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(57) Abstract

As depicted in Figure 19, the instant invention provides a "trick play" method for recording MPEG compatible advaqced television
(ATV) signals. The system comprises an ATV decoder (100), a "trick play” processor (200), and an SD DVCR (300). The video processor
{150) provides a selection function for switching between ATV and “Trick Play" video ignages. A decoder (130) controls the switching
action based upon the acquisition and decoding of an I frame from a recorded Group of Pictures (GOP).
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consuner use and has sufficient data recording capability to‘record ei t her
NTSC (PAL) signals, or an advanced tel evision signal. An advanced

tel evision or ATV signal has been devel oped by the Gand Al liance (GA)
consortium A specification 25 docunent titled G and Al liance HDTV System
Speci fication was published in the 1994 Proceedi ng of the 48th Annual
Broadcast Engi neering Conference Proceedings. The GA signal enploys an MPEG
conpati bl e codi ng method which utilizes an intra-franme coded picture,

termed | frame, a forward predicted frame, terned 30 a P frame and a
bidirectionally predicted frame, termed a B frane. These three types of
frames occur in a group known as a GOP or G oup O Pictures. The nunber of
frames in a GOP is user definable but may conprise, for exanple, 15 frames.
Each GOP contains one | franme, which is abutted by B frames, which are 3 5-.
then interleaved with P frames. WD 95/ 28706 '
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In an anal og consuner VCR, "Trick Play" or TP features such as picture in
forward or wowsR8®eshuttl e, fast or slow notion, 5 ar e r ea®CryB9s/00227
achi evabl e, since each recorded track typically contains one field. Hence
reproduction at speeds other than standard, result in the reproducing head,
or heads, crossing nmultiple tracks, and recovering recogni zabl e horizontal
pi cture segnents. The GOP of the ATV signal, enploying I, P and B franes,
may be recorded 1 0 occupying multiple tracks on tape, for exanple, 10
tracks per frame and 150 tracks per  GOP. Slnply stated mhen a DVCR |s
operated at a non- stt&HAA : ' \PEERE B

sections or segrrents frllhlvghﬁr 5& %grﬁgmat&-lx%@ gul%oack

segnents nq | onge res n{ sectJlo s romdi screte recor
corsecutiv nﬁ%@ d§n | HstRafticulare ta fapspduction: of an highs definition
mainly from prerden @dgﬁalarmSaOﬁohmaﬂBd Qpébﬂ.g play speed operation, |
frame data is recovered whic .dlf 4 mof t he pred| cted B
and P frames. Clearly, durin anount of | frame
data recovered 20 pr ogr Asdligital/ \ddeoncasseueaseﬁ?dspeadploymgaaehehd:ﬂnce
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of framiodatals v zero
commmee The proposed standard specxfles digital recording of

either standard definition (SD) television signals, for example
NTSC or PAL, and high definition television signals having an
MPEG compatible structure, such as a proposed Grand Alliance
signal. The SD recorder utilizes a compressed component video
15 signal format employing intra field/frame DCT with adaptive
quantization and variable length coding. The SD track format
comprises 10 um tracks, azimuth recorded without guard bands,
with 10 or 12 tracks per NTSC or PAL frame respectively. The
tape cassette employs 1/4" wide tape with an evaporated metal
20 recording medium. The SD digital VCR or DVCR, is intended for
consumer use and has sufficient data recording capability to
record either NTSC (PAL) signals, or an advanced television signal.
An advanced television or ATV signal has been
developed by the Grand Alliance (GA) consortium. A specification
25 document titled Grand Alliance HDTV System Specification was
published in the 1994 Proceeding of the 48th Annual Broadcast
Engineering Conference Proceedings. The GA signal employs an
MPEG compatible coding method which utilizes an intra-frame
coded picture, termed I frame, a forward predicted frame, termed
30 a P frame and a bidirectionally predicted frame, termed a B
frame. These three types of frames occur in a group known as a
GOP or Group 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 is abutted by B frames, which are
35 then interleaved with P frames.
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"Trick Play" or non-standard speed replay features requires that specific
dat a be wowshgg, wWhi ch when reproduced in a TP node, is PS&raBIsemabl e of

i mage reconstruction wthout the use of adjacent frame information.
Furthernmore, since "Trick Play" specific data is recorded, the physical
track location nust be such to permt recovery in a TP node. SUMVARY OF THE
| NVENTION 3 0O In accordance with an inventive arrangenent a
met'’hod for recording a digital video ﬂhage representative signal on a
magnetic tape having a helically scanned track format conprises the steps

of: determning a CO”Ii’Prhlﬁraﬁﬁlcfg;tc%ﬂﬁﬁinE{' a¢CR, " ek Piyduél TP Features

pr edet er mi ned .nunber, of r.epr.od ' reverse

d f d 35
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have a dat aareatreadilyt achieviable,r sinvededchl zecorded &tackh eypicatiyn contaiis
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in the reproducing head, or heads, crossing multiple tracks, and
recovering recognizable horizontal picture segments. The GOP of

- the ATV signal, employing I, P and B frames, may be recorded

10 occupying multiple tracks on tape, for example, 10 tracks per frame
and 150 tracks per GOP. Simply stated, when a DVCR is operated at
a non-standard reproduction speed, replay heads transduce
sections or segments from multiple tracks. Unfortunately these : |
track segments no longer represent sections from discrete records

15 of consecutive image fields. Instead, the segments contain data
resulting mainly from predicted frames of the GOP. During play
speed operation, I frame data is recovered which permits the
reconstruction of the predicted B and P frames. Clearly, during
"Trick Play" operation, the amount of I frame data recovered

20 progressively diminishes as TP speed increases. Hence, the
possibility of reconstructing B and P frames from the reproduced
pieces of I frame data is virtually zero. Thus, the provision of
"Trick Play" or non-standard speed replay features requires that
specific data be recorded, which when reproduced in a TP mode, is

25 capable of image reconstruction without the use of adjacent frame
information. Furthermore, since "Trick Play" specific data is
recorded, the physical track location must be such to permit
recovery in a TP mode. .

SUMMARY OF THE INVENTION

30 In accordance with an inventive arrangement a method for
recording a digital video image representative signal on a magnetic
tape having a helically scanned track format comprises the steps of:
determining a common area on each track transduced during a
predetermined number of reproduction speeds in forward and reverse

35 directions; processing the digital video image representative signal to
have a data rate suitable for recorded placement at the common track



and the progcessed digital video inmage representative signal for 5 recorded
pl acenent oW A¥B8Megnetic tape such that the processed digit ZCTIBWOI2I T mge
representative signal is |located at the conmon track area. |In accordance
wi th anot her inventive arrangenent, a magnetic tape for use in a digital
vi deo cassette recorder, recorded 1 0O with a digital signal representing a
digital image signal having an MPEG compatible format, the digital signal
bei ng recorded on the tape in successive tracks, the tape conprises:
recorded portions of first dafa signaL_and of a second data signal
resi di ng i n ea®lfdsf 2R fl‘!’f&m@’,‘m&é}‘ﬁ gitglavideo gimage crepresantative esignal he
di gi Fg! I mag]ga. ind thei cmab?gseﬂr @sgnileebiuegt i}gag/E’Eﬁﬁg@fthti%esifg?%'Fgfotrand
provi di ng r Qr_ i e eproduct.i on; and, e secon ata
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MPEG conpat i bl digital nuideloutimagei mepresentatimea sigreal isidotatedt adathe sognabn t he

second data sighek Qﬁ%ng derived froma signal decoded 20 fromthe digital
i mge signal representéd in the MPEG conpatible format, and providing a
second source for image Hepacsordanes with anntherrinventive arrangement, a

i nventive arramaghielit. tapeFoh Oske’ ¥ & edipinal NViteo? caSsctiel ¥ecFdRTE TRBbrddd 2
digital vjgeo with a digital signal representing a digital image signal having an
MPEG compatible format, the digital signal being recorded on the
tape in successive tracks, the tape comprises: recorded portions of
a first data signal and of a second data signal residing in each of
the tracks; the first data signal representative of the digital image
15 signal represented in the MPEG compatible format and providing a
first source for image reproduction; and, the second data signal
also representative of the digital image signal represented in the
MPEG compatible format but having less data than the first data
signal, the second data signal being derived from a signal decoded
20 from the digital image signal represented in the MPEG compatible
format and providing a second source for image reproduction.
In accordance with a further inventive arrangement, a
method for determining a recorded placement of a digital video
~ image representative signal on a magnetic tape having a helically
25 scanned track format the method comprises the steps of: selecting
a predetermined number of reproduction speeds in a forward
direction; selecting a predetermined number of reproduction
speeds in a reverse direction; determining a common area of track
on each helically scanned track transduced during the
30 predetermined reproduction speeds in the forward and reverse
directions; determining a data capacity of the common track area;
processing the digital video image representative signal to have a
data rate suitable for recorded placement at the common track
area; and, multiplexing the digital video image representative
35 signal and the processed digital video image representative signal
for recorded placement on the magnetic tape such that the



| mage representative signal on a nmagnetic tape having a helically 25
scanned woasts7ér nat t he net hod conprises the steps of . SKIRABISONZ2T

pr edet er mi ned nunber of reproduction speeds in a forward direction;

sel ecting a predeterm ned nunber of reproduction speeds in a reverse
direction; determning a conmon area of track on each helically scanned
track transduced during the 3 O predeterm ned reproduction speeds in the
forward and reverse directions; deterﬂining a data capacity of -the conmon
track area; processing the digital video inmage representative signal to

have a dat ro%beseaﬂ&:gghp Jlaéorﬁﬁﬂgeﬂe@n%ﬁmafseqseateat at 'tfie COOMIAbI ' ack ar ea;

and, rrultl x* g Igital video inmage representative 35 signal and the
processed dﬁ 8¢X afr€-deo i mage represent ative si gnal for recorded pl acement
on the Sagnetlc t ape sucBRIBE{ OF
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common track area.
the locations of various data sectors as specified for a standard

definition DVCR.
FIGURE 2 illustrates the replay head path with areas of
10 sync block recovery at twice replay speed. |
FIGURE 3 illustrates the replay head path with areas of
sync block recovery at four times replay speed.
FIGURE 4 illustrates the replay head path with areas of (
sync block recovery at eight times replay speed.
15 FIGURE 5 illustrates the replay head path with areas of
sync block recovery at sixteen times replay speed.
FIGURE 6 contains tables showing audio and video sync-
blocks recovered at various trick mode replay speeds.
FIGURE 7A illustrates sync-blocks recovered at 2, 4, 8
20 and 16 times replay speeds. |
FIGURE 7B illustrates recovered sync-blocks common to
2, 4, 8 and 16 times replay speeds.
- FIGURE 8 illustrates a first embodiment of a recorded
track pattein showing advantageous sync block locations for
25 placement of inventive "Trick Play" data. |
FIGURE 9 illustrates the replay head path and track
areas of sync block recovery at 3 times play speed.
-FIGURE 10 illustrates the replay head path and track
areas of sync block recovery at 9 times play speed.
30 . FIGURE 11 illustrates the replay head path and track
areas of sync block recovery at 19 times play speed.
| FIGURE 12 illustrates the replay head path and track
areas of sync block recovery at minus 1 times play speed.
FIGURE 13 illustrates the replay head path and track
35 areas of sync block recovery at minus 7 times play speed.




5 BRI EF DESCRI PTION OF THE DRAWNG FIGURE 1 illustrates a
recorded t rwoles/peyé ern show ng the | ocations of various dat aPEETBISNE222S
specified for a standard definition DVCR FIGURE 2 illustrates the replay
head path with areas of 1 0 sync block recovery at tw ce replay speed.
FIGURE 3 illustrates the replay head path with areas of sync bl ock recovery
at four tinmes replay speed. FIGURE 4 illtitrates the replay head path with
areas of sync bl ock recovery at eight tinmes replay speed. 15

FIGURE 5 illustrates the replay head path with areas of sync bl ock recovery

at sixteen times replay FPGUREFISURRisiraesthenseplap! Rsad puth "andUgiaek and
vi deo sync- bl ocks r coverfz)g t various trick no oml‘gl aé/]ﬁé{peeds FI GURE 7A

illustrates syﬁ{?aﬁl 8 KM er&cgyeriy aﬁ minys, ay speeds.
FI QURE 7B i3 | ustrates retdGEIRB t&nﬂlttsltmt&s syaorhinck® r2covered and3,10 andes
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FIGURE 16 illustrates a second embodiment of a

recorded track pattern showing inventive sync block locations for
10 recording inventive "Trick Play" data.

FIGURE 17 illustrates a video data sector recorded
with an ATV signal and an inventive "Trick Play"” signal.

FIGURE 18A illustrates the arrangement of data within
a SD sync block. FIGURE 18B illustrates a sync block

15 advantageously formatted for recording both ATV and inventive
"Trick Play" data signals.

FIGURE 19 is a system block diagram of an ATV digital
video cassette recorder employing an inventive "Trick Play”
recording and replay features.

20 FIGURE 20 is a system block diagram of an inventive

"Trick Play” encoder and decoder.

FIGURE 21 is a system block diagram showing an SD
recorder and inventive control of "Trick Play" and high definition
video playback.

25 DETAILED DESCRIPTION
FIGURE 1 shows a recorded track format for a

consumer use, standard definition (SD), helical scan, digital video
cassette recorder. The effective data area shown in FIGURE 1
comprises four sectors in which specific types of data are

30 recorded. The ITI, or Insert and Track Information data sector is
used for tracking and editing, and is followed by an editing gap
G1. An audio data sector occupies 14 sync blocks, numbered O -
13. A second editing gap G2, follows the audio data sector, which
is followed by a video data sector comprising 149 sync blocks,

35 numbered O - 148. A third editing gap G3 follows the video data
sector which is in turn followed by a sub code recording sector.
The digital video cassette recorder or DVCR, is specified to have a



25 pl acement of inventive "Trick Play" data. FIGURE 9 illustrates the
replay HYQ@SR8M6 and track areas of sync bl ock recovery aRCHIBSPRI? | gy
speed. FIGURE 10 illustrates the replay head path and track areas of sync
bl ock recovery at 9 tinmes play speed. 30 FIGURE 11 illustrates
the replay head path and track -areas of sync block recovery at 19 tines
pl ay speed. FIGURE 12 illustrates the _replay head path and track areas of
sync bl ock recovery at minus 1 tines Slay speed. FIGURE 13 illustrates the
repl ay head path and track 35 areas.of sync block recovery at mnus 7

times play digiead. videoecUTlity Ghte of 24.948 Mbps. This video bit rate
of 'sync bl ofie%, beoyiFed; for e e%é%psﬁggﬁléﬁggdﬂ%ﬂw QRO & e
15 |||u§trafr9m sjitherban INTSC Bk signal 3 oroa processed advancadward play
speeds and elevisfiif signdl) SaehPas)fof (&&ple, the Grand Alliance (GA)
signal. FIGURE 21 shows, a simplified block diagram of a DVCR
350. DVCR 350 comprises a head drum 510 which includes a
plurality of recording and reproducing heads which are coupled to
10 a playback processor that generates four output signals, 351, 352,
353 and 354. Replay signal 354 represents an ATV data stream
and the data processing path is depicted by blocks 359, 120 and
130. "Trick Play” image data is represented by replay signal 353 |
which is shown coupled to subsequent "Trick Play" image data
15 processing. The processing and selection between "Trick Play" and
ATV images will be described later. A cassette 501, is shown
inserted into DVCR 350, with tape 504 threaded around the head
drum 510. |
The SD track format may be recorded with various
20 head placements on the drum or cylinder, and with various drum
rotational speeds. The track patterns which follow illustrate
replay head paths or tracks for various "Trick Play” speeds. In
addition, two possible head drum configurations are illustrated,
i.e. a double azimuth head pair, and two single heads 180°
25 diametrically opposed on the drum.
FIGURES 2 - 5 illustrate replay head paths for a
selection of "Trick Play” reproduction speeds. The tape is
recorded according to the SD, digital video cassette recorder
format, with 10 um tracks, azimuth recorded without guard bands,
30 and is illustrated replayed by a replay head with pole face width
of 15 pm. _
FIGURE 2 illustrates the replay head path or footprint,
at twice speed reproduction. The footprint shown is for a single
pair of double azimuth replay heads. It is assumed that the
35 replay head will recover sync block data from the recorded track



the reverse direction. FIGURE 16 illustrates a second enbodi mrent of a
recorded tr at9szsréecr n show ng i nventive sync bl ock | ocati onsedmodbh227
recording inventive "Trick Play" data. FIGURE 17 illustrates a video data
sector recorded with an ATV signal and an inventive "Trick Play" signal.
FIGURE 18A illustrates the arrangenent of data within a SD sync bl ock.
FIGURE 18B il lustrates a sync block 15 advant ageously formatted for
recordi ng both ATV and inventive "Trick Play" data signals. FIGURE 19 is a
system bl ock di agram of an ATV digital video cassette recorder enploying an

)
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our, eight an sucteen tlmes p ay speed respectively,

FIGURE 6A is a table showing track numbers and the
numbered sync blocks recovered from the audio data sector at the
TP speeds illustrated in FIGURES 2 - 5. FIGURE 6B shows the

10 tracks, and numbered sync blocks, recovered from the video data
sector at the Trick Play speeds illustrated.

The recovered video sync block data depicted by cross
hatching in FIGURES 2, 3, 4 and 5, and the numbered sync blocks,
of table FIGURE 6B, are combined and illustrated in FIGURE 7A for

15 TP speeds of 2, 4, 8 and 16 times. FIGURE 7B illustrates track
areas and numbered sync blocks recovered, which are common to
all four speeds. Thus FIGURE 7B indicates track locations,
identified by sync block number, where data may be recorded and
recovered at play speed and at 2, 4, 8 and 16 times play speed.

20 FIGURE 8 shows one recorded track comprising an ITI,
or Insert and Track Information recording area, editing gap Gl, an
audio data recording area occupying 14 sync blocks, numbers O -
13. During ATV operation audio and video data are conveyed
within the ATV data transport stream thus the audio data sector is

25 not required for audio data use and may be utilized for ATV and
"Trick Play" data recording. A second editing gap G2, follows the
audio data sector and it is followed by a video data recording
sector comprising 149 sync blocks, numbered 1 - 149. A third
editing gap G3 follows the video data sector which is in turn

30 followed by a sub code recording area. The recorded track of
FIGURE 8 shows an advantageous first embodiment of sync block
allocation for inventive TP data recording, where 5 sync blocks are
used in the audio sector, and 40 sync blocks are utilized in the
video sector. Thus 45 sync blocks may be utilized in each scan to

35 record TP video data for recovery at both standard and non-



consuner use, standard definition (SD), helical scan, digital video
cassette The effective data area shown in Fl GURE C*ﬁﬁ% hses f our
sectors &%82'& specific types of data are 30 recorded. f@?

| nsert and Track Information data sector is used for tracking and edltl ng,
and is followed by an editing gap GL. An audi o data sector occupies 14 sync
bl ocks, nunbered 0 - 13. A second editing gap &, follows the audio data

sect or, Whl ch is followed by a video data sector conprising 149 sync
bl ocks, nurrbered O - 148. Athird editing gap G3 foll ows the video
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95/ 28706 effectlve replay data rate of about 1.06 Mbitfse/ aegﬁymnmmpbm gital
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for recordi n? a corrponent Vi (PAL)

signal, or "o speedy %3aﬁéw’tgl dmes; Gﬂ\dsl%rﬁmes-swﬁh cheado foetpsintse, t he
Gand Al liagee Kdm) double azimuth and 180° diametrically opposed heads.

FIGURE 9 illustrates track areas of sync block

_ recovery at 3 times play speed. Tracks T1 and T2 represent

10 reproduction with double azimuth head pair, tracks T1 and T4
represent reproduction by 180° opposed heads. FIGURE 9 shows
that for either type of replay head configuration there are areas of
the track, and consequently sync blocks, which are never (
recovered. : :

15 FIGURE 10 illustrates track areas of sync block
recovery at 9 times play speed. Tracks T1 and T2 represent
reproduction with double azimuth head pair, tracks T! and T10
represent reproduction by 180° opposed heads.

FIGURE 11 illustrates track areas of sync block

20 recovery at 19 times play speed. Tracks T1 and T2 represent
reproduction with double azimuth head pair, tracks T1 and T20
represent reproduction by 180° opposed heads.

FIGURE 12 illustrates track areas of sync block
recovery at minus 1 times play speed. Tracks T3 and T4

25 represent reproduction with double azimuth head pair, tracks T3
and T2 represent reproduction by 180° opposed heads.

FIGURE 13 illustrates track areas of sync block
recovery at minus 7 times play speed. Tracks T17 and T18
represent reproduction with double azimuth head pair, tracks T17

30 and T10 represent reproduction by 180° opposed heads.

FIGURE 14 illustrates track areas of sync block
recovery at minus 17 times play speed. Tracks T21 and T22
represent reproduction with double azimuth head pair, tracks T21
and T4 represent reproduction by 180° opposed heads.

35 The sync blocks recovered at the various forward and
reverse speeds shown in FIGURES 9 - 14, are combined and



signal. FIGURE 21 shows, a sinplified block diagramof a DVCR 350. DVCR 350
conpri ses awioosds®sum 510 which includes a plurality of recopdraBes®nzk7
reproduci ng heads which are coupled to 1 0 a playback processor that
generates four output signals, 351, 352, 353 and 354. Replay signal 354
represents an ATV data stream and the data processing path is depicted by
bl ocks 359, 120 and 130. "Trick.Play" inmage data is represented by repl ay
si gnal 353 which is shown coupled to sub8equent "Trick Play" image data 1
5 processing. The processing and sel ection between "Trick Play" and ATV
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FIGURE 15G shows numbered sync blocks which are recovered at
10 3, 9 and 19 times in the forward direction and 1, 7 and 19 in
reverse directions.

FIGURE 16 illustrates a second embodiment having
advantageous track locations, identified by sync block number,
where 45 sync blocks of inventive "Trick play" video data may be

15 recorded and recovered at play speed and at play speeds of 3, 9 ,
and 19 times in the forward direction and 1, 7 and 17 times in the
reverse direction.

An ATV bit stream may be recorded in the data
capacity of 105 sync blocks, which are composed of 14 sync blocks

20 from the audio data sector and 91 SB from the video data sector.
The inventive "Trick Play" video data may be recorded using 45 SB
within the video data sector. In FIGURE 17, a video data sector is
illustrated showing sync block (SB) structure for an ATV data
recording.

25 FIGURES 18 A and B illustrate the data structure of a
sync block, SB, within the video data sector. FIGURE 18A
illustrates a standard definition or SD formatted sync block. The
SD sync block comprises 90 bytes, with 77 bytes containing 6
groups of discrete cosine transformed or DCT coefficient data. Each

30 DCT group comprises a DC coefficient value followed by AC
coefficient values in descending order of significance. FIGURE 18B
illustrates a sync block formatted with inventive "Trick Play” data.
"Trick Play" data is compressed, discrete cosine transformed and
variable length coded, as will be described for FIGURE 20. Two

35 compressed TP macro blocks may be recorded in one sync block,
formatted as shown in FIGURE 18B.




sel ection of "Trick Play" reproduction speeds. The tape is recorded
accor di ngd SD, digital video cassette recorder formpermNdsiod2240 [err]
tracks, azinuth recorded without guard bands, 30 and is illustrated
repl ayed by a replay head with pole face width of 15 [err]. FIGURE 2
Illustrates the replay head path or footprint, at tw ce speed reproduction.

- . The footprint shown is for a single pair of double azinuth replay heads. It

- nunbers and

is assuned that the 3 5 replay head Wi0| recover sync bl ock data fromthe
recorded track WD 95/ 28706
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during "Trick Play" mode replay, must be capable of decoding to
produce images without reference to, or prediction from, adjacent
image frames. Clearly "Trick Play” video data may be derived
10 from intraframe or I frame coded video. However, derivation of
"Trick Play" video exclusively from I frames may, as a
consequence of the low repetition rate of I frames within each GOP,
- result in stroboscopic or jerky rendition of motion in "Trick Play” (
modes. Thus, to avoid jerky "Trick Play" motion, video for "Trick
15 Play" record processing is advantageously derived from video,
decoded from the ATV or MPEG like data stream. Hence every
decoded picture, derived from I, P or B frames, is processed to
generate corresponding "Trick Play" frames for recording. Thus
each recorded frame in a GOP contains a corresponding "Trick Play"
20 processed image which, during "Trick Play” reproduction, may be
decoded to provide images in which motion is smoothly portrayed.
The DVCR format allocates ten recorded tracks to one
ATV frame, thus the same number of recorded tracks is selected for
the "Trick Play” video data. The ATV data may be allocated 105 SB
25 per track, thus a recorded ATV frame corresponds to 1050 SBs.
Since "Trick Play" video data may be allocated 45 sync blocks per
video sector, a total of 450 SBs are utilizable for "Trick Play" data
recording. Hence each "Trick Play" video frame must be
compressed to occupy the data capacity provided by the 450 sync
30 blocks. The required degree of the "Trick Play" video data
compression may be represented by 450:1050 or approxlmately 2.3
to 1.

FIGURE 19 is a block 'diagram of an advanced television
. receiver employing an inventive method of Trick Play mode
35 processing for recording an MPEG like data stream on a standard
definition or SD, digital video cassette recorder. The block diagram



TP speeds illustrated in FIGURES 2 - 5. FIGURE 6B shows the 1 0 tracks,
and nunber ewos9sn87dsl ocks, recovered from the video data sectpefivigésidobe
Trick Play speeds illustrated. The recovered video sync bl ock data depicted
by cross hatching in FIGURES 2, 3, 4 and 5, and the nunbered sync bl ocks,
of table FIGURE 6B, are conbined and illustrated in FIGURE 7A for 1 5 TP
speeds of 2, 4, 8 and 16 tines. FIGURE 7B illustrates track areas and
number ed sync bl ocks recovered, which arlel conmon to all four speeds. Thus
FIGURE 7B indicates track | ocations, identified by sync bl ock nunber, where

timos bl ay specoibped n 'RTV UOpt, f0)a REER BIEY BroGpesty 20Gcpnd"an
conprising an S D¥CR 3t AndexemplarynR¥ medwatadeadvanceyt aelexisienii t i ng
13" Duri ng ATV, Soars, FRefEl by An°aneRRnIDI0 b ¥ Couplar 1S, off PRL L
data transport%tgﬁmﬁﬁﬂae’{ augﬂbe amodulated signal may,alsadgired for
audi o data usedelivenedy tdededdderz200f vta AT¢ably didiritaitidl aystednl a Dessdedi Ng.
b2tk A0k A B ARIE 1307 ekt 1
149 A third modulated, I&PEG like, ATV bit stream signal from the RF carrier.
10 The bit stream has a data rate of 19.3 Mbs, and is coupled as output
signals 111 and 112. Bit stream 111 is coupled to a transport
packetization decoder 120, which in simple terms, separates video
data packets 121, from audio data packets 122. The video data
packets 121 are coupled to a video compression decoder 130 which
15 reconstructs HD video image signals. The video signals 131, are
coupled to a video processor and sync generator 150, which
generates at output 151, the original 16:9 aspect ratio high
definition video signals, for example, luminance and color
difference signals Cr and Cb. The video processor and sync
20 generator 150, also receives a second input signal 132 from pixel
converter 280, of the Trick Play processor 200. The audio data
packets 122 are coupled to an audio compression decoder 140
which extracts and regenerates the original audio signals which
form audio output signals 141,
25 . The MPEG like bit stream signal 112, is coupled to a bit
stream rate converter 310, which converts the 19.3 Mbs bit
stream to a data rate of 24.945 Mbs, as required for processing
and recording by the SD recorder. The output from rate converter
310 is coupled to an inner and outer parity generator 320 which
30 generates Reed Solomon error correction codes which are included
in the video data recorded in the video sector, as depicted in
FIGURE 1. Following the insertion of RS error correction codes the
data stream is coupled to an SD video data sync block structurer
330, which constructs video data-sync block structure required by
35 the SD recorder format.



ed'iting gap G3 follows the video data sector which is in turn 30 followed

by a subwesdgiggcordi ng area. The recorded track of FlI GURpcBmsysmus7an
advant ageous first enbodi nent of sync block allocation for inventive TP

data recordi ng, where 5 sync bl ocks are used in the audi o sector, and 40
sync blocks are utilized in the video sector. Thus 45 sync bl ocks may be
utilized in each scan to 35 record TP video data for recovery at both
standard and non- WO 95/ 28706 12

PCT/ 1 B95/ 00227 8 standard play speeds. These 45 TP sync blocks provi de an
FI GRES o - 11 111 ust rifek agp2gt RIGIRE: 8. kansirudis Audipognd BieRs of s
tinmes, 9 tisetorndcédrdingeso thet BDhdarmanowmheratvideor divat beaoubl e azimth
Z‘Pdsiﬁﬁkﬁ{éias%%‘?ﬁgps 8, A PH- Sy 3908 @Zéé? i, phid Shighdge Lok 302
0 reproduct i Bricki Phydomdeo datan26i, rfm b)tﬂﬂ 2§9aoﬁs TricksRlay’s video =
processor 200.
The SD video sector format or structure, is illustrated
in FIGURES 17, 18A and 18B. FIGURES 18A and 18B show the
10 sector comprises a video preamble, 149 sync blocks of video data
and error correction code, and a video post-amble. The sync
blocks are numbered 1 through 149. FIGURE 18A depicts an SD
format employed during the recording of an NTSC image source. (
FIGURE -18B shows ATV video data advantageously recorded
15 occupying, for example, 105 sync blocks. Inventive "Trick Play”
video data may be recorded occupying, for example, 45 sync
blocks and video auxiliary data may be recorded with 2 sync
blocks. Outer parity error correction data is recorded using 11
sync blocks.
20 The ATV video sector data, including "Trick Play" data
and audio sector signals are coupled from block 340 to a standard
definition or SD digital video cassette recorder 350. The SD
recorder may also receive an analog NTSC (PAL) input signal for
recording. The analog signal is decoded into luminance and color
25 difference components and, for NTSC input signals, the
components are 4:1:1 sampled at 13.5 MHz and digitized to 8 bits.
The digitized NTSC signal is compressed according to the SD ,
recording format which employs intra-field/frame DCT applied to
8 X 8 image blocks, followed by adaptive quantization and
30 modified two dimensional Huffman encoding. The image blocks
are shuffled, or redistributed, throughout each frame to prevent
recording media damage producing uncorrectable data errors.
Since the image blocks are shuffled prior to recording, any large
media related reproduction errors will be distributed throughout
35 the decoded frame as a result of complementary deshuffling
employed during reproduction. Thus large potentially



represent reproduction by 180[err] opposed heads. FIGURE 9 shows that for
ei ther typeWo9528M6ay head configuration there are areas of PREIBISHPRT and
consequently sync bl ocks, which are never recovered. 15

FIGURE 10 illustrates track areas of sync bl ock recovery at 9 tines play
speed. Tracks T1 and T2 represent reproduction with double azinmth head
pair, tracks Tl and T10 represent reprogygction by 180[err] opposed heads.
FIGURE 11 illustrates track areas of sync bl ock 20 recovery at 19 tines
play speed. Tracks Tl and T2 represent reproduction with double azinuth
head pair, trdﬂ#@é’ﬂ%@h’&ﬁéodré)ﬁl'@g%t"lﬁﬂﬂﬁonrSommy digvibygedsendheads.

FI GURE 12 il uyfiay abeScorréctabe 475 the e Hh@CKu{?ﬁCR}ssaysaI%xﬁbﬁu r L1 MES
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heads. FI GURErgGordingsusigsa t2425 aramforrhatipnc whiohk alleaavdrequdncyi nus 7

e B 5P Sebone gt 7 ndd SRS BAPUE AR el
180[ err] opposed heads. The SD recorder 350 reproduces four output signals,
351, 352, 353 and 354. Output signals, 351 and 352 are base
10 band analog signals comprising, video components Y, Cr and Cb,
and audio signals respectively. Signal 351 comprises video
components which are coupled to an NTSC sync generator and
encoder 360, which provides blanking and sync puise addition for
video monitor viewing. The components may be encoded to
15 produce an NTSC signal for viewing on a standard definition TV
receiver. |
SD recorder 350 generates an ATV data bit stream
output signal 354, and a "Trick Play " data bit stream output
signal 353. Signal 353 is coupled via error correcting block 259 to
20 block 260 of the ATV and "Trick Play " processor 200 for
decompression and suobsequent up conversion to an ATV signal
format. The operation of "Trick Play" processor 200 will be
described with reference to FIGURE 20.
Data bit stream 354, is coupled via error correcting
25 block 359 to block 120 of ATV decoder 100, where the replayed
transport packets are decoded. A decoded ATV signal 131, is
coupled from the video compression decoder 130, to line rate
converter 210, of the ATV and "Trick Play " processor 200. The
ATV signal comprises luminance and color difference signals, Cr
30 and Cb, and may for example, comprise 1080 active horizontal
scan lines each having 1920 pixels or samples. Line rate
converter 210, reduces the number of active scan lines to one
third, or 360 lines. Thus the luminance and color difference
signals which are processed to form a "Trick Play" video signal
35 having one third of the vertical resolution of the original ATV
signal. The line number conversion is performed by a vertical low



FIGURE 14 illustrates track areas of sync bl ock recovery at mnus 17 tines
pl ay spewwboshszwks T21 and T22 represent reproduction w t RCEEBASIN0229zi nmut h
head pair, tracks T2 1 and T4 represent reproduction by 180 opposed heads.

35 The sync bl ocks recovered at the various forward and
reverse speeds shown in FIGURES 9 - 14, are conbi ned and WD 95/ 28706
PCT/ 1 B95/ 00227 9 illustrated as single tracks. FIGURE 15A, illustrates

nunbered sync bl ocks at 3 tinmes speefi4g FI GURE 15B, shows SBs recovered at 9
S times speed, FIGURE 15C, for 19 t| mes speed, FIGURE 15D, for mnus 1

t d, FI GQURE 15E, . f t GURE 15F, f
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in revefse
compnses 360 horizontal lines each containing 640 pixels, and

ATV signal 131, has been transformed, or down converted, into a
signal having "NTSC" like 'p_arameters. Since the ATV signal had an
aspect ratio of 16:9, so to will signal 131. However, the down

10 converted signal 221 will display the 16 9 image in a letter box
format.

The down converted signal 221 is also coupled to NTSC
encoder 360 for sync and blanking addition and encoding for (
standard definition viewing on a receiver or video monitor. Signal

15 221 is also coupled to a signal compression processor represented
by block 230, the details of which will be described with respect
to FIGURE 20. However, in simple terms, the purpose of signal
compression processor 230 is to generate a compressed form of
the down converted ATV signal. For example, signal compression

20 processor 230, may compress signal 221 by approximately 2.3
times. | _ | |

The compressed, down converted 'signa_l is utilized to
provide "Trick Play” video data for recording at specific sync
blocks within each track, for example, as shown in FIGURES 8 and

25 16. Data for each TP video frame is recorded within the ten tracks
which comprise each ATV SD recorded frame. Thus TP video data
may be considered to be redundantly recorded within the video
data sectors of the tracks comprising an ATV SD frame. During
normal speed playback, TP video data is reproduced together with -

30 the ATV data but may not be used in the formation of an ATV

~ image. However, since a "Trick Play” data frame occurs in every
ten recorded tracks, these TP frames may be recovered during
normal playback and may be stored and utilized use during a
replay mode transition. For example, a transition from normal

35 speed forward playback to high speed “Trick Play" or picture in
shuttle. In a worst case situation, when a normal speed repla_y is



FIGURE 16 illustrates a second enbodi nent havi ng advant ageous track

| ocati ons, WOA528106ed by sync bl ock number, where 45 sync bl BEEAB00227

i nventive "Trick play" video data may be 15 recorded and recovered at play
speed and at play speeds of 3, 9 and 19 times in the forward direction and
1, 7 and 17 tinmes in the reverse direction. An ATV bit stream may be
recorded in the data capacity of 105 sypg bl ocks, which are conposed of 14
sync blocks 20 fromthe audio data sector and 91 SB fromthe video data
sector. The inventive "Trick Play" video data nmay be recorded using 45 SB
wi thin the vi daitigteds spproximatelyr| kdfkererprded viracks dmay shectreproduced

illustrated shgfo C fianpe Ks ( ct J r I ng. 25
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within thedvi d85 adyaptageeysly 8l 1 aadr B dsames afaiekd Play’i ni ti on
or SD format t qutosgssedliardges TineaySibe yproducedk imamadiately 861l6WiRg . the th 77

dat e Each s JEPRRARRA M and, REhE IyBR" ARl B SRCRCPIS"  BroesiSt by aC
coefficient vdMAgS imay e cutpny during the inigiationc afice . nGinREpeed
replay prior to I frame decoding. Upon I frame acquisition the
10 output may be switched from "Trick Play" to ATV images.

The compressed TP signal from block 230 is coupled to
an inner parity generator 240, which adds Reed Soloman error
correcting data to the TP data stream. The TP video data, with RS
inner parity added, is coupled to a TP video data sync block

15 formatter 250, which generates only the specific numbered sync
blocks required for "Trick Play" reproduction at specific speeds.
For example, "Trick Play" reproduction at various speeds is
possible with sync blocks allocated as shown in the embodiments
of FIGURES 8 or 16. These TP video data sync blocks are output as

20 signal 251 which is coupled to the video and audio sector
constructor 340 of SD DVCR 300.

During playback SD recorder 350 reproduces "Trick
Play" data signal 353, which coupled to an error correcting
processor 259. Following error correction the TP data stream is

25 coupled for signal decompression in processing block 260 of the
ATV and "Trick Play " processor 200. The details operation of
block 260 will be described with respect to FIGURE 20. However,
in simple terms, decompressor 260 is utilized to regenerate down
converted ATV images from the compressed TP data recovered

30 from the recording medium.

_ An inventive "Trick Play” signal compression
processor, for generating data signal 251, is shown in blocks 234 -
238 of FIGURE 20. Replayed TP data may be decompressed by
blocks 262 - 266 of FIGURE 20. Rate reduced ATV signal 221, is

35 coupled to formatter 234, which converts the scan line format of
signal 221 into a two dimensional macro block or MB, structure



illustrates a sync block formatted with inventive "Trick Play" data. "Trick.

Pl ay" da ' npressed, discrete cosine transformed andpyq bl ength
coded, amsﬁs%ge described for FIGURE 20. Two 35 conpresse{?g%@ macr o

bl ocks nmay be recorded in one sync block, formatted as shown in Fl GURE 18B.
WD 95/ 28706 PCT/ | B95/ 00227 10

Havi ng identified sync bl ock | ocations advantageous to "Trick Pl ay"
reproductlon in both forward and revgrse directions at 5 various speeds,
"Trick Play" video data nust be deri'ved fromthe ATV dat a stream As
described earlier, TP sync bl ocks recovered during "Trick Play" node
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or predictigp szlfbakegdbgfsnime §POTHe' filko BloER' fofm {édckra%‘éaégduxweo data

may be derive Lntr ane V|d
deri vatidon Signaky s cqupled to ax!ec x@%sﬁweﬂsscmtsmsmpaﬁégs pnation. 5

consequenceThe principals’ 6P ahe! diveré! eosine! tran3fdiim Vareh welb dedovh)
with a data rate reduction ensuing from the control of coefficient
quantization. DCT block 235, produces_ two output signals which
represent the amplitude value of the frequency coefficients that

10 comprise each macro block. One output signal is coupled to block
236 which pre-analyzes the amplitudes of the coefficients and
controls the coarseness or fineness of quantization by quantizer
block 237. The second output from DCT block 235 is coupled to (
quantizer block 237 for quantization, where the number of

15 quantizing steps is dynamically controlled responsive to block
236. The quantized DCT coefficients are coupled to block 238 for
variable length encoding. Various methods of vaﬁable length
coding or VLC are known. However, in simplistic terms, the most
frequently occurring quantized coeffnclent values are assigned

20 correspondingly short code words with less frequent coefficient
values being encoded with code words of progressively increasing
length. Thus the overall data rate of TP video data is further
reduced such that a "Trick Play" frame of data may be recorded in
450 sync blocks provided in 10 recorded traéks_.

25 : The variably length coded TP data is coupled. to block
240 for generation and addition of a Reed-Soloman inner parity
error correction code. The TP data with RS inner parity error
correction is coupled to block 250 for formatting to have a specific
SD sync block structure, for example, as identified in FIGURES 8

30 and 16. The TP data having the required sync block structure is
coupled to the SD recorder as already described for "Trick Play"
processor block 200.

During replay modes, the reproduced TP data stream
signal 353, is coupled via error correction in block 259, to

35 decompression block 260 which reverses the signal processing
performed by block 230. The VLC TP data signal 353 is input to



result in stroboscopic or jerky rendition of notion in "Trick Play" nodes.
Thus, to avewglogmtdey "Trick Play" notion, video for "Trick 1 peTaBbsgo227
record processing is advantageously derived fromvideo, decoded fromthe
ATV or MPEG | i ke data stream Hence every decoded picture, derived froml,
P or Bframes, is processed to generate correspondi ng "Trick Play" frames
for recordi ng. Thus each recorded frane a GOP contains a correspondi ng
"Trick Play" 20 processed image which, 1 uring "Trick Play" reproduction,
may be decoded to provide inmages in whi ch motion is snmoot hly portrayed. The

Eh/ggem; o(r) ][ra£ eg{) blockt @66t thcncggm{j &@kﬁb%éﬁeleﬂgrl}“ﬁécfoﬂ t\h&gon(&j ate SarTfﬁe
ATV data may b@ggf?(g %?egecl% hgparss W E%QQ%Ekf fkﬂ]@'%PlF (fb:i a%l%
correspond$ t ccaujdobeBssedStogorvert d\kLGI dgta watds bimtka iy qhanﬁhédbdaCﬂU 45
Bt oo Sonsiel e’ i WhoR A g TEpEL T
conpressed to Rif caRE, 1COUPLRM ctiot W“pllbwféédQBW’clm 298, syhiclsomay| ocks.
The required dsgreonsidereleto perfont! digitali @eandidgd conversishi 6N thBYTPe
represented byp g0 {98018 PHAIR XW‘D%’&‘ coe?fflmen $ are coupled to block 263
10 which applies an inverse discrete cosine transformation which
produces a macro block formatted output signal representing the
TP image. The macro block sampled TP signal is reformatted in
block 264 to produce a conventional line structured image. The
output signal from the reformatter 264 is processed in block 265
15 which, for example, may provide blanking insertion and sync
pulse addition. Signal 261 is output from block 265 and may be
coupled for viewing on a component video monitor, or may be
encoded for TV viewing. A second output signal 271, from block
264 is coupled to blocks 270 and 280 which provide up
20 conversion from the nominally "NTSC" like line and pixel formats
to line rates and horizontal pixel counts required for high
definition display viewing.
The up converted TP video signal 131 is coupled as a
second input to video processor and sync generator 150, which
25 generates a high definition output signal 151. Video processor
and sync generator 150 provides video blanking and the addition
of HDTV sync waveforms. However, in addition video processor
150 provides a selecting function for switching between ATV and
"Trick Play" video images. FIGURE 21 shows, in block diagram
30 form, the replay data paths for ATV data stream 354 and "Trick
Play" data stream 353, and their coupling for output selection in
video processor and sync generator 150. The selection of output
image source is ultimately responsive to user initiated control
command communicated via a control system. For example, a
35 Play command will start the VCR mechanism and switch the
electronic system from an EE mode, (electronics to electronics) to a



FIGURE 19 is a bl ock diagram of an advanced tel evision receiver enploying
an i nvenyyjo/sagigghod of Trick Play node 3 5 processing fopCTamssmo22ag an
MPEG | i ke data streamon a standard definition or SD, digital video
cassette recorder. The block diagram - WD 95/28706 '
PCT/ | B95/ 00227 1 1 conprises an ATV decoder 100, a Trick Play processor
200, and an SD DVCR 300. An exenplary RF nodul ated advanced tel evision 5
signal is received by an antenna 101,1&nd is coupled to an input of an ATV
decoder 100. The RF nodul ated signal may al so be delivered to decoder 100

via a cable_distributjon sysiem Decoder 100 conprisgs a channel
denodul at or rﬁﬂ@,y ﬁm‘éﬁ“&ct rﬁﬂ‘ge‘fq{_e &ﬁdﬁ? d‘,“s{%EGo | QUIPULSIBRAL sty eam
signal fromswicchifigcniay de detérniimedoitly starious lvther abmitrollinge faétot. 3 Mos,
"t anspor | FOLERpRLE tne B8 SienibigaR celtrolting, SERF Y wé g0VE 20 1
video data gequisition and desadingiof amtlaframeremiaorecorded,iGB. dkhis :
occurrence may be signaled by decoder 130 and coupled to
control the video output selector switch within the video
processor and sync generator 150. '
10 As described earlier, a 15 frame GOP will occupy 150
recorded tracks, thus when initiating play mode, a replayed video
image may be delayed until an I frame has been reproduced and
decoded, i.e. up to 140 tracks may need to be reproduced unmtil an {
I frame is encountered. However, since TP data is advantageously
15 recorded within each frame of a GOP, and is reproduced in a
normal play mode, TP data may be utilized to generate an output
video signal without waiting for an 1 frame occurrence. Thus the
redundant nature of TP data recording may advantageously
provide normal speed images, derived from TP data, at the
20 initiation of normal playback, with ATV images being selected
when available, following I frame acquisition.
When a user initiates a command starting or
terminating a "Trick Play" mode, the control system, and in
particular the video processor and sync generator 150, may be
25 advantageously controlled to present the user with a more
aesthetically pleasing image transition. For example, as already
described, at the initiation of normal speed playback "Trick Play”
images may be output, prior to the acquisition and decoding of an
I frame. A further use of TP video data may be during the
30 transition to a "Trick Play" reproducing speed, where TP video
data which was recovered and stored during normal playback
may used together with TP data transduced during a replay speed
transition. Such a use of TP data provides an alternative to
sustaining the last ATV frame until TP video data is available at
35 the selected TP speed.




packets 121 are coupled to a video conpression decoder 130 which 1 5
reconst r uctwoldsr2gredeo i mrage signals. The video signals 131, ptemsemwerad to
a video processor and sync generator 150, which generates at output 151,
the original 16:9 aspect ratio high definition video signals, for exanple,
| um nance and color difference signals C and Cb. The video processor and
sync 20 generator 150, al so receives g second i nput signal 132 from pi xel
converter 280, of the Trick.Pllay proces 8r 200. The audio data packets 122
are coupled to an audi o conpressi on decoder 140 which extracts and

regenerates the origi naIW:hvedl eransizheding Wirionh zid'r'm@lu@la oumub &sgnal s 141.
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1 advantageously provided to produce a pleasing image transition
between "Trick Play” and normal playback. For example, upon the
command terminating "Trick Play" the last TP frame may be
frozen and repeated from a memory until ATV signals are
reproduced. This method may indicate to the user that the control

15 command has been received and executed. However, a frozen or
still image juxtaposed with the fast moving images produced in
TP, may appear incongruous to the user. A further option for
transition from "Trick Play" may be provided by continuing to
reproduce TP data and display TP images for the duration of servo

20 resynchronization and ATV signal I frame acquisition. With this
option, the redundant nature of the TP data may be exploited
during the tape speed change, resulting from the servo
resynchronization, and during the wait for an ATV 1 frame.
During the tape speed change, despite the redundant nature of the

25 TP data, some TP data may not be recovered, however such errors
may be concealed by TP image frames repeated from a memory.
This advantageous method provides the user with a visual
indication that the VCR is responding to the command since the
speed of the TP image will visibly change as the capstan slows to

30 re-synchronize at play speed. This feature may aiso permit
slower tape speed transitions to be used thus providing smoother
and less potentially damaging tape handling since tape
acceleration or deceleration will be accompanied by accelerating
or decelerating "Trick Play” images.



330, which constructs video data-sync block structure required by 35 the
SD recorder formnmat. WO 95/ 28706 PCT/IB9S/00227

PCT/ | BO5PXSWE2$796> Bl ock 340 of FI GURE 19, constructs audi 0 and vi deo
sectors according to the SD format, where video data sector 5 includes
processed ATV data from bl ock 330, plus inventive "Trick Play" video data
251, from block 250 of "Trick Play" video processor 200. The SD vi deo
sector format or structure, is illustyated in Fl ; n

FI GURES 18A and 18B show the 1 0 sect conprises. a vide

sync bl ocks of video data and error correction code Mﬂ@! ﬂ“{!
post-anbl e. The sync bl ocks are nunbeCEAIMS hr ough 1R EFCORETE8A«depi ct s
an SD fornmat enpl oyed during the recording of an NTSC i nage source. FIGURE

1 8B shows ATV vi deo data_ advantageously recorded 1 5 occupying, for
exanpl e,3105 synd.bl Ackuethiody for ireeordingca digital video image” representative

signal on a magnetic tape having a helically scanned track format,
comprising the steps of: | | | |
' a) determining a common area on each track transduced
during a predetermined number of reproduction speeds in forward and
10 reverse directions; |
' b) processing said digital video image representative signal
to have a data rate suitable for recorded placement at said common
track area; and, | | | | N (
c) multiplexing said digital video image representative
15 signal and said processed digital video itnag_e representative signal for
recorded placement on said magnetic tape such that said processed
digital video fmage representative signal is located at said common
track area. ' '

B.
149

20 2. The method of claim 1, wherein each helically scanned track
has at least two common track areas.

3. The method of claim 1, wherein at least one of said
predetermined number of reproduction speeds in said forward
25 direction corresponds to a normal speed playback.

4. The method of claim 3, wherein said predetermined number
of reproduction speeds other than said speed corresponding to said
normal speed playback correspond to trick play back speeds.

30
5. The method of claim 1, wherein said predetermined number
of reproduction speeds in said reverse direction correspond to trick
play back speeds.
35 6.' The method of claim 1, comprising an additional step of

determining a data capacity of said common track area.

L
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video data may be recorded occupying, for exanple, 45 sync bl ocks and vi deo
auxi liary dwoevmgesbe recorded with 2 sync bl ocks. Quter par iFcEaBys/R27
correction data is recorded usi ng 11 sync bl ocks. 20 The ATV
vi deo sector data, including "Trick Play" data and audi e—sector signals are

coupled fromblock 340 to a standard definition or SD vi deo
cassette recorder 350. The SD recorder mai/ al so rec |iﬂ!’§m‘8 u ﬂll ﬂﬂ
(PAL) input signal for recording. The arfalog signal || .

| um nance and col or 25 difference conponents and, for NTSC i nput signals,

the corponents are 4.1:4 sagRbAd & elﬁwrsu%"%naﬁddlgﬁlﬁlyd@gc%a%a%g' ts. The

digitized NTSC si IS coJfpresse Qrdin f or mat
whi ch enpl oys F?ﬁq% €5 &eeR! Qné"lﬂflﬂaé'gﬂﬂaédst&?aé Iepsesenting 4 «digital f ol | owed

by adaptivé quimageaignal davisg aanMPEGdcéMPaﬁbI%'féhﬁﬂﬁ' sdidf B@@fg&%@ﬁl ng.

The i mage bl oc or,redistrib hout, e
prevent grecordﬁﬁ@r&a?&u({fg 31 S ’rdoc}BB? i}t SHEETISIYE JFACKSyfaidefaner s. Since
t he i mage bl ockempresmwffled prior to recording, any large nedia rel ated

i Rl o i
10 said first data signal representative of "=§ai'd digital
image signal represented in said MPEG compatible ‘format and
providing a first source for image reproduction; and,
said second data signal also representative of said
digital image signal represented in said MPEG compatible format
15 but having less data than said first data signal, said second data
signal being derived from a signal decoded from said digital image
signal represented in said MPEG compatible format and providing
a second source for image reproduction.

20 8 The tape of claim 7, wherein said first and said second data
signals provide said image reproduction at different reproducing
speeds.

9 The tape of claim 8, wherein one of said reproducing speeds is
25 a normal playback speed.

10 The tape of claim 8, wherein one of said reproducing speeds
is a playback speed faster than a normal playback speed.

30 11 The tape of claim 7, wherein said first source for image
reproduction is reproduced at a normal playback speed.

12 The tape of claim 7, wherein said second source for image

reproduction is reproduced at said normal playback speed.
35
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enpl oyed during reproduction. Thus large potentially WO 95/ 28706

PCT/ | BO5w@d32g7063 uncorrectabl e, and therefor visible errBCEHIBIS06227
distributed and nay be correctable by the inner and outer Reed Sol onbn
error 5 correction codes. Follow ng conpression, the data is coded for
recording using a 24:25 transformation which allows frequency response
shaping to provide auto tracking capabilities on replay. The SD recorder
350 reproduces four output signals, 2321, 352, 353 and 354. Qutput signals,
351 and 352 are base 10 band anal og signals conprising, vi deo conponents

Y, O d Cb, I I d
conponent s whi chidr T BPECOR S NrnEGRib” sEHCRGanE SRR, R amags).
whi ch provi rprotbetibnnis a'apmduuedpultsa ptkyblachnspezd \fadter than tarnormeali ng..

The co ne coded to 15 produce an NTSC signal for view ng on
a stangras(r)d é’l niti gsﬁ)e? receiver.

14 The tape of claim 7, wherein said second source for
image reproduction is reproduced" in a reverse replay direction.

10 15. The tape of claim 7 wherein said first and second data
signals are each recorded at specific locations within each track.

16. The tape of claim 7, wherein said second data signal is (
recorded at specific track locations which facilitate transduction
15 thereof at a normal play speed and at least one non-standard play
speed.

17. A method for determining a recorded placement of a digital
video image representative signal on a magnetic tape having a helically

20 scanned track format, comprising the steps of:

a) selecting a predetermined number of reproduction
speeds in a forward direction; ,

b) selecting a predetermined number of reproduction
speeds in a reverse direction;

25 c) determining a common area of track on each helically
scanned track transduced during said predetermined reproduction
speeds in said forward and reverse directions;

d) determining a data capacity of said common track area;
e) processing said digital video image representative signal

30 to have a data rate suitable for recorded placement at said common
track area; and, S

f) multiplexing said dlgltal video image representative
s1gna1 and said processed digital video image representative signal
for recorded placement on said magnetic tape such that said

35 processed digital video image signal is located at said common
track area.
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SD recorder 350 generates an ATV data bit_stream output signal 354, and a
"Trick Pl aywoe5@8z06bit stream output signd® 353. Signal 353 PCTaBesm02Zy Vi a
error correcting block 259 to 20 |AMBNDEDRGDAIMS t he ATV and "Trick Play "
processor 2(Qreteivedebyrthe ebdeomtdnoak Busenuent0dufctabevetF50604.00a36)ATV
signal fornmat. offfgnepearlaino3-6fcantel kad; Fovigingl cdaimsod IWO2vamended
described with nex elainse 1827Faddgds vemaimiida chrimssunchangesb43 pagesblipl ed vi a
error correcting 25 block 359 to block 120 of ATV decoder 100, where the
repl ayed transpor tl.pAcmaethod: foxigecording ra idigitak videy unagenl 131, is

coupl ed fromrhb?eseh@mv&%rghsf%xprh %‘ﬁgﬁéﬁcl ‘h‘ivhi%"ea rdlfcglRpverter 210,
of the ATV and "Tri,ck P _a¥ " groc-ei%? .. 200. The, ATV st gnal commr
efetig

i ses,
| uni nance andCaBned Haf t 40¢ itatg, reproduction, at pagrmal, angd « | e,
corrplri se i_QBq)layt kyeedsorsﬂdnhﬁtgedaaoiﬂpnﬁin aghie Beepsnef1920 pixel s olr_
sanpl es. Line rate convgrtqr .re r v es
to one third, or 360 I|i esaeﬁ%ﬁgn{‘{ﬁedq%mbngﬁ n Sc%?‘g} %Slt %‘f&‘“&%@@ séfgnal S
whi ch are prdracksdransduced aduringcirepraductioneat si gpredessrmined ng one
third of the | I | Wi h e TWaF: Ve | 43 i.ne
nunber converdéﬁg%éfgéfpﬁ gr #%%Pp&#y a°d§eﬁ i()fc;dgﬁ} #gvyaieg fé}&gg dlrér&‘?oﬁé:
b) processing said digital video image representative
10 signal to produce a trick play signal having a data rate suitable for
recorded placement at said common areas; and,
c) multiplexing said digital video image
representative signal and said trick play signal for recorded
placement on said magnetic tape such that said trick play signal is
15 located at said common areas on said plurality of tracks for trick

play reproduction.

2. The method of claim 1, wherein each of said plurality of
tracks has at least two common track areas.

o
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WD 95/ 28706 PCT/ | B95/ 00227 14 pass
filter fwirdsigtpe The line rate r nal from converq:emﬁg’bﬁmﬁ coupl ed
to a pixel converter 220 which r @W - of pixels to one third
by low pass filtering. Thus, signa m’ 360 horizontal |ines each
cont ai ni ng 640 pixels, and ATV 5| gnal 131 has Been transformed, or down

converted, into a signal having "NTSC24|i ke paraneters. Since the ATV
signal had an aspect ratio of 16:9, so to will signal 131. However, the

former . The dodt-con ki e ﬁé%ﬂﬁ*ﬁs BB, ot BE gl O 520"
for sync aideol imagegrepaesentativensigaat can nyy magnetientaped hawingia i on vi ewi ng
on a receindicafr \@cﬁﬂﬂe&‘)&h&ﬁffo@hgﬂaﬁl &né’t‘ﬁ)éd' %ﬁﬁipg?stl gluﬂll@%t&gsa si gnal_

conpressj on, processor represente s of lch will
be descr Bdd with respect to Fl GURE 20. However, in sinple terms, the

purpose of signal a) receiving said MPEG compatlble dxgxtal video image
representative signal;

b) processing said MPEG compatible digital video
image representative signal to produce an MPEG compatible trick

10 play signal; and,

c) selecting between said MPEG compatlble digital
video image representative signal and said MPEG compatible trick
play signal to form a signal for recorded placement on said (
magnetic tape such that said digital video image representative

15 signal is recorded in all tracks to facilitate normal speed
reproduction and said MPEG compatible trick play signal is
recorded at predetermined track locations to facilitate trick play
-reproduction.

20 19. The method of claim 18, wherein said trick play
reproduction is facilitated at a first and a second trick play speed,

said first trick play speed is slower than said second trick play
- speed.

25 20. The method of claim 19, wherein reproduction at said
first trick play speed is facilitated by said predetermined track
locations being a single predetermined location.

21. The method of claim 19, wherein reproduction at said
30 secondc tnck play speed is facilitated by said predetermined track

locanons bemg a plurahty of predetermined locations.
: i JJ 1 ¢ f !
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conpressi on processor 230 is to generate a conpressed formof the down
converted AWO9SI2819al . For exanple, signal conpression 20 proPeyaBss/dRy, may
conpress signal 221 by approximately 2.3 tines. The- compres&ed_dgwn
converted signal is utilized to provide "Trick Play" video data for

recording at specific sync blocks within each trac:“!m shown
in FIGURES 8 and 25 16. Data for each T video f Hluﬁmﬂiumthl n
the ten tracks which conprise each ATV SD recordéd. frame “Thiis STP *vi deo
data may be consi @y edThe ﬂaezmﬂturdamwlpew sitfe! B furtl efperdat a

sectors of the tracks conprisin Al, £,1.ng eed

pl ayback, TP video data is F@ﬁ?g ﬂa’x S&ﬁbra compatihjc frﬁ&ﬁ?ydg’tgé‘abut
may not be uaedai pluralty ooﬁepredetewmmed Allo¢ationge witkine aadio samd evidedTr i ck
e acover SRR AF AoV kP TP G2 ™
during a replsegomd duick t|Spqe For exarrpl e, a tranS| tion from nor mal 35

speed forward playback to "high speed "Trick Play" or picture in shuttle. In

a worst case situation,_ when a normal .speed repl i's
3 The method of clmmIo 18, wh%rgi)rlx said processing step

comprises a further step of:
10 spatial filtering to produce a reduced bit rate
signal to form said MPEG compatible trick play signal.

24. The method of claim 1, comprising a further step of:
spatially filtering to reduce said data rate of said
15 trick play signal.

25. The method of claim 1, wherein said digital video image
representative signal represents a high definition television image
and comprises a number of active scanning lines each comprising

20 a number samples.

26. The method of claim 25, comprising a further step of:
reducing said number of active scanning lines in
said high definition television image to form a trick play signal
25 having reduced vertical resolution.

27. The method of claim 25, comprising a further step of:

reducing said number of samples per scanning

line in said high definition television image to form a trick play
30 signal having reduced horizontal resolution.

e A g e e
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WO 95/ 28706 | PCT/ | B95/ 00227 15
initiated, approximately 140 recorded tracks nmay be reproduced before an |

frame i s woosygped. However, since TP data franes 5 are ad]y g@g,@l y
recorded in |, P and B frames, "Trick Play" processed inmages %

produced i medi ately follow ng the re%ﬁroducti on of any frame type. Thus a
"Trick Play" processed image may be output during the initiation of a
normal speed replay prior to | franme decoding. Upon | frame acquisition the

1 0 output may be switched from-"Trick Play" to ATV i maggmlmm
TP signal fromblock 230 is coupled to an inner parity g ﬂ"lmmm h
adds Reed Sol oman error co?TAtRMENTJNBERARRCLENXdat a st r'eam The! TR vi*deo
data, with RS inner parity added, is coupled to a TP video data sync bl ock

requi red far The, epObCSIRl it RemBRly dndt sEons Card THEACHROKT ) 07
"Trick Pﬁé}‘calr e{#-oducti on at various speeds is possible with sync bl ocks
al l ocated as MNeitheri the anéidedinGiNtlee new claims make any impact on
the description or the drawings. .
Please acknowledge receipt of the above noted claim
amendments and addition.
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of FI GJRES“%{?%&%% These TP video data sync bl ocks are out porIBesoaR7
signal 251 I's coupled to the video and audi o sector constructor 340

of SD DVCR 300. During playback SD recorder 350 reproduces "Trick Play"
data signal 353, which coupled to an error correcting processor 259.

Followi ng error correction the TP data str s 25 coupl ed for si gnal
deconpression in processing block 260 of the ATV and "Trick Play

processor 200.N\Jhe details operatl 2 CH
respect to Fl GURE.20_ Houeyve 0 ,ﬁﬁ;ulg' : 60 i 6.58

utilized to regenger ‘ﬂG‘N . rte )
data recovered 30 t he r WiAGE e DE® An inventive "
si gnal conpressio @%ssor o) ‘o-/‘ atiQQg data signal 251, }s ShW”S‘SQOmm
bl ocks 234 - 238/ of RE 20\ Repl 3 /:.«? TP da{a AHEADMOTIONP/essed |by 0.05"

bl ocks 262 - 26¢ of FIGURE 20. Rafe re 4}9 d /IS gnal 221, | upq e2§)

to.formatter 234, which c Q sca /4‘5- fq PR of si ghal to p
two di mensi onaf] macro bl OW ct UG
AKEA DGl
‘/.’.‘ il
N\ -— OPTIONALTRACK 1 "’/

PSSP YY)
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WD 95/ 28706V 0 9528706 PCT/ | B95PQIIIRIF/00237
conprising 4 DCT bl ocks. Thus a macro bl ock has the dinensions of 32 pixels

by 8 lines. The nmacro block formatted, rate reduced 5 signal, is coupled
to bl ock 235 for discrete cosine transformation. The principals of the
di screte cosine transformare well known, w t data rate reduction

ensuing fromthe control of coefficient quantTzdti on. DCT bl ock 235,
produces two out put signals which represent the anplitude val ue of the
frequency coefficients that 1 O conprise each macro bl ock. One out put
signal is coupled to block 236 which pre-anal yzes the anplitudes of the
coefficients and controls the coarseness or fineness of quantization by
quanti zer bl ock 237. The second output from DCT bl ock 235 is coupled to
quantizer block 237 for quantization, where the nunber of 1 5 quantizing
steps is dynamcally controlled responsive to block 236. The quantized DCT

coefficients are coupled to bl gncoding, Various
met hods of variable | ength codi Lejf Khowh. verfl iflf s |7 gt
ternms, the nost frequently occdirr{n | Zed coefqlcﬁen. va ar|e
assi gned
HEAD MOTION
L 1

TI T2 T3 T4 T5 T6 T7 T8 T9 TIOT11T12T13T14T15T16
<——— TAPE TRAVEL x 4

FIG. 3



corresggy ¢ short code words with less frequent coefHoraBesm02Yal ues
belng encoded mnth code words of progressively increasing [ ength. Thus the
overall data rate of TP video data is further reduced such that a "Trick
Pl ay" frane of data nay be recorded in 450 bl ocks provided in 10
recorded tracks. 25 The vari | ength coded TP data is
coupled to block 240 for generation and addition of a Reed-Sol oman i nner
parity error correction code. The TP data with RS inner parity error
correction is coupled to block 250 for formatting to have a specific SD
sync bl ock structure, for exanple, as identified in FIGURES 8 30 and 16.
The TP data having the required sync bl ock structure is coupled to the SD
recorder as al ready described for "Trick Play" processor block 200. During
repl ay nodes, the reproduced TP data stream signal 353, is coupled via
error correction in block 259, to 3 5 deconpression block 260 which
reverses the signal processing perfornmed by bl ock 230. The VLC TP data
signal 353 is input to

/
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FIG. 4



WO 95/ 28706wq 95128 PCT/ | B95/ bl ock
266 whi ch perforngmvariable | engt h decodi ng. Vari ous nethodsrggﬁéé%égvng

are well known, for exanple, a ook up table 5 could be used to convert VLC
data words back into quantized DCT coefficients of constant |ength. From

bl ock 266 the TP DCT coefficients are coupled to an inverse quantizer 262,
whi ch may be considered to perforn1digitaKbﬂd?analog conversion of the TP
DCT coefficients. The TP DCT coefficients are coupled to block 263 10

whi ch applies an inverse discrete cosine transformation which produces a
macro bl ock formatted out put signal representing the TP i nage. The macro

bl ock sanpled TP signal is reformatted in block 264 to produce a
conventional |ine structured image. The output signal fromthe reformatter
264 is processed in block 265 15 which, for exanple, may provide bl anking
insertion and sync pul se addition. Signal 261 is output from block 265 and
may- be coupl ed for view n anpnonent video nonitor, or nmay be encoded
for TV viewi ng. A second grial §27L, Frdm plr dck [26F 1

bl ocks 270 and 280 which Up 20T CPNver gror 1

"NTSC' like line and pixe 5

NN

VIDEQ —=
(149 SYNC
BLOCKS)

HEAD 2
MOTION

T1 T2 T3 T4 75 T6 T7 T8 T9 TIO0T11T12T13T14TI5TI6TI17T18
—<——— TAPE TRAVEL x 16
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toliner spRrhehori zontal pixel counts required for hi ghpdeisgsiobizon
di splay viewng. The up converted TP video signal 131 is coupled as a
second input to video processor and sync generator 150, which 25
generates a high definition output si gﬁ q151. Vi deo processor and sync
generator 150 provides video bl anking d9he addition of HDTV sync

wavef ornms. Howe in additign. video pr i des a sel ecting
function for swit&hi hg et een V and " cki{Pl ayl vided I nages. FI GUE 21
shows, in bl ocf—dragram3a—q o the r Y ot patths—for—AFv—deata—sHr eam
354 and "Trick|Play'idatia dire 353, a heilr_colipling Ifor output
sel ection in viideo %} ocgssqr ang sync genefat ¢r 15p. The |sel ection of
out put inmage squriCe | S ifmat e responsSTyg§0 USEr 1 nryrated Comntrot
cormand comruni ' | syst em-e4—esapir-e—a—35-—PRl-ay—conngnd
will start the]lVQR nechéni dm and switch fthe elect¥pbnic system from an HE
nmode, (electrofigs tp ebectjronigs) to a WO 95/ #8706
PCT/ | B95/ 00227 %< | x x| x
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18 repl ay cw‘ggg,%ﬂ;}g(; However, the actual instant of out put si%@g{qﬁphi ng
y t he

may be determ ne various other controlling factors. 5 For éexanple,
nost significant controlling event nmay be the acquisition and decodi ng of
an | frame froma recorded GOP. This occujrence may be signal ed by decoder
130 and coupled to control the video ouﬁtltgsel ector swwtch within the

vi deo processor and sync generator 150. 1 O As descri bed
earlier, a 15 frame GOP will occupy 150 recorded tracks, thus when
initiating play node, a replayed video i nage may be del ayed until an

frame has been reproduced and decoded, i.e. up to 140 tracks nmay need to be
reproduced until an | franme is t Aﬂ However, si P S
advant ageously 15 recorded w tch me of a GCP,ﬁéLs Er oduced
in a normal play node, dat be utilized to generate an output video
signal without waiting]fog anf{l frame dccydgrren Thus the i ndant nature
of TP data recording y @dvanlt ageous | speed=rfages,
derived from TP data, &t {hr2 | pl aybgckf with ATV
i mges bei ng sel ected phep avai¥pbl e, Qf oW rame acq&isition
%;2 1&)47ﬁ 1
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Wien a user yfbdA s a command starting or termnating a "Trj !
v PG

node, the control system and in particular the video proces

generator 150, may be 25 advantageously controlled to present the user
with a nore aesthetically pleasing inmage transition. For exanple, as

al ready described, at the initiation of nornaV/igped pl ayback "Trick Pl ay"

| mges may be output, prior to the acquisition®and decoding of an I frane.
A further use of TP video data may be during the 30 transition to a "Trick
Pl ay" reproduci ng speed, where TP video data which was recovered and stored
during normal playback may used together with TP data transduced during a
replay speed transition. Such a use of TP data provides an alternative to
sustaining the last ATV frane til TP video data is available at 3 5 the

sel ected TP speed. WO 95/ 28 L ,
PCT/ 1 B95/ 00227 19 Wen transit rong% "Trick Play" node to
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normal play, the ATV signal 131 will becone avail able for dipgpingesne227
processi ng A% ter the occurrence an | frame in the repl ayed ATV si gnal
GOP. This | frame occurrence depends on the re- synchronization rate of the
SD recorder capstan servo, and nore significantly, where in the recorded
GOP sequence nornmal play speed was re-acquired. Thus various options may be
10 advant ageously provided to produce a;% I ng image transition between
"Trick Play" and normal playback. For exanple, upon the conmand term nating
"Trick Play" the last TP frame may be frozen and repeated froma nenory
until ATV signals are reproduced. This nethod may indicate to the user that
the control 15 command has been received and executed. However, a frozen
or still inmage juxtaposed with the fast noving i mages produced in TP, may
appear incongruous to the user. A further option for transition from"Trick
Pl ay" may be provided by continuing to reproduce TP data and display TP

I mges for the duration of servo 20 resynchronization and ATV si gnal

frame acquisition. Wthm-isantion the redyundant_natire of the at
may behexp! oit_ed du.;i dt hen apg s{o\ge?nﬁ, esirgc t\rom he;erg
resynchroni zati on, #an | \‘« 3 / N r§ %\
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During the #éggzwgzed change, despite the redundant nature opct/hudsibrar TP
data, sone d%ta may not be recovered, however such errors may be
conceal ed by TP i mge franes repeated froma nenory. This advantageous
met hod provides the user with a visual indication that the VCR s
responding to the conmmand since the speed of the TP inmage will visibly
change as the capstan slows to 30 re-syn@prgpize at play speed. This
feature nmay al so permt slower tape speed # nsitions to be used thus
provi di ng snoot her and | ess potentially danmagi ng tape handling since tape
accel eration or deceleration will be acconpani ed by accel erating or

decelerating "Trick Play" inmges. MO 95/ 28706
PCT/ 1 B95/ 00227 20 CLAIMS 5 1. A nethod for recording a digital video
| mege representative signal on a nagnetic tape having a helically scanned
track format, CONPr ipSdedGmibo., Sevai
+
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a) determning a common area on each track transduced durin

pz edeterm ME'WL? r of reproduction speeds in forward and %('gym?sé({%zﬂse
directions; b) processing said digital video i mage representative signal to
have a data rate suitable for recorded placenent at said conmon track area,;
and, c) nultiplexing said digital vijgzgggage representative 15 signal and
sai d processed digital video image r ntative signal for recorded

pl acenent on said nagnetic tape such that said processed digital video

| mage representative signal is |located at said comon track area. 20

2. The nethod of claim 1, wherein each helically scanned track has at

| east two common track areas. 3. The nethod of claim1l1, wherein at |east
one of said predeterm ned nunber of reproduction speeds in said forward 25
di recti on_corresponds to a norne peed plavback, 4. The net hod of claim 3,
wher ei n shi | ' i %

speed CoOrj-e$pone
back speeds| 30

h\\

el

<+————TAPE TRAVEL x 19
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5.  The net §aglogergd @ M 1, wherein said predeterm ned nunber,Qimosing27
reproduction speeds in said reverse direction correspond to trick play back
speeds. 3 5 6. The nethod of claim 11, conprising an additional step
of determ ning a data capacity of said comuon _track area. WO 95/ 28706
PCT/ 1 B95/ 00227 2 1 7. A magnetic tape forllilgin a digital video cassette
recorder, recorded with a digital signal representing a digital 5 I mage
signal having an MPEG conpatible format, said digital signal being recorded
on said tape in successive tracks, said tape conprising: recorded portions
of a first data signal and of a second data signal residing in each of said
tracks; 1 0 said first data signal representative of said
digital inmage signal represented in said MPEG conpatible format and
providing a first source for inage reproduction; and,
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said second data signal also representative of said digitalﬂ soppnal
repr esent eV #8294 MPEG conpatible format 15 but having | ess data than
said first data signal, said second data signal being derived froma signa
decoded fromsaid digital inage signal represented in said MPEG conpati bl e
format and providing a second source for inmage reproduction. 20 8
The tape of claim7, wherein said first and said second data signals
provi de said i mage reproduction at different reproduci ng speeds. 9 The tape
of claim8, wherein one of said reprodudi2fi @peeds is 25 a normal playback
speed. 10 The tape of claim8, wherein one of said reproducing speeds is a
pl ayback speed faster than a normal playback speed. 30 11 The tape
of claim?7, wherein said first source for inage reproduction is reproduced
at ‘a normal playback speed. 12 The tape of claim7, wherein said second
source for inmage reproduction is reproduced at said normal playback speed.
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WD 95/ 28706 22 %% The tape of claim 7, wherein said second pe4nséotsy | nage

reproductiS"ﬁ)’T“’é2 0é‘produced at a playback speed faster than a nornmal 5

pl ayback speed. 14 The tape of claim7, wherein said second source for

I mage reproduction is reproduced in a reverse replay direction. 1 0

15. The tape of claim7 wherein said fq and second data signals are each

recorded at specific |ocations within track. 16.. The tape of claim7,

wherein said second data signal is recorded at specific track |ocations

which facilitate transduction 1 5 thereof at a normal play speed and at

| east one non-standard play speed. 17. A method for determining a recorded

pl acenment of a digital video inmage representative signal on a magnetic tape

having a helically 20 scanned track format, conprising the steps of: a)

sel’ecting g predetermpned nunber of reproductjon eeds in a forward

direction;} b) selecting a predeterm ned nunber of reprduc N w
)
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speeds in a reverse direction; 25 c) determni SHaFon
area of trX9¥¥®ach helically scanned track transduced durl’ia%gagai d
predet ermi ned reproduction speeds in said forward and reverse directions;
d) determ ning a data capacity of said conmmon track area; e) processing
said digital video inmge representati é/di%nal 30 to have a data ra
suitable for recorded placenent at said conmmp) track area; and, f) Y~
mul tiplexing said digital video inmage repz%ezt ative signal and said
processed digital video inage repres 8_ i gnal for recorded pl ac nt
on said magnetic tape such that said = ssed digital video ima
signal is located at said common tra%gr §_I WD 95/ 28706 u.
23 PCT/ 1 B95/ 002272 ECLAI VB [received by the

‘I ntternati onal Bureau on 04 Cct ober 1&%( & 95); original clains 3-6
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new cl ai ns %—%Bglﬂ,gded; remai ni ng cl ai nrs unchanged (3 pages)l,g}%yéﬁgﬁggod

for recording a ital video inage representative signal on

tape having a helically scanned track fornmat to facilitate reproduction at
normal and trick 5 play speeds, said nethod conprising the steps of: a)
determ ni ng conmon areas on each of a pL%gfqgty of tracks transduced during
reproduction at a predeterm ned nunber of trick play speeds in forward and
reverse directions; b) processing said digital video inmage representative 1
O signal to produce a trick play signal having a data rate suitable for
recorded placenent at said ck&@on areas; and, c) nultiplexing said digital
vi deo i mage representative siwmal and said trick play signal for recorded
pl acenment on \d nagnéﬁc:tape such that said trick play signal is 15

| ocated at s3 ORQDN ei:é%? said plurality of tracks for trick p

reproducti on. hod claim1l1, wherein each of said pluralit f
tracks has a track areas.
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WD 95128706 PCT/ 1 B95/ 00227 24 18 pcA\miiidioses for
recordi ng a?]"(ﬁ;ggogorrpati ble digital video inage representat |rve signal on a
magneti c tape having a helically scanned track format, said method

vi deo

conprising the steps 5 of: a)

receivin igl MPEG conpati bl e digital
1909 -

| mage representa - said M Qupat e digital
vi deo i mage repr produce an e trickylo
play signal; and en sai d MPEG qonp ' deo
i mge representali @ F MPEG conpat i §! | to
forma signal fo on said magngti sal d
di gi tal videoirr*rgm 5 signal j,9=fee KS to
facilitate nglpm and sai d QPN ay
signal is recpMipd gty B qdeternifed rack Iocafag- i i £k
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23. The net aim 18, wherein said processing step co Sﬁﬁ£§
further st egﬂg??{sz&lo spatial filtering to pp?’ uce sz'i‘ﬂ’rz%a"duced

bit rate signal to formsaid MPEG conpatible trick play signal. 24. The
met hod of claim1, conprising a further step of: spatially filtering to
reduce said data rate of said 1 5 trick piSZ gignal. 25. The net hod of
claim1, wherein said digital video inage L esentative signal represents
a high definition television imge and conpri ses a nunber of active
scanning lines each conprising 20 a nunber sanples. 26. The nmethod of claim
25, conprising a further step of: reducing said nunber of active scanning
lines in said high definition television inage to forma trick play signal
25 having reduced vertical resolution. 27. The nethod of claim 25,
conprising a fur r step of: reducing said nunber of sanples per scanning
line in said hig efinition television image to forma trick play 30

si gnal having reduced horizontal resolution.
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WO 95/ 28706 wo 95728706 PCT/ 3@%9@&%{7 26
STATEMENT UNDER ARTI CLE 19 The above cl ai m anendnents and additions are

filed under Artical 19. Neither the anmended nor the new clains nake any
i npact on the description or the drawi ngs. Pl ease acknow edge receipt of

t he above noted cl ai m anendments and additi on.
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