limitation, bilinear kernel, bicubie kernel, Lanczos kernel,
ete.), based on the distance of the location from the weighed elements of the grouping.
Accordingly, embodiments herein can include sclecting a first element such as display
element 820-9 in the zone; utilizing the motion information 1130 o calculate g location in
the reference sigral (rendition of signal 850) for the first display element 820-9; utilizing
the location x' , y' as a basis to identify a first set of clements (e.g., display elements 810-6,
810-7, 810-10, 810-11, 810-12, and 810-15) in the reference signal; processing the
reference signal to obtain settings (e.g., corresponding values SI, 82, S3, 84, S5, and S6) of
the elements in the first set; generating weighted values {e.g., corresponding values W1,
W2, W3, W4 W5, and W6); applying the weighted values to the settings of elements in the
first set, magnitudes of the weighted values depending on a proximity of the ¢lements in the
first set to the location in the reference signal for the first element; and calculating a setting
for the display element 820-9 m the zone based on summing the weighted settings {e.g.,
W1 x S1, W2 x 82, W3 x 83, W4 x 84, W3 x S5, and W6 x 86) of the display elements
§10-6, 810-7, 810-10, 810-11, 810-12, and 810-15.

In a stmilar manner, the computer processor hardware generates a value for each member in
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the zone.

Subsequent to producing rendition of image 850, the computer processor hardware can
apply residual data to refine the rendition of image 850 into a more accurate representation
of the original signal. For example, in one embodiment, the computer processor hardware
reproduces the rendition of the signal 850 based at least in part on the reference signal (e.g.,
rendition of image 840) in a manner as specified by the zone information 1128 and the
motion information 1130. The computer processor hardware receives reconsiruction data
(such as residual data) specifying adjustments to be applied to the display ¢lements in the
reproduced rendition of the original signal. The computer processor hardware applies the
adjustments (as specified by the residual data) to the one or more of the display elements in
the reproduced rendition of the signal as specified by the reconstruction data to refine the
reproduced rendition of the signal. As an cxample, the computer processor hardware can
regetve recomstruction data indicating o madify the setting derived for display clement
%20-9 by +5 units. As discussed above, the computer processor hardware may gencrate an
initial value for display element 820-9 such as

4.2, In this example, the computer processor hardware adds +5 units of to the ~14.2 @
produce a value of 9.2 for the display element 820-9. In this manner, the computer
processor hardware can make refinements to any of the display clements in rendition of
image 850.

Accordingly, embodiments herein can mclude producing weighted values that vary
depending on a respective distance between the centroid of the given display element as
specified by the motion vector 860 and a respective centroid of an clement in the grouping
in the reference image; and applying the weighted values to settings of the display elements
in the grouping to produce the setting for the display element 820-9, Thus, assuming an
unlimited or substantially high precision of the motion vector, embodiments herein are able
to reconstruct images based on fractional movements of objects from one image plane to
the next. In other words, a reference image in a sequence of multiple video frames may
include a representation of an object. The reference image (at lower or modest resolution)
can be used as a basis to produce a fractionally displaced representation of the moving

object in a next frame. In other words, a subscquent frame can include a rendition of the
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moving object in the reference frame as being moved from one frame to the next by less
than a full pixel or at a sub-pixel level.

As discussed above, the motion vector 860 can specify a coordinate location other than a
center of the display element 810-11 in the rendition of image 840, The motion vector 860
can be of any suitable resolution enabling the corresponding display element 820-9 to refer
to any location within the rendition of image 840. Thus, the motion vector 80 can be an
offset value or vector pointing to any location within a respective element or cell in the
rendition of image 840 such as a reference image.

In one embodiment, the specific coordinate location (such as a location of centroid of
display element 820-9) in rendition of image 8§40 as specified by the motion vector 860 can
be offset with respect to a centroid of the display element 810-11 by a fractional value of a

[

display clemoent or pixel, such a s Factonal value greator then zoro but Jess than b As

3

mgeionad, the rendinon of page 850 can include a representation of the objegt in
reference tmage, but displaced by less than a full pixel with respect to the reference image.
As shown, the resolution of the rendition of image 840 such as a reference image can be
substantiaily equal to a resolution of the rendition of image 850 {c.g., image being rendered
based at least in part on the reference image).

Note that, in accordance with further embodiments, the resolution of the rendition of image
840 can be different than the resolution of the rendition of image 850, For example, in one
embodiment, the resolution of the rendition of the first image 840 can be substantially
different than a resolution of the rendition of second image 850,

Accordingly, the coordinate location as specified by the motion vector 860 can be used as a
basis from which to select a grouping of multiple display elements in a first image such as
rendition of image 840. As mentioned, the computer processor hardware can be configured
to create a grouping of multiple display elements to include display element 810-11 and
one or more other display elements in the rendition of image 840, the one or more other
display elements located in a vicinity of the particalar display element 810-11,

In one non-limiting example embodiment, the computer processor hardware interpolates
the setting of the display clement 820-9 based at least in part on: 1) a proximity of the

coordinate location {as specified by motion vector 860) with respect to a centroid of the
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particular display element 810-11 and a centroid of at least one other display element such
ag the display element 810-7 in the vicinity of the particular display element 810-11, ii) a
setting of the particular display element 810-11, and iii) a setting of the display element

810-7 located in the vicinity of the particular display element 810-11.

in a compensated image to derive a rendition of image 850 based on rendition of image
850. For example, embodiments herein include generating a respective motion vector for
each of multiple display elements in the rendition of image 850, In a manner as previously
discussed, the computer processor hardware reproducing the rendition of image 850 utilizes
the respective motion vector associated with a corresponding display element in the
rendition of image 850 to identify a specific location in the rendition of image 840 to which
the corresponding display element nenains, The computer processor hardware then gses
the speaific location a8 specifiod by the motion veotor 860 a8 2 basis m which w identify
neighboring display clements in the reference image and generate a setting for the
corresponding display clement.

In accordance with further embodiments, the rendition of the signal 840 can be an image
from which the rendition of image 8§30 is at least partially derived. The zone information
1120 can be first zone information. The motion information 1130 can be first motion
information. The computer processor hardware can be configured to receive second zone
information and second motion information specifying how to reproduce a second image
based on a second reference image. In accordance with the second zone information and
second motion information, the computer processor hardware reproduces a rendition of the
second image based at least in part on the sccond reference image. The computer processor
hardware then generates a rendition of a third image using the first image and the second
image as reference images. Accordingly, a set of any number of images can be derived
from one or more reference images; additional one or more images can be dertved from one
or more tmages in the set.

In certain instances, a given display element can be included in multiple zones. For
example, zone information can indicate that a given element resides in both a first zone and

a second zone. The first zone can represent an object such as a window moving in one
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direction from one image to the next while a reflection in the window can represent an
object moving in a different direction from one image to the next. Accordingly,
embodiments herein can include receiving first zone information indicating that one or
more elements resides in a first zone; and receiving second zone information indicating that

the one or more elements resides in a second zone.

Functionality supported by the different resources will now be discussed via flowcharts in
FIGS. 13-14. Note that the steps in the flowcharts below can be exccuted in any suitable
order.

FIG. 13 is a flowchart 1300 illustrating an example method according to embodiments,
Note that there will be some overlap with respect to concepts as discussed above.

In processing block 1310, computer procossar hardware {such as decoder provassing
hardware or any other suitable resourec) recorves ab feast one suxibiary zone, said auxiliary
zone Indicating a subset of elements of said set of clements, said subset of clements
belonging to said suxiliary zone, and af Ieast one set of deseriptive auiliary information,

ach of said set(s) of descriptive auxiliary information corresponding to an auxiliary zone.

In processing block 1310, based at [east in part on auxiltary zone information and on the
descriptive auxiliary information corresponding to auxiliary zones, computer processor

hardware computes auxiliary information for each element of the given sample

FIG. 14 is a flowchart 1400 illustrating an example method according to embodiments.
Note that there will be some overlap with respect to concepts as discussed above.

In processing block 1410, computer processor hardware (or any other suitable resource)
receives zone information specifying multiple elements of the rendition of the signal
belonging to & zone.

In processing block 1420, computer processor hardware receives descriptive information
associated with the zone, the descriptive information encoded to indicate information
pertaining to the multiple elements in the zone.

In processing block 1430, for cach respective clement in the zone, the computer processor

hardware utilizes the descriptive information to derive a corresponding value, the
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corresponding value indicating information pertaining to the respective element.

FIG. 15 is an example diagram illustrating generation of motion maps according to
embodiments herein.

In one embodiment, the computer processor hardware initially receives zone information
1120-1. The computer processor hardware uses the zone mformation 1120-1 to produce a
rendition of motion map 1515 at a first level of quality {such as at a first resolution). As
mentioned, the rendition of motion map 1515-0 can specify which corresponding elements
in an image to be reproduced belong to a respective motion zone.

In this example embodiment, the computer processor hardware upsamples the rendition of
motion map 1515-0 into a preliminary rendition of motion map 1515-1P at a next higher

ievel of quality (such as a higher resolution).  Computer processor hardware applies

)
o

ressdual data zone mfbrmation 112002 o g, adinsrment detad 1o rendition of monion map
1513-1P to produce adjusted rendition of motion map 1315-1ADJ, The rendition of motion
map 1515-1ADJ specifies which elements in the rendition of signal belong to which
respective zone for that level of guality.

The computer processor hardware upsampies the rendition of motion map 1515-1ADJ into
preliminary rendition of motion map 1515-2P at a next higher level of quality (such as a
higher resolution). Computer processor hardware applies residual data zone information
1120-3 (c.g., adjustment data) to rendition of motion map 1515-2P to produce adjusted
rendition of motion map 1515-2ADJ. The rendition of motion map 1515-2ADJ specifies
which clements in the rendition of signal belong to which respective zone.

The computer processor hardware can be configured to repeat this process to create motion

maps at multiple levels of quality.

FIG. 16 1s an example diagram illustrating upsampling of a motion map from a lower level
of quality to a higher level of quality according to embodiments herein.

As shown, motion map 1515 includes setting indicating that the elements 1510-1, 1510-2,
and 1510-3 all belong fo zone Z0 because — despite the display elements capture settings

associated with a portion of the object 565 (such as a moving object) — the majority of the
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display clements 1s associated with Zone 0 (such as a still white background). Element
1510-4 belongs to zone Z0 and is assigned a final symbol (such as “Z0F”) in order to
indicate that all sub-elements (“child elements™) of element 1510-4 at any level of quality
will automatically be assigned to zone Z0. In certain instances as shown, a respective
display ¢lement may be assigned a final symbol value {such as ZOF) if it is known that
every child element {at a corresponding higher resolution) derved from a parent element is
also assigned to the same zone as ifs parent element. In such an instance, the final symbol
zone ZOF indicates to the decoder reproducing a respective image that that every
corresponding element and sub-element in the signal is assigned to the zone Z0. Use of
final symbols along with non-final symbols reduces the amount of data needed to reproduce
zong information at higher levels of quality because when a final symbol is received, it is
inown that all child elements, sub-child elements, cte.. belong to the given zone. without
any need for additional residual data pertaining o that portion of the monen zome map
when reconsiruciing the motion zone map at subsequently higher fevel of guality. A non-
final symbol (such as Z0) indicates that not every child elements, sub-child clemenis, etc.,
of a respective parent clement will be included in the zone.

When upsampling to the next higher level of quality, the computer processor hardware
initially assigns each child element the same value as the parent element. For example, the
computer processer hardware produces the preliminary rendition of motion map 1515-1P to
indicate that child display elements 1515-1, 1515-2, 1515-5, and 1515-6 derived from
parent display element 1510-1 are all assigned an appropriate symbol to indicate that they
reside in zone Z0. The computer processor hardware produces the preliminary rendition of
motion map 1515-1P to indicate that child display elements 1515-3, 1515-4, 15157, and
1515-8 derived from display clement 1510-2 are all assigned an appropriate symbol to
indicate that they reside in zone Z0. The computer processor hardware produces the
preliminary rendition of motion map 1515-1P to indicate that child display elements
1515-9, 1515-10, 1515-13, and 1515-14 derived from display clement [510-3 arc all
assigned an appropriate symbol to indicate that they reside in zone Z0. The computer
processer hardware produces the preliminary rendition of motion map 1515-1P to indicate

that child display elements 1515-11, 1515-12, 1515-15, and 1515-16 derived from display
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element 1510-4 arc all assigned an appropriate symbol (“final symbol™) to indicate that
they reside in zone Z0 and that all of their child display elements will reside in zone Z0.

In a manner as previously discussed, the computer processor hardware applies residual data
zone information 1120-2 to the rendition of motion map 1515-1P to produce rendition of
motion map 1515-1ADJ as shown in FIG. 16. In this example embodiment, the residual
data zone information 1120-2 adjusts the zone information in motion map 1515-1ADJ such
that display elements 1515-5 and 1515-6 do not belong to the zone Z0, but do instead
belong to the zone Z1, since the majority of display elements 1515-5 and 1515-6 18 co-
located with the moving object 365, The residual data zone information 1120-2 alse
adjusts the zone information in motion 1515-1ADJ so that display elements 1515-3, 15]5-
4, 1515-8, 1515-13 and 1515-14 are assigned a final symbol ("Z0F™), in order to indicate
that not only themselves, bui slso all of their child clements belong to zone 70

FIG DT v oo exsmple disgreem Blustrating upsampling of a moton map from a lower keved
of quality wo a higher level of quality according to embodiments herein,

In 2 similar manner as previously discussed. the computer processor hardware upsamples
the repdition of motion map 1515-1ADJ into rendition of mistion map 1515-2P. Thereafter.
the computcr processor hardware applics residual data zone information 1120-3 1o rendition
of motion map 1515-2P to produce rendition of motion map 1515-2ADJ. In certain
instances as shown, respective display elements are assigned a final symbol value (such as
either ZOF or ZIF) if it is known that every child element (at a corresponding higher
resolution) derived from a parent clement is also assigned to the same zone as the parent
element.

Accordingly, embodiments herein can include receiving a plane of elements representing a
motion zone map, The elements in the plane specify attributes associated with
corresponding elements in the rendition of a signal. A respective setting of each of the
elements in the plane can include zone data (such as symbol Z0, ZOF, Z1, ZIF, efc)
specifying whether a corresponding display clement in the rendition of the signal is
inchuded in a respective zone or not included in any zone.

Embodiments herein can forther include prodocing the plane of elements (such as motion

zone map) in accordance with a tier-based hierarchical decoding method, wherein the tier-
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based hicrarchical decoding method can include: decoding received zone information to
produce a rendition of the plane (motion zone map) at a first level of quality. Based at feast
m part on the rendition of the plane (motion zone map) of elements at the first level of
quality, the computer processor hardware derives a preliminary rendition of the plane of

clements {motion zone map) at a second level of quality, the second level of quality having
on than th

a higher resolution than

ol pih

e

L]

first level of quality.
The computer processor hardware can be configured to obtain a set of adjustment values
such as residual data zone information 1120-2 associated with the preliminary rendition of
the plane {motion zone map) of elements at the second level of quality. The computer
processor hardware applies the adjustment values (residual data zone information 1120-2)
to the preliminary rendition of the plane (motion map 1515-1P) of elements at the second
level of guslity to produce an adiusted rendition of the plane (motion zone map 1315
FAD of clemenn 2 the second fevel of guality.  The computer processer hanjwars
utilizes the adjusted rendition of the plane of clements at the second level of guality to
identify the muitiple clements of the rendition of the signal that belong to a zone.
Recall that, via mobon zone maps, the computer processor hardware identifies which zone
ach of the display clements reside. Based on which zone a display element resides, the
computer processor hardware obtains a corresponding set of descriptive information on
motion specifying operations to apply to the coordinates of the display element in order to
identify a location in a corresponding reference image that will be used at least in part to
generate the setting for that display element.
In one embodiment, certain values in the rendition of motion zone map 1515-1P (such as
final symbol values) may not be modified when producing the adjusted rendition of the
motion map for the corresponding level of quality. For example, the adjustment values in
residual data zone information 1120-2 can be applied to less than all elements in the
preliminary rendition of the motion map at the corresponding level of quality to produce
the adjusted rendition of the motion map 1515-1ADJ.
In one embodiment, the computer processor hardware produces a plane of elements
(motion zone map) at a first level of quality. The zone information can indicate that each

element that resides in a first portion of the plane is assigned a final symbol such as ZOF.
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The zone informaticn can indicate that each element that resides in a second portion of the
plane (motion map) is assigned a non-final symbol such as the value Z0. The assignment of
the final symbel ZOF indicates that every child element derived from a respective parent
element (which is assigned the final symbeol) in the first portion inherits same zone settings
as the respective parent clement. Thus, if the parent element is assigned ZOF, each child
element derived from the pare ement resides in zone Z0, and 15 assigned final symbol
value ZOF to indicate that also all of its sub-child elements reside in zone Z0.

Accordingly, embodiments herein can include: producing the plane of clements at a first

1

ievet of quality: assigning each clement that resides in a first portion of the plane & final
symbol; assigning each element that resides in a second portion of the plane a non-final
symbol; wherein assignment of the final symbol indicates that every child element derived
from a respective parent clement o the first portion inherits same zone seftings as the

respective parent cloment, with ne secd for any sdiustment valugs; and whergin assignment
of the non-final symbol indicates that overy child clement derived from a respective parent
clement in the second portion inherits same zone setiings as the respective parent element,
but such pretimizary (nheritedd setiings will be adjusted by means of suitable adjusiment

o

values.

FIG. 18 is an example diagram illustrating different motion zones according to
embodiments herein.

As shown, motion zone map 1810 indicates a portion (region) of elements that reside in
motion zone Z1. Motion map 1810 indicates a portion (region) of elements that reside in
motion zone Z2. Motion map 1810 indicates a portion (region) of elements that reside in
motion zone Z3. Those clement s residing outside of the zone regions are considered to
reside in a non-motion zone NMZ (also previously defined as “residual motion zone”,
meaning that it represents what’s left outside of the motion zones, and cannot be suitably
predicted by means of motion compensation). In one embodiment, the one or more
clements outside of a zone are assigned a value to indicate that such elements in the NMZ
region, during generation of a respective mmage (signal), are not reproduced based on

settings of a group of elements in a reference signal serving as reference for elements in the
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motion zones.

Further Embodiments

As previously discussed, computer processor hardware can be configured to execute any of
the methods as described herein. In view of the above specification further embodiments
herein inglude:

Embodiment | including a method for decoding auxiliary information for each clement of a
given set of elements, said set of elements corresponding to a sample of a signal with one
or motc dimensions. the method comprising: 2. rorciving at least one auxiliary zone, said
auxiliary zone indicating a subsct of clements of said set of elements, said subset of
clements belonging to said auxiliary zone, and at least one set of descriptive auxiliary

information, cach of seid scr(s) of descripnve w

thary information corrpsponding o an

ausiiiary zong, & based at loass i part on awxeban

wformation and on the doscriptive
auxiliary mformation corresponding to auxiliary zones, computing auxiliary information
for cach clement of the given sample.

Embodiment 2 includes the method according 1o embodiment 1, wherein descriptive
auxiliary information corresponds to information on motion of auxiliary zones and
auxiliary information is processed in order to gencrate a motion-compensated image, the
method comprising: a. receiving at least one motion zone, said motion zone indicating a
subset of elements of a motion-compensated image, said subset of elements belonging to
sald motion zone, and at least one set of descriptive information on motion, b. receiving at
least a first reference image, ¢. computing 2 second image, in particular a motion-
compensated image, by using the first image received during phase (b), the motion zones
received during phase (a) and the descriptive information on motion received during phasc
(a).

Embodiment 3 includes the method according to embodiment 2, wherein a first motion
zone corresponds to a subset of elements characterized by a number of elements that is
different from the number of elements corresponding to a second motion zone, and at least
one of the motion zones comprises elements that correspond to non-rectangular and/or non-

contiguous portions of the signal.
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Embodiment 4 includes the method according to embodiment 2, wherein the motion of a
motion Zzone comprises a translation, and wherein the descriptive information on the motion
of said motion zone comprises parameters corresponding to an offset, said offsct indicating
adjustments to apply to each coordinate, to apply to elements corresponding to said motion
zone during phase (¢).

Embodiment 5 includes the method aceording to embodiment 2, whersin the motion of &
motion zone comprises a rotation, and wherein the deseriptive information on the motion of
said motion zone comprises one or more parameters corresponding to a rotation, defining
direction and magnitude of the rotation to apply o sald motion zong during phase (¢).
Embodiment 6 includes the method according to embediment 2, wherein the motion of a
motion zone comprises a scaling (i.e., zoom or de-zoom), and wherein the descriptive
information on the motion of said motion zZone CompTises Ong OF MONS PArAMEICTS

corresponding ¢ & scaling, defining the magnitude of the sesbing o apply 10 said motion

¥

zone during phase (¢}

Embodiment 7 includes the method according to embodiment 2. wherein the descriptive
information corresponding to a motion zone comprises further parameters contributing to
determine the calculation during phase (¢} of clements of the motion-compensated image
corresponding to said motion zone.

Embodiment 8 includes the method according to embodiment 2, wherein the motion-
compensated image has a different resolution than said reference image.

Embodiment ¢ includes the method according to embodiment 2, wherein one or more
elements of the motion-compensated image are assigned a default value if they correspond
to a portion of the reference image that is assigned a defanlt value or if they correspond to
an area outside of the reference image.

Embodiment 10 includes the method according to embodiment 2, wherein, during the phase
(c), the computation of the motion-compensated 1mage comprises calculations with
fractional numbers (e.g., without limitation, floating point calculations or calculations with
high-precision fixed point numbers), in order to describe movements with arbitrary
precision and access substantially any location of the reference image independently of the

actual resolution of the reference image.
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Embodiment 11 inciudes the method according to embodiment 10, wherein the value of at
least a given element of the motion-compensated image is calculated by performing a
weighted average of a subset of elements of the reference image, wherein the weights of the
weighted average depend on the coordinates of the given element in the motion-
compensated image and on descriptive information of the motion of the one or more
motion zone(s) to which the given element belongs.

Embodiment 12 inciudes the method according to embodiment 2, wherein elements of the
motion-compensated image corresponding to at least one motion zone are assigned values
that arc not based on values of elements of the reference image.

Embodiment 13 mecludes the method according to embodiments 2, wherein motion zones
are encoded as a single auxiliary image corresponding to the given motion-compensated
image to compute, wherein the values assigned to clements of the auxiliary image
correspond o the motion zome associated 1o corrasponding clements of the groon motion-
compensated image.

Embodiment 14 includes the methed according to embodiment 13, wherein said single

i

auxiliary image is decoded with a tier-based hicrarchical method, the method comprising:
decoding a rendition of the single auxiliary image at a first level of quality; based at least in
part on said single auxiliary image at a first level of quality, producing a preliminary
rendition of the single auxiliary image at a second level of quality, the second level of
quality being higher than the first level of quality; decoding a set of adjustment values;
combining said preliminary rendition of the single auxiliary image at the second level of
quality with said adjustment values, producing a rendition of the single auxiliary image at
the second level of quality.

Embodiment 15 includes the method according to embodiment 14, wherein adjustment
values are specified only for a subset of the elements of the preliminary rendition of the
single auxiliary image at the second level of quality, the method comprising: decoding a
single auxiliary image at a first level of quality, wherein elements of said single auxiliary
image at a first level of quality are assigned either a symbol belonging to a first set of
symbols (“finalization symbols™) or a symbel belonging to a second set of symbols (“non-

finalized symbols”); generating a preliminary rendition of the single auxiliary image at a
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second (higher) level of quality, wherein elements of said preliminary rendition at the
second level of quality corresponding to a same element of the single auxiliary image at the
first level of quality arc assigned the same symbol as said clement of the single auxiliary
image at the first level of quality; enly for elements of the preliminary rendition of the
single auxiliary image at the second level of quality that were assigned a symbol belonging
to the second set of symbols, modifying the assigned symbol based on received adjustment
data.

Embodiment 16 includes the method according to embodiment 2, wherein at least one
motion zone is defined by means of one or more parameters corresponding 0 a geometric
shape.

Embodiment 17 includes the method according to embodiment 2, wherein the reconstructed
motien-compensated mmage is combined with received residual data, generating a yarest
RHERGS
Embodiment 18 includes the method according to embodiment 2, wherewn multiple motion-
compensated unages, each of said multiple motion-compensaied image being based on a
different reference image, are combined, generating a single predicted image.

Embodiment 19 includes the method according to embodiment 2, wherein at least one
element of the motion-compensated image is assigned to more than one motion zone.
Embodiment 22 includes a method to reproduce a rendition of a signal, the method
COmPprising:

via computer processor hardware:

receiving zone information specifying multiple elements of the rendition of the signal
belonging to a zone; receiving motion information associated with the zone, the motion
information encoded to indicate to which corresponding element in a reference signal each
of the multiple elements in the zone pertains; and for each respective clement in the zone,
utilizing the motion mformation to derive a corresponding location value i the reference
signal, the corresponding location value indicating a location in the reference signal to
which the respective element pertains.

Embodiment 23 includes the method as in embodiment 22 further comyprising: for each

respective element in the zone: utilizing the location value for the respective element to
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seiect a corresponding group of elements in the reference signal; and calculating a setting
for the respective element, the setting for the respective element derived based on settings
of elements in the corresponding group.

Embodiment 24 includes the method as in embodiment 23, wherein the motion information
includes a set of coefficient values; and wherein ufilizing the motion information to derive
a corresponding location value includes:

obtaining coordinates for the respective element, the coordinates specifying a location of
the respective element in rendition of the signal; and

nerforming linear combinations of the coordinates of the respective lement with the
coefficient values to produce the corresponding location information.

Embodiment 25 includes the method as in embodiment 24, wherein the corresponding
lncation information specifies coordinares in the reference signal o which the respective
chornors potsins.

Embodiment 26 includes the method as in embodimeni 22 further comprising: sciecting a
first clement i the zone: vtilizing the motion information to caleulate a first coordinate
tocation in the reference signal; utilizing the first coordinate location as a basis to identify o
first set of elements in the reference signal; obtaining settings of elements in the first set;
calculating a setting for the first clement in the zone based on the settings of the clements in
the first set; selecting a second element in the zone; utilizing the motion information to
calculate a second coordinate location in the reference signal; utilizing the second
coordinate location as a basis to 1dentify a second set of elements in the reference signal;
obtaining settings of clements in the second set; and calculating a setting for the second
element in the zone based on the settings of the elements in the second set.

Embodiment 27 includes the method as in embodiment 22, wherein the reference signal is a
reference mmage including multiple display clements; and wherein the rendition of the
signal is a secondary image, the secondary image including multiple display elements, the
motion information specifying a group of display elements in the reference image to be
used to reproduce settings for display elements in the zone.

Embodiment 28 includes the method as in embodiment 27, wherein the display elements in

the zone of the secondary image represents a rendition of an object captured by the
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secondary image; wherein the group of display clements in the reference image represents a
rendition of the object in the reference image; and wherein the motion information captures
motion of the object from a location in the reference image to a location in the secondary
image,

Embodiment 29 includes the method as in embodiment 28, wherein the motion information
corresponds to motion parameters associated with movement of the object, the parameters
selected from a group comprising: i) franslation of the rendition of the object in the
secondary image with respect to the rendition of the object in the reference image, ii)
rotation of the rendition of the object in the secondary image with respect to the rendition
of the object in the reference image, and iii) scaling of the rendition of the object in the
secondary mmage with respect to the rendition of the object in the reference image.,
Embodiment 3 includes the method a8 in cmbodiment 29, wherein the motion information
porrespomds w0 motion pafumeton peoctated with movement of the obiect, the purameters
selected from a group further comprising: 1v) shearing of the rendition of the object in the
secondary image with respect 1o the rendition of the object in the reference image. v)
perspective transform of the rendition of the object in the secondary image with respect to
the rendition of the object in the reference image.

Embodiment 31 includes the method as in embodiment 22, wherein the rendition of the
signal is a motion compensated image; and wherein the zone in the motion compensated
image includes multiple contiguous regions of display elements including a first region
display clements and a second region of display clements, the first region of display
clements being non-contigucus with respect to the second region of display elements.
Embodiment 32 includes the method as in embodiment 22, wherein the rendition of the
signal is a motion compensated image; and wherein a region of the motion compensated
tmage as represented by the zone of elements is a non-rectangular shape.

Embodiment 33 includes the method as in embodiment 22, wherein a resolution of the
rendition of the signal is substantially different than a resolution of the reference signal.
Embodiment 34 includes the method as in embodiment 22, wherein a resolution of the
rendition of the signal is substantially the same such as a resolution of the reference signal.

Embodiment 35 includes the method as in embodiment 22, wherein the motion information
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includes offset adjustment information; and wherein utilizing the motion information to
derive a corresponding location value for the respective element includes: i) obtaining
coordinates for the respective clement, the coordinates specifying a location of the
respective element in rendition of the signal: and ii) applying the offset adjustment
information to the coordinates to preduce the corresponding location information for the
respective element, the corresponding location information indicating a location that is
offset with respect to the coordinates by an amount as specified by the offset adjustment
information.

Embodiment 36 includes the method as in embodiment 22, wherein the motion information
includes rotation adjustment information; and wherein utilizing the motion information to
derive a corresponding location value for the respective element includes: 1) obtaining
eoordinates for the respective clement, the coordinates specifving a location of the

i

s of the signsl; and By appiving the rottion adjustment

s rpl

respeetive olom
information to the coordinales to produce the corresponding location information for the
respective element. the corresponding location information capturing a rotation of the
coordinates by an amount as specified by the rotafion adjustment information.

Embodiment 37 includes the method as in embodiment 22, wherein the motion information
indicates how the multiple clements in the zone of the rendition of the signal are scaled
from a corresponding grouping of display clements in the reference signal,

Embodiment 38 includes the method as in emboediment 22, wherein the location value is
assigned a default value when motion information indicates a corresponding element
located outside of the reference signal or when motion information is assigned a default
value.

Embodiment 39 includes the method as in embodiment 22, wherein the corresponding
location value has a sufficiently high resolution to specify sub-element accuracy in the
reference signal.

Embodiment 40 includes the method as in embodiment 22 further comprising: selecting a
first clement m the zone; utilizing the motion mformation to calculate a location in the
reference signal for the first element; utilizing the location as a basis to identify a first set of

clements in the reference signal; processing the reference signal to obtain settings of the
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elements in the first set; applying weighted values to the settings of elements in the first set,
magnitudes of the weighted values depending on a proximity of the elements in the first set
to the location in the reference signal for the first element; and

calculating a setting for the first element in the zone based on the weighted settings of the
clements in the first set.

Embodiment 41 inciades the method as in embodiment 22, wherein the zone information
includes geometric parameters defining a shape of the zone,

Embodiment 42 mcludes the method as in embodiment 22 further comprising: reproducing

[

the rendition of the signal based at least in part on the reference signal in a manner as
specified by the zone information and the motion information; receiving reconstruction data
specifying adjustments to be applied to the reproduced rendition of the signal; and applying

the adjustments 1o display olements in the rependuced rerudition of the signal as specificd by
P i 5 f >

the reconstruction data o reting the roproduosd resdition of the signal

Embodiment 43 includes the method as m embodiment 22, wherein the rendition of the
signal is a first image and wheremn the reference signal 1s a first reference image from
which the first image is at least partiallv derived, wherein the zone information is first zone
information, wherein the motion information is first motion information, the method further
comprising: receiving second zone information and second motion information specifying
how to reproduce a second image based on a second reference image; in accordance with
the second zone information and second motion information, reproducing a rendition of the
second image based at least in part on the second reference image; and generafing a
rendition of a third image using the first image and the second image as reference images.
Embodiment 44 includes the method as in embodiment 22, wherein the zone information is
first zone information and wherein the zone is a first zone, the first zone information
indicating that a given element resides in the first zone, the method further comprising:
receiving second zone information associated with the rendition of the signal, the second
zone information indicating that the given element resides in a second zone,

Embodiment 45 includes the method as in embodiment 22, wherein the motion information
indicates that a particular element in the rendition of the signal belongs to a motion zone,

the particular element assigned a value not based on settings of a group of elements in the
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reference signal.

Embodiment 46 includes the method as in embodiment 22, wherein receiving the zone
information includes receiving a plane of elements, the elements in the plane specifying
attributes associated with correspending elements in the rendition of the signal, a respective
sctting of each of the elements in the plane including zone data specifying whether a
cotresponding display element in the rendition of the signal is included in the zone.,
Embodiment 47 includes the method as in embodiment 46 further comprising: producing
the plane of elements in accordance with a tier-based hierarchical decoding method, the
tier-based hierarchical decoding method comprising:

decoding a rendition of the plane of elements at a first level of quality;

based at least in part on the rendition of the plane of elements at the first level of quality,
deriving a preliminary rendition of the plane of clemonts o g second level of qualiry, the

i | JERRITS AN AL AT
Bt doved of guainy

sepond level of guality having a higher resclution than
obtaining a set of adjustment values associated with the preliminary rendition of the plane
of elements at the second level of quality:

appiving the adustment values to the preliminary rendition of the plane of elements at the
second level of quality to produce an adjusted rendition of the plane of elements at the
second level of quality; and

utilizing the adjusted rendition of the plane of clements at the second level of quality to
identify the multiple elements of the rendition of the signal that belong to the zone,
Embodiment 48 includes the method as in embodiment 47 further comprising: producing
the plane of elements at a first level of quality; assigning each clement that resides in a first
portion of the plane a final symbol; assigning each element that resides in a second portion
of the plane a non-final symbol; and wherein assignment of the final symbol indicates that
every child clement derived from a respective parent clement in the first portion inherits
same zone settings as the respective parent element.

Embodiment 49 includes a method to reproduce information for each element of a rendition
of a signal, the method comprising:

via computer processor hardware:

receiving zone information specifying multiple elements of the rendition of the signal
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belonging to a zone; receiving descripfive information associated with the zone, the
descriptive information encoded to indicate information pertaining to the muitiple elements
in the zone; and for cach respective element in the zone, utilizing the descriptive
information to derive a comresponding value, the corresponding value indicating
information pertaining to the respective eclement.

Note again that technigues herein are well suited for encoding and decoding in hierarchical
systems. However, it should be noted that embodiments herein are not limited to use in
such applications and that the techniques discussed herein are well suited for other
applications as well,

Based on the description set forth herein, numerous specific details have been set forth to
provide a thorough understanding of claimed subject matter. However, it will be

undersiood by those skilled in the art that claimed subioc: maner may b peacticed withowt

-

bese specifio detnls. In othor instances. methods, apparstises, svaors, ofe | Bl would be
known by one of ordinary skill have not been described m detail so 25 not 1o obscure
claimed subject matter. Some portions of the detailed description have been presented in
terms of algorithms or symbolic representations of operations on data bits or binary digital
signals stored within a computing system memory, such as a2 computer memory. These
algorithmic descriptions or representations are examples of techniques used by those of
ordinary skill in the data processing arts to convey the substance of their work to others
skilled in the art. An algorithm as described herein, and generally, is considered to be a
self-consistent sequence of operations or similar processing leading to a desired result. In
this context, operations or processing involve physical manipulation of physical quantities.
Typically, although not necessarily, such quantities may take the form of electrical or
magnetic signals capable of being stored, transferred, combined, compared or otherwise
manipulated. It has been convenient at times, principally for reasons of common usage, to
refer to such signals as bits, data, values, clements, symbeols, characters, terms, numbers,
numerals or the like, It should be understood, however, that all of these and similar terms
are to be associated with appropriate physical quantities and are merely convenient labels.
Unless specifically stated otherwise, as apparent from the following discussion, it is

appreciated that throughout this specification discussions utilizing terms such as
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"on ™o

"processing,” "computing,” "calculating," "determining”" or the like refer to actions or
processes of a computing platform, such as a computer or a similar electronic computing
device, that manipulates or transforms data represented as physical electronic or magnetic
quantities within memorics, registers, or other information storage devices, transmission
devices, or display devices of the computing platform.

While embodiments herein have been particularly shown and described with references to
preferred 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 spirit and
scope of the present application as defined by the appended claims. Such variations arg
mntended to be covered by the scope of this present application. As such, the foregoing
description of embodiments of the present application is not intended to be limiting.

Rather, anv Hmirations to the invention are presented in the following claims.
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CLAIMS

L. A method for decoding descriptive information for each element of a given set of
elements, said set of elements corresponding to a sample of a signal with one or more
dimensions, the method comprising:

receiving zone information indicating which elements of a rendition of the signal belong to
a Zone, wherein a zone comprises one or more regions of the rendition of the sample of the
signal characterized by the clements in said one or more regions having common
properties;

receiving descriptive information associated with the zone, the descriptive information
associated with said common properties and encoded to indicate information pertaining to
the multiple elements in the zone; and

for each respective element in the zone, utilizing the descriptive information to denve a
corresponding value, the corresponding value indicating information pertaining to the

respective element.

2. The method according to claim 1, wherein descriptive information corresponds to
information on motion of zones and descriptive information is processed in order to
generate a motion-compensated image, the method comprising:

a. receiving at least one motion zone, said motion zone indicating a subset of elements
of a motion-compensated image, said subsct of elements belonging to said motion zone,
and at least one set of descriptive information on motion,

b. receiving at least a first reference image,

c. computing a second image, in particular a motion-compensated image, by using the
first image received during phase (b), the motion zones received during phase (a) and the

descriptive information on motion received during phase (a),

3. The method according to claim 2, wherein a first motion zone corresponds to a
subset of elements characterized by a number of elements that is different from the number
of elements corresponding to a second motion zone, and at least one of the motion zones

comprises elements that correspond to non-rectangular and/or non-contiguous portions of
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the signal.

4. The method according to claim 2, wherein the motion of a motion zone comprises a
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translation, and wherein the descriptive information on the motion of said motion zone
comprises parameters corresponding to an offset, said offset indicating adjustments to
apply to each coordinate, to apply to elements corresponding to said motion zone during

phase (¢).

5. The method according to claim 2, wherein the motion of 2 motion zone comprises a
rotation, and wherein the descriptive information on the motion of said motion zone
comprises one or more parameters corresponding to a rotation, defining direction and

magnitude of the rotation 1o apply to said motion zone during phase (¢).

6. The method according to claim 2, wherein the motion of a metion zone comprises a

sealing (e, zoom or de-zoomt and wherein the deseripsive information on the monion of

¥

said ROHOT ZOnG Cormpd 57 e paramclons corrcsponding o g scaling, defunng

the magnitude of the scaling to apply to sad motion zone during phase (¢).
7. The methed secording to clann 2. wherein the desceriptive information cotresponding to a
motion zone comprises further parameters contributing to determine the calculation during

vhase (¢} of clements of the motion-compensated image corresponding to said motion zone.

g. The method according to claim 2, wherein the motion-compensated image has a

different resolution than said reference image.

9, The method according to claim 2, wherein one or more elements of the motion-
compensated image are assigned a default value if they correspond to a portion of the
reference image that is assigned a default value or if they correspond to an area outside of

the reference image.

10.  The method according to claim 2, wherein, during the phase (¢), the computation of
the motion-compensated image comprises calcolations with fractional numbers (e.g.,

without limitation, floating point calculations or calculations with high-precision fixed
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point numbers), in order to describe movements with arbitrary precision and access any
location of the reference image independently of the actual resolution of the reference

image.

11.  The method according to claim 10, wherein the value of at least a given element of
the motion-compensated image is calculated by performing a weighted average of a subset
of elements of the reference image, wherein the weights of the weighted average depend on
the coordinates of the given element in the motion-compensated image and on descriptive
information of the motion of the one or more motion zone(s) to which the given element

belongs.

12.  The method according to claim 2, wherein elements of the motion-compensated
image corresponding to at least one zone are assigned values that are not based on values of

clements of the reference image.

13.  The method according to claims 2, wherein motion zones are encoded as a single
auxiliary image corresponding to the given motion-compensated image to compute,
wherein the values assigned to elements of the auxiliary image correspond to the motion

zone associated to corresponding elements of the given motion-compensated image.

14.  The method according to claim 13, wherein said single auxiliary image is decoded
with a tier-based hierarchical method, the method comprising:

decoding a rendition of the single auxiliary image at a first level of quality;

based at least in part on said single auxiliary image at a first level of quality, producing a
preliminary rendition of the single auxiliary image at a second level of quality, the second
level of quality being higher than the first level of quality;

decoding a set of adjustment values;

combining said preliminary rendition of the single auxiliary image at the second level of
quality with said adjustment values, producing a rendition of the single auxiliary image at

the second level of quality.



10

J—
LA

20

25

30

WO 2013/171183 PCT/EP2013/659885

-72-

15.  The method according to claim 14, wherein adjustment values are specified only for
a subset of the elements of the preliminary rendition of the single auxiliary image at the
second level of quality, the method comprising:

decoding a single auxiliary image at a first level of quality, wherein elements of said single
auxiliary image at a first level of guality are assigned either a symbol belonging to a first
set of symbols (“finalization symbols™) or a symbol belonging to a second set of symbols
(“non-finalized symbols™);

generating a preliminary rendition of the single auxiliary image at 2 second (higher) level
of quality, wherein clements of said preliminary rendition at the second level of quality
corresponding to a same element of the single auxiliary image at the first level of quality

arc assigned the same svmbol as said clement of the single auxiliary image af the first level

only for clements of the preliminary rendimion of the single sunaliary image at the sccond
level of quality that were assigned a svmbol belonging w the second st of symbols,

modifying the assigned symbo!l based on received adjustment data.

16.  The method according to claim 2, wherein at least one motion zone is defined by

means of one or more parameters corresponding to a geometric shape.

17.  The method according to claim 2, wherein the reconstructed motion-compensated

image is combined with received residual data, generating a target image.

18.  The method according to claim 2, wherein multiple motion-compensated images,
each of said multiple motion-compensated image being based on a different reference

image, are combined, generating a single predicted image.

19.  The method according to claim 2, wherein at least one element of the motion-

compensated image is assigned to more than one motion zone.
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20. A computer program directly loadable into an internal memory of a digital
processor, comprising software code portions for performing the phases of claim 1 when

said program 1s run on a processor.

21.  Decoder processing hardware implementing the method according to claim 1 and

executing the computer program according to claim 1.

22. A method to reproduce a rendition of a signal, the method comprising:

via computer processor hardware:

receiving zone information indicating which elements of a rendition of the signal belong to
a zone, wherein a zone comprises one or more regions of the rendition of the sample of the
signal characterized by the elements in said one or more regions having common
properties;

receiving motion information associated with the zone, the motion information associated
with said common properties and encoded to indicate to which corresponding element in a
reference signal each of the multiple elements in the zone pertains; and

for each respective element in the zone, utilizing the motion information to derive a
corresponding location value in the reference signal, the corresponding location value

indicating a location in the reference signal to which the respective element pertains.

23. The method as in claim 22 further comprising:

for each respective element in the zone:

utilizing the location value for the respective element to select a corresponding group of
elements in the reference signal; and

calculating a setting for the respective element, the setting for the respective element

derived based on settings of elements in the corresponding group.

24, The method as in claim 23, wherein the motion information includes a set of
coefficient values; and

wherein utilizing the motion information to derive a corresponding location value includes:
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obtaining coordinates for the respective element, the coordinates specifying a location of

the respective element in rendition of the signal; and
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performing lincar combinations of the coordinates of the respective element with the
coefficient values to produce the corresponding location information.
25,  The method as in claim 24, wherein the corresponding location information

specifies coordinates in the reference signal to which the respective element pertains.

26. The method as in claim 22 further comprising:

selecting a first element in the zone;

utilizing the motion information to caleulate a first coordinate location in the reference
signal;

atilizing the first coordinate location as a basis to identify a first set of clements in the
reference signal;

obtaning sentings of clemenis in the first son

ceicularng 3 seming Tor the frst olemoent in the zone based on the settings ofthe clomonn =

2 o

wie nrst

7
o

ety
sclecting a second element in the zone:

utilizing the motion information to calculate a second coordinate focation in the rwhtvence
signal;

utilizing the second coordinate location as a basis to identify 2 sccond set of clements in the
reference signal;

obtaining settings of elements in the second set; and

calculating a setiing for the second element in the zone based on the settings of the

elements 1n the second set.

27.  The method as in claim 22, wherein the reference signal is a reference image
including multiple display clements; and

wherein the rendition of the signal is a secondary image, the secondary image including
multiple display elements, the motion information specifying a group of display elements in

the reference image to be used to reproduce settings for display elements in the zone.

28.  The method as in claim 27, wherein the display clements in the zone of the
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secondary image represents a rendition of an object captured by the secondary image;
wherein the group of display elements in the reference image represents a

rendition of the object in the reference image; and

wherein the motion information capturcs meotion of the object from a location in the

reference image to a location in the secondary image.
g

29.  The method as in claim 28, wherein the motion information corresponds to motion
parameters associated with movement of the object, the parameters selected from a group
comprising:

1) translation of the rendition of the object in the secondary image with respect to the
rendition of the object in the reference image,

iy rodation of the rendition of the object in the secondary image with respeet to the
rermdivion of the obioct w the referonee image. s

it} scaling of the rendition of the object m the secondary mmage with respect 1o the

rendition of the object in the reference image.

30.  The method as in claim 29, wherein the motion information corresponds to motion
parameters associated with movement of the object, the parameters selected from a group
further comprising:

iv) shearing of the rendition of the object in the secondary image with respect to the
rendition of the object in the reference image,

v) perspective transform of the rendition of the object in the secondary image with respect

to the rendition of the object in the reference image.

31. The method as in claim 22, wherein the rendition of the signal is a motion
compensated image; and

wherein the zone in the motion compensated image includes mulfiple contiguous regions of
display elements mcluding a first region display elements and a second region of display
elements, the first region of display elements being non-contiguous with respect to the

second region of display elements.
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32.  The method as in claim 22, wherein the rendition of the signal is a motion
compensated image; and
wherein a region of the motion compensated image as represented by the zone of elements

is a non-rectangular shape.

33, The method as in claim 22, wherein a resolution of the rendition of the signal is

different than a resolution of the reference signal.

34,  The method as in claim 22, wherein a resolution of the rendition of the signal is the

same such as a resolution of the reference signal.

35, The method as in claim 22, wherein the motion information includes offset
adjustment information; and

wherein utilizing the motion information to derive a corresponding location value for the
respective element includes: i) obtaining coordinates for the respective element, the
coordinates specifying a location of the respective element in rendition of the signal; and ii)
applying the offset adjustment information to the coordinates to produce the corresponding
location information for the respective element, the corresponding location information
indicating a location that is offset with respect to the coordinates by an amount as specified

by the offset adjustment information.

36, The method as in claim 22, wherein the motion information includes rotation
adjustment information; and

wherein utilizing the motion information to derive a corresponding location value for the
respective element includes: i) obtaining coordinates for the respective element, the
coordinates specifying a location of the respective element in rendition of the signal; and ii)
applying the rotation adjustment information to the coordinates to produce the
corresponding location information for the respective element, the corresponding location

information capturing a rotation of the coordinates by an amount as specified by the
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rotation adjustment information.

37. The method as in clagm 22, wherein the motion information indicates how the
multiple elements in the zone of the rendition of the signal are scaled from a corresponding

grouping of display clements in the reference signal.

38. The method as in claim 22, wherein the location value is assigned a default value
when motion information indicates a corresponding element located outside of the

reference signal or when motion information is assigned a default value,

39.  The method as in claim 22, wherein the corresponding location value has a

sufficiently high resohurion 1o spocify sub-clement accuracy in the reference signal.

40, The method as i claim 22 further comprising:

sclecting a first element 1n the zone:

utilizing the motion information to calculate a location in the reference signal for the first
element;

utilizing the location as a basis to identify a first set of elements in the reference signal;
processing the reference signal to obtain settings of the clements in the first set;

applying weighted values to the seftings of elements in the first set, magnitudes of the
weighted values depending on a proximity of the elements in the first set to the location in
the reference signal for the first element; and

calculating a setting for the first element in the zone based on the weighted settings of the

elements in the first set.

41.  The method as in claim 22, wherein the zone information includes geometric

parameters defining a shape of the zone.

42.  The method as in claim 22 further compﬁsing:

reproducing the rendition of the signal based at least in part on the reference signal in a
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manner as specified by the zone information and the motion information;

receiving reconstruction data specifying adjustments to be applied to the reproduced
rendition of the signal; and

applying the adjustments to display elements in the reproduced rendition of the signal as

specified by the reconstruction data to refine the reproduced rendition of the signal.

43, The method as in claim 22, wherein the rendition of the signal is a first image and
wherein the reference signal is a first reference image from which the first image is at least
partially derived, wherein the zone information is first zone information, wherein the
motion information is first motion information, the method further comprising:

receiving second zone information and sccond motion information specifying how to
reproduce a sceond image based on a weond reforence image

i aocordance with e seoond rovw wmformetion and setond nwtion mBrmation
reproducing a rendition of the second image based at least in pant on the second reference
image; and

generating a rendition of a third image using the first image and the sccond image as

reference images.

44, The method as in claim 22, wherein the zone information is first zone information
and wherein the zone is a first zone, the first zone information indicating that a given
element resides in the first zone, the method further comprising:

receiving second zone information associated with the rendition of the signal, the second

zone information indicating that the given element resides in a second zone,

45. The method as in claim 22, wherein the motion information indicates that a
particular element in the rendition of the signal belongs to a motion zone, the particular
element assigned a value not based on settings of a group of clements in the reference

signal.

46.  The method as in claim 22, wherein receiving the zone information includes
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receiving a plane of elements, the elements in the plane specifying attributes associated
with corresponding elements in the rendition of the signal, a respective setting of cach of
the elements in the plane including zone data specifying whether a corresponding display

clement in the rendition of the signal is included in the zone.

47.  The method as in claim 46 further comprising:

producing the plane of elements in accordance with a tier-based hierarchical decoding
method, the tier-based hierarchical decoding method comprising:

decoding a rendition of the plane of elements at a first level of quality;

based at [east in part on the rendition of the plane of elements at the first level of quality,
deriving a preliminary rendition of the plane of elements at a second level of quality, the
sceond level of quality having a higher rosolution than the first level of quality:

LI

Pris ; R S i e s sueen et vaotrd B swguedisms e e ariows oF i sy
obtaining 2 st of adjustment values sesociannd with the paeliminary rendition of the plame

of elements at the second tevel of qualiry;

applying the adjustment values to the preliminary rendition of the plane of elemenis at the
sccond level of quality to produce an adjusted rendition of the plane of clements at the
second level of quality; and

utilizing the adjusted rendition of the plane of clements at the second level of guality to

1dentify the multiple elements of the rendition of the signal that belong to the zone,

48.  The method as in claim 47 further comprising:

producing the plane of clements at a first level of quality;

assigning each element that resides in a first portion of the plane a final symbol;

assigning cach element that resides in a second portion of the plane a non-final symbol; and
wherein assignment of the final symbol indicates that every child element derived from a
respective parent element in the first portion inherits same zone settings as the respective

parent element.

49. A method to reproduce information for cach element of a rendition of a signal, the

method comprising:
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via computer processor hardware:

receiving zone information indicating which elements of a rendition of the signal belong to
a zone, wherein a zone comprises one or more regions of the rendition of the sample of the
signal characterized by the elements in said one or more regions having common
properties;

receiving descriptive information associated with the zone, the descriptive information
associated with said common properties and encoded to indicate information pertaining to
the multiple elements in the zone; and

for each respective element in the zone, utilizing the descriptive information to derive a
corresponding value, the corresponding value indicating information pertaining to the

respective element.



