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- VCR W THwW&b&assbLAY | MAGE CONTRCL This invention rel ates tRCWIBSSH022% d of
digital video 5 recording, and in particular to reproduction of an high
definition video signal at a non-standard speed. BACKGROUND OF THE
| NVENTI ON A digital video cassette recorder enploying a helical scanning
format has been proposed by a standardi zation 10 commttee. The proposed
standard specifies di gital recording pf either standard definition ( SD)
tel evision signals, for exarrpl e NTSC or PAL and high definition television
signal s having an # =710 A% qOAlno' G and

T

Al | i ance signal. - UTIpr e5seu. conponent video 1 5
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and var isbl ﬁedoeaﬁié ﬁﬁd'ﬂﬁ éfﬂeuﬂ? &6aféprﬁaﬁeﬁéncemﬂ qﬁghlaeﬁafﬁ&ntracks
azinmuth reco‘fi alf]g g égg‘géi with,10 or 12*tracks per NTSC or PAL
frame respelt qpe|sg,gn pBOE ard spefdys 1/4" wide tape with an -
evapor at ed net al :

- A digital video cassette recorder employing a helical
scanning format has been proposed by a standardization
10 committee. The proposed standard specifies 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 pither NTSC (PAL) signals, or an advanced television signal.
: An advanced television or ATV signal has been -
o 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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20 recording nmedium The SD digital VCR or DVCR, is int eﬁ%%%nsuner
use andwm9es/2880f i ci ent data recording capability to recor SC

(PAL) signals, or an advanced tel evision signal.:+Ar advanced tel evision or
ATV si gnal has been devel oped by the G and Alliance (GA) consortium A
specification 25 docunent titled Gand Al liance HDTV System Specification
was published in the 1994 Proceedi ng of the 48th Annual Broadcast

Engi neeri ng Conference Proceedings. Zhe GA signal enploys an MPEG

conpati bl e codi ng nmethod. which utilizes an intra-frane coded picture,
termed | frame, a folwmeandapalog coasumenn¥CR,el'Trick3Play BrfTRnfeatumgsa
bidirectio Yo oP ' ter : e s of
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then int erine%gdré'\fartoﬁugit;gr ahrgea%', or heads, crossing multiple tracks, and
recovering recognizable horizontal picture segments. The GOP of an
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 digital
video recorder for reproducing digital image signals at different
reproducing speeds, said recorder comprises: a transducer for
recovering a digital signal from a recorded medium, the digital
signal having a first data signal representing the digital image

35 signals and a second data signal representing a processed form of
the digital image signals; means coupled to the transducer for
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an anal oggfqdpgspier VCR, "Trick Play" or TP features such peTMB9SI00229 in
forward or reverse shuttle, fast or slow notion, 5 are readily
Yachi evabl e, since each recorded track typically contains one field. Hence
reproduction at speeds other than standard, result in the reproduci ng head,
or heads, crossing nultiple tracks, and recovering recogni zabl e hori zont al
pi cture segnents. The GOP of an ATV signal, enploying |, P and B franes,
“may be recorded 1 0 occupying nultidle tracks on tape, for exanple, 10
tracks per frame and 150 tracks per GOP. Sinply stated, when a DVCR is
oper at ed . aseparatings the odigital esigodlidntwrthep first, andpithe secodd datnsduce
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data recovéoethe control signal for selecting between the first and second
‘data signals as output image sources.

10 In accordance with another inventive arrangement a
digital video recorder employing a helical scanning format for
reproducing a digital image signal, the recorder comprises: a play
back transducer for transducing a digital signal from a recorded
medium, the digital signal having a first data signal, having a

15 compatible MPEG format and representing the digital image signal
and a second data signal having a compatible MPEG format and
representing a processed form of the digital image signal; means
coupled to the transducer for separating the digital signal into the
first and the second data signals; selecting means coupled to the

20 separating means and responsive to a control signal for selecting
the second data signal at initiation of reproduction and selecting
the first data signal following reproduction of an I frame |
identifying signal from the first data signal; and, decoding means
coupled to an output of the selecting means for generating the

25 digital image signal from the first and the second data signals.

F | N RA .

- FIGURE 1 illustrates a recorded track pattern showing
the locations of various data sectors as speclfled for a standard
definition DVCR.

30 FIGURE 2 1llustrates the replay head path with areas of
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

35 sync block recovery at eight times replay speed.



20 progressively dimnishes as TP speed increases. Hence, the possibility
of reconggessissdgid B and P franes fromthe reproduced p| ec peTaABoslooiwane 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 node, is 25 capabl e of i nmage reconstruction ‘Wi t hout
the use of adjacent frane information. Furthernore, since "Trick Play"
specific data is recorded, the physical track |ocation nust be such to
permt recovery in a TP node. SUWARY OF THE | NVENTI ON 30 In

Feproduci ng di gi tal THIGURE ghalgsdaies: thereptay Z'Saéhﬁ’&%ngﬁﬁﬁéééés ‘ot d
recorger c symicl sme?%k &ebb&&ﬁ}dbﬂtlelsliteé?]rﬁﬁiése&e?ﬂ yas e&l ;61'8' S'ng‘lnal ef:gfsneﬁtl ]
he di ghtal i moe. 35 FQURE, € Afhind Rabish Inapide, 4P fudrBdenc e
processed fhipnks)frqcmemd;latalvarmxgemclgnmode replay speedsd to the
transducer for  °  FIGURE 7A illustrates sync-blocks recovered at 2, 4, 8
' and 16 times replay speeds. :
' FIGURE 7B illustrates recovered sync -blocks common to
10 2, 4, 8 and 16 times replay speeds.
FIGURE 8 illustrates a first embodrment of a recorded
track pattern showmg advantageous sync block locations for
placement of inventive "Trick Play" data. ‘
FIGURE 9 illustrates the replay head path and track
15 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.
FIGURE 11 illustrates the replay head path and track
areas of sync block recovery at 19 times play speed.
20 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
areas of sync block recovery at minus 7 times play speed.
| FIGURE 14 illustrates the replay head path and track
25 areas of sync block recovery at minus 17 times play speed.
FIGURE 15 illustrates ‘sync-blocks recovered at 3, 9 and
19 times forward play speeds and 1, 7 and 17 times: play speed in
the reverse dlrecuon
| FIGURE 16 1llustrates a second embodiment of a
30 recorded track pattern showmg inventive sync block locations for
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
35 a SD sync block. FIGURE 18B illustrates a sync block
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separati Rgpbessei gital signal into the first and the secorRCTABISOREIYnal s;
means responsive to a selection of one of the selected 5 reproduci ng speeds

*and at | east one of the first and second data sigmal s for generating an
I mmge source control signal; and, selecting neans.coupled to the separating
means and responsive to the control signal for selecting between the first
and second data signals as output imge sources. 1 0 In
accordance with another inventive arrangenent a digital video recorder

~enploying a helical scanning format for reproducing a digital inmage signal,

t he recor deadvaniggeausly fopmattedsfar tregordingsrbathr ATV andciinyentidegi t al

si gnal frontgricRCPIdeddagdisighals.he di gital signal having a first data

“mage sinal and a scEBAUNELD & b VSRR BiCia Qe () £ VR FORRE and
r epr esent i ngideopreassette dretorderofemployingi aml inveagiwes"Trick Plaghs coupled to
t he transdulceecroraﬂ{g s&p&r?&hg? ‘f@fmﬁ’é&i tal signal into the .
FIGURE 20 is a system block diagram of an inventive
"Trick Play" encoder and decoder. |
10 . FIGURE 21 is a system block diagram showing an SD
recorder and inventive control of "Trick Play" and high definition
video playback. | '
DETAILED DESCRIPTION
FIGURE 1 shows a recorded track format for a
15 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
‘recorded. The ITI, or Insert and Track Information data sector is
used for tracking and editing, and is followed by an editing gap
20 GIl. 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 blocl;s,'
numbered O - 148. A third editing gap G3 follows the video data
- sector which is in turn followed by a sub code recording sector.
25 The digital video cassette recorder or DVCR, is specified to have a
digital video recording rate of 24.948 Mbps. This video bit rate
may be utilized for recording a component video signal decoded
from either an NTSC (PAL) signal, or a processed advanced
television signal, such as for example, the GA signal. FIGURE 21
30 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 a playback
processor that generates four -output signals, 351, 352, 353 and
354. Replay signal 354 represents an ATV data stream and the
35 data processing path is depicted by blocks 359, 120 and 130.
~ "Trick Play" image data is represented by replay signal 353 which



first and the second data signals; selecting neans coupled to the 20
separati o g9; and responsive to a control signal for setciiBIsE22he
second data " signal at initiation of reproduction and selecting the first
data signal follow ng reproduction of an | frame identifying signal from
the first data signal; and, decoding neans coupled to an output .of the

sel ecting neans for generating the 25 digital inage signal fromthe first
and the second data signals. BRI EF DESCRI PTION OF THE DRAWNG FIGURE 1
illustrates a recorded track pattern ¥howi ng the | ocations of various data
sectors as specified for a standard definition DVCR 30 FlI GURE
2 i |1 ustrat i shown eoupjed dad spbsequent h" BrieksPlay"simege | data recovery at

twice repl ayr&d&sﬂ, FIﬂ:B rodessing! raﬁHe§eIEEﬁoﬁeBéﬁVeé?\ea¢rRﬂE *Pl?%"'%ﬁfeas of

S I AT W i Ay T SR
repl ay speeihserted into DVCR 350, with tape 504 -threaded around the head
drum 510. :

The SD track format may be recorded with various
head placements on the drum or cylinder, and with various drum

10 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 smgle heads 180°
diametrically opposed on the drum. _

15 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 pum tracks, azimuth recorded without guard bands,
and is illustrated replayed by a replay head with pole face width

20 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
replay head will recover sync block data from the recorded track

25 until half the recorded track width is scanned. The FIGURES
depict track areas of sync. block data recovery by cross hatching.

FIGURES 3, 4 and 5 illustrates the replay footprints at
four, eight and sixteen times play speed respectively. |

| FIGURE 6A is a table showing track numbers and the
30 numbered sync blocks recovered from the audio data sector at the
TP speeds illustrated in FIGURES 2 - 5. FIGURE 6B shows the
tracks, and numbered sync blocks, recovered from the video data
~sector at the Trick Play speeds illustrated.
_ The recovered video sync block data deplcted by cross
35 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
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FI GURE SylolesHgdoyat €s the replay head path with areas of sponIHSs0eR9recovery
at sixteen'tinmes replay speed. 5 FI GURE 6 contains tables

“showi ng audi o and vi deo syne- bl ocks recovered at-various trick node replay
speeds. FIGURE 7A illustrates sync-bl ocks recovered at 2, 4, 8 and 16 tines
repl ay speeds. FIGURE 7B illustrates recovered sync-bl ocks conmon to 1 0
2, 4, 8 and 16 tinmes replay speeds. FIGURE 8 illustrates a first enbodi nent
of a recorded track pattern show ng advant ageous sync bl ock | ocations for

pl acenent qfp g Pee@bf\@ 4T'8'§KdF1@¥1mé’§‘t Wl@mﬁlllhéﬁ'ﬁ%%ﬁ&the replay

head path and 5‘? ar.eas cove,r at tines play -
speed I careas @ ereds STRG. bIoKsy TeRaKeTS aFe, SOMMON 87 sy
bl ock r&coatlr fourt sﬁeedsnesnnisaFIGMRE 7B| fndRcates urkctludbcaim,t he replay head
path and tiaitified by sync block number, where data may be recorded and
recovered at play speed and at 2, 4, 8 and 16 times play speed.
FIGURE 8 shows one recorded track comprising an ITI,
or Insert and Track Information recording area, editing gap GIl, an
10 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
not required for audio data use and may be utilized for ATV -and
"Trick Play” data recording. A second editing gap G2, follows the
15 audio data sector and it is followed by a video data recording
sector comprising 149 syric blocks, numbered 1 - 149. A third
editing gap G3 follows the video data sector which is in turn
followed by a sub code recording area. The recorded track of
FIGURE 8 shows an advantageous first embodiment of sync block
20 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
record TP video data for recovery at both standard and non-
standard play speeds. These 45 TP sync blocks provide an
25 effective replay data rate of about 1.06 Mbit/sec at nominal speed.
FIGURES 9 - 11 illustrate replay head paths for "Trick
Play” speeds of 3 times, 9 times and 19 times, with head footprints
for both double azimuth and 180° diametrically opposed heads.
FIGURE 9 illustrates track areas of sync block
30 recovery at 3 times play speed. Tracks T1 and T2 represent
reproduction with double azimuth head pair, tracks T1 and T4
represent reproducuon 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
35 recovered.



areas of sync block recovery at 19 tines play speed. 20 FI GURE
12 iIIustqgt,g,issrai]e replay head path and track areas of syrgcrapegéossecovery
at m nus

track areas of sync block recovery at mnus 7 tines play speed. FlIGURE 14
illustrates the replay head path and track 25 areas of sync bl ock

recovery at mnus 17 times play speed. FIGQURE 15 illustrates sync-bl ocks
recovered at 3, 9 and 19 tines forward play speeds and 1, 7 and 17 tines
play speed in the reverse direction. & GURE 16 illustrates a second

‘enbodi ment of a 3 0 recor ded. track pattern showi ng inventive sync block
locations for recordi nFIGMRE 1@ dllustrates Riagk" artas aof ByGLRBloLk i1 ust rz;t es
a video datgfecoeeiwrat’ 9CHMR piy RpeBd AT rabREE aﬂgq [ Delpye "Tric

Pl ay™" sisgnal. FLGURE 18A i | 8 erg?gs t ergrrgﬁg,lerren _ag% %ﬁa vlethi n 35 a

b oREProgtchpr WA dquble ;sAimwat boad paisciracks T1 and TI10

represent reproduction by 180° opposed heads.
- FIGURE 11 illustrates track areas of sync block
recovery at 19 times play speed. Tracks T1 and T2 represent ~
reproduction. with 'd_duble azimuth head phir, tracks T1 and T20
10 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
represent reproduction with double azimuth head pair, tracks T3 ‘
and T2 represent reproduction by 180° opposed heads. |
15 ~ FIGURE 13 illustrates track areas of sync block
recovery at minus 7 times play speed. Tracks T17 and TI8
represent reproduction with double azimuth head pair, tracks T17
and T10 represent reproduction by 180° opposed heads.
FIGURE 14 illustrates track areas of sync block
20 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. |
The sync blocks recovered at the various forward and
reverse speeds shown in FIGURES 9 - 14, are combined and
25 illustrated as single tracks. FIGURE 15A, illustrates numbered sync
blocks at 3 times speed, FIGURE 15B, shows SBs recovered at 9
times speed, FIGURE 15C, for 19 times speed, FIGURE 15D, for |
minus 1 times speed, FIGURE 1SE, for minus 7 times speed, and
FIGURE 15F, for minus 17 times speed. FIGURE 15G represents
30 analysis of the recovered syné blocks for commonaity. Thus
FIGURE 15G shows numbered sync blocks which are recovered at
3, 9 and 19 times in the forward direction and 1, 7 and 19 in
reverse directions. | | -
FIGURE 16 illustrates a second embodiment having
35 advantageous track  locations, identified by sync block number,
where 45 sync blocks of inventive "Trick play” video data may be

SD sync

trmes play speed. FIGURE 13 illustrates the replay head path and | '



WO 95/ 28801

PCT/ 1 B95/ 00229 5

advant aggayodiagssor mat ted for recordi ng both ATV and i nventRCTaBISINoRZk Pl ay"

data signal
‘digital vid

s. 5 FIGURE 19 is a system bl ock di agram of an
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i nventive
system bl oc
Pl ay" and hi
shows a rec
(SD), helic
area shown

data argre

10
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fw&gé difé&ctidd, or Insert and Track Information data sector is

An ATV bit stream may be recorded in the data
capacity of 105 sync blocks, which are composed of 14 sync blocks
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 showmg sync block (SB) structure for an ATV data
recording.

FIGURES 18 A and B illustrate the data structure of a

- sync blpck, SB, within the _vxdeo data sector. FIGURE 18A

15

20

25

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
DCT group comprises a DC coefficient value followed by AC
coefficient values in 'deseending 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
compressed TP macro blocks may be recorded in one sync block,
formatted as shown in FIGURE 18B. : :

~ Having identified sync block locations advantageons to

"Trick Play” reproduction in both forward and reverse directions at

30

35

various speeds, "Trick Play” video data must be derived from the
ATV data stream. As described earlier, TP sync blocks recovered
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
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 stroboscoplc or jerky rendition of motion in "Trick Play”
modes. Thus, to avoid jerky "Trick Play” motion, video for "Trick’



- used for tracking and editing, and is followed by an editing gap 20 Gl. An )
audio d Qr occupi es 14 sync bl ocks, nunbered 0 - lpcriBoseexand

editing gap , follows the audio data sector, which is followed by a video ,
data sector conprising 149 sync bl ocks, nurrbered O - 148. Athird editing
gap G3 follows the video data sector which is in turn foll owed by a sub

code recording sector. 25 The digital video cassette recorder or DVCR is
specified to have a digital video recording rate of 24.948 Mips. This video
bit rate may be utilized for recordilfy a conponent video signal decoded
fromeither an NTSC (PAL) signal, or a processed advanced television

signal, sudMay$ tmrdxpnwes,smgmsGAdsambouﬂldeaﬁ\&ﬂ Fooms Ivideo, a.

st 117 ed dloakadedal a0 wravcmgé& R 3P uERADT 1HERd R orum 510

whi ch |ncI u of recor g,nand reproduci ng ch are
coupl eddt o decodag bﬂlﬂ(miﬁs from: 1géhoraBeframes, isuppogessedri® s, 351,

352, 353 angkndpdte Bomes oﬁamgalwm IRy =Sifesfor PecoRlingS! TR and t he
35 data progessi ng bﬁd é bl ocks 359 o1 0 ar"q'nc:icoPlaT“ ck
P ay | mag et Eacsded eamenin o jOPe SPUIAIaF i dorEsponiing,
processed image which, during "Trick Play“ reproductlon, may be
decoded to provide images in' which motion is smoothly portrayed
10 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 ‘
per track, thus a recorded ATV frame corresponds to 1050 SBs.
Since "Trick Play" video data may be allocated 45 sync blocks per '
15 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
blocks. - The required degree of the "Trick Play" video data
compressmn may be represented by 450: 1050 or approxlmately 23
20 to 1.

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

25 comprises an ATV decoder 100, a Trick Play processor 200, and an
SD DVCR 300. An exemplary RF modulated advanced television
signal is received by an antenna 101, and is coupled to an input of
an ATV decoder 100. The RF modulated signal may also be
delivered to decoder 100 via a cable distribution system. Decoder

30 100 comprises a channel demodulator 110, which extracts the
modulated, MPEG like, ATV bit stream signal from the RF carrier.
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

35 data packets 121, from audio data packets 122. The video data

~ packets 121 are coupled to a video compression decoder 130 which
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shown CO%W subsequent "Trick Play" image data procePOIIBIS/O00229
processi ng and sel ection between "Trick Play" and 5 ATV inages 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 head pl acements on the drumor cylinder, and with various drum
10 rotational speeds. '~ The track palt erns WhICh followillustrate repl ay
head pat hs or tracks for various k Play" speeds. In addition, two
possi bl e head drum configurations are il]ustrated, i.e. a double azinuth
head pair, HONSWYCE kiPevidesiimage| signplsdi aFhe rvidao| sigoplsoddd. @et he drum

011 FERMIBEE Adeoopridtaty sl Gnkoedenton T il o0
SD, di gi%al g#ﬁfg&eﬁggsgp@ﬂ ésg’r EEF original" 18:9 aspect rafio & gh )
definition video signals, for example, luminance and color
difference signals Cr and Cb. The video processor and sync
generator 150, also receives a second input signal 132 from pixel
converter 280, of the Trick Play processor 200. The audio data
10 packets 122 are coupled to an audio compression decoder 140
which extracts and regenerates the original audlo signals which
form audio output signals 141, _
The MPEG like bit stream 'signal 112, is coupled to a bit
stream rate converter 310, which converts the 19.3 Mbs bit
15 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
generates Reed Solomon error correction codes which are included
in the video data recorded in the video sector, as depicted in
20 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
the SD recorder format.
Block 340 of FIGURE 19, constructs audio and video
25 sectors according to the SD format, where video data sector
includes processed ATV data from block 330, plus inventive
"Trick Play" video data 251, from block 250 of "Tnck Play" video
processor 200.
The SD video sector format or structure, is illustrated
30 in FIGURES 17, 18A and 18B. FIGURES 18A and 18B show the
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.
35 FIGURE 18B shows ATV video data advantageously recorded
occupying, for example, 105 sync blocks. Inventive "Trick Play"



format, with 10 [err] tracks, azinmuth recorded w thout guard bands, and is
|IIustqu higgy aved by a replay head with pole face w dtrciBesmi2295 [err].
FI GURE 2 |IFustrates 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 is assuned that the replay head will recover sync bl ock
data fromthe recorded track 25 until half the recorded track wwdth is
scanned. The FI GURES depict track aiﬁas of sync bl ock data recovery by
Cross hatchlng FIGURES 3, 4 and 5 | ustrates the replay footprints at

four, ei ght | Xt een bl mes pl aX eed respectlvel Y. RE 6A is a table.
show ng tré{ ch armaynhe; freorde Ving s fRE %%R?'r o¥ed from the

audi o dat abmltsorandt video Tﬁn&wmylSdai qzibtzeﬁladdrdlﬁllGl\JRES:ZZ SKnE FI GURE 6B

Soctor 3 DIGRST: Rk VBRS oY VorblaiGR o R FLEORRCIEGLY' Syoc bl oo

dat a depi cSyac bhlosksss 35 hatching in FIGURES 2, 3, 4 and 5, and the
nunber ed sync bl ocksThel AT FidebCeof Rlard! SnaRaBhgerad Plhyeddrat ed in

FI GURE 7A fr?crl audio sector signals are coupled from block 340 to a standard
definition or SD digital video cassette recorder 350. The SD

10 recorder may also recerve an analog NTSC (PAL) input signal for
recording. The analog signal is decoded into luminance and color
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 '

15 recordrng format which employs intra-field/frame DCT applied to
8 X 8 image blocks, followed by adaptive quantization and
modified two dimensional Huffman encoding. The image blocks
are shuffled, or redistributed,  throughout each frame to prevent
recording media damage producing uncorrectable data errors.

20 Since the image blocks are shuffled prior to recording, any large
media related reproduction errors will be distributed throughout
the decoded frame as a result of complementary deshuffling
employed during reproduction. Thus large potentially =~
uncorrectable, and therefor visible errors, are distributed and

25 may be correctable by the i__ime_r and outer Reed Solomon error
correction codes. Following compression, - 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,

30 351, 352, 353 and 354. Output signals, 351 and 352 are base
band analbg 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 pulse addition for

35 video monitor viewing. The components may be encoded to
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speeds of wosfssed and 16 tines. FIGURE 7B il}ustrates tracRCEABISNORA
nunbered sync bl ocks recovered, which are common to 5 all four speeds. Thus
*FIGURE 7B indicates track |ocations, identified by sync bl ock nunber, where
data may be recorded and recovered at play speed and at 2, 4, 8 and 16
times play speed. FI GURE 8.shows one recorded track conprising an I Tl, or
Insert and Track Information recordig area, editing gap Gl, an 1 0 audio
-data recording area occupying 14 sync bl ocks, nuftbers 0 - 13. During ATV

St cam t hus RIAOUERCH) NISG Shghady fors Vi inGe.qfh AcHiandAch Ao aaRaT Yoo and
may be util ireegiter. ATV and_"TriQk Play" data recording. A sécond editing
0P o 8ol ore e T Sl S il ATy BUBCHRYshladh O,
output signal 354, and a "Trick Play " data bit stream output
signal 353. Signal 353 is coupled via error correcting block 259 to
block 260 of the ATV and "Trick Play" processor 200 for -
decompression and subsequent up conversion to an ATV signal
10 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
block 359 to block 120 of ATV decoder 100, where the replayed
transport packets are decoded. A decoded ATV signal 131, is
15 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
and Cb, and may for example, comprise 1080 active horizontal
scan lines each having 1920 pixels or samples. Line rate
20 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
having one third of the vertical resolution of the original ATV
signal. The line number conversion is performed by a vertical low
25 pass filter function. The line rate reduced signal from converter
210 is coupled to a pixel converter 220 which reduces the number
of pixels to one third by low. pass filtering. Thus, signal 221
comprises 360 horizontal lines each containing 640 pixels, and
ATV signal 131, has been transformed, or down converted, into a
30 signal having "NTSC" like parameters. Since the ATV signal had an
aspect ratio of 16:9, so to will signal 131. However, the down
converted signal 221 will display the 16:9 image in a letter box
format. o ' -
The down converted signal 221 is also coupled to NTSC
35. encoder 360 for sync and blanking addition and encoding for
standard definition viewing on a receiver or video monitor. Signal



editing gap G3 follows the video data sector which is in turn followed by a °
sub codewbg 'ing area. The recorded track of FlIGURE 8 ScraBosion229
advant ageous tirst enbodi nent of sync block 20 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 record TP video data for recovery at both standard
and non- standard play speeds. These 45 TP sync bl ocks provide an 25
effective replay data rate of about14.06 Mit/sec at nom nal speed. FlI GURES .
9 - 11 illustrate replay head paths for "Trick Play". speeds.of 3 tines, 9
ti mes and 221t isrealsovwcoupledato f o signahtconipressionh ptocesser axdpresentedd 180

di armetrica h Eadibh | r : : bl ock
30" Tecovery b"gg‘?%ﬂ@dz‘;@#?éﬁ. Bith WY B Woskiibed BAAP efbecty 00 2 Do
wi th doubl & 4G Had HAWEVEE,r My RINPIE L6TiNs;4thee PHERQSG O?e‘bg'&luction by
180 opposegoffpression! prbtessor23B ished geiteratet aeicompress¥d fepmayfhead

conf | 9Ur at Leh ANGHScAlVerfbf BTV dififarl b AAMPIS" IS EbhpRRToR! 0ok

whi ch are :
processor 230, may compress signal 221 by approximately 2.3

times. , . _ |
10 The compressed, down converted signal 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 (

16. Data for each TP video frame is recorded within the ten tracks
which comprise each ATV SD recorded frame. Thus TP video data
15 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
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
20 ten recorded tracks, these TP frames may be recovered during
normal playback and may be stored and utilized use durin‘g a
replay mode transition. For example, a transition from normal
speed forward playback to high speed "Trick Play" or picture in
shuttle. In a worst case situation, when a normal speed replay is
25 initiated, approximately 140 recorded tracks may ‘be reproduced
before an I frame is recovered. However, since TP data frames
are advantageously recorded in I, P and B frames, "Trick Play”
processed images may be produced immediately following the
reproduction of any frame type. Thus a "Trick Play” processed
30 image may be output during the initiation of a normal speed |
replay prior to I frame decoding. Upon I frame acquisition the
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 So_lbman error
35 comecting data to the TP data stream. The TP video data, with RS
inner parity added, is coupled to a TP video data sync block
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FI GURE 1Gyplokagsoy at es track areas of sync bl ock recovery aeCOIRISNERRYplay
speed. Tracks T1 and T2 represent 5 reproduction w th double azinmuth head
‘pair, tracks T1 and T10 represent reproduction by 1 80[err] opposed heads.
FIGURE 11 illustrates track:areas of sync block fecovery at 19 tines play
speed. Tracks T1 and T2 represent reproduction with double azinmth head
pair, tracks T1 and T20 10 represents%xnoductlon by 1 80[err] opposed
heads. FI GURE 12 illustratés track areas of sync block recovery at minus 1

t | t

v it h headOpifaner; 230; i Techiprhfel SRED o BpSEHEC A onws*é“lg%f*m
opposed heachlocks srequired for “Trick Py 13em1qdu§npat 8t spegific aspaedsof sync
bl ock resoveFor @xaffiples “Tridk @lap* aepradction ' ACkaribh spebdslss

possible with sync blocks allocated as shown in the embodiments
of FIGURES 8 or 16. These TP video data sync blocks are output as -
signal 251 which is coupled to the video and audio sector
constructor 340 of SD DVCR 300. -
10 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
coupled for signal decompression in processing block 260 of the
ATV and "Trick Play " processor 200. The details operation of
15 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
from the recording medium. '
An inventive "Trick Play" signal compression
.20 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
coupled to formatter 234, which converts the scan line format of
signal 221 into a two dimensional macro block or MB, structure
25 comprising 4 DCT blocks. Thus a macro block has the dimensions
of 32 pixels by 8 lines. The macro block formatted, rate reduced
signal, is coupled to block 235 for discrete cosine transformation.
The principals of the discrete cosine transform are well known,
with a data rate reduction ensuing from the control of coefficient
30 quantization. DCT block 235, produces two output signals which
‘represent the amplitude value of the frequency coefficients that
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
35 block 237. The second output from DCT block 235 is coupled to
quantizer block 237 for quantization, where the number of |



represent reproduction with double azimth head pair, tracks T17 and T1Q

represeniyg uction by 180 opposed heads. FlI GURE 14 i | pOHIBSIG2R9t r ack

areas of sync block 20 recovery at nminus 17 tinmes play speed. Tracks T21
and T22 represent reproduction with double azinuth head pair, tracks T21

and T4 represent reproduction by 180[err] opposed heads. The sync bl ocks

recovered at the various forward and reverse speeds shown in FIGURES 9 -

14, are conbined and 25 illustrated s single tracks. FlIGURE 15A,

il lustrates nurrbered sync ‘bl ocks at 3 tines speed, FIGURE 15B, shows SBs

%eﬁg\éerlegl zﬁ\tlioil ﬁe}fﬂ ﬁﬂﬁ#@orﬁﬁlcrﬁr}‘sﬁolﬂéﬂ trbﬁﬁénﬁpeei’o BloekRE Ré5?5|:-f0r
for minus 1999 niges%‘é@ﬂlzR%F Ecqqfécm}pegrgnpgu@sa toag’é?a%%:d)?g’f he
recover 8d swyariabileoddmgthoencodimgoal Vw;oﬁsum&hﬁﬂREoﬂ%rﬁmwlengtber ed sync
and 1. 7 argpdbE; oF MLET e Fnown. ?oﬁ?%'% " SptelseS porteictte BhodT ' "
enbodi ment frequertly occurring quamtized rcesfficient ivalues | arsntassignedoy sync
- bllock nunbegorrespondingly short code words with less frequent coefficient
~values being encoded with code words of progressively increasing
10 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 syric blocks provided in-10 recorded tracks.
~ The variably length coded TP data is coupled to block (|
240 for generatlon and addition of a Reed-Soloman inner panty
15 ermror 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 structu;'e, for example, as identified in FIGURES 8
and 16. The TP data having the required sync block structure is
coupled to the SD recorder as al;ready described for "Trick Play”
20 processor block 200. ' '

During replay modes, the reproduced TP data stream
signal 353, is coupled via error correction in block 259, to
decompression block 260 which reverses the signal processing

_ performed by block 230. The VLC TP data signal 353 is input to
25 block 266 which performs variable length decoding. Various
methods of decoding are well known, for example, a look up table
could be used to convert VLC data words back into quantized DCT
coefficients of constant length. From block 266 the TP DCT
coefficients are 'coupled to an inverse quantizer 262, which may
30 be considered to perform digital to analog conversion of the TP
DCT coefficients. The TP DCT coefficients are coupled to block 263
which applies an in_ver_s_e discrete cosine transformation which
- produces a macro ‘block formatted output signal representing the
TP image. | ‘The macro block sampled TP signal is reformatted in
35 block 264 to produce a conventional line structured image. The
output signal from the reformatter 264 is processed in block 265



-where 45 sync bl ocks of inventive "Trick play" video data may be
95/ 28801 WO 95/28801 PCT/ | B%?‘é’é??Q"’W?ecor ded
and recovered at play speed and at play speeds of 3, 9 and 19 tines in the
‘forward direction and 1, 7 and 17 tines in the 5 reverse direction. An ATV
bit stream may be recorded in the data capacity of =105 sync bl ocks, which.
are conposed of 14 sync bl 6cks fronlthe audi o data sector and 91 SB from
the video data sector. The inventive Trlck Pl ay" video data may be
recorded using 45 SB 10 within the 5 deo data sector. In FIGURE 17, a

vi deo dat a sectﬁr s illustrated show,ng légc blrock (SB) structure for an
ATV data reVhig 9«é OrFEXAMPle.1 2V PrOVEdE | Plasking emtsﬁ@l%t@dstsryeet ure of a

- sync bl ock, TpSEse \udahuwnthslgnaeszm!aisao‘aepﬁtofrorﬁl SiéBE 285 4fd mhayubérates a
standar dg defyibld P FoP" vigwihg" BR' & *Compblier! Yideo 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
_conversion from the nominally "NTSC" like line and pixel formats
to line rates and horizontal pixel counts required for high
10 definition display viewing. -
. The up converted TP video signal 131 is coupled as a
second input to video proceséor and sync generator 150, which
generates a high definition output signal 151. Video processor
~ and sync generator 150 provides video blanking. and the addition
15 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
form, the replay data paths for ATV data stream 354 and "Trick
Play” data stream 353, and their coupling for output selection in
20 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
Play command will start the VCR mechanism and switch the
electronic system from an EE mode, (electronics to electronics) to a
25 replay condition. However, the actual instant of output signal
switching may be determined by various other controlling factors.
For example, the most significant controlling event may be the
acquisition and decoding of an I frame from a recorded GOP. This
occurrence may be signaled by decoder 130 and coupled to
30 control the video output selector sw1tch -within the v1deo
processor and sync generator 150.

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 1 frame has been reproduced and

35 decoded, i.e. up to 140 tracks may need to be reproduced until an
I frame is encountered. However, since TP data is advantageously



SD sync bl ock conprises 90 bytes, with 77 bytes containing 6 groups of

di scr et ey¥xhidit ransfornmed or DCT coefficient data. EachpEfiiBogoomzp
conprises a DC coefficient value foll owed by AC coefficient values in
descendi ng order of significance. FIGURE 18B 20 illustrates a sync bl ock
formatted with inventive "Trick Play" data. "Trick Play" data is
conpressed, discrete cosine transfornmed and variable | ength coded, as w |
be described for FIGURE 20. Two conpressed TP macro bl ocks may be recorded
in one sync block, formatted as shol8 in FI GURE 188 25 Havi ng
identified sync block |ocations advantageous to "Trick Play" reproductlon
in both fowmrdednwmmeem dlramctofoasG@Pvandoissrqmddeed ‘ifr ack Pl ay"

o eyne. bl A0kRil AsERAE, Tp0Bhtd iy @Z@‘r"”‘&}ﬁ% ég"ksﬁéfﬂeeﬁﬁ{st&ﬁﬂuﬁiéékfé

“of decoli ngld@ :a@gn #r sdthouti m@agqumsut rf@ameenceutrgnc@r the on from
adj acent i i‘?&@ndﬁﬁmﬁtnl@ for "BP Jﬁt‘aCKeEJ)ﬁbin Vh%p sHfiaht der| ved from
i ntraframe_or frane Howeyer,, ~ deri"yat1on O Yck Pl ay"

vi deo excl B§?V@Fy“PF Ismrré@aﬁﬁ§' d&E‘VQdCS’ngBq n Aty F e| ow repetition
rate of | initimionviofhnormal lpl@¥back, with ATV images being selected

when available, following I frame acquisition.

10 _ When a user initiates a command starting or
terminating a "Trick Play" mode, the control system, and in
particular the video processor and sync ge_ne'tator 150, may be ‘
advantageously - controlled to' present the user with a more
aesthetically pleasing image transition. For example, as already

15 described, at the initiation of norinal_ 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
transition to a "Trick Play" reproducing speed, where TP video
data which was recovered and stored during normal playback

20 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 untll TP vxdeo data is available at
the selected TP speed. -

When transitioning from a "Trick Play mode to

25 normal play, the ATV signal 131 will become available for display
processing only after the occurrence an 1 frame in the replayed
ATV signal GOP. This I frame occurrence depends on the re-
synchronization rate of the SD recorder capstan servo, and more
significantly, where in the recorded GOP sequence normal play

30 speed was re-acquired. Thus various options may be
advantageously provided to produce a pleasing image transition
between "Trick Play” and normal: p].ayback.' For example, upon the
command terminating "Trick Play” the last TP frame may be
frozen and repeated from a memory until ATV signals are

35 reproduced. - This method may indicate to the user that the control
command has been received and executed. However, a frozen or



35 result in stroboscopic or jerky rendition of notion in "Trick Play"
nmodes. TRy§oshggopvoi d jerky "Trick Play" notion, video forpCIimosmo229 WO
95/ 28801 o ) - PCT/ 1 B95/ 00229 10 Pl ay"
Tecord processing is advant ageously derived fromvideo, decoded fromthe
ATV or MPEG | i ke data stream Hence every 5 decoded picture, derived from
|, Por Bframes, is processed to generate corresponding "Trick Play"
frames for recording. Thus each recoy d frane in a GOP contains a
corresponding "Trick Play": processed i‘mage whi ch, ‘during "Trick Pl ay"

ot S g JESte bRl hace ot S, bGEd Seae
one ATV fraffp, hiay dppeasdncongnious o6 thecassted Ar fstther optivnedoed for the
thus & rScotEisady ot "TieK Riay" idlf e Br8UR S, cbRpiE S )7V e
data may be repragueeedPsslaty rand|displaypdP images for the duration of servo
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
10 resynchronization, and during the wait for an ATV I frame.
During the tape speed change, despite the redundant nature of the
‘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
15 indication that the VCR is responding to the command since the
speed of the TP image will visibly change as the capstan slows to.
re-synchronize at play speed. This feature may also permit
slower tape speed transitions to be used thus providing smoother
~and less potentially damaging tape handling since tape '
20 acceleration or deceleration will be accompanied by accelerating
or decelerating "Trick Play" images. '



1 5 video sector, a total of 450 SBs are utilizable for "Trick Play" data
recor di nggo ddggR each "Trick Play" video frame must be coppresseozbo occupy
the data capacity provided by the 450 sync bl ocks. The required degree of
the "Trick Play*—video—data—conpression may be represented by 450: 1050 or

approxi mately 2 : GURE 19 is a bl ock-di agram of an advanced

tel evi si on rﬁﬁ“ﬂiﬂ@ﬁlilﬁl “EI an inventive nmethod of Trick Play node
processing f EG | i ke data streamon a standard definition
or SD, digital video cassette recor@®. The bl ocki:diagram 25 conprises an
ATV decoder 100, a Trick Play processor 200, and an SD DVCR 300. An

exenpl ary RF nodul ated advanced tel eQISAIMSsi gnal is received by an antenna

d d d Jhe .RE dul.a
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syst em SDecdfd«liffey gent Teprodugings speedshaaitk| redondetulcomprising: whi ch
extracts the nodul at egl, tr%@ﬁﬁc&kfor pg’éé‘;yringig ?qg;gﬂ @Pgﬂdal %tj‘we RF

carrier. The blé tre S coupl ed as
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representmg said digital image signals and a second data signal
representing a processed form of said digital 1mage signals;

10 means coupled to said transducer for separating said
digital signal into said first and said second data signals; .

means responsive to a selection of one of said selected ‘

reproducing speeds and at least one of said first and second data
signals for generating an image source control 31gnal and,

15 - selecting means coupled to said separating means and
-responsive to said control signal for selecting between said first
and second data signals as output image sources.

2. The digital video recorder of claim 1, wherein said
20 different reproducing speeds represent a first speed equal to a
recording speed and a second speed dlfferent from said recording
speed.

3. The digital video recorder of claim 2, wherein said first
25 data signal is selected as an output image source for reproduction
at said flrst speed :

4 The digital video recorder of claim 2, wherein said second
data signal is selected as an output image source for reproducnon
30 at said second speed.

5. The digital video recorder of claim 2, wherein said
selected reproducing speeds also includes initiating said first
speed from a stopped recorder condition.

35



* packetizati on decoder 120—Wm‘oh—|—n“sr‘np1—e—t erns,. separates video 35 data

packet s wWolgs/zBseam audi o d The vi'deo data PETABISH02291 ar e
coupled to a video conpre Em whi ch WO 95/ 28801
vi

*PCT/1B95/00229 1 1 reconstnuc ge signals: The video signals
131, are coupled to a video processor and sync generator 150, which 5
generates at output 151, the original 16:9 aspect ratio high definition
video signals, for exanple, |um nan@e] and color difference signals Cr and
.Cb. The video processor and sync generator 150, also receives a second

i nput signal 132gf ”meptl% COM tr@éor&@? OPEI&H? STr%Er@hai’axBr 9 200.

The audi o data 10 acke re coup | 0, conpressi on ecoder

140 whi ch eX¥MR818NR N1 S& Wing nd Eﬂpﬂﬁm I}ERIEH saig stepredini ch form
audi o o8t putecorderalcondition Tive d]deainbn ket Baid Sfirstaspgedoaad 3did first coupl ed

toabit  gau, signal is selected during operation at said first speed.

7. The digital video recorder of claim 2, wherein said
selected reproducing speeds represents changing from said first
- 10 speed to said second speed and responsive thereto, said control
' signal controls said selecnng means to select said second data
signal.

8. The digital video recorder of claim 2, wherein said second
15 data signal is selected during a transition from operation at said
second speed to operation at said first speed and said first data
signal is selected during operation at said first speed.

9. The digital video recorder of claim 5, wherein said
20 control signal controls said selecting means to select a data signal
representative of a still image responsive to initiating said first
speed from a stopped recorder condition, and said first data signal
is selected during operation at said first speed

25 10. The digital video recorder of claim 1, wherein said
digital image signals have an MPEG compatible format.

11. The digital video recorder of claim 1, wherein said-
different reproducing speeds represent a first speed equal to a
30 recording speed and a second speed in a reverse direction to said
first speed. '

12. The digital video recorder of claim 11, wherein said
second data signal is selected as an output image source for
35 reproduction at said second speed in said reverse direction.



streamrate converter 310, which converts the 19.3 Ms bit 1 5 streamto a

-

dat a r at ey@bs/z8eP45 Mos, as required for processing and ré’&l‘@?ﬁﬁl\?ﬂ?y t he SD

recorder. The out put fromrate converter 310 is coupled to an inner and"
outer parity generator 320 which generates Reed Sol onon error correction

codes which are included in the video data recor ector,
depicted in 20 FIGURE 1. Follow ng the inserti oﬂmllllmmummluﬂmfect I on
codes the data streamis coupled torif SD vi deo_dat a “syhc Bl otk *structurer
330, which constructs video data-sy bl ock structure reqw red by the SD

recorder format 0 .of F| GURE 19, ycts, audi o ,and ,vi deo 25
sectors accordi nb toilil?eﬁgjtqloiv - rmﬂsrw G 1fghila WHETER $3id| udes

grgcefssed ﬁﬁ\bdéaszﬁ ffopm foskid3 W xtal Ughagey gignale re’ﬂreséntgr’Lmid digieal data

cocior Por riitdks “Beyils FPULEEY if?%"dgﬁpﬂfédpES“.Sﬁ"Ll GRES 17, 18A and 188,

FI GURES 18A and 18B show the sector conprises a video preanble, 149 sync

EL?‘EKS of video ggt a'ﬂi’édd?élhﬂr vid¥o $E¢order Sl 1aif'd, Swhetin g4t - anbl e. The
means responsive to a selection is additionally responmsive to

previously selected reproducing speed.

10 .
15. A digital video recorder employing a helical scanning format

for reproducing a digital image signal, said recorder comprising: ‘

a play back transducer for transducing a digital signal
from a recorded medium, said digital signal having a first data
15 signal, having a compatible MPEG format and representing said
digital image signal and a second data signal having a compatible
MPEG format and representing a processed form of said digital
image signal;
means coupled to said transducer for separating saxd
20 digital signal into said first and said second data s1gnals,
| selecting means coupled to said separating means and
responsive to a control signal for selecting said second data’ signal
at initiation of reproduction and selecting said first data signal
following reproduction of an I frame 1dent1fymg signal from said
25 first data signal; and,
decoding means coupled to an output of said selecting
means for generating said digital image signal from said first and
said second data signals.



. bl ocks are nunbered 1 through 149. FlI GURE 18A depicts an SD format enpl oyed
35 Fl GURE BCIABINORR ATV :

during t\bﬁsﬁgﬁﬁid' ng of an NTSC i nage source.
vi deo data a vantageously recorded occupyi ng, for exanple, 105 sync bl ocks.

“Inventive "Trick Play" - WO 95/28801
PCT/ 1 B95/ 00229 12 video data may be recqrded occupying, for exanple, 45
sync bl ocks and vi deo auxi | ary dat a nml recorded with 2 sync 5 bl ocks.
Qut er par|t = a o Q , eeededcvunc bl acke The
ATV vi deo secdNr data |ncI ud| ng /QPT % Clﬂa;//a and aut\o secbés si gnal s
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. conponents are 4:1:1 sanpled at 13.5 MHz and digitized to 8 bits. The
digiti Ze&d\%ﬁgstﬁi gnal is conpressed according to the SD 1 BCT/IRIS(O832; ng
format which enploys intra-field/frame DCT applied to 8 X 8 i nage bl ocks,
foll owed by adaptive quantization and nodified two dinmensional Huffman
encoding. The image bl ocks are shuffled, or redistributed, throughout each
frame to prevent recording nedi a damage pr r@%ng uncorrectabl e data
errors. 20 Since the inage bl ocks are shuf prior to recording, any :
| arge nmedia related reproduction errors will be distributed throughout the
decoded frane as a result of conplenentary deshuffling enpl oyed during
reproduction. Thus large potentially uncorrectable, and therefor visible
errors, are distributed and 25 nay be correctable by the inner and outer
Reed Sol onon error 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 quiputsignale 20 2301 302 253 2and 35
Qut put signals, 351 and 352 afe padefba a] od sifgnh! 4 ddmpli
conponents Y, Cr and Cb, I
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- and audi o signals respectively. Signal 351 conprises video conponents which
are coupl‘gﬁ oRe-1a NTSC sync generator and encoder 360, whirtT/IBIS002d%S '

bl anki ng q Sync pul se addition for 35 video nonitor view ng. The
*conponents may be encoded to WO 95/ 28801
PCT/ 1 B95/ 00229 1 3 produce an NTSC signal for view ng on a standard
definition TV receiver. 5 Ei)3ﬁb9rder 350 generates an ATV
data bit stream out put S|gnal 354, and a "Trick Play " data bit stream
out put signal 353. Signal 353 is coupled via error correcting block 259 to
bl ock 260 of the ATV and "Trick Play" processor 200 for deconpression and
subsequent up conversion to an ATV signal '10 format. The operation of
“Trick Play" processor 200 will be described with reference to FI GURE 20.
Data bit stream 354, is coupled via error correctlng
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« block 359 to block 120 of ATV decoder 100, where the replayed transport
packets Fgoiiageded. A decoded ATV signal 131, is 15 coPSTABIF032H t he

vi deo conpression decoder 130, to line rate converter 210, .of the ATV and
#"Trick Play" processor 200. The ATV signal conprises |um nance and col or
difference signals, C and Cb, and nmay for exanple, conprise 1080 active
hori zontal scan |ines each having 1920 pixels or sanples. Line rate 20 :
converter 210, reduces the nunber of activeq?l lines to one third, or 360
|l ines. Thus the |um nance and col or differencé signals which are processed
to forma "Trick Play" video signal having one third of the verti cal
resolution of the original ATV signal. The |ine nunber. conversion is
performed by a vertical low 25 pass filter function. The line rate reduced
signal fromconverter 210 is coupled to a pixel converter 220 which reduces
t he nunber of pixels to one third by |ow pass filtering. Thus, signal 221

conpri ses 360 horizontal |ines each containing 640 pixels, and ATV signal
131, has been transforned, or down converted, into a 3 0 signal having
"NTSC' |ike paraneters. Sinde {hel AJV B gnhalf ﬁ?ﬁ?ﬁ??ﬁﬁﬁﬁﬁ'ﬂﬁf 7

so to will signal 131. HoweJeri=tjrefoo
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. converted signal 221 wll display the 16:9 inage in a letter box format.
The down_ ed signal 221 is also coupled to NTSC 35 pcemBese229360 f or
WP SRR

sync and addi ti on and encoding for standard definition view ng on
*a receiver or video nonitor. Signal WO 95/ 28801 _ '
PCT/ 1 B95/ 00229 14 221 is al so coupl ed tom§ gnal conpression processor
represented by block 230, the details of i“ch will be described with
respect 5 to Fl QU= el IS =N Sinpl e T-SW-T SIS TCT-1 -
conpressi on proc 230 |i cher at e conpressed formjof the down
converted ATV si 'si gnal COIPFGSSi ogh procgssor 230, may
conpress signal 2 y 2.3 {FmesT—1+6 Fae
conpressed, down ka ted s utiliked ¥d provide "Trick Plav" video
data for recording ht%X3pedifilc sy x
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. blocks within each track, for exanple, as shown in FIGURES 8 and 16. Data
for each TP video frame is recorded within the ten tracksPCIIRISOB22Apri se
each ATVWEI528¥3, ded frame. Thus TP video data 1 5 may be considered to be |
redundantly recorded within the video data sectors of the tracks conprising
an ATV SD franme. During normal speed playback, TP video data is reproduced
together with the ATV data but may. not used in the formation of an ATV
i mge. However, since a "Trick Play" frame occurs in every 20 ten
recorded tracks, these TP franes may be recovered during normal playback
"and may be stored and utilized use during a replay node transition. For
exanple, a transition fromnornmal speed forward playback to high speed
"Trick Play" or picture in shuttle. In a worst case situation, when a

normal speed replay is 25 ininE ,Mroxi mat el y 1F!q‘grmtracks may
be reproduced before an | fra fe red. However, Si ata frames
are advant ageously rete-i-ded—' . , "Trick Ppeys processed

i mages may be producegipued | roduct fan} of any frane
type. Thus,a "Trick PRay} prd out puj dpring the
initiation of a normal speddl y,

17

%H (2.7




replay prior to | frame decoding. Upon | frame acquisition the output may

be sw tchegyd sigkor! i Ck Play" to ATV i mages. The conpressed EE signal from
p RCEHH d

bl ock 230 is coupled to an inner parity generator 240, whic
correcting data to the TP data stream The TP vi deo data,

Sol oman error 35
with RS inner parity added, is coupled to a TP video data sync bl ock WO
PCT/ 1 B95/ 00229 1 5

95/ 28801
formatter 250, which generates only the speci?/kgnunbered sync bl ocks

required for "Trick Play" reproduction at specific speeds. 5 For exanple,
"Trick Play" reproduction at various speeds is possible with sync bl ocks

al l ocated as shown in the enbodi nents of FIGURES 8 or 16. These TP vi deo
data sync bl ocks are output as signal 251 which is coupled to the video and
audi o sector constructor 340 of SD DVCR 300. 10 During pl ayback

SD recorder 350 reproduces "Tr
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- Play" data signal 353, which coupled to an error correcting processor 259.
FoIIomﬁnqwsgggkoforrection'the TP data streamis coupl ed frerr/mmosoo2ke
deconpression I n processing block 260 of the ATV and "Trick Play "

*processor 200. The details operation of 1 5 block 260 will be described
Wi th respect to FIGURE 20. However, in sinple terns, deconpressor 260 is
utilized to regenerate down converted ATV inmages fromthe conpressed TP
data recovered fromthe recordi ng nedi um /sylgventive "Trick Play" signal
conpression 20 processor, for generating data signal 251, is shown in
bl ocks 234 - 238 of FIGURE 20. Replayed TP data may be deconpressed by
bl ocks 262 - 266 of FIGURE 20. Rate reduced ATV signal 221, is coupled to
formatter 234, which converts the scan |ine format of signal 221 into a two
di nensi onal macro bl ock or MB, structure 25 conprising 4 DCT bl ocks. Thus
a macro bl ock has the dinensions of 32 pixels by 8 1ines. The macro bl ock

formatted, rate reduced signal, is coupled to block 235 for discrete cosine
transformation. The principals of the discrete cosine transformare well
known, with a data rate g clion (TTla ram.i control of CQ fficient
f N | 7 \ ,///1\\
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. 30 quantization. DCT bl ock 235, produces two output signals which
represent the anplitude value of the frequency coeffici engSriiBosponenpri se
each macV@BRE%.  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 quantizer 3 5 block 237. The second out put
from DCT bl ock 235 is coupled to quantizer block 237 for quanti zati on,
where the nunber of WD 95/ 28801 :

PCT/1B95/ 00229 16 quantizing steps is dynSHﬂ&hlly controll ed responsive to
bl ock 236. The quantized DCT coefficients are coupled to block 238 for 5
vari abl e |l ength encoding. Various nethods of variable | ength coding or VLC
are .known. However, in sinplistic ternms, the nost frequently occurring
guanti zed coefficient values are assigned correspondingly short code words
with | ess frequent coefficient val ues being encoded with code words of
progressively increasing '

3
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- 10 length. Thus the overall data rate of TP video data is further reduced
such that a "Trick Play" frame of data may be recorded i npépRpdsifsrobl ocks
provi dedMa?5288%ecor ded tracks. The variably length coded TP data is

- coupl ed to block 240 for generation and addition of a Reed-Sol oman i nner
parity 1 5 error correction code. The TP data with RS inner parity error
.correction is coupled to bl ock 250 forﬂﬁyw§uting to have a specific SD
sync block structure, for exanple, as i At fied in FIGURES 8 and 16. The
TP data having the required sync block structure is coupled to the SD
recorder as already described for "Trick Play" 20 processor block 200.
During replay nodes, the reproduced TP data stream signal 353, is coupled
via error correction in block 259, to deconpression block 260 which
reverses the signal processing perfornmed by block 230. The VLC TP data

FIG. 11

signal 353 is _input to 25 block 266 which perforns variable |ength :
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. coefficients are coupled to an inverse quantizer 262, which may 30 be
consi dereﬁ élgssgﬁrfor m digital to anal og conversion of thepciBo§ito229
coef fi ci ¥R e TP DCT coefficients are coupled to bl ock 263 which

*applies an inverse discrete cosine transfornmation which produces a nmacro
bl ock formatted out put signal representing the TP i nage. The macro bl ock
sanpled TP signal is reformatted in 35 7} 264 to produce a
conventional 1ine structured image. The output signal fromthe refornatter
264 is processed in block 265 WD 95/ 28801
PCT/ | B95/ 00229 17 which, for exanple, may provide bl anking insertion and
sync pul se addition. Signal 261 is output” fromblock 265 and may be 5
coupl ed for view ng on a conponent video nonitor, or may be encoded for TV
vi ewi ng. - A second out put signal 271, from bl ock 264 is coupled to bl ocks
270 and 280 whi ch provide up conver si on fron1the nom nal ly "NTSC' like line
and pi xel formats
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.to line rates and horizontal pixel counts required for high 10 definition
di splay vi ew The up converted TP video signal 131 is eoIIBeshoaz9 a
second iﬁﬂ%?gﬂgﬁbideo processor and sync generator 150, which generates a

*high definition output signal 151. Video processor and sync generator 150
provi des video bl anking and the addition 1 5 of HDTV sync wavef orns.
However, in addition video processor 150 provides a selecting function for
swi tching between ATV and "Trick Play" video images. FlIGURE 21 shows, in
bl ock diagram form the replay data paths for ATV data-stream 354 and
"Trick Play" data stream 353, and their col@f19g for output selection in 20
vi deo. processor and sync generator 150. The sel ection of output inage’
source is ultimately responsive to user initiated control conmand
comuni cated via a control system For exanple, a Play command will start
t-he VCR nechani sm and switch .the electronic systemfrom an EE node,
(electronics to electronics) to a 25 replay condition. However, the actual
i nstant of output signal switching nay be determ ned by various other
controlling factors. For exanple, the nost significant controllingfevent

may be the \
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s acquisition and decoding of an | frame froma recorded GOP. This occurrence
may be -signal ed by decoder 130 and coupled to 30 control pEfgpesieds® out put
sel ect or Y8804 t hi n t he video processor and sync generator 150. As

- described 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 35 decodﬁg P.e. up to 140 tracks may need
to be reproduced until an | frame is en ﬂL ered. However, since TP data is
advant ageousl y WO 95/ 28801
PCT/ 1 B95/ 00229 18 recorded within each frame of a GOP, and is reproduced in
a normal play node, TP data may be utilized to generate an output 5 video
signal without waiting for an | frame occurrence. Thus the redundant nature
of TP data recording may advantageously provi de normal speed inages,

derived fropJIP.data _at_the "
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initiation of normal playback, with ATV i nmages being sel ect ed 5%5@
available, followwng | franme acquisition. 1 0 PERARY er
initiat epo9s/888and starting or termnating a "Trick Play" node, the
control system and in particular the video processor and sync generator
150, may be advantageously controlled tqQ4p®ent the user with a nore
aesthetically pleasing image transition. or exanple, as already 15 ll)
descri bed, at the initiation of normal speeg I%/back "Trick Play" inmagds=
may be output, prior to the acquisitionna®s &c@ding of an | frame. A .
further use of TP-video data nmay be durggnc ansition to a "Trick PKay"
r epr oduci ng speed, where TP video data .- 1S, recovered and stored
during normal playback 20 nay used togd j¥h TP data transduced du'-lng
a replay speed transition. Such a use c& kg provides an alternative to
sust ai ni ng befre ' e e e A 1 -

selected TP
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ATV signal GOP. This |I franme occurrence depends on the re- synchronization
rate of the SD recorder capstan servo, and nore signifi capcineseszse in the
recorded”@ﬁﬁngﬁhuence normal play 30 speed was re-acquired. Thus various
. options may be advant ageously provided to produce a pl easing i mage
transition between "Trick Play" and nornmal playback. For exanple, upon the
command termnating "Trick Play" the | as qyigrznmanay be frozen and
repeated froma nmenory until ATV signals are 3 5 reproduced. This nethod
may indicate to the user that the control command has-been recei ved and
executed. However, a frozen or WO 95/ 28801
PCT/ 1 B95/ 00229 19 still image {Qyxtaposed With the fast noving inmages’
produced in TP, nay appear inogagruous to the user. A further option for 5
transition fr ~Trick anyV may be provided by continuing to reproduce TP

data and di spl mages forehe duration of servo N
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- resynchroni zati on and ATV signal |

frame acquisition. Wth this option,

redundantwagﬁ,?gﬁl of the TP data may be exploited during trCImes0R2REed
I'ng fromthe servo 10 resynchroni zati on,

frame. During the tape speed change,
at a,

change, resu
«for an ATV |
nature of the TP d
errors may be conc

some TP data maywl’g

Thi s

t he

and during the wait
despite the redundant
e recovered,. however such
peat ed '

FIG. 18B
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., speed. 3. The digital video recorder of claim?2, wherein said first 25
data signal is selected as an output inage source for reprpgdpoiosom2at said
first smﬁMP*meﬂhe digital video recorder of claim2, wherein said second
~data signal is selected as an output inage source for reproduction 30 at
said second speed. 5. The digital video recorder of claim2, wherein said
sel ected reproduci ng speeds also |ncludeig%19|eu|ng sai d flrst speed from
a stopped recorder condition. 21 6 digital video recorder of.
claim 5, wherein said second data signal is selected during a transition
fromsaid stopped 5 recorder condition to operation at said first speed and
said first data.signal is selected during operation at said first speed.
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7. The digital video recorder of claim2, wherein said selected reproducing
speeds rewigesReses changing from said first 1 0 speed t op&HiEbsmeond
speed and responsive thereto, said control signal controls said selecting
nmeans to sel ect said second data signal. 8. The digital video recorder of
claim 2, wherein said second 1 5 data signal is selected during a
transition from operation at said second speed to operation at said first
speed and said first data signal is sg% d during operation at said first
speed. 9. The digital video recorder aimb5, wherein said 20 control
signal controls said selecting neans to select a data signal representative

of a still .image responsive to initi-ating said first speed from a st opped
recorder condition, and said first data signal is selected during operation
at said first speed 25 10. The digitalgvideo recorder of claim 1,
wherein said digital image signals hg@ve an B ggp ati,ble format. 11. The
digital video recorder o% claim 1, ere| n| #aigl Dli fgaLent reproduci ng
speeds represent a fi rstjspeed equal =t o § 30g) o etorg@igyy speed and a second
speed in a reverse direchign tp CE X %o _
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First speed. 12. The digital video recorder of claim 11, wher - Said
second data signal is selected as an output inmage source for

£eproduction i d secong, G?ﬁngh ction.

C'FI)'/ | B95/ 0022?@13 The d| gl mﬂ §%r aim1l, rel n said
Pr oCes SRAERNATIONALS apm&mdrabunmenena:m THE PATERT mpsamok YREATY @cn ‘
I mag ‘ﬁ\”j%nﬂg tﬂgsﬁgg §U tTom—1A ] Ot .
wher & 8 Bollsive to a éwwwmq%ﬂ%ﬂ'% r espOne

l OUH"‘}N%BM@@MBUCI ng “""1 (Jsgenm /o) Bdbifheloft Dack: deﬂidcﬁ&?fﬁ?&s 10,95)

“t:‘*

prey

enplla 3 I("I ng a_diqgi L tal L age sl gna
sai ¢ {&ﬁaf d&m ,;m.rao S NilSher: @ p'ﬁ&ﬁ%&zﬁﬁ@w& 6 @hs: AR AUChH B0 91 aln,
Slgﬂ J CN. CZ, DE, DK, EE, ES, FI, GB, GE, HU, JP, KE, KG,
/ MX, NO, NZ, PL, PT, RO, RU, SD, SE; 81, SK, T7,
\/ TT, UA, US, UZ, VN, European patent (AT, BE, CH, DE,
(30) Priority Data DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI1
40728327, 13 April 1994 (13.04, 94)/ GB / patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE,

40728137, 13 April 1994 (13.0494”  GB SN, TD, TG), ARIPO patent (KE, MW, SD, SZ, UG).

f4lO309 0/ 23 May 1994 (23.05.94) GB
' ' Published
(71) Applicant (for ail designated States except US): RCA THOM- With international search report.

SON LICENSING CORPORATION [US/U$]; Two Inde-

pendence Way, Princeton, NJ 08540 (US) K‘T(A/WD . \()
(72) Inventor; and ’ ' /
(75) Inventor/Applicant (for US only): SAEKI, Tomoki [JP/IP); O
1106-13, Ichizawa-cho, Asahi-ku, Yokohama City, Kana- D
gawa Pref. 241 (JP). O
(74) Agents: TRIPOLI, Joseph, S. et al; GE & RCA Licensing Sy
Management Operation, Inc., CN 5312, Princeton, NJ 08540 0
s). T
AVAN
(54) Title: PIGITAL VCR WITH TRICK PLAY IMAGE CONTROL /
PI.AY ] TRICKPLAY
131 :

1

1
IEO

TRIGK
ATV SIGNAL

(ST) Abstract

A digital video cassette recorder (350) operates by the selection of predetermined replay speeds and the allocation of specific locations
within each track from which data may be reproduced. These specific track locations are utilized during recording to place advance television
image data for reproduction during "Trick Play"” operation. The "Trick Play" image data (353) is also reproduced during normal playback
but may not be utilized. The specific track locations are selected to facilitate "l'nckPlay"opemuonatapluralny of speeds in both forward
and reverse directions. Since the advanced television signal comprises a plurality of predicted frames, transition from *Trick Play" to normal
speed replay requires a control function which is responsive to the reproduction, at normal replay speed, of an interframe coded frame,
Various methods of reproduced image transition are used for selecting both to and from "Trick Play" reproduction.
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from a recorded nedium said digital signal having a first data 15

signal, having a conpatible MPEG format and representing said digital
signal and a second data signal having a conpatible MPEG fornmat and _
representing a processed formof said digital imge signal; neans coupl ed
to said transducer for separating said 20 digital signal into said first

| mage
»

and sai d second dat.a signals; selecting neans coupled to said separating

means and résponsive to a control

si gnal

foll owing reproduction of an | frane identifying signal

at

initiation of

si-gnal

for selecting said second data

reproduction and selecting said first data signal

fromsaid 25

first data signal; and, decoding neans coupled to an output of said

sel ecting neans for generating said- digital

and sai-d second data signals.

i mage signal fromsaid first
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