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MOTIO ti PREDI('TION IN VIDEO CODING

CROSS REFERENCE TO RELATED
APPI ICA'I'IONS

llns application Is n continuation of U.S. apphcation Ser.
No. 16/729,974. Iilcd Dec 30, 2019, which is a contnniation
ofll 8 application Ser No 15/876,495, filed.lan. 22. 2018,
which is a contimiation of ll 8 application Ser No. IS/4t)0,
469. filed Apr. 18„2017, which ic a continuarion of U.S.
application Ser. No. 16/250.124, filed Aug. 29. 2016, wluch
is d contimiation ol'.S. apphcation Scr. No. 13/344,893,
liled on Jan. 6, 2012, wluch claims pnonty to IJ.S. Pruvi-
sional Application No. 61/430,694, filed Jim. 7, 2011. the
entire contents of which are incorporated herein bv refer-
ence.

TECHNICAL FIELD

1'he present invention relates to an apparatus, a method zo

and a computer pmgmm for producing and utiliziirg morion
prediction information In video encoding ond decodin .

)3A('KGROIJNI) INI'ORMA'I'ION

A video codec may comprice an encoder which trans-
forms input video into a compresced representarion suitable
for storage and/or tnutsmtsston mtd a decoder Ihat can
uncomprcss the comprcsscd video rcprcscnrdtion back utto
a vietvable form, or either one of thein. 'I'he encnder may io
discard sonic information in the original video sequence in
order to represent the video in a inure compact form, for
example at a lo~er bit rate.

Many hybrid video codecs, operating for example accord-
ing to thc Intemationnl TelccoiuiuUnlcd11ttn Union s ITIJ-T is
H.263 dnd H.264 cothng standards, encode video infomta-
non in tsc o piro sea. Iu thc iirst phase. pixel values ut a ccrt mn
picture area or "block" are predicted 1'hese pixel values can
be predicted. for example. by motion coinpensation ntecha-
nisms, winch involve finding and indicating an area in one do

of the previously encoded video frames (or o later coded
1idco lrmne) that corresponds closely Io the block being
codctl. Additionally. pixel values can be prnhctnl by spaual
mecharusms which involve linding and indicating a spaual
region relationship, for example by using pixel values
around the block to be coded in a specified manner

Prediction approaches usin image infonnarion from a
previous (or a later) image can also be called as Inter
prediction methods, and prcdiction approaches using uuage
inl'onnation witlun thc smnc unage cdn also be called as o

Inud prcdiction methods.
1'he second phase is one of coding the ermr between the

predicted block of pixels and the original block of pixels.
This is typically accomplished by trancforming the difier-
ence in pixel values using a cpecified transform Tlus ss
trausfomt may bc c.g. a Discrete Cosutc Transform (DCT)
or a variant Ihcrcof After transforming ihc difibrence, thc
trausfomtcd dilTi:rance may be quantizctl and entropy
encoded

1ly varying the fidelity of the quantization process. the to
encoder can control the balance between the accuracy of the
pixel representation, (in other words. the quoliry of the
pictiiit:) iiitil tht: silt: of thc lcsilltiilg cilcotltxl viilt:0 rcplc-
scniation (in other words, thc lile size or Iransmission bit
rale). ss

An example of the encoding process is illustrated in lil(i.
I

,267 B2

Thc dccodcr reconstructs the output video by applym
prediction mechanism siniilar to that used by the encoder in
order tn ftirm 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
Uf thC pitxliC(ittil Clzol Coiliiig to ICI:OVI:l tht: tlUdiltizcx!
prcdiction error signal ut thc spatial domain).

After applying pixel prediction and error decoding pni-
cesses the decoder conibines the prediction and the predic-
tion ermr signals (the pixel values) to fiirnt the output video
flniillC.

The decoder (and encoder) may also apply additional
ii11cnng processes in order to improve the quality of thc
ouIpu1 video bcforc passutg It for display and/or stonng as
a predictinn reference iiir the forthconiing frames in the
viden sequence

An exainple of the decodin process is Illustmted in I'l(i
2.

Motion Compensated Prediction (MCP) is a technique
used by vulco compression standards to rcducc thc size of an
encoded bits(ream. In MCP, a prediction fiir a current frame
is formed using a previously coded frame(s), where only the
diITerence benveen oriainal and prediction signals. repre-
sentative of the current and predicted frmnec. is encoded and
sent to a decoder. A prediction sigtal„representative of a
prediction frame, is formed by first dividing a current frame
into blocks, c.g., macroblocks, mtd searching for a best
match in a rcfi:rance frtunc for each block. In tlus way. thc
motion of a block relative to the reference fnsme is deter-
nuned and this motion information is coded into a bitstream
as mntion vectors A decoder is able to reconstruct the exact
prediction frame by decoding the motion vector data
encoded in the bitstream.

Au cxiunple ol'a predicuon structure Is prcscnted ut FIG.
8. Boxes indicate pictures, capitul lcucrs withut boxes
indicate coding types. numbers witlun boxes arc picture
munbers (in decnding order). and arrows indicate prediction
dependencies. In this example I-pictures are intra pictures
which do not use any reference pictures and tints can be
decoded irrespective of the decoding of other pictures.
P-picIurcs arc so called uni-predicted pictures I e. they rcfi:r
to onc reft:rcnce picuirc, and B-pictures arc bi-prcdictcd
picnires wluch usc two other pictures as refernicc pictures.
or two prediction blocks tvithin one reference picture. In
other words, the reference blocks relating to the 13-picture
may be in the same reference picture (as illustrated with the
two arrows from picture P7 to picture Bg in FICi. 8) or in two
dilTcrnit refcrnicc pictures (as illustrated c.g. with the
arrows from picture P2 anil Ibom picture B3 to picture B4 in
FIG. 8).

It should alsn be noted here that one picture may include
diITerent types of blocks i.e blocks of a picture may be
intra-blocks. uni-predicted blocks. and/or bi-predicted
blocl s Motion vectors often relate to blocks wherein for one
picniit: ii pliiiiility'f Inotitut vcctols lnav cxlsn

111 soiuc s)'stclns tht: Uili-pil:tllctl:il pit:1111'cs dlc dlso calltx!
as uni-directionally predicted pictures aud thc bi-prcdictcd
pictures are called as bi-directionally predicted pictures.

'I'he motion vectors are not limited to havmg full-pixel
accuracy. but could have fractional-pixel accuracy as well.
That Is, motion vectors can pomt to fractional-pixel poci-
tioils/locatitins of tile lcfctt:ncc lldiutv whclc tht: lidctitinal-
pixel locations can rcler to, for example. locations "in
bctwtmn" inuigc pixels. In order to obtnin stmiples at lrac-
tional-pixel locations. interpolation hlters may be used in the
M(.'P process Conventional video coding standards describe
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hov; B ilcctxlcr can Ub&BU& sanlpbcs ti& Iracl&UUBl-pixel decl&-

racy by detinin an interpolation filter. In MPI&(i-2. for
example. nlot&on vectors can have at most, half-pixel accu-
racy. &vhere the samples at half-pixel locations are obta&ned
by a sin&pie averaging of neighboring samples at hill-pixel
locations. The H.264/AVC video codin. smndard supports
motion

tern&ors

w&th up Io quarter-pixel accuracy. Further-
more. in Ihc H.264/AVC v&deo codulg standard, lrilf-pixel
samples are obtained through the use of symmetric and
separable 6-tap filters, while quarter-pixel samples are &0

obtained by averaging the nearest half or full-pixel sanlples.
In typical video codecs, the motion infomlntion is indi-

cated by motion vectors associated with each motion com-
pensated unage block. Each of thcsc monon vectors reprc-
smlts the d&splacemm&t of thc image block ul Ihc picture &0

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 efl)cienfly. motion vectors are typically coded dif-
ferentially itith respect to block specific predicted motion 10

1 Lm&or. In a typical v&dco codcc, Ihe pled&cled mot&on vcc&ors
arc creat&xi ul a prcdclincd way, for example by calculatulg
the median Uf the encoded or decoded motion vectnrs of the
adjacent blocks.

In typical video codecs the prediction residual after
nlotlt&n cornpcnsation Is f&rst nnnsfonucd with B trnnsfoml
kernel (like DCT) and then coded. The reason for tlfis is that
of&ml iherc still ex&sts some corrclanon imlong Ihc residual
dnd Irarmform cdu in mnny cases help rcducc ibis corrcla!ion
and provide more efiic&ent coding. xi

'lypical video encoders utilize the I,aamngian cost func-
tion to find optimal coding modes. for example the des&red
macro block mode nnd assnciated motion vectors. This type
of cost function uses n wei ht&ng factor or k ro tie together
thc exact or cstimatcd unagc distort&on duc Io lossy codulg &1

mc&hods and Ihe exec& or est&ma&ed amoun& of mfi&nnation
rcxfu&rcd Io reprcscnt Ihc p&xel values ul an lm i e area

1'his may be represented by the equation

t" — 0+ idt I I 1
40

where C is the La rangian cost to be minimised. D is the
Image i&stol(ion (for ex&in&pic. Ihc'. a&can-sqUBILd error
bc&wow& thc pixel values in origulal image block and &n

coded image block) w&th thc mode mid mouon vectors
currently considered. k is a I,&grangian cneflicient and R &s

the number Uf bits needed to represent the required data to
reconstruct the unage block in the decoder (including the
amount of data to represent the candidate motion vecrors).

Some hybnd v&dco codccs, such as H.264/AVC, unhzc
b&-dirccnonal mot&ou compensated predlc&ion Io unprove 0

thc cod&ng cflic&m&cy. In b&-thrccfionai predict&on, pruhcnon
signal of the block may be formed by combining. fi&r

example by avem&ging two motion compensated prmliction
blocks. This avera in open&fion may further include eirher
up or down roundinv. w hich may introduce rounding errors.

lllc accumulauou of roundulg crmrs ul bi-direcnonal
prcdlcuon may cause dcgrada&ion ul codulg cflicmncy Tlus
rounding error accumulat&on may be rcmovtxl or dcmreased
by signalfing whether rounding up or rounding dov n have
been used &vhen the two prediction signals have been tc
combined for each frame. Alternatively the rounding error
could be controlled by alternating the usage of the rounding
up mid round&ng down for each fmme. For cxmnple, round-
ing up may bc used for cvcry other frame and. correspond-
ingly, rounding down may bc used lor every o&hcr Ihamc si

In lti(i. 9 an example of m eraging two motion conlpen-
sated prediction blocks using rounding is illustrated Sample

values of the first pled&ction refbrcncc &s input 902 to a first
filter 904 in which values of two or more full p&xels near the
po&nt which Ihc mot&on vector is rcfcmng to are used ul Ihe
Iilterulg. A rounding oflkct mdy be mldcd 906 to thc fiitcrcxf
value. I'he filtered value added v ith the munding offset is
right shifted 900 x-bits i.e divided by 2'o obtam a first
predict&on signal Pl. Simiksr operation is performed to the
second prediction reference as is illustrated with blocks 912,
914. 916 and 910 to obtain nsecond prediction signal P2.
Thc first prcthct&on signal P1 and Ihc second predict&on
signal P2 are combined c.g. by sununu&g the predict&on
signals Pl, P2 A rounding off~et may be added 920 with the
combined signal after &vhich the result is right shifted y-bits
i.e. divided by 2L The rounding mny be upwards, if the
munding ofi'set is positive, or dov,nwnrds, if the roundin
ofl'set &s negative. The direction of the roundin may always
bc Ihc same, or it mdy al&cr from time to nmc, c.g. for tmch
frame. Thc direction of thc roundulg may bc s&gnaled ul Ihe
bitstream sn that in the decoding pmcess the same rounding
direction can be used

However. these methods increase somewhat the complex-
ity as two separate code branches need to be written for
bi-directional averaging. In addition, the motion estimation
rou&ulcs in thc encoder may nctxf to bc doubILXI for both
cliscs ol IUUnihng Bnd truncliniui.

SUMMARY

Thc prcscn& ulvcn&ion introduces a method which clmbles
reducing the etfect of mundin ermrs m bi-directional and
multi-d&rectional prediction According to some embodi-
ments Of the invention prediction signals are nlaintained in
a higher precision during the prediction calculation and the
precis&on is reduced after the two or more prediction si nnls
have been combulcd w &th each other

hl sonic cxanlplc cnlbodunt:nm pl'cd&enon signals Blc
nulultBhlcd ul higher dccilrlicv Unnl Ihc prLxhcllon signals
have been combined Io obtain Ihe bi-directional or multidi-
rect&onal prediction signa). 1he accuracy of the bi-direc-
tional or multidirectional prediction si nal can then be
downslufled to an appropriate accum&cy for post processing
purposes. Then, no rounding d&rect&ou &nd&cd&or uccd no& bc
included in Ur read from Ihc b&&stre&un

According to a first aspect of thc prcscnt &nvcntion thcrc
is provided a method comprising:

determining a block of pixels Uf a video representation
encoded in a bitstream. values of said pixels having a first
precis&on;

dc&cmnlung a type of Ihc blocl,
&f the de&cmli&ung indica&cs that the block m a block

prcdictcd by using two or more refi:rcucc blocks,
deternlining a first reference pixel location ln a first

reference block and a second reference pixel location in a
second reference block;

usuig said first reference pixel location to obtain a first
prcd&et&on, saul lira& prtxliction hav&ng a second prec&s&un.

wh&ch ls higher than sa&d Iirsl prec&s&on,

using saul almond rcfbrmlce pixel locdt&on Io obtaul a
second prediction, said second prediction having the second
precisinn, tvhich is higher than sa&d hrst precision;

combining said first prediction and said second prediction
to obtain a combined prediction: and

decreasing the prcc&s&on ol'aid combu&ed prcdicuon Io
sa&d first primislon.

Accordulg &0 a second aspect ol the prcscnt ulvcnnon
there is provided an apparanis comprising

a processor; and
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11 luciaor) 0 la 1 opcra 11 vcl)'ollllcc lcd 10 lie p toe ca sot B lid
including:

computer code configurcxt to dciemunc a block Of pixels
of a video representation encoded in a bitstream. values of
sBld plxt:ls lrsvlllg a Ilrst prcclstoll:

computer code configured to determine a type of the
block;

computer code configured to, if the deterinining indicates
that the block is a block predicted by using two or more

111rel'crcncc blocks,
detemtine a first reference pixel location in o first refer-

micc blocl and a second refercncc pixel locauon m a second
reference block:

usc said Iirst refercncc pixel locauon 10 Obtmn a Iirst
prediction. said first prediction having a second precision,
vvhich is higher than said first precision:

use said second reference pixel location to obtain a second
prediction. said second prediction having the second preci-
sion. wluch ts lugher thmi said Iirst precision:

combine said first prediction and caid second prediction to
obtaui a combined prediction, and

decrease the precision of said combined prediction to said
first precision

Accorditm to a third aspect of the present invention there
is provided a computer readable storage medium stored v ith
code thereon for use by on apparatus, which when executed
by a processor. causes the apparatus to perlbrm.

dctenninc a block of pixels of a video 1013rescntation
encoded in a bitstreani, values of said pixels having a hrst Io

precision;
determine a type of the block:
if the determining indicates that the block is a block

predicted by using toto or more reference blocks,
detcnninc a Iirst refi:rcucc pixel location m a Iirst refer- 31

cncc block and a second rcfcrcncc pixel location m a second
rel'crcncc block:

use said first reference pixel location to obtain a hrst
prediction. said first prediction having a second precision,
vvhich is higher than said first precision: so

use said second reference pixel location to obtain o second
prcdicuon. said second prcdicuon havui thc second preci-
sion. wluch ts lugher thmi said Iirst prectsioni

combine said first prcxhction and ustd second prediction to
obtain a combmed prediction; and

decrease the precision of said combined prediction to said
first precision.

According to a fourth aspect of the present invention there
is provided at least onc processor and st least one mmnory,
smd at least onc memory stored with code thcrcon, which o

when executixl by said at least one processor, causes an
apparatus to perform

detenuine a block of pixels of a video representation
encoded in a bitstream, values of said pixels having a first
precision„ 11

dclenninc a type of Ihc blocki
tf thc dctcrmining indicates that the block is a block

prcdictcd by using two or morc rcfi:rance blocks,
determine a first reference pixel location in a first refer-

ence block and a second reference pixel location in a second io
reference block:

use said first reference pixel location to obtain o Iirst
prediction. s;ud Iirst prcdicuon having a second precision,
IthlCh IS lllgllt:I thall Stild Illsl pic'CIS1011:

use said six oud rcfi rcncc pixel location to obtain a second Si
prediction. said second prediction having the second preci-
sion. which is higher than said first precision:

combine said lira(prediction and said second prediction to
obtain o combined predictiont ond

decrease the precision of said combnnxl preihction to said
first precision.

According to a Iifth aspcmt of the present invention thcrc
is provided mi apparatus comprising,

on input to detemline a block of pixels of a video
representation encoded in a bitstream. values of said pixels
having a first precision;

a dctcmiinator to dctenninc a tvpe of thc block, wherein
if the determining indicates that the block is a block pre-
dicted by using two or morc rcfi:rcnce blocks, saxi detcr-
nunator fuither to determine a hrst reference pixel location
iu a lirst rcfcrcnce blocl and a second rcfcrcncc pixel
location in a second reference block,

a first predictor to use said first reference pixel location to
obtain a first prediction. said first prediction having a second
precision. which is higher tlmn said first precision:

a second prcihctor lo use said second rcfi:rcnce pixel
location to obtain a second prediction„said second predic-
tion having thc second precision. wluch is lughcr than said
first precision;

a combiner to combine smd Iirst prcdtcuou and said
second prediction to obtain a combined prediction; and

a shificr to dccrense thc precision ol'aid combtncxt
prediction to said first precision

According to a sixth aspect of the present invention there
ls provided arl;Ippal'atlls conlptisltlg,'eans

fiir detemtining a block of pixels of a video
rcprcscntation cncodcd in a bitsucam. values of said pixels
having a first precision;

means for dctcmuiung o type ol'hc block,
nleans fiir determinina a first reference pixel location in a

first rcfcrcncc block and a scmond rcli:rance pixel location in
a second reference block, if the determining indicates that
the block is a block predicted by usin two or more reference
blocks;

means for using said first reference pixel location to
Obtain a Iirst prcdiction. said Iirst prixltctiou having a siuond
precision. which is higher tlmn said first precision:

means for using snid sixond rcfcrcncc pixel location to
obtain a second prediction. said second prediction having
the second precision, vvhich ts higher than saul Iirst prcci-
Slon,

nleans for combining said first prediction and said second
prediction to obtain a conlbined prediction; and

nleans for decreasin the precision of said combined
prediction to said first precision

This invention renn&ves the need to signai the rounding
ollset Or usc dillcrcnl methods lor rounding for ihllercnl
frames. This invention nuiy keep thc motion compcnsatod
prediction signai of each one of the predictions at highest
precision possible after interpolation and perform the round-
ing to the bit-depth range of the video signal after both
prediction signals are added.

f)IIS('i(IPI1ON Ol' III', l)RAWIN(IS

For better understanding of the present invention, refer-
ence will nolv be made by way of example to the accom-
panying drawings in vvhich.

FI(i 1 shows schcnuiucally an elixtroiuc dcvicc empluy-
lllg solllc clllbodllllcllm of tile Illvctltlon,

lii(i 2 shov, s schematically a user etiutpment suitable fiir
employing some embodinlents of the invention;
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FICi. 3 further shows schcniatlcallv'lcclronlc devices
enlploying embodiments of the invention connected using
wirelcss dnd wired network connccuons:

11(i 4a shows schematically an embodiment of the
invmltlon as incorporated within an encodcrl

FIG 4/I shows schematically an embodiment of an inter
predictor according to some embodiments of the invention,

11(i 5 shows a tlolv diagram showing the operation of an
enlbodiment of the invention with respect to the encoder as

111
shown ul FIG. 4c/

FIG. 6 sholvs a schematic diagram of a decoder according
to some embodiments of thc invenuun.

FIG 7 shows a flow diagram of showing the Openltlon of
an cmbodinu:nt of tlm invention with rcspiwt to the decoder
sholvn in I'I(i 6:

FI(fi 8 illustrates an example of a prediction stnicture in
a video sequence:

FIG. 9 depicts an example of a bit stream of Bn image,
FIG. 10 depicts an example of bi-diriwtional prcdiction

using rounding:
FIG. 11 depicts an example of bi-directional prutiction

accordin Io an example embodiment of the present inven-
uon. and

FIG. 121llustrutes Bn cx miple ol'some possible prcdiction
directions for a motion vector

DETAILED DESCRIPTION OF SOME
EXAMPLE EMBODIMENTS

10

'Ihe follov ing describes in further detail suitable appara-
tus and possible mechanisms for the provision of reducing
information to be tmlnsmitted in video coding systems and
more optimal codeword mappingc in some emixldiments In
this Icglircl I'cfbrcncc is firsl BIBdclo FIG. 1 which shows II 31

schematic block diagrmn of an exemplary apparalus or
clccarcuuc dcvicc 50, which may incorporates codcc accord-
ing nl an embodinlent of the invention.

1'he electmnic device 50 nlay tbr example be a nloblle
terminal or user equipment of a wireless conuminicarion do

system. Hoivever„ it would be appreciated that embodiments
of the invmltion may bc implcmcnted within imy electronic
dcvicc or apparatus which may require cncodm imd decod-
ing or encoding or decoduig video images.

'Ihe apparatus 50 nlay comprise a housing 30 for lncor-
pomting and protecting the device. 'I'he apparatus 50 hirther
may comprise B display 32 in the form of B liquid crystal
dispLay. In other embodiment~ of the invention the dispLay
may bc any suitable display teclmology suitable to display
an undge or video. Thc apparatus 50 may (luther compwse 0

a kcypad 34. Iu other cmboduncnis of die ulventlon any
suitable data or user interface mechanisin may be employed.
llor example the user interface may be iinplemented as a
virtual keyboard or data entry system as part of a touch-
sensitive display. The appamltus may comprise B microphone ls
36 or mly suitable audio input which may be a digital or
analogue signal Input. Thc apparatus 50 may further com-
pose an audio output device wluch ul cmboduncnts of thc
invention may be any one of an earpiece 38, speaker, or an
analo ue audio or digital audio output connection. 'the cc

apparatus 50 may also comprise B battery 40 (or in other
embodiments of the invention the device may be powered by
any suitable mobile cncrgy device such as solar cell, fuel cell
or clockwork generator). Thc apparatus may further cum-
puse an infrared port 42 for short range lilm ol'ight si
comnnmication to other devices ln other embodiments the
apparatus 50 may further comprise any suitable short range

conunulucatlon solution such as filr example a Bluetooth
wireless connection or a USB/tirev, ire wired connection.

Thc apparatus 50 may comprise a controller 56 or pro-
cessor for contmllin the apparatus 50 I he controller 56
may bc connected to memory 58 w luch ln cmboduuents of
thc Invention BIBv store both gala ul ttlc fol'nl of BBBgc 'ulcl

audio data and/or may also store instructions for implemen-
tation on the controller 56 I be controller 56 may further be
connected to codec circuitry 54 suitable for carrying out
coding and decoding of audio and/or video data or assistulg
in coding and decoding carried out by the controller 56.

Thc apparatus 50 nuiy further compnsc a card rcadcr 48
and a smart card 46, for example a UIG('nd UI('('eader
fbr providing user information and being suitable for pro-
vichng Buthcnlicalton ulfcu'Irlafion fol'uthentication Bnd

authorization of the user at a network.
I'he apparatus 50 may comprise radio interface circuitry

52 connected to the controller and suitable for generatin
wirelcss conumuucation signals lbr cxamplc for conununi-
cation with a ceilular conuuunications netv orl . a wireless
conumuucatloiw system or a wireless local arcs network.
1'he apparatus 5U may huther comprise an antenna 44
cmlnected to the Oldio interface circuitry 52 for transmitting
nldio frequency signals Benerated at the radio interface
circuitry 52 to other appamtus(es) and for receiving radio
frequency si nels from other appamtus(es).

In some emboduncnts of thc im cntiou. thc apparatus 50
conlprlscs B canlcld cdpdblc ol'ccordulg or ilctcctulg hldi-
vidual frames which are then passed to the codec 34 or
controller tbr processing ln some embodiments of the
invention, the apparatus may receive the video image data
for processin from another device prior to tmlnsmission
and/or storage. In some enlbodiments of the invention, the
apparatus 50 may rcccwc either wirclcssly or by a wircxt
connection thc unagc Iol codulg/clccochng.

With respect to FIG. 3. an cxlunple of a system within
which enlbodinlents of the present invention can be utilized
is shown 'I'he system 10 comprises nlultiple communication
devices v:hich can comnninicate through one or more net-
worl s. The system 10 may comprise any combtnation of
wired Or wirelcss networks includin . but not hmitcd to B

wirelcss cellular telcphonc network (such Bs a CiSM, UMTS.
CDIVLA network etc). a wirelcss local arcu network (WLAN)
such as defined by any of Ihe llilll: 802 x standards, a
l3luetooth personal area netv ork. an Ilthernet local area
network, a token ring local area network. a wide area
network, and the Internet.

Thc system 10 mdy include both wlrcxl and wireless
conumuucatlon devices or apparatus 50 suitable for imple-
meuluig mnbodiments of thc invmluon.

llor example. the system shown in I'l(i 3 shows a mobile
telephone neuvork 11 and a representation of the internet 28
Connectivity to the internet 28 may include. but ic not
limited to. long range wireless connections. short range
wirelcss connections, dnd I arious wired coluiccuons ulclud-
iug, but not hmitcd to, tclcphone luics, cable ines, power
ines. Bnd similar comnnniication patliways.

'I'he example communication devices shown in the system
IU 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, B PDA 16, an intetrrated
messagulg device (IMD) 18, a desktop computer 20. d

notebook computer 22. Thc apparatus 50 may bc stationary
Or mobile when cerned by an individual who Is movulg. The
apparatus 5U may also be located In a mode of transport
including. but not limited to, a car, a truck, a taxi, a bus, a
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train, a boa(. Bn airplane, a bicycle. a motorcycle or any
similar suitable mode of tmnsport

Some or fiirther apparatus may send and receive calls and
messages and communicate with service providers tltrough
a wireless connection 25 to a base station 24. The base
station 24 may be connected to a network server 26 tlmt
aflows communication between lhe mobile telephone ncl-
work 11 and lhc inlcrnct 28. The system may mclude
additional communication devices and communication
devices of various types 1 I 1

1he communication devices may coinmunicate using
various transmission teclutologies including. but not limited
to. code division multiple access (CDMA), global systems
for mobile conunumcauons (GSM), universal mobile tclc-
conununicalions systmn (UMTS), lmie divisional multiple
access (I'l)MA), frequency division imiltiple access
(Iil)MA). transmission control pmtocol-internet protocol
('I'('P-IP). short nlessagmg service (SMS)„multimedia mes-
saging service (MMS). email. instant massaging service
(IMS). Bluetooth. IEEE 802.11 and any similar wireless zo

conlnlunicalion tcchnolog)l A connnunicBnons dcvicc
involved in unplemmiting vanmis embodunmtls of lhc prcs-
eill ioveofioo mal'ominiiilicatc tlshlg, vailous incdhi iilchid-
ing, but not limited to, radio, infrared, laser, cable connec-
tions, mid any suitable connection

Various embodiments can extend conventional two-stage
sub-pixel interpolation algoritluns, such os the algorithm
used in thc H.264/AVC video codm standard. without thc
nimd to increase thc complexity of ihc decoder. It should bc
noted here that I'IG I I illustrates only some full pixel values lo
which are the nearest neighbors to the example block of
pixels but in the interpolation it may also be possible to use
full pixel values located farther from the block under con-
sideration. Furthermore, the present invention is not only
limited lo unplemcntalions using one-dunensional utlcrpo- ls
lanon bul the fractional pixel samples can also be obtained
using morc complex intcrpolanon or Iil(enng.

It should be noted that various embodiments can be
implemented by and/or in conjunction ivith other video
coding standards besides the H.264/AVC video coding stan- so
dali.

With respect to FIG. 4a, a block diagrmn of a video
mtcoder suitable for carrying mn embodiments of Utc mven-
non is shown Furthcrmorc, with rcspccl lo FIG. 5. thc
operation of the encoder exemplifying embodiments of the
invention specifically with respect to the utilization of lfigher
accuracy calculation of prediction si nols is shown os a flov
diagram.

FIG. 4a show s thc encoder as composing a pixel predictor
302. prediction error micoder 303 and prcxfic(ton error o

dim0der 304. F ICi. 4a also shows an ambo dmicnt ol' he pixel
predictor 302 as comprising an inter-predictor 306. an
intra-predictor 3U8. a mode selector 310, a filter 316, and a
reference frame memory 318. The mode selector 310 com-
prises a block processor 381 and a cost evaluator 382. FIC(. 1

46 also depicts an cmbodimenl of lhe utter-predictor 306
wluch composes a block sclcctor 360 mid a monon ice(or
dclincr 361. wluch may bc unplcmmucd e.g. ui a prcdiction
pmcessor 362. I'he inter-predictor 306 may also have access
to a pariuneter memory 4U4. 1 he mode selector 310 may also ii!

comprise a quantizer 384.
The pixel predictor 302 receives the iml e 300 to be

cncodcd at both thc tutor-prixitctor 306 (whmh determines
thc difli:rmtce bctw cen thc image and a motion compensated
rei'crcncc frame 318) and the uttra-prcihclor 308 (which ss
detemiines a prediction for an image block based only on the
already processed parts of current frame or picture) qhe

oulpul of both lhc inter-prcxfictor and thc intra-predictor arc
passed to the niode selector 310. I'he intra-predictor 3()8

may have more thmi one intra-prediction modes I ience,
each mode inay perform the intra-prediction and provide the
predicted si nal to the ntode selector 310. The mode selector
310 also receives a copy of the image 300.

Thc block processor 381 dctermincs which encodutg
mode to use to cncodc thc mirrent block. If thc block
pmcessor 381 decides to use an inter-prediction mode it will
pass the output of the inter-predictor 306 to the output of the
nxlde selector 310 If the block pmcessor 381 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.

According to some example cmbodimenls the pixel pre-
dictor 302 operates as follows. Thc inter predictor 306 and
the intra prediction modes 308 perform the prediction of the
current block to obtain predicted pixel values of the current
block lite inter predictor 306 and the mtra pmdiction modes
308 may provide the predicted pixel values of the current
block to the block processor 381 for analyzing which
prcdiction to scliml. In addition to thc prcxttctcd values of lhe
current block. (hc block processor 381 may, in some embodi-
ment~, receive an indication of a directional intm prediction
nxlde from the intra prediction nlodes

I'he block processor 381 examines whether to select the
inter prediction mode or the intml prediction mode. The
blocl processor 381 may use cost functions such as the
equation (I) or some other methods to analyze wluch
mtcoding method gives ihe most eflicicnt result with respecl
to a certain criterion or criteria I'he selected criteria inay
include coding e(ficiency. processing costs and/or soine
other coterie. 'I he block pmcessor 381 may examine the
prediction for each directionality i e. for each intra predic-
tion mode and inter prediction mode and calculate the cost
value for each inlrn prcdicuon mode and utter prcdiction
mode, or the block processor 381 may cxaminc only a subset
of all available prediction modes in the sclcction ol'he
prediction mode.

In some embodiments the inter predictor 306 operates as
follows. The block selector 360 receives a current block to
be encoded (block 504 in FIG. 5) and examines whether a
previously encoded image contains a block wluch may bc
used as a reli:rcncc lo lhc current block (block 505). II'uch
a block is I'ound Ibom thc reference I'rame memory 318, thc
motion estimator 365 nlay determine whether the current
block could be predicted by usin one or two (or more)
reference blocks i.e. whether the current block could be a
uni-predicted block or o bi-predicted blocl (block 506). If
the motion estimator 365 luis dctennuicd to usc uiu-prcdic-
tion, lhc Bio(ton cslinliilor 365 nia)'uhcBIC lhc rcfclcncc
block to lhe monon vector dc(incr 361. If thc motion
estiniator 365 has selected to use bi-prediction, the motion
estiniator 365 may indicate both reference blocks. or if more
than two reference blocks have been selected. all the
selected reference blocks to the motion vector definer 361.
Thc motion vector dclincr 361 utilizes the refi:rcncc block
infiirmation and dciines a motion vector (block 507) to
tndicalc thc coircspondcncc bc(%con pixels ol lhc ciirrcnl
block mid the reference block(s).

In some embodiments the inter predictor 306 calculates a
cost value for both one-directional and bi-directional pre-
diction and may then select which lund of prediction to use
with the current block.

In some embodiments the motion vector may pout( lo a
Iiill pixel sample or lo a I)action pixel sample i.c. to a half
pixel, to a quarter pixel or to a one-eighth pixel. Ilie motion
vector definer 361 may examine the type of the current bkick
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Io dclcnn&nc whcthcr thc block is a bi-predicted block or
another kind of a block (block 508) 'I'he type niay be
deterniined by the block type indication 366 which may be
pmvided by the block selector 36() or another element of the
encoder. If the type of the block is a bi-predicted block, tv o
(or ntore) niotion vectors are detined by the motion vector
definer 361 (block 509). Othcm isa, il Ihe block &s a u&u-

pred&cled block, one motion vector shall bc de(in&xi (block
510).

It is also possible that the type of the block i ~ deternuned &o

before lhe motion vector is calculated.
The nn&tion vector definer 361 provides motion vector

information to the block processor 381 which uses tlus
information to obtain thc prcdiction signal.

Whc&i lhc cost 1&as been cdlcnlBlcd w&lh Icspcct to nit»' I

prediction mode and possibly with respect to the inter
prediction mode(s), the block processor 381 selects one intns
prediction niode or the inter prediction mode for encoding
the current blocl .

When the inter pred&ction mode was selected, the pre- zo

d&cled pixel values or prcd&ctcd p&xcl values quan(&zcxl by
thc opl&onal quent&zcr 384 arc prov&ded as thc output of the
niode selector.

1'he output of the mode selector is passed to a hrst
siunming device 321 'I'he (irst summing device may subtnsct
the pixel predictor 302 output from the image 300 to produce
a first prediction error si nal 320 which is input to the
prcd&cuon error cncodcr 303.

11&c pixel pred&ctor 302 I'urthcr rcce&vcs Ihom a prelun&-
nary reconstnictor 339 the combination of the pred&ction &o

representat&on of the image block 312 and the output 338 of
the prediction error decoder 304. 'I'he preli&ninary recon-
stn&cted image 314 may be passed to the intra-predictor 308
and to a filter 316. The biter 316 receiving the preliminary
reprcsental&on may liltcr the prclimuiary rcprcscntauon and &s

output a linal rcmonslructcd &mage 340 wluch may be saved
in a rclbrcnce I)arne memory 318. Thc rcfi:rm&ce frame
niemory 318 may be connected to the inter-predictor 306 to
be used as the reference image against which the h&ture

image 300 is compared in inter-prediction operations. do

The operation of the p&xel predictor 302 may be conti-
urcd lo carry out uny known p&xel prcdicuon algonllun
kixnv&i »i lhc Brt

11&c p&xel prcd&ctor 302 may also comprise a Iiltcr 385 to
filter the predicted values before outputting them from the
pixel predictor 302

The operation of the prediction error encoder 303 and
prediction error decoder 304 will be described hereafter in
further detail. In the I'ollowing cx&miples the m&coder gmi-
crales undges u& tcnns ol'16x16 p&xcl macroblocks wluch go o

to form Ihc lull unage or p&cturc. Thus, lor lhe followuig
examples the pixel predictor 302 outputs a series of pre-
dicted macniblocks of s&ze 1 fix) 1& pixels and the tirst sun&-

ming device 321 outputs a ~eries of 16xl6 pixel residual
data ntacroblocks v hich may represent the difference i.
bc(worn& a lira( nuicro-block ui Ihe &mage 300 agauist a
prcd&cled macro-block (output of p&xcl pred&ctor 302) Il
would be apprcc&a&cxt that other s&zc macro blocks may bc
used.

'(lie predict&on error encoder 3()3 comprises a transforni io
block 342 and a quant&zer 344. The transfomt block 342
transfomts the first predict&on error signal 320 to a uansfomt
domau&. 11&e transform &s, R&r cx&unple, Ihe DCT t&d&is(&in&&.

Thc quanlizcr 344 qunnuzcs the transfiimi dommn signal,
c.g. thc DCT coefiic&cuts, Io form quan(ized coefficicnts ss

1'he entmpy encoder 330 receives the output of the
prediction ermr encoder and may perform a suitable entmpy

cncod&ng,'vanablc length encoding on thc s&gnal to pmv&dc
em&r detection and correction capability Any suitable
entmpy encoding algorithm may be employed.

'I'he prediction error decoder 304 receives the output from
the prediction error encoder 303 and performs the opposite
processes of the prediction error encoder 303 to produce a
dimodcd pred&cl&on error s&gruil 338 wh&ch when co&nb&ncx(

w&lh lhc prixhct&on rcpresm&is(ion ol thc &mage block 312 a&

the second siunming device 339 pmduces the preliminary
reconstmcted inmge 314. 1 he pred&ction error decoder may
be considered to con&prise a dequantizer 346. which dequan-
tizes the quantized coetf&cleat values, e.. DCT coefiicients,
to reconstruct the transform signal and an inverse transfor-
mauon block 348, v,hie& pcrlbnns the inverse trdnsfomia-
t&on lo Ihc reconstructed Irm&s form s&goal whcrc&n thc outpul
of the inverse transformation block 348 contains recon-
stnicted block(s). 1'he prediction error decoder may also
comprise a macroblock filter (not shown) which may filter
the reconstructed macroblock accordin to further decoded
information and filter parameters.

Thc opcrat&on and miplemcnlauou of thc mode sclcclor
310 is shown u& further dctml w &th respect lo FIC) 5. On Ihe
bas&s nf the prediction signals front the output of the
inter-predictor 306. the output of the intra-predictor 308
and/or the image signal 30U the block processor 381 deter-
m&nes &vhich encoding nn&de to use to encode the current
ima e block. Tlus selection is depicted as the blocl 500 in
FIG. 5. Thc block procissor 381 may calculate a rate-
d&slort&on cost (RD) value or another cost value for thc
predict&on signals which are input to the mode selector 31()
and select such an encoding mode 503, 504 for which the
deternnned cost is the smallest.

The mode selector 310 provides an indication of the
encod&n mode of the current blocl (501). The indication
may bc cncodcxt and inserted lo a b&t stream or stored into
d Bien&orr'ogctlicl w&lli llii'udge fifo&nial&orc

If thc uttra-prcd&ction mode &s sclectixl, the block &s

predicted by an intra-prediction niethod (503) Respectively,
if the mter-predictiim mode is selected, the block is pre-
dicted by an inter-prediction method (504-510)

An example of the operation of the mode selector when
thc &uter-prcd&clion mode &s scleclcd and thc type of thc
block is a bi-prcdictcd block, is illustrated as a block
duigram in FIG. 11. Mol&on

tern&or

&nformat&ou prov&dcd by
die motion vector dehner 361 contains indication of a first
reference block and a second reference block In nndti-
prediction applications the motion vector information may
contain indication of more than nvo reference blocl s. The
block processor 381 uses the motion vimtor information Io
dclcrnunc wh&ch block &s used as a lirst refi:rcucc block lor
lhc cu&rc&it block dnd which block &s Used Bs &I second
reference blnck for the current block I'he block processor
381 then uses son&e pixel values of the first reference bkick
to obtain first prediction values and some pixel values of the
second reference block to obtain second prediction values.
For cxmnplc, il'a lira( mouon vector po&nls to a fraction of
a p&xcl (a subp&xcl) illusudtcd by the square b &n the example
of FICi 12, the blocl processor 381 may use p&xcl values of
several full pixels on the same rom, fi&r example, than said
fract&on of the pixel to obtain a reference pixel value. 'I he
block processor 381 may use e.. a P-tap filter such as a
six-tap filter in v:hich P pixel values of the reference block
are used lo calculate thc prod&ction value. In thc cxmnplc of
FIG. 12 Ihcsc pixel i alues could bc p&xcls E, F, G. H, I and
J. 11&c taps of the lillcr may be c.g. uiteger values. An
exaniple nf such a six-tap filter is [I — 5 20 20— 5 lj/32
I (ence, the filter 1102 would receive I (U I the p&xel values of
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pixels E, F. CF, H, I and J and filter (hase values by thc
equation PI (I:,— 5" I',+20e(i,+20*I I,— 5 "I,+I,i, in which
I:, is the value of the pixel I I in the first reference block. I',
is the value of the pixel li in the first reference block, Ci, is
the value of the pixel Ciin the first reference block, H, is the
value of the pixel H in the tirst reference block. I, is the
1 slue of thc pixel I ui thc lira( rcfcrcnce block, and J, is the
1 slue of the pixel J in thc lira( refi:rance block. In (he lirst
rounding offiset insertion block 1103 a first munding oITset
niay be added to the value Pl i e Pl+rounding, offset I'hen, ia
the sum may be sin fted by the first shifting block 1104 to the
right so that the precision of the stun becomes M bits. The
precision M is higher than the precision of the expected
prcdicuon value. For example. pixel values and (hc prcxfic-
uon 1 alues may bc represcn(cd by N bi(s whcrem M&N. In
sonic exantple intplenientations N is 0 hits and M is 16 bits
but i( is obvious that also other bit lengths can be used v ith
the present invention

The second prediction can be obtained similarly by the
second filter 1106, which receives 1105 some pixel values of io
thc second refi:rmicc block These pixel values are dcter-
nnncd on thc basis of the second moiion vcc(or. The simond
nio(ion vector ntay point to the same pixel (or a fraction of
the pixel) in the second reference block to which the hrst
nio(ion vector points in the first reference block (using the
example above that pixel (s the subpixel b) or to another full
pixel or a subpixel in the second reference block. The second
lifer 1106 uses similar litter than thc Iirs( litter 1102 and
outpu(s (hc second filtcruig result P2. According (o thc
example above the filter is a six-tap filter [I — 5 20 20 — 5 ic
l}732. wherein P2 (I:i — 5el's+20a(is+20*llz—5ais+Jzi. in
which I:s is the value of the pixel I I in the second reference
block, F, is the value of the pixel F in the second reference
block, (ii is the value of the pixel Ci in the second reference
block. H, is the vulue ol'he pixel H ui (he second reference is
block. Ii is thc value ol'he pixel I in (he second reference
block. and J, is thc value of thc pixel J in the second
reference block In the second rounding offset insertion
block 1107 the first rounding offset may be added to the
value P2 i.e. P2+rounding ofi'set. Then. the sum may be so
shifted by the second shifiin block 1100 to the right so that
the precision ol'he siun becomes Ivi bits.

In the combining block 1109 thc two prcdiction values Pt,
P2 arc combined e.g. by sununing and (he combutcd value
is added with a second rounding value in the third rounding
vahie insertion block IJH). flic result is convetttxt to a
smaller precision eg, by shifting bits of the result to the no it
y times in the third shifting blocl 1111. This corresponds
wi(h dniding thc result by 2C Af(er thc conversion the
precision of (hc prixliction signal corresponds with the e

precision of 1hc inpu( pixel values. However, tlm in(emtc-
diate results are at a higher precision, wherein possible
rounding errors have a sntaller effect to the prediction signal
con(pared to existing method~ such as the method illustmted
in FKI. 10. 7.

In mi alteurative embodimcn( 1hc roundmg oil'sct is no(
aildcil separately to (lm results ol'he first 1102 mid thc
second litter 1106 but af(cr combuung die results in thc
combinin block 11 1 0 In this case the value of the rounding
otTset is twice the value of the first rounding offset because Fc

in the enibodiment of FICI. 11 the tirst rounding offset (s
actually added twice. once to PI and once to P2.

In some embodunmits also thc first slnfung block 1105
and 1hc second slufung block 1109 arc no( nixded when the
precision of registers wluch s(orc (he Iiheruig results is ss
sufficien( v ithout reducing the precision of the tilterina
results In (hat case the third shifting block may need to shift

thc predic(ion resul( morc than y bits (o thc ugh( so tlmi thc
right shifted value P has the same prediction than the input
pixel values, for exaniple 0 bits

In some other exaniple embodiments may partly differ
from the above. For example. if a motion vector o fone of the
prediction directions point to an integer sample. the bit-
dcpth of prcxfic(ton samples with intcgcr accuracy may be
incrcascd by shifung thc samples to thc left so that (he
filtenng can be performed ivith values having the smne
pl'ecisiofl

Samples of each one of the prediction directions could be
rounded at an intermediate step to a bit-depth that is still
larger than the input bit-depth to mal e sure all the interme-
duite values li( (o regis(crs of certmn length, c.g. J6-bit
rcgm1crs. For cxamplc. Jet's consider 1hc stone example
above but using

filter

tap (3, — 17. 70. 70, — 17, 3} Then Pl
and P2 are obtained as:

7 l=(s Fu 17 F +7(V(h+7( 17 17 FH 7 +1) '

P=is"E;17"PF+ s"G.+ts'7(7 — (7'"77 ~I'"J,~ 1) -'1

Thc bi-dirac(ional prcdicuon signal nuiy (hen bc ob(antcxi

ilslllg'=FP1+P

+ Si: '-'S

When a motion vector points beuveen two hdl pixels i.e.
to a free(ion uf thc pixel, (hc value for (hat (he rcfi:rance
pixel value may be ob(auicd ui several ways. Some possi-
bilities vere disclosed above but in the following soine
further non-limiting examples shall be provided with refer-
ence to FI(i 12

If a motion vector points to the blocl labeled j the
corresponding reference pixel value could be obtained by
using full pixel vahies oli lilt: salllc illaguiltll (han I, or by a
two-phase process m wluch c g. pixel values of rows around
the block I are used to calcula(c a sct of uitcnnediate results
and then these intermediate results could be filtered to obtain
the reference pixel vahie. In an example embodiment the full
pixel values A and B could be used to calculate a tirst
intermediate result to represent a fraction pixel value aa. full
pixel values C mid D could bc used to calcula(c a simond
in(ermcdia(e resuh (o rcprcsmit a fracuon pixel value bb, and
full pixel values E to J could be used to calculate a third
intermediate result to represent a fraction pixel value b
Sintihsrly, fourth, fifth and sixth intermediate values to
represent fraction pixel values s„gg. hh could be calculated
on the basis of full pixel values K to Q: R, S; and T, IJ. These
in(cnncdiatc resul(s could (hcn be filtered by a six-(ap lil(cr,
fiir cxamplc.

Thc prixlic(ion signal P obuiined by the above descrtbcxt
openstions need not be provided to a decoder but the encoder
uses this information to obtain predicted blocks and predic-
tion error. The prediction error may be provided to the
decoder so that the decoder can use corresponding opera-
tions to ob(aui the prixiictcd blocks by prediction and correct
thc prcdiction rcsuhs on (he basis ol'he prcdic(ion error. Thc
mtcodcr may also provide motion vector uithrmation (o thc
decoder

In an example embodiment, as is depicted in I'Ki 9. the
bit stream of an image comprises an indication of the
be inning ofan image 910, image information of each block
uf thc unage 920. tmd indica(ion of'hc cnd of thc unage 930.
The image informs(ion of'each block ol'hc image 920 may
include a block type uidica(or 932, und mouon vcc(or
information 933 It is obvious that the bit stream may also
cmnprise other inforniation I'ur(her. this is only a simplified
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image of Ihe bit stream and In pmctmal unplmnentations thc
contents of the bit stream nlay be different from wllat is
depicted in lii(i 9

'lite bit streanl may further be encoded by the entropy
encoder 330.

Although the embodiments above have been descnbed
with respect to the size of thc macroblock being 16x16
pixels. it would bc apprcciatcd that thc methods and appa-
ratus descubed nlay be configured to handle macroblocks of
dilferent pixel sizes I i 1

In the fnllowing the openstion of an example embndiment
of the decoder 600 is depicted in more detail with reference
to FIG. 6.

AI Ihc dci:oiliu stile sunlku opelafions all: pi:lfiinui:il Io
riwonstruct thc unage blocks. FIG. 6 shows a block dlagrmn
of a viden decoder suitable for employing embodiments of
the invention and I'I(i 7 sholvs a tlow diagram of an
example of a nlethod in the video decoder. 'Ihe decoder
shows an entmpy decoder 600 which performs an emropy
decoding on the received signal. The entropy decoder thus lo
performs thc ulvcrse operation Io Ihe entropy cncoilcr 330 of
thc encoder dcscubed above. The cn(ropy diwoder 600
outputs the results of the entropy decoding to a pnxfiction
error decoder 602 and a pixel predictor 604

1'he pixel predictor 604 receives the output of the entmpy
decoder 600. The output nf the entropy decoder 600 may
include an indication on the prediction mode used in encod-
ing thc current block. A prixhctor selector 614 witlun thc
pixel prixlictor 604 dctcnnines that an inua-prediction. an
inter-prediction, or interpolation openstion is to be carried so

out. 1 he predictor selector may furthermore output a pre-
dicted representation of an image block 616 to a hrst
combiner 613. The predicted representation of the image
block 616 is used in conjunction with the reconstructed
pleihcuiin erriil'ignal 612 lo gc'nc'Idle a prelituiluily recon- ls
structcd image 618 Thc prchminary reconstructed unage
618 may be used in the predictor 614 or may be passed to
a hirer 620 1 he tilter 62U applies a filtering which outputs
a final reconstructed signai 622 'I'he final reconstmcted
signai 622 may be stored in a reference fmme memory 624, so
the reference frame memory 624 further being connected to
Ihe predictor 614 for prcdicuon operanons.

lllc predwtion error dccodcr 602 reccivcs thc output of
the mltropy dccodcr 600. A dcqumulzcr 692 of thc prediction
error decoder 602 may dequantize the output of the entropy
decoder 60U and the inverse transfiirm block 693 may
perfi&mt an inverse tmsnsfonn operation to the dequantized
signal output by the dequantizer 692. The output of the
entropy dccodcr 600 may also uldlcatc that prcdicuon error
signal ls not to bc apphcd and ultlus case the prcslicuon error n

dcmodcr produces an all zero output sl nial.
1'he decoder selects the I fixl 6 pixel residual macroblock

to reconstruct. The selection of the lfix16 pixel residual
macroblock to be reconstructed is shown in step 700.

The decoder receives infnrmation on the encoding mode s.
used when thc current block has bccn encoded. The lndlca-
uon Is dccodlxl, when ncccssary, mid provided to thc recon-
strucuon processor 691 of thc prediction sclcntor 614 Thc
reconstruction processor 691 examines the indication (block
701 in ill(i. 7) and selects one of the intra-prediction modes io
(block 703), if the indicatinn indicates tlmt the block has
been encoded using intra-prediction, or an inter-prediction
mode (blocks 704-711), II'hc uldlcauon indicates that the
block llas been encoded usulg inter-prediction.

If thecurrent block has been cncodcxl usulg inter-prcsfic- ss
tion. the pixel predictor 604 may openste as follows. The
pixel predictor 604 receives motion vectnr infornlation
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(block 704). Thc pixel predictor 604 also rccmvcs (block
7U5) block type information and examines whether the block
is a bi-predicted block or not (block 706). If the block type
is a bi-predicted block, the pixel predictor 6U4 examines the
motion vector information to determine v hich reference
frames and reference block in the reference frames have
bimn used in the construcuon of Ihe motion vector informa-
tion. Thc rcmonstructlon processor 691 calculates the monon
vectors (7U9) and uses the value of the (fraction of the) pixel
of the reference blocks to ivhich the motion vectors point to
obtain a motion cnmpensated prediction (710) and combines
the prediction error with the value to obtain a reconstructed
value of a pixel of the current block (block 711)

II'lm block type is a uni-prcdictcd block, thc pixel
predictor 604 exammcs the motion vector ull'ormauon to
deternnne which reference frame and reference block in the
reference fnsme has been used in the constnlction of the
motion vector information. The reconstruction processor
691 calculates the motion vector (707) and uses the value of
the (fraction of the) pixel of the reference block to which the
motion vector poults Io obtaul a mouon compcnsatcd pre-
dlcuon (708) and combules thc prcdicuon error with Ihe
value to obtain a reconstnicted value of a pixel of the current
block (block 711)

When the motion vector dnes not point to a full pixel
sample in the reference block. the reconstruction processor
691 calculates using e.g. a one-directional interpolation or
P-tap Iiltcnng (c.g. six-tap Iiltcring) to obtmn thc values of
thc fractional pixels. Basically, Ihc opcrnhons may bc pcr-
founed in the same lvay than in the encoder i e nlaintaining,
the higher accuracy values dunng the iilteung until in the
final munding operation the accuracy may be decreased to
the accuracy of the input pixels. Therefore, the efiect of
possible rounding errors may not be so large to the predicted
values Ihiul nl known mclhixls.

Thc above dcscubixi procedures may bc repeated to each
pixel ol'he current block to obtain all rcconstructcd pixel
values for the current block.

In some embodiments the reconstnlction processor 691
use the interpolator 694 to perform the calculation of the
fractional pixel values.

In some emboihmmlts the rcconstrucuon processor 691
provides the I'racuonal pixel values Io thc predictor 695
which combines thc fractional pixel values with prcdiction
emir to obtain the reconstmcted values of the pixels of the
current block.

In some embodiments the interpolation may also be
perfomled by usia full pixel values. half pixel values,
and/or quarter pixel values winch may Irave been stored into
a rcfcrcnce Ibamc memory. For example. thc mlcodcr or Ihe
dinodcr may comprise a rclhrcnce frame memory In wluch
the full pixel samples, half pixel values and quarter pixel
values can be stored

Furthermore. in some embodiments the type ni the block
may also be a nndti-predicted block wherein the prediction
of a block nuly bc based on morc thun two rcfcrcnce blocks.

Thc cmboduncnts ol'he ulventlon dcscribcd above
dcscribc thc codec in tcmls of separate mlcodcr and dccodcr
apparatus in order to assist the understanding of the pro-
cesses involved I lolvever. it would be appreciated that the
apparatus. structures and operations may be implemented as
a single encoder-decoder apparatus/stnlcture/operation. Fur-
themlorc in some cmboilimcnts of thc Invention the coder
and decoder may allure some or all conmlon clcments.

Although the aboi c examples dcscnbc cmboduuents of
the invention operating within a cndec witlun an electronic
device, it would be appreciated that the imention as
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dcscnbixl below may bc unpin&ucnlcxi as part of any v&deo
codec. 1hus. for exan&pie. embodiments of the invention
may be implen&ented in a video codec which may implement
video coding over fixed or wired conununication paths

Tluis, user equipment may comprise a video codec such
as those described &n embodiments of the invention above.

Il shall bc apprci:&alixl lhal lhc lcm& liscr cqiilpnlcnl ls
intend&xl to cover auy su&table type uf w&rclcss user cx(u&p-

n&ent, such as mobile telephones. portable data processing
devices or portable web bmwsers & 1 &

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

In general, Ihc venous cmbodimenm ol Ihc u&vent&on may
bc unpin&ucntcxl u& hardware or special purpose c&rcuns,
software, lo ic or any conlbination thereof. For example,
son&e aspects n&ay be &nlplemented in hardware, wlule other
aspects may be implemented in linnware or software which
may be executed by a controller. microprocessor or other
computing device. although the invention is not limited lo
thcrclo. While vanous aspects of thc u&vcnhon may be
illustrated m&d dcscnbcd as block d&agrams. liow charts. or
using some other pictonal representation, it is v ell under-
stood that these blocks, apparatus, systems. techniques or
n&ethods described herein may be implemented in. as non-
limiting examples, hardware. soihvare, firn&ware, spec&al

purpose circuits or lo ic. general purpose hardware or
controller or other comput&ng devices, or some comb&nation
lie&coil

'Hie embodin&ents of th&s invention may be implenlented lll

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 combinat&on of software and hardware. Further
in tlus regard it should be noted that any blocks of the logic
fiow as in thc F&gurcs may represent progrmn steps, or ls
intcrco&u&ected log&c c&rcuits, blocks and funct&ons, or a
combu&at&on of program steps and logic c&rcuits, blocks and
functions. The soft&vere may be stored on such physical
n&edia as memory chips, or memory blocks implenlented
ivithin the processor, magnetic media such as hard disk or so

floppy disks„and opt&cal media such as for example D& D
and lhc data variants thcreol; CD.

11&c memory may be of imy type su&table lo the local
technical em &ro&anent aud may be implemented using any
suitable data storage teclmology, 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 su&table to tlm local tccluucal env&romncnt. and may
include onc or morc of gm&eral purpose compulers, spec&al O

purpose computers, m&croprocessors, digital signal proces-
sors (l)Sps) and processors based on multi-core processor
architecture, as non-limiting examples.

Embodiments of the inventions may be practiced in
various conlponents such as integrated circuit modules The s.
ih:sign of Inlcgliilcd clrcu&N ls by Bnd IB&gc B hl hlv Bnlo-
malcd process. Complex aud powerful softv,are louis arc
ava&labia for convert&ng a log&c lcvcl design into a scnucon-
ductor circuit design ready to be etched and fi&nned on a
semiconductor substrate So

Programs. such as those provided by Synopsys. Inc of
Mountain View„Cahf. Bnd Cadence Design. of San Jose,
Cnlif. aulomahcally route conduclors and locale components
on a smniconductor chip usu&g well cslablished rules of
design as well as 1&brancs of pre-stored des&gn modules. ss
Once the design for a sem&conductor circuit lms been
completed, the resultant des&gn. in a standardized electronic

formal (c.g.. Opus, GDSII. or tlm 1&kcl may bc transm&ucd
to a semiconductor fabrication facility or "fab'* for fabrica-
tion

'I'he foregoing description has pmvided by way of exem-
plary and non-limitin examples a full and informative
description of the exemplary embodiment of this invention.
However, various modilicalions and adaptauons may
bimomc apparent Io those skilled in thc relevant arts u& v&cw

of the fi&regoing description, when read in conlunction ivith
the accompmlying drawinas and the appended chsuns I loiv-
ever, all such and similar modifications of the teachings of
th&s invention wiil still fall within the scope of this invention.

A method according to a first embodunent cnmprises;
delcnninu&g a block ol p&xcls of a v&dco represcnlat&on

mlcodcd u& a b&&stream. values of sa&d p&xcls havu&g a first
precision;

determining a type of the block;
if the determining indicates that the block is a block

predicted by using tvvo or nulre reference blocl s,
detem&ining a first reference p&xel locat&on in a first

reference block and a second refcrm&ce p&xcl locauon in a
second rcfi:rcnce block,

usmg said first reference pixel location to obtam a first
prediction, said Iirst prediction having a second precision,
which is higher tl&an said hrst precision;

usulg said second reference pixel location to obtain a
second prediction, said second prediction having the second
precis&on. which &s higher than sa&d first prcc&s&on,

combinu&g stud first prcd&cl&on and sa&d second predict&on
to obtain a combined prediction: and

decreasing the precision of said con&bined prediction to
said first precision

In some methods according to the first embodnnent a first
munding offset is inserted to said first prediction and said
second prcd&ction.

In some methods according lo thc first cmbod&ment Ihe
prcc&s&on ol'aal lirst prcd&clion and sa&d second prcd&cl&on
is reduced to an intemiediate pred&ction after adding said
first rounding offset. said intermediate prediction being
higher than said first precision.

In some methods according to the first embndiment a
second roundulg off'scs is u&scrted to the combu&cd pred&c-
t&on bcforc saul dccrcasing.

In some methods accord&ng lo thc lirst embod&ment said
type of the block is a bi-directional block.

In some methods accordin to the first en&bodiment said
type of the biock is a multidirectional block

In some methods according to the lirst embod&ment the
lirst rounding off'set is 2'. and saul decrees&ng comprises
right slufiing the combu&cd predwtion y+I b&ts

In some methods according lo thc first cmbod&ment Ihe
first precision is g bits.

In some methods according to the hrst embodmient the
value of y is 5.

In some methods according to the first embodnnent said
first prod&ction and said second prcd&ct&on arc obtained by
Iiltcnng p&xcl values of said rcfi:rance blocks.

In some methods according to the lira& embod&ment thc
filterin is performed by a P-tap filter

An apparatus according lo a second embodm&ent com-
prises:

a processor: and
a memory u&ut operahi cly colu&cctcd to thc processor and

hlcluihng:
computer code conligured lo dctcnn&nc n block of pixels

of a video representation encoded in a bitst&earn. values of
said pixels having a first precision;
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computer code conligured lo delcnninc a type of thc

block;
computer code coufigurtxi io, if ihe dcteunimng uldicatcs

that the block is a block predicted by using two or nlore
rcfcrencc blocks,

detenuine a first reference pixel location in a first refer-
ence block nnd a second reference pixel location in n second
reference block:

use said first reference pixel location to obtain n first
1 I 1

predicuon. s;ud lirst prcdicuon having a second precision,
which is higrher than said first precision:

use saiti scmoud reft:rcncc pixel local ion le obtain a second
prediction. said second prediction having the second preci-
sion. which is lughcr than said lirsi precision;

combine said hrst prediction and said second prediction to
obtain n combined prediction: and

decrease the precision of said combined prediction to said
first precision.

In some apparatuses according to die scx:ond embodunmll
the computer code is fhither configured to insert a first
rounding oil'set io smd first predwiion and said second
prediction

In some apparatuses according to die scx:ond embodunmll
the computer code is further conhgured to reduce the
precision ol'aid lirst prcdiction mid said second prcdiction
to an intermediate prediction after adding said first rounding
offset. said intermediate prediction being hi/~ter thon said
first precision

In some apparatuses according to the second embodiment Sit

ihe computer code is further configured to mserl a second
rounding offset to the combined prediction before said
tlcclt:aslllg.

In sonic apparatuses according to the second embodiment
said type of thc block is a bi-directional block.

In some apparatuses accordmg to the second embndiment
said type of the block is a multidirectional block.

In sonic apparatuses according to the second embodiment
the first roundin offset is 2'. and said decreasing comprises su
right slufiing thc combuled prcdiction y+I bits.

In some apparatuses according to the second embodunent
the lirsi precision w 8 bits.

In some apparatuses according to die scx:ond embodunmll
the value of y is 5

In sonic apparatuses according to the second embodiment
the computer code is filrther configured to obtain said first
prediction and said second prediction by filtering pixel
t glues of said rcferencc blocks.

In some appuraiuscs accordulg lo thc second cmboduuent u

smd lillcring compnscs a P-tap tilter.
According to a third embodiment there is pnlvided a

compmer readable storage medium stored tvith code thereon
for use by an appamstus, which when executed by n proces-
sor, causes the apparatus to: s.

dclenninc a block of pixels of a video it presentation
mlcotied ul a bitsircam, values of said pixels havulg a first
pit:clslon,

determine a type of the block:
if the determining indicates that the block is a block io

predicted by using uvo or more reference blocks. determine
a first reference pixel location in a first reference block and
a second rcli:rance pixel locauon ul a second reference
block,

usc said Iirst refercncc pixel locauon lo oblmn a lirsl ss
prediction. said first prediction having a second precision,
which is higher than said first precision:

usc saul second rcfcrencc pixel locauon io obtain a stuond
prediction. said second prediction having the second preci-
sion. which is higher than said first precision,

conlbine said first prediction and said second prediction to
oblain a combulcd predicuon, and

decrease the precision of said combined prediction to said
first precision.

According to a fourth embodiment there is provided at
least one processor and at least one memory, said at least one
memory storcxI with colic thcrtxln. wluch when cxcculed by
said at least one processor. causes an apparatus to perform:

delcnnine a block of puels of a video representation
encoded in a bitstream, values of said pixels having a first
plcclslon,

determine a type of the block:
if the determining indicates that the blocl is a block

predicted by using two or more reference blocks,
detemline a first reference pixel location in a first refer-

mlcc block and a second rcfcrencc pixel location in a stuond
reference biock:

use said first rcfcrencc pixel location lo oblaul a Iirsl
prediction, said first prediction having a second precision,
which is higher than said Iirsl precision,

use said second reference pixel location to obtain a second
prcdiction. xanl second prtxiiction having thc stuond preci-
sion, v hich is higher than said first precision;

combine said first prediction and said second prediction to
obtain a combined prediction; and

decrease the precision of said combined prediction to said
first precision.

According to some example embodiments the apparatus is
an encoder.

According to some example embodiments the apparatus is
a dccodcr.

An apparatus according tn a fifth enlbodinlent comprises
nn input to detemline a block of pixels of a video

representation encoded in a bitstream. values of said pixels
having a first precision;

a delcmlinalor to dclenninc a lvpe of thc block, wherein
if the determining indicates that the block is a block pre-
dicted by using lwo or morc reft:rcnce blocks, saul detcr-
minalor lurlher to dclernunc a Iirsi rcfcrcnce pixel location
in a first reference block and a second reference pixel
location in a second reference block,

n first predictor to use said first reference pixel location to
obtain a first prediction, said first prediction having a second
precision, which is higher llran said Iirst precision,

a second predictor to usc said second reft:rcncc pixel
location to obtaul a second prcdwtion, said second prcdic-
tion having the second precision. which is higher than said
first precision:

a combiner to combine said first prediction and said
second prediction to obtain n combined prediction: and

a sluficr to decrcasc thc precision ol'aid combntcxl
prcdiction lo xanl lirsl precision

Au apparatus accordulg lo a sixth cmboduncnt composes.
nleans for determining a block of pixels of a video

representation encoded in a bitstream. values of said pixels
having a first precision;

means for determining n type of the block:
ultguls fol tlctt:nnullllg a filsl refcrt:lit:1: plxt:I lotxnion ill a

lirst reft:rance block and a stxond rcli:rmlcc pixel location in
a second rcfcrcnce block, if ihc dctcnnirung indicates that
the block is a block predicted by using two or more reference
blocks,
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nlcdns fill ilsulg silld fusn Icfblc'ncc pixel locBIIOB 10

obtain a tirst prediction, said first prediction having a second
precision. v hich is higher than said first precision:

means for using said secimd reference pixel location to
obtain a second prediction, said second prediction having
the second precision. which is higher than said first preci-
Slon,

means for combuung said first prcihcuon and said second
prediction to obtain a combined prediction; and

means for decreasing the precision of said combined io

prediction to said first precision

What is claimed is:
1. A method 1'or encoding a block ol pixels. tlm method

conlpllshlg: I

determining. for a current block, a first reference block
based on a first motion vector and a second reference
block based on a second motion vector, wherein the
pixels of the current block. the first reference block. and
the second reference block have values w:ith a tirst Io
pit:C IS Ion,

using said first rcfcrcnce block to obtain a first prediction,
said first prediction havulg a second precision. winch ls
higher than said first precision;

using said second reference block to obtain a second
prediction. said second prediction having the second
precision,

obtainulg a combuied prcihcuon based at least partly upon
said lirst prcdiction and smd second prediction;

decreasing a precision of said combined prediction by lo
shiftin bits of the combined prediction to the right: and

encoding residual data in a bitstremn, wherein the residual
dasta is determined based upon a difference between the
conlbined prediction and the block of pixels.

2. The method according to clmm 1, whereul ul an ls
insiancc In which said first monon veclor points 10 a

subpixcl, said lirst prcdiction is obuiincd by ulterpolanon
using pixel values of said first reference block

3 i he method according to claim 2. wherein said hrst
prediction is obtained by interpolation using values of said do

first reference block by:
nghl shil'ting a sum ol'a P-lap filter using values of smd

lirst refbrcncc block
4. The method according lo clmm 2, whercul ul an

instance in which said second motion vector points to an
integer sanlple, said second prediction is obtained by shift-
in values of said second reference block to the left.

5. The method according to claim 1. ~herein said decreas-
ing uiid precision ol'nul combuled prcdicuon by sluftulg
bits of thc combined prixhction Io the right, furtlmr corn- o

pnsem
insertin a munding offset to the coinbined prtxhction

before said decreasing
6. The method according to claim 1, wherein the hrst

precision indicates a number of bits needed to represent the ss
1 illucs of lhc pixels, Bnd lhc second plcclsuin uuhcau:s thc
number of bits nccdixl to 107trcsent values of said first
prcdlcuon and values of saul second predlcnon.

7 An apparatus for encoding a block of pixels. the
apparatus comprising so

at least one processor and at least one memory including
conlputer progrram code. the at least one memory and
computer program code configurod lo. with lhc al least
ont: ploct:ssor, cause lhc Bppaldlos 10.

delcnninc, lbr a currmit block, a first reference block ss
based on a first motion vector and a second reference
block based on a second motion vector. wherein the

pixels of the current block. the lirst rcferencc block, and
the second reference block have values with a tirst
precision,

use said first reference block to obtain a first prediction,
said first prcdicuon lun ing a second precision, wluch is
higher than said tirst precision,

use said second reference block to obtain a second pre-
diction, said second predicnon having the second pre-
cision;

obtain a combutcxf prmliction bascxf at least partly upon
said first prediction and said second prediction:

decrcasc a precision of saul combined prixhction by
shifting bits of the combined prediction to the right; and

cncodc residual dald ul a bilslrcam, wlmrmu Ihc remdual
data is determined based upon a difference between the
combined prediction and the block of pixels.

8 '1'he apparatus accordin to claim 7. wherein in an
instance in which said first motion vector points to a
subpixcl, xdul first predicnon is obtauied by interpolation
using pixei values of said first reference blocl .

9 Thc apparatus according to claim 8, whcrcul smd first
prediction is obtained by interpolation usmg values of said
first reference block by:

nght shifting a sum of a P-Iap filter using values of said
first reference block.

10. The apparatus according to claim 8. 0 herein in an
instance ul wluch said second mouon vector poulm lo an
integer sample. said simond prcdiction is obtauled by slufl-
ing values of said second reference block to the left

ll. 'I'he appanltus according to claim 7. wherein the at
least one memory and computer code are configured to
cause the apparatus to decrease said precision of said
combined prediction by shifting bits of the combined pre-
dicuou lo Ihc right, by:

Inserting a munding ofisci to Ihc combined prcdicnon
bcfflrc said dccrcdsmg.

12. The apparatus according to claim 7, wherein the first
precision indicates a munber of bits needed to represent the
values of the pixel~, and the second precision indicates the
number of bits needed to represent values of said tirst
plcihctlon ilnd vdhlcs ol sBul second pl'cdlcnon.

13. A computer program product 1'or micoding a block of
piscis. thc conlputcl ploglilnl plililucl compnsulg dl lcasl
one non-transitory computer readable storage medium hav-
ing computer executable pmgram code portions stored
therein. the computer executable progrram code portions
comprising program code instructions configured to;

dctcmunc, lbr a current block, a first rcfcrcnce block
bascxf on a lirsl monon vector and a second rcfcrcnce
block based on a second motion vector, whereul Ihe
pixels of the current block, Ihe hrst reference block, and
the second reference block have values with a first
precision;

use said first reference block to obtain a first prediction,
said first prcdicuon lun ing a second precision, wluch is
higher than xdul lirsl precision,

usc saul second rcferencc block to oblaul a second prc-
diction, said second predicnon having the second pre-
cision;

obtain a combined prediction based at least partly upon
said first prediction and said second prediction:

decrease a prcmision of said combined prcxhction by
shifiulg bits Of thc combined prcdicuon Io the nghl, and

cncodc residual dald ul a bilslrcam, wlmrmu Ihc remdual
data is determined based upon a difference between the
combined prediction and the block of pixels.
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14. The computer program product accordulg to clean 13,

wherein in an instance in which said first motion vector
points to a subpixel, said first prediction is obtained by
interpolation using pixel values of said first reference block.

15. The computer program product accordin to cLllm 14,
wherein said first prediction is obtained by interpolation
using values of said lirst rcfi:rcnce block by:

nght slufting a sum ol'a P-tap lilier using values of said
firs reference block

16. 1 he computer program product according to claim 14, ia
wherein in an instance in which said second motion vector
points to an integer sample, said second prediction ls
obtained by shifting values of said second reference block to
die left.

1'7. The computer program product accordulg to clean 13,
wherein the progranl code instnictions contigured to
decrease said precision of said combined prediction by
shifiina bits of the conibined prediction to the right, hirther
comprise pro@am code instructions configured to:

insert a roundin offset to the combined prediction before la
said decreasing.

18. The computer progr un product accordulg Io claun 13,
wherein the tirst precision indicates a number of hits needed
to represent the values of the pixels. and the second preci-
sion indicates the nuniber of bits needed to represent values
of said first prediction and values of said second prediction.

19. A method for decoding a block of pixels, the method
coulpllshlg:

dctennining, filr a current block, a iirst rcfi:rance block
based on a first motion vector and a second reference lo
block based on a second motion vector, wherein the

pixels of the current block. the first reference block. and
the second reference block have values with a tirst
precision„

using said first rcfcrcnce block to obtain a iirst prediction, li
said lirst predicuon havulg a second prevision. which is
hlghcl Ihall said llrsl precision,

using said second reference block to obtain a second
prediction. said second prediction having the second
precision, SO

obtaining a combined prediction based at least partly upon
said lirst prcdiction and smd second prediction;

dccrcasing a precision of said combtnixi prediction by
shifting bits of thc combulcd prediction to the n ht; and

reconstructing the block of pixels based on the combined
prediction

20. The method according to claim 19. vvherein in an
instance in which said first motion vector points to a
subplxcl, said lirst prcdiction is obuiincd by ulterpolation
using pixel values ol'aid lirst refbrencc block. o

21. Tllc nu:thod accordulg to claim 20, whcrcul said lirst
prediction is obtained by interpoLltion using values of said
first reference block by'ightshifting a sum of a P-tap tilter using values of said

first reference block 11

22. Tile method accordulg to claim 20, wherein in an
instance in wluch said second motion veclor poults Iu an
integer sample, said second prediction is obtained by shifi-
ing values of said second reference block to the left

23. l'he method according to claim 19, wherein said io
decreasing said precision of said combined prediction by
shifting bits of the combined prediction to the right. further
coluprlscs.

ulscrung a rounding ollset Io Ihe combmcd pruhction
bcforc said decreasing. si

24. 'l'he method according to claim 19, wherein the hrst
precision indicates a munber of bits needed to represent the

values of thc pixels, and thc second primisiou indicates thc
nunlber of bits needed to represent values of said first
prediction and values of said second prediction

25 An apparatus filr decoding a block of pixels, the
apparatus comprising:

at least one processor and at least one memory includin
computer progrmn code, thc at least oue memory and
computer program code conligurcd to. with thc at least
one pmcessor, cmise the apparatus to

deternline, for a current block. a first reference bklck
based on a first nlotion vector and a second reference
block based on a second motion vector. wherein the
pixels of the current block, the first reference block, and
thc second refbrcncc blocl have values with a first
pic'ctsuiu,

use said first reference block to obtain a first prediction,
said first prediction haviim a second precision, which is
higher than said first precision;

use said second reference block to obtain a second pre-
diction. said second prediction having the second pre-
CISIO11,

obtain a combulcxl prmliction bascxt at least partly upon
said first prediction and said second prediction;

decrease a precision of said combined prediction by
shifting bits of the combined prediction to the right; and

reconstruct the block of pixels based on the combined
prediction.

26. Thc apparauis according to claim 25. whcrcul ul an
instance in which said lirst motion vimtor poults Io
subpixel, said first prediction is obtained by interpoLltion
using pixel values of said first reference block

27 'l'he apparatus accordina Io clainl 26. wherein said first
prediction is obtained by interpolation using values of said
first reference block by:

nght slufiing a sum of a P-tap liltcr using values of said
first rcfi:rance block.

28. Thc apparatus accordulg to elena 26, whereul ln an
instance in which said second motion vector points to an
integer sample, said second prediction is obtained by shift-
ing values of said second reference block to the left.

29. The apparatus according to claim 25, wherein the at
least otic llieluiiry aud colupiitcr cixlc arc cotlllgiilixl Io
cmisc the apparatus to dcmrcasc said precision of said
combined prcdiction by shifung bits of thc combuled prc-
diction to the right. by:

inserting a munding ofiiset to the combined prediction
before said decreasing.

30. The apparatus according to claim 25„v herein the first
precision indicates a number of bits nccdixl to rcprcscnt Ihe
values of the pixels, and the second prixisiou indicates Ihe
number ol'its needed Io rc7trcscnt values of said lirst
prediction and values of said second prediction

31. A computer progrmn pmduct for decoding a bklck of
pixels. the computer progranl product compnsing at least
one non-transitory computer readable stora e medium hav-
ing computer cxccutablc program code portions stored
thcrcin, thc computer cxixutablc program code portions
composing program code insuuctions conligurcd to.

determine, tilr a current block. a first reference block
based on a first motion vector and a second reference
block based on a second motion vector, wherein the
pixels of the current block. the hrst reference block, and
thc second rcfbrmlce block have values with a lirst
precision,

use said lirst rcfbrcnce block to obtain a lirst prediction,
said first prediction bavin a second precision, which is
higher than said tirst precision,
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use miid second refi:rmicc block to obtaui a second prc-
diction. said second prediction having the second pre-
clsloil,

obtain a combined prediction based at least partly upon
said lirst prcdiction and smd second prediction;

decrease a precision of said combined prediction by
shifting bits of the combmed prediction to the right: and

reconstruct the block of pixels based on the combined
prediction.

32. The computer progmm product according to ctaun 31,
whermn in an nmtancc in wluch maid tirst mouon sector
pouits to a subpixel, said lirst preibcnon is obtained by
interpolation using pixel values of said first reference block.

33. 'I he computer program product according to claim 32,
wherein said first prediction is obtained by interpolation
using values of said first reference block by:

right shifting a sum of a P-tap filter using values of said
lirst refi:rcncc block.

26
34. Thc computer program product accorduig to claim 32.

v herein in an instance in which said second motion vector
points to an integer sample, said second prediction is
obtained by shifting values of said second reference block to
the left.

35. The computer pro ram product according to claim 31,
whcrcin thc progmm cocle uistructions couligurcd to
dixrcasc said precision ol'aid combined prediction by
shifting bits of the combined prediction to the right, further

in cmnprise progrmn code instructions configured to:
insert a roiuiding offset to the conibined prediction before

said decreasm .

36. The computer program product according to claim 31,
wherein the lirst prixision indicates a number ol'bits nemlcd
to rcprcscnt thc vulues of thc pixels, aud thc second preci-
sion indicates the munber of bits needed to represent values
of said first prediction mid values of said second prediction

r r a
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