DI-GI‘TAI'_ RECORDI NG AND REPRODUCI NG The present i nvention relates to nethods

of and apparatus for digital
.color picture on a nagnetic tape,
usual | y uses one of- several

recordi ng and reproducing. 5 Wen recording a
, a digital video cassette recorder (VCR)
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output bits varies according to: picture: complexity. :However, in recording

-~ -digital data onto a digital ;maghe_tic;'tape,-r- fixing the number of output bits to

'~ a predetermined limit is _r_imPor-’tant-;--%‘ Particularly, this functions. as a critical

- factor during;a-'variablc'-Speed:-playback operation such as high speed search.

15

Since a playback head scaps a:plurality of tracks by traversing them during
the high speéd search, the:output 'géin-.;o.f the playback head decreases when:
it passes between.the -tracl'cfé,_s_;}spa-'that- the:playback head draws -a diamond-

- shaped envelope waveform::: Therefore, in such a .conventional method, in

- order to arrange the minimum required video data to recognize a picture on

a fegion where a playback head scans, i.e. a reproduciblé region, during a

. variable-speed playback 6per‘ation 'such-as a-high speed search, video data is"

~+ mixed to be: re-afranged in a*track orthe re-arranged data of tracks are re-

- arranged in-different tracks: However, in such a conventional method, sincé

- the regions where the head scans are different in each track, the -fom_xat for re-

25
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arranging the data should be 'different for each .track, '3 resulting in a

complicated re-arrangement algorithm and circuit.

Preferred embodimen_té_ of the present invention aim to provide a digital

magnetic recording/reprodu_cin_g rrjethod which is capable of improving the



-2- quality of a reproduced image during a vari abl e-speed pl ayback
operation such as a high speed search. Another aimis to provide a digital
magneti ¢ recordi ng/ reproducing 5 nmet hod which facilitates the

re-arrangenment of video data. A still further aimis to provide a digital
magnetic recordi ng/ reproduci ng apparatus suitable for perform ng the above
nmet hods. 10 According to one aspect of the present invention, there

is provided a digital nagnetic recording/reproduci ng net hod which
conpressively encodes video data to redute a bit rate of the video data,

forms the corrpressed data into sync bl oc Its as mpinmumunits for
error - cor r Gealitypf a W%VM%SPGJWYB?&;RBCT@FNB sHelynet i c
t ape, and regrodﬁ 3he r corded data, 15 wherein said sync bl ocks of
one pi ctur @8 rlb‘ & éﬁa@ ch that they are arranged on said plurality of

tracks using a line sequential nethod in the track traversing direction,
and said arranged sync bl ocks are restored to their original |ocations. 20

Preferably, eaciArfotér hiRGk teopiovide aadipitat magheticarecoilingfiepreducing
i ndependent | y-decodabl e first data code, a first error-correcting code for

error Sorrmeltlmb\hdnckﬂfamhtatesjﬁmreewwgemwc@fnﬂddatdﬁbode decode- dependent
on said first data code, and a second error-correcting code for
error-correcting said second data code. 25 Preferably, during

variable-speed pl ayBacke il dr SR G706 PPbIi8e9G digital Chffpndlic
recording/reproducing apparatus suitable for performing the above methods.

10 According to one aspect of the present invention, there is provided a
digital magnetic recording/reproducing method which compressively. encodes
video data to reduce a bit rate of the video data, forms the compressed data
into sync-block units as minimum units for error-correcting, records the data
on a plurality of tracks of a magnetic tape, and reproduces the recorded data,

15  wherein said sync. blocks of one picture are recorded such that they are
arranged on said plurality of tracks using a line sequential method in the track
traversing direction, and said arranged sync blocks are restored to their

original locations.

20 Preferably, each sync block contains a syﬁc code, an ID code, an
independently decodable first data code, a first error-correcting code for error
correcting said first data code, a second data code decodé-dependent on said
first data code, and a second error-c;orrectiﬁg code for error-correcting said
second data code.

25

Preferably, during variable-speed playback, only said first data code is
restored. '
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- 3- Adcording to a further aspect of the present invention, there is
provi ded a digital nmagnetic recording/reproduci ng apparatus conprising an
encoder for encoding video data to record.it on a nmagnetic tape and a :
decoder for picking up and decodi ng such data recorded on the nagnetic -tape
to restore the 5 original video data: wherein said encoder conprises a
data conpressive encoder for conpreSS|ver encodi ng the video data, an ECC
encoder for providing the conpressively e coded data with an
error-correcting code and. I D code, 10+ rmng the data into sync bl ocks

2Teyne code, a re. BCPAIRE t AR g&%eahg?wérpiééq‘iﬁ” 0P, g mpEYded
Cracks, and o BRRY ﬁér@ﬁaifééﬂiﬂilﬁ%?#‘?f@?ﬁm&?%ﬁf %@Wﬁ%ﬁ A

transmt it t €S a
eoporgg T, %aﬁagz rd%@nﬂa %ﬁﬁ&&&%"rféf’ggldixg _

channel deco ng data p ked p fromsaid nmag

tape, an i nvelpandedsts %esucllOdauaeﬁémdm} dﬂﬁdmeamag:mcempeoto trbstore the
channel - decoded data to the original screen |ocations by sync bl ocks, an

+ ECC decod®r faernigimal yidasodatacting the -restored 20 - predetern1ned nunber of
t he sync bl ocks, and a data deconpressive decoder for

deconpr essi on- decodlng the error-corrected and conpressively encoded data

(o restore e v degedihesbasbdi! bipHble ! sV BB 9 o0
mﬁﬁ?g,h: bg Y Impreisesy eheodlﬂg RS GABBG- Hhtd) Oartl ECC XHEBHEE fOF Phbiiding ithe
S compressively encoded data with an error-correcting code and ID code,
10 | +forming the data into sync blocks as minimum units for error-correeting, and
| " providing said sync blocks Wlth a sync-code, a re-ar.ranger- for re-arranging
said sync blocks onto a plufality of tracks using a line-sequential method
*. which traverses the tracks, -and a channel-coder for channel-coding said re-
arranged data to transmit it to the magnetic tape; and
15 S -
- wherein said decoder comprises a channel decoder for channel-decoding
. data picked up from said magnetic tape, an inverse re-arranger for restoring
.~ the arrangement .of the:.channei:decoded data to the original screen locations
~ +-by sync blocks, an ECC decoder for error-correcting the restored
| 20 _ predet_erfnined numb_er of the sync block-s, and a data decompressive decoder
| for decompression-decoding the error-corrected and compfessively encoded

data to restore the video data.
3 ... Forabetter und'erstanding of the invention, and to show how the same

25 may be carried into effect, reference will now be made, by way of example,

. to the accompanying dlagrammatlc drawmgs in which: :
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-4- Figure 1 illustrates a recording format for recording digital vi deo
data onto a magnetic tape, and head scanning tracks on the magnetic tape
during a variabl e speed playback, in one exanple of the present invention,;

5 Figure 2 illustrates the formation of a sync bl ock of Figure 1;
Figure 3 illustrates a re-arrangenent recording format of a sync block in
one exanple of the present invention; 10 Figure 4 illustrates

reproduci ng regions during a quintupl e-speed playback of the recording
format of Figure 1, and Figure 5 is a-Block diagram of one exanple of a
digital magnetic recording/reproducing apparatus of the present invention.
15 Referring t oFiguerkillustratsss serozdingrformat fonrecopdingaligtalavideadlaty one-

f?tn‘es"‘_“"RS;”éér%?é Shagnei drpacad DA scanpif FASKS CPoPe RGP PPN |
[ . R PR
(!t\r/]vc(i2 dot g%&gﬁ%ﬁ&?%ﬁ?ﬁh&g&lg}ﬂ ﬁ“é@iﬁe rg&fi@@%&éﬁgﬁgy%%uogl P epr oduci ng

region during a vari abl e-speed pl ayback. Referring to Figure 2, a sync
bl ock 101 contains a sync code 105, an ID code 106, a first data code 107,

a firs§ error cPiguret2 ilinstrates theSformationfch 8fnc bliwkeofcBigured9, and a
second error correcting code 110. 1D code 106 has information about a field
nunber, sector nunber, track nunber- and sync nunber. First data code 107

can be i ndependgnt | oded and has the m ni num video jnfornmati.on.required
to identify a pﬁﬁ"ﬂ%@d ﬁﬁ’rspﬁgesa? (pgp;r&gg%megbrecor&a@g fofiRat 6 8 syhc block

in one example of the present invention;

10 Figure 4 illustrates reproducing regions during a quintuple-speed
playback of the recording format of Figure 1;-and

Figure 5 is a block diagram of-one example of a digital magnetic
recording/reproducing apparatus of the present invention.
15
Referring to Figure 1, reference numeral 100 represents a track (one-
dot-and one-dash). Reference numeral 101 denotes a sync block (thick full
line). Reference numeral 102 denotes a reproducible region (fine full line).
Reference numeral 103 denotes a head scan track (two-dots-and-one-dash). ~
20 A hatched region 104 denotes a reproducing region during a_ variable-speed
playback.
- Referring to Figure 2, a sync block 101 contains a sync code 105, an
ID code 106, a first data code 107, a first error correcting code 108, a second
25  data code 109, and a second error correcting code 110. ID code 106 has
information about a field number, sector number, track number and sync
number. First data code 107 can be independently decoded and has the

minimum video information required to identify a picture during a variable-
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speed playback Second -data code 109 can be decoded using first data code
107, and this is done during nornal_playback For instance, first data code
107 includes the DC conponent and | ower frequency conponent of a DCT
transfer coefficient and second data code 109 includes the higher frequency
5 conmponent thereof. Therefore, during a high speed search, only the DC
and | ower frequency conponents are reproduced, excluding the higher '
frequency conponent,  since human vision is not greatly sensitive to these
frequencies. As parity codes, first. and s&cond error correcting codes 108

and 110 correct the errors of correspondi ng data codes, durin | ayback. 10
Ref r i ng- {0 SPeegPlbackn cSecondl eodsl 05 cobe decadckias it gataopnds

Sequent i at | y 107a A e%‘sﬁ o e Hfmal pasHReRC Fol A firﬁfﬁhwlaf'ﬁ
5% Focor ded g iies B G Hoippooni 0 IR E@‘ﬁ%‘}q@dﬁ‘gfhﬁ{’ﬁ%ﬁf%ﬁt‘ﬁ%?rﬁ

progressi on. WigReer Cbdffieient andesecond datd cvl® 109¢iavhides ithé igirefrequéncyar €
recorded on a second track. T2. Sync bl ocks which are an arlthrretlc

progr essifon woagwrent thertof aTheréfors duringwadigh speed saard:h,emdgrdheuBCzandar e
recor ded onathlrdtrack [err]. Sync bl ocks:  which area r nmetic

progressi on WAWEE fregueney CQHIP@@W@ age geproduged yesdudiag éﬂ‘é"enq}’s 4,
ded f t.h.t kK T4..Si back
o il Gt e b Vs%#ﬁewe T
h F
sconont 5 L 9L phripfabdes Yt HELELH ot PR chded ?E‘g?‘el'mn%‘?ﬁ%@‘igd

i Ra track, Hﬁeeﬁ*&saiflcdrféspbﬁ@lhgmat@fcoaes:auf gmybm 25 - picked up
during the high speed processing. Further, escri bed above, during the '

hi gh spd€d search, only the. first data: code Wm chis |ndependently
- decodable in a —Sé{]C bl ock, _iis restored. Th | nj mum si ze, of

i nfor mati on pi ckedkefBring t@ igursady the format ﬁgdetatmar oD @BEAZNGYC fApe,
sync 30 is formed so that a screen of video data is dlsposed by sync blocks, line-

sequentially scanning four tracks. Sync blocks which are an arithmetic
progression whose initial value is 1_‘_:'__and whose equal difference is 4, are
15~ recorded ona first track T,. Sync: bloeks which are an arithmetic progression.

whose initial value is"-2.and-_éwhese equal difference is 4, are recorded on a |
second track T,. Sync blocks which are an arithmetic progression whose
initial value is 3 and whose equal difference is 4, are recorded on a-third track

~ . Ts. Sync. blocks which are an afithin_etic progression whose initial value is4
20 and whose equal d-i.fferenfce*is 4;-are recorded on a fourth track T,.  Since,
-~ during. a-quintuple-speed ‘rpl'aybéck__operatiOn, data .on hatched regions are
picked up along the head tracks, as shown in Figuré 4, data by predetermined
intervels is restored in screen segments S, to S,. Therefore, even if the sync
$ . blocks are not-mixed in-a track, the overall information of pictures can be
25 -p’ic'ked up during the High speed processing. Further, as described above,
~ during the hlgh speedi.sea"rch," only the first data code which isfiii‘dependently
~decodable “in ‘a. sync- block, - is"-ffestored. “Thus, the minimum size of

~ information picked up via the head'is not more than half the size of a sync
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-6- block,- so that the increased anount of picked-up information inproves
picture quality during the high speed search. During normal playback, the
sync bl ocks re-arranged during recording are restored to their original
screen |l ocation and the second data code is restored as well as the

| ndependently 5 decodabl e first data code. Referring to Figure 5, an
exanple of a digital magnetic recording/reproduci ng apparatus suitable for
perform ng a detailed nethod of the present invention conprises an encoder
and a decoder. The encoder 10 compri $es a data conpressive encoder 111,
an ECC encoder 112, a sync block re-arranger 113 and,a channel encoder 114.
The decodeblockape thassheincneased ammuins @f picked-upinformatienimpraoves piefure 116, an

ECC decoder 117 and a data deconpressi.ve decoder 118. 15 Dat a
conpr essi vguéﬁé’o afing it ep‘é‘ggoﬁ‘ﬂ?gﬁt??@"ﬂ}-oc “F‘Hgn’é?’i“aﬁ B’Ijéypﬁ?\lf'ng}?céyg? gnal Y
and col or @i fteren | - - B3 - r - dat g, 1

t ransf or negiqc%?oﬁf%?aﬁp%%]ﬂugﬂgné@}%. gf)ee!} ﬁgfgéﬁ?é tg%'g %gf@-%cﬁgn I zed
roughly tojqafiehadml the SécotdCamh colNis Fedtdred déawell &5 the independengient | y
decodabl e first data code. Quantization errors during the first 20

vect or S§quadeécocablefirstrdatangbde- | evel dependently vector-quantized to

generate second and third vector quantization data as the dependently
decodabl e second data code. ECC encoder 112 adds outer codes to the

dode, provides RATeEER 400 HEUEEaS: wiRreXi et chcoishal Bagtstic i dos
Hore, the FRespitifrsbirbdils pibAath S RE feafitplifs atetibd Hisho OF
Re- ar r angethel presehi ifveritivh eoinpriséyani éicdder and a decoder. The encoder ~—
10  comprises a data compressive encoder 111, an ECC encoder 112, a sync
block re-arranger 113 and a channel encoder 114. The decoder comprises a
channel decoder 115, an inverse re-arranger 116, an ECC decoder 117 and

a data decompressive decoder 118.

15 Data compressive encoder 111 performs the block formation of
luminance signal Y and color difference signals R-Y and B-Y. The block-
formed data is transformed into DCT coefficients. DCT coefficients are
vector-quantized roughly to generate first vector quantization data as the
independently decodable first data code. Quantization errors during the first —

20  vector-quantization are multi-level dependently vector-quantized to. generate
second and third vector quantization data as the dependently decodable second
data code. ' -

ECC encoder 112 adds outer codes to the generated code rows,

25  provides the first data code with a first ECC code, provides the second data
code with a second ECC code, and provides the data code rows with an ID

code and sync code to form a sync block. Here, the first and second ECC

codes correspond to an inner code. Re-arranger 113 writes the data rows into
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30 " -7-.menory while increnenting the sync-bl ock addresses, and reads out
the witten data accordi'ng to a detailed recording format so as to
re-arrange the sync bl ocks. The reading out is perforned by getting access
to the menory addresses read out froma ROM which maps and records nenory
addresses 5 corresponding to the recording format. Channel coder 114
.nmodul ates the data to transmt it to a transmtting path. Channel -decoder
115 restores a nodul ated signal picked up fromthe transmtting path.
| nverse re-arranger 116 restores the restbred data by sync bl ocks to
re-arrange the data into its original sync-block |ocations, 'During a
normal pl aybmemenye whileoAncrementing thee spae-blocky addressess cand geads ot f thest
"and second data codes by pr.edeternined,units.with the first and second ECC
odes: TS, “Rirfti daia aboBIRE Jack Gemied TRORiNE Kuhalsq el Bk Mz e
+ d.nverse-vect or - quant.i zes, and 4. Ny - r ] J.00 - garrec dat a
S0 a5 to restONEDRRSSIRE e BER Brfontil e banbgRePbilo BRMBRIEY
- 15 The .abo LS ¢ @_&PI' N i¢H ARpIt ;) \Btd bty -esse
recordi ng, _rg‘g%l(régi&aféggfbelgn 0 %F(%lb)& g’?tlgf by syarxlignl\lﬁégi&fmgnto aétg}ru?Salsi ty
-of tracks, usbrigspording te tpuecdidihg formal. nChamidl cddeni bhmodulates dse dita
tracks of a magnetic tape, and, during playback, restores the data to its
ori gi nal 20 to [traxsmibrit ther fans@ittingr padL. a  Channeldecedery 34k resterest Ron

such as a high speed search operatjon,.a data.recordin
i nproves pic ?ﬂﬁglsﬁgrﬁl’ﬂlgk‘gﬁ’éﬂif

i on, i whi ch
_- FOR 5, EARSTAIEARE PRl b ARVETSH g At FARECT
~ind dentl y - fi - dai.. | o | th
i o o ck b8 TESRER, el psforgfiiada B9 SyricColopRE 16 tharrdieeCthe ARl s °
obtai ned Wi t Brigija?'dydic-Hloek Uoeations. During 2 normal playback operation, ECC

~ 10 decoder 117 error-corrects the first and second data codes by:predetermined :

' units with the first and second ECC codes, i.e. inner and outer codes. Data
'~ decompression ‘decoder- 118 'inversc-'Vector-qﬁantizes and ' inverse-DCT-
converts the error-corrected data s0 as to 'resto;e' and output the luminance and -
color differerice-;'signals;--' STl '
15 |
) - ..~ The above-described "exampleof the present invention, during
'record.ing, records a screen of vidéo data by sync blocks onto-a plurality of
| tracks, using a iine sequentialuscanning method which traverses the tracks of
— ' ‘-a magnefic tape, and, during playback, restores the data ‘to its original
20 - location. Therefore, during :a:variable-playback operation ‘such ‘as a high
speed search operation, a data ;eco_rding format which improves picture
quality, is readily irnplemented. “Further, only the independently decodable
- first -data'-’-code--is---ﬁ:restoréd,ﬁ "thereby-:.'reduci'ng the minimum pickup to below
5y - sync-block size, so that more video data can‘be obtained with a better picture
25 quality being provided during high speed search operations. = * . -
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25 qual ity being provided during high speed search operations. 30. - 8-
CLAI M5 1. A digital magnetic recording/reproduci ng nethod which
conpressively encodes video data to reduce a bit rate of the video data,
forms the 5 conpressed data into sync-block units as mnitmmunits for
error-correcting, records the data on a plurali f of a magnetic
tape, and reproduces the recorded data, wherei r”m“m"g'm@mﬁuk of one

pi cture are recorded such that they are arranged om 'S sramity of
tracks using a |line sequenti al met hod-i&-t he track traversing direction,
and said arranged sync bl ocks are 10 restored to their original

| ocat i ons. CLAIMS digital magnetic recording/reproduci ng nethod as cl ai ned

in claiml, wherein each sync bl ock contains a sync code, an |ID code, an
i ndependent|y decodable first -data code, a first error-correcting code for

error 15 Corr echi ' L] iflo D5ER :

decode- depéhden? %tﬁ%}ilﬁ@gﬁ#rlg%g%@g%cr@ga se%ﬁ@?%@?gﬁﬂg%srs}vgé}(i ng
code for eph@sdesONided idata I8! fediceondbitardte Cofiethe SvideoAdtayi ferimsTaneet i C
recordi ng/ reproduci ng nmethod as clained in claim20 2, wherein, during
vari abSe- spempresses idatkinto sygc-block unitssas minimum aaits for esovrooarecting, A
digital magnetic recordi ng/reproducj ng apparatus conprising an epcoder for
encodi ng vierosds she,dat QE@OPIHm!tydP\é Ha?lﬁgﬂgﬂi@ag%@ » ANY JEBERAUCES  f or

pi cking_upyond decodiing SHeh. 8308 LRSCEHREs 37 CRTiERICSH Feddta ek oSt O

the origin
that they are arranged on said plurality of tracks using a line sequential

method in the track traversing direction, and said arranged sync blocks are e

10  restored to their original locations.

2. A digital magnetic recording/reproducing method as claimed in claim
1, wherein each sync block contains a sync code, an ID code, an
independently decodable first data code, a first error-correcting code for error
15 correcting said first data code, a second data code decode-dependent on said
first data code, and a second error-correcting code for error-correcting said
second data code. 1
3. A digital magnetic recording/reproducing method as claimed in claim ~
20 2, wherein, during variable-speed playback, only said first data codé is
restored.
4. A digital_ magnetic recording/reproducing appamﬁxs comprising an
encoder for encoding video data to record it on a magnetic tape and a decoder
25  for picking up and decoding such data recorded on the magnetic tape to
restore the original video data:
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_.-9~ ‘Viher ei n ‘sai d encoder conprises a data conpressive encoder for
corrpreSS| vely encodi ng the video data, an ECC encoder for providing the
conpressively encoded data with an error-coriecting—Tode and D code
formng the data into sync bl ocks as: mnlrrumunltsf g,
and 5 providing said sync bl ocks with a sync code, im ‘mnmd“m‘
re-arranging said sync blocks onto a plurality of tracks daisitngna S

| i ne-sequential method which traverses t tracks, and a channel coder for

channel -'cod-i_ng said re- arranged data t64fransmt it to the nagnetic tape;

and 10 |n saldggecod r co ri.ses a,channel decoder f

¢hannel - decodi ng qegq SR ‘Flbrﬁ rbseﬁaang?‘iac COIIpLessLye |9Wga§¥a for

the or g nal COmPEERIAL a"?}%ﬁg“%@ RERE ey b EOCTRARIR fIE IGshifg' et ©
error- CorrecEbﬁ@réﬁﬁﬂzséﬂdﬂ@dpﬂﬁﬂ%”hﬂe&rﬁf‘-@'@ﬁrecﬁﬁ gleRleswn@ Hbogdde, and

a data deconpressive coder for deconpression-decodi ng the

error - cor r ecf@eningcthe e &nsisyat blevksadadinianmm units ot erreridoerectitigo ardt a.
5. A digital -magnetic recording/reproduci ng method substantially as
her ei nbefSor e preddmigsaidviyne blocks m&ea {syne [¢odac 8 depArdngey for IRrarganging o

Ad I rdi ng/ t hod. and
T R s o ety SRR SRSl ot

dr aw nge which traverses the tracks and a channel coder for channel-COdmg said re-

arranged data to transmit it to the magnetic tape; and

10 wherein said decoder comprises a channel decoder for channel-decoding
daté'picked up from said maghetic tab'e,- an inverse re-arranger for restoring
the arrangement of the channel-decoded_ data to the original screen locations |
by sync | b10¢ks an ECC decoder for error-correcting the restored
predetermmed number of the sync blocks, and a data decompressive decoder

15 for decompressmn—decodmg the error—corrected and compressively encoded

data to restore-_the v1deo data.

5. A digital magnetic recording/repr_oducing method substantially as
~ hereinbefore describe_d_ with reference to the accompanying drawings.
20 S S
6. A digital_magnetic 'recofding/reproducing method and apparatus
substantially as hereinbefore described with reference to the accompanying

drawings.



