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This application is a continuation of U.S. application Ser.
No. 16/356,733, filed on Mar. 18, 2019, which is a continu-
ation of U.S. application Ser. No. 15/681,725, filed Aug. 21,
2017, which is a continuation of U.S. application Ser. No.
15/426,822, filed Feb. 7, 2017, which is a continuation of
U.S. application Ser. No. 13/666,680, filed Nov. 1, 2012,
which claims priority to U.S. Provisional Application No.
61/555,703, filed Nov. 4, 2011, the entire contents of which
are incorporated herein by reference.

TECHNICAL FIELD

There is provided a method for encoding, a method for
decoding, an apparatus, computer program products, an
encoder and a decoder.

BACKGROUND INFORMATION

This section is intended to provide a background or
context to the invention that is recited in the claims. The
description herein may include concepts that could be pur-
sued, but are not necessarily ones that have been previously
conceived or pursued. Therefore, unless otherwise indicated
herein, what is described in this section is not prior art to the
description and claims in this application and is not admitted
to be prior art by inclusion in this section

A video codec may comprise an encoder which trans-
forms input video into a compressed representation suitable
for storage and/or transmission and a decoder that can
uncompress the compressed video representation back into
a viewable form, or either one of them. The encoder may
discard some information in the original video sequence in
order to represent the video in a more compact form, for
example at a lower bit rate.

Many hybrid video codecs, operating for example accord-
ing to the International Telecommunication Union’s ITU-T
H.263 and H.264 coding standards, encode video informa-
tion in two phases. In the first phase, pixel values in a certain
picture area or “block” are predicted. These pixel values can
be predicted, for example, by motion compensation mecha-
nisms, which involve finding and indicating an area in one
of the previously encoded video frames (or a later coded
video frame) that corresponds closely to the block being
coded. Additionally, pixel values can be predicted by spatial
mechanisms which involve finding and indicating a spatial
region relationship, for example by using pixel values
around the block to be coded in a specified manner.

Prediction approaches using image information from a
previous (or a later) image can also be called as Inter
prediction methods, and prediction approaches using image
information within the same image can also be called as
Intra prediction methods.

The second phase is one of coding the error between the
predicted block of pixels and the original block of pixels.
This may be accomplished by transforming the difference in
pixel values using a specified transform. This transform may
be e.g. a Discrete Cosine Transform (DCT) or a variant
thereof. After transforming the difference, the transformed
difference may be quantized and entropy encoded.

By varying the fidelity of the quantization process, the
encoder can control the balance between the accuracy of the
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sentation (in other words, the file size or transmission bit
rate).

The decoder reconstructs the output video by applying a
prediction mechanism similar to that used by the encoder in
order to form a predicted representation of the pixel blocks
(using the motion or spatial information created by the
encoder and stored in the compressed representation of the
image) and prediction error decoding (the inverse operation
of the prediction error coding to recover the quantized
prediction error signal in the spatial domain).

After applying pixel prediction and error decoding pro-
cesses the decoder combines the prediction and the predic-
tion error signals (the pixel values) to form the output video
frame.

The decoder (and encoder) may also apply additional
filtering processes in order to improve the quality of the
output video before passing it for display and/or storing as
a prediction reference for the forthcoming frames in the
video sequence.

In some video codecs, such as High Efficiency Video
Coding Working Draft 4, video pictures may be divided into
coding units (CU) covering the area of a picture. A coding
unit consists of one or more prediction units (PU) defining
the prediction process for the samples within the coding unit
and one or more transform units (TU) defining the prediction
error coding process for the samples in the coding unit. A
coding unit may consist of a square block of samples with
a size selectable from a predefined set of possible coding
unit sizes. A coding unit with the maximum allowed size can
be named as a largest coding unit (LCU) and the video
picture may be divided into non-overlapping largest coding
units. A largest coding unit can further be split into a
combination of smaller coding units, e.g. by recursively
splitting the largest coding unit and resultant coding units.
Each resulting coding unit may have at least one prediction
unit and at least one transform unit associated with it. Each
prediction unit and transform unit can further be split into
smaller prediction units and transform units in order to
increase granularity of the prediction and prediction error
coding processes, respectively. Each prediction unit may
have prediction information associated with it defining what
kind of a prediction is to be applied for the pixels within that
prediction unit (e.g. motion vector information for inter
predicted prediction units and intra prediction directionality
information for intra predicted prediction units). Similarly,
each transform unit may be associated with information
describing the prediction error decoding process for samples
within the transform unit (including e.g. discrete cosine
transform (DCT) coeflicient information). It may be sig-
nalled at coding unit level whether prediction error coding is
applied or not for each coding unit. In the case there is no
prediction error residual associated with the coding unit, it
can be considered there are no transform units for the coding
unit. The division of the image into coding units, and
division of coding units into prediction units and transform
units may be signalled in the bitstream allowing the decoder
to reproduce the intended structure of these units.

In some video codecs, motion information is indicated by
motion vectors associated with each motion compensated
image block. These motion vectors represent the displace-
ment of the image block in the picture to be coded (in the
encoder) or decoded (at the decoder) and the prediction
source block in one of the previously coded or decoded
images (or pictures). In order to represent motion vectors
efficiently, motion vectors may be coded differentially with
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respect to block specific predicted motion vector. In some
video codecs, the predicted motion vectors are created in a
predefined way, for example by calculating the median of
the encoded or decoded motion vectors of the adjacent
blocks.

Another way to create motion vector predictions is to
generate a list or a set of candidate predictions from blocks
in the current frame and/or co-located or other blocks in
temporal reference pictures and signalling the chosen can-

4

is generated, some of the motion vector prediction candi-
dates may have the same motion information. In this case,
the identical motion vector prediction candidates may be
removed to reduce redundancy. During the decoding, if the
temporal motion vector prediction information is unavail-
able due to e.g. loss of reference frame, the decoder may not
know if the temporal motion vector prediction candidate in
the list is to be removed. This may lead to uncertainty for
mapping the decoded candidate index to the candidates

didate as the motion vector prediction. A spatial motion 10 I 1 decision is based . G
vector prediction is a prediction obtained only on the basis W fose rf:move.lh ECISIOH 1 | asec on compangg motion
of information of one or more blocks of the same frame than information wit t e lempora mgtlon vector pre¢ 19t10n. As
the current frame whereas temporal motion vector prediction a result, false assignment of motion vector prediction can-
p P . ; L
is a prediction obtained on the basis of information of one or d%dates may occur Whlc,h may lead to degrade}tlon m .the
more blocks of a frame different from the current frame. It 15 Picture quality and . drift of false motion information
may also be possible to obtain motion vector predictions by throughout the decoding process.
combining both spatial and temporal prediction information
of one or more encoded blocks. These kinds of motion SUMMARY
vector predictions are called as spatio-temporal motion ) o )
vector predictions. 29 The present invention introduces a method for generating
In addition to predicting the motion vector values, the a motion vector prediction list for an image block. In some
reference index in the reference picture list can be predicted. embodiments video codecs employ in a motion prediction
The reference index may be predicted from blocks in the candidate list construction a way to reduce the complexity of
current frame and/or co-located or other blocks in a temporal the implementation. This can be achieved by performing a
reference picture. Moreover, some high efficiency video 25 limited number of motion information comparisons between
codecs employ an additional motion information coding/ candidate pairs to remove the redundant candidates rather
decoding mechanism, often called merging/merge mode, than comparing every available candidate pair. The decision
where all the motion field infomlation, which includes of whether Comparing two candidates may depend on the
motion vector and correqunding r.eference picture .index for order of the candidates to be considered for the list and/or
each av?ulable reference.plctl.lre list, may be. predlgtefi and 30 coding/prediction mode and/or location of the blocks asso-
used without any modification or correction. Similarly, ciated with the candidates. In some embodiments a video
prf:dlctlng the.motlon ﬁeld 1nf0.rmat10n may l?e carried out codec employs a merge process for motion information
using the motion field information of blo.c ks in the current coding and creates a list of motion prediction candidates
frame and/or co-located or other blocks in temporal refer- from which one of the candidates is to be sionalled as the
ence pictures and the used motion field information is 35 on inf ion for th i g dicti .
signalled among a list of motion field candidate list filled motion n onnathn .ort ¢ cu.rrent coding or pre ietion unit.
with motion field information of available blocks in the The.motlor.l predlc.t ron candidates may COIIS.ISt of 3¢ V.eral
current frame and/or co-located or other blocks in temporal spatial mptlon pr.edICtIOIlS and a.tempor al motion p.I'edl.CUOIl.
reference pictures. The. spatial candlde}tes are obtained from the motion infor-
In some video codecs the prediction residual after motion 40 Mation of e.g. spatial neighbour blocks. ]
compensation is first transformed with a transform kernel According to a first aspect of the present invention there
(like DCT) and then coded. The reason for this is that often is provided a method comprising:
there still exists some correlation among the residual and receiving a block of pixels including a prediction unit;
transform can in many cases help reduce this correlation and determining a set of spatial motion vector prediction candi-
provide more efficient coding. 45 dates for the block of pixels; the spatial motion vector
Some video encoders utilize Lagrangian cost functions to prediction candidates being provided with motion informa-
find optimal coding modes, e.g. the desired Macroblock tion;
mode and associated motion vectors. This kind of cost selecting a first spatial motion vector prediction candidate
function uses a weighting factor A to tie together the (exact from the set of spatial motion vector prediction candidates as
or estimated) image distortion due to lossy coding methods 50 a potential spatial motion vector prediction candidate to be
and the (exact or estimated) amount of information that is included in a merge list for the prediction unit;
required to represent the pixel values in an image area: determining a subset of spatial motion vector predictions
based on the location of the block associated with the first
C=D+IR ® spatial motion vector prediction candidate;
where C is the Lagrangian cost to be minimized, D is the 55  comparing motion information of the first spatial motion
image distortion (e.g. Mean Squared Error) with the mode vector prediction candidate with motion information of the
and motion vectors considered, and R the number of bits spatial motion vector prediction candidate in the determined
needed to represent the required data to reconstruct the subset of spatial motion vector prediction candidates;
image block in the decoder (including the amount of data to if at least one of the comparisons indicates that the motion
represent the candidate motion vectors). 60 vector information of the spatial motion vector prediction
Some video codecs such as hybrid video codecs may candidates correspond with each other, excluding the first
generate a list of motion vector predictions (MVP) consist- spatial motion vector prediction candidate from the merge
ing of motion vectors of spatial adjacent blocks (spatial list.
MVP) and/or motion vectors of blocks in a previously According to a second aspect of the present invention
decoded frame (temporal MVP). One of the candidate 65 there is provided a method comprising:

motion vectors in the list is signalled to be used as the
motion vector prediction of the current block. After the list

receiving an encoded block of pixels including a predic-
tion unit;
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determining a set of spatial motion vector prediction
candidates for the encoded block of pixels; the spatial
motion vector prediction candidates being provided with
motion information;

selecting a first spatial motion vector prediction candidate
from the set of spatial motion vector prediction candidates as
a potential spatial motion vector prediction candidate to be
included in a merge list for the prediction unit;

determining a subset of spatial motion vector predictions

6

another spatial motion vector prediction candidate of the set
of spatial motion vector prediction candidates;

if at least one of the comparisons indicates that the motion
vector information of the spatial motion vector prediction
candidates correspond with each other, excluding the first
spatial motion vector prediction candidate from the merge
list.

According to a fifth aspect of the present invention there
is provided a storage medium having stored thereon a

based on the location of the block associated with the first 10
. . .. . computer executable program code for use by an encoder,
spatial motion vector prediction candidate; d P ses instructi for

comparing motion information of the first spatial motion Salc program ¢ode COMPIISES NSTUCLONS Jor: -~ .
vector prediction candidate with motion information of receiving a block of plxels.lncludu.lg a prediction 1.1n1.t ’
another spatial motion vector prediction candidate of the set de.terrmmng a set of spa.tlal motion Yector Predlctlon
of spatial motion vector prediction candidates; 15 cand.lde.ltes for the block pf plxels.; the spatlal mothn vector

if at least one of the comparisons indicates that the motion ~ Prediction candidates being provided with motion informa-
vector information of the spatial motion vector prediction fion;
candidates correspond with each other, excluding the first select a first spatial motion vector prediction candidate
spatial motion vector prediction candidate from the merge from the set of spatial motion vector prediction candidates as
list. 20 a potential spatial motion vector prediction candidate to be

According to a third aspect of the present invention there included in a merge list for the prediction unit;
is provided an apparatus comprising a processor and a determine a subset of spatial motion vector predictions
memory including computer program code, the memory and based on the location of the block associated with the first
the computer program code configured to, with the proces- spatial motion vector prediction candidate;
sor, cause the apparatus to: 25 compare motion information of the first spatial motion

receive a block of pixels vector prediction candidate with motion information of the

including a prediction unit; spatial motion vector prediction candidate in the determined
determining a set of spatial motion vector prediction subset of spatial motion vector prediction candidates;
candidates for the block of pixels; the spatial motion vector exclude the first spatial motion vector prediction candi-
prediction candidates being provided with motion informa- 30 date from the merge list, if at least one of the comparisons
tion; indicates that the motion vector information of the spatial
selecting a first spatial motion vector prediction candidate motion vector prediction candidates correspond with each
from the set of spatial motion vector prediction candidates as other
a potential spatial motion vector prediction candidate to be According to a sixth aspect of the present invention there
included in a merge list for the prediction unit; 35 is provided a storage medium having stored thereon a
determining a subset of spatial motion vector predictions computer executable program code for use by a decoder,
based on the location of the block associated with the first said program code comprises instructions for:
spatial motion vector prediction candidate; receiving an encoded block of pixels including a predic-
comparing motion information of the first spatial motion tion unit;
vector prediction candidate with motion information of the 40  determining a set of spatial motion vector prediction
spatial motion vector prediction candidate in the determined candidates for the encoded block of pixels; the spatial
subset of spatial motion vector prediction candidates; motion vector prediction candidates being provided with
if at least one the comparisons indicates that the motion motion information;
vector information of the spatial motion vector prediction selecting a first spatial motion vector prediction candidate
candidates correspond with each other, excluding the first 45 from the set of spatial motion vector prediction candidates as
spatial motion vector prediction candidate from the merge a potential spatial motion vector prediction candidate to be
list. included in a merge list for the prediction unit;

According to a fourth aspect of the present invention there determining a subset of spatial motion vector predictions
is provided an apparatus comprising a processor and a based on the location of the block associated with the first
memory including computer program code, the memory and 350 spatial motion vector prediction candidate;
the computer program code configured to, with the proces- comparing motion information of the first spatial motion
sor, cause the apparatus to: vector prediction candidate with motion information of the

receive an encoded block of pixels spatial motion vector prediction candidate in the determined

including a prediction unit; subset of spatial motion vector prediction candidates;
determining a set of spatial motion vector prediction 55  ifat least one of the comparisons indicates that the motion
candidates for the encoded block of pixels; the spatial vector information of the spatial motion vector prediction
motion vector prediction candidates being provided with candidates correspond with each other, excluding the first
motion information; spatial motion vector prediction candidate from the merge
selecting a first spatial motion vector prediction candidate list.
from the set of spatial motion vector prediction candidates as 60  According to a seventh aspect of the present invention
a potential spatial motion vector prediction candidate to be there is provided an apparatus comprising:
included in a merge list for the prediction unit; means for receiving a block of pixels including a predic-
determining a subset of spatial motion vector predictions tion unit;
based on the location of the block associated with the first means for determining a set of spatial motion vector
spatial motion vector prediction candidate; 65 prediction candidates for the block of pixels; the spatial

comparing motion information of the first spatial motion
vector prediction candidate with motion information of

motion vector prediction candidates being provided with
motion information;
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selecting a first spatial motion vector prediction candidate
from the set of spatial motion vector prediction candidates as
a potential spatial motion vector prediction candidate to be
included in a merge list for the prediction unit;

determining a subset of spatial motion vector predictions
based on the location of the block associated with the first
spatial motion vector prediction candidate;

comparing motion information of the first spatial motion
vector prediction candidate with motion information of the

8

FIG. 7 shows schematically an embodiment of the inven-
tion as incorporated within a decoder;

FIGS. 8a and 85 show a flow diagram of showing the
operation of an embodiment of the invention with respect to
the decoder shown in FIG. 7;

FIG. 9 illustrates an example of a coding unit and some
neighbour blocks of the coding unit;

FIG. 10q illustrates an example of a horizontal division of
the coding unit;

spatial motion vector prediction candidate in the determined 10 FIG. 105 illustrates an example of a vertical division of
subset of spatial motion vector prediction candidates; the coding unit;
if at least one of the comparisons indicates that the motion FIG. 11aq illustrates locations of five spatial neighbours
vector information of the spatial motion vector prediction A0, Al, B0, B1, B2 for a prediction unit generated as the
candidates correspond with each other, excluding the first second prediction unit of a horizontally divided coding unit;
spatial motion vector prediction candidate from the merge 15  FIG. 114 illustrates locations of five spatial neighbours for
list. a prediction unit generated as the second prediction unit of
According to an eighth aspect of the present invention a vertically divided coding unit; and
there is provided an apparatus comprising: FIG. 12 illustrates an example of blocks between some
means for receiving an encoded block of pixels including spatial neighbours of a coding unit.
a prediction unit; 20
means for determining a set of spatial motion vector DETAILED DESCRIPTION OF SOME
prediction candidates for the encoded block of pixels; the EXAMPLE EMBODIMENTS
spatial motion vector prediction candidates being provided
with motion information; The following describes in further detail suitable appara-
means for selecting a first spatial motion vector prediction 25 tus and possible mechanisms for the provision of improving
candidate from the set of spatial motion vector prediction  the prediction accuracy and hence possibly reducing infor-
candidates as a potential spatial motion vector prediction mation to be transmitted in video coding systems. In this
candidate to be included in a merge list for the prediction regard reference is first made to FIG. 1 which shows a
unit; schematic block diagram of an exemplary apparatus or
means for determining a subset of spatial motion vector 30 electronic device 50, which may incorporate a codec accord-
predictions based on the location of the block associated ing to an embodiment of the invention.
with the first spatial motion vector prediction candidate; The electronic device 50 may for example be a mobile
means for comparing motion information of the first terminal or user equipment of a wireless communication
spatial motion vector prediction candidate with motion system. However, it would be appreciated that embodiments
information of the spatial motion vector prediction candidate 35 of the invention may be implemented within any electronic
in the determined subset of spatial motion vector prediction ~ device or apparatus which may require encoding and decod-
candidates; ing or encoding or decoding video images.
means for excluding the first spatial motion vector pre- The apparatus 50 may comprise a housing 30 for incor-
diction candidate from the merge list, if at least one of the ~ porating and protecting the device. The apparatus 50 further
comparisons indicates that the motion vector information of 40 may comprise a display 32 in the form of a liquid crystal
the spatial motion vector prediction candidates correspond display. In other embodiments of the invention the display
with each other. may be any suitable display technology suitable to display
an image or video. The apparatus 50 may further comprise
DESCRIPTION OF THE DRAWINGS a keypad 34. In other embodiments of the invention any
45 suitable data or user interface mechanism may be employed.
For better understanding of the present invention, refer- For example the user interface may be implemented as a
ence will now be made by way of example to the accom- virtual keyboard or data entry system as part of a touch-
panying drawings in which: sensitive display. The apparatus may comprise a microphone
FIG. 1 shows schematically an electronic device employ- 36 or any suitable audio input which may be a digital or
ing some embodiments of the invention; 50 analogue signal input. The apparatus 50 may further com-
FIG. 2 shows schematically a user equipment suitable for prise an audio output device which in embodiments of the
employing some embodiments of the invention; invention may be any one of: an earpiece 38, speaker, or an
FIG. 3 further shows schematically electronic devices analogue audio or digital audio output connection. The
employing embodiments of the invention connected using apparatus 50 may also comprise a battery 40 (or in other
wireless and wired network connections; 55 embodiments of the invention the device may be powered by
FIG. 4a shows schematically an embodiment of the any suitable mobile energy device such as solar cell, fuel cell
invention as incorporated within an encoder; or clockwork generator). The apparatus may further com-
FIG. 4b shows schematically an embodiment of a predic- prise an infrared port 42 for short range line of sight
tion reference list generation and modification according to communication to other devices. In other embodiments the
some embodiments of the invention; 60 apparatus 50 may further comprise any suitable short range
FIGS. 5a and 56 show a flow diagram showing the communication solution such as for example a Bluetooth
operation of an embodiment of the invention with respect to wireless connection or a USB/firewire wired connection.
the encoder as shown in FIG. 4a; The apparatus 50 may comprise a controller 56 or pro-
FIG. 6a illustrates an example of spatial and temporal cessor for controlling the apparatus 50. The controller 56
prediction of a prediction unit; 65 may be connected to memory 58 which in embodiments of

FIG. 65 illustrates another example of spatial and tem-
poral prediction of a prediction unit;

the invention may store both data in the form of image and
audio data and/or may also store instructions for implemen-

Nokia Exhibit 2005, p. 20
Amazon.com v. Nokia
IPR2024-00604



US 11,570,467 B2

9

tation on the controller 56. The controller 56 may further be
connected to codec circuitry 54 suitable for carrying out
coding and decoding of audio and/or video data or assisting
in coding and decoding carried out by the controller 56.

The apparatus 50 may further comprise a card reader 48
and a smart card 46, for example a UICC and UICC reader
for providing user information and being suitable for pro-
viding authentication information for authentication and
authorization of the user at a network.

The apparatus 50 may comprise radio interface circuitry
52 connected to the controller and suitable for generating
wireless communication signals for example for communi-
cation with a cellular communications network, a wireless
communications system or a wireless local area network.
The apparatus 50 may further comprise an antenna 44
connected to the radio interface circuitry 52 for transmitting
radio frequency signals generated at the radio interface
circuitry 52 to other apparatus(es) and for receiving radio
frequency signals from other apparatus(es).

In some embodiments of the invention, the apparatus 50
comprises a camera capable of recording or detecting indi-
vidual frames which are then passed to the codec 54 or
controller for processing. In some embodiments of the
invention, the apparatus may receive the video image data
for processing from another device prior to transmission
and/or storage. In some embodiments of the invention, the
apparatus 50 may receive either wirelessly or by a wired
connection the image for coding/decoding.

With respect to FIG. 3, an example of a system within
which embodiments of the present invention can be utilized
is shown. The system 10 comprises multiple communication
devices which can communicate through one or more net-
works. The system 10 may comprise any combination of
wired or wireless networks including, but not limited to a
wireless cellular telephone network (such as a GSM, UMTS,
CDMA network etc), a wireless local area network (WLAN)
such as defined by any of the IEEE 802.x standards, a
Bluetooth personal area network, an Ethernet local area
network, a token ring local area network, a wide area
network, and the Internet.

The system 10 may include both wired and wireless
communication devices or apparatus 50 suitable for imple-
menting embodiments of the invention.

For example, the system shown in FIG. 3 shows a mobile
telephone network 11 and a representation of the internet 28.
Connectivity to the internet 28 may include, but is not
limited to, long range wireless connections, short range
wireless connections, and various wired connections includ-
ing, but not limited to, telephone lines, cable lines, power
lines, and similar communication pathways.

The example communication devices shown in the system
10 may include, but are not limited to, an electronic device
or apparatus 50, a combination of a personal digital assistant
(PDA) and a mobile telephone 14, a PDA 16, an integrated
messaging device (IMD) 18, a desktop computer 20, a
notebook computer 22. The apparatus 50 may be stationary
or mobile when carried by an individual who is moving. The
apparatus 50 may also be located in a mode of transport
including, but not limited to, a car, a truck, a taxi, a bus, a
train, a boat, an airplane, a bicycle, a motorcycle or any
similar suitable mode of transport.

Some or further apparatuses may send and receive calls
and messages and communicate with service providers
through a wireless connection 25 to a base station 24. The
base station 24 may be connected to a network server 26 that
allows communication between the mobile telephone net-
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work 11 and the internet 28. The system may include
additional communication devices and communication
devices of various types.

The communication devices may communicate using
various transmission technologies including, but not limited
to, code division multiple access (CDMA), global systems
for mobile communications (GSM), universal mobile tele-
communications system (UMTS), time divisional multiple
access (TDMA), frequency division multiple access
(FDMA), transmission control protocol-internet protocol
(TCP-IP), short messaging service (SMS), multimedia mes-
saging service (MMS), email, instant messaging service
(IMS), Bluetooth, IEEE 802.11 and any similar wireless
communication technology. A communications device
involved in implementing various embodiments of the pres-
ent invention may communicate using various media includ-
ing, but not limited to, radio, infrared, laser, cable connec-
tions, and any suitable connection.

With respect to FIG. 4a, a block diagram of a video
encoder suitable for carrying out embodiments of the inven-
tion is shown. Furthermore, with respect to FIGS. 54 and 55,
the operation of the encoder exemplifying embodiments of
the invention specifically with respect to construction of the
list of candidate predictions is shown as a flow diagram.

FIG. 4a shows the encoder as comprising a pixel predictor
302, prediction error encoder 303 and prediction error
decoder 304. FIG. 4a also shows an embodiment of the pixel
predictor 302 as comprising an inter-predictor 306, an
intra-predictor 308, a mode selector 310, a filter 316, and a
reference frame memory 318. In this embodiment the mode
selector 310 comprises a block processor 381 and a cost
evaluator 382. The encoder may further comprise an entropy
encoder 330 for entropy encoding the bit stream.

FIG. 45 depicts an embodiment of the inter predictor 306.
The inter predictor 306 comprises a reference frame selector
360 for selecting reference frame or frames, a motion vector
definer 361, a prediction list modifier 363 and a motion
vector selector 364. These elements or some of them may be
part of a prediction processor 362 or they may be imple-
mented by using other means.

The pixel predictor 302 receives the image 300 to be
encoded at both the inter-predictor 306 (which determines
the difference between the image and a motion compensated
reference frame 318) and the intra-predictor 308 (which
determines a prediction for an image block based only on the
already processed parts of the current frame or picture). The
output of both the inter-predictor and the intra-predictor may
be passed to the mode selector 310. The intra-predictor 308
may have more than one intra-prediction modes. Hence,
each mode may perform the intra-prediction and provide the
predicted signal to the mode selector 310. The mode selector
310 also receives a copy of the image 300.

The mode selector 310 determines which encoding mode
to use to encode the current block. If the mode selector 310
decides to use an inter-prediction mode it will pass the
output of the inter-predictor 306 to the output of the mode
selector 310. If the mode selector 310 decides to use an
intra-prediction mode it will pass the output of one of the
intra-predictor modes to the output of the mode selector 310.

The output of the mode selector is passed to a first
summing device 321. The first summing device may subtract
the pixel predictor 302 output from the image 300 to produce
a first prediction error signal 320 which is input to the
prediction error encoder 303.

The pixel predictor 302 further receives from a prelimi-
nary reconstructor 339 the combination of the prediction
representation of the image block 312 and the output 338 of

Nokia Exhibit 2005, p. 21
Amazon.com v. Nokia
IPR2024-00604



US 11,570,467 B2

11

the prediction error decoder 304. The preliminary recon-
structed image 314 may be passed to the intra-predictor 308
and to a filter 316. The filter 316 receiving the preliminary
representation may filter the preliminary representation and
output a final reconstructed image 340 which may be saved
in a reference frame memory 318. The reference frame
memory 318 may be connected to the inter-predictor 306 to
be used as the reference image against which the future
image 300 is compared in inter-prediction operations.

12

be possible to obtain motion vector predictors by combining
both spatial and temporal prediction information of one or
more encoded blocks. These kinds of motion vector predic-
tors may also be called as spatio-temporal motion vector
predictors.

Reference frames used in encoding the neighbouring
blocks have been stored to the reference frame memory 404.
The reference frames may be short term references or long
term references and each reference frame may have a unique

The operation of the pixel predwtor 302. may be copﬁg- 19" index indicative of the location of the reference frame in the
ured to carry out any known pixel prediction algorithm .
Kknown in the art. reference frame memory. Wher.l a reference frame is no

The pixel predictor 302 1 . filter 385 t longer used as a reference frame it may be removed from the

pixel predictor may also comprise a filter 0
filter the predicted values before outputting them from the refer ence frame memory or marked as a non-reference frame
pixel predictor 302. 15 Where.ln the storage location of that reference frgme may be

The operation of the prediction error encoder 302 and ~ occupied for a new reference frame. In addition to the
prediction error decoder 304 will be described hereafter in reference frames of the neighbouring blocks the reference
further detail. In the following examples the encoder gen- frame selector 360 may also select one or more other frames
erates images in terms of 16x16 pixel macroblocks which go as potential reference frames and store them to the reference
to form the full image or picture. Thus, for the following 20 frame memory.
examples the pixel predictor 302 outputs a series of pre- Motion vector information of encoded blocks is also
dicted macroblocks of size 16x16 pixels and the first sum- stored into the memory so that the inter predictor 306 is able
ming device 321 outputs a series of 16x16 pixel residual to retrieve the motion vector information when processing
data macroblocks which may represent the difference motion vector candidates for the current block.
between a first macro-block in the image 300 against a 25  In some embodiments the motion vectors are stored into
predicted macro-block (output of pixel predictor 302). It one or more lists. For example, motion vectors of uni-
would be appreciated that other size macro blocks may be directionally predicted frames (e.g. P-frames) may be stored
used. to a list called as list 0. For bi-directionally predicted frames

The prediction error encoder 303 comprises a transform (e.g. B-frames) there may be two lists (list 0 and list 1) and
block 342 and a quantizer 344. The transform block 342 30 for multi-predicted frames there may be more than two lists.
transforms the first prediction error signal 320 to a transform Reference frame indices possibly associated with the motion
domain. The transform is, for example, the DCT transform. vectors may also be stored in one or more lists.

The quantizer 344 quantizes the transform domain signal, In some embodiments there may be two or more motion
e.g. the DCT coefficients, to form quantized coefficients. vector prediction procedures and each procedure may have

The prediction error decoder 304 receives the output from 35 its own candidate set creation process. In one procedure,
the prediction error encoder 303 and performs the opposite only the motion vector values are used. In another proce-
processes of the prediction error encoder 303 to produce a dure, which may be called as a Merge Mode, each candidate
decoded prediction error signal 338 which when combined element may comprise 1) The information whether ‘block
with the prediction representation of the image block 312 at was uni-predicted using only list0’ or ‘block was uni-
the second summing device 339 produces the preliminary 40 predicted using only listl” or ‘block was bi-predicted using
reconstructed image 314. The prediction error decoder may list0 and list1’ 2) motion vector value for listO 3) Reference
be considered to comprise a dequantizer 346, which dequan- picture index in listO 4) motion vector value for listl 5)
tizes the quantized coefficient values, e.g. DCT coefficients, Reference picture index listl. Therefore, whenever two
to reconstruct the transform signal and an inverse transfor- prediction candidates are to be compared, not only the
mation block 348, which performs the inverse transforma- 45 motion vector values are compared, but also the five values
tion to the reconstructed transform signal wherein the output mentioned above may be compared to determine whether
of the inverse transformation block 348 contains recon- they correspond with each other or not. On the other hand,
structed block(s). The prediction error decoder may also if any of the comparisons indicate that the prediction can-
comprise a macroblock filter (not shown) which may filter didates do not have equal motion information, no further
the reconstructed macroblock according to further decoded 30 comparisons need be performed.
information and filter parameters. The motion vector definer 361 defines candidate motion

In the following the operation of an example embodiment vectors for the current frame by using one or more of the
of the inter predictor 306 will be described in more detail. motion vectors of one or more neighbour blocks and/or other
The inter predictor 306 receives the current block for inter blocks of the current block in the same frame and/or
prediction. It is assumed that for the current block there 55 co-located blocks and/or other blocks of the current block in
already exists one or more neighbouring blocks which have one or more other frames. These candidate motion vectors
been encoded and motion vectors have been defined for can be called as a set of candidate predictors or a predictor
them. For example, the block on the left side and/or the set. Bach candidate predictor thus represents the motion
block above the current block may be such blocks. Spatial vector of one or more already encoded block. In some
motion vector predictions for the current block can be 60 embodiments the motion vector of the candidate predictor is
formed e.g. by using the motion vectors of the encoded set equal to the motion vector of a neighbour block for the
neighbouring blocks and/or of non-neighbour blocks in the same list if the current block and the neighbour block refer
same slice or frame, using linear or non-linear functions of to the same reference frames for that list. Also for temporal
spatial motion vector predictions, using a combination of prediction there may be one or more previously encoded
various spatial motion vector predictors with linear or non- 65 frames wherein motion vectors of a co-located block or

linear operations, or by any other appropriate means that do
not make use of temporal reference information. It may also

other blocks in a previously encoded frame can be selected
as candidate predictors for the current block. The temporal

Nokia Exhibit 2005, p. 22
Amazon.com v. Nokia
IPR2024-00604



US 11,570,467 B2

13

motion vector predictor candidate can be generated by any
means that make use of the frames other than the current
frame.

The candidate motion vectors can also be obtained by
using more than one motion vector of one or more other
blocks such as neighbour blocks of the current block and/or
co-located blocks in one or more other frames. As an
example, any combination of the motion vector of the block
to the left of the current block, the motion vector of the block
above the current block, and the motion vector of the block
at the up-right corner of the current block may be used (i.e.
the block to the right of the block above the current block).
The combination may be a median of the motion vectors or
calculated by using other formulas. For example, one or
more of the motion vectors to be used in the combination
may be scaled by a scaling factor, an offset may be added,
and/or a constant motion vector may be added. In some
embodiments the combined motion vector is based on both
temporal and spatial motion vectors, e.g. the motion vector
of one or more of the neighbour block or other block of the
current block and the motion vector of a co-located block or
other block in another frame.

If a neighbour block does not have any motion vector
information a default motion vector such as a zero motion
vector may be used instead.

FIG. 9 illustrates an example of a coding unit 900 and
some neighbour blocks 901-905 of the coding unit. As can
be seen from FIG. 9, if the coding unit 900 represents the
current block, the neighbouring blocks 901-905 labelled A0,
Al, BO, B1 and B2 could be such neighbour blocks which
may be used when obtaining the candidate motion vectors.

Creating additional or extra motion vector predictions
based on previously added predictors may be needed when
the current number of candidates is limited or insufficient.
This kind of creating additional candidates can be performed
by combining previous two predictions and/or processing
one previous candidate by scaling or adding offset and/or
adding a zero motion vector with various reference indices.
Hence, the motion vector definer 361 may examine how
many motion vector candidates can be defined and how
many potential candidate motion vectors exist for the current
block. If the number of potential motion vector candidates is
smaller than a threshold, the motion vector definer 361 may
create additional motion vector predictions.

In some embodiments the combined motion vector can be
based on motion vectors in different lists. For example, one
motion vector may be defined by combining one motion
vector from the list O and one motion vector from the list 1
e.g. when the neighbouring or co-located block is a bi-
directionally predicted block and there exists one motion
vector in the list 0 and one motion vector in the list 1 for the
bi-directionally predicted block.

To distinguish the current block from the encoded/de-
coded blocks the motion vectors of which are used as
candidate motion vectors, those encoded/decoded blocks are
also called as reference blocks in this application.

In some embodiments not only the motion vector infor-
mation of the reference block(s) is obtained (e.g. by copy-
ing) but also a reference index of the reference block in the
reference picture list may be copied to the candidate list. The
information whether the block was uni-predicted using only
listO or the block was uni-predicted using only list] or the
block was bi-predicted using list0 and list] may also be
copied. The candidate list may also be called as a candidate
set or a set of motion vector prediction candidates.

FIG. 6a illustrates an example of spatial and temporal
prediction of a prediction unit. There is depicted the current
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block 601 in the frame 600 and a neighbour block 602 which
already has been encoded. The motion vector definer 361
has defined a motion vector 603 for the neighbour block 602
which points to a block 604 in the previous frame 605. This
motion vector can be used as a potential spatial motion
vector prediction 610 for the current block. FIG. 6a depicts
that a co-located block 606 in the previous frame 605, i.e. the
block at the same location than the current block but in the
previous frame, has a motion vector 607 pointing to a block
609 in another frame 608. This motion vector 607 can be
used as a potential temporal motion vector prediction-611
for the current frame.

FIG. 6b illustrates another example of spatial and tem-
poral prediction of a prediction unit. In this example the
block 606 of the previous frame 605 uses bi-directional
prediction based on the block 609 of the frame preceding the
frame 605 and on the block 612 succeeding the current
frame 600. The temporal motion vector prediction for the
current block 601 may be formed by using both the motion
vectors 607, 614 or either of them.

The operation of the prediction list modifier 363 will now
be described in more detail with reference to the flow
diagram of FIGS. 5a and 5b. The prediction list modifier 363
initializes a motion vector prediction list to default values in
block 500 of FIG. 5a. The prediction list modifier 363 may
also initialize a list index to an initial value such as zero.
Then, in block 501 the prediction list modifier checks
whether there are any motion vector candidates to process.
If there is at least one motion vector candidate in the
predictor set for processing, the prediction list modifier 363
generates the next motion vector candidate which may be a
temporal motion vector or a spatial motion vector. The
comparison can be an identicality/equivalence check or
comparing the (absolute) difference against a threshold or
any other similarity metric.

In the following, a merge process for motion information
coding according to an example embodiment will be
described in more detail. The encoder creates a list of motion
prediction candidates from which one of the candidates is to
be signalled as the motion information for the current coding
unit or prediction unit. The motion prediction candidates
may consist of several spatial motion predictions and a
temporal motion prediction. The spatial candidates can be
obtained from the motion information of e.g. the spatial
neighbour blocks A0, A1, BO, B1, B2, whose motion infor-
mation is used as spatial candidate motion predictions. The
temporal motion prediction candidate may be obtained by
processing the motion of a block in a frame other than the
current frame. In this example embodiment, the encoder
operations to construct the merge list for the spatial candi-
dates may include the following. The operations may be
carried out by the prediction list modifier 363, for example.

A maximum number of spatial motion prediction candi-
dates to be included in the merge list may be defined. This
maximum number may have been stored, for example, to the
memory 58 of the apparatus 50, or to another appropriate
place. It is also possible to determine the maximum number
by using other means, or it may be determined in the
software of the encoder of the apparatus 50.

In some embodiments the maximum number of spatial
motion prediction candidates to be included in the merge list
is four but in some embodiments the maximum number may
be less than four or greater than four.

In this example the spatial motion prediction candidates
are the spatial neighbour blocks A0, Al, BO, B1, B2. The
spatial motion vector prediction candidate Al is located on
the left side of the prediction unit when the encoding/
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decoding order is from left to right and from top to bottom
of the frame, slice or another entity to be encoded/decoded.
Respectively, the spatial motion vector prediction candidate
B1 is located above the prediction unit. third; the spatial
motion vector prediction candidate BO is on the right side of
the spatial motion vector prediction candidate B1; the spatial
motion vector prediction candidate AO is below the spatial
motion vector prediction candidate Al; and the spatial
motion vector prediction candidate B2 is located on the
same column than spatial motion vector prediction candidate
Al and on the same row than the spatial motion vector
prediction candidate B1. In other words, the spatial motion
vector prediction candidate B2 is cornerwise neighbouring
the prediction unit as can be seen e.g. from FIG. 9.

These spatial motion prediction candidates can be pro-
cessed in a predetermined order, for example, Al, B1, BO,
A0 and B2. The first spatial motion prediction candidate to
be selected for further examination is thus A1. Before further
examination is performed for the selected spatial motion
prediction candidate, it may be determined whether the
merge list already contains a maximum number of spatial
motion prediction candidates. Hence, the prediction list
modifier 363 compares 502 the number of spatial motion
prediction candidates in the merge list with the maximum
number, and if the number of spatial motion prediction
candidates in the merge list is not less than the maximum
number, the selected spatial motion prediction candidate is
not included in the merge list and the process of constructing
the merge list can be stopped 526. On the other hand, if the
number of spatial motion prediction candidates in the merge
list is less than the maximum number, a further analyses of
the selected spatial motion prediction candidate is performed
(blocks 504-522).

For all the spatial motion prediction candidates for which
the further analyses is to be performed, some or all of the
following conditions below may be tested for determining
whether to include the spatial motion prediction candidate in
the merge list.

The prediction list modifier 363 examines 504 if the
prediction unit or block covering the spatial motion predic-
tion candidate block is not available for motion prediction.
If so, the candidate is not included in the merge list. The
reason that the block is not available may be that the block
is either coded in intra mode or resides in a different slice or
outside of the picture area.

In addition to the common conditions above, for each
spatial motion prediction candidate, if any of the following
conditions holds, then the candidate is not included in the
merge list, otherwise, it is included.

The prediction list modifier 363 determines 506 which
spatial motion prediction candidate of the set of spatial
motion prediction candidates is in question. If the spatial
motion prediction candidate is the block Al, one or more of
the following conditions may be examined 508, 510 to
determine whether to include this spatial motion prediction
candidate in the merge list or not. If the current coding unit
100 is vertically split into two rectangle prediction units 103,
104 as depicted in FIG. 106 and the current prediction unit
is the second prediction unit 104 in the coding/decoding
order (508), this spatial motion prediction candidate is not
included in the merge list. If the current coding unit 100 is
not vertically split into two rectangle prediction units but it
is horizontally split into two rectangle prediction units 101,
102 as depicted in FIG. 10a and the current prediction unit
is the second prediction unit in the coding/decoding order
and the block Al has the same motion information as the
block B1 (510), this spatial motion prediction candidate
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(block A1) is not included in the merge list. In the example
of FIG. 10qa the second prediction unit is the lower predic-
tion unit 102 of the coding unit 100 and in the example of
FIG. 105 the second prediction unit is the rightmost predic-
tion unit 104 of the coding unit 100. If none of the conditions
above is fulfilled the block Al is included in the merge list
as a spatial motion prediction candidate (524).

If the spatial motion prediction candidate is the block B1,
one or more of the following conditions may be examined
512, 514 to determine whether to include this spatial motion
prediction candidate in the merge list or not. If the current
coding unit 100 is horizontally split into two rectangle
prediction units 101, 102 as depicted in FIG. 10a and the
current prediction unit is the second prediction unit 104 in
the coding/decoding order (512), this spatial motion predic-
tion candidate is not included in the merge list. If the current
coding unit 100 is not horizontally split into two rectangle
prediction units and if the block B1 has the same motion
information than the block Al (514), this spatial motion
prediction candidate (block B1) is not included in the merge
list. If none of the conditions above is fulfilled the block B1
is included in the merge list as a spatial motion prediction
candidate (524).

If the spatial motion prediction candidate is the block BO,
this spatial motion prediction candidate is not included in the
merge list if the block B0 has the same motion information
than the block B1 (516). Otherwise, if the number of spatial
motion prediction candidates in the merge list is less than the
maximum number of spatial motion prediction candidates,
this spatial motion prediction candidate (block BO) is
included in the merge list (524).

If the spatial motion prediction candidate is the block A0,
this spatial motion prediction candidate is not included in the
merge list if the block A0 has the same motion information
than the block Al (518). Otherwise, if the number of spatial
motion prediction candidates in the merge list is less than the
maximum number of spatial motion prediction candidates,
this spatial motion prediction candidate (block AO) is
included in the merge list (524).

If the spatial motion prediction candidate is the block B2,
this spatial motion prediction candidate is not included in the
merge list if the maximum number of spatial motion pre-
diction candidates is four and the other blocks A0, Al, BO,
and B1 are all decided to be included in the merge list (520).
Otherwise, if the number of spatial motion prediction can-
didates in the merge list is less than the maximum number
of spatial motion prediction candidates, the block B2 is not
included in the merge list if the block B2 has the same
motion information than the block B1 or the block A1 (522).

Then, after processing the blocks Al, B1, B0, A0 and B2
and including a subset of them in the merge list based on the
above described conditions, no more redundancy check
between these candidates are performed and remaining
temporal motion prediction candidate and/or other possible
additional candidates may be processed.

Comparing two blocks whether they have the same
motion may be performed by comparing all the elements of
the motion information, namely 1) The information whether
‘the prediction unit is uni-predicted using only reference
picture 1ist0’ or ‘the prediction unit is un-predicted using
only reference picture listl” or ‘the prediction unit is bi-
predicted using both reference picture list0 and listl’ 2)
Motion vector value corresponding to the reference picture
list0 3) Reference picture index in the reference picture listO
4) Motion vector value corresponding to the reference
picture listl 5) Reference picture index in the reference
picture listl.
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In some embodiments similar restrictions for comparing
candidate pairs can be applied if the current coding unit is
coded/decoded by splitting into four or any number of
prediction units.

The maximum number of merge list candidates can be any
non-zero value. In the example above the merger list can-
didates were the spatial neighbour blocks A0, Al, B0, B1,
B2 and the temporal motion prediction candidate, but there
may be more than one temporal motion prediction candidate
and also other spatial motion prediction candidates than the
spatial neighbour blocks. In some embodiments there may
also be other spatial neighbour blocks than the blocks A0,
Al, B0, B1, B2.

It is also possible that the maximum number of spatial
motion prediction candidates included in the list can be
different than four.

In some embodiments the maximum number of merge list
candidates and maximum number of spatial motion predic-
tion candidates included in the list can depend on whether a
temporal motion vector candidate is included in the list or
not.

A different number of spatial motion prediction candi-
dates located at various locations in the current frame can be
processed. The locations can be the same as or different than
Al, B1, BO, A0 and B2.

The decision of including which spatial motion prediction
candidates in the list can be realized in two steps. In the first
step, some of the candidates are eliminated by checking
whether the candidate block is available and/or the candidate
block’s prediction mode is intra and/or whether the current
block is a second prediction unit of a coding unit coded with
two prediction units and the candidate has the same motion
with the first prediction unit. In the second step, remaining
candidates are examined and some or all of them are
included in the merge list. The examination in the second
step does not include comparing motion information of each
possible candidate pair but includes a subset of the possible
comparison combinations.

The decisions for the candidates can be taken in any order
of Al, B1, BO, A0 and B2 or independently in parallel.

For each candidate and/or a subset of the candidates, the
following conditions may also be checked: Whether the
candidate block has the same motion as the first prediction
unit of the current coding unit when the current coding unit
is split into two rectangle prediction units and the current
prediction unit is the second prediction unit in the coding/
decoding order.

Additional conditions related to various properties of
current and/or previous slices and/or current and/or neigh-
bour blocks can be utilized for determining whether to
include a candidate in the list.

Motion comparison can be realized by comparing a subset
of the whole motion information. For example, only the
motion vector values for some or all reference picture lists
and/or reference indices for some or all reference picture
lists and/or an identifier value assigned to each block to
represent its motion information can be compared. The
comparison can be an identicality or an equivalence check or
comparing the (absolute) difference against a threshold or
any other similarity metric.

Conditions for deciding whether a candidate is to be
included in the list can include motion information com-
parison with any subset of the candidates as long as not all
possible candidate pairs are compared eventually.

Deciding whether a temporal motion vector candidate is
to be included in the list can be based on comparing its
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motion information with motion information of a subset of
the spatial motion vector prediction candidates.

When comparing motion information of two blocks,
motion information of additional blocks can be considered
too. For example, when comparing the block B2 and the
block A1, all the blocks between the block B2 and the block
Al (illustrated in FIG. 12) are checked whether they have
the same motion; and when comparing the block B2 and the
block B1, all the blocks between the block B2 and the block
B1 (illustrated in FIG. 12) are checked whether they have
the same motion. This embodiment can be implemented so
that the right-most block of each prediction unit or all blocks
of each prediction unit may store the information of how
many consecutive blocks to the above have the same motion
information. Also the bottom-most block of each prediction
unit or all blocks of each prediction unit may store the
information of how many consecutive blocks to the left have
the same motion information. Using this information the
condition for not including BO in the list can be realized by
checking if the number of consecutive blocks with the same
motion to the left of BO is greater than 0. The condition for
not including A0 in the list can be realized by checking if the
number of consecutive blocks with same motion to the
above of AO is greater than 0. The conditions for not
including B2 can be modified as follows:

It is not examined whether the block B2 has same motion
as the block B1 or whether the block B2 has same motion as
the block A1, but how many consecutive blocks exists to the
left of the block B1 with the same motion than the block B1
and/or how many consecutive blocks exist above the block
Al with the same motion. If the number of consecutive
blocks with the same motion to the left of the block B1 is
greater than the number of blocks between B2 and B1, or if
the number of consecutive blocks with the same motion
above the block Al is greater than the number of blocks
between the block B2 and the block Al, the block B2 is not
included in the merge list.

If the above implementation is used, the value of how
many consecutive blocks to the left/above have the same
motion information can be determined by direct comparison
of motion information or checking the prediction mode
and/or the merge index if the block employs a merge
process.

When coding/decoding the selected merge index, the
information whether the merge process is employed for
coding/decoding a Skip mode coding unit or an Inter Merge
mode prediction unit can be taken into account. For
example, if a context adaptive binary arithmetic coder
(CABAC) is used for entropy coding/decoding, different
contexts can be used for the bins depending on the coding
mode (Skip mode or inter merge mode) of the current block.
Furthermore, assigning two contexts depending on whether
the merge process is employed in a Skip mode coding unit
or an inter Merge mode prediction unit can be applied for
only the most significant bin of the merge index.

During the process of removal of redundant candidates,
comparison between motion vector predictor candidates can
also be based on any other information than the motion
vector values. For example, it can be based on linear or
non-linear functions of motion vector values, coding or
prediction types of the blocks used to obtain the motion
information, block size, the spatial location in the frame/
(largest) coding unit/macroblock, the information whether
blocks share the same motion with a block, the information
whether blocks are in the same coding/prediction unit, etc.
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The following pseudo code illustrates an example
embodiment of the invention for constructing the merging
list.

Inputs to this process are

a luma location (xP, yP) specifying the top-left luma
sample of the current prediction unit relative to the
top-left sample of the current picture;

variables specifying the width and the height of the
prediction unit for luma, nPSW and nPSH; and

a variable Partldx specifying the index of the current
prediction unit within the current coding unit.

Outputs of this process are (with N being replaced by A,
A, By, B, or B, and with X being replaced by 0 or 1)

the availability flags availableFlagN of the neighbouring
prediction units,

the reference indices refldxLXN of the neighbouring
prediction units,

the prediction list utilization flags predFlagl. XN of the
neighbouring prediction units,

the motion vectors mvLXN of the neighbouring predic-
tion units.

For the derivation of availableFlagN, with N being A,, A,
B,, B, or B, and (xN, yN) being (xP-1, yP+nPSH), (xP-1,
yP+nPSH-1), xP+nPSW, yP-1), (xP+nPSW-1, yP-1) or
(xP-1, yP-1), the following applies.

If one of the following conditions is true, the availableF-
lagN is set equal to 0, both components mvL.XN are set
equal to 0, refldxLXN and predFlagl. X[xN, yN] of the
prediction unit covering luma location (xN, yN) are
assigned respectively to mvLXN, refldx[.XN and pred-
Flagl. XN.

N is equal to B, and availableFlagA,+availableFlagA, +
availableFlagB,+availableFlagB, is equal to 4.

The prediction unit covering luma location (xN, yN) is not
available or PredMode is MODE_INTRA.

N is equal to Al and PartMode of the current prediction
unit is PART_Nx2N or

PART_nlx2N or PART_nRx2N and Partldx is equal to 1.

N is equal to Al and PartMode of the current prediction
unit is PART _2NxN or PART 2NxnU or
PART_2NxnD and Partldx is equal to 1 and the pre-
diction units covering luma location (xP+nPSW-1,
yP-1) (N=B1) and luma location (xN, yN) (Cand. N)
have identical motion parameters:

mvLX[xP+nPSW-1, yP-1]==mvLX][xN, yN]

refldxLX[xP+nPSW-1, yP-1]==refldxLX[xN, yN]
predFlagl. X[xP+nPSW-1, yP-1]==predFlagl. X[xN, yN]

N is equal to Bl and PartMode of the current prediction
unit is 2NxN or PART 2NxnU or PART_2NxnD and
Partldx is equal to 1.

N is equal to Bl and the prediction units covering luma
location (xP-1, yP+nPSH-1) (N=A1) and luma loca-
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N is equal to AO and the prediction units covering luma
location (xP-1, yP+nPSH-1) (N=A1) and luma loca-
tion (xN, yN) (Cand. N) have identical motion param-
eters:

mvLX[xP-1, yP+nPSH-1]=—=mvLX[xN, yN]

refldx[LX[xP-1, yP+nPSH-1]==refldxLX[xN, yN]

predFlagl. X[xP-1, yP+nPSH-1|==predFlagl. X[xN, yN]

N is equal to B2 and the prediction units covering luma
location (xP+nPSW-1, yP-1) (N=B1) and luma loca-
tion (xN, yN) (Cand. N) have identical motion param-
eters:

mvLX[xP+nPSW-1, yP-1]==mvLX[xN, yN]

refldxLX[xP+nPSW-1, yP-1]==refldxLX[xN, yN]

predFlagl. X[xP+nPSW-1, yP-1]==predFlagl X[xN, yN]

N is equal to B2 and the prediction units covering luma
location (xP-1, yP+nPSH-1) (N=A1) and luma loca-
tion (xN, yN) (Cand. N) have identical motion param-
eters:

mvLX[xP-1, yP+nPSH-1]=—=mvLX[xN, yN]

refldx[LX[xP-1, yP+nPSH-1]==refldxLX[xN, yN]

predFlagl. X[xP-1, yP+nPSH-1|==predFlagl. X[xN, yN]

PartMode of the current prediction unit is PART_NxN
and Partldx is equal to 3 and the prediction units
covering luma location (xP-1, yP) (Partldx=2) and
luma location (xP-1, yP-1) (Partldx=0) have identical
motion parameters:

mvLX[xP-1, yP]=—mvLX[xP-1, yP-1]

refldxLX[xP-1, yP|=refldxLX[xP-1, yP-1]

predFlagl X[xP-1, yP]==predFlagl. X[xP-1, yP-1] and
the prediction units covering luma location (xP, yP-1)
(Partldx=1) and luma location (xN, yN) (Cand. N) have
identical motion parameters:

mvLX[xP, yP-1]=mvLX[xN, yN]

refldxLX[xP, yP-1]==refldxLX[xN, yN]

predFlagl. X[xP, yP-1]==predFlagl. X[xN, yN]

PartMode of the current prediction unit is PART_NxN
and Partldx is equal to 3 and the prediction units
covering luma location (xP, yP-1) (Partldx=1) and
luma location (xP-1, yP-1) (Partldx=0) have identical
motion parameters:

mvLX[xP, yP-1]=mvLX[xP-1, yP-1]

refldxLX[xP, yP-1]=refldxLX[xP-1, yP-1]

predFlagl X[xP, yP-1]=predFlagl. X[xP-1, yP-1] and
the prediction units covering luma location (xP-1, yP)
(Partldx=2) and luma location (xN, yN) (Cand. N) have
identical motion parameters:

mvLX[xP-1, yP]=mvLX[xN, yN]

refldxLX[xP-1, yP]==refldxLX[xN, yN]

predFlagl. X[xP-1, yP]==predFlagl. X[xN, yN]

Otherwise, availableFlagN is set equal to 1 and the
variables mvLX[xN, yN], refldxLX[xN, yN] and pred-
Flagl. X[xN, yN] of the prediction unit covering luma
location (xN, yN) are assigned respectively to mvLXN,
refldxLXN and predFlagl. XN.

. ) . . 55 For the motion vector predictor candidate list generation
tion (XN’ YN) (Cand. N) have identical motion param- 1, ce55  each list candidate can include more information
eters: than the motion vector value, such as the reference lists used,

mvLX[xP-1, yP+nPSH 1]==mvLX[xN, yN] the reference frames used in each list and motion vector for
refldxL.X[xP-1, yP+nPSH-1]==refldxLX[xN, yN] each list.
predFlagl X[xP-1, yP+nPSH-1]==predFlagLX[xN, yN] ¢, When all motion vector candidates have been examined,

N is equal to BO and the prediction units covering luma
location (xP+nPSW-1, yP-1) (N=B1) and luma loca-
tion (xN, yN) (Cand. N) have identical motion param-
eters:

mvLX[xP+nPSW-1, yP-1]==mvLX][xN, yN]

refldxLX[xP+nPSW-1, yP-1]==refldxLX[xN, yN]

predFlagl. X[xP+nPSW-1, yP-1]==predFlagl. X[xN, yN]

65

one motion vector is selected to be used as the motion vector
for the current block. The motion vector selector 364 may
examine different motion vectors in the list and determine
which motion vector provides the most efficient encoding
result, or the selection of the motion vector may be based on
to other criteria as well. Information of the selected motion
vector is provided for the mode selector for encoding and

Nokia Exhibit 2005, p. 26
Amazon.com v. Nokia
IPR2024-00604



US 11,570,467 B2

21

transmission to the decoder or for storage when the mode
selector determines to use inter prediction for the current
block. The information may include the index of the motion
vector in the list, and/or motion vector parameters or other
appropriate information.

The selected motion vector and the block relating to the
motion vector is used to generate the prediction represen-
tation of the image block 312 which is provided as the output
of the mode selector. The output may be used by the first
summing device 321 to produce the first prediction error
signal 320, as was described above.

The selected motion vector predictor candidate can be
modified by adding a motion vector difference or can be
used directly as the motion vector of the block. Moreover,
after the motion compensation is performed by using the
selected motion vector predictor candidate, the residual
signal of the block can be transform coded or skipped to be
coded.

Although the embodiments above have been described
with respect to the size of the macroblock being 16x16
pixels, it would be appreciated that the methods and appa-
ratus described may be configured to handle macroblocks of
different pixel sizes.

In the following the operation of an example embodiment
of the decoder 600 is depicted in more detail with reference
to FIG. 7.

At the decoder side similar operations are performed to
reconstruct the image blocks. FIG. 7 shows a block diagram
of'a video decoder 700 suitable for employing embodiments
of the invention and FIGS. 8a and 85 show a flow diagram
of an example of a method in the video decoder. The
bitstream to be decoded may be received from the encoder,
from a network element, from a storage medium or from
another source. The decoder is aware of the structure of the
bitstream so that it can determine the meaning of the entropy
coded codewords and may decode the bitstream by an
entropy decoder 701 which performs entropy decoding on
the received signal. The entropy decoder thus performs the
inverse operation to the entropy encoder 330 of the encoder
described above. The entropy decoder 701 outputs the
results of the entropy decoding to a prediction error decoder
702 and a pixel predictor 704.

In some embodiments the entropy coding may not be used
but another channel encoding may be in use, or the encoded
bitstream may be provided to the decoder 700 without
channel encoding. The decoder 700 may comprise a corre-
sponding channel decoder to obtain the encoded codewords
from the received signal.

The pixel predictor 704 receives the output of the entropy
decoder 701. The output of the entropy decoder 701 may
include an indication on the prediction mode used in encod-
ing the current block. A predictor selector 714 within the
pixel predictor 704 determines that an intra-prediction or an
inter-prediction is to be carried out. The predictor selector
714 may furthermore output a predicted representation of an
image block 716 to a first combiner 713. The predicted
representation of the image block 716 is used in conjunction
with the reconstructed prediction error signal 712 to gener-
ate a preliminary reconstructed image 718. The preliminary
reconstructed image 718 may be used in the predictor 714 or
may be passed to a filter 720. The filter 720, if used, applies
a filtering which outputs a final reconstructed signal 722.
The final reconstructed signal 722 may be stored in a
reference frame memory 724, the reference frame memory
724 further being connected to the predictor 714 for predic-
tion operations.

40

45
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Also the prediction error decoder 702 receives the output
of the entropy decoder 701. A dequantizer 792 of the
prediction error decoder 702 may dequantize the output of
the entropy decoder 701 and the inverse transform block 793
may perform an inverse transform operation to the dequan-
tized signal output by the dequantizer 792. The output of the
entropy decoder 701 may also indicate that prediction error
signal is not to be applied and in this case the prediction error
decoder produces an all zero output signal.

The decoder selects the 16x16 pixel residual macroblock
to reconstruct. This residual macroblock is also called as a
current block.

The decoder may receive information on the encoding
mode used in encoding of the current block. The indication
is decoded, when necessary, and provided to the reconstruc-
tion processor 791 of the prediction selector 714. The
reconstruction processor 791 examines the indication and
selects one of the intra-prediction mode(s), if the indication
indicates that the block has been encoded using intra-
prediction, or the inter-prediction mode, if the indication
indicates that the block has been encoded using inter-
prediction.

For inter-prediction mode the reconstruction processor
791 may comprise one or more elements corresponding to
the prediction processor 362 of the encoder, such as a motion
vector definer, a prediction list modifier and/or a motion
vector selector.

The reconstruction processor 791 initializes a motion
vector prediction list to default values in block 800. As was
the case in the encoding part, in this example the spatial
motion prediction candidates are the spatial neighbour
blocks A0, Al, BO, B1, B2 and these spatial motion predic-
tion candidates are processed in the same predetermined
order than in the encoder: Al, B1, B0, A0 and B2. The first
spatial motion prediction candidate to be selected for further
examination is thus Al. Before further examination is per-
formed for the selected spatial motion prediction candidate,
it is examined whether the merge list already contains a
maximum number of spatial motion prediction candidates. If
the number of spatial motion prediction candidates in the
merge list is not less than the maximum number, the selected
spatial motion prediction candidate is not included in the
merge list and the process of constructing the merge list can
be stopped 826. On the other hand, if the number of spatial
motion prediction candidates in the merge list is less than the
maximum number, a further analyses of the selected spatial
motion prediction candidate is performed (blocks 804-822).

The decoder examines 804 if the prediction unit or block
covering the spatial motion prediction candidate block is not
available for motion prediction. If so, the candidate is not
included in the merge list. The reason that the block is not
available may be that the block is either coded in intra mode
or resides in a different slice or outside of the picture area.

In addition to the common conditions above, for each
spatial motion prediction candidate, if any of the following
conditions holds, then the candidate is not included in the
merge list, otherwise, it is included.

The decoder determines 806 which spatial motion pre-
diction candidate of the set of spatial motion prediction
candidates is in question. If the spatial motion prediction
candidate is the block Al, one or more of the following
conditions may be examined 808, 810 to determine whether
to include this spatial motion prediction candidate in the
merge list or not. If the current coding unit 100 is vertically
split into two rectangle prediction units 103, 104 as depicted
in FIG. 105 and the current prediction unit is the second
prediction unit 104 in the coding/decoding order (808), this
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spatial motion prediction candidate is not included in the
merge list. If the current coding unit 100 is not vertically
split into two rectangle prediction units but it is horizontally
split into two rectangle prediction units 101, 102 as depicted
in FIG. 10a and the current prediction unit is the second
prediction unit in the coding/decoding order and the block
Al has the same motion information as the block B1 (810),
this spatial motion prediction candidate (block Al) is not
included in the merge list. In the example of FIG. 10a the
second prediction unit is the lower prediction unit 102 of the
coding unit 100 and in the example of FIG. 105 the second
prediction unit is the rightmost prediction unit 104 of the
coding unit 100. If none of the conditions above is fulfilled
the block Al is included in the merge list as a spatial motion
prediction candidate (824).

If the spatial motion prediction candidate is the block B1,
one or more of the following conditions may be examined
812, 814 to determine whether to include this spatial motion
prediction candidate in the merge list or not. If the current
coding unit 100 is horizontally split into two rectangle
prediction units 101, 102 as depicted in FIG. 10a and the
current prediction unit is the second prediction unit 104 in
the coding/decoding order (812), this spatial motion predic-
tion candidate is not included in the merge list. If the current
coding unit 100 is not horizontally split into two rectangle
prediction units and if the block B1 has the same motion
information than the block Al (814), this spatial motion
prediction candidate (block B1) is not included in the merge
list. If none of the conditions above is fulfilled the block B1
is included in the merge list as a spatial motion prediction
candidate (824).

If the spatial motion prediction candidate is the block BO,
this spatial motion prediction candidate is not included in the
merge list if the block B0 has the same motion information
than the block B1 (816). Otherwise, if the number of spatial
motion prediction candidates in the merge list is less than the
maximum number of spatial motion prediction candidates,
this spatial motion prediction candidate (block BO) is
included in the merge list (824).

If the spatial motion prediction candidate is the block AO,
this spatial motion prediction candidate is not included in the
merge list if the block A0 has the same motion information
than the block Al (818). Otherwise, if the number of spatial
motion prediction candidates in the merge list is less than the
maximum number of spatial motion prediction candidates,
this spatial motion prediction candidate (block AO) is
included in the merge list (824).

If the spatial motion prediction candidate is the block B2,
this spatial motion prediction candidate is not included in the
merge list if the maximum number of spatial motion pre-
diction candidates is four and the other blocks A0, A1, BO,
and B1 are all decided to be included in the merge list (820).
Otherwise, if the number of spatial motion prediction can-
didates in the merge list is less than the maximum number
of spatial motion prediction candidates, the block B2 is not
included in the merge list if the block B2 has the same
motion information than the block B1 or the block A1 (822).

Then, after processing the blocks Al, B1, BO, A0 and B2
and including a subset of them in the merge list based on the
above described conditions, no more redundancy check
between these candidates are performed and remaining
temporal motion prediction candidate and/or other possible
additional candidates may be processed.

When the merge list has been constructed the decoder
may use 828 the indication of the motion vector received
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from the encoder to select the motion vector for decoding the
current block. The indication may be, for example, an index
to the merge list.

Basically, after the reconstruction processor 791 has con-
structed the merge list, it would correspond with the merge
list constructed by the encoder if the reconstruction proces-
sor 791 has the same information available than the encoder
had. If some information has been lost during transmission
the information from the encoder to the decoder, it may
affect the generation of the merge list in the decoder 700.

The above examples describe the operation mainly in the
merge mode but the encoder and decoder may also operate
in other modes.

The embodiments of the invention described above
describe the codec in terms of separate encoder and decoder
apparatus in order to assist the understanding of the pro-
cesses involved. However, it would be appreciated that the
apparatus, structures and operations may be implemented as
a single encoder-decoder apparatus/structure/operation. Fur-
thermore in some embodiments of the invention the coder
and decoder may share some or all common elements.

Although the above examples describe embodiments of
the invention operating within a codec within an electronic
device, it would be appreciated that the invention as
described below may be implemented as part of any video
codec. Thus, for example, embodiments of the invention
may be implemented in a video codec which may implement
video coding over fixed or wired communication paths.

Thus, user equipment may comprise a video codec such
as those described in embodiments of the invention above.

It shall be appreciated that the term user equipment is
intended to cover any suitable type of wireless user equip-
ment, such as mobile telephones, portable data processing
devices or portable web browsers.

Furthermore elements of a public land mobile network
(PLMN) may also comprise video codecs as described
above.

In general, the various embodiments of the invention may
be implemented in hardware or special purpose circuits,
software, logic or any combination thereof. For example,
some aspects may be implemented in hardware, while other
aspects may be implemented in firmware or software which
may be executed by a controller, microprocessor or other
computing device, although the invention is not limited
thereto. While various aspects of the invention may be
illustrated and described as block diagrams, flow charts, or
using some other pictorial representation, it is well under-
stood that these blocks, apparatus, systems, techniques or
methods described herein may be implemented in, as non-
limiting examples, hardware, software, firmware, special
purpose circuits or logic, general purpose hardware or
controller or other computing devices, or some combination
thereof.

The embodiments of this invention may be implemented
by computer software executable by a data processor of the
mobile device, such as in the processor entity, or by hard-
ware, or by a combination of software and hardware. Further
in this regard it should be noted that any blocks of the logic
flow as in the Figures may represent program steps, or
interconnected logic circuits, blocks and functions, or a
combination of program steps and logic circuits, blocks and
functions. The software may be stored on such physical
media as memory chips, or memory blocks implemented
within the processor, magnetic media such as hard disk or
floppy disks, and optical media such as for example DVD
and the data variants thereof, CD.
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The memory may be of any type suitable to the local
technical environment and may be implemented using any
suitable data storage technology, such as semiconductor
based memory devices, magnetic memory devices and sys-
tems, optical memory devices and systems, fixed memory
and removable memory. The data processors may be of any
type suitable to the local technical environment, and may
include one or more of general purpose computers, special
purpose computers, microprocessors, digital signal proces-

26

In some embodiments the method comprises selecting
spatial motion vector prediction candidates from the set of
spatial motion vector prediction candidates as the potential
spatial motion vector prediction candidate in a predeter-
mined order.

In some embodiments the method comprises comparing
motion information of the potential spatial motion vector
prediction candidate with motion information of at most one
other spatial motion vector prediction candidate of the set of

sors (DSPs) and processors based on multi core processor 10 spatial motion vector prediction candidates.
architecture, as non limiting examples. In some embodiments the method comprises prediction

Embodiments of the inventions may be practiced in unit and a second prediction unit; and if so, excluding the
various components such as integrated circuit modules. The potential spatial motion vector prediction candidate from the
design of integrated circuits is by and large a highly auto- merge list if the prediction unit is the second prediction unit.
mated process. Complex and powerful software tools are 15  In some embodiments the method comprises
available for converting a logic level design into a semicon- determining a maximum number of spatial motion vector
ductor circuit design ready to be etched and formed on a prediction candidates to be included in a merge list; and
semiconductor substrate. limiting the number of spatial motion vector prediction

Programs, such as those provided by Synopsys, Inc. of candidates in the merge list smaller or equal to the maximum
Mountain View, Calif. and Cadence Design, of San Jose, 20 number.

Calif. automatically route conductors and locate components In some embodiments the method comprises

on a semiconductor chip using well established rules of examining, if the number of spatial motion vector pre-
design as well as libraries of pre stored design modules. diction candidates in the merge list smaller than the maxi-
Once the design for a semiconductor circuit has been mum number;

completed, the resultant design, in a standardized electronic 25  if so, examining whether a prediction unit to which the
format (e.g., Opus, GDSII, or the like) may be transmitted potential spatial motion vector prediction candidate belongs
to a semiconductor fabrication facility or “fab” for fabrica- is available for motion prediction;

tion. if so, performing at least one of the following:

The foregoing description has provided by way of exem- for the potential spatial motion vector prediction candi-
plary and non-limiting examples a full and informative 30 date on the left side of the prediction unit, excluding the
description of the exemplary embodiment of this invention. potential spatial motion vector prediction candidate from the
However, various modifications and adaptations may merge list if any of the following conditions are fulfilled:
become apparent to those skilled in the relevant arts in view the received block of pixels is vertically divided into a
of the foregoing description, when read in conjunction with first prediction unit and a second prediction unit, and
the accompanying drawings and the appended claims. How- 35 the prediction unit is the second prediction unit;
ever, all such and similar modifications of the teachings of the received block of pixels is horizontally divided into a
this invention will still fall within the scope of this invention. first prediction unit and a second prediction unit, and if

In the following some examples will be provided. the prediction unit is the second prediction unit, and the

In some embodiments a method comprises: potential spatial motion vector prediction candidate has

receiving a block of pixels including a prediction unit; 40 essentially similar motion information than the spatial
determining a set of spatial motion vector prediction candi- motion vector prediction candidate above the predic-
dates for the block of pixels; the spatial motion vector tion unit;
prediction candidates being provided with motion informa- for the potential spatial motion vector prediction candidate
tion; above the prediction unit, excluding the potential spatial

selecting a first spatial motion vector prediction candidate 45 motion vector prediction candidate from the merge list if any
from the set of spatial motion vector prediction candidates as of the following conditions are fulfilled:
a potential spatial motion vector prediction candidate to be the received block of pixels is horizontally divided into a
included in a merge list for the prediction unit; first prediction unit and a second prediction unit, and
determining a subset of spatial motion vector predictions the prediction unit is the second prediction unit;
based on the location of the block associated with the first 50  the potential spatial motion vector prediction candidate
spatial motion vector prediction candidate; has essentially similar motion information than the
comparing motion information of the first spatial motion spatial motion vector prediction candidate on the left
vector prediction candidate with motion information of the side of the prediction unit;
spatial motion vector prediction candidate in the determined for the potential spatial motion vector prediction candi-
subset of spatial motion vector prediction candidates; 55 date, which is on the right side of the potential spatial motion
if at least one of the comparisons indicates that the motion vector prediction candidate above the prediction unit,
vector information of the spatial motion vector prediction excluding the potential spatial motion vector prediction
candidates correspond with each other, excluding the first candidate from the merge list if the potential spatial motion
spatial motion vector prediction candidate from the merge vector prediction candidate has essentially similar motion
list. 60 information than the spatial motion vector prediction can-

In some embodiments the method comprises including didate above the prediction unit;
neighbouring blocks of the received block of pixels in the set for the potential spatial motion vector prediction candi-
of spatial motion vector prediction candidates. date, which is below the potential spatial motion vector

In some embodiments the method comprises constructing prediction candidate on the left side of the prediction unit,
the set of spatial motion vector predictions by using motion 65 excluding the potential spatial motion vector prediction

vectors of one or more encoded blocks in a same frame than
the block of pixels.

candidate from the merge list if the potential spatial motion
vector prediction candidate has essentially similar motion
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information than the spatial motion vector prediction can-
didate on the left side of the prediction unit;

for the potential spatial motion vector prediction candi-
date cornerwise neighbouring the prediction unit, excluding
the potential spatial motion vector prediction candidate from
the merge list if any of the following conditions are fulfilled:

all the other potential spatial motion vector prediction

candidates have been included in the merge list;
the potential spatial motion vector prediction candidate

28

excluding the potential spatial motion vector prediction
candidate from the merge list if the prediction unit is the
second prediction unit.

In some embodiments the method comprises

determining a maximum number of spatial motion vector
prediction candidates to be included in a merge list; and

limiting the number of spatial motion vector prediction
candidates in the merge list smaller or equal to the maximum
number.

has essentially similar motion information than the 1 In some embodiments the method comprises
spatial motion vector prediction candidate above the examining, if the number of spatial motion vector pre-
prediction unit; diction candidates in the merge list smaller than the maxi-
the potential spatial motion vector prediction candidate mum number;
has essentially similar motion information than the ,;  if so, examining whether a prediction unit to which the
spatial motion vector prediction candidate on the left potential spatial motion vector prediction candidate belongs
side of the prediction unit. is available for motion prediction;
In some embodiments the method comprises including a if so, performing at least one of the following:
temporal motion prediction candidate into the merge list. for the potential spatial motion vector prediction candi-
In some embodiments the method comprises selecting one 20 date on the left side of the prediction unit, excluding the
motion vector prediction candidate from the merge list to potential spatial motion vector prediction candidate from the
represent a motion vector prediction for the block of pixels. merge list if any of the following conditions are fulfilled:
In some embodiments a method according to the second the received encoded block of pixels is vertically divided
aspect comprises: into a first prediction unit and a second prediction unit,
receiving an encoded block of pixels including a predic- 25 and the prediction unit is the second prediction unit;
tion unit; the received encoded block of pixels is horizontally
determining a set of spatial motion vector prediction divided into a first prediction unit and a second pre-
candidates for the encoded block of pixels; the spatial diction unit, and if the prediction unit is the second
motion vector prediction candidates being provided with prediction unit, and the potential spatial motion vector
motion information; 30 prediction candidate has essentially similar motion
selecting a first spatial motion vector prediction candidate information than the spatial motion vector prediction
from the set of spatial motion vector prediction candidates as candidate above the prediction unit;
a potential spatial motion vector prediction candidate to be for the potential spatial motion vector prediction candidate
included in a merge list for the prediction unit; 45 above the prediction unit, excluding the potential spatial
determining a subset of spatial motion vector predictions motion vector prediction candidate from the merge list if any
based on the location of the block associated with the first of the following conditions are fulfilled:
spatial motion vector prediction candidate; the received encoded block of pixels is horizontally
comparing motion information of the first spatial motion divided into a first prediction unit and a second pre-
vector prediction candidate with motion information of 49 diction unit, and the prediction unit is the second
another spatial motion vector prediction candidate of the set prediction unit;
of spatial motion vector prediction candidates; the potential spatial motion vector prediction candidate
if at least one of the comparisons indicates that the motion has essentially similar motion information than the
vector information of the spatial motion vector prediction spatial motion vector prediction candidate on the left
candidates correspond with each other, excluding the first 45 side of the prediction unit;
spatial motion vector prediction candidate from the merge for the potential spatial motion vector prediction candi-
list. date, which is on the right side of the potential spatial motion
In some embodiments the method comprises including vector prediction candidate above the prediction unit,
neighbouring blocks of the received encoded block of pixels excluding the potential spatial motion vector prediction
in the set of spatial motion vector prediction candidates. 50 candidate from the merge list if the potential spatial motion
In some embodiments the method comprises constructing vector prediction candidate has essentially similar motion
the set of spatial motion vector predictions by using motion information than the spatial motion vector prediction can-
vectors of one or more decoded blocks in a same frame than didate above the prediction unit;
the received encoded block of pixels. for the potential spatial motion vector prediction candi-
In some embodiments the method comprises selecting 55 date, which is below the potential spatial motion vector
spatial motion vector prediction candidates from the set of prediction candidate on the left side of the prediction unit,
spatial motion vector prediction candidates as the potential excluding the potential spatial motion vector prediction
spatial motion vector prediction candidate in a predeter- candidate from the merge list if the potential spatial motion
mined order. vector prediction candidate has essentially similar motion
In some embodiments the method comprises comparing 60 information than the spatial motion vector prediction can-
motion information of the potential spatial motion vector didate on the left side of the prediction unit;
prediction candidate with motion information of at most one for the potential spatial motion vector prediction candi-
other spatial motion vector prediction candidate of the set of date cornerwise neighbouring the prediction unit, excluding
spatial motion vector prediction candidates. the potential spatial motion vector prediction candidate from
In some embodiments the method comprises examining 65 the merge list if any of the following conditions are fulfilled:

whether the received encoded block of pixels is divided into
a first prediction unit and a second prediction unit; and if so,

all the other potential spatial motion vector prediction
candidates have been included in the merge list;
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the potential spatial motion vector prediction candidate
has essentially similar motion information than the
spatial motion vector prediction candidate above the
prediction unit;

the potential spatial motion vector prediction candidate
has essentially similar motion information than the
spatial motion vector prediction candidate on the left
side of the prediction unit.

In some embodiments the method comprises including a

30

indicates that the motion vector information of the spatial
motion vector prediction candidates correspond with each
other

In some embodiments a storage medium having stored
thereon a computer program code a computer executable
program code for use by an encoder, said program codes
comprise instructions for use by an encoder, said program
code comprises instructions for:

receiving a block of pixels including a prediction unit;

" . - - . . 10 determining a set of spatial motion vector prediction
emporal motion prediction candidate into the merge list. . . . :
In some embodiments the method comprises selecting one cand.lde.ltes for the block o f plxels.; the spatlal motion vector
. . . . p £ prediction candidates being provided with motion informa-
motion vector prediction candidate from the merge list to tion:
represent a mOUOI.l vector prediction for the received selecting a first spatial motion vector prediction candidate
encoded block of.plxels. . . . 15 from the set of spatial motion vector prediction candidates as
In some embodiments an apparatus according to the third a potential spatial motion vector prediction candidate to be
aspect comprises a processor and a memory including included in a merge list for the prediction unit;
computer program code, the memory and the computer determining a subset of spatial motion vector predictions
program code configured to, with the processor, cause the based on the location of the block associated with the first
apparatus to: 20 spatial motion vector prediction candidate;
receive a block of pixels comparing motion information of the first spatial motion
including a prediction unit; vector prediction candidate with motion information of the
determining a set of spatial motion vector prediction spatial motion vector prediction candidate in the determined
candidates for the block of pixels; the spatial motion vector subset of spatial motion vector prediction candidates;
prediction candidates being provided with motion informa- 25  ifat least one of the comparisons indicates that the motion
tion; vector information of the spatial motion vector prediction
selecting a first spatial motion vector prediction candidate ~ candidates correspond with each other, excluding the first
from the set of spatial motion vector prediction candidates as spatial motion vector prediction candidate from the merge
a potential spatial motion vector prediction candidate to be list. . . .
included in a merge list for the prediction unit; 30 In some embodiments a storage medium having stored
determining a subset of spatial motion vector predictions thereon a computer program code a computer executable
2 1Y p :
based on the location of the block associated with the first program cpde for. use by an encoder, said program codes
. . .. . comprise instructions for use by an encoder, said program
spatial motion vector prediction candidate; S - ’
. L . . . code comprises instructions for:
comparing motlon 11.1f0rmat.10n of t.he ﬁrst spatlgl motion 4, receiving an encoded block of pixels including a predic-
vector prediction candidate with motion information of the tion unit;
spatial motlon.vector.predlctlon cand.lde.lte in the.determlned determining a set of spatial motion vector prediction
subset of spatial motion vector prediction candidates; candidates for the encoded block of pixels; the spatial
if at least one the comparisons indicates that the motion motion vector prediction candidates being provided with
vector information of the spatial motion vector prediction 40 motion information;
candidates correspond with each other, excluding the first selecting a first spatial motion vector prediction candidate
spatial motion vector prediction candidate from the merge from the set of spatial motion vector prediction candidates as
list. a potential spatial motion vector prediction candidate to be
In some embodiments an apparatus according to the included in a merge list for the prediction unit;
fourth aspect comprises a processor and a memory including 45  determining a subset of spatial motion vector predictions
computer program code, the memory and the computer based on the location of the block associated with the first
program code configured to, with the processor, cause the spatial motion vector prediction candidate;
apparatus to: comparing motion information of the first spatial motion
receive an encoded block of pixels including a prediction vector prediction candidate with motion information of the
unit; 50 spatial motion vector prediction candidate in the determined
determine a set of spatial motion vector prediction can- subset of spatial motion vector prediction candidates;
didates for the encoded block of pixels; the spatial motion if at least one of the comparisons indicates that the motion
vector prediction candidates being provided with motion vector information of the spatial motion vector prediction
information; candidates correspond with each other, excluding the first
select a first spatial motion vector prediction candidate 55 spatial motion vector prediction candidate from the merge
from the set of spatial motion vector prediction candidates as list.
a potential spatial motion vector prediction candidate to be In some embodiments an apparatus comprises:
included in a merge list for the prediction unit; means for receiving a block of pixels including a predic-
determine a subset of spatial motion vector predictions tion unit;
based on the location of the block associated with the first 60  means for selecting a first spatial motion vector prediction
spatial motion vector prediction candidate; candidate from the set of spatial motion vector prediction
compare motion information of the first spatial motion candidates as a potential spatial motion vector prediction
vector prediction candidate with motion information of the candidate to be included in a merge list for the prediction
spatial motion vector prediction candidate in the determined unit;
subset of spatial motion vector prediction candidates; 65  means for determining a subset of spatial motion vector

exclude the first spatial motion vector prediction candi-
date from the merge list, if at least one of the comparisons

predictions based on the location of the block associated
with the first spatial motion vector prediction candidate;
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means for comparing motion information of the first
spatial motion vector prediction candidate with motion
information of the spatial motion vector prediction candidate
in the determined subset of spatial motion vector prediction
candidates;

means for excluding the first spatial motion vector pre-
diction candidate from the merge list, if at least one of the
comparisons indicates that the motion vector information of
the spatial motion vector prediction candidates correspond

5
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motion vector prediction list for a prediction unit of the
block of pixels if the prediction unit of the block of pixels
is the second prediction unit.
4. The method according to claim 1, further comprising
determining a maximum number of spatial motion vector
prediction candidates to be included in the motion
vector prediction list; and
limiting the number of spatial motion vector prediction
candidates in the motion vector prediction list to be

with each other. 10 -
. . smaller or equal to the maximum number.
In some embodiments an apparatus comprises: . . .
. . . . 5. The method according to claim 1 comprising at least
means for receiving an encoded block of pixels including .
. - one of the following:
a prediction unit; . . . - .
means for determining a set of spatial motion vector for a potentlgl spatial mqtlgn Vect.or prediction cand}date
prediction candidates for the encoded block of pixels; the 15 ona left side of a Pr‘?dICUOI? unit O.f the block Ofp.IX?IS,
spatial motion vector prediction candidates being provided excluding the potential spatial motion vector prediction
with motion information; candidate from the motion vector prediction list if any
means for selecting a first spatial motion vector prediction of the following conditions are fulﬁ.lle.:d: )
candidate from the set of spatial motion vector prediction the block of pixels is vertically divided into a first
candidates as a potential spatial motion vector prediction 20 prediction unit and a second prediction unit; or
candidate to be included in a merge list for the prediction the block of pixels is horizontally divided into a first
unit; prediction unit and a second prediction unit, and if
means for determining a subset of spatial motion vector the prediction unit is the second prediction unit, and
predictions based on the 58 location of the block associated the potential spatial motion vector prediction candi-
with the first spatial motion vector prediction candidate; 25 date has essentially similar motion information than
means for comparing motion information of the first a spatial motion vector prediction candidate above
spatial motion vector prediction candidate with motion the prediction unit;
information of the spatial motion vector prediction candidate for a potential spatial motion vector prediction candidate
in tlégddete@lned subset of spatial motion vector prediction above the prediction unit, excluding the potential spa-
candidates; . . . 30 tial motion vector prediction candidate from the motion
means for excluding the first spatial motion vector pre- diction list if £ the followi diti
diction candidate from the merge list, if at least one of the veetor prediction list if any ol the following conditions
. - . . . are fulfilled:
comparisons indicates that the motion vector information of the block of pixels is horizontally divided into a first
the spatial motion vector prediction candidates correspond ¢ block ol prxels 1s horizontally divided 1o a Irs
with each other. 35 prediction unit and a second prediction unit, and the
prediction unit is the second prediction unit; or
The invention claimed is: the potential spatial motion vector prediction candidate
1. A method comprising; has essentially similar motion information than the
determining a first spatial motion vector prediction can- spatial motion V?Ct.or pre(.iiction candidate on the left
didate from a set of spatial motion vector prediction 40 side of the prediction unit;
candidates for a block of pixels; for a potential spatial motion vector prediction candidate,
comparing motion information of the first spatial motion which is on a right side of the potential spatial motion
vector prediction candidate with motion information of vector prediction candidate above the prediction unit,
spatial motion vector prediction candidates in a subset excluding the potential spatial motion vector prediction
of the set of spatial motion vector prediction candi- 45 candidate from the motion vector prediction list if the
dates, .Whereln thf{ subset Is less than the set, and potential spatial motion vector prediction candidate has
wherein the subset 18 d.etermlned basegi ona lgcatlon of essentially similar motion information than the spatial
the block associated with the first spatial motion vector motion vector prediction candidate above the predic-
pred%ct.lon can.dldate; . . tion unit;
detem(;m.ng to ?filude. the ﬁrs.t spatial mot:iqn .Veclt.or 30 for a potential spatial motion vector prediction candidate,
?re tilcnloail Clin E ate In gl m?itlont\lllector pre ,ICU.OH 15t which is below the potential spatial motion vector
or the block ol pixels based on the comparing, prediction candidate on the left side of the prediction
selecting one motion vector prediction candidate from the . . . . .

. .. . . unit, excluding the potential spatial motion vector
motion vector prediction list to represent a motion .. . . ..
vector prediction for the block of pixels; and s prediction candidate from the motion vector prediction

performing a motion compensated prediction based on the list if the potential spatial motion vector prediction
selected motion vector prediction candidate to con- candidate has essentially similar motion information
struct the block of pixels. than the spatial motion vector prediction candidate on
2. The method according to claim 1 further comprising the left side of the prediction unit; )
processing spatial motion vector prediction candidates from 60 fora poten.tlal spatlal mgtlon Vector. pr.edlctlgn candld.ate
the set of spatial motion vector prediction candidates in a cornerwise neighbouring the prediction unit, excluding
predetermined order. the potential spatial motion vector prediction candidate
3. The method according to claim 1 further comprising from the motion vector prediction list if any of the
examining whether the block of pixels is divided into a first following conditions are fulfilled:
prediction unit and a second prediction unit; and if so, 65 a maximum number of spatial motion vector prediction

excluding a spatial motion vector prediction candidate of the
set of spatial motion vector prediction candidates from the

candidates have been included in the motion vector
prediction list;
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the potential spatial motion vector prediction candidate
has essentially similar motion information than the
spatial motion vector prediction candidate above the
prediction unit; or

the potential spatial motion vector prediction candidate
has essentially similar motion information than the
spatial motion vector prediction candidate on the left
side of the prediction unit.

6. The method according to claim 1 further comprising
including a temporal motion vector prediction candidate into
the motion vector prediction list.

7. The method according to claim 1 further comprising
processing the spatial motion vector prediction candidates
from the set of spatial motion vector prediction candidates in

5
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12. The method according to claim 10 further comprising

determining a maximum number of spatial motion vector
prediction candidates to be included in the motion
vector prediction list; and

limiting the number of spatial motion vector prediction
candidates in the motion vector prediction list to be
smaller or equal to the maximum number.

13. The method according to claim 10 further comprising

at least one of the following:

for a potential spatial motion vector prediction candidate
on a left side of a prediction unit of the encoded block
pixels, excluding the potential spatial motion vector
prediction candidate from the motion vector prediction
list if any of the following conditions are fulfilled:

order as follows: . the encoded block of pixels is vertically divided into a
spatial motion vector prediction candidate Al located on first prediction unit and a second prediction unit; or
a left side of a prediction unit of the block of pixels, the encoded block of pixels is horizontally divided into
spatial motion vector prediction candidate Bl located a first prediction unit and a second prediction unit,
above the prediction unit, 20 and if the prediction unit is the second prediction
spatial motion vector prediction candidate B0 located on unit, and the potential spatial motion vector predic-
a right side of the prediction unit, tion candidate has essentially similar motion infor-
spatial motion vector prediction candidate AO located mation than a spatial motion vector prediction can-
below the spatial motion vector prediction candidate didate above the prediction unit;
Al, and 25 for a potential spatial motion vector prediction candidate
spatial motion vector prediction candidate B2 located on above the prediction unit, excluding the potential spa-
a same column as the spatial motion vector prediction tial motion vector prediction candidate from the motion
candidate A1 and on a same row as the spatial motion vector prediction list if any of the following conditions
vector prediction candidate B1. are fulfilled: . . . .. .
8. The method according to claim 1 wherein comparing 30 the encoded b.loc.k ofp%xels is horizontally d.1V1.ded into
Lo - : - - s a first prediction unit and a second prediction unit,
motion information comprises performing an identicality or - L . .
. .= . and the prediction unit is the second prediction unit;
an equivalence check between the motion information of the or
ﬁrst. spe}tlal moFlon Vecto.r predl.ctlon candldat.e gnd the the potential spatial motion vector prediction candidate
motlon 1pf0rmat10n of spatial motion Vect.or pred%ctlon can- . has essentially similar motion information than the
dldat.es. in the §ubset of the set of spatial motion vector spatial motion vector prediction candidate on the left
prediction candidates. side of the prediction unit;

9. The method according to claim 1 wherein the motion for a potential spatial motion vector prediction candidate,
information comprises a motion vector value and a reference which is on a right side of the potential spatial motion
picture index. 40 vector prediction candidate above the prediction unit,

10. A method comprising: excluding the potential spatial motion vector prediction

determining a first spatial motion vector prediction can- candidate from the motion vector prediction list if the

didate from a set of spatial motion vector prediction potential spatial motion vector prediction candidate has
candidates for an encoded block of pixels; essentially similar motion information than the spatial
comparing motion information of the first spatial motion 45 motion vector prediction candidate above the predic-
vector prediction candidate with motion information of tion unit;
another spatial motion vector prediction candidate of a for a potential spatial motion vector prediction candidate,
subset of the set of spatial motion vector prediction which is below the potential spatial motion vector
candidates, wherein the subset is less than the set, and prediction candidate on the left side of the prediction
wherein the subset is determined based on a location of 50 unit, excluding the potential spatial motion vector
the block associated with the first spatial motion vector prediction candidate from the motion vector prediction
prediction candidate; list if the potential spatial motion vector prediction
determining to include the first spatial motion vector candidate has essentially similar motion information
prediction candidate in the motion vector prediction list than the spatial motion vector prediction candidate on
for the encoded block of pixels based on the compar- 55 the left side of the prediction unit; and
ing; and for a potential spatial motion vector prediction candidate
selecting a spatial motion vector prediction candidate cornerwise neighbouring the prediction unit, excluding
from the motion vector prediction list for use in decod- the potential spatial motion vector prediction candidate
ing the encoded block of pixels. from the motion vector prediction list if any of the

11. The method according to claim 10 further comprising 60 following conditions are fulfilled:
examining whether the encoded block of pixels is divided a maximum number of spatial motion vector prediction
into a first prediction unit and a second prediction unit; and candidates have been included in the motion vector
if so, excluding a spatial motion vector prediction candidate prediction list;
of'the set of spatial motion vector prediction candidates from the potential spatial motion vector prediction candidate
the motion vector prediction list for a prediction unit of the 65 has essentially similar motion information than the

block of pixels if the prediction unit of the block of pixels
is the second prediction unit.

spatial motion vector prediction candidate above the
prediction unit; or
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the potential spatial motion vector prediction candidate
has essentially similar motion information than the
spatial motion vector prediction candidate on the left
side of the prediction unit.

14. The method according to claim 10 further comprising
including a temporal motion vector prediction candidate into
the motion vector prediction list.

15. The method according to claim 10 further comprising
processing the spatial motion vector prediction candidates

from the set of spatial motion vector prediction candidates in 10

order as follows:
spatial motion vector prediction candidate Al located on
a left side of a prediction unit of the block of pixels,
spatial motion vector prediction candidate Bl located

36

pixels is divided into a first prediction unit and a second
prediction unit; and if so, exclude a spatial motion vector
prediction candidate of the set of spatial motion vector
prediction candidates from the motion vector prediction list
for a prediction unit of the block of pixels if the prediction
unit of the block of pixels is the second prediction unit.
21. The apparatus according to claim 18, wherein the
apparatus is further caused to:
determine a maximum number of spatial motion vector
prediction candidates to be included in the motion
vector prediction list; and
limit the number of spatial motion vector prediction
candidates in the motion vector prediction list to be
smaller or equal to the maximum number.

above the prediction unit, 15 . ; .
spatial motion vector prediction candidate BO located on 22. The. apparatus according to claim 18 wherein the
a right side of the prediction unit, apparatus is further caused to:
spatial motion vector prediction candidate AQ located perform at least one of the following:
below the spatial motion vector prediction candidate for a potential spatial motion vector prediction candidate
Al, and 20 on a left side of a prediction unit of the block of pixels,
spatial motion vector prediction candidate B2 located on exclude the potential spatial motion vector prediction
a same column as the spatial motion vector prediction candidate from the motion vector prediction list if any
candidate Al and on a same row as the spatial motion of the following conditions are fulfilled:
vector prediction candidate B1. the block of pixels is vertically divided into a first
16. The method according to claim 10 wherein comparing 25 prediction unit and a second prediction unit; or
motion information comprises performing an identicality or the block of pixels is horizontally divided into a first
an equivalence check between the motion information of the prediction unit and a second prediction unit, and if
first spatial motion vector prediction candidate and the the prediction unit is the second prediction unit, and
motion information of spatial motion vector prediction can- the potential spatial motion vector prediction candi-
didates in the subset of the set of spatial motion vector 30 date has essentially similar motion information than
prediction candidates. a spatial motion vector prediction candidate above
17. The method according to claim 10 wherein the motion the prediction unit;
information comprises a motion vector value and a reference for a potential spatial motion vector prediction candidate
picture index. above the prediction unit, exclude the potential spatial
18. An apparatus comprising a processor and a memory 35 motion vector prediction candidate from the motion
including computer program code, the memory and the vector prediction list if any of the following conditions
computer program code configured to, with the processor, are fulfilled:
cause the apparatus to: the block of pixels is horizontally divided into a first
determine a first spatial motion vector prediction candi- prediction unit and a second prediction unit, and the
date from a set of spatial motion vector prediction 40 prediction unit is the second prediction unit; or
candidates for a block of pixels; the potential spatial motion vector prediction candidate
compare motion information of the first spatial motion has essentially similar motion information than the
vector prediction candidate with motion information of spatial motion vector prediction candidate on the left
the spatial motion vector prediction candidate in a side of the prediction unit;
subset of the set of spatial motion vector prediction 45  for a potential spatial motion vector prediction candidate,
candidates, wherein the subset is less than the set, and which is on a right side of the potential spatial motion
wherein the subset is determined based on a location of vector prediction candidate above the prediction unit,
the block associated with the first spatial motion vector exclude the potential spatial motion vector prediction
prediction candidate; candidate from the motion vector prediction list if the
determine to include the first spatial motion vector pre- 50 potential spatial motion vector prediction candidate has
diction candidate in a motion vector prediction list for essentially similar motion information than the spatial
the block of pixels based on comparison of the motion motion vector prediction candidate above the predic-
information of the first spatial motion vector candidate tion unit;
with motion information of the spatial motion vector for a potential spatial motion vector prediction candidate,
prediction candidate; 55 which is below the potential spatial motion vector
select one motion vector prediction candidate from the prediction candidate on the left side of the prediction
motion vector prediction list to represent a motion unit, exclude the potential spatial motion vector pre-
vector prediction for the block pixels; and diction candidate from the motion vector prediction list
perform a motion compensated prediction based on the if the potential spatial motion vector prediction candi-
selected motion vector prediction candidate to con- 60 date has essentially similar motion information than the
struct the block of pixels. spatial motion vector prediction candidate on the left
19. The apparatus according to claim 18 wherein the side of the prediction unit;
apparatus is further caused to process spatial motion vector for a potential spatial motion vector prediction candidate
prediction candidates from the set of spatial motion vector cornerwise neighbouring the prediction unit, exclude
prediction candidates in a predetermined order. 65 the potential spatial motion vector prediction candidate

20. The apparatus according to claim 18 wherein the
apparatus is further caused to examine whether the block of

from the motion vector prediction list if any of the
following conditions are fulfilled:
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a maximum number of spatial motion vector prediction
candidates have been included in the motion vector
prediction list;

the potential spatial motion vector prediction candidate
has essentially similar motion information than the
spatial motion vector prediction candidate above the
prediction unit; or

the potential spatial motion vector prediction candidate
has essentially similar motion information than the

38

28. The apparatus according to claim 27 wherein the
apparatus is further caused to examine whether the received
encoded block of pixels is divided into a first prediction unit
and a second prediction unit; and if so, exclude a spatial
motion vector prediction candidate of the set of spatial
motion vector prediction candidates from the motion vector
prediction list for a prediction unit of the block of pixels if
the prediction unit of the block of pixels is the second
prediction unit.

spatial motion vector prediction candidate on the left o2 The. apparatus according to claim 27 wherein the
: .. . apparatus is further caused to:
side of the prediction unit. ) . . . .
. . . etermine a maximum number of spatial motion vector
23. The apparatus according to claim 18 wherein the L . - . .
. . . prediction candidates to be included in the motion
apparatus is funher cguseq to 1nclude. a temporal m.ot%on vector prediction list; and
\{ectorpredlctlon candidate into the motion vector prediction |5 {init the number of spatial motion vector prediction
list. candidates in the motion vector prediction list to be
24. The apparatus according to claim 18 wherein the smaller or equal to the maximum number.
apparatus is further caused to process the spatial motion 30. The apparatus according to claim 27 wherein the
vector prediction candidates from the set of spatial motion apparatus is further caused to perform at least one of the
vector prediction candidates in order as follows: 20 following:
spatial motion vector prediction candidate Al located on for a potential spatial motion vector prediction candidate
a left side of a prediction unit of the block of pixels, on a left side of a prediction unit of the encoded block
spatial motion vector prediction candidate Bl located of pixels, exclude the potential spatial motion vector
above the prediction unit, prediction candidate from the motion vector prediction
spatial motion vector prediction candidate BO located on 25 list if any of the following conditions are fulfilled:
a right side of the prediction unit, the encoded block of pixels is vertically divided into a
spatial motion vector prediction candidate AQ located first prediction unit and a second prediction unit; or
below the spatial motion vector prediction candidate the encoded block of pixels is horizontally divided into
Al, and a first prediction unit and a second prediction unit,
spatial motion vector prediction candidate B2 located on 30 and if the prediction unit is the second prediction
a same column as the spatial motion vector prediction unit, and the potential spatial motion vector predic-
candidate Al and on a same row as the spatial motion tion candidate has essentially similar motion infor-
vector prediction candidate B1. mation than a spatial motion vector prediction can-
25. The apparatus according to claim 18 wherein the didate above the prediction unit;
apparatus is further caused to compare motion information 35  for a potential spatial motion vector prediction candidate
by performing an identicality or an equivalence check above the prediction unit, exclude the potential spatial
between the motion information of the first spatial motion motion vector prediction candidate from the motion
vector prediction candidate and the motion information of vector prediction list if any of the following conditions
spatial motion vector prediction candidates in the subset of are fulfilled:
the set of spatial motion vector prediction candidates. 40 the encoded block of pixels is horizontally divided into
26. The apparatus according to claim 18 wherein the a first prediction unit and a second prediction unit,
motion information comprises a motion vector value and a and the prediction unit is the second prediction unit;
reference picture index. or
27. An apparatus comprising a processor and a memory the potential spatial motion vector prediction candidate
including computer program code, the memory and the 45 has essentially similar motion information than the
computer program code configured to, with the processor, spatial motion vector prediction candidate on the left
cause the apparatus to: side of the prediction unit;
determine a first spatial motion vector prediction candi- for a potential spatial motion vector prediction candidate,
date from a set of spatial motion vector prediction which is on a right side of the potential spatial motion
candidates for an encoded block of pixels; 50 vector prediction candidate above the prediction unit,
compare motion information of the first spatial motion exclude the potential spatial motion vector prediction
vector prediction candidate with motion information of candidate from the motion vector prediction list if the
the spatial motion vector prediction candidate in a potential spatial motion vector prediction candidate has
subset of the set of spatial motion vector prediction essentially similar motion information than the spatial
candidates, wherein the subset is less than the set, and 55 motion vector prediction candidate above the predic-
wherein the subset is determined based on a location of tion unit;
the block associated with the first spatial motion vector for a potential spatial motion vector prediction candidate,
prediction candidate; which is below the potential spatial motion vector
determine to include the first spatial motion vector pre- prediction candidate on the left side of the prediction
diction candidate in the motion vector prediction list for 60 unit, exclude the potential spatial motion vector pre-
the encoded block of pixels based on comparison of the diction candidate from the motion vector prediction list
motion information of the first spatial motion vector if the potential spatial motion vector prediction candi-
candidate with motion information of the spatial date has essentially similar motion information than the
motion vector prediction candidate; and spatial motion vector prediction candidate on the left
select a spatial motion vector prediction candidate from 65 side of the prediction unit; and

the motion vector prediction list for use in decoding the
encoded block of pixels.

for a potential spatial motion vector prediction candidate
cornerwise neighbouring the prediction unit, exclude
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the potential spatial motion vector prediction candidate

from the motion vector prediction list if any of the

following conditions are fulfilled:

a maximum number of spatial motion vector prediction
candidates have been included in the motion vector
prediction list;

the potential spatial motion vector prediction candidate
has essentially similar motion information than the
spatial motion vector prediction candidate above the

40

35. A non-transitory computer readable medium having
stored thereon a computer executable program code for use
by an encoder, said program codes comprising instructions
for:

determining a first spatial motion vector prediction can-

didate from a set of spatial motion vector prediction
candidates for a block of pixels;

comparing motion information of the first spatial motion

vector prediction candidate with motion information of
the spatial motion vector prediction candidate in a

prediction unit; or 10 subset of the set of spatial motion vector prediction
the potential spatial motion vector prediction candidate candidates, wherein the subset is less than the set, and
has essentially similar motion information than the wherein the subset is df:termined baseq ona lpcation of
spatial motion vector prediction candidate on the left the block associated with the first spatial motion vector
side of the prediction unit. 15 pred%ct.lon candldate; . .
31. The apparatus according to claim 27 wherein the determ%m.ng to 1n.clude. the ﬁrs.t spatial motion vector
appar.atus is further caused to include a temporal motion Igredilc Ug? cla{nd%dgte ing m?itlon \Illector pred}ctlon fist
> h . . L or the block of pixels based on the comparing;
\{ector prediction candidate into the motion vector prediction selecting one motion vector prediction candidate from the
list. ) ) ) motion vector prediction list to represent a motion
32. The apparatus according to claim 27 wherein the 29 vector prediction for the block of pixels; and
apparatus is further caused to process the spatial motion performing a motion compensated prediction based on the
vector prediction candidates from the set of spatial motion selected motion vector prediction candidate to con-
vector prediction candidates in order as follows: struct the bOC.k of pixels. . .
spatial motion vector prediction candidate Al located on 36. A non-transitory computer readable medium having
a lefi side of a prediction unit of the block of pixels, 25 stored thereon a computer executable program cpde for.use
spatial motion vector prediction candidate Bl located ?y .a decoder, said program codes comprising instructions
above the prediction unit, Or& .. i ial . dicti
spatial motion vector prediction candidate B1 located on etermining a first spatial motion vector prediction can-
a right side of the prediction unit didate from a set of spatial motion vector prediction
spatial motion vector prediction candidate AO located 30 candl.dates fqr an encodeq block of pixels; . .
below the spatial motion vector prediction candidate comparing motion 1nformat10n Qf the ﬁrst §pat1al motion
Al and vector prediction candidate with motion information of
spatial motion vector prediction candidate B2 located on the spatial motion vector predl.ctlon candldate. m a
a same column as the spatial motion vector prediction subset of the set of spatial motion vector prediction
candidate A1 and on a same row as the spatial motion 35 candidates, wherein the subset is less than the set, and
vector prediction candidate B1 wherein the subset is determined based on a location of
33. The apparatus according to .claim 27 wherein the the block associated with the first spatial motion vector
apparatus is further caused to compare motion information 4 pred%ct.lon can.dldlat(;:; he fi ial .
by performing an identicality or an equivalence check etermining to include the lirst spatial motion vector
between the motion information of the first spatial motion 40 prediction candidate in the motion vector prediction list
vector prediction candidate and the motion information of for .the ;ncoded block of pixels based on the compar-
spatial motion vector prediction candidates in the subset of 1ng; an . . _ .
the set of spatial motion vector prediction candidates. selecting a spa.tlal motion vector p.redlctlon gandldate
34. The apparatus according to claim 27 wherein the from the motion vector prediction list for use in decod-
. 45 ing the encoded block of pixels.

motion information comprises a motion vector value and a
reference picture index.
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