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(5D Abstract

A consumer digital video cassette recorder (210) may record an advanced television signal 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 (09) to facilitate non-standard speed, or trick play reproduction. Additional I frame data streams (521, 531, 541) 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. Inventive trick
play data stream generation is disclosed for real time recording by consumer apparatus and non-real time normal and trick play data stream
generation for use with pre-recorded digital media. _
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25 predicted frame, termed a P frame and a bidirectionally predicted
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
30 are followed by a P frame. | .
SR In an analog consumer VCR, "Trick Play" or TP features
such as picture in forward or reverse shuttle, fast or slow motion, are
readily achievable, since each recorded track typically contains one
television field. Hence, reproduction at speeds other than standard,
'35 may result in the reproducing head, or heads, crossing multiple tracks
and recovering recognizable picture segments. The picture segments

may be abutted and provide a recognizable and useful image. An
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20 or "Trick Play" data must be semantiéally_ correct to allow MPEG
decoding. In addition, a selection of "T_rick Play” speeds, may require
different TP data derivation and ‘may require TP speed specific
recorded track locations. R o

To be capable of reconstruction without preceding frame

25 data requires that “Trick Play" specific data be derived from 1 _t:_r_ames.
The "Trick Play" specific data must be syntactically and semantically
correct to allow decoding, for _exarhp_le, by a GA or MPEG compatible
decoder. ' In addition the "Trick Play" or TP data must be inserted into
the MPEG like data stream for recording together wi_th'the ‘narmal play,

30 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 capacity. The TP data bit rate may
be variously utilized or shared between spatial and or temporal
resolution in the derived or reconstructed TP image.

35 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 during recording, essentially in real-time
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35 for inclusion in pre-recorded digital records.
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20 between the trick play MPEG compatible signal and the normal play
MPEG compatible signal to produce a record formatted bit stream; and,
recording the record formatted bit stream.

BRIEF DESCRIPTION OF THE DRAWING: -
FIGURE 1 is a simplified block diagram of an inventive

‘25 system for the real-time generation of a trick-play" ‘data stream

havmg low resolutlon '

| FIGURE 2 shows a simplified block: diagram of a festher
inventive system for the real-txme generatmn of a full resolutmn,
tnck-play data stream. -

3¢ FIGURE 3 shows a simplified block diagram 1llustrat1ng an

| inventive method for generating low resolution "tnck-play data
streams for inclusion in pre-recorded digital records.
FIGURE 4 shows a simplified block diagram 1llustratmg a
further inventive method for generating "trick-play” data streams use

35 for inclusion in pre-recorded digital records. '

' FIGURE 5 illustrates the derivation of predlcted
macroblock DC _coefficients.
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In a first inventive method of real-tlme ‘generation, a low
spatial resolution "Trick Play" data stream is derived. The low spanal
resolution tnck-play stream. may, for example, have resolution

25 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 nommally 2 M. bits/sec,,
employing low spatial resolution in this manner results in fewer bits
being used per frame, and thus a relatlvely hlgh temporal resolution

30 may be achieved. However, this low spatial resolution may only be
practical if an advanced television decoder and di.splay is capab_le of
such resolution. - S

u In a second inventive method a trlck-play stream’ is
generated having the same resolution, or pixel count, as the original

35 HDTV material. However, since the usable trick-play bit-rate is

' limited by the recdrding_ channel capacity of nominally 2 M. bits/sec.,
a trade-off exists between spatial and temporal resolution. Thus the

v
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-Therelatlonsh etvveena position in enew resol ution
| -frane, trick- -play (8Bg€d. j) i=0, 1, 2, ... n-1, j o 1, 2, ... ml,

where mand n are At h@di@ﬁ‘\@ré ﬁerwsie crirsliek, angdhmited! respovRive erpaet i vel y
o0 A, R SRl e, R05eHuss 4ot B, Ol Rbaulted
M 1, where Nazrier Nnayebe 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
30 extracted the MPEG encoded stream, the required intra-coded.
information may be detected and extracted. Sequence detection block
40 examines the bit stream for the occurrence of a start code |
characterized by twenty five 0's followed by 1, followed by an 8 bit
address indicating MPEG video header. Picture detection is
35 performed in block 50 and in block 60 slice layers are detected.
Since an intra coded "trick-play” I frame is to be conmstructed only
intra-slices are extracted. Intra-slices contain only intra-coded
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oner Do TECRObIRAS. £ Baffred. TS JEHRRHAL Bhich haBBLRE br MBS, R
ef fecti vel ytordheek qmt a.n di whach are to be discarde cIy either a. mathematical
~ function or a predefined look-up table may be employed. The
20 resulting lower spatial resolution frame results from the selected
patchwork of macroblocks. A controller stage 90 is coupled to
processing stage 100 and provides either, calculation required by the
- mathematical function or provides the look up table for determining
macroblock selection. ' : .
25 The relationship between the MB position in the new low-
resolution I-frame,
(mb(, j), i=0, 1, 2, n-l i=0,1,2,. .. m-1, where m and n are
the new I-frame width and height in MBs respecnvely and i and j
refer to the MB row and_ column) and the original full-resolution -
30 frame (MB(, J), I=0, 1, 2, ... N-1, J=0, 1, 2, ... M-1, where M and N are
the original frame width and height and I and J are the MB row and
column), the relationship is given by: '

[L(n-1)/(N-1)]
0. (m-1)/(M-1)]

i (low-resolutien TOW)
35 j (low-resolution column)



'30 the same thus renovi ng any field-to-field notion fromthe framne
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tothe I-frane nmenory 110. , A further function performed by
processi ng stage 100 is the renmoval of AC coefficients from each
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| -frame due to the | ow bit-rate avaZIabIe for the trick-play streans.
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= 1.0 macroblocks are written to the I-frame memory 110

20 - If the HDTV video sequence originated from an interlaced
scanning source, an optional processing step may be included to
remove interlace "flicker" exhibited by frozen interlaced fields
containing motion. If the temporal resolution of the reconstructed
trick-play  stream is such that the same frame (two fields) is

25 displayed for more than one frame period, then such interlaced -
“flicker” may be very noticeable. In field-coded macroblocks this
"flicker" artifact may be eliminated by copying the top two blocks of
the macroblock, blocks O and 1, to the lower two blocks, blocks 2 and
3. This copying within the macroblock effectively makes both-*fields

30 the same thus removing any field-to-field motion from the frame.
‘This re-encoding process is performed as the macroblocks are written
to the I-frame memory 110.

A further function performed by processing stage 100 is

the removal of AC coefficients from each macroblock which cannot be -

35 accommodated in the newly constructed TP I-frame due to the low
bit-rate available for the trick-play streams. To accbmplish this, each
block is variable-length-decoded to the point where the block will be




thus every TP |-frame will be used. Simlarly for 18x and 35x% eds,
boiieg}hd

(18) . (3)/ ( P 964131215 (35).(3)/(15) = 7.0 35 Thu $eed
approximately every third or fourth I-frane is used, and-at 35x speed
~every seventh I-frame is used. 1f.it is assuned that the intra-refresh

-period in an advanced tel evision streamis 0.5 seconds (M=15 for 30
fps source) then a three-frane - WO 96/ 13121 _
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- 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 may
20 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 fifteen
frames (M=15) and the temporal resolutibn ‘used by each trick-play
stream is selected to be three, i.e. the number of frame times between .
25 frame updates, then for 5 tlmes speed; - R . '
(5x speed). (3 frame repeats)/(15 frhme refr'esh). =

S .

thus every TP Iframe will be used. Sxmllarly for- 18x and 35x
30 - speeds,

(18).3)/(15) = 3.6
(35).(3)(15) =

35 Thus at 18x speed approximately every third or 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 television-
stream is 0.5 seconds (M=15 for 30 fps source) then a three-frame
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‘signal 121, 18x signal 131 and 35x signal 141, are coupled to 25 .

mul ti pl exowdMdq31B0 whi ch inserts the |-frame packets for ea®&T/HS95/12340
:Speed into the normal play transport stream Thus a valid, MEGIiKke,
transport streamis formatted for record processing by recorder 210

- and recording on tape 220. To minimze TP bit rate, in
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decoder Either fra [ d p

. spemfllcostre ene%ll{édﬁ%?bn E’Qj n% I-frame 5906658 fd;'g Hidri6ry P
The inventi @B tP clea yagqqr rpatsiPGﬁdt élynrhlﬂ%'é% lﬁﬁ 469candcli7Qphove

vere enpl oyahitk adddthee abprgﬂén@ieaMPE@dﬁcﬁire%eaders and8¥ PES 3ayervith a
spatial res ut|

el s cti tric | ay
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trick-play gfreagr tﬁﬂ‘ss%ﬁ'vf)ogl@‘% i {62 fdt\é’aﬁﬁhﬁﬂgaftaﬂt %ea'ﬁ?vﬁﬁ 5

nodes aspec: spat1 al
size is 8 sequence w 1ch when recorded produces a predetermmed trac

format. The recorded track format is selected to provide the desired
20 recorded TP bit rate and to facilitate specific physical location of
speed specific TP I-frame packets within specific recorded tracks.
The recorded track format thus facilitates replay at normal speed and -
-at the predetermined trick-play speeds. The TP I-frame packets, 5x
signal 121, 18x signal 131 and 35x signal 141, are coupled to
25 multiplexor MUX 150 which inserts the I-frame packets for eack- TP
speed into the normal play transport stream. Thus a valid, MPEG like,
transport stream is formatted for record processing by recordér 2i0
and recording on tape 220.
To minimize TP bit rate, in place of repeated TP I frames,
30 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.c.
the TP I frame. Alternatively, frame repeats may be implemented by
setting the DSM_trick_mode_flag in the PES layer and calculating the
35 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. |
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The dlfference. etween the full-resol utlon sche
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descri bed fdfanpsportowsireamlsiti on TP system of FIGURE 1. As descri bed

for the | ow reso'an Eﬂeah?raoﬂtaﬁwowxﬂ?Sﬁl&& cltdaédd?fﬁnéé‘tfh%%t ?ﬁmeg

and process'tﬂg géx%eetncr play streatlnS tgongused for both Fast Forward and F-s
20 Reverse TP modes. :

To retain a 16:9 aspect ratxo, the actual spanal image. size is
sampled to 720 x 384 pixels, with the remaining area above and
below the TP image black.

~ The temporal resolution is such that a constant three-frame

25 holding time is used resulting in ‘an ef_f_ecuve rate of 10 frames.per
second. I _ _ . o

Each I frame of the trick-play streams comprises a selection-of
sampled macroblocks from the origi'nal' stream. The bit rate of 2.0 M.
bits/sec. and three-frame holding time allows most AC coefficients to

30 remain in the selected macroblocks for typical test material.

The overall subjectlve spatial resolunon is fair, being dependent
on the amount of motion and image complexity in the source material.
A picture rate of 10 fps prov1des good temporal resolunon The trick-
play data stream may be decoded to produce recogmzable trick-play

35 video images and hence is acceptable for _tape search usage.
The inventive low- resolution ‘real-time trick-play mode
previously discussed produces recogmzable spatial images at a
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' correctness of the 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
25 TP I-frame. Since no MBs are deleted, no re-encoding of DC transform
coefficients - is required.

The major function of processing block 105 is the remaval
of AC coefficients from each macroblock which, as. a consequence of
the trick-play bit-rate cannot be accommodated in the new TP-I-

30 frame. The low TP channel. bit-rate, nominally 2 M. bit/sec. forces a

" trade-off between the number of AC coefficients used, i.e. spatial

resolution, and the temporal resolution, or frame update rate of the
trick-play stream. This spatial versus temporal trade-off was also
present in the derivation of the low-resolution stream. However, in a

35 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 in a-low-resolution TP frame. Thus any limited




descri bed. However, since this exenplary high resolution TP system
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al so reduces er Its used,i nacr Qb nmodes section
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nbl ed
Senorot on BalliFepeass, | This B FEMMEIRAN e‘gﬁfﬂé‘ééff%%g*“fiéﬁ ol
in bl ocR 1eEsghation. m@?f playesireamsd 4 rsystqunme mployeonty| they BCst em of
FIGURE 2 coefficiei8s of Nédcht dtAcrobl 6k RVith ﬁtlrﬁi'l‘“cci&ﬁciélﬁfut rgeffect lve

bit-rate et .sarre [eso
di scussed dxscaM & VE] W'emﬁgrm%éﬁm e%‘c}@’\‘tﬁ YceSused for
each 35 Zgws womplekity -dinegeotily Ivm&blenldm béeéwifn*geroﬂ it t ed for
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coefficient
WO 96/ 13)121exemplary system where each ftrick-play speed hasPglhié Wlm&ate,

13 ehpef S r b | ength
“encoded. rgﬁ?ﬁ g c%rﬁ%t é?{rmt;ﬁnpttg %eﬁ%t%ﬁ%“? rgﬁ\g‘g#ﬁ h& '
tine, canno&hl'ﬁé TPxapeeds. each trick- play stream Instead the frarre '

hol ding time will varpssdististed _Cr’p‘ﬁ"wélhdl? Vif tehet BFi Cg?]‘h‘{leDW bjideo ﬁna%es "

-required to encode or .form each rane,. For, ea

ri a _ spee
P e nect VEES -esnaatad ik, fithgiaced; souuings cthepad, @ptioadl Processing
until eSougdtepi hfayhabee ihehrdedk comuémone inteplaceer flidKer! oeghibittel by a TP

P %’fkﬁ ﬁgfd conigipfAE MErtlL "0 ich pfemd Had alseady ??%?ﬂ“ "
speci fic trdescribesdy MVQIheSmPeI thisasxemplanyc digh esvlution TP systemr of
bits used widds Baly LEUa ofrhOBbt iRnes) ah'ﬁmﬁlef'ind? bre effxc1émf rame

was the same S|%§ sg Vﬁ'a ocat e ane
effective gnethed em Yo SEHIRE  tne, | IEame_pre rame c@e ybed

for th2Ql ovinr ¢ ﬁ@'pibtm_%bﬂilﬁgﬂménﬁlbﬁ keéedion ' & 'Psh PRis dlhg indicates that
all MBs were frame encoded, thus a previously field-coded block,
which could produce ‘flicker’, is decoded as a. frame-coded block. The
result is that each field is placed in either the upper or lower portion
of a block and any ‘flicker' is removed. This method of flicker
25 elimination also reduces the number of bits used in the .
macroblock_modes section since the dct_type ﬂag can no longer be
present if frame_pred_frame_dct_ is set to 'l'. I .
The reconstructed TP I-frame is assembled in memory
115, and coupled to three trick-play stream generation stages,- 5
30 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
35 speed. However TP I-frame utilization may be further limited for the
following reason. Although each TP I;fram_e has the same number of
coefficients, for example, DC only, each TP I-frame may not have the
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15 would be constant for all speeds.__The reconstructed TP |-franes are
read from nS¥@PY132E and packaged by stream generators 155, 18%T/USISAZHR

175 to forma MPEG conpatible transport streans in exactly the same
way as detailed for the | owresolution system The
inventive full spatial resolution trick-plhg$ stream 20 generation

t echni que descri bed above was :eval uated at an effective trick-play

data rate of same wiBber of bitScringeayhe Joa€dsosfficients Breanariable lgasgth The

performance rgoledsunTREeTBEE, 20 cOhSQME: temporal reso‘}ﬂtib@d%?e ahgl'aing
| -frame-only MPEG corrpatgbl_te t_raPs ort ., Stream may recorde or
each trick- pltHjiess@Bgotobe fixed Q‘E@aﬁhnﬁd?]é‘lplﬂés&‘lrﬁﬂ%n nste et framene

Icorrpl exit t yI amdlding time|t wiHr i\'zl_i’[\-’dvs'lI‘?htﬂanéNi’ér ftirgewiti dhégghhiﬂé?bbgéﬂit@r Ee
ow spat i . rasol u rick-pla revi ou escr.ibed. e
average ahd requlrgﬁe%aﬁc%oﬁri ﬁmﬁ%l c%sﬁfﬁégra%er'?gﬁcﬁﬁc &F‘%B‘aé'al

sour ce mat er ispeed, thearespsicsive i"stream fgeneration”t stages, 3155, 165 and 175p

EEEI\E/[E)S AVERRGE: Hihfdl '\@?ugh bits h\ﬁ? @&@g&%mulateﬂ in Sbg%yagwgde

18X as TikAxframe. Then if the FPHxframe accumulated in thys)buffer at 5
FRANVES - L}tcl)e finre 85 RRAWGS TP I-framé\0i.86/ohnel 4hich has not, yet been encoded

PCT/ US95 . ps . . .
Not e: Iﬂé&aué@ the ispesific drick-plast ispeed, ithg- TPaJ-fsame: is encpdedoand the ¢ o
a:jl speefl)s, ftﬁmmtbaﬂmr bitsr ased Uwildnbe édbtﬁw&g&lsﬂ;wn St'lm'sbahvéillabmt If every
I denti ca r e o . a oI I gNEe USes, on
coefficient Si-frgﬁ% Wi %Herh%argSngFl aaﬁa%]?@ md% dﬂ-‘?yan?e&o‘Vﬁgi ﬁﬁoqaste%m y
fair since othg same effectivef bit-rates this schedne Twould abe t gquiivalentp oo athat
resol ution t 1 sand s endi n t \Y :
conpl exi t Uma%é ﬁlgﬁbgd fox; hQ%TBG%E%%gBH%t 35’?*5“;“ gﬁgwea\géépgaﬁ%e x}rt].’glééusﬁt :ﬂr%fg d
tri ck-p|1a§ i weld be comstant cfargall; speedsind Thec spconstrugted TR d-frameshare
usage. 10 d f \Eigor® PI5 0 £EdTe | i pl
and pr ef?agcggggclj Itnri cklfsglé\aigs daé(gegt regrdjé“g\?eg?if-rgﬁ#eééeﬂgﬁﬁs fl(rgc?rh lﬁ?e
constraints &Rdc o dormc 2 QRPpalibie, JEANSPOTH SITGMRS (i exactly the
recorder/pl agame wiy sordetailedufot theslowerdésoduron sgstentl the
trivckplay datastreamiiic have Fui AT rédeibbn Uikk-ptaf tilm
20 generation technique described above was evaluated at an effective
trick-play data rate of 2.0 Mbps, for trick-play speeds of 5x, 18x and
35x. The per_formance may be summarized as follows: |
.An independent, TP I-frame-only MPEG compatible transport
stream may be recorded for each trick-play speed.
25 The temporal resolution varies with scene complexity and is
lower, having longer frame holding times than the low spatial -
- resolution trick-play system previously described. The average and |
the variation in holding times experienced for typical source matcrial

are shown in the following table:

5X_

30

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




15 trlck lay data stream is derived in real-time. Wth - [ ded
mat eri al , E’i lﬁ ay data streans nmay be derived directly frm#gﬁ%‘

ori gi nal p| ct ure source rather than froma conpressed MPEG encoded

stream Speed specific TP data streans may be derived - independently
of one another and independently from the actual 20 recording event.
Thus pre-recorded trick-play data may be Qerlved in non-real tine,
possi bly at non-standard or sl ower frarre repetition. . rates. Si nce t he

constraints of tN@t@OHBH@hséeﬂi Meﬁﬁcﬁ!?téﬂ’é'ct'i'@e trlck-bl%{}geﬂlt-%
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il lustrateg an exenpl ar S I nventive
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fegardl FSS thé mee‘n@bdad ﬂ’iatbi‘iﬁl o][ However, the HEEVllun e&f)a@-b%lyai a%a .

b onuces o136 TeoRhiaaBE: 4t BELRARTE £t WA TSRREh pSAREN b i< st age
may di¥@er dependi ng Dhe wmajoer diffierences between! realstiare nwick-play i and

pr ogr essi V‘;)ﬁ"d‘eléo?dég teRpiay datdCstrBhfn derivatiofC Pe@luﬁéf%m the

PCT/ US95/ 1
i nt er | aced oAmsiraintsood way and f lagke of s¢emplexity pinapessskiines yconsumer anned

sour ce mat 9géghderffia Efa”Fglri]%Ea EofGiimbe BAURRTLOHefRAPANY record WYY
Higkepia Aot HIFeamy Whild) TRAORGINE Harek TEDIask GAIR: dre-ofhe s ( he

progressiv
ori gi rie§ SQtibkepW latal stridinh is ndetivededn sredlcgment eWith, préaecorded r ame

brocessi ng ateafals WipkiBlad aec sy, Toake Bpr e frécly optEl; T

resol ution omginaheplcame fsoanee rrather than from a compfdmseﬂr MPEGs i erdoded
canned fr kg3 e o] I enerates-a -
S 3tfeam %ap %gééxffco"ﬁ dath st]rgan'R ?ﬁi& ‘iﬁee etV 9 S

| ower resolutron s utlon dellvered
by CCl R Redndepandesily, of on@ré@?@@gl aeﬂyleémmhan&m thesaatpall to 720

x. 384 phxelgcérding event. Thus pre-recorded trick-play data may be derived
in non-real tim_e, possibly at noh-stan_datd or slower frame 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.

25 A first inventive method of pre-recorded TP data .
derivation provides a spatial resolution of for example, CCIR Rec. 601
having a resolution of 720 x 480 pixels, regardless of the original .-
HDTV stream resolution. A second inventive method constructs a
trick-play stream of the same resolutxon, ie. plxel count, as the.

30 original HDTV material. : :

FIGURE 3 illustrates an exemplary block dlagram showmg
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

35 temporally subsampling which produces a 30 Hz, progressive signal
31. The operation of this stage may differ depending on whether the
original source material is progressive with a 59.94/60 Hz frame rate
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retain the 16:9 aspect ratio, and padded with bl ack upper an
borders to WORMIEE1a ' | etter-box' forimat of 720 x 480 pi xel swlﬁ@yuuo

dhe HDTV signal is now represented by signal 41, having a | owner
spatial resolution of 720 x 480 pi xel s, progressively scanned with a
30 Hz frame rate. Signal 41 is coupled to blocks 50, 60, 70 whi ch

i npl ement speed- dependent tenporal subsanglgng. Each trick-play

streamis constructed to have._'_.t'he_ sane tenporal resolution 20 ~“or frane
[r_g' di ][19 ti Weoﬂll‘\liiﬁgtﬂa@erbswiﬂl. a. 29\87/301 Harefraime rbge.r éWi_iheplrogressigM)e. |
erefore, at N_tj ck- spee e Ja . .from
30 15 to so; Hemed Fhybe (iabeedil, RRE Frabidd rald ol ThE héduced Ky HiEBRing
foll ows, 5x eeemnwsecondilframe from btheorsequené®c HBy dropping 3hernateofmames
30/ 70 Hz. Sipcgeé s T LSadl ni.e i ' '
30 Hz, the e féﬁﬁ&&é&%fgeggagkﬁcs%eﬁéﬁggn? 8n¥“,£ ehgﬁr %i%ﬁ%&’?&eﬁ%%gﬁ%gchpTP
speed. 5 the original sourcecmaternl.suWithointeylagedc sourge raterial, thener ate

out put bit- Sfra@féTrabd refdaingthel shpfeP it valy onthifidldafomosaiiedrame is
d 140 to format MP I, bl e

respective MPEG enggpders 120,. 130 a EG 30 t

bit streans. “ﬁca\cem% m§$aspmﬁugtse 1R 18 BRI R VE HPquUence erghrmgrtb&ach
speed, and beesical 'Easoiuﬁbﬁ- madorthe ngamev frameenrdte, real -time processing
i's not necessary, the i r yake:us

encode the nornal - pl ay@g?gm&gﬂézghg&nmq ﬁ%bgg’?ggg@r ézmly@ﬂ’éhgd to
commonallily oblogkadd,i whichii generatesy at hewes resolution i signahdiavingg fone MPEG
encoder bl oc saaNdal; 14.Q. t 0 |y sanpl ed bit
streans 51, éﬁaéﬁ%’]t’lh%grweﬁl\/gg§ﬂ dehv%‘}?goﬁgdcaﬁg lféraégggi g%g -frame is
repeat ed oncBrogressivelysegnned frame 48 gesamp to x 384 pixels to

PCT/ US95/ 123f4ain the 16:9 asge_ct ratio, and padded with blackGupper andh¢ower
DSM trick_pl | ocated in

previously. elrgg{ﬂ ATRGURPES &%Er%égga 5@5&2&&%5%?3& ipﬁ’éels' ~ nor mal
pl ay spéad NP, stream The, HDTW sighalpisnowearepsesentéd by signalsdilgdraviag, :
by Tut 1 pi exbriotey spgtp) iesGRMiod cof 20 X 4R pikels, proertPAVEL, Salbh "
various MPEGWitly 8a3Q Hz {remer aate. a Signel Mlodk coupled donblocks g¥ 60050
ol 2oL, Lo VARSE SopIGSERE, Spedaaspeacal itoral suBYERDIELD Ty L0
al | ows speed%ﬁ?chW@atlﬁ censirugigd ﬁ@s&ﬁll"ﬁn&ﬁ $AMe o IRpeER! zgsolution
‘speci fi g (syner fravle holdinigotinev ¢ frames, ie. every frame will be repeated
once. Theréfore, 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
25 and the display rate is 30 Hz, the effective speed of scene content
'~ remains correct at each TP speed.
| The temporal subsampling blocks 50, 60, 70, generate...
output bit streams 51, 61 and 71 respectively, which are coupled to
respective MPEG encoders 120, 130 and 140 to format MPEG ~.

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

35 ©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




recorded tracks. Thus nultiplexor 150 formats sync block si to
| ocat e speg’d”éﬂé}ﬁ fic TP 1 frame data at specific sync bl oc%"g}mg 5?13?:4& I on
. wWithin the recorded tracks. These specific locations facilitate
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reproduction at the various specific TP speeds. 15° "FIGURE 6 is

a partial block di agram illustrating a further I nventive arrangenent
of the non-real-time "trick-play" apparaggs of FI GURE 3. Speed
specifically processed TP signals 51, 61 and 71 are coupled to
menories 52& BsMatriciepiaysilag, slooarsdt i thet PBSs layer as describedand 35

times proc éa{bm it el ?B&ﬂt FEEGE%B?EﬁitYﬂey stregiﬁs Z&prﬁéreﬁ‘gr di ng

or: magnet
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by the sequent.i | op_bet .e t he v, |tal signal -
sgur ceé'S t L%T’%?%agﬂr tﬁég Eygmﬂ PAT %E@?&upl &3@ l9§ Gt g100
and recor declests thetweedi the /varivus MPEG stream$5b i genevatey @ Isgtict blavk ect
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conponent ss)iﬂﬁahggkw Algh writingato taper 320r d| dasgribed, Gptlagl'edtlmt userofil

and trick h e bé GURE 6

facil it teskﬂ?éﬁgﬁ??ea’lft fﬁeéd% affows %\p% %ﬁﬁcaquu vat i on of bot h.

nor mall @I apostipned, cQr F{p§9rcgqe |?5IsPemﬁcs$ ng as MPEG

conpat i bl erdddrdetdr eagks. Thus mulnplexorAISOFfd’t@lliat'snk 'M%c&r SPSEANR00 IS

il 11 excl® ABF Shires spebfle (b CF SR8 a2 R G Bk Al o oy &

MUX 150. Thecations avithimahe veecorded ntracks oThese0 specpxlfm:decwaﬁ‘s efacilitate

gz;t :nzt reafgpm%agg/ gl%r q,eah&l]so spgefﬁ'@tTPOQbééHs signal FMr CTL, decoder

pcT/ udds/ 12340 FIGURE 6 is a partial block dlagram 1llqstvatmg a dustheny
300. In bl pplerfiive sirahfEmentCofethéahansidataimeO? thigk-pla "C% ARt of 1O

Vi ewi ng i EE{S&@?%%"" 8 resitiCally processed 19 sigpals, 351 ShA%) TA aRed and
initiates eoupled: ¢o cmemories §20;n536EAhd 5540 GiBichvhitore lthecsnﬁmsqaled to
and sl cot et anlf3e Blriéf prbblssed, qiBfal Wided, Yibidls) FELRATIN, ™"
coupl 8@ f oStoNwERs mmwg may be previdedqbynmeansnofi diskoror Mgnamg and
display. @ipd ké¢drdihgantf Fetrieval systems. 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 sources to form an output signal which is MPEG
25 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 replayed at normal and trick play. speeds. Thus the
30 inventive arrangement 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.
A further inventive arrangement is illustrated in block
600 which shows an alternative use for the multiplexed normal and
35 trick play MPEG encoded data stream prodﬁced_ 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



r}ay chose to view in the reverse direction at, for exanple, 5 1] 0
speed. Thi s W@P¥E2bn nmay be facilitated by reading the 5 ti rrel’?‘gﬁ??}”‘“
speed nenory 520 in reverse. Thus the arrangenent of bl ock 600

provi des user controlled selection between normal and trick play MPEG
encoded data streans. FIGURE 7 is a partial block diagram
illustrating another 15 inventive arrangqn?nt of the non-real-tine
"trick-play" apparatus of “FIGURE 3. I'n' FIGURE 7..both normal play and
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35 ek or [ESPORES by e uiBR Teicid"cBRIANG all)scifoll, ) SathpIE-hE
550, 560, 57g!al amessepeed it caream pdd! stoghel soupled £on MPEG, enending and

which are cogybseduent "trahsRlission, Idétodihghand aospla.g.!-l egirhflaPRNth¥Cuser 1O
recorder 210_to Engra{oe an I\/PE(pSHhcog‘lga,l | e, record Ipﬁt strea . :
formatted sUlYaSHO8e Yoo yiel L he reYerss, direcion gt sor, exmple., 3, tpes o
the predd erspeedd "Thislseldcaion smapdbe facilitated by readiny fthet Setimesv play ve
arrangenent (S, J4 | rat,edapn:.bl S whi ¢ t use
for the nul t#%ﬁée(_ixe'ﬂé}r?gr gaszgnﬁy l%({)él#e'r'i_c-kﬁ‘ gaW‘gﬁ%ﬁﬁﬁﬁ (ﬁaibjagl?rgq
produced by prowides usere controlled eselection dgtween onormak kamsbotriakoiplays MPEG

encoded dat apprGaenesded 28%ta r . 210, format control signal FMI CTL,
decoder 07 and dlég_ggiﬁ{é%;%?n | ock 600, an MPEG encoded data stream

202 is ~ communi cat rindnpareal bieck diageam) illstrating anatheny

and 15 inden®tveldrfdngement of the non-real-time “trick-play" apparatus of
PCT/ US95/ 12 é)

1 300. A user%m i s E%%ybeﬂbge@é‘ Rloy and trg 8play Rﬁ%‘lﬁ%glﬁély
_ being vi eneddigital i sighalst 69, $1,e6btand ot mot coupled forEéhcoding ARMPEBGH i s
Fomt e commeroliRAHble Moy Sirediad ) eoBuBt od . with AGFRRACHS SBFal 2T ©
521 to be copfsicessing awdEprenteseirdgd amaterial preparation, signals 09, 51, 6%
20 and 71 may be derived separately and individually coupled for MPEG
encoding by a single encoder 100. The individually coded MPEG bit
streams 101, 121, 131 and 141 are stored in memories 550, 560, 570
and 580 representing normal play and 5x, 18x and 35x bit streams
respectively. The storage memories may be provided by means of
25 disk or magnetic tape recording and retrieval systems. Memories =
550, 560, 570 and 580 produce output signals 501, 521 531 and 541
which are coupled to multiplexor 150 which is controlled respensive
to recorder 210 to generate an MPEG compatible record bit stream
formatted such -as to provide reproduction at normal play speed and
30 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 play MPEG encoded data stream produced by MUX 150. The
alternative system of block 600 replaces MPEG encoded data stream
35 200, 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




subsequent transm ssion, decoding and display. Simlarly the us may
chose to W@9/132t he reverse direction at, for exanple, tlpﬁ'@swlz-"“%peed
This selection may be facilitated by reading the 5 tines pI ay speed
menmory 520 in reverse. Thus the arrangenment of block 600 10 provides user
control |l ed sel ection between normal and trick play MPEG encoded dat a
~streans. The exenpl ary, ng spatial resolution TP system
illustrated in FIGURE 3, and described a produces trick-pl ay
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with this §9ﬁe¢ememorx é%ﬂy FeYgrseso Thus he arrangement, @? M
pr e- 1 eKcQr detovidesk usenyconmbied sklevtion between Gdimal and drgk' phey above

produces g al i t&a&?o# I, al ‘%gs ~at a.relatively high terrporal
a4 gy

resoluti on resol ution nmethod may be used ‘
provi ding the advancéﬁhe edxemplary, low spatialerésolutione TRirsystém abl e

t th di Bh.. . _ RE 4
o o exeniublsd 13°FIGURE T3P PARY  desertiild Wbove,  produces rigk-pldy™
pre-recor dqaalmycmgmﬁxﬁagt diighenecthan othagysttainable from rew-tigne3121

PCT/ U395 1143¢ e mck-%lay streams, The results produced m§ be Providing
tri ck pl ay X_an X. As previously di scussed,

S
pre- recordéﬂ&mf‘ﬂﬁeﬂl ay E‘Aﬁg"‘@tream derivation may be
During recording, an independent, I-frame only, low-resolution

(720 x 480 pixel) MPEG compatible stream -is written to tape for each
trick-play speed. - L ;

20 The actual spatial image size is ‘720 X 384 plxels, to- retain 16 9
aspect ratio, presented in a "letter box" format.

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

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

Overall, the tnck-play 1mage quality - exhxbned wnh this scheme
1s very high. - - : : e

30 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, such a low-
resolution method may be used providing the advanced television
decoder/recexver unit is able support the lower resolution display

35 format. o :

FIGURE 4 is an exemplary '--block diagram of an inventive

full-resolution, pre"-recdrded trick-play stream generation system,
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generat ed fromthe original, unconpressed, source material. F|lGJ 4
i || ust r at e3¥V@B@1¥2her ati on of normal-play and trick-play bit §tT(lé§3ﬁlg23405
however these may be generated i ndependently of one anot her, directly
fromthe HDTV source material. Since this system provides

full -resolution, no spatial sub-sanpling is required and hence |ess
processing is required than that shown in, gl GURE 3. Since the '
original, unconpressed, source.material n%t be used;: frames which 10 are

to be intra ;fra@ﬁﬁngaxnbﬁ ;%98@;5&&?@%?' B2, Otsw And hgsk/ | %s Fﬂravmucfcxj;( speed,

r at her thanrfﬁeLectl an-.enc stream ion a

constant t erf#8FR§sedsr P&ﬂe?%‘i‘édc Hlfﬁ)’naé%eﬂm%ml @ﬁﬂ"@“on may, o
pl easi ng to generated from the- ongmal unilBompressed,alsoufde/ matkeialsi JREGURE i s

show Coun! 3. b R gk ST G S, S .
subsanpl § ng however khess, mety el generatgsk cinidependestly &nft onek apbeher,
speed of N tle@&l)aOﬁ‘b% %ﬁSfHﬂW §8Hf€ee x{)ﬁt%gﬁl”a*lg% oihis ifsq? pr%)ldes and

codi ng. Ho on a d esl
t enpor al resf@iﬂhﬁ&ﬂimlpﬂe @Qt%@ﬂtla ranbssamphngoas erequdrad hence lesg| oser

to every 5Ntﬁi'o€éss$ hisf ¥ l't*:d1 tﬂﬁﬁ'et'hat GsHawYY 'ﬂeF‘lGU’!QEeBt a@lﬁce the spati al
resol ution. a@f r ane a tinmes, or t. or al reso%*ltm

Srlar to (OB UNOMBRsSedmsoutes | mAlAL MaR by<nssdxdeunesewhich®
earli er1025 are to be intra-todedgnay! eteﬂomdramtrpkdlmtwheumok laiyne,

HOTV st ream Poran Aatty igh  sqibBle) 8" RN, Hobiah, dnchich e i eef’nt "
The 5 tines addluonearrcoasmmtﬂenlpemlbrefrmstsaatmcantherpmamuayn bwhich is

sanpl es by 1/ I 25, i.e. 1 franme in 25 is selected to 30
generate oufhp])ét ﬁ?‘lg éél\g)eo l1szai={r.l y[, the 18 tines TP streamis

derived in bl ock 65 whhe rerigingh HDILV syidegasignal 0, is showwmrcaqupled to 1/ 5N

or 1/90 gnd MPEEaétﬁ%dBtt POO Wh(ilélil' éifbrai@%eaﬁ5MPEGs sfidam 101Stfopafdrrmal
derived in bliock 75, terrp factor of 1/5N, .

Y ~SUb
or 1/175 and’l&n@%ﬁde?pgm éﬁ%ﬂ‘l % 28 h?%‘éﬁg!deo I $8mPOR) ed TP bi t
-stream si gnaubsamplingd mnhldﬂ:saﬁé oﬁﬁlmmﬁ THrrespectivélyc dfarodi ngickrplagcoder -

l;lc%c ll(JZgé/Z(ljz ékggd agf N4nlesS P&AY WJ:?S' Nth source’Fraifie 181]%'1 utilized for

Since MPEG codingi b|Homou,| dgpending emne desiredictnade- off between spatiak

20 and temporal resolutxon, the actual frames used for encoding may be

- closer to every 5Nth or 8Nth frame in order to provide an ‘acceptable
spatial resolution. Hence frame holding times, or temporal resolution,
are similar to those of the real-txme, full-resolution system described
earlier.

25 Having selected a frame holding or update time, for--
example, every 5Nth frame for each N times trick-play speed the
HDTV stream, signal 09, is temporally sub-sampled for each TR speed.
The 5 times TP stream is derived in block 55 which temporally sub-
samples by a factor of 1/5N, or 1/25, i.e. 1 frame in 25 is selccted to

30 generate output signal 56. .Similarly, the 18 times TP stream is
derived in block 65, which temporally sub-samples- by a factor of
1/5N, or 1/90 and generates output signal 66. The 35 tlmes TP
stream is derived in block 75, which temporally .sub- samples by a
factor of 1/5N, or 1/175 and generates output signal 76. The three

35 sub-sampled TP bit stream signals, 56, 66 and 76 are coupled for
MPEG encoding .in encoder blocks 120, 130 and 140 respectively.




speed, and yhgegyss real -time processing is not necessary in ‘i'diﬁfsysuzuo
recordi ng environnment, the same MPEG encodi.ng hardware may be used to
encode the nornal -play stream and each trick-play stream 5 Thi s
commonal ty of usage is indicated by the br oken |ine encl osi ng t he MPEG
encoder bl ocks 100, 120, 130, and 140. The tenporally . subsanpled bit
streans 56, 66 and 76 are MPEG encoded as2{- frarres Because the frame

update tine is consta thr ut _each.t.ric stream} so i.s the
nunber of bits allocat @hcpmna&}me JJ!BE is the s r?ﬁﬁ ¢aches,

| -frame repspeedyand rhﬂcamtmtlttyme proeessimgl i3g nobené¥ddsary cin @ grel | ag

I
ropresent | ngeROfifE' ilirontidhy. \he "EME MIBQT E?G%ﬁi.‘enﬁ*{rﬁ“ﬁz%ﬁ?ﬂ@ Bheeds
of 5x, stredseditq, en estheemrnlaaliplay steeagn 38nd  eacleatrickiplayr streampl ed
for recogd f’l%ﬁﬁééx'nmmim Sof abEPILiRABICKE by the' BroRA Hd &ldiBgig el Y

sel ects bet sync

format si gn G enc bg&a(sfd a« tﬁvdngpo@éggn%aw h@c@mpﬂl'@ﬂb’ay

syst em 210 %ﬁﬂsampledvr biti siwedmst 568 652 Gnd A% HreVMPEGY e%%ﬁédb%’ I-frames.
predeterm n oSl t |p?ned

eeds al eed. specific TP da
or recorded%ieﬁaufﬁ th%pﬁém @H‘i?gﬁt 18’?\% 15 Constant  th CE§ h
nul ti pl exor strié@m, so isothmtrumber dfl bits allgoated2 66r teachobfrarnepeémspem fic

TP I frEge $edde Roldfi’l% Stﬂﬁﬁkf & Slyﬂﬁnﬂ Hp&h%%éi@m‘ﬁé&@n‘&f pytate

reproduc on a r1ous speC| The

i nventive alemlgynbm fDWFES andflag nes xmeymmy describeded The ‘
non-real -ti TtinieC KIPEG ngyhg F S
been descri E‘gsdu hnfllceqﬁrra gg%egg?bﬁt)f ﬁ?la?@%?%? g lliH norznal ﬁg ﬁ ?%\tqua
non-real - t i fF¢adh dép né‘éﬁf aYi YBES f J¥eor fiEgam 121y stream cl3

pl ay digit aandi 35a| sstreal 14¢, esreodoupled frEfecord feRnRAin iet? bi t Streams

_ t

380 of 19 qurpRlsipIEEeE, ﬁi@gﬁs%&i’resfsaéofﬁﬁb SHEsIvely o RelectS pervipgn” the 53,
~and 541 whi various MPEG: streaths doppenerate. ansynicobdock flkinat 5§ignal 2005he t he
MPEG out put 0 1 t

nvent i ve. cSBaPRL foF 'ré r?‘r'sﬁeﬁ‘“%aﬁ%né@i. spliy’dysiem, HO7RAA " V©

di stributi oWﬂ'&Wg u&%rtaﬂps s Preyiousty W&Cm%ﬂedetﬂmﬁl%ﬁﬂ’ ol | ed
to sel ect bgpyeds allwerspeddr lsEedifMDEEP C@matelﬁ@ positiofed,Péf ﬁdc%i‘aéé a

Lgifag?gizéﬁeﬁi i 18822178{1‘9 Swithin ?econaeg tracks.” Thus mulu;\ﬁo exor }g&
formats sync block signal 200 to locate speed specific TP I frame data
_at specific sync block locations whlch facilitate reproducuon at the
various specific TP speeds.
The inventive arrangements of FIGURES' 6 and 7 may also
25 be applied the non-real-time "trick-play” generatlon arrangement of
"FIGURE 4. As has been described, the arrangements of FIGURES 6 and
7 may facilitate non-real-time, and mdependent derivation of normal
play and trick play digital signals, and the encodmg of MPEG
compatible bit streams. .
30 - The storage and retrieval memories '550,_ 560, 570 and
580 of FIGURE 7, generatt 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
35 system for distribution for user dlsplay Multrplexor MUX 150 may
be controllied to select between memory derived MPEG compatible
output signals responsive to user commands. For example, a user




21 view ng a programat normal speed will receive and decode bit
stream si gV 9€08121 The user may desire to advance or fast fRGHRYYS/12340
:the program by renotely selecting viewing of for exanple the five time
speed MPEG bit stream The user renote command for 5x 5 - replay, causes
mul ti pl.exor 150 to select MPEG bit stream 521 which is output to the
user. The constraints of z taining full spatial and

t emporal resolution, result in a trlc -play quality which is very

.simlar to viewing a mgrmedt biyotrhal fspetdr edlll véceiner and - decsderdibod.

ol af ng 1 mebedh signl, 0087 PR, 08T Riay Mt B8 A ARG, Gl rnds Forddil o

descri bed the programedn rrcmotplmweéqmmg mﬂev&ng o xfomexampleh the rfgve ul |

spati al 1{:& el M‘PE?‘%:@%FJM“ fkremé‘t%‘ gbxtmﬁé’ﬁd? 550 Mops.
The per nce i: nar| zed as

recor di By, 5?Plﬁﬂdé'ﬁé¥iﬂﬁrmu tI1P ﬁ %@thl& stream ht\‘!hl@b 1s
tape for ea@hqmtl G- g{@yug‘epeed The spatial resolution is the
sanme as the source ma e.te ral ol ution isLixed
having a 5 frane hol di tqqpétramts of retanggtgh ISBﬁ'HaEs@E& MR nd sone

AC coef fi ci eegolutidfl, result in Taetriclepidy q;.miitJyalenuhl is wery Sirilar llaetthamred

bur poses . aEBRd by dibCHRSRIBIATH rltiine iERoR, o0 Howeier, "Bl SRR
achi evdd by recarding | methodvhas ian a@m&se dihag| theeframe holdmg)taa#wlzl '

PCT/ U595112369stam The trick- k-play_stream - generation techdique described
REAL- TI ME TRI CK PLAY, STREA|

TR Gk PLAY BIRESRS tn%ay Speeds of 5x, dfcand) 33x, having TUlERRROAL O
FULL S%UI&OQJHHHT‘AII efﬁ%wmwh Ybit rate of REGOMBpEN Theor to

.fal r, only DC f&rgoor to fal {)é ! rized as @o% LAY coeff|C| ents used.

some AC coeP used.
TEMPORALS QUALI TYDuTﬂ@G%&brc[iwg,l an: mdependent Iframe only, MPEG stream is

written to tape for each trlck-play speed.
The spatial resolution is the same as the source material.
The temporal resolution is fixed having a 5 frame holding time.
Each I-frame uses all DC and some AC coefficients. .
20 The overall spatial quahty is fair. Recovered trick-play unages
are recognizable and are acceptable for tape search purposes.
The following table summarizes trick-play quality
achieved by the various inventive methods disclosed.



poor to acceptable ~ poor to acceptable,

frame  con¥OSI3BLf [ ane P hol di ng ti mes Pﬁﬁgdsﬁ%@dl ng
S time. LOW SPATI AL QUALI TY: SPATI AL QUALI TY:

RESOLUTI ON poor to good, depends good to very good, TRI CK PLAY  on

mat eri al , depends on materi al, MODES pat chwor k of

MBs _ , used. _ 22 . TEMPORAL QUALIY:

TEMPORAL QUALI TY: good, constant 3 very good,

constant 2 o _ frame hol ding tine.. -frame holding tine.

In view of t[ECONStTal S Q] ScUoo0 ' | L] T 11T CR-Bl ay

quality may rial,

by the use o;

Tmmmr.m STREAM Javancec

. _ Iowresout!on
orovi ded may [be CHUECG b Mar SEATIAL QUARIYYS S
- exanple, rai gi pi t r.ate b} .
speed, will @ §’€°Frf°r€aébl 9?6'025 Ff
bit-rate of pmmmmmy 4 coebfipterits usedi r ed.
"Trick Pl ay" dd is reduced, for ex%%‘i two i nfeach
inin

direction, then t ectifve bit-rate for .each speed
SRR Sl el TR R M UGN -

repeats, resf§lts from the ez of éé@)ﬁ%‘ﬁfe N 0 pat fal
resol ution. JHence either ptadrog’?we%‘grécrrg T %oéfm%zegk%éﬁgﬁé'l ngjon the

desi red .appl {cat’i on. vanahie 3191 frame constant 5 frame

2 3 holding timegs Al M5 1 hole Atllmé hOd for
generating aI‘I"IVF"Ew acr goIme)p Z : | for
recording toffacilk e ref 2 3iig di d
met hod conpr SRMOL*UTRDNDF%r tcﬂSgood depends ji t al
i mage represeg a 1o

sub-sanpl i ng smcéfm emaBen?lEpresent at Qﬁ:lg (6%)‘ é?l’a rate

related to ajtri AMODES spqgatchwork of MBs ' encodl ng said -
tenporally sdlb sarrpl ed si gnqllse@sG . :
‘good, constant 3 |very good, constant 2
frame holding time. |frame holding time.

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

5  material, by the use of lower-resolution trick-play data. However,
the advanced television receiver/decoder must support the use -of a
low resolution mode. If full-resolution trick-play modes are utilized,
the quality provided may be enhanced by manipulation of vaiious
parameters. For example, raising the effective bit-rate available for

10  each trick-play speed, will allow an increase in resolution. However,
a minimum bit-rate of approximately 2.0 Mbps is required. If the
- number of "Trick Play" speeds provided is reduced, for example to
two in each direction, then the effective bit-rate for each remaining
speed may be increased. The effective temporal resolution, or

15 number of frame repeats, results from the trade-off between
temporal and spatial resolution. Hence either parameter may be
optimized depending on the desired application.

-



8 66, 76) to produce an MPEG corrp si gnal
141); 1 OWO9E 312? d) encodi’ Hw!@lgmmage represerﬁéﬁ%{yve dat a

.11 signal (09) to produce a norrra tible signal (101); 12
e) sel ecting between said trick pI ay MPEG conpati ble 13 signal (121,
131, 141) and said normal play MPEG conpatible signal 14 (101) to produce
a record formatted bit stream (200); and, 2155 f) recordi ng
said record formatted bit stream (200). T 2. The nethod of claim
1, wherein sa| d trick pI ay I\/PEG 2 comuARVS signal (121, 131, 141)
corrprise N claim Ih said trick
- play I\/PE% hﬂgpﬂb?% f?Fg&%Her?&lQE ali3wq§ilf° @%Qc&t o'MR&Ur in
said rec@rd fbprefsmunivteecklgnal forerevording) to ufdeilitme réprodueciondad seore

trick pl 3y 4 g tlsgi& abihc?& L&gg ‘1"% hfkgls@%%ﬂ s reproduced at

said 5 tr|c pIa | ar'm 2, wherein said
| frames4conprise at 23) | efeceixing ai digitale image represemative c sigmalODht

and an Ag§ discrete 3 b()OS' 'i'@mbbi‘ﬁ'l‘-l Okiib- §d?ﬂ hhg' eaid d xtal 1ma . The
nmet hod of. claim 1, wherej r}@iﬁk@d hporal | 2 nl% 9% at a
rate det & ni FRRIESEAtatVe. gig altrﬁniatg re FE?SE@FP ?ai‘é k play spe
96/131217 c eﬁeﬁdﬂ@%ﬁ%{@m orally sub- sampled signal (56,

“ncl udes8 368 76)°td"prodicd af WPEGsoipatily 35 e BIA of dCtAl, 33@” ?

El ement a 4141% ream | ayer of said MPEG conpati bI e trick play si gnal (121,
+131, b5 1) to -repeafysai r Vi ng
MPEG COflTp:bg.tl bl e di (399 P) gnbogfr@rfsalgeéié 1[ta |l\%g ?@@EMP Elrgecor gi
formattdg teignati@O% ata pre a@q@tnqrmabplasatmfé ¢ompatible sigral (LA1)
met hod ¢g@nprising the g 1)eIOSs@l‘ectln@ between said tFitk pIl&FMPEG fompatiblé

- 1 mage " esgn%g (\ﬁlSI Pﬁal l&?? and said normal play MPEG compatible signal

14 (101) to produce a record formatted bit stream (200); and,

U

15 f) - recording said record formatted bit stream (200).
1 2. The method of claim 1, wherein said trick play MPEG

2 compatible signal (121, 131, 141) comprises I frames.

1 3. The method of claim 1, wherein said trick play MPEG

2 compatible signal (121, 131, 141) is selected to occur in said record
3 formatted bit stream (200) -such that when recorded said trick play
4 MPEG compatible bit stream (121, 131, 141) is reproduced at said
S trick play speed. .

1 4, The method of claim 2, wherein said I frames comprise. 2t
2 least a DC discrete cosine transform coefficient and an AC discrete

3 cosine transform coefficient. r

b

5. The method of claim 1, wherein said temporally sub-
2 sampling occurs at a rate determined by a predetermined frame
3 repeat rate. ' '



5 tenmporally sub 65, 75) said digital
i mage reprg's%?ﬂ’ég?lve signal (09) t ﬁﬂ ?l mljﬂ fal (56, 68@‘7"%?5“2'77‘40
having an frane rate related to a t - C)
encodi ng (100) and storing (560, 570, 580) sald S|gnal (56, 66, 76)
having said franme rate related to said trick play 10 speed to produce a
trick play speed MPEG conpatible signal (4621, 1 1 531, 541); 12

d) encodi ng (100) and storing said digital inage 1 3 representative
si gnal (109) to p6odifie anedmdalofpd:hynﬁaeeﬂhbﬁﬁﬁ sdid4 stepordaidditionallynal

(501); 15 tade retrieving said stored trick play speed and
nor mal ‘f épeed I\/PEG conpat i bI e signals ( 501, 521, 531, 541); 17
f) sel3ect| ng bet weefettingl a DdMavte &)B.J.ﬂ@gam sodRatketized Bbadental
conpati gl e ) I EG
“conpat i | h %t%ﬁg* g gfllofﬁ;ﬁﬁ %&Pgd ?ﬁgltet :fth I't 15333/33%9?265%1'-§8wm| ch
facilit es ’t" brted epsalns m?)‘r mal play speed and said 21 trick play

speed; and 22 recordi ng said forrratted bit stream

200) . 8. The met k.pl d
ﬁ/PEG) 2 ! conpat i Bt e Ai %gfm{'gg{oé%%‘imgsﬁ?ﬁ@erel 2 s 1:5&:68‘ aﬁ :gleg
rfacorg 2 fepres¢ntadivie - tmg?aharfnthEl)omhdbrﬂiﬂhl ngheo {mdmdted mprddufjﬁloh .

a ee uce at
cai 8 tr?'é’k & Mh5fe IRAR"6nS! Spelid, SO HBthDA  comibisiild ‘the SgIqIELER) ) °
25 1 9. The nBdhodregeiving @ sdigitadr dmagearepresentativey sigaal (09)2
control Sed responsi vebl)o f&‘rﬁﬁbﬁll‘ﬁ Setshfiplingn@s, (65T ﬁﬁ@aldeaigm 3

f d d f tted bit st
167" 781 honagh {eorplaigtin el o, S Eehctin. s SB0sl 156, 441 79 | mge €

represefft at hawi lgnafmmo ﬁaaeltelawdetoearﬁwct lay speedyre 3  than one

Do vPRe s Fortar | Blloc BEGHHARD (P6) AR Syfing, 560, 570, 580) Rid
t enpor abl y sghal;a(ﬁﬁL |6@, (755 hadng7s3id £ramei mteatelafed torrsaid teipkeplay ati ve
si gnal QP9) Tfe%ﬁog%@ %gia& pay Eﬁeé’d‘ MPEG compatidié sighaf {9210 2

trick E)I ay :g)eed

12 - d) encodmg (100) and storing said dlgnal ‘image
13 _ representative signal. (09) to produce a normal play speed MPEG
14 compatible signal (501);

15 e) retrieving said stored trick play speed and normal
16 play speed MPEG . compatible signals ( 501, 521, 531, 541);
17 f) - selecting between said retrieved normal play speed

18 MPEG compatible signal (501); and said retrieved trick play speed
19 MPEG compatible signal (521, 531, 541); to format a bit stream (200)
20 which facilitates reproduction at said normal play speed and said
21 trick play speed; and, '

22 g) recording said formatted bit stream (200)

1 8. 'The method of claim 7, wherein said trick play speed MPEG
2  compatible signal (521, 531, 541) is selected to occur in said record
3 formatted bit stream (200) such that when recorded said trick play
4 speed MPEG compatible bit stream (521, 531, 541) is rcproduced at
5 said trick play speed.

h
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8 d)s, MPEG encodi ng (; toki (560, 570 58045" 9
said trick BWORI$Kded specific mgr{#imﬁm(i@ymHmLt o producBCHUISI2§0 1
Pl ay speed specific MPEG conpati bl e «si gnak S , 541); 11

‘e) encodi ng (100) and storing (550) said digital inmage 12
representative signal (09) to produce an MPEG conpatible signal 13 (501)

specific to a normal play speed; 14 . 25 f) reading from storage
said trick play speed specific 15 MPEG conpatible signal (521, 531, 541);
16 1 0. Thmdhethodr of claimr 8gavhereth taldedel@tting spepds 17

' i ficWPEG i bl ' I 1); d - I i
ot ween 2ai aeoRtpieH ResRaRstiE ag topmaril cohyfol signpl (EMT, CTRLY dpiysd”
531, 54183 anfromi a reporder p(2h0)s peeardifty saicpdormatteliPbit strgami 2A0)si gnal
(501) responsive to a user control 2 1 command (REM CTRL) to output an

MPEG conpati bl e signal (202) for 22 , decoding (07) to facilitate view ng
of ‘said digital ihklge A3methedrforederiving andyrecording 2MPEGr gampatible speed

and sai d2tri gigipllamkge Y8pRSentative signals to facilitate reproduction at more
3 than one play speed, said method comprising the steps of:
a) receiving a digital image representative signal (09);
b) temporally sub-sampling (55, 65, 75) said digital
image representative signal (09) to generate a signal having an frame
rate related to a trick play speed (56, 66, 76); '
d) MPEG encoding (100) and storing (560, 570, 580)
9 said trick play speed specific signal (56, 66, 76); to produce a trick
. 10 play speed specific MPEG compatible signal (521, 531, 541);
11 : e) encoding (100) and storing (550) said digital image
12 representative signal (09) to produce an MPEG compatible signal
13 (501) specific to a normal play speed;

00~ O\ b

14 f) reading from storage said trick play speed specific
15 MPEG compatible signal (521, 531, 541);
- 16 g) reading from storage said normal play speed
17 specific MPEG compatible signal (501); and
18 h)  selecting between said trick play speed specific

19 MPEG compatible signal (521, 531, 541) and said normal play speed
20 specific MPEG compatible signal (501) responsive to a user control
21 command (REM CTRL) to output an MPEG compatible signal (202) for
22 decoding (07) to facilitate viewing of said digital image

23 representative signal at said normal play speed and said trick_play
24  speed. '

P



