CODI NG_AND DECODI NG VI DEO SI GNALS This invention relates to a

method of vi deo coding in whi ch video signhals which conprise a series
of franes supplied at an original frane rate are encoded by a first 5
encoder at a first frane rate-less than the original frame rate.

One ‘application of this method of encodi ng video signals is in the
field of videotel ephony/videoconferencing _ ; over the public sw tched

t el ephone network (PSTN). 10 - Current visual tel econferencing systens
are based -on the digital coding and transm ssion of television

pi ctures. The user of a V|deoteleohone i S V|emed by a vi deo canera

during the progress of a call, *wH e signal s at
an original frame rate, for exarrplelnthe 15 region of 25 to 50 franes
per second, to a video encoder. In order to use | ow capam ty

digital networks for thig, . . ose nificant,_.c r.ession t he

i mge data is requi ?5’05 'gg g"b‘%& t 8 @ tﬂ%trt% adseor é:co nded a
codi ng schene for | oWisht widee tSEgnaid ssluo?fi ofonprigsal azoself@Sep#on?r%ﬂeGnal S
at multiples of 64 giplsés atkn@VBra§inal frER6OrAGRNAREI Oficddedbby a Thirst s a

wayeform coder and UsG3aor ar WYBLLEL MRk OFhecCOOPENGALCHNe | ek huATRLIGT.

H. 261- based codecs operating at s are l1able to produce
low quality i rrages, 5& frame rate is usually |ow and 25 perceptually

noti ceabl e degradati ons Gueurppiicrrtigpticdn tlsis methmdgeef encoding |vidmoder
to avoid flicker ings3dabisqy {4 amR f.@él% of ué@@@@'ﬂ%h&yyﬂﬂdéd&ﬁeérﬁcﬂr@

necessary to brlngthed | a aLo & r 30 frames
per second. This 30° gﬁnk%g pd%’f]iéc i/m‘tﬁge?p beettV\V/'eoé:% ?ﬁémﬁecoded
frames or, Wre sinpfycrant vepeal |tr¢éea°gf%¥cé%oﬂweﬁﬁsa#éeab¢ﬁﬁ¢oe’&n of

tinmes before refreshhagaidiaadi sgdiay ¥hd krhhenitibnder @dedvisiod pagRurekhi s
techni queis accept g\*ﬂt a| £rt$‘f d r&ﬁ%téi‘&dh‘b@% is vIBYddSy T0QE8HAVANGa

little fast noving
during the progress of a call, which camera outputs video

signals &t an original frame rate, for example in the
15 region of 25 to 50 frames per second, to a video encoder.

In'order to use low capacity digital networks for this
purpose, significant compression of the image data is
required. Study Group XV of the CCITT has recommended a
coding scheme for low bit rate transmission of visual

20 telephony signals at multiples of 64 kbits/s known as
Recommendation H. 261. This is a waveform coder and uses
hybrid motion compensated interframe/DCT. H. 261 -based
video codecs operating at 64 kbits/s are liable to produce
low quality images; the frame rate is usually low and

25 perceptually noticeable degradations occur when motion is
large.

In order to avoid flicker in such low frame rate
decoded moving images it is necessary to bring the display
frame rate up to the order of 30 frames per second. This

20 can be done by interpolating between the decoded frames or,
more simpl}, by repeating a given decoded frame a number of
times before refreshing the display with the next decoded
frame. This technique is acceptable if the frames include
moving images having little fast moving detail or fast



-2- . noving detail which is of no interest to the viewer but in

ot her cases the slow frame update can be a serious dr awback.

An exanple of this in videotel ephony applications 5 arises with the
novenent of the nmouth of the person speaking into the videotel ephone.
The nouth can nmeke rapid excursions during speech the detail of which
Is lost at a coding rate of ten franes per second artificially

i ncreased . in frane rate by successively 2 repeating frames. This 10
results in a loss of synchronisation between the |ips and t he speech
greatly reducing the intelligibility of the transm ssi on as t-he nunber
of visual clues usuaxhwugbhataﬂd wh:.ch {4 P hbei b k@ thetal dyer edaced

According to a first aspect, é)es tgepf Ssent, |nventlé)ar]c 15 g, method Qf . us
encodi ng vi deo si gna?s Whi € conprrse-a ser es  Franmes suppli ed at

an original frame raf®YWR#ckhi ch the franes are encoded by a first
encoder to provide a firsin exampteded ciHiputimtviaidoteséplomneapmllieakesss

than the originals ..;ddsamg At ghésmsb@xa@&t e5t Sedel nnotutaﬁt SNecpd BRLSon
portions of 20 the image area o he series of franes is/are encoded b

 second encoder to priRAYERE LB CHFEGTBLRRAAR at- e BRYGHY ©2R make 5ARL S ot e-
greater than the firetcunsanps réuxring speech theTfetdilr of ywhickasoAdstoded

out puts can be decodeshily rate of-téleeodmés peeOislidag doririveadny iagpessedf
the present 25 '”Verﬁ'QPa me aQ&’cetgﬁ Eﬁéé’ésts'l@glie%géa%lﬁg decaded '”’?ﬁ:ess

superinposed to 8FOVIde 1es o
first franme raté%w t¥rsgés %nn%r]é%epécfw%m?%ﬁson be*‘wﬁ?)’&la"tbédlé?st?féi

second frane rate. the speech hge:ep@ltpl masua‘fngt htehes et nted 10 i bilamys ofaytheme

those 30 portions whigh;co r?%Q 9&9 o@rvirEQIaQ E’I@ékehgwiﬂe@btamed
cl asses of inmage feature, for exa e_nouth or eyes of human
f ace. Pr ef ’%?B'I)"/ et’F%‘@engﬁdg’ifr?Geéiefede'}?&‘}des each of the -

portions of the series oRfcfoxdizg Iyp &héirsst Redect qff ithei pagsent invention

15 a method of encoding video signals which comprise a series
of frameés supplied at an original frame rate in which the
frames are encoded by a first encoder to provide a first
coded ocutput at a first frame rate less than the original
frame rate is characterised in that one or more portions of-

20 the image area of the series of frames is/are encoded by a
second encoder to provide a second coded output at a second
frame rate greater than the first frame rate.

The first and second coded outputs can be decoded by
a- decoder according to a second aspect of the present

25 invention and - the resulting series of decoded images
superimposed to provide a series of frames which is updated
at the first frame rate with one or more selected portions
updated at the second frame rate.

The portions of the series of frames may be those

30 portions which correspond to one or more predetermined
classes of image feature, for example the mouth or eyes of
a human face. -

Preferably, <the second encoder encodes each of the
portions of the series of frames by the method of principal

35 components, the second coded output comprising a series of

A,
0

representative coefficients obtained from a portion of a

i



35 conponents, the second coded output conprising a series of
represent ati ve coeffieients—obtained froma portion of a

- 3- franme corr esTisShest et er mi ned cl ass of inmge feature to be
encoded and a respec set of vectors (eigenpictures). This
provi des conpact codi ions of the frames as the principal

conponents are of a we efined feature. |f ,additional classes of inmage

are also encoded by this nmethod, each wll be coded according to a
respective_reference set of inmages. The use of the principal conponents
met hod for synthesising and recognising face i nages was suggested by
Sirovich, L. and KirbsameM coxresponding| eo ept indeddtetrined neidsisorl image
Erg ggedzre fog t he Cgﬁéa&gxtr%r k®atb0BnebaddiNBia Ea%ﬁbec@iveCIHefeSQﬁceW-oﬁA\,

, 4, no 3, pp. - e , ot.sngq% -
according to avail a%?gcéoggaﬁawt?:ffqr%%%?%%s)'t rgﬁyrﬁst?l ng. ﬁfhgghgs%c”ogad%%gaefd
output, for exanpl e.the PoFREORLPEERHEHEMGR TOENE| RIS RGP HRONGAERt I % d
to reduce the codi ngoHveewhbhdetinthefeaxtpense If adadi wicoept abassasedicimage i n

i mge quality. The rei &5 eRaoddd B $hOSNRIeEhYi eSohOh @iFLVER Clagsy Of
feature may be a subset qf a first set of eigenpictures derived fr
portions of a series?TrP 5 HBHeT AafBEPEHAYR 5?%?#&1‘:595%{' EdaBEFoh | %’Qt e
codi ng overhead at t%% Sgaiacipahncoruanenid| netkeflicidors ¥nthpabgjaaurnd ty
due to the decrease idtdghes myrimiceol migdy eaeNsdddestea 0By f stk s, thatandced

to be encoded. o, Theirgt ;5€l, %}t?&ﬂee%m?{ desLS‘;%b'(?n%%PEéﬁaﬂ. bhgcdd Ut
nunber of the frames In"a series of franes tQ be encode or transm ssi on.
The portions correspdfdi e tPaReteriiatign platiyrant batRe "ancbde®hby §95

second encoder are edsterachedl vl 4, rmd & eppesSise524f ei genpi ctures derived.

These are then transm tt@gegﬂyt h@tl{é_gce;é@me\ghecroglah% atﬁé?ezﬁtQéé%}dE.ﬁlj YL itn
e firs

subsequent. decodi ng of a& r éara S tteg frames. . PreLerabI . oélf
set of eigenpi cturesavc?dﬁrﬁ f%e a&?“ﬁ%{gt 29 SiTGERPFTIH 5780 T8I d X Food
-training set 15 output, for example.

: The xepresentative coefficients may be quantised to
reduce the coding overhead at the expense of an acceptable
reduction in image quality.

The reference set of eigenpictures for a givelclass of 7<

20 feature may be a subset of a first set of eigenpictures
derived from portions of a series of image frames again
providing a reduction in the coding overhead at the expense
of an acceptable reduction in image quality due to the
decrease in the number of representative coefficients that

25 need to be encoded.

The first set of eigenpictures may comprise the first
number of the frames in a series of frames to be encoded
for transmission. The portions corresponding to the class
of feature to be encoded by the second encoder are

30 extracted and a reference set of eigenpictures derived.
These are then transmitted to the receiver where they are
stored for use in subsequent decoding of later transmitted
frames.

Preferably, the first set of eigenpictures comprises

35 at least 40 eigenpictures to provide a good training set
representative of the features’ potential excursions and



representative of the features' potential excursions and

-4 the reference set of eigenpictures conprises no nore than

%20 ei genpictures which has been found to provi de adequate quality with
one reduction in the codi ng overhead. In the particular case of
ding a mouth in a 5 videotel ephone it has been found that the reference

s&t of ei genpi ctures may preferably conprise fromfive to ten

eigenpi ctures and provide sufficient detail tq allow foll owing of

the mouth novenments to preserve lip synchroni sation with the

spéech transm ssion of the 10 videotel ephone with a full face inage
The'quallty of the portions encoded b% the second
e

moni tored and when tH® FFEPFEYCT A9 OhefiFPPLotUELS |‘1°§‘Prfﬁ?sesr}?ol“‘8¥9alﬂb%n
the reference set of2kig@epptttumes which rmpdi beed Hyundetovprgridenedegeatef
ei genpi ctures from ﬂxahityt Wt NisREeCtedicRABHE h el as.hud,e dviaenggy.ti on in

respect of Seg ond_coder feI | bel ow th | LY eshagl
Thus if the |n|t|al traini ngchset o’ftlfranes NI noft con ‘? m&m}’f ﬁhda

possi bl e excursi 8ns wideoelephans &t kam beganfRundgfihat theoﬁeﬁell?ﬂi\?@hse'ﬂféf
training set is rmdléﬂg@@hpaafiuﬁesnauaﬂq:relfefﬂﬁ]@no:ﬁ:n@eﬁselelfruxedfm cto i semjor e

abl'e to encode such 4 enp%%e%' OQﬁd' "bzfoli}?dé Utslﬁrf@:l.cxent detall aof egiige to

be encoded by the se d encode stricted ne reg i on of the
__franmes, by enployi n‘é" 3“’”“3 f?ée ]?ﬁaad“"b‘& |t|“‘8ﬁe"“5f”b‘3‘s eg:z?rrplpé: SEREh (MR

fixed region of 25 saynshrppigatiopanvith wpe bHpeeaixt tzapemissdion eﬁco@w
I f, howevet thﬁdfegﬂéyéﬁ&ﬁnwﬁﬂﬁ)%arfulﬂ fadeiin@y. Oof positions

the frame then the met hoggf JLbe, &) C5PNnd TYGRLLAR. encosdd o' Rl VSl et

i ncl udes locating the~ pre ern rarre
to be encoded. Th|°§‘°3’éer|Wdi?egmf‘h@‘iﬁﬂalai“tiyw’éﬁn ttﬁ‘é gueh iy égli%sgelw
variation in | megEipot tuhmashe:sdjlv'aSue, the referkatetset earmqeepsm:uresf a

fe?’ure can adopt diffs@E€0d by a@iAMeAl AR Wethidt td1gehpfBBudds ifon a

p& ferable that gfl traxnlng~set expanded to include the portion in respect of

{ which the second coder fell below the quality threshold.
Thus if the initial training set of frames did not contain
all the possible excursions of the feature, for example an
open mouth, the training set is modified and a new.

20 reference set derived which is more able to encode such
excursions in the future.

If a feature to be encoded by the second encoder is
restricted to one region of the'frames, by employing a
fixed head position, for example, then that fixed region of

25 the frame can always be extracted and encoded. If,
however, the feature can appear in a variety of positions
in the frame then the method of the present invention
preferably further includes locating the predetermined
class of image feature in a frame to be encoded. This

30 improves the quality of the coding as less variation in
image portion results.

For the same reason, if a feature can adopt different
orientations within the frame it is preferable that the
predetermined image feature located within a frame to be

35 encoded is rotated after extraction to match a normalised
position before encoding by the second encoder, the second



predeterm ned i mage feature located within a frame to be 35 encoded is
rotated after extraction to match a nornalised position before encodi ng

by the second encoder, the second
- 5- coded output including data which characterise the rotation

effected priror to encoding. Simlar remarks apply to the size and
posi tion. According to a second aspect of the present invention
5 apparatus for encodi ng video signals which gorprise a series of
frames supplied at an original frame rate, includes a first coder for
encodi ng tthe frames to provide a first coded output at a first frane

rate |l ess than the O teadls char.act.eri ed| t.hat
there is 10 incl uded® %% e8‘6ﬁ%"‘ eﬁgﬁ%‘éa‘ig—‘e o) ateahcoﬂ'fkh h('%ﬁaectoernr'eh)re gy(z PEREHE -
of the image area ofeiifpetedr pesonitd ranseding pyigdiae gemarks @gBbndteothad
output at a second fgide ahat pogirtaaher than the first frame rate.
According to a third asp p | L op d_ a-08ihod
decodi ng vi deo signal s e%ggog%n{)({;%o g%se%rcsgd g%ee%acgor%} Br o rﬁi n?lérr%mn
aspect of the pr@serfPRATFENT | SR ©ncofiRg ydEleyelbiitty °I*’1 r&qePEsaed @
out put of the first serieserwbdérames asdppldedf raa:rrearranmmldetmengraﬁae
chonddcodﬁg ?hﬂmhaég o f:!l%tS@S@ﬂfj ﬁ]'cic@ﬂ@é%ﬁ{g the s&wgdtﬁrgﬂ&ﬂ&: e, t
and conbi ni ng e 0. ecode r second cqde pu
with the video inmage oéé“t %?neagar om a’é’goag f%rstt %ram? 6 goaedtha qltlé

as to provide a seri¥dddpa} rfrare wpte and lsoﬁbaﬁ‘—‘tﬁﬂée%drft itoas E‘Eﬁ!‘eﬁé& at
a higher frane nate idtanded a skbénd @ntodér fbe dricwidEAg oife or moreABEHidingg t O

a fourth aspect of Ui dHeCSGlle! QYEN!6PMNne 5ol dC6RURLARA EPGAHAGCVIdC0
signal s encoded accordln i rst as ﬁ resent_inv t|on
conprises a first 80"&%‘1 ?‘6?9‘56850"‘} ﬁﬁc?ﬁ‘g ffriaF‘Etraé:Sdgge%tlﬁrpﬁPa‘bf

first encoder dtirgtffrane foagpe rate and a second decoder for 30 -
decodi ng the second codeflcgsiidinly 604 dH@aSesPeut FICRHEMpAdsent ih¥éhta@aONd

frame rate, and §“p%J'£Q¥E%a”%ft@%cgbfﬁé’vJH?% signals encoded by a method
according to the first aspect of the present invention
includes decoding the first coded output of the first
encoder at a first frame rate and decoding the second coded_
output from the second encoder at the second frame rate,

20 and combining the video image decoded from the second coded
output with the video image obtained from decoding the
first coded output so as to provide a series of frames with
one or more portions updated at a higher frame rate than
the rest of the frames. '

25 According to a fourth aspect of the present invention
a decoder for decoding video signals encoded according to
the first aspect of the present invention comprises a first
decoder for decoding the first coded output of the first
encoder at a first frame rate and a second decoder for

30 decoding the second coded output from the second encoder at
the second frame rate, and superimposing the video image
decoded from the second coded output upon the video image
obtained from decoding the first coded output so as to
provide a series of frames with one or more portions

35 updated at a higher frame rate than the rest of the image.



decoded fromthe second coded out put upon the video inmage obtai ned from
decoding the first coded output so as to provide a series of franes
with one or nore portions 35 wupdated at a higher frane rate than the rest
of the imge. -6

Sonme enbodi nents of the present invention will now be descri bed, by
way of exanple, with reference to the acconpanyi ng draw ngs of which:
Figure 1 i.s a block diagram of an apparatus fgr- 5 encoding an i mage,
according to one enbodi nent of the present invention; Fi gure
2 is a schematic diagram show ng t he extraction of a nmouth feature
froma video inmage; schenmati c dlar m show ng
the 10 nornmlisation of R&® n%'tﬁ‘%lBFmﬁ Q’L‘fr Eh? ‘present invenfieR YLl nav RG | es
of photographs of eidpswmribeds ey way fof eam@dlﬂ.g aitbuttefereachutan thece;
Figure 5 is a seri esaéﬁo,,gggppgﬁj drgagggs Qfr gni@uth . coded with di fferi ng
nunbers of the eigenpictuyres 1

Flg
series of decoded inages 6? he 'mon th %Poc’k d"f—a%ram °f5 Jr’egpgd'gcee Usi ng
« different resol 8ti #rFoddng an iggepfi @éceprdingyep one embodimeghy ©£7 the 5
|lock diagram of a Ciﬁfé%dﬁ[: mve'm:aehdance 20 with a further enbodi nent of

the,present invention; gure 2 1 56 gER i %fagg%ae ﬂ7w1@,g8€ﬁé %§t9£cé
repr esent ed by vi deo i’ s encode ? | oW ng steps.
video signals are irffut f“B“‘élgédaﬁ*rﬁe%‘f‘l@nﬁ’aq DAmREe261 encoder 102

whi ch provides a first c8dedre/i deo i greal schemaPtc nddagrgmexehowinl thehe

H. 26é encoder 1@2Tqm1g§h llgg@tmrﬁgi@ the mogggn@f sigbra 2ate of ten franmes per

second. e Vi n ad SQ.p y

extractor 106 to extract f?ga éu:“:keg - %Fertl%s 3t %9‘%@%%%9*1? of J;%%Bgi‘é?ures

pertaining to one orfafrBCHHNY Gn§°'éﬁh Pﬁeallh‘ﬂt?é’ &Pe® 30 that are to be

coded at a higher frane rFogerd hinid en £¢6.A/88S of decoded images of a mouth
coded with differing numbers of the eigenpictures of Figure

15 5; -

Figure 6 is a series of decoded images of the mouth of
Figure . 5 reproduced using different resolutions of
coefficients; and )

Figure 7 is a block diagram of a decoder in accordance

20 with a further embodiment of the present invention;

Referring to Figure 1, a series of frames represented
by video signals is encoded by the following steps. The
video signals are input to a CCITT Recommendation H. 261
encoder 102 which provides a first coded video signal to a.

25 multiplexe£ 104. The H. 261 encocder 102 codes the video
signals at a rate of ten frames per second. '

The video signals are also processed by a feature
extractor 106 to extract features - that is, poxtions of
signal pertaining to one or more portions of the image area

30 that are to be coded at a higher frame rate than ten frames
per second. The extracted features are then normalised 108
in order to adjust the feature to standard size, position
and orientation.

In this particular embodiment the feature extracted is

35 the mouth from an image of a human operator of a
videotelephone within an image portion 200, as shown in



per second. The extracted features are then normalised 108 in order to

adj ust the feature to standard size, position and orientation.

In this particular enbodi ment the feature extracted is 35 the nouth from
an imge of a human operator of a vi deot el ephone wi thin an i mage
portion 200; as shown in _ -7-
Figure 2: The nouth is identified by matching a tenplate to _the
feature i.n a known nmanner and can then be normal i sed by
rotating t-he portion 200 until the corners of the nouth are aligned
hori zontally as in portion 300 as 5 shown in Figure 3. * The

normal i sation is carfigwFeodt bPherammithgis hedanfdfhed by magabbn@ GO tepphdtrd
froma face inmge teot kBeSt fétiizd In N0khadit HahieHr iaaAt e6a®r ithBhat bon
300 using a rotatio ; r n T r ' j, RGE 4| ilded
in pixel by 10 pi xglﬁérnl?;}lsaét%{]?nggﬁ?gng ?ﬁ%r}%égg%a gn{tlm%oéclhtéi,%grﬁgfr% J’% he
original imge and tHh ®eptBuRzei AYLIMRE iHATEASPEIL oSt HE POrtieR  F&ht2as

pi xel using bili AearshaowreipoFiguren3bet ween the four pi xels in the
0r{ﬂ' gal :c”}age tsur roun?' ﬁﬂetﬁ@rn@qggxaﬂqtils_ carriR@Sbht Ay mapﬂgngt ‘the m&IEr
nmet hods of |ocating,, trac g_c.and nor isin - . -image portiagns_are
described in our | gtlel?aﬁzft i%dnogl °}I}Faﬁlé‘ﬁa £Zon @pp??%eatf%ar?se V&%Sﬁb@lﬁfagnﬁrd
W92/ 02000. Dat a rept¥desptatly oriepfed sepiantasssnt $¢h WY Gt Aotahiarat

f owar ded by the tAusfakh S atrhe mdtmall i d68 imagk his ®Hehifillexarin @4xal Hyhe
same 20 rate agot ha;;ix%fl th %@ngﬁ{ni]z%_z ehe_ eequl.i.gaigﬂts §3§Mc§x 10n  the

ti mes per second). L. - The nornaélsed |qﬁges of gortlons offtheh
series of vi ded®FARBL H39% RBA ERRFIAUTTIRS SPeptPRASPAY for the
conponents in an encodiregt Pixkelluding bl irefaer enarpodabl gretbelBeenfthe four

ei genpi ctures, as irglixeakednbynbhere@iactiebauvBsindhg the RigUeHRI&itire

store 112 and the encoqsq%r. step 110. _ Before the coding of -
nornal i sed features 568 _

15 Other methods of locating, tracking -and normalising
image portions are described in our'International Patent
Applications WO88/09101 and W092/02000. Data representing
the scale, position and rotation are fowarded by the
normalisation unit 108 to the multiplexer 104 at the same

20 rate as that of the encoder 102 (i.e, in this example 10
times per second).

The normalised images of portions of the series of
video frames are then cbded in terms of principal
components in an encoding step 110 with reference to a set

25 of eigenpictures, as indicated by the connection between an
eigenpicture store 112 and the encoder step 110.

Before the coding of normalised features can be .
carried out it 1is necessary to generate a set of
eigenpictures which are to be used to code the features.

30 The eigenpictures are calculated from a training set of
mouth images such that the eigenpicture corresponding to
the first representative coefficient (eigenvector) encodes
the maximum variation between all the mouths of the
training set of eigenpictures. Successive eigenpictures

35 encode less and less variation.



carried out it is necessary to generate a set of ei genpi ctures which
aré to be used to code the features. 30 The eigenpictures are cal cul ated

fronla trai ning set of nout h i mages such that the eigenpicture
corresponding to the first representative coefficient (eigenvector)
encodes -the maxi mum vari ati on between all the nouths of the

training set of eigenpictures. Successive eiggnpictures 35 encode |ess
and | ess variation. - 8-

The ei genpictures may be cal cul ated by the foll ow ng steps fromM
normal i sed nouth images each represented as a set of pixel values

denoted by vectors I|[err]The eigenpigtnires may be calvhbatafedgéhaotal ovilige
vector is cal cul at edsasgs afxval M Horm@fl isédIMdbdhUiesgesObach hepreveiited iasBges

“are formed by - ssHblE anllag, Re2UERANE HRbLLddant gach. | iage 11t he

set., The avera rven Yand each
di fT\sr\ence image is g ven'ﬂ'ﬂ?ya“'e’:al‘i)e '“°“'fkérl|"‘]’ge vectok is PALSukakedoprnd & jet
| arge Vectors is % hepfsubgsictatiges ofrithei pabutktonpegest awealfcgimed whych

seeks a set of M subtﬂe[édl%oeﬁé é&i’e@.-ta@ésmo&l{heff%m MUChinRgsti dlager kbes
the data. The kth vector, uk, is chosen such that:

- The average mouth is given by:

1
=T4‘EI

Bl

and each difference image is given by:

¢n=In—-I-l n=1[---',M

10 _ )
This set of very large vectors is then subject to
principal component analysis which seeks a set of M
orthogonal vectors, u,, which best describes the data. The
kth vector, uy, is chosen such that:
T 2
"‘"E (uxp)
n-1
15 .

is a maximﬁm, subject to:
T
u; u,=0, for I<k.

The vectors uy and scalars Ak are the eigenpictures and

eigenvalues respectively of the covariance matrix:

C=— E ¢n¢n

'1=1
20



15 - [err] IS a maxi num subject to: [err] The
vectors uk and scalars [err]k are the eigenpictures and ei genval ues
respectlvely of the covariance matri x: 20 [err]

Since the nunber of images in the training set is |ess:
than the di rension of the space (M< Nerr] X Nerr]), where Nerr] is
t he nunber of pixels on a line and N[ err] the nunber of Iines, .there
will dnly.be M, rather than Nn X Nferr], non?zero 5 eigenpictures.
These NIeLgenpictures can be found by constructing the Mby Mmatrix
L, where % [err] and finding the M eigenvectors v[err] of L

Then the ei genpi ct Ug@Rcd!khdl SurleteHs R¥rages in the training set is less
than the dimension of the space (M < Ny X N;), where Ny is
the number of pixels on a line and N, the number of lines,

there will only be M , rather than N, X N,, non-zero

S eigenpictures. These M eigenpictures can be found by
constructing the M by M matrix L, Where :
T
Lmn=¢m¢n
and finding the M eigenvectors v, of L. Then the

eigenpictures u, are given by:

M
Uk=zvkn¢n' kéll o' " . ’M- B
n=1 -~
10

For this training, the videotelephone operator
speaks a few sample words to the instrument. Once the
eigenpictures have be&n obtained, they are stored in a.
store 112, and also transmitted via the multiplexer 104.

15 Transmission proper can now commence. Mouth
images are represented as follows. The new imagé I’ is
transformed into its eigenpicture components (by the

encoder 110) by a simple operation:
M"«W i_?,..—v"\*

wk—uk(I D, k=1,...,M.

L
-
¥ ‘”',. \rl.

20 The pattern vector QT = [mlmz...mM] describes the
contribution of each eigenpicture in representing the new
mouth image. This vector is transmitted via the-
multiplexer 104 and the new image can then be synthesised
at a decoder using this representative set of coefficients

25 and the eigenpictures and is given by:

M
/=
I'=Y" ou,.
=1



10 s [err] For this training, the videotel ephone operator

speaks a few sanp)Je words to the instrunent. Once the el genpictures
have been obtained, they are stored in a. store_l ARBeat Keplaced
transmitted via the nultiplexer 104. 15 T (St R oper can
now conmence. Mout h | mages are represented as mm\m(m new
image |' is transforned into its eigenpictaur-e co e
encoder 110) by a sinple operation: [err] 20 The pattern vector

. Qerr] =1lerr][err]] describes the contribution of each eigenpicture

™~ representing the new mouth i : Thi.s ector i .
?irl"é‘hsm‘tted via the ThFruFf‘?‘b’fteﬁ& étrfan?'ﬁ%tﬁéiw ﬂrﬁ%g ghave h&A" b
synt hesi sed at ametdeddeanydiengradyicsdr dyr cii@Atbinge e FIPREFEPFRE I Ent s
25 and the eigenpi cdddfEs cadfkcs u@i YRE dbunt of [ @idrtisation is limited to

-10 - The a%ntd%ire%at& ty g"t#Ja‘iQtQY dellE - ARAME 0G0UinAE TEinhagk can

be reduced by quanti Sing e represe ve coefficients but the anmount of
quartisation is Pinit¥¢rebedhe degree of immge quality deterioration that

can be tolerated. Thrge qpadliitty of am cowrpput imauegeanahe breaseasdr eingi ng
a fidelity criteriony gigifitgebifoer8bht er hOR; &AMty @di £&Fi AN BmpZ bigh t fusx

oo ARt 5 e TRl Ly SR M kA o e
signal to noise present invention is to use the peak signal to noise ratio.

10 It can be said that the higher the value of signal to noise
ratio the better the quality of the image. The formula
used is:

(SNR)P = 20 x 1n (square error/lnlo)
where square error = 255/rms error.

15 A simulation of the above described method was carried
out_for a .set of 75 frames from a sequence of 200 head-and-
shoulder frames of the same subject. The first 40 mouth
portions of those frames were used to produce the 40
eigenpictures 401 to 440 shown at Figure 4 used in encoding-

20 later images of the sequence.

The next images in the sequence were coded and
reconstructed wusing the first five, ten, and 20
eigenpictures of the original 40 eigenpictures. This
resulted in image sequences of varying quality and

25 compression. ratios. Table 1 gives the statistics for the.
three sequences and Figure S5 shows three reconstructed
images 501 to 503 of a coded mouth 500 reconstructed using

five, ten and 20 eigenpictures, respectively.

TABJ,
30 Number of Average (SNR)p Compression
Eigenpictures Ratio
27.911 384

5
" Y10 29. 298 192
' 20 30. 241 96



ratio tthe better the quality of the inmage. The formul a used is:
(SNR)[err] = 20 x 1n.(square error/Inl O where square error = 255/rns

error. A simul ation of the above described nethod was carried out for
a set of 75 frames froma sequence of 200 head-and- shoul der frames of the
sane subject. The first 40 nouth portions of those franmes were used to
produce the 40 ei genpictures 401 to 440 shown at Figure 4 used in encoding
| at er i mages of the sequence. The next-inages in the sequence were
coded and reconstructed wusing the first five, ten, and 20

ei genpictires of the original 40 eigenpictures. This resulted in

I mge sequences of varr%{'h'ggtsﬁglggljtg-etyre%r&gtggggr%sﬁ&)&%ati&& Tadl el

gives the statistics for i €€ sequences. a shows three
reconstruct ed i magesSiFFRPLBLYRRS HPRS Af Ul nRRIOT 5OFF TREORsTIIEY ST Y
five, ten and 20 ei gealliectiutéscan dspecenvehyt the SNR ratio for a sequence

TABLE 1 NUN2i8Ba using ¥6'&dRenbEMRIres has @ Hak§S8A 0N mprovement
El genpi ctures 5 1dB, compared.to tﬁgugé%uence i en eigenpictu

27.911 $fy 148, comparef 51788 9%
20 30. Mp| significant impggvement ip reproduction of thegnhpmages

sequence resulting wds' @Btaid¥d ubSfg mfre tR4n the fRigenpi eigwmA cwased.ound
to be of reasonable qual rhy  cdup®8hsion r-g"t‘.‘g%efeélr kLeP@ahe'aes%S?g.éeh% H]ﬁndlsNR
ef

. s

ratio for a sequence b, obt ar ned usl ng | genpi cture a nmargin

i nprovement 5 of 1B,P%omfar 84768 £A% e "§$Png°t YehPT Tt s

No significant Loprovsmgeneal i nimegger ouct PO ofeache imaqres is 96x80 pixel
resolutions and each pixel requires 8 bits) but only 320
bits are used to encode the coefficients. The compression
ratios are calculated-assuming floating point coefficients

which implies 32 bits per coefficient on the computing

15 system used for the work. The number of bits needed to
code the image, therefore, is 32 times the number of
eigenpictures. (This figure does not include the

signalling of inverse rotation needed at the decoder). The

compression ratio is obtained by dividing this figure by
20 the original number of bits required, which is 96x80x8.

This is quite a large intraframe compression ratio but it

is also possible to quantise the coefficients of vector

elements into 12 or 14 bits without a notable reduction in

quality which then gives a much larger compression of 512
25 and 439 bits, respectively.

The signal to noise ratios, for sequences created
using 12 bits or more per vector element, show no
difference in their values. These and the compression
ratios are listed at Table 2. It is clear that no

30 objective improvement is obtained by using more than 12

bits per coefficient.

This Sheet Has Been Replaced




was obt-ai ned using nore than the first 20 eigenpictures. The
conpression ratio for the coded sequence is foupd to be 192, since
96x80x8 bits were needed to code each 10 original inage by PCM (each
image is 96x80 pixel resol utions and each pixel requires 8 bits)
but only 320 bits are used to encode the coefficients. The conpression
rati Qs are cal cul ated-assum ng floating point Qoeff|C|ents whi ch
inplié&s 32 bits per coefficient on the conputlng 15 systemused for the
~wor k. The nunber of bits needed to code the image, therefore, is 32
times the:nunber of ei genpi ctures. (This figure does not
i nclude the si GABLE g of inverse rotation needed at the decoder).
The conpression ratio is obtained by dividing this figure by 20 the

ori ginal nunber of bj LS,l8 e ch ]S 96X e a
Iarge i ntraframe con‘?ggsgje%%‘lég 1 “ﬁnt sing §°§§rels§1°n Imeblg t%ﬂé)

0SS 0 qu@ntise

the coefficients of nts |nto 12 or .14 bits g t a

not abl e reduction in ﬁuallty mhlch t hen glve§)§ much Iaw

conpression of 5B2 25 and 439 bits, BBS&pectively.768 ?ﬁeﬁélgnal to
noi se ratios, for sequencgs created jp24Using 12 kyilys or noregpego vect or

el enent, shom/no dlffq{ence in tQS%E val ues. Ehese and i h?

conpr essi on ratios are listed at Table 2. is clear %at no 30
obj ective inprovenent is dbtained by u3|ng nor e tﬁéﬁ 12 Bt %%er
coefficient. 16 384 - 12 29.298 TABLE
2 Nunmber ;@f Bits. j,Quantising anpre35|onlgayerage (§5Fagb per
coefficient Level s Rat i os 2 3072
25.485 5 8 - 256 768 28.671

10 1024 An Ghflormal, subP&ctH4@ assessment ¢@ncluded thayOHH
512 T 29.298 perceptual improvement was made using more than 10

eigenpictures and more than 12 bits per coefficient for the
paékiculax image sequénce used.

15 Figure 6 shows the same mouth image 500 as at Figure
5 and three mouth images 601 to 603 reconstructed using ten
eigenpictures and two, ten and 12 bits for the
representative coefficients, respectively.

Referring now to Figure 7 there is shown a block

20 diagram of a decoder for decoding video signals encoded by
the encoding process described in relation to Figure 1.

Encoded video signals are demultiplexed 702 with the
data encoded by H. 261 encoding step 102 of Figure 1 being
"decoded 704. The coded feature portions of the encoded

25 video signals are decoded by a second decoder 706 with
reference to the reference set of supplied eigenpictures
708. The decoder 706 provides a 30 frame per second moving
image of the mouth of the human operator, whereas the H. 261
decoding step 704 provides a ten frame per second updated

30 picture of the rest of the face of the videotelephone
operator.

In order to achieve a 30 frame per second final output
the H. 261 decoded frames are repeated as necessary to
achieve the desired 30 frame per second rate, whereas the



14 - 439 29. 298 16 -
384 29.298 10 32 - 192 29. 298

An i nformal, subjective assessnent concl uded that no per cept ual

i nprovenent was made using nore than 10 ei genpi ctures and nore than 12
bits per coefficient for the particul ar i mage sequence used. 15

Figure 6 shows the same nouth image 500 as at Flgure 5 and three nouth
i mages 601 to 603 reconstructed using ten - 13 ei'genpictures and two,

ten and 12 bits for the. representatlve coefficients,
respectively. Referring now to Figure 7 there is shomn a bl ock 20

di agram of a decoder ndgin degod,pdated dae SBQnahSam%BC0§3£l lyecona bhh& is

encodi ng process described in relation,t deo
sighal s are denul ti pl &Xet dmyﬁie‘\g/\ﬁnhttk‘ﬁm 17 da?d%deﬁléo%ued al—f%@% g%?ol
step 102 of Figure 1thebreyide thgedaed ﬂeﬂ°deQT%9%%RkﬁigPé¥iurEhtﬁﬂtV

the encoded 25  vi denspiiageal ®ilr @ decadedndny facs egtenthadechickerof7Gbivh tis

reference to thegrefgar égﬁgﬁ §€ttéH eSURR | %g géggg&pbﬁ{twf%i the méﬁQ% nd¥eng

decoder 706 prOV|des per sec novi n thg nDuth -
of the human oper at it avﬂ@r%"éé“etﬂ%r ijecopd update di-FRf §t°g‘ ifes a
ten frame per secondrempdaeed 3Be pmcutheasﬁaluhe,reBQSkﬁiqnheaﬂdceretatiﬂp

vi deot el ephone OPRraheion so that thd QR4 portdchi ade @e3Qokrastlyper
second final output the H .261 decoded franmes are repeated as necessary

to achi eve the dBHF3HPWR°Frane per second rate, whereas the
- 13 - MButh is BEERFERI]LIZEN fHoaFkguFferl, sERY R} 98ARI Fiures can be
superinposed on the pte2@hlderarkdd andt pitbre@ doconde nby ¥HE® encodero prThe de

the final decoded v'gﬁ%& 092 SeantBhedl Mhever, 11 SPIRA 1 Idsohat A

human face the maj ori t dated at teq frame <PEL.S lrggi

but with the nouth w en a sequence of video signals star

extracted normalised features are used to create

15 eigenpictures for future encoding as sho;n by flow chart

step 114, which eigenpictures are then stored for supply to

the encoding step 110 (by the eigenpicture provision step
112).

In the decoder of }igure 7 the decoding step 706 will,

20 on first receiving encoded video signals, decode the

eigenpictures to be used in the coding process. These

eigenpictures are first stored as indicated by the arrow

leading from the decoding step 706 to the eigenpicture

store 708 which eigenpictures are then available for later

25 decoding at the decoding step 706. | '

The accuracy to which the portions of the image frame

can be coded depends upon the extent to which the

eigenpictures are representative of the range of movements

that are present in the image frames. If, for example, the

30 eigenpictures were trained on a mouth which was in various

closed positions only, the coding of an open mouth would

not be very satisfactory. It is preferable, then. that the

coder incéludes a local decoder (not shown in figure 1) for

forming a decoded image and comparing it with the original

35 video signal to derive the fidelity criterion discussed.

earlier; when this indicates that the current set of



at a 30 frame per second update rate. The conbiner 710 al so receives
the nmouth scaling, position and rotation information so that the
i mage portion may be correctly superi nposed. 10 *Referring again
to Figure 1, the eigenpictures can be pre-cal cul ated and stored for
use by the encoder. The preferred arrangenment, however, is as shown
in Figure 1°in whi ch when a sequence of video signals starts the first
extracted nornalised features are used to create 15 eigenpictures
for future encoding as shown by flow chart -~ 14 ~step 114, which

ei genpictures are then stored for supply to the encoding step 110 (by
t he eigenbicture provi sion step 112). In the decoder of
Figure 7 the decodi rﬁg@h@ﬂcﬂ&ﬁes%k' rot?QatOffadtolr§] tHeEL@EpU¥hPiFtuRBCOSEd s

video signals, dec%%%l cu{‘ated[ (s Q‘%”R':&té‘creﬁs 3%%6&&5%%@ h r&&cﬁ%d%&&“x@xg
process.  These RS Y as 1 ndi cat e
arr ow | eadi ng ftrthtFﬂbmd&:GGFn‘g'h%t%t?eB R qhh &agi BRMhiveCered. Yenus

store 708 whi ch ei gextieatiing cher eatdewiafeat aiel ehéxacteztietri @b thdscozh g at
the decoding step 7QQgea adequateli[ a&,gug,@pyutpgl\/\@é,ﬁ:&ntemsp@égﬂdans of the
I mage frane can be fiollrgpg %é)on tg x];fgng [Ke! V\L@ thhe osed
ei genpi ctures are repres ﬂta ki V¢ nEPR"RAR§ VENETT 8 o8 ? &5
present in.the imageouthnend an fOPefloFO‘éél’aﬁﬁl éls‘EWtSGGaE‘FWnpl s s Er e
trained on a nouth weigabr¥osond) adai tDotal feattidIREopnstidrostepnl Jyt tine
coding of an open n%tab.uﬁgu' gnce :L @9&1 %Idveryoﬁﬁtlﬁéagﬁgéd/ed Iﬁy' Set of

preferable, then, that I ncl udes a | oca ecoder
in figure 1) fot9 resPﬁFﬁ’r‘f‘Fgréfﬁ’é%‘H’(feaeF @laﬁﬂp’c‘iﬁ‘rﬁﬁflﬁ‘b”ﬁ?p&l’%‘f’? Pf@
original 35 video sihgnmhethemiéri was tehelbselb|qxt ppeninarthon di scussed
earlier; when this indi §ﬁﬁﬁ%ﬁl?atd£ﬂ%r€% I Rk ueed &.‘f the human face could
- 14 - N |ge i ctures I a‘fls act or ek lEI ge%gggurn(‘aa Setbel S
recal cul ated, (and ?dr;angﬁ??fae ‘rﬁ°° (T&:oder? ’1ynclxu3? ¥
sufficient spare capacity in the transm:.ss:.on system to
15 accommodage coding by principal components of the eyes of
the user of the videotelephone as well as the mouth
therefore providing further areas of more rapidly updated
image features. .
The invention may also be applied to other coding
20 situations where a more rapid update of a portion of the
image is required whilst it is satisfactory to the user to
have a lower frame rate refreshment of the rest of the
image frame.
If the feature which requires more frequent updating
25 is generélly known and in a consistent position in the
frames, a fixed portion of the image frame area can be
encoded at the higher rate. Thus, for example, in a
videotelephone application if the user is directed to
position his or herself in front of the camera so that the
30 mouth appears in a particular area of the frame then it is
not necessary to detect where the mouth is has it can be
assumed that the mouth is in a particular position. In
more sophisticated systems where movement is allowed within
the frame then it becomes necessary to employ image
35 recognition techniques to identify the location of the



the training set the portion which was poorly coded, thus ext endi ng
the range of feature characteristics that can be 5 coded adequately by

the principal components nethod. i An alternative approach would be
to regard a cl osed mout h and an open nouth as distinct features. This
woul d require sone additional feature recognition steps but the
feature, onee identified, would be encoded by set of 10 respective
reference set of eigenpictures correspondi ng 19 - t he whether it- was a
cl osed or .open nDuth Simlarly, different features of the human
face coul ¢ - separately encoded. For exanple, there my be
suf ficient. spare capa in the transn155|on 2System tg C d

codi ng by principal *SHorftht S5 tee myaLuss aF & 1fh8°%%§r %% QﬁQP &t }

vi deot el ephone as vw#¢r4§§PPhéSﬁ%uﬁhe"deSlnﬁﬁef%#QHQS providing further areas
of nore rapidly updated i mge features. The invention may
al so be applied to other coding 20 situations where.a nore rapid update of
a portion of the image is required whilst it is satisfactory to the
user to have a |ower frame rate refreshnent of the rest of the
i mge frane. If the feature which requires nore frequent updating
25 is generally known and in a consistent position I'n the - frames, a
fixed portion of the imge frane area can be encoded at the higher
rate. Thus, for exanple, in a vi deot el ephone application if the
user is directed to position his or herself in front of the canera so
that the 30 nouth appears in a particular area of the frame then it is
not necessary to detect where the nouth is has it can be assuned t hat
thée mouth is in a particular position. In - nore sophisticated systens
where novenent is .allowed wthin the frame then it becones necessary to
enpl oy image 35 recognition techniques to identify the |ocation of the

- 15 - nDuth so that the mininmumarea is_coded and that area



corresponds to the desired feature. - 16

- CLAIM5 1. A nethod_of encoding video,
signals which conprise a series of franmes supplied aty an original fra
rate in which the frames are encoded by a first encoder (102) to provide a
first coded output at a first franme rate |less than the original franme rate,
characterised in that one or nore portions of the inmage area of the series
of frames is./are encoded by a second encoder ,£110) to provide a second
coded output at a second frame rate greater tﬁan t he first—f+rame-rate—2—
A method as clainmed in claiml in which the portions of the series of

franes ara those portions which correspond to at |east o oW '

‘class of inage feature. 3. A nethod as cl aCiBfMEn cl ai nﬂﬂlﬂkmnﬂmmmnm
| east one of the classes of image feature is a feature of *the Hundn face.
4. A nmethod as clained in .claim . in_whic t '

cl ass of inage feat ute isAt"fféthﬁﬂrrﬁg ﬁ%cuﬁ%ﬁ'.ng&u&\% rr%l%%?i_gagﬁg aicer?réngkgﬁga%y
precedi ng claimin waeekes hef steaned SVeBYE?d (39037 ePE el LEATDT TRER 1P

portions of the serig@riéf theabbsmddy aeon@yddeg By seifiobt pimiodee o gyenide

val ues, consider e.id ag @iilseé:?yél’edr glxgédtveatt q %_iz?ﬂ fﬁan{eefz'gﬁgnfgss than the
vectors(112), the second coded outp CONR%SI ng a gerie of coefficients
representative of th@*t&ifdriGHe Faten ChRfHff=288¢ thai HBH °F% ©FI BPRS 5
in which the coeffpeieins afetupameigsedred of Ahgesdwicsa9fcFaRtRed 1FA2ERai m
5 o\rm_6 |hn whi ;:h ?ﬂCOth@&hé@f gyeapggg%m\lzeﬁ&d@rre%d%d@yda fal dleltbn@ se§EENCE
I n ich a set of reference _vectors i erj\ f Enput gyuLdeo
signal s and data rep?‘éé%% iaﬁgat%eecormeif %faén?lecerg\'?gc{%)erag:gfs&ggl?pkg g f8 Afﬁé\?ﬁod
as clainmed in cli® m?at® which the reference set of vectors is a subset of

a first set of vectoes A method as claimed in claim 1 in which the portions
of the series of frames are those portions which correspond
to at least one predetermined class of image feature.

3.- A method as claimed in claim 2 in which at least one
15 of the classes of image feature is a feature of the human
face.
4. A method as claimed in claim 3 in which the
predetermined class of image feature is the human mouth.
5. A method as claimed in any preceding claim im which
20 the second encoder encodes each of the portions of the
series of frames by resolving a set of picture element
values, considered as a vector, relative to a set of
referencehvectors, the secondppoded output comprising a
series of representative coefficients. '
25 6. A method as claimed in claim 5 in which the
<xepresentative coefficients are quantised.
7. A method as claimed in claim 5 or 6 in which encoding
of the portions is preceded by a training sequence in which
a set of reference vectors is devised from the input video
30 signals and data representing the reference vectors is
ouput.
3. A method as claimed in claim 7 in which the reference
set of vectors is a subset of a first set of vectors
derived from portions of a series of image frames.

—_—

Tl



‘derived fromportions of a series of image franes.

- 17 - 9. A nmethod as clained in either one of clains 7 and 8 in which
the first set of vectors conprises at |east 40 vectors and the reference
set of vectors conprises no nore than 20 vectors. 10. A-ret-hed-as—clained -
i-n claim9 in which the reference set of vectors conprises bet ween five and

ten, inclusive, vectors. 11. A nmethod as clainmed in any o
10 in which the quality of the portions encodgd by the secﬂlmummﬁﬁ‘m Hﬂl
nmoni tored ‘and when the quality falls below a first thresholt al ¢e, 8t

ref erence.set of vectors (112) is nodified by deriving a further -set of
vectors incl udi ng the portion with respect to which the second coder fell
bel ow t he threshol d.9-12. AAmeEagoas a2L dmed nigd Sifhemh Prenet §Rairsi hend § oMt

i n which the net hod #hirdhhehe i fidsttdest |oFC ai gentpia tpredaetonpni et atl dsas0f40

image feature in a fyanetobs . Rgaaledchel?:reéfmwodse?é 6t al diRfnpilc i AlsM 12

I n which the portion correspon redet erm ned | mge feature |ocated

within a frame to b ¥RE3a8Y 13 “‘PEFa'fl'é’d‘ 128 FEITRS TR al | sed position
bef ore encodi ng By tHe sécmecthenesderaimebei sed@id &codedhbci gite ikaféxriiara

data whi ch charact erde’i:esokh%zﬂgﬁhﬁiétﬁi}egr | Ymplr@s 84C @At Rgen 14ivéPRakAL tisn,f OF
encodi ng vi deo si gnal S l.ch canpri se Les6ries of frames supplied at an
original frane rate, mcFﬁ‘éf‘n l? U E8der (102) for_ encoding the frames
to provide a first c’o‘dedAomﬁ'EﬁERd a6 &1P+‘F%dc i 28 PBR OF é’é-éli“ﬁag Ehel0 in
original frane rate,whilkar abkeguabity roft Rale tphetionss dénreoliadely atsecoexbnd

encoder (110) f 6 e laRg QQemgﬁn.fH%reﬁ BR&T LRSS O IhR1SE '9&1@ Bd13RES 1O
provi de a secon outg at _.a secon frarrﬁ rate rea%te han the first
frame rate. 15. A TR N8tV dddesFEhaTERcEnEBle begi'gﬁnﬁb‘fﬂ'brcf
accordi ng any one ofist hrodigtik@ddyofleciwing 4 forti@rosegppdr Aigenpteentisng

to claim 14 includi ngcd8a084 Nené NBotdifal eHdedeapbdil tOT whith TEHes s &RRder
(102) at a first coder fell below the threshold. -

15 12. A method as claimed in any one of claims 2 to 11 in
which the method further includes locating a predetermined
class of image feature in a frame to be encoded.

13. A method as claimed in claim 12 in which the portion
corresponding to a predetermined image feature located-

20 within a frame to be encoded is rotated to match a
normalised position before encoding by the second encoder,
the second coded output including data which characterises
the rotation prior to encoding. .

14. Apparatus for encoding video signals which comprise a

25 series of franes supplied at an original frame rate,
including a first coder for encoding the frames to provide
a first coded outpuf at a first frame rate less than the
original frame rate, characterised in that there is
included a second encoder for encoding one or more portions

30 of the series of frames to provide a second coded output at
a second frame rate greater than the first frame rate.

15. A method of decoding video signals encoded by a method
accordihg any one of the methods of claims ! to 13 or
apparatus according to claim 14 including decoding the

35 first coded output of the first encoder at a first frame
rate and decoding the second coded output from the second

This Sheet Has Been
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frame rate and decodi ng the second coded output fromthe. second encoder
(110) at the second frame rate, and combi ning the video inmge decoded
fromthe second coded output with the video inage obtained from decodi ng
the first coded output so as to provide a series of frames with one or nDre
portions updated at a higher franme rate than the rest—of the frangs.
Apparatus fbr decoding video signals encoded by any one of the nethods of

clains 1 to 13 or apparatus according to clai 14 |ncI Hltl JJI Ilﬁlﬂu HﬂIFder
(704) for -decoding the first coded out put of e first
first frame rate and a second decoder (706) for decodi ng the secbnd® cdded

out put fromthe second encoder at the second frane rate, and neans (710)
for superinposing thenadddeoatnelge stecodetirdmeoratae s crdbtudg thet pudeaipon

the video image obtajfgd fa@eaaéi@cs}%nehé fgeecfdnaSEo&é&ﬂ%tguﬁpaa&trmhasvi@eo
provi de a series of franes re o] pda ed at a her
frame rate than the RagS &btff‘h‘éeq di"Plegpéf‘%t{}‘s‘ %o TUINGP Fd%
si gnal s substanti al | o agrdvidei a desmq fd fxamesr with conse Ct’(‘) mgye portions
acconpanyi ng dr agi Nogpaakda APRAhBGHST freamélacedi tighr/itdeorssitgBal the frames.
3‘;2\?\: f]‘StS' ally as hergin deacliRGd syt Beégéi‘%(gerl}iﬁekosi&&‘%‘aléc%%%a@a '8¢ any
one of the methods of claims 1 to 13 or apparatus according
to claim 14 including a first decoder for decoding the
first coded output of the first encoder at a first frame
10 rate ;nd a second decoder for decoding the second coded
eutput from the second encoder at the second frame rate,
and superimposing the video image decoded from the second
coded 5&#@&t upon the video image obtained from decoding
the first coded output so as to provide a series of frames
15 with one or more portions updated at a higher frame rate
than the rest of the image.
17. Apparatus for coding video signals substantially as
herein described with reference to the accompanying
drawings. '
20 18. Apparatus for decoding video signals substantially as
herein described with reference to the accompanying

drawings.
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