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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

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
(51, 61, 71) are 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. Invéntive trick play data stream
generation is disclosed for real time recording
by consumer apparatus and non-real time
normal and trick play data stream generation

* | for use with pre-recorded digital media.
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A specification of the GA signal is included in a draft
specification document titled Grand Alliance HDTV System Specification,
20 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 frame, termed a B frame.
25 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 1 frame, which
may be abutted by two B frames, which are followed by a P fram_e.
. In an analog consumer VCR, "Trick Play" or TP features such
30 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 and recovering
recognizable picture segments. The picture segments may be abutted
35 and provide a recognizable and useful image. - An advanced television or
MPEG like signal may comprise groups of pictures or GOPs. The GOP
may, for example, comprise 15 frames and each frame may be recorded
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pr ocessi imiag tehgeg&?strucuon without the use of adJacent or precedmg frame
mformation The ‘specific data, or "Trick Play data must be semantically
correct to allow MPEG decodmg In addition, a selection of "Trick Play"
' speeds, may require different TP data denvatmn ‘and may reqmre TP
20 speed specific recorded track locations. .

To be capable of reconstructlon “without precedmg frame
data reqdire_s that "Tnck Play" specific data be derived from I frames,
The "Trick Play" specific data must be syntacncally and semantlcally
correct to allow decodmg, for example, by a GA or MPEG compatible -

25 decoder. In addition the "Trick Play" or TP data must be inserted into
the MPEG like data stream for recording together wlth the: normal play,
MPEG like signal. This sharing of thé"tet:ordihg channel data capacity
may impose constraints in terms of TP data bit rate which may be
provided within the available track c'a'pé;éity.' The TP data bit rate may

30 be variously utilized or shared between spatial and or temporal
resolution in the derived or reconstructed TP image.

Reproduced "Trick Play” image quality- may be determined
by the complexity of the TP data derivation. For example, a consumer
DVCR must derive TP data dunng recordmg, essentially in real-time and

35 with only nominal addmonal data processing expense added to the DVCR
cost. Thus real-time consumer DVCR’ “Trick Play" image quality may
appear inferior to TP image data derived by ‘non-real time image
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15 scanned digital image representative signal to produce a reduced
resolution digital image representative signal; temporally sub-sampling
the reduced resolution digital image representative signal to form a
signal specific to a trick play speed; encoding the trick play speed
specific signal to produce a trick play speed specific MPEG compatable
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normal play MPEG compatable signal; selecting betwéen the trick play
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-compatable signal to form a record formatted MPEG bit stream; and,
recording the record formatted MPEG bit stream.
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 simplified block diagram 1llustrat1ng 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. ' '




FI GURE 6 shows a sinplified partial block diagram illustrating a
further e method for non-real-time generation of r cor ded
records. wg%}}sly FIGURE 7 shows a sinplified part?grm% di agr am
iIlustrating another inventive nmethod for non-real-time generation of
pre-recorded . records. : - DETAI LED DESCRI PTI ON:
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stream. This intra-information may come from -intra-frames, intra-

20 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 trick-play 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 spati'al resolution may only be
practical if ‘an advanced television decoder and display 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 limited
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payl oad. necessary aving constructed and stored a low-
resolution TP I-frame in memory 110, it is utilized in the generation of
speed specific data streams for each trick-play speed. .

20 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 produce
an MPEG compatible advanced television transport  stream 09.

25 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
information. The PES stream is decoded in block 30 to extract from the
packets, the MPEG encoded video stream payload. Having extracted |

30 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 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

35 60 slice layers are detected. Since an intra coded "trick-play" I frame
"is to be constructed only intra-slices are extracted. Intra-slices contain
only intra-coded macroblocks, and are characterized by a 1-bit
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the sel Ei%t Gited?! “F8° dgtermme which macroblocks or MBs are to be kept and
which are to be discarded, either a ma,,th_ematlc,al func_tlon or a
predefined look-up table may be employed. . The resulting lower
spatial resolution frame. results from. the selected patchwork of
20 macroblocks. ‘A controller stage 90 is coupled to processing stage 100
' and provides either, calculation required by the mathematical function
“or provides the look up table for determining macroblock “selection.
The relationship between the MB position in the new low-
resolution I-frame, : : A ;
25 (mb(i, j), i=0, 1, 2, ... n-1, j =0, 1, 2, ..; m-1, where m and n are the
new I-frame width and -height in MBs respectively and i and j.réfer., to
the MB row and column) and the original full-resolution frame ((MB(I,
N, I=0, 1, 2, ... N-1, J=0; 1, 2, ... M-1, where M and N are.the original
frame width and height and 1 and J are the MB: row and column), the
30 relationship is given by '

[L(a-1)/N-1)]
B

i (low-re.solution: row)
j (low-resolution column).

35 where the product of the ‘square brackets [x] denotes the integer value
closest to x. o -
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and provides.either, calculation required by the mathematic |
Qr provi o FEOPHL3123 o« up table for determ ning macrobl ock se?lggﬁégﬁl.“‘%

The relationship between the:MB position in the new | ow resol ution

| -frame, 25 (mb(i, j), i=0, 2, 2, ... n-1, j =0, 1, 2, ... ml,
where mand n are the new | -frame wi dth and hei ght in Ms
respectively and i and j refer to the MB row and col utm) and the
original full-resol u}jon frafe: ) J=0, 1,

NB J), L=0."1, e o1
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macr ob) ocks
from the &TP§Seehithrough §9 ¢ HlusteatecRANMRSY 1HocORSITUGtIag the radicesh, ng
di scar ded.rekolddidn TP I fsini@it eThenDEX &yvefficients Bf0escilufifinance aidonal

CompT o griSahdl oG0S JREIAL U PG 4R Sl ipl \UERE RN
to il ust rovefficientssare predicied uiroimgwithin readhc enicroblocigselith ithe DT |
L) 03" oRAERG' O Y5O YRR of Al MIBC Bl redigy G SO IRE Tygl R =
pr edi ct ed gaefficianthof thacimmesliatsly greceding MB pE theosliees f Tdieearrosys tine
first bl ogyORE 5VBilASirate RhE PreliRtidn QB uehice.2SThirs; 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 depicted
15 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 sequernce originated from -an interlaced
‘scanning source, an optional processing step may be included to
- 20 remove interlace "flicker" exhibited by frozen interlaced fields
containing motion. If the temporal resolution of the reconstructed
trick-play stream is such that the same frame (two fields) is displayed
for more than one frame period, then such interlaced "flicker” may be
very noticeable. In field-coded macroblocks this “"flicker” artifact may
25 be eliminated by copying the top two blocks of the macroblock, blocks
0 and 1, to the lower two blocks, blocks 2 and 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.
30 A further function performed by processing stage 100 is
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
 block is variable-length-decoded to the point where the block will be
35 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

o)




coefficient of the imediately preceding MB of the slice. The arrows in
FI GURE Swid dsHSizzat € the prediction sequence. Thus, if the &ﬁ? | VB,
for exanple, MB 2 of FIGURE 5 is not selected, certain DC coe %g)é?%%ts
must be re-calculated fromthe newly abutted macrobl ock, as depicted 1 5 by

arrows. NEWof FIGURE 5, and re-encoded using DPCM This re- encodi ng -
process is performed as the nacrobl ock%/ are witten to the |- frame
- nmenory 110. I f the HDTV video sequence originated from an
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are counfl@@Engd HKASS, b %i otimﬁs-p rﬂ@d 35 times: blegk dj0.3123
~ PCTA8S951nl 2Xdnplary FIGURE l each trick-play stream may be @llocated the

same bit-rate and temporal resolution, which 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 original stream is once every . flfteen frames (M=15) and the

20 temporal resolution used by each tnck—p_lay stream is. _selec_ted to be
three, i.e. the number of frame times between frame updates,. then for
S tin}es speed;

(5x speed). (3 _frafne_ repeats)/(15 frain_.e _ref'r_esh.)” =

thus every TP I-frame will be used. Similarly for 18x and: 35x speeds,
(18).(3)/15) = 3.6
(35).(3)/(15) = 7.0
30 -

Thus at 18x speed appto'ximat_ely every third _6r fourth I-frame is used,
and at 35x speed every seventh I-frame is used. If it is assumed that
the intra-refresh period in an advanced telev1s10n stream . is 0.5
seconds (M=15 for 30 fps source) then a three-frame holdmg time for
35 S5x speed is the highest possible TP temporal resolutlon For simplicity
and consistency a three-frame holding time may be used for the
remaining TP speeds. A hlgher temporal resolunon of two-frames or




nunber the remaini ng. AC coefficients are unused or deleted. The
~nunber of bits ger TP MB depends on the overall rate allowed for each
trick-pl ayW&I68aR3 and t he terrporal resol uti on or nunber of BGHP§9S12422

updates per second. 5 The bl ock di agram of FI GURE 1
illustrates the formation of trick-pay data streans having the sane
allocated bit-rate. |If the rate differs significantly between TP

speeds, fogimpladeame heldin ?Vtﬁlﬁe coulddbgf ﬁs¢d1@fdreﬁpgh8rl TP ¥peedssinpged,
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speeds, iplgxqri MUX 3150 is controlled (rsspoqs;yr:(t_ss)reeo eg 30
Thus at 18219p§sﬁb&m@gmsme anaaeéyaxi fw:sut)rb:fz os&éiml habiige aSs ﬂce

the fntra. PARFBSHNSE: rogordrd, Prodvihten Dedeseimisied rack Tormas: 5 The
secondss ( l\/tddiorﬂed tiackpformat de) s¢leetedr tohpeevideathe hdésired ltecmdéd)rTBS
2ho" s B Bl R SR TAGa e, R 50 i, BB 1
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 signal
20 121, 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 processmg by recorder 210 and
recording on tape 220. '
25 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 setting
30 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 requires no extra processing of the TP stream on
35 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,




remai ning TP speeds. A higher tenporal resolution of two-frames or
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9 sYRAE31Ba e hol ding time coul d be used for hi gher PAFTE§ISAR2s;

‘| oner tenporal resolution at higher speeds may give a fal se sense of

sl ower than actual trick-play speed. Assumng that the effective trick- -
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Reveérser al’!bsmbdeween 1 frarres in the video stream An enpty P—f

To retain a 16:9 aspect ratio, the actual spatial unage size is

sampled to 720 x 384 plxels, with the remammg area above and below

the TP image black. . o _

‘The temporal resolutlon is such that a constant three-frame
holdmg time is used resulting in an effective rate of 10 frames per
second.

Each I frame of the tnck-play streams compnses a selectxon of
sampled macroblocks from the original stream. The bit rate of 2.0 M.
bits/sec. and three-frame holding time allows most AC coefficients to
remain in the selected. macr_oblock_s for typical test material.

The overall subjective spatial resolution . is fair, being dependent
on the amount of motion and image complexrty in the source material.
A pxcture rate of 10 fps provides good temporal resolution. The trick-
play data stream may be decoded to produce recogmzable mck-play
video images and hence is acceptable for tape search usage

' The . inventive low-resolutron real-time tnck-play mode
previously discussed produces recogmzable spatlal images at a
relatively high temporal resolution. However, as already mentloned

gnal

GoRbIS oy

t ape

ting
rane

this mode may be used if an advanced televrsnon recewerldecoder unit -

is operable at lower resolutron, 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



results in the decoder predicting fromthe previous frame, i.e. the TP |

frame. Alternatively, frame repeats may be inplenented by setting 30 the
DSM trick WOA6M3RS in the PES | ayer and cal cul ating the PqT, #2432 i on
Time Stanp and Decode Tine Stanp PTS/ DTS val ues such - that each TP |
frame is presented the necessary nunber of frane tines apart. Either
frame'repeat nmet hod produces the sane regult. However, t he second
met hod requires no extra processi ng of tag TP stream on 35 playback and
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Elﬂzgwl S for Ptplmg tnck-pPay s?f?eargs ancf to perforrr]n any farrgcrégsi%rge whailcj:ﬁve and
required to guarantee the syntactic and semantic correctness of the
15 resulting TP I-frame. The functionality of block 105 differs from that
- of block 100 in that the regenerated I-frame 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.
20 . The major function of processing block 105 is the removal
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
25 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.e. same pixel count, the DC coefficients alone are likely to
represent more bits than all the coefficients, both AC and DC assembled
30 in a low-resolution TP frame. Thus any limited inclusion of even a few
AC coefficients in each full-resolution macroblock will produt_:e a
significant reduction in the temporal resolution, i.c. the frame update
time will be lengthened, with more frame repeats. Thus to facilitate
constant temporal resolution in full-resolution trick-play streams, a
35 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
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eash, Gep&ac@d. i -qither. the sippercer dJawer 7portion of a block and
any ‘flicker' is removed. - This method of flicker elimination also
reduces the number of bits used in- the  macroblock_modes section since
the det _type flag can no longer be present if frame _pred_ frame det_

The reconstructed TP Iframe is. assembled in memory 115,
-and coupled to - three tnck-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 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 same number of
bits since the DC coefficients are 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
slightly 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" 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 I-
frame accumulated in the buffer at the time is a new TP I-frame, i.e.

1§



The transport stream decoding and intra detection depicted I n bl ocks
20, 30, 40, 50, 60, and 70 operate and function as descri be? for_the
lsow resol WOBHI3EB system of FIGURE 1. As described for the 8912422 :
resol ution TP system the purppose of the data extraction and processing
stage, block 105, is to extract only intra informatiion which is required
for - formng trick-play streans and to pelfBorm-any processing which |s
required to guarantee the syntactic and, senanti c corr ctness of the
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AC coef f i citeedm hm Qb&ill:ﬂ:ﬂl‘dbﬂi fom eadhii tmoh-pldysspeeﬂ ng the AC

\‘j\%egg} clents refHg e?e:RﬁBfa‘isﬁéé?ﬁuBSHp Vif{elY witl' SeeflB' Yoitiibity Cand i D

lower, having longer frame holding times than the low spatial
resolution trick-play system previously described. The average and

20 the variation in holding times experienced for typical source material
are shown in the following table: |

| TP SPEED AG HOLDG I varamioN v |

[7 - ‘TIME IN FRAMES _ FRAMES '

_5X 5 FRAMES 5 8 FRAMES
18X 5 FRAMES 5 - 8 FRAMES
35X 5 FRAMES 5 - 8 FRAMES

~ Note: Because an identical effective trick-play bit-rate is used for
25 all speeds, the temporal resolution will always be similar (if not
identical) for each speed.
Each TP I-frame uses only DC coefficients.
The overall quality of spatial resolution is only fair since only DC
coefficients are used. The quality of temporal resolution may vary
30 between poor and fair, depending on the level of complexity within the
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12 decoding of the DPCM val ue of the DC coefficient is reqw red.

FIGURE 2 i llustrates an exenplary system where each trlck- speed
has the WO9%133x hit rate, and thus the same |-frame nend 1 2shar ed
between the three TP speeds. 5 : As di scussed preV|oust i f
~the original HDTV video i mages were generated by interlaced scanning,
t hen an optional processing step may be included to renove interl ace
"flicker" exhibited by frozen fielids containing notion. One such
met hod has al ready been described. - - However, since this exenplary high

resol u]E :c TP Ehceged ﬁmameﬁal onHovaéver) ther avsileing Ctmkf-plhlgeﬁhfagea arepl er and
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ei t hér t‘P@‘SJ{ﬂ!BFS (ﬂf coskeandolack; of complexity mposed ingayconpsymrer' | s
renoved. reUb‘rée of Thbl ebAsumer TufiRt! imdistaldefive and 98U6RS fHRe trieRber of

bits use cknodes section si,nce e.dct ,type {l can
no | ongep ‘%[?F %‘ﬁ?amf “fcbi E‘Zmrg' Aprmal, replay datta.sé.[e tgwyp ck gﬂ

The recodstar statead Ti8 Idei'mnlemsreaisumd eththrrm-rry:cd:ﬂdi:d matemaid triclp! ed
to three ey [ S epi cted
in bl ockpffyS%ig §'¥%§e&slgspe3’d | n 1@&3&% g@"ﬁ ma ngmal B gélin bl ock
1751 Orhesayrseprather sthane from @ mres mncoded stream.t r Spred| ay

| fé%ﬁ??‘af‘?ﬁe"‘%ﬁ Touata SaEatl Mdy B9 e‘b?“?’“ou""g 'W@"*‘*‘e“ﬁYE’séf?“?emcons@*' cre
TP I -fr #?&GQFBF@ @Ed“ﬁﬁi}emfﬁﬁs event. ¢ PIEITeSar may
be furt h&icl&-pllay edhthoma)hebé Cddri)vedlginr apereal - tlme,Afobﬁ%%v aﬁQ’ibnTP |- f rarre

%7 e WAPORRE GHooIOvRE Eaine” sERbdponrFasgs.  FRRETHE SonBies BRihell o o

arel\dari emwmengxehl«;nnedmthnde nof dengery apply, dbes qaahty eoﬁoﬁrmk-pmol ut i on
.or fra eﬁﬂbﬁh@ﬂont ! ,;@qm% %?e{rbé&fhécd”mate aleafﬁﬁyt bleC ‘&:gﬁffyca%ﬁ

rane ho vary |ght over the
nunber ghers requi red to encode or form ‘each TP-I-franme. For each

trick- p' ay speed, Ahirsesiif@ntive "hiethRANof pre-r.ecorded ‘TP data -
derivation provides a spatial resolution of for example, CCIR Rec. 601
20 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 resoluuon, i.e. pixel count as the ongmal HDTV
material. '
FIGURE 3 illustrates an exemplary block diagram showing
25 an mventwe 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
subsamplmg which produces a 30 Hz, progresswe signal 31. The
operation of this stage may dlffer dependmg on whether the original
30 source material is progressive with a’ 59. 94/60 Hz frame rate- or
interlaced with a 29.97/30 Hz frame rate. With progressxvely scanned
source material, the frame rate may be reduced by dropping every
second frame from the sequence By droppmg alternate frames a
progressive sequence results havmg half the temporal resolution of the
35 original source material. With interlaced source material, the frame
rate remains the same but only one field from each frame is used. This



3i5 generation" stages, 155, 165 and 175, wait until enough bits have been
accumul ated in buffer 105 to encode-a TP |-frame. Then if the TP |-
for ame acc VRPN i n t he buffer at the tine is a new TP | - f PQRUSIy12422
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13 one whi ch has not-yet been encoded in the specific trick-play
speed, the TP I-frame is encoded ang_the nunber of bits used will be
subtracted fromthose avail able. |f evergsl-frane was. the sane size

and each t HoEEs é@yrés%‘i&d i#2g ?h%%&?%gtﬂ g@guétﬁgae dﬁ; haff ke Dbhiddte S |

this sche be equi val en or the | ow
resol uti orf%?bt@ﬂ and (the samee frameecgateperi od woul d be constant for

all speeds. The reCUDﬁérkangéssWel fsEﬁﬁﬁédafrﬁn{e‘?.aCkl hﬁlnfﬂefmr&o&ﬂféd to and
packaged fBi g rators 1557 165 and 117 ﬁ

conpat i bl SIPF n§§ @?’r@&ﬂgrq 1S A Jowsr resolutipp Wars %I\é’i“zgplféﬂ' for 10

t he : 0?\/L r examypleprtheyrésolution delivered by CCIRe Reﬁ]b(eﬁm VgEadhl Progtdsgively
resol utio r e chni_que ove mas
val uat oo ephbid fale i fllinpled 800 3Re, BERCs 5 rs?eﬁwb%d“? g
trick-pl ayasppetdutiel, snd pa&idethdwith bladk upper podf tnwandmrdays e

summr | 2eGrgdube! 4 OfttertBox’ formafVof NOPRNARY: pifdis! -frame-only MPEG
conpati bl € transport ream npy, recor r each t{l ck- }?I ay speed.

The tenporal resol utTos HE¥F¥ssigna ‘§c%9|‘é‘ representedy by nsigna AGREr a
havi ngQl OTIGWerf §patiahqesoltion refs 720ax 4ge | welspapﬂoglresswelyr %&ﬁhﬂéﬂl on

i1 hol di n bR H5E FEREetRPo, Si b"lﬂéﬂ@ﬁa& efleto. Biogks S0, 8.7 un’ " n
the foll ovwhg:lt dimplement speed- depﬁﬂ&?EEinpoME%ﬁﬁiah@lﬁig\JG Each trick-
VARI ATI O\'ﬂl% stream is corstMictel [&Nve the same :eJEB%VﬁS resolution or
frame holding time of 2 frames, i.. every frame will be repeated once.
15 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 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
20 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
compatible bit streams. Since the MPEG compatible encoding is the

25 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 trick-play
stream. This commonalty of usage is indicated by the broken line
enclosing the MPEG encoder blocks 100, 120, 130, and 140. The

.30 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 representing normal play S
speed NP, stream 101, and trick-play speeds of 5x, stream 121, 18x,

35 stream 131 and 35x, stream 141, are coupled for record formatting by
‘multiplexor 150. Multiplexor 150 effectively selects between the
various MPEG streams to generate a sync block format signal 200,
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bit-rate is used for 25 al | speeds, the tenporal resolution will always
be simlar (if not I dentical) for each speed. - Each TP
| -frame uses only DC coefficients. The overall quality of

spati-al resolution is only fair since orﬁy DC . coefficients are used
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and | acky0kpesifpd %yg&ybldakoaséaﬁah@ Wit He ﬁecordédcﬂﬁéﬂl PR The

consurrer unétlrl nil erive i, record, t :
recor di rPesikifalocatiangy fagilitate; reprqdwm at: sheayfanous ahesi fi¢ ‘EBm i s
deri ved speédsil -tinme. Wth pre-recorded material, tri ck- - play dat a -
Fireans ey De der eGRRE TR X ARAMICRRY Huan? HulbhR, oBER L
strbéns mynbwedearrambmeﬂépeﬁdﬁm Ilwm-freahamd'lrmk-play" aapparatepeofient | y
];nra;mbe zplrl ve | n noﬁééue%ﬁeglmly g?&%ﬁs@&e}'f’e&%hgfsdﬂ QI t”é‘gle g#l%gl ga/te?
franme reputpledoto memeriessi520e 53(2 @.mh@hoﬁtqmetnes 5 dimesnds
real - ti ngme8t hRd 39 liARECproeedsed H'i'@itﬂ@hiatg)é @fgddls %sﬁh@ﬁvely The
original HDTV signal 09 is also stored in memory 500. Production of:
15 the prerecorded media or.tape is fac111tated by the- sequentxal selection
between the "various stored ~digital signal. sources to form an output
signal which is MPEG encoded by enc’:oder 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
20 MPEG encoded signal 200 has the various signal components arranged
such that a recording: may be replayed at normal and trick play speeds.
Thus the inventive jarrang_emen_t of FIGURE 6 facilitates the. non-real-
time, and independent derivation of both normal play and trick play
| digital signal sources for encoding as MPEG compatible bit streams. -
25 - A further inventive arrangement is illustrated in block 600
- which shows an alternative use for the multiplexed normal and trick
play MPEG encoded -data stream produced by -MUX. 150 The
alternative system of block 600 replaces ‘MPEG encoded. data stream
200, ‘recorder 210, format control signal FMT CTL, decoder 07 and
30 display 300. In block 600, an MPEG encoded data stream 202 is
communicated to a transmxtter 400 for couphng to decoder 07 and
display 300. A user viewing display 300 may chose to advance . the
material being viewed and initiates a remote control command REM
CTRL which is commumcated to multiplexor 150. Mulnplexor 150
35 responds to the users remote command and selects, for example, the 5
times speed bit stream 521 to be coupled for. MPEG encoding and
subsequent transmission, decoding and: dls_pla_y Sl_ml_larly the user may

data s r-'eam whi |.e



réproduction achi eved by pre-recorded material may be significantly

hi gher . WO 96/13123 A first inventive nethod of pre- recog@gﬂJ ﬁlg’g%t
derivation provides a spatial resolution of for exanple, 20

having a resolution of 720 x 480 pixels r_,egardl ess of the original HDTV
streamresolution. A second inventive mlt hod constructs a trick-play
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scanned mventmece;matgnmam ohetlter anen-realetimey mlaleqﬂn:ye'tj appaimwl
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progr essi vfgtggquence resuF' aV| hgﬁﬁﬂ%é’%{errpgr glllégeli1 & |on the 35
ori gi nal ligitab signalsi @9, 35 Wﬁ’n e?rll are ¢oypled nqoding asMP

rate {@midsmpRabEBit bitreRky bynentbabd foRM ewﬁh fxfo@ﬁ?edl&lﬂx%e%
WO 96/ 13123

USQ5/ 42
15 . hracessingg ands presrecorded, matedal \Rreparaione SRS D% 18 eg]clcal
resol uti onmhd/Y hhagabe derivedr séparately and individuallfhecoupled efor \MPEG

scanmed 1 coned B0 gl oMM I0b T, I Shedy, ORI,
by CCl R Restreaind. 1@hcH2®; ob3 bsandel4l are starednini meamoriés 550,a6p60e57® 720
X 3841 B X&{iRy 4R0 HePrdsenitfngl hiotmal play and 5x, 18x and 35x bit streams
respectively. Storage memories 550, 560, 570 and 580 may be
provided by solid state, disk, or magnetic media and generate output
signals 501, 521 531 and 541 which are coupled to multiplexor 150.
Multiplexor 150 is controlled responsive to recorder 210 to generate an
20 MPEG compatible record bit stream formatted such as to provide
reproduction at normal play speed and at the predetermined "trick-
~ play" speeds.
A further inventive arrangement is illustrated in block 600
which shows an alternative use for the multiplexed normal and trick
25 play MPEG encoded data stream produced by MUX 150. The
alternative system of block 600 replaces MPEG encoded data stream
200, recorder 210, format control signal FMT CTL, decoder 07 and
display 300. In block 600, an MPEG encoded data stream 202 is
communicated to a transmitter 400 for coupling to decoder 07 and
30 display 300. A user viewing display 300 may chose to advance the
material being viewed and initiates a remote control command REM
. CTRL which is communicated to multiplexor 150. Multiplexor 150
responds to the users remote command and selects, for example; the 5
times speed bit stream 521 to be coupled for MPEG encoding and
35 subsequent transmission, decoding and display. Similarly the user may
chose to view in the reverse direction at, for example, 5 times speed.
This selection may be facilitated by reading the 5 times play speed
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aspect rati o, and padded wi th bl ack upper and | ower borders to produce

Iette ormat of 720 x 480 pi xel s. The HDTV si gnal
|s now reﬁégfésed by signal 41, having a 10 | ower spaﬂa‘f@%%’ﬂ%ﬂ on of
720 x 480 pixels, progressively scanned with a 30 Hz frane rate.

Sirgnal 41 is coupled to bl ocks 50, 60, 70 whi ch i npl enent
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sel ects bet ‘gle'?ge)oﬂ?aual resotlitiQH® p%ch esc‘lt b%’ams 26 ﬂfbrb(asr Yaa Zatd nd” ﬁﬂ(

format sign
x 480 pixels’ resolution is good to very good dependmg on the

'complexnty ‘of the source material. .
Overall, the tnck-play image quahty exhlblted with this scheme
- 20 is very high. - .
The low-resolunon pre-recorded tnck-play system shown
- in FIGURE 3 and describe above produces good quallty spatial images
at a relatively high temporal resolution. However, such a low-
resolution method may be used prov1dmg the advanced television
25 decoder/recewer unit is able support the lower resolutlon dxsplay
format. - -

FIGURE 4 is an exemplary block diagram of an inventive
full-resolution, pre-recorded triek-play ‘stream generation system,
prov1dmg trick-play speeds of, 5x, 18x and 35x. As previously

30 discussed, pre-recorded trick play data stream derivation may be
generated from the original, uncompressed, source material. FIGURE 4
illustrates the generation of normal-play and trick-play bit streams,
however these may be generated mdependently of one another,

| directly from the HDTV source material. Since this system provides

35 full-resolution,  no spatial sub-sampling is required and hence less
processing is required than that shown in FIGURE 3. Since the original,
uncompressed, source material may be used, frames which are to be
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16 sui for record processing by record replay system 210 and

wWiting w}’%g)bﬁlz%pe 220. As described earlier, the use of B’r"f&@?ﬂ?%%ed TP
speeds al l ows speed specific TP dati to be positioned, or recorded, at
specific sync bl ock | ocations withi % ecorded tracks. Thus multi pl exor
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form gnbl oﬁt%ddi?g'si eﬁg for’ 3’5 G elig%d‘i)g a dl'ﬁseueé(g ﬂha%l%fgnco ?ﬁis)ilkgga l2'00
has the A9 JEERgT ka‘lesemrerﬁﬂ% agtoah frames used, IPr; RO BAY) bg nay
be repl ayeslosér gorevér)ars;Nmr ioﬂSFkthl‘%ﬁ@dﬁ- orderl td hptovide dmmg'pmale
arrangene . a on- r.eal - Lime, an .

i ndep_e_ndeagpagi,?}i %Fgéﬁgﬂggf g‘é{’#‘ﬁﬁ%e S\‘%@"&nd‘mﬁ’c Profempporal regolption, -
si gnal  sowsreesimilar eta thiosg of teECeabtimae, ful-resolutionasystedt described
A furiler d4p{fditive arrangenent is illustrated in block 600 whi ch

shows ‘an alternative use for the mul{iplexed pnormal and trick _ =~ play
MPEG encoded data stHa¥Mg sedected ayiramex holdingripr update;timendorve system

Format contrar et an VT T e caor g [y aues (ricl play’ gadidic DTV
600, an Nﬁé@%té&‘haldéyg i§; m?gg' iS¢ 'samPl(,egnﬁ%ie@ﬂ‘e ' tépseé'r ar%?ﬁ {gt er
400 for ccimesnTP strbamwdisr defivedd in block §f ayhith0 tetporallyvsebisamplespl ay
300 gy CFa FReREVEFA5N %r 1725, ie. 1 frame in 25 is selected to 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
25 generates output signal 76. The three sub-sampled TP bit stream
signals_, 56, 66 and 76 are coupled for MPEG encoding in encoder blocks
120, 130 and 140 respectively. _
Since MPEG compatible encoding is the same for each speed,
and because real-time processing is not necessary in a pre-recording
30 environment, 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 broken line encloSing the
MPEG encoder blocks 100, 120, 130, and 140. The temporally
subsampled bit streams 56, 66 and 76 are MPEG encoded as I-frames.
35 Because the frame update time is constant throughout each trick-play
stream, so is the number of bits allocated for each I-frame. The frame
holding times, or I-frame repeats may.implemented by employing the




material being viewed and initiates a renote control conmmand REM CTRL
whi ch i a%mjl[ﬁcat ed to nultiplexor 150. Muiltipl exor 150Pﬁm§§§,§wds to

the users renote conmand and sel ects, for exanple, the 5 tinmes speed
bit stream 521 to be coupled for NPEG encodi ng and subsequent

transm ssion, decoding and display. Simlarly the user may - WO
96/ 13123 S . 20 . PCT/ US95/ 12422

17 chose to viewin the reverse direction at, for exanple, 5 tinmes
speeg. DSM Ttrick qﬂhpcﬂagmasnprebmzfsdiy i described. byTheaﬁbsiauhgeMPEGrres pl ay
spee
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Wth non-real 4 1 pr. cessrﬁq)? nﬁapre .recor ded rrzﬁ A
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andn§5x tpagkss ¢ rtbn& mu tlpkégﬁel;wv@rwats;t sy dlackosignsl te6lpca5¢0 and
580 may §?ﬁed sp edifiev T¥edq Eéni’@'ddiasitak ecxﬂcsﬁynerbm&n {4tigHR» A etho q

gener at 31 an are cou

)ﬂt% nal s 58
nul ti pl 3?8 1ALy reproduwgprg a & BrVEG“Fssm l|¢o| eoFReé Bonsi ve to recorder
210 to generate arTR® ml\/EEﬁveomahghhents%MrBI@URESréamd07rmhyeﬁlsélJCh as

{0, Pr2 6 applied i8R Ad BB B1EY, REEAEE, Arehi Bl ooE o
i s 151 uFIGHRE i4a tAs)chaSGbeen described, the arrangemients of FIGURES 6 and
7 may facilitate non-real-tnme, and- independent derivation of normal
play and trick play dlgltal sxgnals, and the encodmg of MPEG
compatible bit streams.
The storage and retneval memories 550 560, 570 and 580
20 of FIGURE 7, generate MPEG compatible output signals 501, 521 531
and 541 which are illustrated coupled via multiplexor MUX 150. The
the MPEG output stream 200 generated by MUX 150 may, in an _
alternative inventive embodiment, be coupled: to a transmission system
~ for distribution for user display. - Multiplexor MUX 150. may be
25 controlled to select between memory derived MPEG compatible output
~ signals responsive to user commands. For example, a user viewing a
program at normal speed will receive and decode bit stream signal
501. The user may desire to advance or fast forward, the program by
remotely selecting viewing of for example the five time speed MPEG bit
30 stream. The user remote command for 5x t_eplay,- ‘causes multiplexor
150 to select MPEG bit stream 521 which is output to the user.

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-

35 recording metlidd ‘has an -advantage that the frame holding time is
constant. The trick-play ‘stream generation -technique described
provides trick-play speeds of 5x, 18x and 35x, having full spatial




vhi ch shows an alternative use for the nultiplexed normal and trick 25
pl ay MPEG encoded data stream produced by MJX 150. The alternative
syst em of WPQ6M3BY0 repl aces MPEG encoded data stream PEAUSHRES Y er
210, format control signal FMI CTL, decoder 07 and di splay 300. In
bl ock 600, an MPEG encoded data stream 2%l communi cated to a
transmtter 400 for coupling to decoder and 30 display 300. A user

vi ewi ng di : 300 y g Qi ei VI ewed and
initiates %gbgﬁrb@g zcd(@t ?%P&ggerrérge ?ﬂ'&g\]ﬁ&)} IE?‘C‘FEQE’ \%lach |I?;Ibggm‘nr:ﬁ} cated to
mul ti pl exoperfermance t malyerbsr supwmarized, asp§0Hewss t he users renmote command

and sel ects, fopuf@h Eéordxﬂg 3in mde péndnts Fefrani torfly! SIPEG LsireaRe is
coupl ed for . MPEG encodi nfg)g . ?equent t ransm ssion, decodi ng and
epa%ytnc

di splay. Sritien;toy tang oeedy view in the reverse
di rectfon at, f'Bheespatidlewﬁ)mtmnsmnhedsame as Tthies sogicectmateriahy be

Lzé% Usggﬁ ig 4% 'f’ﬁgdie'?xgpéﬂi’ resbidtian pfsa}‘lx%ﬁeﬁgvmg as fra#n\%ﬂg &%&Zﬁ%
520 i n reverse. Eadlhsframe asesrajkBGtand soinwe: kA GOcoeffivientss user

'l ed | Kk d
Streams. . oo °PhtCSvelalt'SpadaP dRNGNEs AL ReBbvd ‘E‘? AEERIPRY  imaees CTe
i | | ust r at eare secognizablends af&né"@l&'éﬁ% dOTa ARk ,searehy UBMEPOSES, ck- pl ay

qualiyyp si gni fTﬁemfbnowlﬁgetaﬁlbarsuiﬁmhnak& atriglelplay r gialityaachieved
derived trjck- ‘P lédstreams The re%ﬁlilt produced may be sunmari zed
as fol | oWy the various ependent |-frame only,

| ow-resol uti on

( 720 X 480 7 7 I\/PEG conpat | ble stream 1S wri tten to

tapefor edgCn LT U TITCRAY.QAY, S , . | inage
size is' 7] 4 REAL- EIMY attME prespnted in a
"letter boj PLAYsmEAzMrrporal mmntpmsnsmﬁmznvely 15

RESOLUTION }poor to fair, only DC |poor to fair, DC &
TRICKPLAY |coefficients used. - Isome AC coefficients

MODES used. |
TEMPORA LITY: | TEMPORAL QUALITY:

poor to acceptable, poor to acceptable,
variable 5-8 frame [constant 5 frame

holding times . holding time.

LOW SPATIAL QUALITY: |SPATIAL QUALITY:
RESOLUTION |poor to good, depends]good to very good,
TRICKPLAY |on material, depends on material,

MODES patchwork of MBs | |
used.
good, constant 3 very 'good, constant 2

frame holding 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-resolution trick-play data. However, the advanced

television receiver/decoder must support the use of a low resolution



trick-play speed and produces good to excellent quality which remains 1 5

const ant h speed. The spatial resol uti o by a
2.0 l\/bps b%f'&gﬁgt e and 720 x 480 pixels rfesolution is g(’)‘s%gltigaelery
good, dependi ng on the conpl exity of the source nmaterial.

Overal l., the trick-pl ay image quality exhibited with this scheme 20 is

very hi gh The | ow—re?é ution pre-recorded trick-play'

system shown . in FIGURE 3 and descri above produces good quality

a | ow reso uti on net t el .evi si on

e rovid

25 - decBERYided: May bg fnh 3’!93&& )(’é’ spipulation o vmna@%mmem spFey
for mfl: example, ralsmg tlllé:L@tiEi&Mel thmtexﬂgﬂ{lﬂﬁl!é tfbf)CéSacﬂit agickYphly an t
i nventive resol utj r r ay stre ration
syst em SP°°d’de@. pﬁ'bv o éﬂg i f‘bégﬂ‘g“gf’ xh%@ *Ind 5aipt “%Egeg Vi ously
30 & scrateedf ap;n'oxmahddeIO pp| sy required.t réﬁrﬂlednumhnrl of myclbe
generate e d rial

?12{5)7 EQ&S r’og'i&@d nor malFi ay é@ ! ¥ i &mﬁa;l/&b? ,é‘rﬁs n,

illustra atlono
hoviever thess ethmay ﬁf@tlgén&l&wa ifﬁﬂe?&fthdé'ﬁm%mmg cﬂp@edn@nauerbe mcremdect ly

furter ngﬁgyﬁ%“ﬂ‘ﬁesepﬁ?’.ﬂé?p resSlutich, Or° nlifict? of g‘?"q@? gats, pesults
pr ocessi : 8’? Heatween; t s%%af%qff@m%a! ’é@oﬂhe EPEP nal ,

uncqripr eeﬁhdr paranseteratreny be roptimézed edepérrctiﬁgs dmlthb desired be

spatial iqges fulﬁ}es%lﬁﬁbgt ek p1BY g RAP Gl whRRE hE quiliprer.  Such

D’

MD 96/ 13 - PCT/ US95/ 12422
%ﬁs lé:a&?dbd may be chosen exactly to suit the trick pl ay speed, ‘
rat her than selecting | franmes from an encoded stream In addition a

const ant tenporal refresh rate can be nalntalned which is nore
pl easing to the user. ' _ :



5 : The orjipgh [ signal 09 is shown coupled to
MPEG encoder 100 whi JMB , I!EIH EG stream 101 for nornal ay
speed ope™MPERI2Y; g iLS Wl pl ed for tenporalf= 2 ag—in

bl ocks 55, 65 and 75 respectively. For a trick-play Tﬁﬂ&EHE_BTHNgtBEB?S
only every Nth source frame may be utilized¥or 10 cod| ng. RERMACED,
depending on a desired trade-off bet waEpDAINR i al at

resol utign, the agtual frames .used far encodi n be cl oser tqQ every
5Nth or N h frant i gpadiod §oBr mgaanﬁcwgrﬂﬁse an MPEEatcpmpaub(ie
resol utign. digied tmage Rrepriseatitivessignal t ahich afadititalest reproductiomr €
Lo 5% ot ohlf R lE sol, bUES AhbBRSB ST HERBAES", Lo
for 4exanpl e, everd) SNt recerving faordigitah Nnageerepresentapivey sigrald t he
HDTV 5 stq m signal 09, is tenporally sub-sanpled for each TP speed.

t

The 5 ¢ TP streamis deriyved in bl ock 35 whi.ch tenmporally
sub-sanpfes 20 by a fBetortespparally processing (30) said, digitah, immges

sel ect ed7t 0 gpnesditative sighdlPyo gbﬁeﬁdte5ﬁ- progidssivly. sthfindd 8igieda TP

streamig derived in block’, .6 h tenporal |l y”sub-sanples by a

fact or l)g 1/'5\"@/8%&0_9’969%4&“’*’ 5135%33#4’5?35 Olr.lr}[)put siygngl 66.rrpThe 3% times
]:FP streafh Il/S derived i@) bl ospatially pbocessing ¢4i))p(saix_llprclegrbssiaﬂu_lu_l es Ey a
actor L. : (2T e three
sub-sa i)Ifoed %’%‘?’? glé‘églmqp&&s Sﬁﬁ%&?&ft&%@ ﬁghgﬁc@%gg‘? J‘Z@J‘&ee for MPEG
encodi % 1i n zeducedr reselution digitaboimage represemtativepsignakl(#l);

'Since MPBG conpati bl e.&ﬁ'COd{éiﬂgbﬁali eSuREm fng‘f%b sgg’edmo) said and because

{f

real -ti processi.ng i s’ not ngtessary I n a pPre-tecord ng nvi ronment ,
the samb hpredEcedd m@olnmmaﬁsnﬁiyu%%g%s@@rwntanveeﬁ ) k& mal - pl ay
stream pdd efpiih ta' is | specificeona fick play s B 6%, Fl)ysage is

i ndi cat % by the broken, i ne_engl osi i'QOt Dgg EGderS]Tc.H%ger bl ocks ,100,
120, 1383 and 140. The®? enpERSPqipe” (120, 430, 140) s aRla¥% SPe8d and 76

"ar e MPEG6encspeeifiessignal doeprodiice Betricks playespgeednspegifiet MPEG: i s constant -
t hr oughout e i1Gk- 'S a is the nunber of bits allocated
g E'# @&ﬁgmmg g@@e (121,°1312M4

for each |-fra ) ding ¥imes, or |-frane repeats may
8ed by enpl oyi fly t hencoding (100) said digital image representative

i mpl enel
19 signal (09) to produce a normal play MPEG compatable signal
20 (101); o .
21 g) selecting between said trick play .speed specific

22 MPEG compatable signal (121, 131, 141) and said normal play

23 MPEG compatable signal (101) to form a record formatted MPEG
24 bit stream (200); and, _ .

25 h) recording (210) said record formatted MPEG bit
26 stream (200).

1 2. The method of claim 1, wherein said trick play speed

specific MPEG compatable signal (121, 131, 141) comprises I
3 frames.
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\2/\60 o6 13%)%& trick pmmm"m;'u "Ill"sl"lousl y descri bed. Thgc-rr{agﬁlg?{ ﬁé:géEG

transpor?’v B repreSentiy rforrmal play §
~trick-play speeds of 5x, stream 121, 18x, $ stream
141, are coupled for record formatting by2 Mul ti pl exor

150 ff t I I NPEG t
syncebl gkl :‘/gry ?es § a’l“gweo?u%@m r’rl“% %Féeo?ﬂ ié &lagegngggenera =
Ei ecord 2eplsp9c1§;astl\d Ocmnpambilersmgnab (12pge 132Q. 148%) is contreledus! y )
escri e s ata to be
posi ti g"?\ed( or_recor c?ggéj (%E:{?:ug% gilda%@ggt %tﬁm%ﬁr c?&fafg t racks.
Thus mft ti 62@Qbrsucho thak vahen srm@rdﬁ 18)gsaid triokt playospeed specificeed
speci fig TRMPEG aBinpalablé isigheri(200) S¥ fe ég?gﬁ&ér O4t2sh ' ritk play

faci Irtéte repr,oduction at the various sp I c TP speeds.
The i n/ent PRE grrangements of FIGURES 6 and 7 may al so be applied the
non-real -tinme "trick-play" generation arrangenent of 15 FIGJURE 4. As has

oo < o An TRECHEAREE Brcelnl 1y oAt an adaibiqfil AE5 ok 'y

play diZital signals, anddeletingnabiernaeoframes when rsanbadllgtt& bi t
strea 5 60, 570
and 58 201ma§F H&&gﬂt}\ﬂ%&iﬂ%&ﬁégqm{eﬁﬁ ‘}tli e ou pul* gngl 36 6501 521

531 4 aherzaframecHat.c illustrated coupl ed via multipl exor MUX 150. The
t he MPEG out put stream 200 generat ed by MJX 150 may, ‘in an alternative

i nventiye enbodine d. o a,transn.,ssion s em for
distribBution forus ﬁ?uéi/) of m, 1. GOmRRisings gngddifional step of 1 o) | ed q
to sel &t between rrermry deleting mEﬁatenﬁalddalwhemt paid digitakiigneges

Lﬁfﬁﬁ?iﬁieﬁe@"{a}é&%na Tou81808) foarhel Harkif '} 60 ey RIS FHE,

may desire to advance or fast forward, the programby remotely
sel ectiing vi ewi gg Oi‘hé%eﬁﬁd%fecléiﬁl 1,V overei SRRPde %Hyt 30" - stream
The usei renote co fo eg ¥ caus es rrultré)

processing generates progressivly scanned | gltal image

3 representative signal (31) having a 30 Hertz frame rate.

7. The method of claim 1, wherein said reduced resolution

[
2 digital 1mage representatlve signal (41) comprises 720 x 480

3 pixels. : :

1 8 The method of claim 2, comprising an addmonal step of;
2 setting a DSM_trick _play_flag in a

3 Packetized Elemental Stream layer of said MPEG compatible trick
4 play signal (121, 131, 141) to repeat said I frame.

1 9. The method of claim 1, wherein a rate of said temporal

2 sub-sampling is responsive to said trick play speed.

1 10. The method of claim 1, wherein said selecting step is
| responsive to a format control signal (FMT CTRL) comprising trick
3 play speed data and recorder servo data.

‘This Sheet Has Been Replaced




150 to sel ect MPEG bj fiIch i s output to the user.

The constraints of rmummpﬂ“ﬂmnmut ial and tenporal resol ution,

resul t inVEOPEIMR3I pl ay qualkty Wi ch is very similar to thaPCT/USISHAR eved
by the full-resolution real-time nethod. However, this pre- 35 recording
met hod has an advantage that the frame hopging tine is constant. The
trick-play stream generation technique described provi des trick-play
Isag_er/eagggl 132,2218xlhndA35ﬁethdef0Ig deriving pMPEG compatibli \Mg%lli&ié?: _

. . . ... resolution,
and an e feJFP&%SW?QKQpF%"%§tfq'ratr8°8]fd Zf%%b’?g TRe fgclhtaf:f’erf.ormam'ce may -
be sunmeBi zaepreductiomwat more than ober speed,esaidlimgthath ¢omdprisingerthe
| -frame gnl ysteﬁf%stream i's witten to tape for each trick-play
speed. e spatial resolutiop |s,the same as the sourge naterial.
The tenpdéral resol uti i s Wﬁb‘ﬂnga\?i'rﬁgﬁak Hnage FRRTESeRLativee signal
Each I-feamg09es all DC and some AC coefficients. The overall

spatial guality is faiyy Recovered trick-play J e . are recogni zabl e
and are gccept abl e forb)apeprsofggfilﬂgp&?gbs@:?. gi“g‘%ﬂgﬁ?‘l MMALe  The fol | owi ng
t abl e su8marrepessemtatike psignalju€09)t toaformy ad progressivelipe seanned sdigitabnt i ve
met hods gi s . : : - | —

NN PiEad i RS representative signal (#1), @E@&wﬁe%"w %"Ilﬂf'&?' PLAY STREAM
GENERAT] ON GENERempprally sub-samphipg (50, 60,5700 said QUALI TY:
SPATI AL QJA'-ﬂré?i'essively stannel!|dRitaPORhafe f@;bfeseﬂfﬁti’v@%iglpﬁl’oha\?i?n air,

DC & TRIFCKPLAY coeff.iciehts used”; SO AC coéf.fj ci ent
MODES 12 reduceg resolution (f41§ to fopp a signal specxnﬁc to a trick {plasoraL

QUALI TY] 3TENpeB4L (51617 Y71); poor to acceptable, poor
‘to accepjabl e, d) MPEG encoding (100) and storing (560, 570, 570)

15 said trick play speed specific signal (51, 61, 71); to produce a trick

16 play speed specific MPEG compatible signal (521, 531, 541);

17 e) encoding (100) and storing (550) said digital

18 image representative signal (09) to produce an MPEG compatible

19 signal specific to a normal play speed (501);

20 f) reading from storage said trick play speed

21 specific MPEG compatible signal (521, 531, 541);

22 " g) reading from storage said normal play speed
23 specific MPEG compatible signal (501);

24 h) selecting between said trick play speed specific

25 MPEG compatible signal (521, 531, 541); and said normal play

26 speed specific MPEG compatible signal (501) to produce a

27 formatted bit stream (200) which facilitates reproduction at said
28 normal play speed and said trick play speed; and,

29 _ i) recording (210) said formatted bit stream (200).

1 12. The method of claim 11, wherein said step of processing
2 said digital image representative signal (09) comprises an

3 additional step of; |

4 generating a progressively scanned digital image
5 representative signal (31) by temporal processing (30).



Kﬁ[h?ﬁgeg;é%;;;”e ||“‘“r ||HII||W||| ﬂnEATI AL QUALITY: . SPAT AT T
to

RESOLUT] good, depends dood to very good, PCERSWAAI2YY  on
materi al , depends on materi al, MODES pat chwor k of
VBs . used. TEMPORAL QUALITY:
TEMPORAL QUALI TY: ood constant 3 very good,
constant 2 ' fr ama%oldlngtlme frame holding tine.

'n view of the ddnstThe rmgtllﬂds&fséléélﬁbr dviwherejn said stephof:pracessingl ay 15

qual i t\2 ma(/3(tpe w)hsﬂdedh ftal fietdge aRprésemeative ¢ ﬂar%v)dEﬁrﬂB?gﬁ;nced

by the a Eﬁ?ﬁo ution trick-play data. wever
tel evi Q nmust support. the use of a | ow resolution
VO 96/ 143123 generaung a reduced resolution digi@CTirkippé/ 12422

f)rzovi:ded reéé%%ﬁjﬁc;szégépr‘gq?ph&agﬁgﬁagyp@gggﬁﬂ ggbirlrrle!t é(rag tEgr quality

exanpl e, raising the effeective bit-rate available for each trick-play

speed, wi Il all py. anmélc,he 'df E:Fa"iﬁ{ uf g og,qe?gé\ﬁ\ég{du emswﬁlyal t- 5

rateo Xi nat: s requi.red n
Pl ay" ?p 'H!eg\/a ‘ﬁgéafs"? c'@dl’re$ a@)(ﬁnﬂgélall o(313o has saframerwel on,

then tBe ebfeo:me bit-rate for each remaini ng speed may be increased.
The effective tenporal resolution, -or nunber of frane repeats, results
from the trade-off between terrporal and spatial resolution. Hence 10
ei t her lpar anmet el SmayThe: mpthod ofdclaime1di ngheremhsmdesedtmtd ' appl [ catl on.

-2 resolution digital image representative signal (41) compnses 720
3 X430 plxels

Seney



73 , AIMS 1 1. A method for
deriving and recording ummﬂm HM;H le 2 digital inage re resent ative
gi gnal whiWR94312Bi tate¢ reproductisons 3 at nore than one sp&dso¥ade

net hod conprising the steps of: 4 a) recei vi ng a di gital

| mage representative signal 5 (09); 6 : b) tenporally
processing (30) said digital image 7 representative signal to generate a
progressively scanned digital 8 inmage reﬁﬂesent ative si gnal (31); 9.

“hage T ofr esent at oo o orettied, fof deftvi 3h0 Wofdind) MPHS Eompatible’
digital iZrag@igital dBABCa TPPECSSN \{e (&mlaf to facilitate reprody ctloq edboral |y
sub- sanpl3 Nonice. tidh ofie) )p?t &y Gsp ela& sﬁdumhwseémbmmgi thiet atepsrmee

representative signal 1 na ecific tp a tri pl
183" teeiting ' igheal Haen, Fittasehiaye sigpst b ¢

ay
speed (Sf 61, 71);

trick pldy s(ﬁ&)i 16 specific si gnal to produce a trick play speed
specific EG 17 cofpat i 2 f)
encodi ngdvEOO) said digrtal Bli'ﬁ%e?es ?egie]qlgié\i;eﬂl#g r%él%ﬁgPtﬁtbvsf) to
produce a nosigaial plQa)fomE@ @@qgmssmeéysswedz@hgnellamagezl g)
sel ecti ng be r | conpati bl e
si gnal Q *ﬁ%ﬁ}ﬂé déﬁé%?(}%&?ﬁﬂ% gg; fesolgron ngatl o] e si gnal
(101) t o or ma recor dc or niﬁmPGr?»)EGs? P 1§'t8r e%?r’(& @Progressixely

10- scanned digital image representative signal having reduced

11 . resolution (41) to form a signal specific to a trick play speed (51,
12 61, 71); _

13 d) MPEG encoding (100) and storing (560, 570, 580)
14 said trick play speed specific signal (51, 61, 71) to produce a trick
15 play speed specific MPEG compatible signal (521, 531, 541);

16 e) encoding (100) and storing (550) said digital

17 image representative signal (09) to produce an MPEG compatible
18 signal specific to a normal play speed (501);

19 f) reading from storage said ‘trick play speed

20 specific MPEG compatible signal (521, 531, 541);

21 g) reading from storage said normal play speed
.22 specific MPEG compatible signal (501); and

23 h)  selecting between said trick play speed speclflc

24 MPEG compatible signal (521, 531, 541) and said normal play

25 speed specific MPEG compatible signal (501) responsive to a user
26 control command (REM CTRL) to output an MPEG compatible signal
27 (202) for decoding to facilitate viewing of said digital image -

28 representative signal (202) at said normal play speed and said

29 trick play speed.

30



25 recording (210) said record formatted MPEG bit 26
stream (2&‘; 2. The nethod of claim1, wherein said trick play
gpeed 2 sp ?q"@IHDEG conpati bl e signal (121, 131, 141) conpttE5(12422
frames. 24 1 3. The
met hod of cIa|m1 wherein said trick p| 8 speed 2 specific MPEG
conpati ble signal (121, 131, 141) is controlled (FMIr 3 CTRL) to occur in
said record tt1d MPEG bit stream (200) 4 such that when recorded
(210) said tric pI ay speed speC| fic MPEG S5 conpati bl e signal (200) is

reproduced atf ey t l a,m 1,
conprising anf 'ad . RECEIVER ellg@ |5
tat [ i sigphal i

frames when 9

scanned havi rv im
1, conprisingfam ggy gnal nat e
fields when spy NEall | ATYETRANSRORTSSTREAMy ¢
scanned havi ng erffz field , N0G 1,
wherein said TDOY 2 2 process *(PO) geney g
scanned di gi t pBEQUENCEB ] represe ' 3 )GSEN%JRA ol rame
rate. | DETEQ‘CQT'ON 71 [TRICK-PLAY DATA 45 |}
§ > EXTRACTION AND — 121
DE!’{%E%&I PROCESSING | -| 18x STREAM
100 — T GENERATION
. ‘ 103y 111~ 160
SLICE 131
DETECTION I-FRAME MEMORY|_| 35x STREAM
—— 110 GENERATIONJ_,
DETEGHON | 210 —] ="
= 990 200 141
SYNC BLOCK FORMAT
BIT-STREAM
FIG. 2

"RECEIVER | Y NORMAL PLAY
05 DATA
T3 - 10
DECODING ATV TRANSPORT STREAM | FMT
—y— Mo >
SEQUENCE 90 IS5 11| genemaat
DETECTION 116~ PATION 7=
| 5, [TRICK-PLAY DATA] ||| MUX
PICTURE EXTRACTION AND 18x STREAM
DETECTION| P>~ PROGESSING | $11>} GENERATION |—>
— 105 165 | 3
-SLICE 106~y
35% STREAM
DETESTIONY | [Frame MeMORY] 1| GENERATION |—]
i 115 175 \
INTRA 150
DETECTIONH 21 -
_ SYNC BLOCK FORMAT

BIT-STREAM
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1 7. The nethod of claim1l. wherein said reduced resolution 2

di gital i magwégyiesentative signal (41) conprises 720 x 480 ' 1
8% The method of claim2, conprising an additional step of; Zfbrlﬂbsi&ﬁlz&z
setting a DSMtrick play flag in a 3 Packetized El enental Stream | ayer of
said MPEG conpatible trick 4 play signal (121, 131, 141) to repeat said |
frame. 1 -~ 9. The nethod of clali wherein a rate of said tenporal
2 sub-saﬁ i &4 responsive to said ck play speed. 1 10. The
met hod of g,l,él\/nerei n said selecting step is 2 responsive to a fornat
control signal (FMI CTRL) conprising trick 3 play speed data and recorder
servo dat a. _ WD 96/ 13123 :

PCT/ US95/ 174 : 11. A
nmet hod for Ue s -l shau T X ative
signals for record fornme _ [ nore than

one speed, said el g a)
receiving a digital [ S eRtatre—o N
b)  processing (JOerenemstai Y i JEMBORALGY 5 di gnal (09)
to forma progresy vyl sca PRQCESSING -ITF ig signal
(41) having reﬁ_ BORATS 80) on TO30/10 Hz ' NC.
sub-sarrplinb\;ggﬁ spi d gﬁ g ql inmage _
repr esent at ERTer Ql’flﬂN in 601 2 reduced resol uti on:?l Jrma si gnal
specific tofa t ay| 0| TEMPORAL . [MPEG
3 l TO 30/36 Hz 613‘ 130 R 300 |
SPATIAL  |4°| 79[ TewpoRaL | :[WPEG |
(- ' DEC.
PROCESSING | _{ .| PROCESSING f—i| ENC. | 07
TO 601 \ TO30/70Hz || 140 §.}
RESOLUTION | 41 N, V4
' "
- SYNC BLOCK FORMAT BIT-STREAM200 219
. 2207
FIG. 4
ORIGINAL HDTV VIDEO MATERIAL 09.5 [ MPEG 51531
T PMT | ENC. |
CTAL |_crRy LIl
5[ vewrorAL H | rimes
o— SUBSAMPLING - ENC
: . 56 | ‘emmtte—t 1121
65 TEMPORAL H %
. ' )
e—> SUBSAMPLING > MEPNECG ;
BY FACTOR1/00} |\ 130 1)
| 66 131
S| TEMPORAL U 1
-~ . | MPEG |
> SUBSAMPLING L
BY FACTOR 1/175| { + | FNC I Y
— 76 | 1144




43 speed (51, 61, 71);

14

d)

MPEG encodi ng (100) and

storing ( g 570) 15 said trick play speed specificPSIgisasizdza, 61,
J1); to produce a trick 16 play speed specific MPEG conpatible signal
(521 531, 541); 17 e) encodi ng (100) and storing (550)
said digital 18 imge representative signal (09) to produce an MPEG
conpatible 1 9 signal specific to 3 :Por mal play speed (501); 20

f) reading fromstorage said trick é ay speed 21 specific MPEG
conpatiblg;ztgn 55(521, 531, 541); 22 s)) readi ng from
storage s or pIMB1speed R 3~ NIBZ @ MPEG ddBBat i bl e signal (501);
24 Fet OITET u AL AT PN Spg¢ed specific 25
MPEG conpati bl e § 73 “id] o NV hl pllay 26 speed
speci fi c MPEG conp{ hall (-1~-;(~ difce D matted bit stream
(200) which facili YER pduct TN _ZEY o @l pllay speed and said

trick play speed; §
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§ representative signal (41) by spatial processing (40). 1 14.
The nethod of claim 11, wherein said progressively 2 scanned digital

WWBlR e priestihtRR iGRRISIGNAING 31) has a f te 3 "N e
15 Tthe la r}rni&qv\h)er ein said reduced 2 P@m&ﬁ%ﬁ yfiﬁiZd;a(?

I mage rep ative sig (41) conprises 720 3 X
96/ 13123 Imﬂ[&, mm’ PCT/ US95/ 1242% é\ ]2995
27 1 ” for deriving and recordi ng MPEG corrpatl

digital inmage repr@seﬁta\tlve signals tgafacilitate reproduction at 3 nore

than one play speed, said method c \ng the steps of: 4 _
a) receiving a digital imge rep(?g%tlve signal 5 (09); 6

b) lprocessihg daimethogl far derivjogr and erecnrdingven MPEngampml:ﬂer m a
prggzez&ixgeda! t&nagaede e@ehfativebgignal w'h‘i‘ﬂieﬁﬁﬁhi’&fe‘dlelr ﬂﬁﬁ!b ctibi| : ng g
reduge su sarrp i ng sai
prog?esm vé'fgrE ![}958' scan egdtil gl? 1fnelthn‘?adge re%né@?ﬁ?ﬁ? ?Pé aI havi ng
reduted 11 resol‘hl i onfSEEYing, ¥ sligital simage %Eﬁqtétltvs élslmlck pl ay

speefl (§09);12 61, 71); 1 3 d) MPEG encod| ng (100) and .
t 560, 570,p$80 | (51,
S '8 2)9 'Eo uceba i Zﬁ:ﬁﬂp&a!@a'?ogﬁéésiﬁgggﬁ) %Q?‘? ﬁl glngl e(si gnal
(521 5§EP“E‘E??‘ V¢ glgnal to general ﬁ%&f&i‘g'd' klioﬁﬁa g (550)

sai d8 di dmage representgtiveepsigrant(@dve signal (09) to pr oduce an MPEG
conpgitible 1 8 sdygnalsgutidly i processiniOr(@0) BARY prdpeesditely ;

10 scanned digital image representative signal (31) to produce a

11 reduced resolution digital image representative signal (41);

12 d) temporally sub-sampling (50, 60, 70) said

13 reduced resolution digital image representative signal (41) to

14 form a signal specific to a trick play speed (51, 61, 71);

15 e) encoding (120, 130, 140)) said trick play speed

16 specific signal to produce a trick play speed specific MPEG

17 compatible signal (121, 131, 141);

18 f) encoding (100) said digital image representative
19 signal (09) to produce a normal play MPEG compatible signal

20 (101): _ o | _ | :

21 g) selecting between said trick play speed specific

22 MPEG compatible signal (121, 131, 141) and said normal play
23 MPEG compatible signal (101) to form a record formatted MPEG

24 bit stream (200); and,
25 h) recording (210) said record formatted MPEG bit

26 stream (200).
2. The method of claim 1, wherein said trick play speed

1
2  specific _._MPEG compatible signal (121, 131, 141) comprises 1
3 frames: _

AMENDED SHzeT



I : . _
9 f) reading fromstorage said trick play speed 20
speci fic MPEG conpati bl e signal (521, 531, 541); 21

| 9)
Tedd mfF YSMS& 6 'd I mal play speed 22 specifi c tjiQle, ~ <.
si gnalm h) selecting bet vveeamt ﬁg/pﬂaé L)
speed spasidl i“ onpati bl e signal (521, 531, 541Mi NG R

pl ay 25““!““'%6““&* FI\/PEG conpati bl e signal (501) re fznalmeiggﬁ
26 control ‘cotmahd TREM CTRL) to output an MPEG conpati bl e signal 27

(202) for decoding to facilitate view pg of said digital imge 28

reprpsentative signa, (20)of Lyl 4. "WilBlin” 54 TREEpRYTssELY 20 1rick

pl ay” speed. :

2  specific MPEG compatible signal (121, 131, 141) is controlled (FMT
3 CTRL) to occur in said reccord formatted MPEG bit stream (200)

4 such that when recorded (210) said trick play speed specific MPEG
5 compatible signal (200) is reproduced at said trick play speed.
1 4. The method of claim 1, comprising an additional step of
2 deleting alternate frames when said digital _
3 image representative signal is progressively scanned having a 60
4 hertz frame rate.
1 5. The method of claim 1, comprising an additional step of
2 deleting alternate ficlds when said digital image

3  representative signal is interlace scanned having a 60 hertz field rate.

1 6. The method of claim 1, wherein said temporally
2 processing (30) generates a progressively scanned digital image
3 representative signal (31) having a 30 Hertz frame rate.
1 7. The method of claim 1, wherein said reduced resolution
2 digital image representative signal (41) comprises 720 x 480

-3 pixels.
1 8. The method of claim 2, comprising an additional step of;
2 ' setting a DSM_trick_play_flag in a

- 3  Packetized Elemental Stream layer of said MPEG compatible trick
4 play signal (121, 131, 141) to repeat said I frame.
1 9. The method of claim 1, wherein a rate of said temporal
2  sub-sampling is responsive to said trick play speed.
1 10. The method of claim 1, wherein said selecting step is
2 respomsive to a format control signal (FMT CTRL) comprising trick

3 play speed data and recorder servo data.
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