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This invention relates to the field of digital video ‘recording, and in
particular to the derivation, recording and reproduction of MPEG I|ike
advanced tel evision signals at non- ~ 5 -stahdard speeds.

BACKGROUND OF THE | NVENTI ON A digital video cassette
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' A specification of the %A sign is 1ngﬁ1ded in a draft

spec1f1catlon 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 contams
‘one television field. Hence, reproduction at speeds other than

_ standard, may result in the reproducing head, or heads, crossing

35 multiple tracks and recovering recognizable picture segments. The
picture segments may be abutted and provide a recognizable and
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diminished. In addition the MPEG data stream is particularly
unforgiving. of missing or garbled data. Thus to provide "Trick
Play” or non-standard speed replay features requires that specrflc
data be recorded which when reproduced in a TP mode, is capable
20 of image reconstruction without the use of adjacent or preceding "
frame information. The specific data, or "Trick Play” data must be
‘semantically correct to allow MPEG decoding. In addition, a
selection of "Trick Play" speeds, may require different TP data
~ derivation and may require TP speed specrfrc recorded track
25 locations. -
To be capable of reconstruction “without preceding
frame data requires that '“Tnck Play" specific data be derived from
I frames. The "Trick Play" specific data must be syntactically and
semantically correct to allow decoding, for example, by a GA or
30 MPEG compatible decoder. In addition the "Trick Play" or TP data
must be inserted into the MPEG like data’ stream for recording
- together with the normal play, MPEG like signal. This sharing of the
recording channel data capacity may impose constraints in terms of
_ TP data bit rate which may be provided within the available track
35 capacity. The TP data bit rate may be variously utilized or shared
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: image processing techniques. Such non-real time processing may

15 inherently provide higher quality "Trick Play" images than that
attainable with real time processing.

A method for generating an MPEG compatible digital
image representative signal which when recorded facilitates .

20 reproduction at more than one speed. The method comprises the
steps of: receiving a data stream comprising an MPEG compatible
digital image representative signal; decoding the data stream to
extract mtra-coded data; storing specific coefficients extracted from

. the intra-coded data to form a reduced bit rate intra-coded frame;

25 periodically selecting the reduced bit rate intra-coded frame to
form a bit stream specific to a trick play speed; selecting between
thebit stream specific to the trick play speed and the data stream to
produce a record formatted bit stream; and, recording the record
formatted bit stream. _ _

30 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

35 inventive system for the real-time generation of a full resolution,
"trick-play” data stream.
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In a consumer dlgrtal video cassette recorder major
considerations in the real-time generation of a trick-play stream
are the complexity and cost of processing required, and the need to
keep this cost at a reasonable level. For this reason, the processing

20 utilized in the generation of a real-time trick-play data stream may
be limited to extracting pieces of the existing bit stream and
implementing minor modifications to bit-stream parameters.

"Trick-play" data streams must be produced in real-
time by extracting independent intra-information pieces from the

25 ooriginal data stream. . This intra-information may come from intra-
‘frames, intra-slices, and/or intra-macroblocks. The source selected
for I frame data derivation depends on the form of intra refresh
employed in the ongmal stream, and for exemplary purposes 1t is
assumed that either mtra-frame or intra-slice refresh method is

30 employed. . E : _

In a first 1nvent1ve method of real-time generatron, a

low spatial resolution "Trick Play" data stream is derived. The low"
spatial resolution trick-play stream may, for example, have
resolution according to the CCIR 601 standard, (720 x 480 pixels),

- 35 regardless of the original HDTV stream resolution. Since the

effective available bit-rate for trick-play streams is limited to
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In this exemplary block diagram, trick-play speeds of -5x, 18x and
35x are generated. For each TP speed, low-resolution, intra-coded
frames are conmstructed from a received MPEG ‘like transport stream.
By detecting MPEG header information in the transport stream
20 down to the slice level, intra slices can be extracted, processed and
used to create a single I-frame in memory 110. The extraction and
processing stage 100 performs three tasks; extracting macroblocks
for  the construction of a TP I-frame, re-encoding DC transform
coefficients when necessary using DPCM encoding, and discarding
25 unwanted AC transform coefficients when. necessary. Havmg
constructed ‘and stored a low-resolution TP I-frame in memory 110,
it is utilized in the generanon of speed specific data streams for
each trick-play speed. ' |
' A radio frequency carrier, modulated responsive to an
30 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 produce. an MPEG compatible advanced telev1smn
transport stream 09, -
35 The advanced television transport stream 09, is
demultiplexed in block 20 to obtain only the Packetized Elemental
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t he sane resol ution, or pixel count, as the original . HDTV nateri al .
However, since the usable trick-play bit-rate is limted by the
recordi ng channel capacity of nominally 2 M 1 0 bits/sec., a trade-off

exi sts between spatial and tenporal resol ution. Thus the provision of
a full spatial resolution "Trick Pl ay6 node effectively requires that
the tenporal resolution be reduced to remain.conmensurate with the TP
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PCT/ US95H 4818, ®F intra-stice re%resh techniques are employed and also that
the intra-slice flag in the slice header is set when appropriate. If
the intra_slice flag is not set. or intra-macroblock. refresh is used
then a further level of detection down to macroblock level is
20 required. ' - . .
' ' The data extraction and processing stage 100 selects
from the intra-coded macroblocks extracted in block 70, only intra
information which is utilized for constructing various trick-play |
data streams. In. addition block 100:performs any processing which
25 nmay be necessary to ensure the syntactic and semantic correctness
for MPEG compatibility: of the resulting reconstructed TP I-frame
Since the reconstructed TP I-frame is of lower spatial resolution
" than the original MPEG stream, only a sub-set of the detected intra-
macroblocks is required. To determine which macroblocks or MBs
30 are to be kept and which are to be discarded, either a mathematical
function or a predefined look-up table may be employed. 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
35 the mathematical function or provides the look up table for
determining macroblock selection. |
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vi deo i nfor |ddfAs12khe PES streamis decoded in block 30 to exi¢ro$es/12420
fram t he packets, the MPEG encoded vi deo stream payl oad. Havi ng
extracted the I\/PEG encoded stream the required intra-coded 5
informati on may be detected.and extracted. Sequence detection bl ock
40 exam nes the bit streamfor the occurrence of a start code
characterized by twenty five 0's followed by 1, followed by an 8 bit
address indicating MPEG video header. Picture detection is. per f or med
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data extraction and proceéssing stage ects fromthe intra-coded
macr obl ocks extracted in block 70, only |ntra i nformation mhich IS
utilized 1@ constrijcqllowgresdlaton idwyk-play = rﬁ@)ﬂNillD ans

addi ti on bl ock 100 Ee forne ﬁ rocm ?g whi c (% necessary to
ensure the syntacti ﬂ&"g‘?r?g“ p nes§ mflo)/ EH conpatibiiity
of the resulting reconstruct ed TP I-frane. Since the reconstructed TP

|-frame is of 0, hg, 1014l am
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. macroblocks MB1, MB2 and MB3, where each comprises blocks O, l
20 2, 3, 4 and 5. Macroblock 2 is crossed through to illustrate non-use
in constructing the reduced resolution TP I frame. The DC
.coefficients of each luminance and chrominance block are depicted
in FIGURE 5 with dark stripes. The DC coefficients are predicted
. from within each macroblock, with the DC coefficient of the first
25 block of an MB being predicted from the last DC coefficient of the
immediately preceding MB of the slice. The arrows in FIGURE §
illustrate the prediction sequence. Thus, if the preceding MB, for
example, MB 2 of FIGURE 5 is not selected, certain DC coefficients
must be re-calculated from the newly abutted macroblock, as
30 depicted by arrows NEW of FIGURE 5, and re-encoded using DPCM.
.This re-encoding process is performed as the 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
35 included to remove interlace "flicker" exhibited by frozen interlaced
fields containing_motion. If the temporal resolution of the
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first025 bl ock oanrfunbenefummcperfennedobyt prodessingDGtagef10@i isnt of
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' Hustra bee acco?r;r?loldzcztedo r%ns ?l?eu ex?ec“erly constructe '%Pprl-frame %ue to the
low bit-rate available for the trick-play stre_ams. To accomplish
this, each block is variable-length-decoded to the point where the
15 block will be padded with zeros, indicating the last coefficient of
that block. The number of bits for each block are stored and
accumulate in a buffer. The bits are counted and when a count
exceeds a predetermined number the remaining AC coefficients are
unused or deleted. The number of bits per TP MB depends on the
20 overall rate allowed for each trlck7play stream and the temporal
resolution or number of frame updates per second.
The block diagram of FIGURE 1 illustrates the formation
of trick-play data streams having the same allocated bit-rate. If
the rate differs significantly between TP speeds, for example, to
25 provide differing resolution at each speed then the number of AC
coefficients retained in I-frame memory 110 will also differ for
each speed. Hence I-frame memory . 110 cannot be shared and
separate I-frame memories may be required for each TP speed or
bit rate. '
30 : The inventive low-resolution TP I-frame assembled in
I-frame memory 110 is coupled to three trick-play stream
generation stages; 5 times, block 145; 18 times, block 160 and 35
times block 170. In exemplary FIGURE 1, each trick-play stream
may be allocated the same bit-rate and temporal resolution, which
35 may represent_ a preferred configuration. However, not every
reconstructed TP I-frame is used for each TP speed. For example, if




ext'arrpl e, MB2 of FIGJRE 5 is not selected, certain DC coefficients
must be re- g?béF d fromthe newy abutted macrobl ock, as 3Gcrigdesqiae by
0

ary ows NEW 5, and re-encoded. usi ng DPCM Thi s re-encodi ng
process is performed as the nacrobl ocks are witten to the I-frane
menory 110. If the HDTV.vidgo sequence originated from an

I nterlaced scanni ng source, an optional processing step may be 35 included

to renmove interlace "flicker" exhibited by frozen interl aced fields

g?;?} Sisgg/ngzzggﬂﬁll-frﬁrﬂ&(refﬁeﬁomb-il@_’sﬂieﬂdrﬁg"inai sthéam is once/\@vRpy 1fifen
reconst ruct ed TARES. p(M?/laraéﬁjmﬁhg §W°f#atre§?llé“wsferdar$é' (e[a‘%l trick-play
fields) is disstreamdis selented tohdbe three] rber thernumber hefh fsamis times

interlaced "fly y e .val ol e ' ~qoded
macr obl ocks th‘l’% 1 cﬁ%’rng gx)ta#easgt mrfeg\ia%lé gl :tfr%nér\%;%é%cg)’/ copying the 5

top two bl 8&cks of the macrobl ock, blocks 0 and 1, to the | ower two

bl ocks, blocks 2 angs,3.spbleidy. q8P¥tdifie Wrdpedts "Ranfed eftesh) = 1.0
effectively nakes bgst h fpi el ?is((t he sane 't‘??us ;r/glrsrsovi ng any fi e?d-to-
field nmotion fromthe frame. This re-encoding process is perforned
as the macrobl inissenery WP tI-frame wilk be fusede rSimilarly 1for 18x0and 35x

A further func%#é)gd#)e-rforned by processing stage 100 Is : t he renvoval
of AC coeffici * om each macrobl ock which cannot be accommodat ed
in the nebly .constructed TP I-franme due to the | ow bit-rate avail able
for the trick-play 15102 npl i sh ' this, each block is

vari abl e- | engt h-decgfdge)mltsﬁe p?f'ﬁt where the 1 5 block will be padded
with zeros, indicat{(F)NEINAsE dBfficient of that bl ock. The number
of bits for each block are stored and accunul ate in a buffer. The

DL, are coun g andl IR el Shpronimaly S ROk ESVARC IR 4 1
per TP MBld&epeustdd,oand hat 35x speed every seventh I-frame is used. If it is
' assumed that the intra-refresh period in an advanced television
stream is 0.5 seconds (M=15 for 30 fps source) then a three-frame
‘holding time for 5x speed is the highest possible TP temporal
resolution. For simplicity and consistency a three-frame holding
20 time may be used for the remaining TP speeds. A higher temporal
resolution of two-frames or single-frame holding time could be
used for higher TP speeds since lower temporal resolution at higher
speeds may give a false sense of slower than actual trick-play
speed. Assuming that the effective trick-play bit-rate is constant,
25 the provision of a higher temporal resolution would consequently
require a lower spatial resol_ution quality. :
The reconstructed TP I-frame is read from memory, 110
and packaged, according to TP speed, by blocks 145, 160 and 170
which add the appropriate MPEG picture headers and a PES layer.
30 The advanced television transport stream 09 is buffered by buffer
15, which generates signal 10, a transport stream for normal play
speed :processing.' _'Norma'l play transport stream 10 is coupled to
multiplexor MUX 150. Multiplexor MUX 150 is controlled )
tesponsive ‘to recorder 210 servo signals to generate an output bit
35 stream having a sequence which when recorded produces a
predetermined track format. The recorded track format is selected



20 overall rate allowed for each trick-play stream and the tenporal

r esol Uyip®gneiz2nunber of frame updates per second. PCT/US9S/12420 The

bl ock diagramof FIGURE 1 illustrates the formation of trick-play data,
streans having the sane allocated bit-rate. If the rate differs ' '
significantly between TP speeds, for exanple, to 25 provi de differing

resol ution at- each speed, then the nun'lbgr of AC -coefficients retained
inl-frame nenory 110 will also differt¥or each speed. Hence I-frane
-menory 110 cannot be shared and .- separate |-frane nenories may be
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not éveryfhe TP rleframa ts, THx | signahel 215 18xdsignal ekdh and 35xed. For

exam o sigpal 141, af® 86upiéd*fo multiplexor MUX 150 which inserts the

PCT/ US95 B | I oframe
refresh feame; packetsoforyiaagh IR speedsintec sheresmal plagntranspost; anes

(415 AU, | TN viGE MPEID, St pafonskoas i tmarnd 5 01
updat es, rggg%efmpcgsﬁipgégysﬁgceg’ﬁer55i0 and recorfﬁ\g;g :‘Hbe@?.e ?gwferGarre e
repdads)/ (15 franme Tefmininjize TPObit rate, ihuslace cofy répedtedrFRel wi | | be used.
(8'3‘[3") l ?gl) f{éﬁgas,i%i;grg@dré&é%ts or KOREHS: tihfks, may be m{ﬁllggneﬁﬁéé(ﬂ?) = 3.6
L 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 1 frame. _Alt’ernatively,~ frame repeats may be
15 implemented by 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 frame times apart. _Either frame repeat '
method produces the same result. However, the second method
20 requires no extra processing of the TP stream on playback and
hence, adds no extra cost to the unit. However, the second method
requires that the optional DSM_trick_mode_flag is supported in
advanced television decoders. With this second method, the extra
processing is implemented in the advanced television decoder. .
25 Either frame repeat method may implemented during speed
specific stream generation in blocks 145, 160 and 170. .
The inventive trick-play stream generation techniques
described above were emplbyed to produce trick-play speeds of S5x,
18x and 35x with a spatial resolution of 720 x 480 pixels, and an
30 effective trick-play data rate of 2.0 Mbps. The various trick-play
speeds were evaluated and may be summarized by the following
points: , | | N
Data for each trick-play sp_eéd was generated representing
independent low-resolution (720 x 480 pixels), MPEG compatible
35 transport streams. SR :




R
Thus at 18x speed approximately every third or fourth I-frane is 15 used,

and at 35x swp@echmyery seventh I-frame is used. If it is PEYAISHF IR4pth at
the intra-refresh period in an advanced tel evision streamis 0.5
seconds (M=15 for 30 fps source) then a three-frane hol ding tinme for
5x speed .is the highest possible TP tenporal resol ution. For

sinplicity and consistency a“ three-franme ho) (ill ng 20 tine nmay be used for
the remai ning TP speeds. A higher terrporal resolution of two-frames .
or single-frame holding tinme could be used for higher TP speeds since

!S?\g/ewrertteggrZtﬁggﬁhﬁ@%g&ﬁh%{éms %afydﬁ:{:ﬁ%;fﬁxﬁés ?ﬁugtelnig of
trick-play bitd dhe, nfricknplay stream, to ﬂflg}ffé‘i; &bor al
reslo! ution V\olHotvmdsaqdngw Reverse €TRi nfgggdzsL OV\E% spati al ra;;lgut i on
quality. ) b c h athfd
110 and packa % reé%@ ?d ﬁ g %‘%é 2 t %) ﬁgﬁ@ Yﬁg g#éeﬁ
whi ch add 5he%amp gﬂrt(at'bZQ/PE@ cpmp .hﬁaﬂenhearmanﬁﬁg areaciabose afide
advanced tel e‘He?bﬂ”tﬁfali‘%pﬂﬁﬁ% 09 is buffered by buffer 15,
n rans

whi ch generates signa ort streamfor nor mal 2/ peed
processing. Nor nal llﬂat?mP pEysolutionais such gh abmem&t@n three-frame

mul ti pl exor Mypldfily tivde! isohsar rédudltinfOir Sa:p%mfédiideefilate of 10Sfaffds) et O
recorder 210 servo signals to generate an output bit 35 stream having a

sequence whi ch Bﬂ recorded produces a predeterm ned track format.
The recork@d track BEanlndt frame ebfeahedtrick-playVﬂreﬁm%:ampnses a selection
PCT/ US95/ 1242()

el erd d
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ract and v ESTICRA G el WEDALRE hetoblocks ! BpiEh e
mater |
15 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 provides good temporal
resolution. The trick-play data stream may be decoded to produce
recognizable trick-play video images and hence is acceptable for
20 tape search usage.
The inventive low-resolution real-time mck-play mode
previously discussed produces recognizable spatial images at a
relatively high temporal resolution. However, as already
mentioned, this mode may be used if an advanced television
25 receiver/decoder unit is operable at lower resolution, for example,
such as that produced by CCIR recommendation 601. However, if
operation at a lower resolution is not provided, then trick-play data
must be derived having nominally the same spatial resolution, _i.e.
the same pixel count as the original source. FIGURE 2 illustrates an
30 inventive exemplary system for generating full-resolution, real-
time trick-play streams. Three trick-play speeds of 5 times, 18
times and 35 times are illustrated. = The difference between the
~ full-resolution scheme of FIGURE 2 and the low-resolution scheme
illustrated in FIGURE 1, is in data extraction and processing block
35 105, and stream generation blocks 155, 165 and 175.



5 The TP I-franme packets, 5x signal 121, 18x signal 131 and 35x

si gnal Wwéder13me coupled to multiplexor MIX 150 whi ch i nseidigudosgad42e.
frame packets for each TP speed into the normal play transport stream

Thus a valid, MPEG like, transport streamis fornmatted for record
processi ng by recorder 210 and recording on tape 220. 1 0 To
mnimze TP bi't rate, in place of repeated TP | frames, frane repeats
or holding tinmes, may be inpl enented b} 2 witing enpty P-franes between
| frames in the video stream An enpty P-frame results in the decoder
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requires that the optional ,DSM tri ckpod
tel evi si PFIEREMJBNY. PIPeessing swhich is fequed tecguatamtee the processing is

| mpl enentsyatactié hendidsemainic tcdresctness of aheeresuling ETPhqLfrafie Theeat
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genel Bt i aegencratedubdrame mizstc havedthd samercresotutiony eor tpixel czbum,
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various ttPi Esconsguct the pgwedd leframe, ol SincednanMPBsyarse deleteds nped by t he
fol | owl nge-encodifighbf: DC transformP¥oRffiefentsCid rédgifed) ay speed was
%gggr 2E)ed r_eprese-nt,.t.ﬁl?q . :fngetﬁ)endsgt rloggvs-srigsot%c%gﬁg 720 ti;e480- pi xel s),
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PCT/ LS95/réiidal of AC coefficients from each macroblock which, as a '
consequence of the trick-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
20 update rate of the trick-play stream and the temporal resolution, or
frame update rate of the 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.c. same
pixel count, the DC coefficients alone are likely to represent more
25 bits than all the coefficients, both AC and DC assembled in a low-
resolution TP frame. Thus any limited inclusion of even a few AC
coefficients in each full-resolution macroblock will produce a ‘ '
significant reduction in the temporal resolution, i.e. the frame
update time will be lengthened, with more frame repeats. Thus to
30 facilitate constant temporal resolution in full-resolution: trick-play
Streams, a system may employ only the DC coefficients of each
macroblock with all AC coefficients being discarded. In addition,
discarding the AC coefficients reduces processing complexity since
only variable-length decoding of the DPCM value of the DC.
35 coefficient is required. FIGURE 2 illustrates an exemplary system
where each trick-play speed has the same bit rate, and thus the

v



11 - Each TP stream contains only intra-coded franes thus
al | ow ng t hepspdgpsidal Ck-play streamto be used for both Fast pcruSssnssed

and- Fast Reverse TP nodes. To retain a 16:9 aspect ratio, the
actual spatial inmage size is 5 sanpled to 720 x 384 pixels, with the
remai ni ng area above and ~ bel ow the TP i nage bl ack. The
tenporal resolution is such that a constant t:?ree-fr"ame hol ding tine
is used resulting in an effective rate of 1(} ranes per - second. 10
Each | frane of the trick-play streans conprises a selection of -
sanpl ed macr obsaumies Itframe Haemaryi may sbe csharedhbetween athe ghree TP2. 0 M
bits/sec. and ggéggsf_rame holding tinme allows nmost AC coefficients to
remain in the s

l'ected macrofl ocks ,for typical, test . ., Lal ., 15 :
The overal | subjective g?&iiﬁ'ﬁc‘%%%lﬂﬁ"dﬂgﬂ%flﬁi e GQgiﬁaMBﬁJagp‘QF’S@nt on
the amount of fifages wedel gmawplgj'?xiﬁthrliaaeﬁh@canning§0ﬂfe_ﬁe afRiopticiial A
picture rate of 1 f'ﬁpsﬁprow des goo tf";a:) 3I rescil tion, Il'rl% "
trick-pl ay “dat BTCGSSHTE IGP , IaYe Ay dBC % gubemove IMEEIAgH; AQIfker
trick-play vi demhibitakdyafdozemdiclds contapnimg endtion.20 Onesuche methodshas.
The inventive S [ ti LGK- € aven viQus| y
di scussed prOdhgg—saa?.eggwrlﬂ gg%{rg%s%at E?&lérbrga}%egir%;é gﬂﬂ °"°’E"é¥f§f’?v’é@ i gh
tenporal resol Besalutiopothd systess vsescam)y DC transfoomeaoetficientssde simplee
used if an advghgeghdre! efficiemt -Afetho@Ciaie’ ﬁﬁ@dﬁled“ﬂ? deltifpeid! e at
| ower resql t|?n, for e g)l e, such as t hat Produ ed bg I, R ]
r ecommrendaty on r@é‘i‘?—m@ me_dct flag,in, he opiciEre GQAiBS_LELISION o SEFUOR ot
provided, t Ihentcb r'I'Ck-Thisy fldgt indicatesntizdt #¢ MBs ?m:i‘ehﬁ\am emgibﬂadl_ lthus l@
sanme spatial r . t S i c S Figjna
sourcor ki LREPVIEREG] fistdCcaded, pladk, SRETE T BN hidket, B
generating ful deceded asi anframercoded blockoe The aesultais thatceach figld és
trick-play spe f 5 L : i’rq;& t i t ed.
The differe ce,s ,ei:\%e,gg {”hﬁeﬁsmé&*p ir- ?gs utﬁ@%@éﬂeﬁwgﬂgﬁ t he
| ow r esol 4t on THEkefrels remavied,st Thissanethod ofirflicker; slimination also zedpess
igg processi ngtle qiimBer dO0Dits2ded! i1fARed PRRITObIGTK_thedés sbelionl Sincd ¢he
' dct_type flag can no longer be present if frame_pred_frame_dct_ is
set to '1'.

The reconstructed TP I-frame is assembled in memory

20 115, and coupled to three trick-play stream generation 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 trick-play stream has the same effective bit-rate
and hence the same approximate temporal resolution. As discussed

25 previously, not every reconstructed TP I-frame is used for each~
speed. However TP I-frame utilization may be further limited for
the following reason:. Although each TP I-frame has the same ~
number of coefficients, for example, DC only, each TP I-frame may
not have the saime number of bits since the DC coefficients are”

30 variable length encoded. Therefore, a constant temporal resolution
or frame holding time, cannot be fixed for each trick-play stream.
Instead the frame holding time will vary élightly over time with

~ the number of bits required to encode or form each TP I-frame.
For each trick-play speed, the respective "stream generation” |

35 stages, 155, 165 and 175, wait until enough bits have been

accumulated in buffer 105 to encode a TP I-frame. Then if the TP
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12 WO 96/13122 The transport stream decodi ng and ipgesieis86ti ON
depicted in blocks 20, 30, 40, 50, 60, and 70 operate and function as

described for the Iow resolution TP systemof FIGURE 1. As descri bed
for the low resolution TP system the pyg pose of the data 5 extraction and
processi ng stage, block 105, is to extract only intra I nformati on
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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
20 resolution trick-play system previously described. The average
and the variation in holding times experienced for typical source
ma‘te_rial- are shown in the following table: - ' '

"Z

'| AVERAGEHOLDING | VARIATION IN-

5 | SFRAMES | 5-8FRAMES
18X | SFRAMES | 5-8FRAMES
35X | SFRAMES | 5-8FRAMES
25 Note: ~ Because an idéntical- effecti_ve,: trick-play bit-rate is used

for all speeds, the temporal resolution will always be similar (if not
identical) for each speed. | o
Each TP I-frame uses only DC coefficients. |
The overall quality of spatial resolution is only fair since only.
30 DC coefficients are used.  The quality of temporal resolution may
vary between poor and fair, depending on the level of complexity



30 facilitate constant tenporal resolution in full-resolution trick-play
streans, a Syetegasm@y enploy only the DC coefficients of each pcT/uses/12420

macrobl ock with all AC coefficients being discarded. In addition,

di scardi ng the AC coefficients reduces processing conplexity since -

only variabl e-1ength decoding of the DPCM val ue of the DC 35 coefficient

is required. FIGURE 2 illustrates an exenplary system wher e each
trick-play speed has the same b| t rate, andlthus the. - WD 96/ 13122
PCT/ US95/ 12420 sane
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si nce the &/ s;reamg %eeao sp%?i e ‘ﬁ? 85:%S§Prteams may be derived ; og

franepred_f r ane®
TP |-frame is hriepehdedtlyn ofewmey adotherl ldnd aindependentlyt dromr ehe t acsual pl ay

T e oy T I AR Bl e
exenpl ary systdenmed Fircumen-real time, possibly at non-standard or slower frame
° 15 repetition rates. Since the constraints 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.

- 20 601 having a resolution of 720 x 480 pixels, regardless of the
'original HDTV stream resolution. A second ‘inventive method
constructs a trick-play stream of the same resolution, i.e. pixel
count, as the original HDTV material. '

- FIGURE 3 illustrates an exemplary block diagram

25 showing an inventive method for generating low-resolution, pre-

 recorded trick-play data streams. Regardless of the format of the
original HDTV video material 09, temporal processing block 30,
performs temporally subsampling which produces a 30 Hz,
progressive signal 31. The operation of this stage may differ.

30 depending on whether the original source material is ‘progressive
with a 59.94/60 Hz frame rate or interlaced with a 29.97/30 Hz
frame rate. With progressively scanned source material, the frame
rate may be reduced by dropping every second frame from the
sequence. By dropping alternate frames a progressive sequence

35 results having half the temporal resolution of the original source
material. With interlaced source material, the frame rate remains




assunes that each trick-play stream has the sane effective bit-rate
and hegpgdodidgasane approxi mate tenporal resolution. As dpggiEsdihess

previ ously, not every reconstructed TP |I-franme is used for each speed. ,
"However TP I-frame utilization may be further linmited for t he

foll.owi ng reason. Although each TP |-frane has the sane nunber of
coefficients, for exanple, DC only, each TP |-frame may not have the
same nunber of bits since the DC coeffl6ients are 30 variable | engt h
encoded Therefore, a constant tenporal resolution or frane hol di ng

tinme, fhnee ead. the frane
hol di ng ?F?r;s“? Bli\/%argrfisl |n%ﬁ?1klaove?nﬁa%é ﬁ#ﬁé% usetqﬂe m#ber of bits
requi r ed PTACRSRRG cTESM $oi‘i‘n %aEIP8FPS$W§r sequence ofrbalfeshe vertidalpl ay speed,

t he respeéiolutions tankithe ISimediftfifle gfte. St ages, 155, 165 and 175, wait
until enough bits dlnbffe 5 to en odeaTP

| -frame. Then if tmierlprogress1ve%sggpgg€2 ames, slgna is coup
PCT/ $95ta28laek 40, which generates a lower resolutlon s1%nallﬂavmg f014 frame

“whi oh- hackHsiple. b HiOGioN, driFehd by TOM Hed, 601 (ERD  specd the
TP | -f rai?ﬁogsessn&imeucmd feaments: resamipled msaaomxl 384 pixelsetsubt ract ed

f h I f d h
1ok pl i i AT ipRACTaic, dnlThatapd WAE Blck “uppst faf0 I

was a
scheme m%wapf}éoré&ﬁ# V9 Preduce t‘ha ettfé'sb% bEermat ofhd20o%- 480 Pl&@&ol ution
systledn and the fr Jhe HDTISbigedl ¢ W'ﬁ:ﬂ?@s&ﬁé&twtsl nal 419r all speeds.

The reco e s_are.read .f fory-115 and, p ckaged y
stream gi&@g %ﬂg%ﬁﬁz&tﬂeéﬁ@lfg@ rﬁg] ?‘o?ﬁpapﬁﬁé F’dﬁei
t r anspor scannegh with ra S0 Hz frame rater Slgnalvvat! fsscdupbdl co! Hlocks 180,

| owresogyt i m \e .1 al '
resol uti 59 il??cﬁvﬁllt‘:ﬁ lrr%plement speedner% |on te OX& %&WQ éﬁgabove was
eval uat egaﬁ %CETR ayt stream is Gﬂlﬁkﬂ?ﬂedy taahave athe sanee Ctemgmal for

trigis pl ﬁesd@ﬁoﬂSoﬂffrﬁm h8ldih 5nxﬂéldo18@< fréliﬁés,pf%f GVER) Cfraifiy will
summar | Zﬁd aesp(;ﬁg% nce. Therefore at N‘n xﬁgg dt%% - la s eeg the n1‘ra e C
conpat i bP® ¥ rQ ’ piay sp
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 and 35x becomes 30/70 Hz. Since every frame
20 is presented twice and the display rate is 30 Hz, the effective speed
~ of scene cohte_nt 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
respective MPEG encoders 120, 130 and 140 to format MPEG

25 -compatible bit streams. Since the MPEG compatible encoding is the
same for each speed, and because in a pre-recording env1ronment .
real-time processing is not necessary, the same MPEG encoding
hardware may be used to encode the normal-play stream and_each
trick-play stream. This commonalty of usage is indicated by the

30 broken line enclosing the MPEG encoder blocks 100, 120, 130, and
140. The temporally subsampled bit streams 51, 61 and 71 are
MPEG encoded as I-frames. Each I-frame is repeated once by
employing the DSM_trick_play_flag, located in the PES layer as
described previously. The resulting MPEG compatible streams

35 representing normal play speed NP, stream 101, and trick-play
speeds of 5x, stream 121, 18x, stream 131 and 35x, stream 141, are




stTeam may be recorded for each tri ck'p'l ay speed. The tenporal

resol ution vgig ®psydat h scene conplexity and is | ower, havPEEUSWAZE0
frame holding tinmes than the | ow spatial 20 resolution trick- pl ay system

.preV|oust described. The average - and the variation in holding tines
experienced for typical source material are shown in the follow ng

t abl e: . TP SPEED  AVERAGE HCJ_D& G VARI ATI ON | N
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iegfgi | 'I ts ndEaﬂbclfPfdrmatalsngnaieQOGnlgmttzbleoﬁfrf recend processing by The
qual i S | I
coefficients ﬁﬁ’ﬁg gﬁlﬁﬁes#}gﬁ %‘@M“Zn"g@#‘ﬁﬁ resgﬁb? ?goon Xs3Hesdribed
tgjg'; ﬁigzpo& aearliex rthedusenaf rpredeterminedyv diP speedspaldawsy Speed SPQF&‘C

15 - W t hl%.Pt F{gmﬂ!’oencc}gpsénon?d i reco'l_'ged gt spteﬁg%r-eg §d1gftr| ck- pl ay
i mges are reclopations avighin a’&@@{ﬂ%ltéaqkﬁ' t 3 Ss&&i‘éﬂ’lﬁ%%elt ormats
tT?.ecrkap f);yd'd; I ?ﬁ“‘ﬂgﬁ?eﬁ(} IﬁI‘ZOEﬁ'totld@E&telIr spekd PipecifiodTP 1 frame datorated
resu f
cost and |ack SP€ "é PYDE t %ql}? é"ié% Sﬁ’]ﬁ ‘t&%fdé‘?e‘ggﬁg%;?gwg’é? The
consuner @rgt ﬂeﬁo&mmﬂ faeilitate treproduction i atk the avardous: specifien ¥R | e
recordlng nor éﬁglay data, i.e. the - trick-play data streamis

derived in reatP? Wth re-recorded
RE 6 is a partial block dlagram illustrating a further

inventive arrangement of the non-real-time "trick-play" apparatus
of FIGURE 3. Speed specifically processed TP signals 51, 61 and 71
15 are coupled to memories 520, 530 and 540 which store the 5 times,
18 times and 35 times processed digital image signals respectively.
The original HDTV signal 09 is also stored in memory 500.
Production of the prerecorded media or tape is facilitated by the
- sequential selection between the various stored digital signal
20 sources to form an output signal which is MPEG encoded by encoder
100 and recorded on the media. A multiplexor 150 is controlled to
‘select between the various digital signal sources to form an output
signal for MPEG encoding. The MPEG encoded signal 200 has the
_ various signal components arranged such that a recording may be
25 replayed at normal and trick play speeds. Thus the inventive
arrangement of FIGURE 6 facilitates the non-real-time, and
mdependent derivation of both normal play and trick play dlgltal
signal sources for encoding as MPEG compatible bit streams. __
FIGURE 7 is a partial block diagram illustrating another
30 inventive arrangement of the non-real-time "trick-play” apparatus
of 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 processing and prg-_recorded material preparation,
35 signals 09, 51, 61 and 71 may be derived separately and
- individually coupled for MPEG encoding by a single encoder 100.




material, trick-play data streanms nmay be derived directly froman 1 0
ori gi nasvoWeAbiee source rather than froma conpressed MPHgT/Us9sngeseoded

stream Speed specific TP data streans may be derived i ndependently of ,
one anot her and i ndependently fromthe actual recordi ng event. Thus _
pre-recorded trick-play data nmay be derived in non-real time, possibly

at non-standard or slower frame 1 5 repetition rates. Since the
constraints of the consumer real-time 18 nmethod no | onger apply, the
quality of trick-play reproduction achi eved by pre-recorded materi al

my be si gwgf%&f(}&éguaﬁyg&@ddcd MPEG bit strea sAlbi 51:213[‘1’??%%? 1%} hod of

pre-recor erivatlo B resolution of for
exanpl e, @t FtREed i mempries iy esﬁﬂQ;tan;h mrgse:amgnmmal
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i || usts at echieh arecrooupled btmcrhumplgxamlzsodwhm rig eontrolledti ve net hod for
eneratin t st I‘

gRegardl esge%g)%a ggr #é?gf&&t glo to 8%}"38 %‘ﬂ %ﬁb—%pﬁ@%‘ﬁﬁﬁ?lféﬁ

't enpor al pnng errmtkedzosuch as for pooviset eeprodudtions uits aopimakhg whi ch
produces pigdp dfeed and Pir0ihe Wﬁi'é’ tShfl d?ﬂmcﬂﬂﬁx@?ﬁrs@h gg, of this stage

may diffe ep er t material is
progr essi ve Wi t ea W rsﬂﬁﬂa a1i°§° tion; EP| SYSl¢Mhi t h a

29. SVGO_iitustrated! iR"EIGURE W tdmdord%@éﬁbédvﬂbdv@Cﬁﬁéﬂc@dlthfek-my?rl al
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During recordmg, an independent, I-frame only, low--
15 resolution (720 x 480 pixel) MPEG compatlble stream’ is written to
~ tape for each trick-play speed. : :
_ 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
20 ‘each trick-play speed and produces good to excellent quality which
Temains constant for each speed. |
- 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. _
25 Overall, the trick-play image quality exhlblted with . this
scheme is very high. ps
The low-resolution pre-recorded tnck-play system
shown in FIGURE ‘3 and describe above produces good - quality. ._
spatial images at a relatively high temporal resolution. However,
30 such a low-resolution method may be used providing the advanced
television decoder/receiver unit is able support the lower
resolution display format.
FIGURE 4 is an exemplary block diagram of an inventive
full-resolution, pre-recorded trick-play stream generation system,
35 providing trick-play speeds of, 5x, 18x and 35x. As previously
' discussed, pre-recorded trick play data stream derivation may be



the sane but only one field fromeach frane is used. This processi ng
results in syapbdiyiessi ve sequence of half the vertical PETAsus/izage and
the sane frame rate. The progressively scanned franes,
signal 31 is coupled 5 to block 40, which generates a | ower resolution
si gnal having, for exanpl e, the resol ugigon delivered by CCI R Rec. 601.
Each Progressi.vely scanned franme is resanpled to 720 x 384 pixels to

retain the 16:9 as e%& atio.wand,gad ed with blacg upper and . . lower
borders to pr ated | rom  thip ori H}ajratu‘b‘fm?ﬂﬁ“%?e 80 ‘S‘Frfél naterigl.
The HD?'V Si glnaFIG.UR?V\?r glhﬁﬂzgebe_thd)%geﬁeﬁmﬁbn%f _ n01|'mahpl/d)nguﬁi lteiokrplay
spatial reso d.on,o PLxel.S rogressl . t
30 Hz frame rab¥y. SgFGHEﬁ% Héwle gsom;qsgdwgy bﬁ%cééné&t&i mdeg%%ﬁ%ﬁ&hwgh%ng
i npl enent  speesnatheen directlye fpaomathe HPANY| source matedabh- Sinegk -thisagystemeam
I s construet ed, : egtie ; : S s h | ng
tinme of 2 rag%lts&llaeg. f%l@gp ?/6@56&5”&%{ ?paha? B‘éﬁfsg%gé}tlgg ﬁc‘fg@ﬁ&% or e,
at-N tines trikengs dgssspreeessing isreaquired than that sshasm cisy FIGIRE0 31z ¢ o
gO/ 2N HzéO/Tfigssmdei éhsséi'ibilghﬂ, uncorggfg%séag §du§8§ ﬁﬁg@ﬁaﬁfrﬁagg}:égh%;ﬂ;& 5x
econes X o . econes n oneS .. Since
every frame 20iTames,which age; ”595 éﬂ&‘at'ﬁégﬁ‘?%%)%? a'?‘i%'-'é‘ ﬁaﬁﬁy tt"n(-,s“?t
effective speethe trickoplayespeedpntatiner thani selectingett framesaiomPanpeed.
The tenpo S I oGgks «00, 7 r t..bit.
streans SFJ 61%%@% S?‘E“s‘?“écﬁ?‘v@?@‘“ﬁﬁ. %hgg?%gggu%?'@oﬁ% r&%ﬂ#jgg %ec‘%a}nvebe
MPEG encoder s mmtanmﬂ,amhmhmg anors pleasingGtosthe aisepati bl e bit strearns.
Since the WPEG compatibl angnefigiiil HDTVevideo sPéiill 09" iseSbwhPEsspleanto
because in a p #cordl g m r Qnnent rea mgg%processwgrf S not
necessary, th @h N@ﬂc - BeREAGS AR StESR ¢ ©5de t he
nor mal - pl ay stﬁ?&galgrplﬁa@%bed opetrdtion.- pISignalk :osa!is ﬂltb?]s“sggcdnﬁdm Yemporal
usage 1S &l cat.e . €. n I nNe € S| Ng.. €,
bi ocks 1083 159bsegpling in blockd, 357as' REACTS fpeGielini Bar of Ptk play,
51, 61 and 71 speed of NViiffies;nonlieevesy | Nth ssoarrce Hraine mhayrbe iutilizede ford
once by e I ng ngw | Y obhl 20,40z t lan e :.AS
descri bed prev%%%. Je"??esﬂﬁﬁélmgGe&o%pgﬁsﬁﬁg ;ﬁ%rdlggong ggf)#geﬁ Wuﬂ
representing ndndretemposal syesedution, shee aptualoframesy used: fop| egcoding mayeds
of 5x, stream gelglodéi toSevaymsiNth B8RUSNEN. frafeC# drtfer & Provide an
20 acceptable spatial resolution. Hence frame holding times, or
temporal resolution, are similar to those of the real-time, full-
resolution - system described earlier. . :
Having selected a frame holding or update time, for
example, every 5Nth frame for each N times trick-play speed the
25 HDTV stream, signal 09, is temporally sub-sampled for each TP -
speed. The 5 times TP stream is derived in block 55 which B
temporally sub-samples by a factor of 1/5N, or 1/25, i.e. 1 franjxeﬂ in
25 is selected to generate output signal 56. Similarly, the 18 times
TP stream is derived in block 65, which temporally sub—samp_lg_s by
30 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 sub-sampled TP bit stream signals, 56, 66 and 76 are
coupled for MPEG encoding in encoder blocks 12C. 130 and 140
35 respectively. .
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17 wooengiked for record formatting by mul tipl exor 15@cTidekmsgedexor 150
~effectively selects between the various MPEG streans to generate a

sync bl ock format signal 200, suitable for record processing by record
replay system 210 and witing to tape 220. As described 5 earlier, the
use of predeterm ned TP speeds all ows speed specific TP data to be
positioned, or recorded, at specific syt block - locations within
recorded tracks. Thus rrultl pl exor 150 formats : sync bl ock signal 200 .to

| ocat e speed-specif p Cs I I ocat I ons
within the record anrcg&\kp 5(35(?@@1 Seg%o?m? F% | oa'r?sﬁgfcfé’?r gg at
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| | GURE 3.
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t e t na
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nedi a or Suhsam P.iedabltl streams 56, é&eand 763@qe|eMREﬂ} enteded as fet ween t he

vari ous S&aﬁfé@ d'Bbéé\iseS'tHQafra?& u écﬁ?néq b3l Oﬂﬁagghaw%’ﬂch‘m' ch
i's MPEG en.c% y enco 1

10 nd r Qr
mul ti pl exXICKIBIRY §“€Gm’r SPI isq the ““m%"Ee‘Pégl lﬂ&éﬁp Horveashhds digital
si gnkD sd‘wames t Theoframe loldpng times, swrlafraﬁw Eﬁsemasdl ng. The 'VPEG

Lhat didrék'gé‘ghéﬁgd“?’%e Hiploying) %é DS, B35k SRYLRRE" S Jiref ri‘”‘ﬂr;ixs“c“
Thus t he dasesibe he resulsinge, Gf tranSpeft Gtrfeams i representing

| d
trick pl ‘*‘*‘?”“‘. f‘? speed MIEP ﬁ“*%ﬁi c‘e"é‘”fé"?‘*"eﬁ%%‘%’ ?"%’%ﬁée EShal i bie bit
streans. 18x, strmwﬂz% 7and 35xarstreampilddy areageupled IfQStratr ng
- anothsr &eeord nfm-niatm%grbgaﬂﬂﬁ xof 150. nowhiliplexdr™ SU Tefféctively”

apparat Ugelecss Bltween  the “varidud' MPEG s ggurﬁsn% ngénéjrla@' aa%gny bfocl?l &
format signal 200, suitable for record processing by record replay
system 210 and writing to tape 220. As previously described,
predetermined TP speeds allow speed specific TP data to be
20 positioned, or recorded, at specific locations within recorded tracks.
Thus multiplexor 150 formats sync block signal 200 to locate speed
specific TP 1 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
25 also 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 mdependem
derivation of normal play and trick play digital signals for
subsequent formatting and MPEG encoding for pre-recorded tape
30 production or user controlled video on demand 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

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




processed digital signals 09, 51 .61 and 71 are coupled for encodi ng
as MPEG conpwoigehsi2ei t streanms by encoder 100. Wth non-real - PCT/USIS/12420
si gnal processing and pre-recorded material preparation, 3 5 signals 09,

51, 61 and 71 nay be derived separately and i ndi vidual Ly coupl ed for
MPEG encodi ng by a single encoder 100. , WO 96/ 13122

PCT/ US95/ 12420 : 21 18 The
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FULL  |SPATIAL QUALITY: |SPATIAL QUALITY:
RESOLUTION |]poor to fair, only DC- |poor to fair, DC &

TRICK PLAY |coefficients used. some AC coefficients
MODES used.
TEMPORAL OUALITY: | TEMPORAL QUALITY:

poor to acceptable, poor to acceptable,
variable 5-8 frame Jconstant 5 frame
holding times holding time.

LOW SPATIAL QUALITY: |SPATIAL QUALITY: .
RESOLUTION |[poor to good, depends|good to very good,

"TRICK PLAY |Jon material, depends on material.
MODES patchwork of MBs '
used. .
IE ALITY: | TEMPORAL QUALITY:
good, constant 3 very good, constant 2

frame holding time. |frame holding time.

15 .
In view of the constraints discussed previously, the highest trick-
play quality may be achieved, in both real-time and pre-recorded



conplexity of the source material. 25 O/erall, the trick-play imge"

qual i t weséndizz ed with this schene is very high. PCT/US95/12420 The

| ow-resol ution pre-recorded trick-play system shown in FIGURE 3 and.
descri be above produces good quali ty spatial images at a relatively

hi gh tenporal resolution. However, such a | owresol ution nethod may be
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and tenporal resolution, the actu r encodi ng may be
closer to evwgoyeadteh or. 8Nth franammmllmlmﬂmmﬂw de an 20 rPCIOISOMIBIRe
spatial resolution. Hence frane ng timmes, or t enpor al

resolution, are sinmlar to those of the real-tine, full- resol ution
system descrl bed earlier. HAi ng selected a frame hol ding
or update tine, for exanpl e, every 5Nth franme for each N tines
trick-play speed the 25 HDTV stream 99, is tenporally sub-sanpled
for each TP speed. The 5 times, TP stream,i s derj i n bl ogk, 55 which
t enpor al | y Isub- sanpl es by- aAa@Pg&%ffO![/merGFnE/% Nﬁ’%&} ‘i°‘PP& le
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factor of %/ 5N, or 1/ 1754 ree '
sub-sanpl ed TP bit strea SI gée]ﬁéz{'ﬂ%% gé Lkgre?éﬂn@empnsmgtsa ;mg% or I\/PEG
encoding i B ereoapatible cdigital) image sepreseotative sigagh (0
96/ 13122 7 b) decodmg (20, 30, 40, 50, Wﬂ@ﬁ%’iﬁ&%ﬁﬁ stream

20 - Si ncé. NPEG co codi ng IS the sane for each
speed, and3becl@Pe P EXTACtINFASE n‘ga ﬁh necessary in a pre-
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15 e)  selecting between sald bit stream spec:fic to said
16 trick play speed (121, 131, 141) and said data stream (10) to
17 produce a record formatted bit stream (200); and, '

18 \ 3} recqrding (210) 'said record formatted bit stream
19 (200). '

1 2. The method of “claim 1, wherein said intra-coded data

2 (71) comprises intra-coded macroblocks.

1 3. The method of claim 2, further comprising a step of;

2 selecting DC discrete cosine transform coefficients and
3 discarding AC discrete cosine transform coefficients from said -

4 intra-coded macroblocks -

1 4., The method of claim 1, wherein said reduced bit rate
2  intra-coded frame (111) compnses DC discrete cosine transform

3 coefficients.

1 5. The method of claim 1, wherein a periodicity of said
periodically selection of said reduced bit rate intra-coded frame
3 (111) is related to said trick play speed.
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21 spatl sol ut ffective trick-pla it rate of 2.0
Mops. 1 pefﬁ’s ﬂmﬁe& nﬁ€ ‘ﬂé“gu iréﬂna%alﬁoﬁ‘ﬁlﬁé‘{‘a? selection oy ng
recor2li nds cmnu-oiédpﬁsmnmvel 16 rarfermﬂtycpﬂtFEGsﬁgﬂﬂa(FMT CTRL) .
-3 which includes a ‘control signal 9211) from a recorder (210)
4 recording said MPEG compatible bit stream (200).

-l

9. The method of claim 1, further corﬁprisihg_ a"step of:

1

2 setting a frame_pred_frame_dct flag in the

3 picture_coding_ext_ension section to 'l' of said MPEG compatible bit
4 stream to prevent flicker in interlaced image material.

1 10. The method of claim 2, comprising an additional step of;
2 copying blocks 0 and 1 to blocks 2 and 3 w1th1n

3 macroblocks which are field coded.
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12 d) periodically selecting said reduced bit rate intra- 1
3 coded fropdshdds to forma bit stream (121, 131, 141) spe@drusysa4pd
a grick play speed; 1.5 e) sel ecting between said bit stream
specific to said 1 6 trick play speed (121, 131, 141) and said data
stream (10) to 17 produce a record forpatted bit stream (200); and, 18
f) recording (210) said record f or mat3 bit stream 19 (200). 1
2. The method of claim1, wherein said intra-coded data 2 (71) conprises
The nmet hod of claim2, further -
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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, 14]) are

1 generated specifically 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 }nck
play data stream generation is disclosed for real time mconimg by consumer apparatus and non-real time normal and trick play data stream

" | generation for use with pre-recorded digital media.




