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VI DEO CODI NG This invention relates to the encoding of video signals, in

parti cul @{OBQEGGM ansni ssion over |ow bandw dth transm ssi OBcEyi/#829%8- J-
those that require less 5 than 1 28kbit/s. Around 6MHz of anal ogue

bandwi dth or a data rate in excess of 100vbit/s for digital information is
required to transmt broadcast quality television signals unconpressed.

Such high bit rate signals are i nmpr\ADEQCGDODINGO transmt by |imted
bandw dth systens. Therefore it is necessary to reduce the anount of 10
I nformati on by conpressing the video signal. This can be done by taking

advant age of theTgarihobrfidr RelBis\Ves fhé AIngB8IAY" 6N JidebesTBRAIS, (nPpiricElar Gbr a
pi cture and conpromni si n? bet ween the reduction in data ahd the quality of
@

t he pi ct uransmigaigncipsiey handwiddniiararaissiop| Systams B dbesethat irefbitcleseen
nei ghbo riq,gg | either in space and/or in time. For instance, in an
area of l!}’a piﬁs(%iet}?]tés'Mi ch is relatively uniform (for instance a wall. of a
room), the simnl &round BMEzpiokeanalbgie nesngiwidty iang apidatd sravd tini axceass af ea

is |ikel fairl | . Simlarly,. i fair. tati
oixel s of SHRRBIURESdiofeld8frmalih o€ dfustlortit bRy il fisdfEn o
subs equen}g sn‘tg;rf:al_smnddmmt Qsﬁdﬁ?Sﬁ?mhigh ﬁi't rrtgt:esibﬁ_aatmreappmtiemg_dow;arizsgﬁhay "
1 elr re 1. onsni (0] acC ot ne INtra-1Traneg codil.n
wi th respelfited BanAWIdHy SYpteBs hi TRERFIoRe & i Mecessan iy adeRa H Frimat of

(inter-1d r fH¥BrR @AM Dy doMdrasding MheC AR fsighaRs (MY raanf bamasne o takingr | y
be decoded w thout reference to any other frame whilst inter-franme coded
frames (i nedvantegefisther eqfiglation RebIVRRR NgighPAUTng slereants dPiXRlE) Pof ABENIEed
in the predjgt] | Yol g R ess

vi deo si gngrg éfo&ﬁrﬁ@ﬁ?ﬁ%%@ﬂ%){aﬁ ﬁ ent Pgﬁbﬁg‘dgﬁé at?"lgiﬁﬁﬁﬁag@e%o{gg %ﬁ‘l y the

di fferences bet wa&deé r nompressiorartegoniahes relys et ahé s qosglatioad beraveephat

required to _encaode the ol.e fr. . I QUS. V. deo e}

nave devel QREREOCHES &t yher R Sheat Mrefdf oy UlE FETREFRREY b 56 FELFS

" Codi ng15f deeré Mehith ¢ telsbreyn dniforen dfof dristBhas & avallShfoa agmm)Viate airaitarip of @
About 1.5Moit/s", kno as MPEGL. This_ standardq. 30 s devel oped f.or,_the
Storage” of RHa MR HOoREraPEE LM STF Ak b KoY, B eI Res ALY,
CD- ROM  di ghtakaiayditetié aReené,Dhe) pixeRPEf @hk esme Wil t ditepoid ictadlelydithetheor
for transm ssion over telecomunications channels. According to the MPEGL
standard i rRquivaeninpixelsy @f 2 rubseuentfrarme. dHenrespixglsnphe §"é§ﬁlf5‘}m‘? GeBrRAal s

to coded with the respect of their relationship to each other (intra-frame coding)
20 and/or with respect to their relationship with pixels of neighbouring frames (inter-
frame coding). Intra-frame coded frames (intra-frames) can clearly be decoded
without reference to any other frame whilst inter-frame coded frames ({inter-
frames) require information in relation.to 'the frames used in the prediction.
Differential techniques may also be used to compress video signals further.
25 Differential coding techniques code only the differences between frames so
meaning that Iéss data is required than that required to encode the whole frame.
Various video compression standards have developed. One such is the
International standard 1SO-IEC11172 "Coding of Moving Pictures and Audio for
Digital Storage Media at up to About 1.5Mbit/s”, known as MPEG1. This standard
30 was developed for the storage of video and associated audio on digital storage
media such as CD-ROM, digital audio tape (DAT), tape drives, writable optical
drives or for transmission over telecommunications channels. According to the

MPEG1 standard intra-frames are included in the data stream at regular intervals to



2 all ow random access to the video signal and editing thereof. The regul ar
intra- frames also allow interaction with the video signal,d er can
request WaIB266Mward or fast reverse of a video signal ang’dtrf"l(?xs”ﬁ%iﬁbe
acconplished by presenting the | franes the video signal to the user
until normal play is 5 requested. Howevér this increases the average bit
rate per picture as conpared to the normal play node of the video signal
whi ch i ncl uglivsy baridonh rdccess amdhé vidgo sighaimesd eSitigd thelleof eTaki ragulap intpaser
data rate systens haVﬁ%aLSO evol ve i.nstance, | TU standard H. 261

d.. For i,

el ates to FRBSTRTRAIRN FEAFIPY Oty RS Videa 3088 e @ 4eeT SerpIdyes) dest
(where n i Stopwatdi@ORIst freQBisé P d VidHd) sigral MBS maYi B R¢BMmpRshddSBY
network) and | TU standard H. 263 for coding noving pictures at data rates .
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schenes do ui | | it irBte” Serf iSRS ' t.he
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error condi theongrmaleplap made of tthe Yideo reignab oehighrinciudes dwitih ligtranasd dnter-
changes. V\hﬁl st this neans that the average data rate is reduced conpared
to MPEGL (t 8M§st a produced for intra- franes representing a significant
proportion of theStaidardsdadlating it lowvenadatpQats Biystehs paoyidl eubdleedct Fae
facilities such as_fast for\é\@rg or reversqe si pce hher‘e are no cl ear access
points to t NSNS TH HAPAF AL 28 rEltestaFte caging ofmRynG RIFYIe2 65 88N g 20
schenes @ exNGdkbis (AP hOE FH MtbGérfrod deg %6 IFANHoMbbAmUNidatioR dWaRlarfan
interact. In the article entitled "Robust H 263 Conpati bl e Transm ssion for
Mobi | e Vi debSEEd npdywopd ands T, staqdatd blag63 forseedling Jo0ViEa PiEUES dlddptackates ed
~at the | EEEJzikr I natkon | 'Peh®RF wUﬁ&Ni :

Comuni cat i Ioer':?g @gfd@%@’gg ”‘ﬁoﬁ‘%’ﬂ orﬁggnuﬂi{b\';g Sity i%ﬁ{t e?UKgg%eSg?ﬁog ' ger
4-5 1996 a sehéroes db neit Irequivegtheaneduler snndesien ob indra-fHames. Pwingethevdalese of
streamis descyihe ' e th A o) er.i.odi.
ht ot ramed. PeBocal b 200 ERHY Fory GERERER s R CbuRitidne oo
(a so-cald edeftcséd banthe careivestar mpssiblyl ot sceria chpgeshiWhilstithisnoears thak alye
node, is transmtted. The.second  data strea sp-called |-stream. 30
consi sts of al"ﬁ'ialgﬁ-.‘%tﬁn@? ispfeduced %?TMFFIV%@%% gtrhee‘%artarprf’g'é ef‘irp e it
i s noted thafanianaprRatAgS Signifibent pdpertorgort® 198 dRa) ol dadbdnitiesiest

by the user by inserting intra-frames jntg the transmtted signal. Thus in
normal use HROYide iteractive facilities such as fast forward or reverse since there are no clear

access points to the data other than at the start. Thus H.261 and H.263 coding
20 schemes are not suitable for providing video streams with which a user can
interact.
In the article entitled "Robust H.263 Compatible Transmission for Mobile
Video Server Access” by N Farber, E Steinbach and B Griod presentéd at the IEEE
First International Workshop on Wireless lmaQeNideo Communications held at -
25 Loughbérough University in the UK on September 4-5- 1996 a method of allowing
random access to an H.263 encoded video stream is described which does not
require the overhead of periodic intra-frames. According to this article, two data
streams are stored, one (a so-called P-stream) consisting of inter-frames which, in
normal play mode, is transmitted. The second data stream ( a so-called I-stream)
30 consists of intra-frames. This is primarily used for error recovery but it is noted
that random access of the video signals may be provided on request by the user by

inserting intra-frames into the transmitted signal. Thus in normal use an inter-



3 frame coded signal wthout periodical intra-frames is transmtted,

I ntra- frvggvg @Ly being transm tted when random access t oPCTGRITH2P6st r eam
is require acknow edged by the authors, the insertion of an.
intra-franme introduces a "m snatch" error3which results fromthe difference
between the 5 frame reconstructed fromthe so-called P-streamand the

frame reco struct d fro rre i ntra-frane. The, aut hor suggests
that o ed RS cHAEd SIGE) WHTRGE PRESASH e o e o Rt iitesh Invi-frames oy
f €CONSt I UCtiRbhg traRBmited WheRTaAdPRACEEER thehaded 5@8ark i *'@rélﬁirgﬂ nal video
signal. According to the invention there is provided a od of encoding a

vi deo 10 si gnal réﬁr askawiggasd nBYi Hie pRtharse, theeingattiond of ogpr |"3’4f¢r@f‘ame
recei ving Zrlﬁﬁﬁééésv% FRRdRScR? dirof! dRRrS 'ré&l{j’ﬂs’ frﬁﬁmd'tﬂg &ﬁﬁ&nﬁ:éaﬁ@tv@ the

vi deo sign wth reference to a preceding franme of the video Si gna SO
generati hg faamerrscormtuqsed framtiehs-halleghRstreamosnst thsactrame ree:p'rsmmmdsfram

first pI ay ere%go%m%qﬁtrgqyénqg H"h(ét é{{tﬁor gl)r’ogoﬁests V\A;lhathtoo%hgﬁ &@ggﬁ&:?%ﬁ he

vi deo S|gna second se

represents mraefcand .plemy:baeﬂ( fropalehe fre¢drstmpvad frapiecbtitios P Rgthbhendn r st
set of data_to produce a, { r st Ieconstruct ed video signal; decoding the
second set BPMIRELHHNY MRRP 9 Asecond reconst ruct ed video 20 signal :

cal cul ati ng the diakEerdaiy &5 tHehvestiortHdra i@ pividdaea HRERG of ‘éﬁ@&ﬁﬁé lé%&éo
vi deo si 2)3 and a frame of the first reconstructed video signal
i $i§

correspd nalyeprrsentinga rae\ipe BifitHes: the methefcomprisisdisecond vi deo si gnal

and, when the di ff.@gegnﬁ@§u@eg;§ﬁg f@arﬁgygﬁgq),tdjm é;&;glng the differences and so
generating a further 25 set of data. Thus, frame reconstructed fromthe

second and furtherodieg esichdrarae io§ the dl@@@lml ovith gefardncalted pregedingffrarne
P-stream fi e t e r frane.fo
. LQI%JRAC?B él sga‘étnﬁl'é}ﬁ'@l g%ﬁﬁeges% gf; H fa V\)’h?cth veﬁ n r?conagHgf gf? ed

intra-franme being req u s&t or ‘dat
yvi thout ref spresmtsa@ faxsypﬁ@bmmmdémm ofovirepictwep si gna! i.e.

intra-fr coded. Thes may. then_be used to provide

forward Bha fast Fe0BBeTars: 7 e VRke' SBBBN oS BEPIRE SHe Dah @%eqa&?ed

using a coaidfich,udehi @abh&tfucted, represents a second playback mode of the moving
picture; '

decoding the first set of data to produce a first reconstructed video signal;

_ decoding the second set of data to produce a second reconstructed video
20 signal;

calculating the differences between a frame of the second reconstructed
video signhal and a frame of the first reconstructed video signal corresponding to
the frame succeeding the frame of the second video signal and, when the
differences exceed a threshold, coding the d_ifferences and so generating a further

25 set of data.

Thus, a frame reconstructed from the second and further set of data is a
close match to a linked frame of the P-stream, without a significant increase in the
bit rate per frame for an intra-frame being required.

Preferably the second set of data is generated without reference to any

30 other frame of the video signal i.e. it is intra-frame coded. These I-frames may
then be used to provide a fast forward and fast reverse facility.

The second set of data may be generated using a coarser quantisation

step size than that used to generate the first set of data and the further set of data



step size than that used to generate the first set of data and the further
set of data 4 may be generated using a quantisation steéhi,a ,mi ate
that useWQ9B2§6kerate the first set of data and that used 10 generate the:
second set of data. Thus an intra- frame gcoded picture can be encoded

wi t hout exceeding the maxi numbits per pitture and the further set of data
i nproves the quality of the picture generated 5 from second set of data.

Preferably mbg beugdrizested eisinala daimtisation atép maermvédiscet that Lisa® géndrine thecond
reconstruct ed vide i gna t he gi fferences between such frane and the

S| . A
frame of thérst isFEP?\S’FEPEB" F*_gaﬁaﬂse o ggnerats thg segpnd sﬁh@ﬁdﬂﬂs Ghys ap dnfraes -
exceed the fhneséddd pichGredédd %@e&?&%eérﬁitﬁ%@@xcéé&iﬂf{iﬁé ﬁhéﬂﬂxuﬂqa

YRS
further set of data. EO Preferably these conbining, calculating n? c%ei ng
steps are cpictyrecarsuthe fusther isgtlof date iimpepvesi therquality of ithe pi®ura aemerated

criteri ony rgmeé'écraﬁg Job@k ghfle steps are carried out a fixed nunber of tines
e.g. twice for each frane of the second reconstructed video signal of until
the differences aPeefermbly thmtfutther skt efhdata. isThembinednwitn the |ffarmowafbthe

descri bed further b of, exampl e pnl Lt h 15 reference to, the
acconpanyi nﬁe‘ifpgvﬁégg&%c\?ﬂi‘ﬁ 70 19§13Eeth§ ‘i\'t%&%‘cﬁﬁ ‘?‘%%W&Pa&%bef'wg (o the
services syghem émﬂiwﬂisﬂmcﬁhcﬂgﬁw iy icdiRalated)natlds vimerpthddifiessncds REcésd tHie
i nvention; Fi 2 sho '

Fi gur V\ﬁ a bl ock driéﬁgr am of a vi deo encader accorogl ngl to
the inventi GHesAvd, the differepges @res fls sRaBENegating & ¥at JEGB?’dF?ﬁg FAtRe
inventi ofy phusefbRNats8 Tohisihing O&MBdIdtiAG Anll A ingeHeps Are Ehdidh Vuf ikhaWwendat a
gener ated accordi ng to anot her enbodi nent of the invention which all ows

both fast fuontke gritattenfiagnety cHuitable gritprigprase pitbefudiat thegtepsaraicreisdi outya 25
Figure 5 Sh(ﬁ‘ft@d *Pn%ﬁb%?%trrtﬁkes' é.ﬁ? RVFEG\‘.OP§§§1 Arle G ﬂe?éécﬂﬂ&’%écd:'sgti fedSids, an
exanpl e of elements of the control lists shown 1n Figure 5; an I gure IS
an exanpl e esignabef uhtdl the ifferkn¢essare lasethat doe thyeghmidr ate a bitstream by a

video server. 30 png jnventddrdWiPndw s Wesdibel MuRtheF bl \Way' b 8RamBR! Sy SHel s

a so-call ed video-on-
15 reference to the accompanying drawings in which:

Figure 1 shows an interactive visual services system including encoded
video signals encoded according to the invention;

Figure 2 shows a block diagram of a video encoder according to the
invention;

20 Figure 3 shows data generated according to the invention, which enables
fast forward and fast reverse;

Figure 4 shows data generated according to another embodiment of the
invention which allows both fast forward and fast reverse and more frequent
pause availability;

- 25 'Figure 5 shows how control lists are used in the play mode;

Figure 6 is an example of elements of the control lists shown in Figure 5;
and

Figure 7 is an example of how the control lists are used to generate a
bitstream by a video server.

30 Figure 1 shows an interactive video system such as a so-called video-on-
demand system which provides bitstreams repres‘enting a video selected by a user
on demand by the user. The system comprises a video server 2 which co-operates

with a store 4 of encoded video signals representing moving pictures such as



demand system which provides bitstreans representing a video selected by a
user on denmand by the user. The system conprises a video server 2 which

co- oper at eséﬁ6 ) 2 store 4 of encoded video signal s represpoiiceg7/03296 Ng
pi ctures WO R 5 novi es, docunentarigs etc. A plurality of user
termnals 6 are connected to the video server 2 via transmssion |inks 7
such as the PSTN, I SDN, radio satellite etc. Each user is provided with
means (not rﬁhmw) docurhentarie$ eto. cdrluralityt of userdeomiraly 6r ai2. cohneetadr to fisd h 8

to the server oyided to trans hes contr This return
path ey be 95 SeEr Sia T RRUTH QL NDKe Aol feee N SPHl Fadie saelfiel e,
si gnal s fr qrachh@séreisVsroviiedowiitheme@hs (Rat sﬁowh) awﬁew.aﬁ qol écHtrdYIthe | Video

medium |n use, a user selects a noving picture to be played and a control

signal is seiYer @t e reRIrY At B tonthe seRyen iparavided tRetraesia thesacostohi ns
the sel egt esdg%a;geen;kp ret'i:'ng'ﬁﬁjt aﬁﬁﬂé Wﬁge LhRe liomahdi o f'netdnﬁré\é's%gt ssapal

in the store ts upapa fromt vi deo store requesting
user tern nal tGnsmit tthansignals tflh!m sthlee sepgr v2 dtso the gremininad € her taerseparate

Servers to pr erability are known in the field of
Vi deo-on-deﬁg}r‘)\ %g'(?% ??'8ﬁ'ot be di scussed further here unless the i-nvention

has parti cul ar ef freg$e,cnusdresedenty @rmoiling picture to bagiatedeandsa gnafrel signéihe
store 4 may be encoded according to_ apy. appropriate codin Wt hin
The. many cLPRED BBARR SR BB RN T Re Shrvsf 2 arialny hipeelcieniFRs,
there i 302 §IHASIEIGeritiTRYMhaSIoB4tRdH b Ahé VddoOsigREIUA ehe "ol AP 8EtsOfip i bath 7
transmtted, The picture is transforned fromthemgatlal domain intg the 20

frequency dtsaea H‘eu‘é'F’ﬂ@ storp & t9 Eheresyesting prelierminghfiand wansnyits feselected

resul ting dglggol sigiidt ABNRE tePmiHal, OVSE?{}eerto' 6}60@@%@0{:&%9%}‘%}6 RR&SWRHE%&
after which it |s quantised or di vided by a fixed nunb all those results

of the divi §eldn of evideptpardemand eilmbl\@]'"anet dhes sligcyssed ‘Ifhéthht ghﬁé? gnleggidhey
conmponent s ﬁarg%nHﬁH?\laE%aa%cnpgy‘@ﬁ‘eé{aA ert he | ower frequency conponents
so that,

VI Sion xed many of the high frequency
corrponemtEs are di Shar deiéo ﬁgealsum‘oetheusmdeads mhe ki versodedyaddoediqaatet iasgr
I s chosen bg t he e cod‘ﬁr tohensure that a reasonabl e nunber of frames are
transni t t ed P8 PHE'CRAHRBISCEEP- exanpl e, when there is a great deal of

detai |l or novenmentwithint ftee vhalB0 cBREHEREAINGOsdentEsc Gl adehens.Qdar263 and
MPEG standards, there is a process known as quantisation to reduce the number

of bits transmi'tted. The picture is fransformed from the spatial domain into the

20 frequency domain using a Discrete Cosine Transformation {(DCT).. The resulting
data is scanned in an order of increasing frequency components after which it is
quantised or divided by a fixed number; all those results of the division less than a
threshold are discarded. The higher frequency components are usually of lower
value than the lower frequency components so that, on division by a fixed number,

25 many om; the high frequency components are discarded. The number used as the
divisor by the quantiser is chosen by the encoder to ensure that a reasonable
number of frames are transmitted to the channel. For example, when there is a
great deal of detail or movement in the video sequence to be encoded the encoder
may increase the quantisation value to reduce the number of bits per frame (or

30 macroblock) used to encode the signal. The use of a coarse quantiser has other
unwanted effects; in the elements of the picture that are transmitted the decoded
coefficient values have large steps, resulting in an image which has a low signal-

to-noise ratio and appears 'blocky’.



may increase the quantisation value to reduce the nunber of bits per frame
(or 30 nmacroblock) used to encode the signal. The use of a coar

guant i sewonesi2660h1er unwanted effects; in the el enents of tﬁg"’ﬁpa’?ﬁz%sthat
are transmtted the decoded coefficient values have | arge steps, resulting
in an i mage which has a | ow signal- to-nose ratio and appears ' bl ocky'.

6 A.first enbodi nent of the invention will now be described with reference
to Figure 2 which ion. .The encoder
Conpr Pues an't nou XTHEE ARRRRANSH AETALAHOR W 6 AUy oG

cal cul at i ng tonFiguts! Z\/\Awmckh ebb\patan Bﬁ&"oubz{reédcocdlagtm 'etred:rareqtlemt i'Sleé ehBoddti Ch

quantises the 5 out ut_ of \t e 1t 14. p h of tfé' er 16
i s connect e”AP ése\7a (iR n%ﬁ ﬁnﬁ% 'é? RANE) ?8 8 ar°
quantiser 2lynit TAewlehbirgpats WETSbeéJffi%!eh@s @ﬁdtdﬂaumtmt—lﬁ@wvhl& a.udnﬁéb@ the

I nver se quantlser 21 is_controlled a control unit 22. The VLC 18 is
connect edSt PYtRE! @hihe PCl it 34 aﬂ'&ep%g% of thergHantiser 16 eheonnsatadoto @ni t

relating to fhaphd abkgthf cQ@@rr WL@P 1Y drlae ald Yo Gan Th@eﬁsgnﬁﬁ%tléép' %1 DGR Si

t he quantisation step size of e quantiser 16 and the inverse quantiser
to keep the aquatdigation astgpt Rize @héhﬁawmwﬁbu‘t% gt tbiactrweesel cuentiser| @hels by

the chosen C@ﬁtﬁgﬁﬁwgeconﬁ%q uP:F'erel‘% LC% Xgﬁyecﬁécﬁqg tﬁéfgnﬁolvbﬁji?QZ

signal to be co S necessarlly enco control
frames to beamt ppﬁm infortriatiot t6 taerm;mtrobbnmaelatmgzqu|theektate cémxmﬂalcm of thee

becones 0 The verse antiser n_inver nit . 24 form
o ocar dB0oREETSEne PRt AERT artRB B Aperein e b ey it 48 midl
decoder is Iﬂﬁutnvteﬁse’:lqﬁéﬂﬂ'&rszm‘te KeeD) thab cod¥i ata @vitta tther MaRimiuim tstts per
encoded is presented t encoder at input 10, a subtractor 28 cal cul ates

the differenBieturgdinika °“é’ﬁ by theehegen ¢odivg seheMtre encoder and the contents

of the franme storeggp. thNbPé&Bnefﬁo't naiéranrﬁﬁ¥ &4 SRe Qﬂd@@régﬁéﬂ RUbeb¥oded is
conventional notion estimator 31 and, If so, the contents of the frane

store 26 ar eNPERFSPIIYGeNaedagc cThraremiraliumit RRenavcrute Fames:to. bediappegtif She
estimatiop i é%‘é’%k{ okegmehg.éwﬁ‘o Eh@dd% 9¥ramect€e%oﬁ%@' wll not be

di scussed fur I nterframne co i ng, the contents of
the frane store 26 T@aenwdatqednﬂzgeréhdamg an linvedsd DETewnit 24cfarmowd bicelddégopdehe

subtracter 2§5t OIrJ% lrﬁ:erfraa}ne c%d%geth%Gplcnge decoded by this local decoder is input to a

frame store {FS) 26. When the next frame to be encoded is presented to the
‘encoder at input 10, a subtractor 28 calculates the differences between the frame

20 input to the encoder and the contents of the frame store 26. Motion estimation
may also be carried out by a conventional motion estimator 31 and, if so, the
contents of the frame store 26 are modified in accordance with the motion
vectors. Such motion estimation is well known in the field of video coding and will
not be discussed further herein. '

25 In interframe coding, the contents of the frame store 26 are updated by
adding the differences calculated by the subtracter 28 to the frame store 26, as
indicated by adder 32. The output of the encoder is stored in a local store 34.

According to a first embodiment of the invention {(which will be described
with reference to figure 3) the encoding of a video signal requires several passes

30 through the encoder:

'.1. A first pass to generate, according to the required coding scheme, a
first set of data 10 corresponding to a ﬁormal playback mode bitstream. For

instance in H.261 or H.263 coded video this bit stream will consist of an initial |



i ndi cated by adder 32. The output of the encoder is stored in a local store

34. Accokgl a first enbodi nrent of the invention (whic d.y,d;ﬁ”hgz%
descri bem%é@éference to figure 3) the encoding of a vi g’eo si gnal

requires.several passes 30 through the enepder: 1. A first pass to
generat’e, according to the required codi n?scherre, a first set of data 10
corresponding to a normal playback node bitstream For instance in H 261 or
H. 263 coded frandedoliawed iyt P dramesn Whis| firsbisst of data 40 #snstbieal inl the lodalfstaree
followed by 4 franes. This first set of data 10 is stored in the | ocal
store 34. 2. A second pass to generate a second set of data 20

representing a secand Al ssdoadkpasede géndrhe yisdeond isghaf daty) 20f ﬁb‘b?es%ﬂfﬂ’i?réj
a

or fast reverse. , Thi enera an | fr rre sequence |'["1
|ower bit rat§98¢; pﬂ%ﬁﬁa&kf'ﬁ?&f Qgtth‘? s rﬂgﬁﬂoe fe §8"Wq?r6‘g%ft tret reerse-erdhis es

in controb |gagkSgeHerate@Oan N Grambl s6gkeh8e 4811 NENG Idvﬁﬂ?sb&Qa?enguftétg B?

first bltstream The control unit 22 switches out the | ocal dec
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decoded frangath'is @enéfited @€ ANTD SittesOthetBlefagdbit FateOSKI@RE Adihl bﬂ?bgé@m’ode
store 26 by the control unit 22. The P frame in the encoded nor nal

bit st ream 10TR§ s%°°’tdr1§eto?|fed$¥P0%Q|€eE’sPrFtﬁ’§§sm#h7 legal isterepst Mtithathenpgsolgiated i s
to be re- 20s0dtrdimees.i S decoded and applied to the input 11 of the encoder
as P[err] The subtractor 28 calculates the differences between the picture
1' in thd5frame stére %bamm@asmmgemwadmgw Hﬂ[féf mhdfﬂ"airfeamés Bhe

e AR PSP el SERCRSE R DENEpRef e
greater thanP{P¢ séquesheladd a decadietl ffearaa tast me&econd set of data 20 is loaded into
the frame store 26 by the control unit 22. The P frame in the encoded normal
bitstream 10 (i.e. the one produced in pass #l) at the point at which it is to be re-
20 joined is decoded and applied to the input 11 of the encoder as Piy- The
subtractor 28 calculates the differences between the picture I’ in the frame store
26 and the reconstructed target P, frame of the normal playback bitstream. If the
differences between the two are less that a predetermined threshold then the
encode. process will be stopped. If greater than the threshold, the differences are
25 encoded as P’ and stored in the local store 34 as a third set of data. P’ is then
decoded and added to the frame store 26 by the adder 32 and the control unit
again initiates the calculation, encoding and storage of the difference between the
contents of the frame store and the frame P,,. This continues until the input to
the encoder Py, and the contents of the frame store 26 converge such that the
30 differences between the two are less than the predetermined threshold. This data
P’,P"", P”' is stored as third set of data. Thus a variable number of additional P’

frames may be generated for each frame of the second playback mode.



25 encoded as P and stored in the local store 34 as a third set of data.
P is then decoded and added to the frane store 26 by the 9§1nd t he
control WQi9826694i n initiates the cal cul ati on, encoding an storage of the
di fference between the contents of the frame store and the franme Plerr]).
This continues until the input to the enBoder Plerr], and the contents of
the.frame store 26 converge such that the 30 dlfferences bet ween the two
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The i ntr af rthe@sséciatedrontreb lists dranbe dischisgad belgw} wahigh eagioed: thenlinks between

encoded, at u It rate corrpared to that of the normal playback node
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pl ayback node bi tBhe datmaframés dot ahé hfast felfwarﬂe fas'ae réverse @hodadekl modé caren an
additional P rol unit,22
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frames after each 1' frane that has been encoded as shovvn in ﬂlg;(:,’ﬁq’as P P

and P'' redpeee .Wéﬁffamrweﬁu%é?e brfrgne areghen engedas 1o feqm &ac e is
progr anyabl ga@k. R ddrikol URR zﬁaéﬂueaéncbae.engsoﬂlﬁck@&m Sfonescrz&acfdym‘ﬁnt al

to-the invention. Thus each |' frame is encoded with a relatively coarse
quant i ser sampadditiengld g‘ram@v'@l mgdify, they quaptiset sterdsing in thee fallowics srpninee

that the nu-frpg Enc?r;del? | tﬁ'ﬁ tagai?mﬁélq’ }rraﬁ'féggf{éreeQCﬁ?’ fr%@thg'tehés béénaé'??cofd@l:llas

w thin the nmaxi numnu
shown in fig 3 as P P and P'" respectively. The number of P frames encoded

after each | frame is programmable at the time the material is encoded and is not

20 fundamental to-the invention.
Thus each I’ frame is encoded with a relatively coarse quantiser step size
{e.g. level 8 in the H.261 coding scheme) to ensure that the number of bits that
are transmitted to form the I’ frame fall within the maximum number of bits/picture
limit of the coding scheme. This I’ frame when decoded and displayed will look
25 slightly blurred and blocky. The following P frame, P’, also uses a relatively coarse
quantiser step size and is used to sharpen the image. It should be noted that the
finer quantiser step sizes in the H.261 and H.263 specifications only allow for low
pixel values. Thus to converge to the frame of the main bitstream with which the
I’ frame is (indirectly) linked, the !’ frame in practice is followed by 2 or more
30 additional P frames, P’ and P'’, P’’’, to sharpen the picture to a level that is
comparable to the degree of sharpness obtained by the main bitstream of P
frames. The first frame P’ has a quantiser Step size that allows the full range of

pixel values specified in the standard {e.g. level 8 in the H.261 coding scheme),



limt of the coding schene. This |' frame when decoded and di spl ayed wil |

| ook 25 vebigghkdox bl urred and bl ocky. The follow ng P franecTiéBe7mes26 uses
a relatively coarse quantiser step size and is used to sharpen the inage.
It should be noted that the finer quantisgr step sizes in the H 261 and

H. 263 specifications only allow for |ow pixel val ues Thus to converge to
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be perpetuated through the normal sequence of P frames that are transmitted for a

20 considerable time. They will only be removed for a particular macroblock by the
‘systematic update’ process specified as a part of the H.261 and H.263 standards.
Thus, the coarsely quantised I’ frames require fewer bits for transmission
than standard l-frames of the MPEG or H.261 standards and therefore are
transmitted with less delay. The subsequent additional P’ frames remove the
25 artifacts that resujt from the coarse quantisation and encode the large expected
differences between the coarsely quantised | frame and the P’ frame. The final P’
frame is quantised such that it is a good match with the normal bitstream.
This enables fast forward and fast reverse without introducing additional
artifacts into the signal to be displayed which would then be ;érpetuated into the
30 normal playback mode of the video signal. The speed up obtained in fast forward
and fast reverse is defined .at the time the sequence is encoded. if a high speed
fast forward and fast reverse is required then there will be many P frames encoded

between each | frame and there will be a noticeable amount of time between each



Thus, the coarsely quantised 1' franmes require fewer bits for transm ssion
t han stan anmes of the MPEG or H. 261 standards and t ore a
transnitt%w ess del ay. The subsequent additional P {%& (‘gmf\/e t he
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original video signal. The pause sequences 40 are also stored in the store 34 as a

further set of data.

20 The encoding process for pause sequences is similar to that used for the
fast forward and fast reverse sequences except that, in this case, no initial | frame
is generated: '

1. The first set of data 10 corresponding to a normal playback mode
bitstreqm is decoded and frames loaded into the frame store 26 of the encoder

25 from the local store 34.

2. A further set of data 40 is generated representing a second playback
mode i.e. pause. This further set of data is generated by inputting an original
frame F, of the video signal into the encoder input 11 and loading the frame store
26 with the corresponding decoded frame of the main bit 'stream 10. . The

30 differences between the two frames are calculated and, if greater than a threshold,

encoded and stored as pause frames PP’ in the local store 34 with associated

control lists.



20 The encodi ng process for pause sequences is simlar to that used
for the Weopsidespsard and fast reverse sequences except thaPCT/GRITHN2E6 case,

no initial | frame is generated: 1. The first set of data 10 correspondi ng
to a normal playback node bitstreamis dtdoded and franes | oaded into the
franme store 26 of the encoder 25 fromthe local store 34. 2. A further

set -of data 40 iszgenppaiethencid@eltdnadadiedCPe RamePasks %dﬁ\f itheeadggruse.
This further set of data is generated by inputting an original Trane
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of the frane store and the frame F(n). This continues until the input to

t he encoder PEps&rmpdand the contents of the frame store 26 converge such

that the 5 diffegng : ' | 2354 t ' :
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next 1' frane to ,occur i fast forward data se .0, in Figure 4 PP is
"rked to [ Barad s onkedia T aaieened v nmeraLag Wl AP S Y IT her
data i s encefed t quaALSBaid'®s BhEéddEdCtd RRUSS QRé qoictYe trEsrebats8 Hy B albe tO
converge to a reconstructed P frane in the nornal playback 1 5 bitstream
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of the nai n thithgtnexaiy fradewnes findigatet biyhaumpenat 44joifigurest.t 0 e bamkeaday @sg.
the next f r%cﬁtge%{ (l\]lt\’\ reference to the first embodiment, the decoded frame of the main
bitstream 10 with which the pause point is to be linked {e.g. the next frame P, )
is input to the encoder via input 11 whilst the decoded final pause frame PP’’’ is
. 20 lbaded into the frame store 26. As for the first embodiment, the differences
between the input frame P, ., and the contents of the frame store 26 are encoded
to form play resume frames and asscciated control lists until the two inputs to the
subtractor converge or until a fixed number of iterations have occurred.
Because interframes contain less bits than intraframes, the use of PP’ .
25 frames ‘alone for pause mode mean. that more pause points may be inserted
without a large increase in the volume of the video data stored on the server.
Audio-visual material from a variety of sources may be encoded, the
encoded bitstream being stored on a high capacity storage system, typically a hard
| disc drive or CD-ROM for storage at a later stage in a store 4 of a video server 2.
30 . Thus, in the invention, the encoding .process occurs only at the time the
material .is processed and stored on the storage medium. The material may be
stored at several rates that are required to support the transmission bandwidth and

the terminal types that are to be supported. Typically the audio-visual material will



I's input to the encoder .via input 11 whilst the decoded final pause frane
PP"' is 20 loaded into the frane store 26. As for the first enbodi nent,
the diffeMéPOY266B%t ween the input frame Plerr] and the contBRFSBEITO32A6
frame store 26 are encoded to formplay resune franes and associ at ed
control -lists until the two inputs to the $§dbtractor converge or until a
fi xed nunber of iterations have occurred. Because interframes contain |ess
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decodi ng t he SAEIEHEINBY tbst FEearpeddirectin do atbeostandards scmpliacbdemgindl, with no
al gorith I 84 equire .cantrgl of the_server
o enabl e ‘Che™Fade e RanBRncHad oo 8s ML Ry RET e Sorve; BiE 1)
there is no | Gunparabidelydnéxpenshiesservert cal supprint miasm simullansout §0te@¥SesStiCthean
arrangenent . ét r%(p%a;ina the audi o-visual material is requested by a client
termnal, the et er y be streaned directly to the standards conpli ant

ternminal, wth no 1CQommdalidsi fooval theestiedt OG4RIRE Afd 08ed € CORHrMIkhRITBARTH thE bit
required by the seryer. a conparatively inexpensive server can support
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transmts. The constituents of the transmtted bitstream 15 are contro
by control |ithesonging Bames dn sbe material forheyaneodedrpd ocqy atepfied fitameneate.

original frampg idprblit THE dtingl CoiBfoRRC G WY "tréthed tht ol A e-
constructed by a decoder and B(n, m) represents the bitstream that, when
~  transmitted, enables the decoder to move from P, to P,

20 The control lists are generated during encoding and held on a sforage
medium for access by a server from the store 4. The control lists 50 contain links
from the different frames held in the store. There is one control list for each
element of bitstream, labelled B(0,1) to B{N,N+1). In Figure 5 the video stream is
shown foll_owing the ‘play’ link from one control fist to the next.

25 An example of the elements in a control list is shown in Fig 6. Each
control list or block 50 includes: a bit stream identifier 51; a time stamp 52 which
indicates the earliest time with respect to the start of the encoded signal at which
a bit stream can be played out by a decoder; a file offset 53 which indicates the
position of the frame’s compressed bitstream in the store; a bit stream size 54

30 which indicates the number of bits in the frame; a play link 55 which indicates the
identification of the next control list to be played in play mode; a play backward
link 56 which indicates the identification of the next control list to be played in

reverse play mode; a fast forward link 57 which indicates the identification of the



Pn represent the normal playback node predicted franes that will be re-
constru%w ¢ decoder and B(n, nm) represents the bi t st r PEMIGEIAD3296hen
transmt nabl es the decoder to nove fromP[err][ to Plerr]m 20
The control lists are generated during enggding and held on a storage
medi um for access by a server fromthe store 4. The control lists 50
contain links fromthe different franes held in the store. There is one
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15 14 CLAII MS 1. . A nethod of encoding a video signal representing a
novi ng pi he nethod conprising: 5 receivin ' -
frames ohaégéﬁﬁg% signal; coding each frane of the video g?gﬂﬁﬁsﬁﬁﬁﬁ?
reference to a preceding frame of the vig signal, so generating a first
set of data which, when reconstructed, r %?esents a first playback node of
t he noving picture; coding each frame of the video signal, so generating a
second set of data 10 which, when rec@\AiMSct ed, represents a second

pl ayback node of the nmoving picture; decoding the first set of data to
produce a first reconstructed video signal; decoding the second set of data

to produce a.secomdnietiterhof lencbdifig\d RIR0SSiGRA| representing a moWgCPibRirk Nghd he
di fferences bet v&en a_frame of the second reconstructed video signal and a
frame of t hBethedEOMBHESAG: r uct ed vi deo signal corresponding to the frane

succeedi g the fradBaivihg bU6cesERE a6 $1ddBdigridid. when the differences
exceed a threshol d, cod?n the differences and so generating a further set

of data. 20 2. . codingmaghdramee of dheyideo signal withirefarenee o aheresediogdraset  of
data i en - Wt Lef t t r of the video signal.
s ¢ Sﬁgﬁg%d’go %BH&!, G n@ﬂ-ﬁﬁ)f % rfﬁ%\:?’sé\}-hg‘{e&atfa Dich, when' reconstructad, |

3. A net according to claim erern ta
i's 25 generepresengs iarfistipleybackemode afi the ataving mitepesi ze that that used to

generate the first of ta and the further set of .data is generated
usi ng a quanti sat ic8§%§t?§hic¥ﬁ?'8? r?@gT‘%t"éd%%{?"ﬁséﬁQPBEFQBH%@a#éFOﬂﬂéef of data et
of dat a whdwHieh, whed recogstnenéd crdphesents @Nfeconld PlayBaIkEmod@ offthe movin
nmet hod according claiml1, 2 or 3, further conprising conbining the furt%’uer

set of dataPli¥® the frame of the second reconstructed video si gnal ,

| | ati t he di i 0t ; L 1St
cal cul ating the digeb&diRgaRs fiRRI0eBH daHLTL proaliBe 8Mflst ﬂ@oﬁi%?@&ggpﬁséliﬂz

vi deo signal, and, when the differences exceed the thres
di fferences and decoding the second set of data to produce a second reconstructed video

signal;

15 calculating the giifferences between a frame of the second reconstructed
video signal and a frame of the first reconstructed video signal corresponding to
the frame succeeding the frame of the second video signal and, when the
differences exceed a threshold, coding the differences and so generating a further
set of data.

2. A method according to claim 1 wherein the second set of data is

generated without reference to any other frame of the video signal.

3. .A method according to claim 1 or 2, wherein the second set of data is

25 generated using a coarser quantisation step size that that used to generate the first
set of data and the further set of data is generated using a quantisation step
intermediate that used to generate the first set of data and that used to generate
the second set of data.

30 4. A method according claim 1, 2 or 3, further comprising combining the
further set of data with the frame of the second reconstructed video signal,
calculating the differences between such frame and the frame of the first video

signal, and, when the differences exceed the threshold, coding the differences and
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1 5 so generating a yet further set of data, said conbining, calculating
and codi ngoyseesodei ng carried out iteratively until a crit®QTGBI703286t . 5.
A met hod according to claim4, wherein the criterion is that the steps are.
5 carried out twice for each frame of thél Second reconstructed video
signal . 6. A nethod according to claim 4, wherein the criterion is

hat- t he di 10 7. . A nethod
aceor i ng 1t &0 GLbra oo ietRthet 8800t Qe SEE°UPhgink” pafptoting A0 FSHR R

of the vi debebpaatied botitpmtivelynodit abwitedorgismeetait ed by iteratively encodi ng
the differences between a decoded frane of the first set of data and the
corresponding frane of the original video signal. 15 8. Vi deo si gnal

encodi ng apgar at UsA eRetRod Becberdingto Slaith 4f, Avhdreimeing! EteAGE BL iR (Re kidy¥Bate OF
a video sjignal encoding neans and a quantiser for quantising the output of
the encod? nGafesdeut yyce forsach fEﬂIHﬁH? $be seepnd recapsteucted yides signalhe out put
of the quantiser and 20 decodi ng neans for decodi ng the output of the

i nverse quantiser; a subtractor for calculating the.differences between a
frame stored.in a Armeshed orasording atd relaien | hpuwhereint (tbe endtetiongisaptpat athes,

t he encodi ngﬁﬁg'%ggegg{ﬂrgggmﬁq.l(rj\lg\ggﬁla&hgmcode the di fferences, when the

di fferences exce SO generate a further set of data; 25
control neans arranged to control the inputting of a decoded inter-frane

vi deo sigpal,into jhe engoding.apparatus, and t.he inputtjing of every frane

of the viSJ edsi gnaé 'T‘?\‘?’(?‘Cjt%g"%l"h‘frgo gf‘% e “gl?éﬂngﬁﬁtsg‘f?\‘é& F&aﬂédw BREsENtgeo

si gnal inputa pauddmctieceldthe vidéd eifnaldhet pautel had® being §eneratda bys itaratively

succeedi ng t he f.rarrtﬁle_ségred in the frame store and to control the quantiser
anei

and the i nvéseding prengessetyveqn,a fegpasd framesi e st ey ohdstasend the

step Si ze. %orrespo_ﬁﬁﬁarf?érh@oﬁﬂ-g_)éﬁgiﬁg \;i@ed:gig},gpﬁ wherein the con_trol nmeans
Is arranged to nodify the quantisation step size such that the video signal
i nput to the frane

15 8. Video signal encoding apparatus comprising:

an input for receiving successive frames .of a video signal

encoding means and a quantiser for quantising the output of the encodin'g
means; .

_ an inverse quantiser for inverse quantising the output of the quantiser and

20 decoding means for decoding the output of the inverse quantiser;

a subtractor for calculating the differences between a frame stored in a
frame store and a frame input to the encoding apparatus, the encoding means
being arranged to encode the differences, when the differences exceed a
threshold, and so generate a further set of data; .

25 " control means arranged to control the inputting of a decoded inter-frame
video signal into the encoding apparatus and the inputting of every frame of the
video signal into the frame store, such that the frame of the video signal input to
the encoder corresponds to a frahe of the video signal succeeding the frame

stored in the frame store and to control the quantiser and the inverse quantiser so

30 as to modify the associated quantisation step size.

9. Apparatus according to claim 8 wherein the control means is arranged to

modify the quantisation step size such that the video signal input to the frame
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16 store is generated using a coarser quantisation step size that that used
to generg; ##3 o4 NPUL tO the encoder and the further set ofcflgbsdseos
generate Q2 a quantisation step internediate the two previously used
guanti sation step size. 5 10. Apparattg according to claim8 or 9
wherein the video signal input to the frarre store is generated w thout
reference to any other frame of the video signal. 11. Appar at us

accor di ng chktareniggeeratedigsing necoamﬁamau%'sasbmrn}earsizangetjtrtam usedrto genérate
further set | a r r ore orma 10
conbi ned frg?rée .ﬂ@%@ég %:'Qﬁ tae?gc{’%{ d ‘{eér gg‘é@% %Qfmglgegggauc %egﬁ{)a? Jed"ﬁ"?garf‘b -
and t he sai duéntdsmioofsteép ntermiadiatel tgaan previoutly usked quantisktion sagslsizahen t he
di fferences exceed the threshold, to encode the differences and so generate
a yet further set of data, the control neans being arranged to cause said
conbi ni ngs qa, cul aatwagataacéceedm@t&banntmobe WhéreirE theOvilled bs?“na!: ime{ Yo g i |
a criterion is net. 12 Appar atus according to claim erei'n the
criterion i §rm§t°mes %?%Stegr“é‘“&%tr’ie&!eféﬁﬂt% IMvcethen framecei the yideoovignale
second reconstructed video signal. 13. A met hod according to claim 11,
wherein the criterion is that the 20 differences are |ess than the
threshol d. 4.  |AnRaraiysi aesouding claipp8r & a5 10 thadinrgratps deinousrranged % nmed
in any of cl %hfﬁ gttl'?e ?lﬁthegiet% data{ wothvfhg%)a %Q%d ik RS rgnwt'ﬁgrea‘tonpownnaq

pi cture, sighal conprising en G Beonst ruct ed,
represent@ aomhisdd ﬁlaﬂ;d)atokcamdeteofha défenmeag:qmmteurwphacmﬂedjfmme ahd

dat a whi ch, en. constructe represen secon back de,.of the
novi ng pi ct L}Fg 5{1& of the V'gé%slgﬁff@pgéfo ﬁ? 8%&°Sd \5\%7%‘% V?ré‘iﬂgg ?eﬁfgret'\‘fés
di fferences dxatewene tﬂre&ﬁﬁiﬁn% enchdeltie differarice mdser gatbraet a 9bt flatierand a
reconstructedeJ of t first set of d%ta corresponding. to the frane

succeedi ng 1N gbeapﬁm%?rqu Jdoaayge sa taglpg, calculating and

coding step to be carried out iteratively untit a criterion is met.
15
12. Apparatus according to claim 11, wherein the criterion is that the steps

are carried out twice for each frame of the second reconstructed video signal.

13. A method according to claim 11, wherein the criterion is that the

20 differences are less than the threshold,

14. Interactive video apparatus including apparatus as claimed in any of claims
8 to 13. '
25 16. A video signal representing a moving picture, signal comprising:

a first set of data which, when reconstructed, represents a first playback
mode of the moving picture;
a second set of data which, when reconstructed, represents a second
playback mode of the moving picture; and
30 a third set of data which represents the differences between a
reconstructed frame of the second set of data and a reconstructed frame of the

first set of data corresponding to the frame'succeeding the reconstructed frame of
the second set of data. e
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