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decoding a video frame in a tel econmuni cation system when the video frane
I's made up of a string of consecutive stationary frames, in which the
frames to be transmtted are typically divided into frame bl ocks or
segnments, for instance pixel groups, specific for each frame and the data
in each franme bl ock typically conprises information indicating the
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blocks whose size is selected to suit the system. Frame block information
generally comprises information on the luminance, colour and location of the
20 frame block in the frame itself. The frame block data is compressed by each
block using a desired coding method. The compression is based on removing
the less significant data. Compression methods are divided primarily into three
classes: spectral redundancy reduction, spatial redundancy reduction and
temporal redundancy reduction. Various combinations of these methods are
25 typically used in compression.

A YUV colour model, for instance, is applied to spectral redundancy
reduction. The YUV colour model utilises the fact that the human eye is more
sensitive to changes in luminance than in chrominance, i.e. colour. The YUV
model has one luminance component (Y) and two chrominance components

30 (U, V). The chrominance components are also sub-sampled. For instance, a
luminance block according to the H.263 video coding standard is 16 x 16
pixels and both chrominance blocks, which cover the same area as the
luminance block, are 8 x 8 pixels. The combination of one luminance block
and two chrominance blocks is in this standard called a macro block.
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picture quality. The nethod and apparatus of the invention provide savings

in 5 calculation time and capacity while the picture quality remains
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wi |l be described by nmeans of preferred egbodi nents, with reference to the

attached drawings in which Figure 1 illustrates an exanple of a

tel ecomrru][li tieighbousingt elocké0thd guotien 2datiao oZcthiel |blsdk dbebeneoded wetticion

process o S, USi . T e t s

Gt i mati on ey 8 BHRbE S GrobaY e iR AUFEL trpler3t S h& o eftng . 4

is a flow cliise frane cecaristrustion tdatal of the franie 10 bdicngled, $Blactihgfenuse theck

. and predicti i I 5444k |4ndi ng
2 ef er ence L[S HICHST Uata afd Stfnudty ribidsBhfiN M BRI bettioded: @, |

exanpl e ®f avhiehiprovide gwre-defined woding efficigncy xilha pragefineddietties qualy i gur e

cecond exanpie of 11 g acioptlioel BomASE OF codfig) ViBled traies TRLE% o
DETAI LED DESRIRF@TMpiest SRMAEIGPMINISING; JPEMHG] g ijgqor fi@@% Phconsachive i ed

manner one @tatlomaly fahtes? storirNte franretpatenttion vbiacof ahrasbbheifemef the
lied, It is a,part of el l.ul ar. radi

i ti b . i .
conpri si ng 2ShAsTSELER frate, AR i motian dal f eatiak Corke” uRgRboug
subscri ber h?bdnokisndbﬁnihg(lhenﬂoﬁm daité ofi acirameebloek 1o the! sodeds usingeehly ithed! y
or i ronar [ r e n a
e G B S R A i =
subscri ber frame redoanstracliondetecof the. blFtle tiohe eodeds seJacting faruskedheifradent act
ith b j ; | j t.L@i ) : j th
Lo i ol o crasdiisniRbfiniad! oflh didfiohuam, AR Thiovidd'® EheRRfhed odthg| 1¢
a central i sé&fficienmyewitk @re-gdefinedisiuse Adalityconnected to it. A control unit

in the hpgse stationThanidventieh alkerelsRsetdla Gabkchigdt temingiataniprieirg: ¢
control, nobility_ 3% nmanagenent, _collection of statistic and signalling.
WD 02/ 15585 nﬁ@q%fqggpm@g@ glcneo frame ofc consecu{lve s%ttlonary ?rames, mea%s #or
storing the frame reconstruction data of at least one frame as a reference
frame and the motion data of earlier coded neighbouring blocks, means for
defining by means of the motion data of one or more earlier coded
20 neighbouring blocks the motion data of the block to be coded, which
neighbouring block is formed by means of the stored reference frame, means
for defining the frame reconstruction data of the frame to be coded, means for
selecting for use the frame reconstruction data and motion data representing
the block to be coded, which provide a pre-defined coding efficiency with a
25 predefined picture quality.

The invention also relates to a subscriber terminal comprising:
means for forming a video frame of consecutive stationary frames, means for
storing the frame reconstruction data of at least one frame as a reference
frame and the motion data of earlier coded neighbouring blocks, means for

30 defining the motion data of a frame block to be coded using only the
neighbouring blocks which have the same reference frame used to code the
frame reconstruction data of the block to be coded, means for selecting for use
the frame reconstruction data and motion data, which provide a pre-defined
coding efficiency with a pre-defined picture quality.

35 The invention also relates to a video coder comprising: means for
forming a video frame of consecutive stationary frames, means for storing the
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a telecommunication system, comprising: forming a video frame of
consecutive stationary frames, storing the frame reconstruction data of at least
one frame as a reference frame and the motion data of earlier coded
35 neighbouring blocks, defining the motion data of a frame block to be coded
using only the neighbouring blocks which have the same reference frame used
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WO 02/15S85 9 PCT/ FI 00/ 0068G It should be noted that as shown in Figure 3,
the bl ocks can al so be segnented. Segnentation is preferable in situations
where di fyyergansssgarts of the frame nove in different wayspcmatiodgaggeance t he
background remai ns the sane while a single object, such as a person, a car
or the like, noves. A frame 5 block can be segnented by dividing it in
segnents vertically) as in block 300, horizontally, of which there is no
exanple, or in both directions, as in blogk 306. By segnentation, it is
al so possible to reduce the nunber of bits being transferred by using a
sui tabl e p?rt of andhiketelllaraadio sylastedw tamaiso Néen adedringatignttb ¢heqgubtio
vect or coef {jGi 0 i I Qu del s
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+a, X + azY Rwkembrat by kbilis) aHBSIY verdd, al,, a2, b0, bl, and b2 are
nents,. of which x

notion vector coefficient$ and x and e vector co . h
'ndi cates the I ocat ol Qhvious 0,2 perrorskiliedinibe arh tine dverition: caiaisgn and
y the | ocat iberaplicd tpifixed telecanphitiatioh systemeakuch astheé iterret. t he

transl ati onal nodel J4,n which the moti.qn of a pixel, fra se nt _or.bl ock
s i ndicated by a fdIRuAN i SoAiigha UdRe Jraas 3 repucd Mhe Wik PEbIS e t or
~(x~ Y)16 aceqifed-1) transfer e framhefdgaies 200tcaBd showainea simplifiedwaanner a
coefficient t : e ' are
ctored'i nt Rkt cDBfho ptifiod RA ' HbNGH WHIER 5 bastCqllW5EaRha MeTHRLH, OF
nodel s are weetpri of acframg, blask @bedermeblocksist Algondsrd imdber gixtigusiogt ae
notion (e. g.pafith | e 1 gﬁ{gﬂ, rindi i dqu ' IS
used in codirﬁfgyé%%%%?{g%?g%ﬂbﬁ 'ﬁ&g used m etﬁﬁiésd?'(fbr ans isf?e t,gmta'l e
decoder t og&OHEY Whiah meanguitiliging iae synilaidies: betweenstherdrames in & sftriggmiow

chart shew mgnigd itosoraprdBidrosodihgleo frame coding. In the follow ng
description, a fram?an '

8 Ce&a%aglg ‘& FiE;SFes' 23 ttg nfce, ’ thteore?eren\c/:\g f(r)azr41% 52%365 has
been divided into blocks or segments and coded earlier. Figures 2b to 2c do
not show frame blocks. The reference frame can be before or after the frame
to be coded in the string of frames. Figure 2a shows the current frame being

20 coded 204 which is also divided into blocks, of which only one block 200 is
shown for clarity’s sake. The size of the blocks is N x M. The blocks are
typically squares, i.e. N = M, but can also be rectangular, for instance, in their
geometry. The current block 200 and the reference block 214 shown in Figure
2c need not be geometrically similar, because in reality, too, the filmed objects

25 change, such as rotate or twist. The size and shape of the block is defined
suitable for each situation taking into consideration the following matters, for
instance: a small block size provides a better picture, but reduces the reliability
of the defined motion vector, because the definition is made by means of a few
pixels only. More motion vector data must also be generated, if smaller blocks

30 are used, because then the frame must be divided into a greater number of
blocks. In addition, fast algorithms in defining motion vectors .are more efficient
when the block size is large. For instance, in some of the current video coding
standards N = M = 16.

To estimate the motion, as matching a reference block as possible

35 is found in the reference frame 206 for the block 200 being coded, this being
214 in Figure 2c. The suitability of the reference blocks depends on the
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whi ch the human vi sual system no | onger distinguishes separate franes from
each other. In block 404, the coded reconstruction data of frame bl ocks
(e.g. colour and lum nance of pixels and the prediction error frane
obtained fromthe cal cul ation of notion vector coefficients) are stored
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best possible reference frame block 214 has been found in the search area

210. The coordinates (X, y) 208 are those of the location where the block 200

being coded would be if it had not moved and thus the same as the

25 coordinates 202. They are shown for the purpose of illustration. The block 212

depicts the block 200 had it not moved and is also shown for the purpose of

illustration. The motion of the frame block being coded can now be indicated

as a change from the coordinates (x+u, y+v) 216 to the coordinates (x, y) 208.

In general, the coordinates (X, y) are defined as origo, so the motion vector

30 218 of the block being coded can be indicated as coordinates (u, v). The

motion vector can also be indicated using definition of motion vector
coefficients and motion models.

Figure 3 shows in a simplified manner prior art motion coding

methods which are based on predicting the motion vector coefficients of a

35 frame block being coded using earlier coded neighbouring blocks of the frame

being coded. The neighbouring blocks of the frame block 304 being coded,



It should be noted that the block, which is used in coding the block, is
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of the prediction candidates is the sane as the one to be used in coding
the currewnDdzhiesss. |If this is so, the block 526 is used a®cI/Fief@ssnce
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average or nedian of the notion vector coefficients 5 which have been
obt ai ned by conparing the |ocation of the blocks 510 and 518, from which
the notion vector coefficients have been gbtained for the nei ghbouring
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‘FF%QJ&‘F'PH #MbEk has

by nmeans of onl y onévnﬁ'ﬁﬁhﬁolﬁﬂﬁ@ bl xcdnd bs ap MpPLigRevaalory

beetnh:a nter- Code oRfhcEHEMRS! I dfMahiBh ecnhdimeé tie Reatonfer pugtggoi{) fag(r:rESS
as |

of whi c% on:(q} ‘g( eﬂp% QIh%WPt'PBraQq XC{P'??O%BQ% a@"&%lf)rgel??ch iprverticed

bei ng coded.difections 0b(he Parslatichal OBiodek i m_ih}chartbe_ motioe sofs aopixdl, i framenor y.
The refer e”%%gfrrrﬁeé}ﬂ%r‘ﬂloéli‘ﬁ ifdfchledl by 846fnM8 A WAALE A\RBrY RF for-thd ARtKRA as

1) is the fr
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ix(xsy):ao @)
y(x,y)=b,
25
wherein ag and by are motion vector coefficients and x and y are
vector components. The used motion models are stored in the memory of both
the coder and the decoder. If several motion models are used in coding, the
coder selects the model according to the motion (e.g. with upward motion, a
30 model indicating upward motion is used in coding) and information on the used
model is transmitted to the decoder together with the motion vector
coefficients.
Figure 4 is a flow chart showing method steps for video frame

cading. In the following description, a frame block refers, for instance, to a



10 902 and the reference frame of block 910 (rmarked as 2) is the frane 904.
The bl ock 908 is intra-coded, so it does not have a reference franme. The
exanpl e iwofgssse 9 tests whether for the bl ock 912 bei ng Ppeadad/®eset abl e
ref erence bl ocks can be found of all the reference frames stored in nmenory,
I.e. frames 902, 904, 906 in this exanple. Wen testing 15 whether the
frame 902 has a suitable reference block, the notion vector of the block
914 is used as the notion vector predictiqp candidate, since the block 914
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) an earlier coded neighbouring block. For instance, motion vector coefficients
of one or more neighbouring blocks are used and the search area of the
reference block of the block being coded is restricted in the reference frame to
the environment defined by the motion vector coefficients of the neighbouring
35  block.




30 P, (X, ¥) = R; ~x +ox(x, y), y + oy(x, y)~ (5) wherein one or nore
reference frames R k(x, y) 622 are stored in nenory 610 and wherein x and y
are vect owoonnssssents, x showi ng the | ocation of a pixel, POTaRT@)/@6gENt O
bl ock in horizontal direction and y in 35 vertical direction, and Ox and ~y
formng the notion vector of a pixel, frane segnent or bl ock. WO 02/ 15585
PCT/ FI 00/ 00686 16 In block 602, the prediction error frame E'(x, y) 600 is
coded, which typically is presented as a f{qnite 2-di nensional series
transformation) for instance by neans of a discrete cosine transformation
(DCT). The coeffi ci dntsssituatmmiadvhightdndy B8 intescstiod metighbrouring bjoek thiased

. and coded b% n’lﬁ?}“é@%’@%ﬁéﬂl@ éé;ﬁf&rﬁﬁck%g'r@-%a@é %8%836% %Bgtgtr'b? {his

receiver deco own 1 n SO CO r-ses

bl ock 606 |rnemhb,qurtnﬂe b;bméws:tsatectedras one rfotion xveqttyr icandistatele @nothers
. prediction Qfdr@lﬁdété%@ﬁ %uﬁs‘ta%e 'rﬁe ec;‘?'déﬁ%tb {(df‘ﬁ@?(/ef%?ﬁeghﬁohuﬁn

predictign bloc a 10 IS obt ained
as a resdlt, @%m TAew ref erence bl ock is obtained, or by conbi ni ng

the bl ocks bel ongi ngt tsﬁomlhebesmt@dnaaﬁhet e ck ambﬁngaséaaﬁreoaﬂq@ the mbeiai ned
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t hfeo?urrlai : glneaomdfiﬁé., it the neigbbomirigoblockig &Itm-arstgiéd)eit has noreferehoe frame.

it o mat | on ' RSB0, BE hrllieilah BrBide Hevih B fetbrslib Famer i il b e
function® demdmg)eah beaisedoamallreférepte frameasdstorechimnyemwyy cahdve chexkadce by
software executed o gefgfé?%‘ésbg%k Qs IJPé/f ?ﬁ{edt%&l‘?th%%é Ploder PO Codit | t

of separate corrponent appli ca |oanetgem ICc integra ebl circurt).
Fi gure 7 shoWigh whichthepframer regopsigestian d R ramemfaw&mdeﬁbtuﬁ@a in

described ah@ep rbggmh%&mg\gb\ W@Wbl@bkrﬁﬁld:'ﬂQ§%Ymhfthr\Zcﬂgﬁ (sfdsgi‘ﬂ’e ‘I\Etgrtﬁ%flr on

can be i npl lon error

O oy bt fedk Bing, codsd, Bha JUBICH Was SeATEhed ATom LoRe of PYge  eTeRRERy oy

vi deo si@nalfraffi@s 2hat wearer eddatl feadlireand storedr mlt m@ndqnubtséléaédragltﬂe In
one earli.er co

h 71
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bl ocks. The messiblé.r ane bl ocks and/ or reference franme are stored in the

codes 30 and dECOderln'B?SEi{ X10'fhebk8&ilﬁﬁ7rflﬁthoﬁ .grs%ti'%@&aow&@a\ng.ﬁﬂ%s# & y}

718 is forned in the 's manh
decoded precre@@nsirucélpnodatﬁrmnwt(qa dgtp gthe famer blogkheing @@nedoaan a an

adder 728, td&@e@eﬁf&@?%d%ﬁf& LlQIg ¢Bl @ pfd-88fndd Cbding eﬁ‘i@fer%? ”Fbached
prediction ca. date B % ()ﬁ | ar & adolﬁgéttzr?tgﬁt sthe ucest a,
decoded bl od’K‘ a(p;ge m Pirre galitylhak oted that a ° ing meth
of the block being coded either the above-mentioned coding by means of the
motion data of the neighbouring blocks is selected, or any prior art method,
such as inter-coding, in which the block being coded is coded directly by
25 means of the reference block found from the reference frame. In selecting the
coding method, the aim may, for instance, be to make the number of bits as
small as possible while the quality of the picture corresponds to that of a
normal video picture or to make the number of bits match that of the used
standard, even though a smaller number of bits was enough to achieve a
30 picture quality according to the application object.
Coding efficiency can be estimated by means of a Lagrangian
function, for instance, which defines the most effective segmentation and

coding and which is

35 L(S,) = D(S,)+ AR(S,) (3)
wherein



WO 02/ 15S85 17 PCT/ FI 00/ 00686 | ~~(x~Y) =1', ~(x~Y) +En(x~Y) (5) = Rk~x +
~X(X, Y)~ Y + ~Y(x~Y)'" + E, r(x~ YY) wherein one or nore earlier coded

nei ghbourwog2hbsssks and/or 5 reference frane R'(Xx, y) 722 pdinsiebaméesont o

bl ocks is stored in nmenory 716 and wherein x and y are vector conponents,
of which x indicates the |ocation of a pixel or a block in horizontal
direction and y the location of a pixel or a block in vertical direction,
and (err)x and (err)y formthe notion vecyor of a pixel, frame segnent or
bl ock. 10 The video coder functions descri bed above can be inplenented in
many ways, for instdMSe) lisaseroisreated étdespreading hedeareor or by hardware,

such as a logic builgsof sSBBH MBI B B LFeto ﬁ%gefwfrbﬁ@t iafB- speci fic

integrated circuit). Ffgure 8 illustrates one term nal a radi o system
by means of 15 whi chl iseerbadiangian congtester red enbodi mant of the invention
. can be inplemented. A transmtter of a subscriber termnal 824 and a

transmtter of a radio systemnetwork el enent performpartly the sange
tasks. The term nal TBe4-agrangipgfunctingrprictsibe gopppetian BﬂtW&erbV“e quality
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al so conpri S?Ie%ﬂaﬁrt@f tmatB ggoss aﬂ}vmta?ddfus- oinspressieys tcedingrHe taamaays?ada al so
(e40) rises a I ansn I a I TLesS ran (0] antenna a
rmtrerI ated si 8% omgs %Wea?f“ot eé%ﬁ”%?@ﬂmpgﬁBfgﬁ%éngéﬁgbfﬂ%ﬂ% ci"ti_?m ‘'sel ected
nodul at 1@n net hod t AerovadiRedepictshthe depeatatiilityi ofntile owibad rilock by shloekd

i nformat i Onugﬁl ’Er?&?:‘a‘ﬁ‘?é @%d‘éﬁﬂ' G sQHRI'd' B%%t%&ethﬁ’t QI‘S‘?'m&fHBd“% @F&E} tﬁ;‘?

ant enna and onver e requen

directly tor@medml albframsdmtbe stringod frames ateaedrd.at es the recei ved

signal so that the q‘ﬁb%x%‘cﬂﬂ@ﬂ\ of fHe ,I%t iéﬁnfblﬁél@fﬂhhe carrier. The

subscri ber term nal _al so has contro i.ch control s 30 th

operation of the di figrand '}Héﬁtl’%e%fart ﬁéa'ﬁ'@ﬁnoﬁd?re @UBG metign Ma6oTs 8%® and
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digital -toa&i‘éi"%g acg?sfg'r@r g gg%(?ﬁsj t?"f"% V‘%‘?al %ﬂofﬁzﬁolaﬁw( Re frame
spr ead- specteconstiustionsiats wf Hhesblmlvémgt dm_ierl dhahosidebe moted shatpthaddn by
and despr cadopioate” GRS Mok A HeBRAS 1B (gl ARG ded,lhn i Bnbl BRE' Dand
endeavour i ngodingi moethade i raalecztpdchryuse, twhiclk hprovides the dewredalcqﬁlmk
oS ST A gl %, ChaTe e oo e
si gnal l i ng i nfor mat 168 fﬂ’%mﬁaﬁﬁgﬁ R %'Pgl‘-‘tﬂd@%f igcdivisedniate dlogks; pé Wh‘Ch
only a few are shown for clarity’s sake. Block 506 is the one being coded.
Frames 502, 504, 532 and 508 are reference frames stored in memory. The
reference frame of blocks 510 and 514 of the earlier coded neighbouring
25 blocks, marked as number 1, is the frame 502. The block 506 being coded and
the reference blocks 510 and 514 have not moved in the frame 500 in
comparison with the frame 502. The reference frame of the neighbouring block
512, marked as number 2 in the figure, is the frame 504 and the reference
frame of the neighbouring block 516, marked as number 4 in the figure, is the
30 frame 508. The blocks in the frame 500 have moved in comparison with the
frames 504 and 508. The frame 532 has not been used in coding any of the
neighbouring blocks of the block 506 being coded, i.e. it is not a reference
frame of any neighbouring block, so the frame 532 is not used in this example
to find a reference block for the block 506 being coded.
35 Next, the neighbouring blocks 510 and 514 are used as prediction
candidates of the motion vectors of the block 506 being coded. A check is



5 used radi o system The subscriber term nal conprises one or nore nenories
of different type which can be parts of other blocks or separate (not
shown) . |wotdhassmsanpl e of Figure 8, the control bl ock al secameeosss a
programcontrolling the operation of the termnal. In the exanple of the
figure, the video codec 822 which codes and decodes the reconstruction data
of a frane is separate, but it 10 can also be a part of the control block
816. Wien transmitting frames, the caneraq820 records a digital picture
into the nenory bl ock 818. The canera 820 can also record the picture
directly inteadétd seslahelist. thélvodimgypedintes of tiselpeadietiod candidatesnisdhe of

canera 820, Sa0ioas B 0HR BherdedH EIGRIAG S EufienP ARl Clr LR IESE e PRk na
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t he codec bl 6ck or instanc er an
decoder. 30 ventorgeefiicients areioet definetk t er mi nal conprises a | oudspeaker or

an ear piece 810, aN@xE RABIMhS ﬁ)eéftﬁé%n{r\bcﬁx%g%l@cl@@ﬁ?'IQ'cMeéké&fMPRar d)

which all are connected to the r ol Even t hou the 1 nvention

has been ex Bieneamens the ta%%bmaedr@f peEent HleskanPl <2 referenceobleskce
with thesac waaamseagbﬂirﬁwamw; fandsthé métion 986tot ltabffidivhts Dbedihe@Frdri Not

st oo g, DM CaR R il BEA dr BBt b S BB e
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codi ng st an%éﬁg oﬁng}ePe?eﬁkggfbcRrS%PEG WO 02/ 15585 20 CLAI M5

Next, the coding type of the neighbouring block 516 is checked. If it

20 is the same as the one to be used in the current block 506, a reference block
is searched for in frame 508 and the motion vector coefficients obtained from
the comparison of the blocks 516 and 524 are used as the motion vector
coefficients of the block 506. The prediction error frame is then defined by
means of the reference block 530.

25 The motion vector coefficients for block 506 can also be defined by
calculating a median or average of the motion vector coefficients of the blocks
510, 512 and 514.

Also, if several motion models are used, the used motion model is
indicated.

30 The block 534 is intra-coded, so it does not have a reference frame
and is thus not used in coding the block 5086, if a preferable coding method is
found otherwise.

The number and location of the neighbouring blocks and the
number of the stored reference frames may differ from what is shown in Figure

35 5.



PCT/ FI 00/ 0068G 1. A nethod of coding video franes in a tel econmuni cation
system conprising formng a video frane of consecutive stationary franes,
5 stori ngwmohe/issganme reconstructi on data of at |east one f rrOTEFIOB00ES6
reference frame and the notion data of earlier coded nei ghbouring bl ocks,
defining by neans of the notion data of one or nore earlier coded

nei ghbouri ng bl ocks the notion data of the block to be coded, which

nei ghbouring block is forned by neans of t{ge stored reference frane, 10
defining the frame reconstruction data of the frame to be coded, selecting
for use the franme r&iguret9 ilhistrateslatsecand exEmple mfapr:ednidimgemetibhn@ctdre

or edef i ned BMeL g d-Ererhos b s Spibf 18 U GRihb oy Bk
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f east one frane as rence fra not1 on data of earlil er coded
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P hod e o i 8P 15 eflier 2oaga nelbrihu iy BIBRK SRS ohrkbd 3. HiB b rarde o1
as bl ock8. A02ramttheo:faencedianse of block® 10 (nanked, aSA?.l)allsethe ftame OB#cThace

frames are HO4EbAR hiATme 3%%@%&%@&&5@%%% claiml or 2,

wherein the el ng co 'S CcO ofie ner hbouring bl ock

only, if only one néf@hmsamplﬁglmle@utrmasestﬁwhetbereﬁoraﬂte ak Ré2qPrivgri ng
bl ock had ”&%déa%nfaﬂ@fr@ﬁenéé %E%@Féﬁebé)'f fid ¥ B tﬁQdFéi'ere ce/frambiod as

claimed in claiml ereln rane reconstruction data conprises

at |east on&tFediiReMeaIyni-giramasoPAds Pa%. 90Gdnohis sxempa. WhenFiesingoess

i ndi cat 489 tv'v’fﬂethéﬁhéaf?érﬁe gu? 94l a SuitaBlel r@'l’er%ﬁde BIcuk, €he mbtRhVctdr GiitRe Of
the frane bI net.hod,.as cl.ai ned
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block, the motion vector of the block 910 is used as the motion vector
20 prediction candidate, since the block 910 is the only one of the three
neighbouring blocks, whose reference frame is the frame 904. The frame 906
is not a reference frame for any of the neighbouring blocks, so in the case
described in the example, the motion vector is predicted using a median of the
blocks 910, 914 and 908, for instance, in which case the motion vector of the
25 inter-coded block 908 is set to zero.

It should be noted that in predicting the motion vectors of the block
being coded, it is possible to use not only the motion data of the neighbouring
blocks and the reference frame data, but also segmentation information of the
macro block, for instance, to which the block being coded belongs. The

30 number and location of the neighbouring blocks and the number of the stored
reference blocks may differ from that shown in Figure 9.
Figure 6 shows an example of a coder with which the above-

mentioned method of coding video frames can be implemented. A design
principle of video coders is to minimise the prediction error frame E,(x,y) 600

35 between the block being coded I (x,y) 620 and the prediction candidate (the
selected reference block) P,(x,y) 612. The prediction error frame is defined as



9. Anmethod as clainmed in claiml or 2, wherein the earlier coded

nei ghbouring bl ocks are not in the inmmediate proximty of the frame bl ock
10 bei ng wwlehssssut farther away in the frame forned by fregmeribd/eeks. 10. A
method as clained in claim1 or 2, wherein a prediction error franme is

obt ai ned by conparing the frame bl ock being coded and the reference frane.
11. A nethod as clainmed in claim1l or 2, wherein coding efficiency 15 is
estimted by neans of a Lagrangian functiqg. 12. A subscriber term nal
conprising nmeans for formng a video frame of consecutive stationary
frames, neansdiffererrieobétigennihef biaok beigormdad 620 @nddhiespretictivn | candidatae

frame as a rgference. fr he QN ta of earlier coded
nei ghbour i ng(ﬁgoh&'cgbﬁs?bq%gﬁggﬁbraqf@}dﬁﬁngﬁ%y means of the notion data of
one or nore earlier coded neighbouring blocks the notion data of the block

. to be coded, which neighpouring)blmaekyys fornmed by means of the st(q?ed
reference frane, neans for defining tf"ie frame reconstruction data of the
frane todbe 25 coded, means for selecting for use the frame reconstruction

data and notion dat FHeepffcN Bdck 1 DiOebtdied ByCco Frethowhacdordihg\ods 2
pre-defined .a predefined pict

codi ng, efficl enc th d re quality. 13. A
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Car i o eoadarties AN B RRor cBloGlRG Tate At AR 4 yith a ArsfPefndngh o .
frame bHOck veotdre andedoldtd udiffagenoel \coefficierds.ghTheur predidéad cimtiohi vbctoave
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bl'ock o b eiients’ &F aeiabl fiddfe! NErtalemhBORRRE ot WL il | o
use the frambtaibedusingithe mwtiont veciers ofdhedreighbeuringhblorks wiichibave the
pr e defi ned 4t ReteRice A6 asthelblgckbaing Hodefd oher! bk iso fided A
subscriber termnal, as clainmed in claim12 or 13, wherein th reference

. e .
frames are df QBAICHRY INBLQY Vegiors, ong, 68 §hemee & Erior it meined di MANCh fhel ai m
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subscriber termnal .as clainmed ih claim12 or 13, rein the blog{\ I ng
coded 1 o coBdnEyntiaR «e6Rre AIbpeRul A 7he daicaliiA matiasyHeE el
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vectors or motion vector fields formed of them are coded in a motion vector
coding block 628. Motion models well known in the art, for instance, of which
examples are presented above, are used in the coding. The coded motion
vectors or motion vector fields formed of them are transmitted to a multiplexer
25 624.
In block 618, a frame is formed of the frame blocks segment by
segment or block by block. The reference block or prediction candidate is of
format

30 B,(x,5) = R:x + Bx(x, ),y + Ay(x, )] (6)

wherein one or more reference frames R,{‘(x, y) 622 are stored in

memory 610 and wherein x and y are vector components, x showing the
location of a pixel, frame segment or block in horizontal direction and y in
35 vertical direction, and Ax and Ay forming the motion vector of a pixel, frame

segment or block.



notion of the frame block is indicated by neans of notion vectors. 19. A
subscriber termnal as clained in claim12 or 13, wherein the earlier coded
nei ghbourwog2hbsssks are i medi at e nei ghbouri ng bl ocks of thoa/@6/dosssre bl ock
bei ng coded. 20. A subscriber termnal as clainmed in claim12 or 13,
wherein the earlier coded neighbouring blocks are not in the i med ate
proximty of the frame bl ock being coded, but farther away in the frane
formed by frame blocks. 25 21. A subscribgg termnal as clained in claim12
or 13, wherein a prediction error frame is obtained by conparing the frane

bl ock bei ng coded ahublaek 602 thepreglictioararrordramea E{bgor 602 is eadad, wehichs

clainmed in ¢laiml ej diNg: LGl ency. 1S t by, ans
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PCT/ FI 002 00&@6smitiing them tetheinigtiplpxerbdd 1d the: reeriveideerdercshaye inr
nmore earliefkjqapded nei ghbouring bl ocks the notion data of the block to be
coded, whi ch nei ghbquring block is fornmed by nmegns of a stored reference
frame, nmeans for gdei‘ﬁj‘ﬁi A dgrh@?qq SAENPIERESn %19?&93% tﬁ%ﬁ'& 1o t"PneWLL%m@h?o be
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conprisfitg dHecodedhdléek 1 gxmi)nig abtaingdoas marasulif froomswhich iaveewtreférence y

rams as 5 Pladsh biAthed e BF sofiing HE Rl Beidhbifd 16 tie sdipe sate, thé'°

Bei ghgogri ngeferermdes framea 844 fierolstainedi agd tsillm’edDini mentrys610. Bhus doth itheck to
e coded 15 ' . ] ' '

ref erence fF%ﬁ%%&%'@%‘g ?§8§F%ﬁ@ﬂ?¢’é¢%§c\g§§¢9 ﬁg%fﬁ#.%ﬁeag%ﬁeﬁﬁg?gpg%k to
be coded, mframe dovblogkiferryseng for use the frane reconstruction data and

. ta, which : ' . . oty ol

Tre. ot 126 oi'et o o Thoig ARuFpIBXST GF, (e infePitalien Tontdihifg e thbtlorfvector
24, wher ei ninfaenatignsisneembinade Wity dhet pradiction wretk Fames and \thigedratdRier as

claimed i n gifairiafch 616 Hrambiafridtotthe de%B@éﬁ(Fi%urfer Ares are stor ed as
frames. 27. A video.coder as or 2 erejn ttge bl ock

05 being coded | s c3neMaS pedRCREICUORE desfibRb bPi Cohdvk TBReyeTted dh v
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one of the fntegratedgircuit)f or mati on 30 indicating the |um nance, col our,
location and predi cEqeef GRbwE s BxAMpld'8f o 88Bod¥rOBl - means of which the

method described above for reducing temporal redundancy in video frame

transfer can be implemented. A coded prediction error frame 702 and coded

25 motion vector coefficients or motion vector field coefficients 712 of a received
video signal 700 are separated from each other in a demultiplexer 710.

In the memory 716 of the decoder, there is at least one earlier
coded neighbouring block and/or a reference frame R'(x,y) 722 divided into

blocks. The same frame blocks and/or reference frame are stored in the coder
30 and decoder memory.

In block 714, a prediction candidate P(x,y) 718 is formed in the
same manner as in the coder block 618 (Figure 6). A decoded prediction error
frame E,(x,y) 706 is formed in block 704.

In an adder 720, the decoded prediction error frame E,,(x, y) 706

35 and prediction candidate P (x,y) 718 are added together. This produces a
decoded block 7 (x,y) 708 of the format



29. A video coder as clained in claim?23 or 24, wherein the notion of the
frame block is indicated by nmeans of notion vectors. 30. A video coder as
cl ai ned iwoahasses23 or 24, wherein the earlier 35 coded neicgitiewosssg bl ocks
are i nmedi at e nei ghbouring bl ocks of the frame bl ock bei ng coded. WO

02/ 15585 24 PCT/ FI 00/ 00686 31. A video coder as clained in claim?23 or 24,
wherein the earlier coded nei ghbouring blocks are not in the imedi ate
proximty of the frame bl ock being coded, qput farther away in the frane
formed by frame bl ocks. 32. A video coder as clainmed in claim23 or 24,
wherein a 5 prediction error frame is obtained by conmparing the franme bl ock

. being coded and the e . . A video coder as clainmed in claim
23 or 24, wherein cojgﬂﬁjr’l 5e?§@é$’éﬁg(xi’g§esti mat ed by neans of a Lag(r%ngi an

function. 34. A corrp.uR"&wiﬂg[ﬁ)r,rywﬁﬂb,ﬂ%nip@c,wad by a computer and 10
. which executes a nethod for coding video frames in a tel ecomunication

system conprising formng a video frane of consecutive stationary franes,

storing the franme rgaish’ Bhb! 6 rfigfe? cafich! cb@@étnérgsb&drﬁ{@e bickd hRBREence
f th t ta . . bl

by eansS of "L Tame ke o oF e TyieRt> BRERS B Slosd i memidy ik A" "
bl ngs tgebmér@m )dépdtyﬁéré ?@ctbg e6pbAchts, Q)]?dﬂﬁbh wﬂh?iba!@%i tﬁtbﬁﬁuatidigobb ock
'S or nme . ans e, SLOr L.ererence [,a errnin e .
reconstruct i B?rg? &’é@a&B?k {mhorizanial qigeglion QY Fh%&c&ﬁpp r‘PS afgg?(elgea PlogkR 4 e
r econst r uct ivertiathtdiregtion,rand oAx dand K0 foapribsemoting veaotorvbbakpixel, feameded,

whi ch provide a pre-defined coding efficiency with a predefined picture
quality. 35.Seﬁnlﬁg\trﬁﬂg§?£kprogram whi ch can be read by a conputer and which
execut e$0a net hod f dhecvideogoderd éundtioasetescribed tablove cwanubé daplesnentedtie m

Sori ng 1 e b BVSoR maidice bl Sfftware BREGREU IN'A pRoUssBRBF by Haftiare,
frane and tisgchoas énlagie budt of sapasatec garponentshpd iSlkg (aprlisrion-8perific ng

the notion dabgrfbd irkfidme bl ock to be coded using only the neighbouring
bl ocks whi ch the t he s@gg reference frame useé:l to code the 30 frane

reconstruction dat a Figurend ilysicates oneetergieal of aseadie SYaIPM.oPY JB8aR$ Off r ane
reconst 1§ct iyHicilathe ansthBBt bPra devieferradi AbBAIPVESE of thieeirfleintibAd cardbeg

oL LY. Y lechaflod ArilgBl B & S4abel bomiat S20°SFEE PR 870
bl ocks. 37. rédiomystem mepwork element pedormaairtly tHeasama4asits. Ihe tetrainal 824 he
can, for instance, be a mobile phone or microcomputer including radio parts,
without limiting the invention thereto. The described terminal comprises an
20 antenna 800 which is used to transmit and receive signals through a duplex
filter. The terminal can also comprise several antennas or a multi-antenna
system. The terminal also comprises a transmitter 802 which amplifies and
transmits to the antenna a modulated signal, a modulator 804 which
modulates according to a selected modulation method the carrier with a data
25 signal containing desired information, a receiver 806 which amplifies the signal
coming from the antenna and down-converts it to a desired intermediate
frequency or directly to base band, a demodulator 808 which demodulates the
received signal so that the data signal can be separated from the carrier.
The subscriber terminal also has a control block 816 which controls
30 the operation of the different parts of the terminal, such as a camera 820 and
video codec 822, and takes the necessary action to process user speech or
data generated by a user, such as digital signal processing (DSP), digital-to-
analogue converting and filtering. In addition, in spread-spectrum systems,
such as WCDMA, the signal spectrum is spread by means of a pseudo-
35 random spreading code in a transmitter to a broad band and despread in a



WD 02/ 15585 25 PCT/ FI 00/ 00686 reference franes are stored as franmes. 38. A
conputer programas clained in claim34 or 35, wherein the block being
coded i s wodrdsksg neans of one nei ghbouring bl ock only, i frcantyo/eess

nei ghbouring bl ock was inter-coded and this nei ghbouring block had the 5
sanme reference frane as the bl ock being coded. 39. A conputer program as
claimed in claim34 or 35, wherein the franme reconstruction data conpri ses
at | east one of the follow ng: informationgindicating the |um nance,
colour, location and prediction error frane of the franme block. 10 40. A
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10%&' ( appligai@n-specific integrated cnrcunt) The terminal functions shown in
10%0b& () b@é ﬁ@&ﬁl%é?&a(sb be bdMifired intd dp&kafiohar BISBREN fmiany Whys differing
from the figure, the codec block 822 can, for instance, be divided in to a coder
and decoder.

30 The user interface of the terminal comprises a loudspeaker or an
ear piece 810, a microphone 812, a display 814 and possibly a keyboard,

which all are connected to the control block 816.
Even though the invention has been explained in the above with
reference to examples in accordance with the accompanying drawings, it is
35 obvious that the invention is not restricted to them but can be modified in many
ways within the scope of the inventive idea disclosed in the attached claims.
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20

CLAIMS

1. A method of coding video frames in a telecommunication
system, comprising

forming a video frame of consecutive stationary frames,

5 storing the frame reconstruction data of at least one frame as a

reference frame and the motion data of earlier coded neighbouring blocks,

defining by means of the motion data of one or more earlier coded
neighbouring blocks the motion data of the block to be coded, which
neighbouring block is formed by means of the stored reference frame,

10 defining the frame reconstruction data of the frame to be coded,

selecting for use the frame reconstruction data and motion data
representing the block to be coded, which provide a pre-defined coding
efficiency with a predefined picture quality.

2. A method of coding video frames in a telecommunication

15  system, comprising

forming a video frame of consecutive stationary frames,

storing the frame reconstruction data of at least one frame as a
reference frame and the motion data of earlier coded neighbouring blocks,

defining the motion data of the frame block of the frame being

20 coded by using only the neighbouring blocks which have the same reference
frame that was used in coding the frame reconstruction data of the block being
coded,

selecting for use the frame reconstruction data and motion data
representing the block to be coded, which provide a pre-defined coding

25 efficiency with a predefined picture quality.

3. A method as claimed in claim 1 or 2, wherein the reference
frames are stored as blocks.

4. A method as claimed in claim 1 or 2, wherein the reference
frames are stored as frames.

30 5. A method as claimed in claim 1 or 2, wherein the block being
coded is coded by means of one neighbouring block only, if only one
neighbouring block was inter-coded and this neighbouring block had the same
reference frame as the block being coded.

6. A method as claimed in claim 1 or 2, wherein the frame

35 reconstruction data comprises at least one of the following: information
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FY10% & ()- L10% & ()-10 # 10 # 10 # 9910% # & ()- nD- g#10%t& () -

m g#10%#& ( Jndicating the luminance, colour, location and prediction error frame of the

frame block.
7. A method as claimed in claim 1 or 2, wherein the motion of the
frame block is indicated by means of motion vectors.

5 8. A method as claimed in claim 1 or 2, wherein the earlier coded
neighbouring blocks are immediate neighbouring blocks of the frame block
being coded.

9. A method as claimed in claim 1 or 2, wherein the earlier coded

neighbouring blocks are not in the immediate proximity of the frame block
10  being coded, but farther away in the frame formed by frame blocks.

10. A method as claimed in claim 1 or 2, wherein a prediction error
frame is obtained by comparing the frame block being coded and the
reference frame.

11. A method as claimed in claim 1 or 2, wherein coding efficiency

15 is estimated by means of a Lagrangian function.

12. A subscriber terminal comprising

means for forming a video frame of consecutive stationary frames,

means for storing the frame reconstruction data of at least one
frame as a reference frame and the motion data of earlier coded neighbouring

20  blocks,

means for defining by means of the motion data of one or more
earlier coded neighbouring blocks the motion data of the block to be coded,
which neighbouring block is formed by means of the stored reference frame,

means for defining the frame reconstruction data of the frame to be

25 coded,

means for selecting for use the frame reconstruction data and
motion data representing the block to be coded, which provide a pre-defined
coding efficiency with a predefined picture quality.

13. A subscriber terminal comprising

30 means for forming a video frame of consecutive stationary frames,
means for storing the frame reconstruction data of at least one
frame as a reference frame and the motion data of earlier coded neighbouring
blocks,

means for defining the motion data of a frame block to be coded

35 using only the neighbouring blocks which have the same reference frame used
to code the frame reconstruction data of the block to be coded,
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block being coded is coded by means of one neighbouring block only, if only

10 one neighbouring block was inter-coded and this neighbouring block had the
same reference frame as the block being coded.

17. A subscriber terminal as claimed in claim 12 or 13, wherein the
frame reconstruction data comprises at least one of the following: information
indicating the luminance, colour, location and prediction error frame of the

15 frame block.

18. A subscriber terminal as claimed in claim 12 or 13, wherein the
motion of the frame block is indicated by means of motion vectors.

19. A subscriber terminal as claimed in claim 12 or 13, wherein the
earlier coded neighbouring blocks are immediate neighbouring blocks of the

20 frame block being coded.

20. A subscriber terminal as claimed in claim 12 or 13, wherein the
earlier coded neighbouring blocks are not in the immediate proximity of the
frame block being coded, but farther away in the frame formed by frame
blocks.

25 21. A subscriber terminal as claimed in claim 12 or 13, wherein a
prediction error frame is obtained by comparing the frame block being coded
and the reference frame.

22. A subscriber terminal as claimed in claim 12 or 13, wherein
coding efficiency is estimated by means of a Lagrangian function.

30 23. A video coder comprising

means for forming a video frame of consecutive stationary frames,

means for storing the frame reconstruction data of at least one
frame as a reference frame and the motion data of earlier coded neighbouring
blocks,
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24. A video coder comprising
10 means for forming a video frame of consecutive stationary frames,
means for storing the frame reconstruction data of at least one
frame as a reference frame and the motion data of earlier coded neighbouring
blocks,
means for defining the motion data of a frame block to be coded
16 using only the neighbouring blocks which have the same reference frame used
to code the frame reconstruction data of the block to be coded,
means for selecting for use the frame reconstruction data and
motion data, which provide a pre-defined coding efficiency with a pre-defined
picture quality.
20 25. A video coder as claimed in claim 23 or 24, wherein the
reference frames are stored as blocks.
26. A video coder as claimed in claim 23 or 24, wherein the
reference frames are stored as frames.
27. A video coder as claimed in claim 23 or 24, wherein the block
25 being coded is coded by means of one neighbouring block only, if only one
neighbouring block was inter-coded and this neighbouring block had the same
reference frame as the block being coded.
28. A video coder as claimed in claim 23 or 24, wherein the frame
reconstruction data comprises at least one of the following: information
30 indicating the luminance, colour, location and prediction error frame of the
frame block.
29. A video coder as claimed in claim 23 or 24, wherein the motion
of the frame block is indicated by means of motion vectors.
30. A video coder as claimed in claim 23 or 24, wherein the earlier
35 coded neighbouring blocks are immediate neighbouring blocks of the frame
block being coded.
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defining by means of the motion data of one or more earlier coded °
neighbouring blocks the motion data of the block to be coded, which
neighbouring block is formed by means of the stored reference frame,

defining the reconstruction data of the frame to be coded,

selecting for use the frame reconstruction data and motion data

20 representing the block to be coded, which provide a pre-defined coding
efficiency with a predefined picture quality.

35. A computer program which can be read by a computer and
which executes a method for coding video frames in a telecommunication
system, comprising

25 forming a video frame of consecutive stationary frames,

storing the frame reconstruction data of at least one frame as a
reference frame and the motion data of earlier coded neighbouring blocks,

defining the motion data of a frame block to be coded using only the
neighbouring blocks which have the same reference frame used to code the

30 frame reconstruction data of the block to be coded,

selecting for use the frame reconstruction data and motion data,
which provide a pre-defined coding efficiency with a pre-defined picture
quality.

36. A computer program as claimed in claim 34 or 35, wherein the

35 reference frames are stored as blocks.
37. A computer program as claimed in claim 34 or 35, wherein the
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reference frames are stored as frames.

38. A computer program as claimed in claim 34 or 35, wherein the
block being coded is coded by means of one neighbouring block only, if only
one neighbouring block was inter-coded and this neighbouring block had the
same reference frame as the block being coded.

39. A computer program as claimed in claim 34 or 35, wherein the
frame reconstruction data comprises at least one of the following: information
indicating the luminance, colour, location and prediction error frame of the
frame block.

40. A computer program as claimed in claim 34 or 35, wherein the
motion of the frame block is indicated by means of motion vectors.

41. A computer program as claimed in claim 34 or 35, wherein the
earlier coded neighbouring blocks are immediate neighbouring blocks of the
frame block being coded.

42. A computer program as claimed in claim 34 or 35, wherein the
earlier coded neighbouring blocks are not in the immediate proximity of the
frame block being coded, but farther away in the frame formed by frame
blocks.

43. A computer program as claimed in claim 34 or 35, wherein a
prediction error frame is obtained by comparing the frame block being coded
and the reference frame.

44. A computer program as claimed in claim 34 or 35, wherein
coding efficiency is estimated by means of a Lagrangian function.
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