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|nvent|on relates to the field of digital video recording, and in
part icular to the derivation, recording, and reproduction of MPEG |i ke

advanced tel evi sion signal s at non- 5 1standard speeds. o
= A { Wal=Yol ette
recorder enpl oyi ' MD M .@i’ised by a
st andar di zat i on comwThISeenventlon'lleéatpSOtmshel fielh odfr dlgataflcvideexs di gi t al
recor di ng @gg aﬂdlﬁ. dr 98 A 'deriie ?dxpnréé&pﬁkg add’ exanpl e,

NTSC or PA iiﬂ n tel evision si aving an MPEG
conpati bl e‘eﬂmﬂﬂfﬁtﬁ?% of MP gsagyv é@&vﬁiaﬂdSIBFlﬂlSaMen@ﬂ' GA signal .
The SD5r ecsragidard spe@ﬂsl i zes a conpr essed conmponent video signal format
enploying intra “ fiel o_.f_--,-n ant i zati on and

vari able length 15 codi ng=-44 > e l.l:ﬂ'\uac-uv,z: may digitally record
ei ther NTSC or AAIdlgHab\MldBOncassgttBI mdeheempw}ﬁngl anhelicala

recording mh mat hésO He%ﬁoﬁoﬁ&{ifj‘c'}ggcl 3 Eﬁgﬁfﬁfx?éﬁ&sbgﬂﬂﬁu ee.

A specificgtlon Specitication

docunent t PeHTQ? snwgy&lsmlzcrecep@mg iafastandardubl i shed in

the 1994 Pd@ﬁﬁRiBmSStheldﬁsﬁﬁt §l A&Ihuafor examﬁep?NTSG oEnBA!Leeidd‘Qu¥
Conf er ence P oceedi nEng Mar ch nal enplroys an

MPEG corrpa‘?‘? piion, fe ﬁ‘él‘h&ag ﬁchavmg %.W’ G ‘é?f“Pm‘Skg fst%“l Sbded
picture, tsucheds|a fprapesed: GrandaAdliance qur GA cigmalf r The, SDerecstder P f r ane

d bi d | L2
el e o S S, o S
The nunber lg}d fMSDCT with adaptives quaatizationn ande vagiableylengthr i se, for

exanp are
exan 28’” o The SD di%iﬁil VR @?rlbvm@ xﬂﬂ&ed ﬂhE?N'PSC

In an anal %’gvipc%]& L‘J‘F\]ﬁ?”w s‘gPme I('“g 3{; \’} 1@cRE %pegecordl%glﬁg%gggny, cture

i n forwar dioorrecerd:rae advanced, télesision sigoal.notion, are readily
achi evabl e, -since eaghheqefdGln' 6P GHe 'R SHdal fOHALdS W% cratt
specification document titled Grand Alliance HDTV System

20 Specification, published in the 1994 Proceeding of the 48th Annual
' Broadcast Engineering Conference Proceedings, March 20 - 24 1994,
The GA signal employs an MPEG compatible coding method which
utilizes an intra-frame coded picture, termed I frame, a forward
predicted frame, termed a P frame and a bidirectionally predicted

25 frame, termed a B frame. These three types of frames occur in
groups known as GOPs or Groups Of Pictures. The number of frames
in a GOP is user definable but may comprise, for example, 15 frames.
Each GOP contains one I frame, which may be abutted by two B
frames, which are followed by a P frame. :

30 . In an analog consumer VCR, "Trick Play" or TP features
such as picture in forward or reverse shuttle, fast or slow motion, are
readily achievable, since each recorded track typically contains one
television field. Hence, reproduction at speeds other than standard,
may result in the reproducing head, or heads, crossing multiple tracks

35 and recovering recognizable picture segments. The picture segments
may be abutted and provide a recognizable and useful image. An
advanced television or MPEG like signal may comprise groups of
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‘capable of image reconstruction without the use of adjacent or
preceding frame information. The specific data, or "Tnck Play" data
must be semanttcally correct to allow MPEG decodmg In addmon,
selection of "Trick Play" speeds, may requtre dxfferent TP data
derivation and may reqmre TP speed specxfic recorded track
locations. ' _

~ To be capable of reconstruction without 'precedmg frame
data requires that "Trick Play” ‘specific data be’ denved from I frames.
The “Trick Play" specific data must be syntacncally and semanncally
correct to allow decoding, for example, by a GA or MPEG compattble
decoder. In addition the  "Trick Play of TP data must be inserted into
the MPEG like data stream for recording together with the normal
play, MPEG: like signal. This shanng of the recordmg channel data
capactty may impose constraints in terms of TP data bit rate whxch
may be prov1ded within the avatlable track capactty The TP data bit
temporal resolution in the derived or reconstructed TP 1mage

Reproduced "Trick Play" image qualtty may be
determined by the complexity of the TP data’ denvatlon For
example, a consumer DVCR must derive TP data dunng recordmg,
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extract intra-coded data; storing predetermined intra-coded data
from the extracted intra-coded data to form intra-coded frames

20 having reduced spatial resolution; periodically selecting an intra-
coded frame from the stored frames having reduced spatial
resolution; sequentially selecting the periodically selected intra-coded
frame and the data stream to form a bit stream; and recording the bit
stream in real time.

25 | BRIEF DESCRIPTION OF THE DRAWING: ,

FIGURE 1 is a simplified block diagram of an inventive
system for the real-time generation of a "trick-play” data stream
having low resolution. - |

FIGURE 2 shows a simplified block diagram of a further

30 inventive system for the real-time generation of a full resolution,
"trick-play" data stream. : '

FIGURE 3 shows a slmphfied block diagram illustrating an
inventive method for generating low resolution "trick-play” data
streams for inclusion in pre-recorded digital records.

35 FIGURE 4 shows a simplified block diagram illustrating a
further inventive method for generating "trick-play” data streams
use for inclusion in pre-recorded digital records.
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implementing minor modifications to b_lt-stream. parameters.
. “"Trick-play" data  streams must' be ‘produced in real-time
by extracting independent intra-information pieces from the original
data stream. This intra-information may come from- intra-frames,
20 intra-slices, and/or intra-macroblocks. The source selected for I
frame data derivation depends on the form of intra refresh employed
in the original stream, and for exemplary purposes it is assumed that
either intra-frame or intra-slice refresh method - is employed. _
In a first inventive method of real-time generation, a low
25 spatial resolution "Trick Play” data stream is derived. The low spatial
resolution u'ic_képlay _stream. may, for example, have resolution
according to the CCIR 601 standard, (720 x 480 pixels), regardless of
the original HDTV stream resolution. Since the effective available bit-
rate for trick-play streams is limited to nominally 2 M. bits/sec.,
30 employing low spatial resolution in this manner results in fewer bits
being used per frame, and thus a relatively high temporal resolution
may be achieved. However, this low spatial- 'fesbluti’oﬁ"'rhhy only be
practical if an advanced television decoder and - dxsplay is capable of
such resolution, : .
35 - In a second inventive method a tnck-play stream is
generated. having the same resolution, or pixel count, as the original
HDTV material. However, since the usable trick-play bit-rate is
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it is utilized in the generauon of speed specific data streams for each
20 trick-play speed. -
A radio frequency carrier, modulated responsive to an
MPEG compatible signal, is received by receiver 05. . The modulated
carrier may be sourced from either an antenna or a cable, not shown.
Receiver 05 demodulates and processes the received carrier to
25 produce an MPEG compatible advanced television transport stream
09. '

The advanced television transport stream 09, is
demultiplexed in block 20 to obtain only the Packetized Elemental
Stream or PES stream corresponding to the advanced television video

30 information. The PES stream is decoded in block 30 to extract from
the packets, the MPEG encoded video stream payload. Having
extracted the MPEG encoded stream, the required intra-coded
information may be detected and extracted. Sequence detection
block 40 examines the bit stream for the occurrence of a start code

35 characterized by twenty five 0's followed by 1, followed by an 8 bit
address indicating MPEG video header. Picture detection is
performed in block 50 and in block 60 slice layers are detected.
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diagram trick-play speeds of 5x, 18x and 35x =~ =~ are generated. For each

TP speed, lowresolution, intra-coded frames 10 are constructed froma
received MPEG | i ke transport stream detecti ng MPEG header
information i'n the transport stream down to the slice IeveI intra
slices ca t§ I ORESIE Sak G ~-franme
in mermrygl s#he“etgé(férbac:etal on an ?nq I’OCESgl ng %Bﬁ?ffﬁsﬁe ﬁgkms t hree

tasks; exintEa-SlRGS nake: sxtragteds o Infra ‘shﬁés c@ﬁ@ﬂ%c?ﬂlﬂfn latraached frane,
r e- encodi maci¥blockssfaadmare charactetizeide biys awiehit "ies Stice FRigNin EEGM

d ) ; : g
acessar;sIE bERAEE" “Thfs when MECRIEE dles! BRRSISSH 8L 8l SGRER, e
in rreﬁoryIS1pa$SCd to the {"dawx pxmdonnandepmsmgrostage 10@ed Theedntrac dat a
streams fdk‘. é?océsrs' of - Blgtk SIEStsumes ggt exthe{ mtﬁ-ﬁ"ﬂh@ oF eq“ency

carrier, onsiye,to an nal

recei ved Wﬂ‘éﬁ@?vﬁ 1 tec n&wderatewploye i |%1|50n§}3 Qomt&'d from
ei t her ansliwmga igrthe slibé cheader ishsvnwhen appeepria®! J% drodul ates and

processeziﬁttI wggfézﬁﬁ £d¢ o?ogﬁra-%fcgoﬁfocinrewg’ &(c.orrga%ébl e advanced

t el evi si
t el edilsi durthe.rnhmlt of t detection, down to nmmbloqkl dereel i mk;uuledzo to obt ain

only the PacketizedpkhegRiat dktr: uons?ﬁﬂrf%» nis rdefSite "flony !

t he advanced.t el evi |on Vi d |on reami s ecoded |‘

bl ock 30 inga mcro . r‘ﬂoﬁbE@er@dMemtﬁ deo stream

pa%fl oad. dxkimmmon fwlmshri’s:t\ﬁt@lxtdsue Mo?lEGoﬁfﬁﬁgéﬁﬁgsbh?%iist hg@k g Wi 426
intra-co nf or ed .and extracte uence
det ect i orF cams.,. JBkaﬂg%éé&ﬂ?lﬁsg ?ﬁg ogﬂseéﬁyf progessing: W Wgné%%f a

~ stariScodse Jtecessamyatoeensene llhetmmyui:l andObanhnhbcomdeémeis for | owed by
o0 o o MPEG SEERRRUIREY G 10 R S8o08ka, Y nEE Wikt |
the reconstructe rame is of lower spatlal resolution than the

original MPEG stream, only a sub-set of the ‘detected intra-
macroblocks is required. To determine which macroblocks or MBs

20 are to be kept and which are to be discarded, either a mathematical
function or a predefined look-up table may be'-“enipldy"éd. The
resulting lower spatial resolution frame results from the selected
patchwork of macroblocks. - A controller stage 90 is coupled to
processing stage 100 and provides either, calculation required by the

25 mathematical function or provides the look up table for determining
macroblock selection. ' :

~ The relationship between the MB position m the new low-
resolution I-frame, : - :
. (mb(@, ), i=0; 1, 2, ... n-1, j = 0; 1, 2, ... m-1, wheremandnare
30 the -new I-frame width and height in MBs- respectxvely and i and j
' refer to the MB row and column) and the original full-resolution _

frame ((MB(, J), 1=0, 1, 2, ... N-1, J=0, 1, 2, . ..'M-1, where M and N are
the original frame width and height and I and J are the MB row and '
column), - the relationship is given by ' ' -
i (lo.w-resolutiOn ‘TOW) = [L(-1)/(N-D]
j (low-resolution column) [J.(m-1)/(M-1)]
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20 macroblocks are written to the I-frame memory 110. -
If the HDTV video sequence originated from an interlaced -
scanning source, an optional processing step may be included to
remove interlace “"flicker” exhibited -by frozen interlaced fields
containing motion. If the temporal resolution. of the reconstructed
25 trick-play stream is such that the same frame (two fields) is
- displayed for more than one frame period, then such interiaced
"flicker" may be very noticeable. In field-coded macroblocks this
"flicker" artifact may be eliminated by copying the top two blocks of
the macroblock, blocks 0 and 1, to the lower two blocks, blocks 2 and
30 3. This copying within the macroblock effectively makes both fields
the same thus removing any field-to-field motion from the frame.
This re-encoding process is performed as the macroblocks are written
to the I-frame memory 110. - '
A further function performed by processing stage 100 is
35 the removal of AC coefficients from each macroblock which cannot be
accommodated in the newly constructed TP I-frame due to the low
bit-rate available for the trick-play streams. To accomplish this, each




colum), the relationship is given by: 35 | I (lowresolution row

= [1.(n- | wolosrbi2s j (lowresolution colum) PCT/osdsima/ (M) ]
- WD 96/ 13128 ' PCT/ US95/ 12421

7 where the product of the square brackets [x] denotes the integer

val ue cl osest to x. The low resolution TP | frame utilizes

a subset of the 5. nmcroblocks fromtge original frame with the remaining

non- sel ect ed MBs being discarded. FIGURE 5 il lustrates an exenpl ary
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coeffici eframemspdatesmer;as ed fromthe newly abutted macr obl ock,

as depi cted by arr eWufdﬂgﬁBE& FROURE- maa?s s the Y8HAaHbHf Thi s
re-encodin rocess .IS. erforged as the 20 S are ilen to the
|-fré n@'gﬁﬁ? Jata streams having SR cat S'Eﬂﬁenw dRfgi nat ed
frolm Sgdlﬁterdffm SIg\?éfllﬂaﬁgyl betewem CEP ettst,lmabxnmgﬂe,sitonpr@\ude ;nlaécge‘
fiolas  ditrering feSBRifon %mﬁswsh&ég&gf%f“%éﬁdmf A foetficidisd
reconst r uretaineds mtl-ftamtpl @pmfb’eérlﬂ itly rdifferh fors eachf speed.(t wo
fields) iHence I-frame memory 110 cannot be shared and separate I-frame
15 memories may be required for each TP speed or b1t rate.
The inventive low-resolutton TP I-frame assembled in I-

frame memory 110 is coupled to three tnck—play stream generation

stages; 5 times, block 145; 18 tlmes, block 160 and 35 times block

170. In exemplary FIGURE 1, each tnck-play stream may be
20 allocated the same bit-rate’ and temporal resolutton, whtch may

represent a preferred configuration, However, not every ,

reconstructed TP I-frame is used for each TP speed ‘For example, if

the I-frame refresh rate in the ongmal stream is once every fifteen

frames (M=15) and the temporal resolutton used by each tnek-play
25 stream is selected to be three, i.e. the number of frame times

between frame updates, then for 5 ttmes speed

- (5x speed) (3 frame repeats)/(lS frame refresh)

30 thus every TP I-frame will be used. Stmllarly for 18x and 35x

speeds,
(18).(3)/(13) = 3.6
(35).(3)/(15) = 7.0

35
_ Thus at 18x speed approximately every third or fourth I-frame 1s '
used, and at 35x speed every seventh I-frame ‘is used. If it is |
assumed that the intra-refresh period in an advanced television
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di spl ayed for nore than one frane period, then such interlaced

“flicker" m@I&s12®ry noticeable.” |n field-coded nmacrobl ockecrniEes/ 12421
“flicker” artifact nmay be elimnated by copying the top two bl ocks of

t he macrobl ock, blocks 0 and 1, to the | ower two bl ocks, blocks 2 .and 30

3. This copying within the macrobl ock effectively nmakes both fields

the sane thus removing any field-to-fiepd nmotion fromthe frame. . Thi s
re-encoding process is perforned as the macrobl ocks .are witten to the

| -frame nesweamli®.0.5 seconds: (M-15 fok BOr fﬁersdww)t itheén g rthecereechnhy
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vari abl%- | ntign: gfictiveSTames por ringlasframe, hojding mq cpuld be wiedded
with zerosfotr rhi het TP $peedsasinceodbiveei mpeoral t sohition kat Tﬁgher speédgrber

f bits f | Th bi t
are count cPANEINRCA é@%ﬁ%ﬁ'&% §€é§§95?0‘?'§8mé?§¢"§! Bigk-BI8Y Sppedy (ne .
remai ni ng ASsumingi thatithe acffeativeetrick- play ebiteratdhis constanyyrithe of bits

TP MB t { f
St ?eam oo pRin, 0 4hid PESE 6t feedlffion Fould cofisécuéry ol
second a lower spatlal mﬂﬂﬁék%% amof FIGURE 1 illustrates the

L og.matlton of 10 tri qireplrayonitivctedr TP- ﬁammstif&dsaﬁ&naldxaﬁai-fduo
| rate

exanpl e, ﬁrB%‘F ed, ‘{cact(???'fq’g f‘ﬁeﬁé e§ﬂ?ed{’|6 é{&é kux\g'preié i Sﬁeﬁéhe
nunber of Mucbeidd cthenappropriatee MIPEGd picture fheadersreand \a PES viayer.al so

differ fmjl?n%“&d%?.@@&'d telewswm&aig%ﬁaﬁ“&rgsgo;ogr Jléobﬁff%gé’&s 2 Bliffef d and

separate I ul eac d or
rate. S, which gencn@teismgmf( anspott istreanp fors narmalaselwm ed in

- f r§ﬁ€ed"¥i‘bb¥s§iﬁ@. | SNefmal qﬂayotﬂaﬂ&ﬁ@rtt §tréxmP 10V i$ [doupled a@ner ati on
multiplexor MUX 150. Maultiplexor MUX 150 is controlled responsive
to recorder 210 servo. signals to generate an output bit stream having
a sequence which when recorded produces a predetermihed track

20 format. The recorded track format is selected to provide the desired

- recorded TP bit rate and to facilitate specific physical location of

speed specific TP I-frame packets within specific recorded tracks.
The recorded track format thus facilitates replay at normal speed and
at the predetermined trick-play speeds. The TP I-frame ‘packets, 5x

25 signal 121, 18x signal 131 and 35x signal 141, are coupled to
multiplexor MUX 150 which inserts the I-frame packets for each TP
speed into the normal play transport stream. Thus a valid, MPEG like,
transport stream is formatted for record processxng by recorder 210
and recording on tape 220.

30 . To minimize TP bit rate, in place of repeated TP I frames,
frame repeats or holding times, may be implemented by writing
empty P-frames between I frames in the video stream. An empty P-
frame results in the decoder predicting from the previous frame, i.e.
the TP I frame. Alternatively, frame repeats may be implemented by

35 setting the DSM_trick_mode_flag in the PES layer and calculating the
Presentation Time Stamp and Decode Time Stamp PTS/DTS values
such that each TP I frame is presented the necessary number of




stages; 5 tines, block 145; 18 tinmes, block 160 and 35 tines bl ock
170. I n exopi/e138 Fl GURE 1, each tri ck pl ay stream may be %m%g, 3t ed the

sanme bit-rate and tenporal resolution, which may repr esent preferred
~configuration. However, not every reconstructed TP I-franme is used
for each TP speed. For exanple, if the I-frame refresh rate in the

original streamis once every fifteen. 0 frames (M=15) and the tenporal
resol uti on used by each trick-play 25 streamis selected to be three,

. e. the pymeciimeés (4 tlﬁmser frambei‘ - hictiBdu R?dlﬁ:%s Eﬁg 5 t' mes
speed; Wg"‘r" g 0&‘5 d ea.ts (1 rane refre

30 thus Teslty AHOWENELdhg; $qc odsreriize m KT, ProRessing

speeds, the TP stream L) pwybz(ckS)md Befice, adds no exts3 oo ( tHe) ufut? 0 35

-t 3éﬁ5w%2§§dgv LA et i Sehuily” Sudl, chei'bpfloal 1o LS, ueed
the iftrdd8 5 euflag i suppentedd incladvanced television desodess.13128

PCT/ US95/\¥1’ Jthls second method the - extra grocesﬁmge 1§ unnglegﬂenteﬂOﬁ:I rtﬁgmt : fre

0.5 seco 5 urce

for 5x sr?éé’ 53 H%leﬂ?%ﬂﬁsaeﬁ bl lélthﬂrt@rm?arepeat meghod ymayn. For -
si.npl i ci tiynplethemedi duringy sgeedtr gpedificnatieantli gendration in blovksbd48s5ed for
t he rerralgmggﬂﬁ eds i gher” tenporal 5 resolution of two-franes or
single-fr Tt me coul d be used - for hi gher. TP speeds si nce

| onel Ot enpor al reso he | inventive girick-phaydstream ' genergtion gechniquesense of

sl over t N3 cAibed2 abbVe C wee 2¥mpI6FEd to produce. trick-play speeds of 5x,

18x and 35x with a spatial resolution of 720 x 480 pixels, and an ‘
effective trick-play. data rate of 2.0 Mbps. ' The various trick-play
speeds. were evaluated and may be summanzed by the following
15 points: - R
Data. for each tnck-play speed was generated representing
independent low-resolutlon (720 x 480 plxels), MPEG compatlble
transport. streams.
Each TP stream contains only" mtra-coded frames thus allowmg
20 the same trick-play stream to be used for both Fast Forward and Fast
Reverse TP modes. - o SR
To retain a 16:9 aspect ratio, the actual spatial image size is
sampled to 720 x 384 pxxels, ‘with the remaining area above and
below the TP image black. _ : :
25 - The temporal resolution ‘is such that a constant three-frame -

holding time is used resultmg in an effective rate of 10 frames per
second. - -

Each I frame of the- mck-play streams comprises a selection of
sampled macroblocks from the original stream. The bit rate of 2.0 M.

30 bits/sec. and three-frame holding time allows most AC coefficients to
remain in the selected macroblocks for typical test material,

The overall subjective spatial resolution is fair, being dependent
on the amount of motion and image complexity in the source
material. A picture rate of 10 fps provxdes good temporal resolution.

35 The trick-play data stream may be dec_oded to produce recognizable
trick-play video images and hence is -acceptable for tape search
usage.
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‘Assum ng that the effective trick-play bit-rate is constant, the
provi si on Qfog/Bigher tenporal resolution would consequentl y&m@y&,&gﬁo a
te

lower spatial resolution quality. The reconstruc

|-frame is read fromnenory 110 - and packaged, according to TP speed,
by bl ocks 145, 160 and 170 - which adld the appropriate MPEG picture
headers and a PES | ayer. The advanced tel evision transport stream 09

i s buffered by buffeThes inysntivgi dawgeesslutien seahtime otrick-playspde stream
for normal pRdvibusly diseeesed eaﬁéwg:ecb'gﬁmbwl spatidlaimages & rasam 10 is
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tracks. lowIPerers%&ﬁi&?digt ¢ Kpfoviaed, ttEHﬁ_m 1Ay @fta’ ARistybat nor mal
speed and ) ﬁt the predeterm ned trick-play, s eelds. The TP,I-frane
packets, sdepiyed baymg nominal Pgﬁi‘lnelﬁa'd%b gsolutiom a1.eq 4be §3ME. | ed
to 4 {T:J)bgiqééﬂ cwant Wthhb‘SQrid;ixﬂh sourvel t FIGEURE 2 dlfastpaes ears Eiiwet_tﬁach TP
T
and recor distrgams. t afbrezparickeplay speeds of S TimesnilB Atmee and 3Jttimesn
o e AFEHBATRIRS | PHESHiffrencd BNt AU el o) D
stream AnFd %P& and thFrl&%@?égHﬁ% ﬁ%i usmated r g‘ﬁ@ﬁﬁg?fer‘glﬂﬁeﬁe
D e o B e e e ane
~cal cul fi ngﬁ?‘ﬂ%s yl5%§ ﬁ%s@‘m%?glon Ti e Stanp ang_DeggdlenTi rrg St anpa%;'?‘rS/ zlii)'rll's
val ues such t hafTheadnanypart  stzeami degodingtand tintra edesection nunber of
VO 96/1312@epicted in blocks 20, 30, 40, 50, 60, and 70 operaté @hid Fincted Xs
' described for the low resolution TP system of FIGURE 1. As described
‘for the low resolution TP system, the purpose of the data extraction
20 and processing stage, block 105, is to extract only intra information
which is required for forming trick-play streams and to perform any
processing which is required to guarantee the syntactic and semantic
correctness of the resulting TP I-frame. The functionality of block
105 differs from that of block 100 in that the regenerated I-frame
25 must have the same resolution, or pixel count, as the original data
stream. Hence, all intra macroblocks are used to reconstruct the new
TP I-frame. Since no MBs are deleted, no re-encoding of DC
transform coefficients is required.
The major function of processing block 105 is the removal
30 of AC coefficients from each macroblock which, as a consequence of
"~ the- ti'ick-play bit-rate cannot be accommodated in the new TP I-
frame. The low TP channel bit-rate, nominally 2 M. bit/sec. forces a
trade-off between the number of AC coefficients used, i.e. spatial
resolution, and the temporal resolution, or frame update rate of the
35 trick-play stream. This spatial versus temporal trade-off was also
present in the derivation of the low-resolution stream. However, in a
full-resolution frame, i.e. same pixel count, the DC coefficients alone




10 frame times apart. Either frame repeat method produces the sane

resul t. Hyeéakiagt he second nmethod requires no extra proce§‘§.k.,|g,g%9]fz421 t he
TP stream on pl ayback and hence, adds no extra cost to the uni

However, the second nethod requires that the optional 5 _
DSM tri ck_rmde_f lag is supported in advanced tel evision decoders. Wth
this second nethod, the extra processi Is inplenmented in the :
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typical t {e The overall subJ ective spatial resolution

is fa4§, being depemrdxscussedomddiouel ufitthef o ﬁigﬁmnmw Wideo conpl exi ty

Lenpor al _Bages, merSaghédlied by f Lﬁ@ﬁé@ﬁ%ﬁ%’ en) 58 ofbdpdls " o
produce. r progessing| step may rheclingl |toetemmagemterlacm Hticker™ accept abl e
for tape gkfikited by frozen fields containing motion. One such method has

already been described. “However, since’ this exemplary lugh
20 resolution TP system uses only DC transform coefftctents, a s1mpler
and more efficient method may be prov1ded by settmg ‘the
frame_pred_frame_dct flag in the pxcture codmg_extenswn sectlon to
‘1. This flag indicates that all MBs were frame encoded thus a
.prevxously field-coded block, which could produce“ 'fhcker , is decoded
25 as a frame-coded block. The result is that each field is placed m
either the upper or lower portion of a block and any 'fhcker is
removed. This method of flicker elimination also- reduces the number
of bits used in the macroblock_ modes section since the dct_type flag
can no longer be present if frame_pred_ frame dct is set to 'l
30 ' The reconstructed TP I-frame is assembled in memory
115, and coupled to three tnck-play stream generatxon stages, 5
times speed depicted in block 155, 18 times" speed in block 165 and
35 times speed in block 175. The exemplary system of FIGURE 2
assumes that each tnck-play stream  has “the same effectwe bit-rate
35 and hence the same approximate’ temporal resolutlon “As discussed
previously, not every reconstructed TP I-frame is used for each
speed. However TP I-frame utilization may be further limited for the
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, reconstructed I-frames are read from memory 115 and packaged
by stream generators 155, 165 and 175 to form a MPEG compatible

20 transport streams in exactly the same way as detailed for the low-

resolution system.

The inventive full spatial resolution trick-play stream
generation technique described above was evaluated at an effective
trick-play data rate of 2.0 Mbps, for trick-play speeds of 5x, 18x and

25 35x. The performance may be summarized as follows:
An independent, TP I-frame-only MPEG compatible transport
stream may be recorded for each trick-play speed.
The temporal resolution varies with scene complexity and is
lower, ‘having longer frame holding times than the low spatial
30 resolution trick-play system previously described. The average and
the - variation in holding times experienced for typical source material
are shown in the followmg table:

TP SPEED || AVERAGE HOLDING VARIATION IN

TIME IN FRAMES _FRAMES
3X 5 FRAMES 5 - 8 FRAMES
18X 5 FRAMES 3 - 8 FRAMES

35X 3 FRAMES S - 8 FRAMES




30 of AC coefficients from each nacrobl ock which, as a consequence of

the tricky@b@issd t -rate cannot be accommodated in the new frane.
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original picture source rather than from a compressed MPEG encoded
stream. Speed specific TP data streams ‘may be derived
independently of one another and independently. from the actual
recording event. Thus pre-recorded trick-play data may be derived
in non-real time, possibly at non-standard or slower frame repetition
rates. Since the consiraints of the consumer real-time method no
longer apply, the quality of trick-play reproduction achieved by pre-
recorded material may be significantly higher.

A first inventive method -of pre-recorded TP data
derivation provides a spatial resolution of for example, CCIR Rec. 601
having a resolution of 720 x 480 pixels, regardless of the original
HDTYV stream resolution. A second inventive ‘method. constructs a
trick-play stream of the same resolutlon, i.e. pixel count, as. the
original HDTV material.

FIGURE 3 1llustrates an exemplary block dlagram showmg'

an inventive method for generating low—resolunon, pre-recorded
trick-play data streams. Regardless of the format of the original
HDTV . video material 09, temporal processmg “block 30, performs
temporally subsamphng which produces a 30 Hz, progresswe signal
31. The operation of this stage may differ depending on whether the
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frame_pred frame_dct flag in the picture codi ng_extension section to

"1'. This %gepri3ngd cates that all MBs were frane encoded, tipcTnsos/i2421
previously field-coded bl ock, which could produce 'flicker', is decoded 25
as a frane-coded bl ock. The result is that each field is placed in

ei ther the upper or lower portion of "a block and any 'flicker' is

removed. This method of flicker elimindtyon also reduces the number

of bits used in the macrobl ock-:nodes sect,i on si.nce gN t fl '
can no | ongeiginal souzesmaferialiie progIessixgewath a |§]§@&(ﬁ 3&2/?&?“!93%3‘5
tTget L?gg“tsﬁai&gighéﬂgwdslyggﬁ@ 2R97B0 fﬂifﬁam ﬁ‘Etﬁ?S ryWittl_l ‘progressinvelycoupl eg

- m. gener at i on st age | spee {
in bl ock 1553na&d Q’rggesﬂ?égnf‘ﬁ ﬁ%c a%q'ﬁfﬁ‘j may bgr ‘ﬁeég §§ega ﬁﬁi gck
175. Thehemupyasqcmrﬁstfmnef frontUde 3equencess By sdropping aaltennate k- pl ay
streamgha 'S LoV L ha ket _ 3 t r oxi mat e
t enpor a rzrséolﬁgfi%gﬁr&%eﬁfvgcﬁg?gépééﬁsgﬁgv?‘gglswgtﬂgvzgﬁggnstruct ed

TP | - frame Tesolution ©f the,griginal souree mageRialycr | IMeEAeLd; :SOUISRt i on nay

be further mhargriatd the' fralife rate remain¥\QheSsamb2but only one field from
PCT/ US95/ 1242 '

. . . . 13 . faoll [
reason. Al A6 oframg ris Tesed.  This (Rrocessing Fasults in. 2 (ﬂmgmss‘%%%Fﬂﬁ%gﬂt s,
Lp[ exanpl e)tf?a&klye wartical Rresolutiore and, thet sdameeframe rate. same nunber of
its sjRce the co Vak N o3 fore,
o conct Bt tomporal rEhe rSgressiély! EARS frEREL] signal STCR Soupldf e OF ©
for each thlosk p#Q,y whichagenerates Al lower respfution sigpaljihaying.fory || vary

LRI, Rt el . €I Rast ot o1
generat i On-l;rgg%g%\,velkggaqr&d ?ﬁﬁ&f?é resamf)g%ff Eh)uk?ﬁl xgﬁggghi%ﬁqfs ;\elgmbeen
???lﬁgu' a; gd'etainb:lid ¥6:90aspect1 eatie,n ande padded | withebdack mppért anfie}awer
ol “OhE A58 piodite a enfitbeR Gimiaicof 7 'S AOBHE | (1O
speed, the TP I-franelThe HDTV csignakds .nowt reprasented By signal ddecdhawing be
-subtract ed § ngWeropdtial resolution of 720 x 480 pixels, progressively scanned
with a 30 Hz frame rate. Signal 41 is coupled to blocks 50, 60, 70
which implement speed-dependent temporal subsampling. Each
20 trick-play stream is constructed to have the same temporal resolution
or frame holding time of 2 frames, ‘i.e. every frame will be repeated
once. Therefore, at N times trick-play speed, the frame rate is
reduced from 30 Hz to 30/2N Hz. Thus, the resulting recorded frame
rates are as follows, 5x becomes 30/10 Hz, 18x becomes 30/36 Hz
25 and 35x becomes 30/70 Hz. Since every frame is presented twice
and the display rate is 30 Hz, the effective speed of scene content
remains correct at each TP speed.
The temporal subsampling blocks 50, 60, 70, generate
output bit streams 51, 61 and 71 respectively, which are coupled to
30 respective MPEG encoders 120, 130 and 140 to format MPEG
 compatible bit streams. Since the MPEG compatible encoding is the
same for each speed, and because in a pre-recording environment
real-time processing is not necessary, the same MPEG encoding
hardware may be used to encode the normal-play stream and each
35 trick-play. stream. This commonalty of usage is indicated by the
broken line enclosing the MPEG encoder blocks 100, 120, 130, -and
140. The temporally subsampled bit streams 51, 61 and 71 are MPEG



avai l able. If every I-franme was the sane size and each trick play 1 5
speed wawaedeioraat ed the same effective bit-rate, this scheopuvsssghibe

equi val ent to that described for the | owresolution systemand the

frame refresh period would be constant for all speeds. The .
reconstructed TP |I-franes are read fromnenory 115 and packaged by
stream generators 155, 165 and 175 t o1fgor m a MPEG conpatible 20 transport
streans in exactly the sane vva as detailed for the | ow ~resol ution
system. encoded as I-frameshe nl-fmme uils| rq:pnmedl onmdiwtempldynngk pl ay

stream r a v Sa at an
effectlve QSM %;ﬁ% wcadf%&é;a %Q ﬁay}ﬁgr lctzJﬁ plray speeds of
5x, 18x PREVIOYS HBE 901553 smemSaseprasmmg

An i ndepaogmiat , IEB 5 éwrNPprﬂwedemrormat wick-plapnspeeds of 5x,5tream may

var | o8 biet a"@ﬂ% Seal A T 35, g rr@eFBﬂgﬁiedF &z hol di ng

ti mes thaeconde foomatting i by asmitiplexart i160. trmutmleyosylsi(bmfﬁcawdysl y
descri bega‘e&? b“e‘t%@ﬂetlﬁ:“%nous MPEG’ %ﬁe%ﬁﬁ@ri?hgeﬁéﬂa?é i agp@&i&pe“ enced

for typi hown 1'n

source
" TP SPEED ommﬂ@@ﬁ@mmb le f%mpmtmmessmg by recor, replay  TIME IN

PRAVES _system 210 faiid\biiting to tape 220. SAs described arfiéCthe use of S -

35x 10~ predetgrmingd ZP Speeds allows. sgsadapesific TP data g by, 13125
PCT/ US95pbsititined, or recorded, at specific sync block' locations 4within Not e:

Because ?ﬁ:dtﬂ@ﬁthﬁe ef fﬂﬁ'{sl ﬁuﬁ%lf#oplﬁo %Em[aSI mylngr ?&% s&gnalf Qboell ‘

speeds, tenporal . reso Ivva S
i dent i caF‘) PS?‘%&EW%MG‘ lc frame--data Tﬂ specifice syne sblegky DC

coeffici psgations within the recorded tracks. . These specific locations -

15 facilitate reproduction at the various specific TP speeds.
- FIGURE 6:is a partial block disgram lllustratmg a further
mvenuve arrangement of the non-real-time ' "trick-play” apparatus of
FIGURE 3. Speed specifically processed TP signals 51, 61 and 71 are
coupled to memories 520, 530 and 540 which store the 5 times, 18

20 times and 35 times processed digital image signals respectively. The
original HDTV signal 09 is also stored. in memdr-y'--SOO.?“ Production of
the prerecorded media or tape is facilitated by the sequential
selection between the various stored digital signal sources to form an

| output signal which is MPEG encoded by encoder 100 and recorded

25 on the media. A multiplexor 150 is controlled to select bétween the
various digital signal sources to form an output sigaal for MPEG
encoding. The MPEG encoded signal 200 has the various signal
components arranged such-that a '--ret_:ording may be replayed at
normal and trick play speeds. - Thus the inventive arrangement of

30 FIGURE 6 facilitates the non-real-time, and independent derivation of
both normal play and trick play dxgxtal slgnal sources for encodmg as
MPEG compatible. bit streams. :

FIGURE 7 is a partial block - dlagram 1llustratmg another

_inventive arrangement of the non-real-time “trick-play™ apparatus of

35 FIGURE 3. In FIGURE 7.both normal play and trick play processed
digital signals 09, 51, 61 and 71 are coupled for encoding as MPEG
compatible bit streams by encoder 100. With non-real-time signal
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The overall quality of spati al r'esol ution i's. o:nl y fair since only DC

coeffici eWQ9lM28sed. The quality of: tenporal resolution regrvsssm2421

bet ween poor and fair, depending on the | evel of conplexity within t he
TP encoded material. However, the resul ti ng trick-play inmages 10 are
recogni zabl e and acceptabl e for t ape search usage. The

maj or di fferences between real-tine trijck-play and pre-recorded
trick-play data stream derivation, result from the. constraints of
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from thergspectively. Meppories 530,e560, Fr0iSand e580E oprodedet bhfputp! ay data

be d I bl
frﬁmereﬁéﬁfﬂanSOl BT By, T wBGRCHE Yol BPShlﬂgemnéﬁb"w
real - Ej i rr;awhbhods rcontrolled (mmnmppl 10 retm'dma?.l@ytoofgeneratb adlaMfPEG .
uct i v i gni fican
[nengr c%hﬁfthﬂ‘é Técor %‘F ven |ve @‘ﬁ{ dﬁoftmﬂ*‘e rego?ded TP da%/a
der i V@i ofeprasuction ats pormal P&%b apd fadr ﬂ&(aprpdstermmndRemcleo

having a mpiagt uipéddsof 720 X 480 pi er s, regardless of the original

HDTV streamTesol ut "ﬂ{ éwag:lond i;nvent i v.e, met hpd, conééruct s a 30
trick-play stream oft3hée& % dPW; iSpatial rgsoﬁq uSYStetly ¢ he
ori gi nal KibistratedeinaFIGURE 3, and describéd Gabave produtesatrickplagxenpl ary

ove ‘r‘egéfﬁﬁﬁﬁ 3" Slsificanrly, Fighel' a3 i tﬁ?ﬂﬁﬂ%ﬁfst éﬁiﬁ*&%@%w ess of

t he fbdmadesiv él‘lskrgiaﬁaISt@BmS HD"Nle\/ll‘g rwdugedomay dpor al processi ng

bl ock 30, sﬂﬁ[&,ﬁﬁ%d as f(t,nawgr aI ly subsarrpl | ng whi ch produces a 30 Hz,
progressive s op.erat i 0

:M(ﬂ ]d a |s sta £, 18y di f f
dependi ng on wHEWHBE LELAT mg, ‘an ifdepgn Q'it28 rame only, l6w-resolution
PCT/ US95/ {22Q1x 480 pixel) MPEG compauble stream is written to tape for each

“trick-play speed.

20 The actual spatial image size is 720 x 384 pixels', to retain 16:9
aspect ratio, presented in a "letter box" format.

The temporal resolution is effectively 15 frames/second for
each trick-play speed and produces good to excelient quality which
remains constant for each speed. :

25 The spatial resolution produced by a 2.0 Mbps data rate and
720 x 480 pixels resolution is good to very good, depending on the
complexity of the source material.

Overall, the trick-play image quality exhibited with this scheme
is very high. - '

30 - The low-resoluuon pre-recorded tnck-play system shown
in FIGURE 3 and describe above produces good quality spatial images
at a relatively high temporal resolution. However, such a low-

" resolution method may be used providing the advanced television
decoder/receiver unit is able support the lower resolution display

35 format. :

FIGURE 4 is an exemplary block diagram of an inventive
full-resolution, pre-recorded trick-play stream generation system,



15 original source material is progressive with a 59.94/60 Hz frame
rate worgciisier | aced with a 29.97/30 Hz frame rate. Wth~praghessi vely
scanned source material, the frane rate may be reduced by dropping

every second frane fromthe sequence. By dropping alternate 5 franes a

progressive sequence results having half the tenporal resol ution of
the original source material. Wth intggl aced source material, the
frame rate remains the same but only one field from each frane is
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‘gener at esgenerates: fremothe  eriginadn aincompressed,osource - materipl.e, RIGURE
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the spme SEERAT) dtbmpredicd,*Soutéd HpRurtil ¥afy TR | dsekh"rahits Shich 170
everg r AT |€e b’é“ﬁe‘ﬁ@é?{idnay beoﬁh%senrrfé‘fwg’r@, sgit the thck playk- pl ay
speefli i ; f@ei:damgdéat ehan selectiﬂgdgcﬁdnfe"solnfﬁgl F% bﬁc%&f@&&gf)&a@ 'Ig/s "1'ot ng
o AR chAGRy tomphAl RfBbdh T s Ve RioEE: RNy
present ednor¢ (pleasing sodthenqisar.spl ay rate is 30 Hz, the effective speeﬂ of
tenpgt |nb;$%% | A MBTY %S?ac*e‘ﬁ%g} Dt shown couled 1o, o2
51,. 62 a MI -ﬁﬁy‘f‘f &F"&F@%og‘bl aéé—-%ﬂﬁ‘eibichfvéom
encoder s plag, speddl apération.t o Signaln09MREG@Iso co oforbtemporal st r eans. Si nce
in-a pro SORRPRINE SR PRI AP, 63 Snd, 75 Hoeellc B R kiR Bl cocary
the sane speed ofid¥dtimes, onlyheveryaNthnsgutse frame traynbedstilized for nal - pl ay
stream angdifgh Foweves, deptidilg i a Wit THRIVbEY tRwdedIgpdehal
‘N Ifﬁ ©and tem%oral resolution, the actval frames used for encoding may be
" closer to every 5Nth or 8Nth frame in order to provide an acceptable
spatial resolution. Hence frame holding times, or temporal resolution,
are similar to those of the real-time, full-resolution system described
earlier. ' e o
25 Having selected a frame holding or update time, for
example; every SNth frame for each N times: trick-play speed the -
HDTV stream, signal 09, is temporally suﬁ.—s’_a-tnple_d for each TP speed.
The 5 times TP stream is derived in block 55 which temporally sub-
samples by a factor of 1/5N, or 1/25, i.e. 1 frame in 25 is selected to
30 generate output signal 56. Similarly, the 18 times TP stream is
' derived in block 65, which temporally sub-samples. by a factor of -
1/5N, or 1/90 and generates -output signal 66. The 35 times TP
stream is derived in block 75, which temporally sub-samples by a
factor of 1/5N, or 1/175 and generates output signal 76. The three
35 sub-sampled TP bit stream signals, 56, 66 and 76 are coupled for.
MPEG encoding in encoder blocks 120, 130 and 140 respectively.
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broken |ine enclosing the MPEG encoder bl ocks 100, 120, 130, and 140.
The tenpor avbyermisanpl ed bit streans 51, 61 and 71 are MPE®CT/US95/12421 \\O
96/13128 PCT/ US95/ 12421

16 encoded as |-franmes. Each I|-frame is repeated once by enpl oying
the DSM trick_play_flag, | ocat ed in thel®ES | ayer as descri bed

previously. The resullin atl e str resentl nor mal
pl ay speed NP, strea§|L t‘?cf Ratb egﬁ‘é %\%( Q?reeazfllﬁ 121,

18x, str easpdénl. and bsxausa rreahtuﬂﬂ]proaessmgum mbtf necessary riscar gpre-
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bet ween the
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and wrig i nsnﬁ9 dctfhond '1§’eﬂuﬁ€dtbdeb {Hee broRen(1iné endilesiniger N ned

at speciti e WPERRCR qd%%éﬁoeﬁgwﬁ 30, 138, and, 15", The Emagrally” O
mul ti pl exosubfﬁnptadnhw stseams | 56;k66i and | 760ﬁe MPEG dmded aﬁebﬁ'amnml fic

TP | frane t

tracks, @%@%ﬁ%ﬁ*@%ﬁ%ﬁ% %E"?'% i $°*%%%§%§%\it ﬁ?%fﬁéf.
specific Tstrspmadso is the number of ameock agram

i ok 8l %@2‘%@%&?2‘?*‘? i‘s““" %“E”ﬁm“""“ peg “E‘Qﬁfﬁ‘g&é B eased TP

si gnal s 51¢mpio eaSM tnc atgoaﬁeﬁfﬁ"f‘ csgHge ® which
stor eI the pesulting MPED tranmtam‘eiﬁst representingsaerimdl gplay! spaoayeNP

Si gnals re e IS S

menory 500§&§§£041 ﬂ* %;m trick- plﬁ] recorécf‘ S%Q}n qurl tégg %s"%;a% F3 at ed
by the seqandt 34K, Streanselék,t iage) mpl@dn ohexeoard dormatingdbyi gi t al  si gnal
sour cepsst Otﬂlﬂ"t?léi‘or 150, oumguluﬂbﬂaal 150 effecﬁvé@EGemsdsa%e@rtﬁeder 100

and recorded mul t|

é dp s.controlle ui sel ect
bet ween théranous L SUEAMS; 10 gSnfra §oam~s s t format, s tanag gnal
for MPEG  suitable ddrngecorde phbtessiny dsiecrevosd ateplay Systetmh@1hrandis si gnal

writing to tape 220. As previously described, predetermined TP
speeds allow speed specific TP data to be positioned, or recorded, at

20 specific locations within recorded tracks. Thus multiplexor 150
formats sync block signal 200 to locate speed specific TP I frame data
at specific sync block locations which facilitate reproduction at the
various specific TP speeds.

The inventive arrangements of FIGURES 6 and 7 may also

25 be applied the non-real-time "trick-play" generation arrangement of
FIGURE 4. As has been described, the arrangements of FIGURES 6 and
7 may facilitate the independent derivation of normal play and trick
play digital signals for subsequent formatting and MPEG encoding for
pre-recorded tape production or user controlled video on demand

30 service. .

The constraints of retaining full spatial and temporal
resolution, result in a trick-play quality which is very similar to that
achieved by the full-resolution real-time method. However, this pre-
recording method has an advantage that the frame holding time is

35 constant. The trick-play stream generation technique described
provides trick-play speeds of 5x, 18x and 35x, having full spatial



conponents arranged such that a recording nmay be replayed at nor mal
and tri chwebausizgeeds. Thus the inventive arrangenment of pggrusbi/faéE 6
facilitates the non-real-tinme, and independent derivation of ~bot h
normal play and trick play di gltal si gnal sources for encoding as MPEG
conpatible bit streams. 20 FIGURE 7 is a partial block diagram
illustrating another i nventive arrangenent of the non-real-tinme

ttrl Ek Iokesoluﬁbnaraaiw&nobfﬁcﬁvthﬁlRﬁw% Bin xﬁtﬁaEsl go mbbd ;QOW pl aly gn]g
rick play_processe an are coupl ed for
encodi ng égpqv&éé%% q'na%o a%%@rb;%dgs% Zgﬂg encoder 100. Wth

non-real -ti rrellmgn@lrecordmg, an \independems lframe only, MPEG stream is

PCT/ US95443¢ ' e r each trick-pla 17 processi ng
and pJe- recor cf taP fo R y

speed.
reparati ? naI 09, 51, 61 - .. and 71 may
be detived se atSBPSlaiaﬁﬂsM% dg s%@%p%d‘h‘o@ﬂ%mm"“a&ﬂcodl ng by a
ilsggl edegzcideﬂ‘hboibm porali vesolutionl isy fbmﬂbdxam@? i3 frame gg{)ﬁﬁgﬁnhﬁl 121,
an a t r-epresenting
nor mal pl ay aﬁcg P%é %ﬁ%@@i glt s&r Aé go?é' tvely. Menories
550, 560, 570deossnalb spasiad quality is faxrsu Regoye trmkiphyllmageSM
whi ch argré Hdebflidable and p&&x%r&céﬁable for i’ seareﬁngﬁﬁild sgg. responsive to

recq to-geperate_an conpat 1'bl-e rec t stream

for rlaéjt ed such as ﬂgleprfﬂ]iodﬂng dable; summarizes tricknplan| aprliYy speed and at
t he predatkieviededy' ttheCkarious imventive pmettods dxsclosed : The exenpl ary.
| ow spati al resolutlon TP systen1 - illustrated in FIGURE 3, and

descri bed : : -

that att g

results fdroduced may b

recor di ng

'RESOLUTION |poor to fair, only DC - |poor to fair, DC &
TRICKPLAY |[coefficients used.  [some AC coefflclents
MODES | '_used o
Jpoor to acceptable, poor to acceptable,
|variable 5-8 frame |constant 5 frame

_ holding times — holdmgL time.
~ LOW  |SPATIAL QUALITY: |SPATIAL QUALITY:
RESOLUTION poor to good good to very good,

TRICK PLAY depends on materxal depends on material,
MODES  |patchwork of MBs
used. |
good, constant 3 very good constant 2
: frame holdmg time. |frame holding . time.

In view of the constraints discussed' previously, the highest trick-play
15 quality may be achieved, in both real-time and pre-recorded '
material, by the use of lower-resolunon tnck-play data. However,
the advanced television recelver/decoder must support the use of a
low resolution mode. If full-resolution trick-play modes are utilized,

]
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frick-play speed. 20 The actual spatial image si ze is 720 x 384

pi xel s, to We®&i¥2486: 9 aspect ratio, presented in a "| a¢EUSISA2421
format. The tenporal resolution is effectively 15 franes/second
for each trick-play speed and produces good to excellent quality which
remai ns constant for each speed. 25 The spatial resolution produced
by a 2.0 Mips data rate and 720 x pi xel s resolution is good to
very good, depending on the .. conplexity of the source material.

Over alhl ht hhet quality! provided emayalbet enbahced t by wignipahitions dfevarious i s
very hig o] [
ayst em “ohdibgameters, . Eor, gydiiple CraiSh bk dRcvET §&£§€ N e AL
spati al i megeh tnck-p&ay espesﬂatwvlél sllowgant mqmasu memﬂolmﬁmn. owever, such
a low g ifihitich OBjtR rorhERSy 2.0/ MbjY 15" Fedil Ceﬁtﬁéev' si on
decoder recelver unt fomd S a e port- t solut n display 35
f or mat . number of "Tric £§PF'§ % POV, éﬂ?ﬁf agyT

“inventive two ihukhch ecmécuimn then ethiec effettivel rbu:kaual fdr %hammﬁﬁﬁhgtl on
system gd ma\QOb%G/n}g’lJe%ged The effective temporal resolution, o ovi di ng

PCT/ US95/ 1598
trick- pl ay nymbers of frame repeatsd msultsAfromethe utrhde-off betweenssed,

- pre-recordg ?nﬂidrﬁi‘ :ﬁldiys f Fésb?@t%ﬂ'e“ﬂéfnéé)’}#% ?%rametelg‘iﬁ?ﬁs d from

the orjginal, “unco res sour ce ri rates the
gener al Bon Qptimiz lﬁﬂdoi‘r th&- ‘gl appligationy, 5 however these may
be generated i ndependent |y of one another, directly fromthe HDTV
source material. Since this system provi des full-resolution, no
spatial sub-sanpling is required and hence | ess processing is required
than that shown in FIGURE 3. Since the original, unconpressed, source

material may be used, frames which 10 are to be |ntra coded may be chosen
exactly to swt the trick pl ay
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speed, rather than selecting |I franes froman encoded stream | '

n
adai 11 on woseiaent temnoral el {HENIIHI IR = e st e,

09 is shown coupled to 1 5 MPEG entoder 106 whi ch generates an MPEG stream

101 for nornal pl ay speed operati @@ Signal 09 is also coupled for

t enpor al - subsanmpling in blocks 55, 65 and 75 respectively. For a
trick-play speed of Ntines, only every Nth source frame may be
‘utilized for “coding. However , CEAIMSi ng on a desired trade-of f

bet weeqp spatialy 20 efy [ ?ﬁfa f gs used for
encodigg may bel'- A c gg&@g%@%‘%ﬁgmﬁh g’?%ﬁﬁo a?r@l? ndlgﬁgr to provide

an accept dplage represeatatiyve r sigoal for, recprdings whishn facilitatesi nes, or
temporal rrepfodiidtivh at mor han nbhérspeed, Nosid fiethbd cofprisifig. the
full-rgsol i owyst em descri bed earlier. 25 _ Havi ng
sel ected &HSME: hol di ng or update.tinme, for:~ - exanple, every 5Nth frane
for eah N tinmes trd)k- peagivingea data streamHcomprisingnan sMREG 09, i s

- tenporgl | o3 oé‘;&%uﬁ .“f‘;‘ﬁr‘fg & Fﬁrﬁ%ﬁ%ﬁ‘?é sig@eg 9y;i mes TP streamis

derived in b or al’l,\ éu - €S by a factor of 1/ 5N,
or 1/26, i.e. 1fral®in ng c$ald; data Stream r @ cCRiAGLANTRYNal 56.
Sim | agly.codede data tdmﬁ TP streamis . deri-ved in bl ock 65, which

tenporal |y sub-sanpl es by .a_.factor .0 .3 1/.5N, or.149Q and er at es

out putIsi unal 66, THY 35 SIPFEE Bedttermined’ iRita-860¢d odafh ‘(FEL 75, whi ch

t enpot @l | remb-saidpéxtsactgdaintra-codedt dataf(74)5t0 - forni/#iv Sintradcodeddr at es
out pu%lsi %emma'{lﬁ% tddRedd E&'ﬁpbfﬁmw gﬁ Lt stream signals, 56, 66
Tor e |

and 76_are couple LY ncoding 1n cgder bl ocks 120, 130 and
140 rkdpectively. d)  periqdicglly: selecting said intra-coded frame
g_CT/ UﬁS5/E (13?:‘&1& s?i.dblstored fx(;ame havitnr:g reducec} sp'atialh resollition (111); i b

i nce conpat i encodi ng,.i e,sae for..each. .. speed, ..a ecause
real 1( I'me processi nge S ﬁ&ﬂ“ﬁﬂ?@i‘é’arﬁ‘?‘?ﬁl% p('mg pen@%ﬂ?d?%céﬁfci ronnent,
the shfe Muitfa-eodedi famhenr (2, elddby I4d) and saidd data estresde (Y0 tor nal - pl ay
streapands&as Mad "MPEG' 8¥mpafibf bt stream (200); and,

17 f) recording (210) said MPEG compatible bit stream
18 (200). .

1 2. The method of claim 1, comprising an addiﬁonﬂ step of;
2 selecting from said extracted intra-coded data

3 (71) predetermined intra-coded data by reading a look up table.

1 3. The method of claim 1, comprising an additional step- of;_
2 selecting from said extracted intra-coded data

3 (71) predetermined intra-coded data by performing a

4 predetermined calculation.

1 ' 4. The method of claim 1, additionally comprises a step of;

2 '_ selecting said periodical selected intra-coded
3  frame (111) at a rate related to a predetermined trick play speed.
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*5 This comonalty of. usage is br oken |ine encl osing
t he MPEG &¥R8&t12®H| ocks 100, 120“mmmlimln)ﬂlmm“he t enpor RGHUSNS/12421
_Subsanpl ed bit streans 56, 66 and=/6care MPEG ericoded as |-franes.

‘Because the frame update tine is const;tni t hroughout each trick-play
stream so is the nunber of bits alloc d for each |I-frame. The 10 frane
hol ding tinmes, or |-frane repeats may i npl enented by - enpl oyi ng the
DSMtrick _play flag as previousl|y described. The resul ti ng MPEG :
transpolt strear5a r Speemathod ofglaim 4| wheseine gaido additionalt st6pm 101, and
trick- ptayﬁ, m?hsegtgeg gp &f1, 18x stream 131 and 35x, stream
141, arz coupl e d for ord for%bg? 15 rruét s‘&(la_ &50.

Mul ti pl €xor 150 effectivel$¥ e?l‘aﬁ'hép reaed BRS¢t 1 eans
to gene4at eotledy firarhe ok fbmmlt tricknplay2Gpeed specifict iitra-codedr framel
process @Z re fd14€i | ay system 210 and witing to tape 220. As
previ ou é(’: edet ermned TP speeds al |l ow speed specific TP
data to be p05|t|oned or recorded, .at 20 specific locations within

recor degl tracks.s ThrheMidthel CHPIAR? 1, wherGiT8hil $1E¥ d) S6ditionally! 200 to
| ocat e Zpeed e0|f|c TP |1 jrane data at specifi ¢ sync block locations

whi ch f#&ci GOBPESeS: A SR Mon at the various specific TP speeds.
The i nv8@ntive arrangenent sssjécﬁ; periviéahesele¢ted ibtrakeoded! i ed the

non-rea I pl.a RE 4. As has
been deécrl t(hgﬁ;l *t ﬁggg@f{gfiﬁ’a W%ﬂed “?mﬂ-&b acilitate the
| ndepenﬂentredelnnenl. on of normal play and trick play digital signals
for subsequent formatting and I\/PEG encodi ng for pre-recorded tape

production or us nt r ol Q on, deand, 30 , servi c

The conbtraints -gf ﬁi 'Jr\%gf %‘Hht**af" gin; Saidostap ) addigiopally; o,
Les;ﬂht 2n| fz;dmpﬁ%(eflaaytepj%ﬂiy V\/m Cgﬁé;lgvé%}{mg m?‘lréa to that achi gyed
y e full-resolution re recordi ng
nmet hod fias an advantage th 9 #ﬂgng F’éugﬂ@a“%onstant. The
trick- p4ay selection said i pariedicallygselegtesk frame (121,131 0Midddstari ck- pl ay
speeds g ) éﬁﬂiﬁk FeProdiiction Vo' $ald!! MPEG! témpatible bit st¥9rﬁ6(ﬂ§6)28

PCT/ US9
at a replay speed different than normal replay speed.

1 8. The method of claim 1, wherein said sequential_ly

2 selection is controled responsive to a format control signal (FMT
3 CTRL) which includes a control signal (211) from a recorder (210)
4 ' recording said MPEG compatible bit stream (200). '

1 9. The method of claim 1, wherein said predetermined

2 intra-coded data comprises predetermined intra-coded

3 macroblocks (MB1, MB2).

10. The method of claim 9, wherein said predetermined -

1
- 2 intra-coded macroblocks comprise luminance and chrominance
3 blocks |
4 (0,1,23,4,5,).
1 11. The method of ‘claim 9, comprising an additional step of;
2 copying blocks 0 and 1 to blocks 2 and 3 within

3 macroblocks which are field coded.



20 resolution, and an effective trick-play bit rate of 2.0 Mps. The
per f or manwesgEI2He sumari zed iﬂlmwl! “l‘i)““il,\,, Dur i ngpoTARes/tHapy, an
i ndependent, |-frame only, MPE itten to tape for each

trick-play speed. 5 The spatlal Tesol ution is the same as the
source material. The tenporagl, resolution i's fixed having a 5
frame hol ding tine. Each | -Trame uses all DC and sonme AC
coefficients. The overall spatial -quality is fair. Recovered
trick-play inmges are recogni zabl e and are aeceptable for tape search
purposes. 10 _ The fol | ow table su rizes trick-play

qual i thy adBi evihe 5964193 9&&16153 f&v StP @) scl osed.

REAL- T MEad@itidhally incNidésRRAstep JE; PLAY STREAM

TRI CK PLAY STREAM NERATI ON
FULL . SPATI AL EiJRPF?‘?‘“g Repdipted P EP?%\"“'“S for F&%_?h"f“% 0or to
fair, 4nl sakiCc predetarminedaimacrpblack (MB3)THrarpPlany immediatelyi ent s used.

some AC cpédddipgn edetermined mblock used.
TEMPORAL AéLlT EPi L QUAL (MBI) poor to
accept abl e, poor to accept abl e vari able 5-8 franme

constgnt 5 frafB, The method of claim 5, bchﬂ:riﬁnglzm?%ddmonal step) @fng tine.

Low SPATI AL QUALI L, OUAL poor to
good, 2 good to g@?‘ﬂfgﬁ & tr%fc é“gycﬁpﬁ%fsl’ecgéﬁeﬂbgaon mat eri al ,
depend!s ocoded cframie, by inserting' BaDEMpPty P frame vtor keplaceBsaid trick

used. 4 play speed sgeclfic ﬁ-ﬁ'@i&%ﬂ- frine! [¥21,THIORMs UALI TY:

good, const ant frame ‘
holding time. frane holdlngtlrre _ In V|ewof the constraints

di sgussed p{evmwsl'm}je tdiahbdgbe?laim 5 kcphnytisifg dnialdditionaly siep ofhi eved,
- in bo real -tine and pr or
I ovverti]esol ution trick- p?ﬁ{’ﬁ%t a(‘]SISMTJ'rX‘EGgﬂi’Fa)J tﬂ‘ Lhﬁa&eehzed
3 Elemental Stream layer of said MPEG compauble signal to repeat
4 said trick play speed specific mtra-t_:oded frame (121, 131, 141)_ N

1 " 15. The method of claim 1, wherein said intra-coded frame
' having reduced spatial resolution (71) compri—ses 720 x 480 pixels.

- 16. The method of claim 9, wherein said intra-coded |

1

2 macroblocks (MB1, MB3) compnse DC discrete cosine transform

3  coefficients and selected AC discrete cosine transform coefficients.
1 17. The method of claim 16, wherein said selected AC

2 discrete cosine transform coefficients are selected in accordance
3 with a predetermined number of bits allocated per macroblock.
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t He advanced tel evi sion recei ver/decoder nust support the use of a | ow
resol uti on n@oensids full -resolution trick-play nodes are utiPCREs9s12421
‘WD 96/ 13128 PCT/ US95/ 12421
21 the quality provided may be enhanced by manipul ation of various
paraneters. For exanple, raising the effgf@ive bit-rate available for
each trick-play speed, will allow an increase in resolution. However,
a m ni num bTF!ﬁ g approximtely 2.0 Mps is required. If the 5
nunber of Bl dy" speeds prow ded is reduced, for exarrple to t wo
I n each direc eyt he ef sy e bit-rpte w
speed may be i'- %’j e ef rzRE(BEL*IERJ |n WREPLMnber
of frame repeatsD W o] kﬂ;‘ r ade- of terrpBAIA
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7 b) decoding said data stream (09) to extract intra- 8
coded dat awQAd6n31289 c) storing predeterm nedpgrbssargaded
data (103) 1 0O from said extracted intra-coded data (71) to form an
intra-coded 11 frane having reduced spatial resolution (111); 1 2

d) periodically selecting said intrasgpgled frame 13 from said stored

frame havi spatial resolutio 11); 1 4 . e)

sequenti al F’Gj-eadng said periodically selected 1 5 intra-coded frane
(121, 131, 141) and said data stream (10) to 16 .forman MPEG conpati bl e
bit stream (200); and, 17 - f) r ecardi .ng (210) said MPEG

conpat i bl e JRIGIRALHITV-VIDEOMRTERIAL0)  2[WPEE: lioF—eaim L
conpri si ng ane dl ectifpg from said
d-e\erm

extract ed |ntra cpded._daty 3 (71) -i& {a- goded gata by
reading a | ook upjtje @TﬁL 2> oy 1, dpnprising an
additional step of;} 2¢ sai d Rt racted

i ntra-coded data }

pr edet er m ned ULV | on.

by pegflorming a 4
aim

addi ti onal | I

peri odi cal z 'ﬁ@ s
pr edet er m nje

23 1 d i onal}§ 9
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5 (121, 131, 141).

1

6. The nmethod of claim1, wherein said step

d) additi on%lpli’fll;!l”corrprl ses a step of;
periodi cal selected intra-coded 4

predet erm ned tenporal 5

resol ution.

wherein said step e) additionally 2
controlling (FMIr CTRL) said sequentlal

peri odi cal |
of said MP

t han normal replay s-

sequentially 2
signal (FMr 3
(210) 4

Casg

S

3

3se

frame (121,131, 141) to 5
( CA

recordi ng ~JLJ4“1
nmet hod of claim- 1, :
conpri ses predeterni

10. The net hod of_cl. -
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A consumer digital video cassette recorder (210) may record an advanced television signal (09) having an MPEG like signal format.
The predictive nature of the MPEG like signal format requires that additional I frame data be generated and recorded together with a normal
play speed data stream (10) to facilitate non-standard speed, or trick play reproduction. Additional I frame data streams (121, 131, 141) are
generated spec:ﬁcally for each replay speed and are written within recorded tracks to facilitate reproduction at the predetermined speeds.
Various inventive methods for the derivation of full resolution and reduced resolution trick play data streams are disclosed. Inventive trick
play data stream generation is disclosed for real time recording by consumer apparatus and non-real time normal and trick play data stream




