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TITLE OF THE INVENTION

. Magnetic Recording and Reproducing Apparatus and

. Method of Récording and Reproducing

BACRGROUND OF THE INVENTION
Field of the Invention
“The..present invention relates to a magnetic recording

and reproducing apparatus and .to -a method of record;ng and

. reproducing. More specifically, the present invention

relates to a magnetic recording and reproducing appaxatus
fope

such as a digital audio/recorder (hereinafter referred to
,—d

as DAT) havxng rotary heads and recording audio signals
dio stenalg

and the like on a magnetic tape by converting the s?pe

intq successive digital signals and reproducing the
recorded digital signals, and to a method of recording and
reéroducing. |
Deacription of the Background Art

A DAT is disclosed in, for example, "The Outline of

-DAT standardization"; Journal of Institute of Electronics,

Informatlon and COmmunlcatlon Englneers of Japan, January,
1987

Fig. 56 is a schematic'block diagram showing a whole
structure of such a conventional DAT. The structure of
the DAT will be_desc:ibea with referencé to Fig. 56. |
Analog audio signals of left and right channels are-

inputted to an analog signal input termlnal 1, and the
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relates to a nagnetlc recordi ng and repr.oduci ng apparatus such as a digital
audi o tape recorder (hereinafter referred to aS'DAT) havi fig rotary heads
and- recordi ng audio signals and the like-on. a nagnetlc tape-+by converting
the audi o signals into successive digital signals and réproducing the

rrecorded digital

signals, and to a nethod of recording and reproduci ng.

EESCFIptIOﬂ of the Background Art
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inputted analog audio signals are applled to a low pass
nshict of W& Signals

filter (LPF) 2 to bave the bandwidth restﬁéeteﬁ' The

analog audio signals whose bandwidth is restricted are
applied to an analog/digital converting circuit

(hereinafter referred to as an A/D converting circuit) 3

‘to be converted into digital'audiO"signals The digital

audio signals are stored in a memory circuit 4. A coding
conwt,ch;c

. circuit 5 is psev*§§$=§§=!etaticn~to the memory circuit 4.

The coding circuit 5 generates codes for detecting or
correcting errors of the digital audioc signals stored in
the memory circuit 4.

The digital audio signals read from the memdry
circuit 4 are applied to a modulating circuit 6 Q%?imr
modulated. The modulated digital audioasignals are
amplified by a recording amplifier 7.;%—be applied to
rotary heads 9 and 10 through a switching circuit 8 for
switching between recording and reproducing. The rotary
heads 8 and 10 are arranged on a rotary drum 11 having,é;e-
dLameter of 30 ngg;spaced from each other by 180 deg. A
magnetlc tape 12 is wound around the rotary drum 1: a2t the

angle of 90 deg The magnetic tape runs as a caps<an (not

by means of the rotary heads 9 and 10.

The digital signals reproduced by the rotary ---:is 9
and 10 are applied to a reproducing amplifier 13 =:: :gh
- 2 -
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A DAT is disclosed in, for exanple, "The Qutline of DAT standardization",
Journal of Institute of El ectronics, Infornatlon ang Conmuni cati on

Engi neers of Japan, January, 1987. Fig.. 56 is a: schenatrc bt ock di agram
showi ng a whol e structure of such a conventional” DAT. The structure of the
DAT will be described with reference to Fig. 56. Anal og audi o signals of

| eft and right channels are

the switching circuit 8. The reproducing amplifier 13
md 2pplres
amplifies the reproduced digital audio signals

£

the same to iﬂ?jmodulating circuit 1l4. The demodulating
circuit 14 isZ;o demodulate. the reproduced digital signals

5 and applies the demodulated output toc a memory circuit 15.
A decoding circuit 16-is:;uégggéékiia—feéa%éen to the
memoiy circuit 15. The decoding circuit 16 carries out
.error correction and error detection of the reproduced
digital audio signals. The reproduced digital audio

10 signals read from the memory circuit 15 are applied to a
digital/analog converting'circuit (hereinafter referred to
as a D/A converting circuit) 17 to be converted into
analog audio signals. The converted analog audio signals
are outputted to analog signal output terminals 19 of left

15 and right channels.

A drum motor 21 is provided for rotating the rotary
drum 11 and a capétan motor 22 is profided for rotating
the capstan (not shown). Drum motor 21 and the capstan
motor 22 have their speed of rotation controlled by a

20 servo circuit 20. A microcoméﬁter for processing sub code
signais (hereinafter referred to as a microcohputer) 23 is

provided for process;ng sub code signals which are related
mzin

to theLaudlo.SLgnals as—main-signals. In relation to the
microcompﬁter 23, inpﬁt keys 24 for setting input data or

25 instructions and a display 25 for displaying the contents
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|nputted to an anal og signal input termeaal 1, and.the = -2- inputted
anal og audi o signals are applied to a Iom/pass fllter (LPE). 2 to restrict
t he bandwi dth of the signals. The analag audi-o signals Whose bandwidth is

restricted are

of the sub code signa1s outputted-ffom the microcomputer
23 are provided. |
The DAT further comprises a digital inpﬁt terminal
through which digital audio data (whlch will be described
Exterm| Souvees
5 later) are inputted directly from-euts:d?§ and a digital
output terminal 27 for directly outputting the digital
: extoml cauipmet
g audio data to tha—eﬁgs;de. The digital input terminal 26
~and the digital output terminal 27 are connected to a
digital interface circuit 28. A clock generating circuit

10 29 is further provided, which supplies clock signals
necessary for respective circuits.

Fig. 57 schématically shows signals recorded on the
magnetic tape 12 and Fig. 58 schematically shows éignals
~recorded on 1 track.

15 A helical track pattern 30 is recorded on‘the
magnetic tape 12 by the rotarf head (9) shown in Fig. 56,
and a helical track pattern 31 is recorded by the rotary
head 10. Linear track patterns 32 and 33 are recorded on
both ends of the magnetic tape 12. The helical track

20 patterns 30 and 31 comprise, aé shown in Fig.lsa, a PCM
sigﬁai area 36 on which the digital audio signals as main
signals and testing signals for. exror correction are
récorded, sub code signal areas 34 and 38 on which sub

code signals related to the main signals are recorded, and

25 servo signal areas 35 and 37 on which servo controlling
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applied to an anal og/digital converting circuit (herernafter referred to as
an A/D converting circuit) 3 -to be. converted into digitak -audio signals.
The-digital audio signals are stored in.a”negory.: CI{CUIf"4'”A codi ng
circuit 5 is connected to the nemory circuit 4. The' ‘coding circuit 5
generates codes for detecting or correcting errors of the digital audio
signals stored in the nenory circuit 4.
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signals are recorded. AreaeLrecording‘Eignals of a
prescribed frequency are provided between respective areas
and on both engs of fhe track, so that the helical track
is constituted b%L}QG blocks dn-tetat.

The head,width of the two rotary heads 9 and 10 is

about 20-u; -and the azimuth angle between each other is

20 deg. In normal recerding and .reproducing, the rotary

.drum 11 is rotated constantly at 2000 rpm and the tape

running speed is 8.15 mm/sec. Consequently, the pitch of
the helical tracks becomes 13.6 p. The helical track
patterns 30 and 31 of Fig. 57 schematically show signals-
in the PCM signal area 36, which include a testing signal
Q for error correction and sampled 0dd data and Even data
of fhe left and right channels. L, and R of stereo signals.
Now, the error correction cede is completed in 1 track,
and interleaving of the audio signels_is adapted to be
completed in 2 tracks.

Fig. 59 shows a block format of the PCM s;gnal area
36 shown in Fig. 58, and Flg 60 show structures of ID

codes stored in the PCM sxgnal block shown- in Fig. 59.

juﬁku:umg—to—¥tg——59——the block format‘gf the PCM

Wik vefarence 0 Fig-S
signal area 364mbLL—be describe In 1 block of the PCM

signal area 36, a synchronization signal 39, an ID code
40, a block address 41 and a parity signal 42 for

detecting errors in the ID code 40 and the block address

-5 -
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The dlgltal audio signals read fromthe.menory circuit 4 are applied to a
nodul ating circuit 6 and nodul ated. The: nudulated dlgltal :audi o signals are
anplified by a recording anplifier 7 and.apfl.ied.: to-to rdtary heads 9 and
L0 through a switching circuit 8 for swtching betmeen recordi ng and
reproduci ng. The rotary heads 9 and 10 are arranged on a rotary drum 11
havi ng a dianeter of 30.nm and spaced fron1e§g8 ot her by 180 deg A
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41 are recorded, each consxstfé-of 8 bits. The block of
the PCM signal area 36 further comprises an area 43 in
which PCM data and a éhecking signal for error correction
are recorded, which area 43 comprises 256 bits.
Therefore, 1 block of the PCM signal area 36 comprises 288
bits. In the recording area of-the -ID-code 40, important

e

information such a§LSampling frequency of the system is

. recorded.

[
The format of recording such information will—be

described in-the—fellewing with reference to Fig. 60. As

shéwn'in Fig. 60, 4 PCM signal blocks are used for

recording various ID codes. The 4 PCM signal blocks

\
include frame addresses 44 conSLStig of 4 bits. In Format

ID 45, “00" is recorded when digital audloHi}gnals are to
be recorded. Important information such asL§amp1lng
frequency of the system igsrecorded in the data recording
area in 2 bits in each‘z;ZID 1 to ID7.

Fig. 61 shows bit assignment of the IDl to ID7 shown
in Flg 60. As shown in Fig. 61, the sampling frequency
of the system is determined in accordance with the
;nformatlon ‘of ID2. The DAT corresponds to three
different sampiing f--quencxes, that is, 48 kHz, 44.1 kHz
and 32 kHz.

Fig. 62 shows a block format of the sub code signal

areas 34 and 38 shown in Fig. 58. As shown in Fig. 62, in
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magnetic tape 12 is wound around the rotary drum 11 at the angle of 90 deg.
The magnetic tape runs as a capstan (not shown) fis- Totated; and signals are
recorded or reproduced by neans of the roiary heads -9 _and: 10, The digital
signals reproduced by the rotary heads 9 and 10 are&* applred to a
reproduci ng anplifier 13 through

1 block of the sub code signal area, a synchronizatién
signal 46, SUB‘gé'code 47, a parity signal'48 for
detecting errors in the SUB ID code 47, sub code data and
a checking signal 49 for error correction are recorded.

3 The areas of the synchronization signal 46 to the parity
signal 48 ame consistee of 32 bits, and the area in which
the sub code data-and the checking signal 49 for error
correction are recorded,és'consiséEd of 256 bits.
Therefore, the block of the sub code signal are&s 34 and

10 38 comprises 288 bits, as is the case of the PCM signal
area 36.
In the sub code signal areas 34 and 38, -recorded—are
program start s;gnals signal indicative of the starting
e YcCo'dé dg '
point of programbi program number information, time
15 information and so on related ﬁo the audio signals 2%
recorded in the PCM signal area 36.

Fig. 63 shows a signal format in which the program
starﬁ signal, program number information and the like are
recorded. In Fig. 63, thé synchronization signal 4§, the

: 20 SUB ID code 47, the parity sigﬁél 48, the sub code cata
.. and tﬁé checking signal 49 for error correction are th=2
saﬁe as those shown in Fig. 62, so that the descri_:icn

thereof is not repeated. Various sub code signals are
recorded using 2 blocks of the sub code signal area: i

25 and 38. In an area 50, a control ID is recofded, in wnich
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-3- the switching circuit 8. The reproducing anpl.ifier 13 anplifies the
reproduced digital audio signals and applieS the same to a-denodul ating
circuit 14. The denodul ating circuit 14.7s‘ysed:to denudufgte the
reproduced digital signals and applies the denpdul at'éd datput to a nenory
cifcuit 15. A decoding circuit 16 is connected to the
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the program start signal (defined as a start ID signal)
and the like are recorded. 1In an area 51, a data ID is
recorded, and when digital audio signals are to be
recorded, "0000" is recorded. 7In an area 52, a pack ID is
recorded which shows the number of packs (which will be
described in detail later}-recordéd on the sub data
Program
recording area 49. In an area 53, the -tyre number
information is recorded. In an area 54, block addresses
of tﬁe sub code signal areas 34 and 38 are recorded. The
area 55 is called a pack, whiehr—+s constituted by 64 bits,
in which pack the time information and the like are
recorded. A checking signal for error correction is
reqorded in an area 56. The positiogs of various sub code
signals recorded in the areas 50 to 56 are determined as
shown in Fig. 63, and the sub éode signél areas 34 and 38
have the signal recording format completed in 2 blocks.

Fig. 64 shows a pack format of the sub code signals
and Fig. 65 shows PACK ITEM and the contents thereof.

As shown in Fig. 64, the format of the pack 55
ikclﬁdes a PACK ITEM recordiﬁg_area 57 showing the
coﬁ£ents of the data stored in the pack, a PACK DATA
recording area 58, and an area 59 in which parity signals
for—recerdingparity—sigmats for detecting errors in the

contents of the PACK ITEM recording area 57 and in the

PACK DATA recording area 58 are recorded.

- ' ' | _ - 8 -
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menory circuit 15. The decodi ng C|rCU|b-16 .carri.es_out .error correction
and error detection of the reproduced digitdl audio slgﬁals The reproduced
digital audio signals read fromthe menory .cjircurt, -I5.are: applled to a

rrrrrr

di gital /anal og converting circuit (hereinafter referiedfo as a DA

cenverting circuit) 17 to be converted into anal og audio signals. The

converted anal og audio signals. are outputted to anal og signal output

térmnals 19 of left _ - : :

As shown in Fig. 65, the content of the data stored
_in the pack is determined corresponding to the PACK ITEM.
One example of the information stored in the pack is shown
in Figs. 66 and 67. In Fig. 66, the PACK ITEM 57 is

5 "0001", which content is Program Time. In the example
shown in Fig. 67, the PACK ITEM 57 is *0011", which is the
‘Running Time recording format, as is apparent from Fig.
65. B3 of PC = 1 is-set to 0. In the examples of the

pack format shown in Figs. 66 and 67, the program number,

10 index number, hour, minutes, second and frame number are

recorded as pack data;' As shown in Figs. 66 and 67, an
area for recording the program numbe: is also provided in
é the pack. |

Fig. 68" shows timing relation between recording and
15 reproducing of:audio sighals_and sub code signals.

The operation of a conventional DAT will.be described
with reference to Figs. 56 and 68. In Fig. 56, the analog
audio signals of 2 channels, that is, the left and xight
channels, inputted to the analog signal input terminal 1

20 have their frequency bandwxdth restricted by the low pass
Hne 2udro signalg
filter 2, and-%tey are applied to the A/D converting
circuit 3 to be converted into digital audio signals WL,
WR, (n = 0, 1, 2...). The reference character n shows the

oxder of sampling. The signals of the left and right

25 channels are sampled_alternately to be successively
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and right channels. A drumnotor 21 is prqvided for.rotating the rotary
drum 11 and a capstan motor 22 is provided for rot atiing: the capstan (not
Drum notor 21 and the capstan not:6r.22 have'thelr.sneed of rotation
dontrol | ed by a servo circuit 20. A microconputer for. processing sub code
signals (hereinafter referred to-as a microconputer) 23 is provided for
processi ng sub code signals which are rel ated o |

shown) .

-
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outputted as WLO, WRO, WLl,... AEtﬁmr'téhporarily stored in
the memory circuit 4. The samples are read from memory
circuit 4 in accordance with an order as needed to be
applied to the coding circuit 5. The coding circuit 5
adds error correcting codes and error‘detecting'cddes to
the read samplés and writes the same.%%ain-the nemory

circuit 4.
When

‘J&ﬁuu*é%=;=whf?_the sub code is designated by the

input key 24, the designated sub code signal is generated
by the microcomputer 23 and is applied to the meméry
circuit 4 to be temporarily stored therein. The sub code
signals are also read in accordance with a'prescribed-theh
oxrder to be applied té the coding circuit S,E;t—which the
error correcting codes and error detecting codes are added
“Aheretor, and the resulting signals are again written in
the memory circuit 4. The microcomputer 23 applies the
contents of the sub code signals to be recorded to the

display apparatus 25 so as to display the same.

The data again~written in the memory c;rcult 4 are

converts
applled to the modulatlng cxrcult S-tu-thCQLthe data are
5\9»/\: S
4=onve£%ed lnto a series of df%ﬁ-sultable for recording on
sigmls

the magnetic tape 12, and the.dq?& are amplified by the
recording amplifier 7. Thereafter, they are recorded on
the magnetic tape 12 by means of the two rotary heads 9

and 10, through the switching circuit 8. In actual use,

- 10 -
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to the mai n audi o signals. In relation te-the mcroconputer 23, input Keys
24 for setting input data or instructions :afd a di splay : -25 for displaying
th contents 4 of the sub code signal s. ourputted TronTTheﬂnlcroconputer

the memory circuit. 4 is divided into t@o'éroups. While
Sampling of digital audio signals and writing of sub code
signals are carried out in one group, coding and reading
are carried out.in the other group. The manner of

5 operation is disclosed in the timing diagram of Fig. 68.

As described-above, the magnetic tape 12 is wound
H'\mgk M Ive

around the rotary drum llqu?kxha—ang%e of 90 deg, and

the recording and reproducing are carried out by two
rotary heads 9 and 10. Therefore, in the recording and

10 reproducing waveforms, the signal recording and
> o of rotarion

reproducing section of) 90 deg/each and the interval
? T orphiron
sectioné’oﬁ/90 deg/each exist alternately, as shown in

Flg 68 (62). The 51%1al recording and reproducing

2 ovc of
section o£/90 deg/corresponds to the recording and
oNE
15 reproduction of/{fscannlng. As shown in Fig. 68, (60),
Pertod

samples of the digital audlo signals at the-tﬁ?e-Tn are

written in one group of the,memory cxrcult 4 in the period
Fa
Tn WT, so that samples of,%’scannings are stored.

Thereafter, in the first 1/¢ (T, EN; period of Fig. 68) at
one
20 the beglnnlng of the period’ Tn + 1, srgnals of A scanning

are encoded and they are read in the succeeding period
Moty oNng

TnRDI' The remaining signals of,#’ecannlng are encoded in

the period ‘I‘nEN2 and read in the period T, RD,. Namely,'

the digital audio signals sampled in the peried Tn are

- 11 -
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23 are provided. The DAT further conprises a digital. i nput term nal through
which digital audio data (which will be:desctibed I"atzer ) are, i nputted
directly fromexternal sources, and a digital oquut"ternfnaI 27 for
directly outputting the digital audio data to external equi pment. The
digital input terminal 26 and the digital output terminal 27 are connected

to a digital interface circuit 28. A clock generating circuit
_ _ >

recorded on the magnetic tape 12 delayed by/360 deg "¢

(corresponding to one rotation of the rotary drum 11).
As shown in Fig. 68 (61), the sub code signals

outputted from ﬁhe microcomputer 23 in the peridd TQ’W\

5 (former half of the period T ) are written in the memory
circuit 4 in the period T WT, "encoded in the succeeding
period ?ﬁ%FN' and read in the period T, RD. Namely, the

P : - sub codes signals .are” recorded on the magnetic tape 12 Jre

> Fve .
delayed bg&lso deqL(corresponding to 1/2 rotation of the

: 10 rotary drum). Referring to the recording and reproducing
1 ) Chovr2 CEE/
signals shown in Fig. 68(62), the reference_nn#erai T, in

the numerator part of the fraction shows that audio

! B signals of the period T 6 are included, and the reference
character Tm in the denominator part shows thaﬁ the sub
15 code signals of the period T - are included.
In reproducﬁion, the sﬁitching circuit 8 is switched
to the reproducing side, and the signals are reproduced
from the magnetic tape 12 by means of the rotary heads 9
and 10 .t?ontcb\e applied to the reproducing amplifier 12. The
20 reproduc;ng amplifier 13 ampllfles the applied signals and
applies the same to the servo circuit 20 and to the

demodulating circuit 14. The 'servo circuit 20 generates a

tracking error signal based on the servo controlling:

signal recorded on the servo signal areas 35 and 2~ =2
25  control the speed of rotation of the capstan mctc: .. soO
- 12 -~
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29 is further provided, which supplies clqck- S|gnals_necessary for
respective circuits. Fig. 57 schematically shows si‘grial s recorded on the
magnetic tape 12 and Fig. 58 schenatlcaliy Shoms-slgnais ‘Fétorded on 1

track. A helica

track pattern 30 is recorded on the nagnetic tape 12 by

the rotary head (9) shown in Fig. 56, and a helical track pattern 31 is
recorded by the rotary

10

15

20

23

as to enable accurate tracking. The dé;odulating circuit
14 demodulates the repréduced signals to the original base
band signals which are successively storéd in the memory
circuit 15. | |

The digital signals stored in the memory circuit 15
are.read‘ih an ﬂﬁ?er as needed to be applied to the

decoding circuiEﬁ in which correction, detection and

: compensatlon of - errors are carried out by the decodlng of

codes. ~Then
the erxor correctlng-ceées7i?aé the signals are again

wrltten in the memory circuit 15. The samples of the
digital audio signals with error corrected and compensated
are outputted to the D/A converting circuit 17 or to the
digital interface circuit 28. The D/A converting circuit
17 converts the digital audio signals into the original
analog audio signals. The analog audio éignals have:;;e—
unnecessary frequency components removed by the low pass
filter 18, and the analog audio signals of the left and
right channels are outputted from respective analog sigﬁal
output terminals 19.

The digital interface c1rcu1t 28 converts the sampleS

- with errors corrected and compensated into prescrlbed

formats to output the same from the digital output

terminal 27.

' The contents of the demodulated sub_code-signalé are

displayed on the displaying apparatus 25 by the

-13 -
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head 10. Linear track patterns 32 and 33 arg; recorded on. both ends of the
magnetic tape 12. The helical track patteﬂns 30 gnd 31 conprlse as shown
in“Fig. 58, a PCMsignal area.36 on which t+e dlthaI -audk 6°+8i gnal s as main
signals and testing signals for error correction are recorded, sub code
signal areas 34 and 38 on which sub code signals related to the main
signals are recorded, and servo signal areas 35 and 37 on which servo

controlling microcomputer 23. As i€ the memory circuit 4 £ee—
roseowding,; the memory circuit 15 is divided into two
groups in actual use, and-white writing and decoding are
carried out in one grougi\reading is carried out in the
5 other group. The manner of operation is shown in Fig. 68
(62) to (64). As shown in Fig. 68 (63), the'sampies of

the first,z/écanning of the audio signals in the period

_ ' -Tn 1 out” of the réproduced signals are written in the
P
memory circuit 15 temporarlly in the perlod T WTl,~and
decoded 7Vco vobs B on

0 Xeeerdsd in the pause interval periocd o§£90 degy

represented as T DEl to be stored again in the memory

n-1
circuit 15. Thereafter, in the period T, _,WT,, the
remaining 1 scan samples are written in the memory circuit
15, énd they are decoded in the next period T 1DE2 to be

15 stored in the mémory circuit 15. The stored samples of 2
scannings are read from the meﬁory.circuit 15 in the

succeeding period T RD to be applied to the D/A

n-1
converting circuit 17 or to the digital interface circuit

. “The
28. Name&yT—e%e samples of the reprodusfd d;gltal audio
. EXrernal ec,ucpmeml'g w.H\ ? e.avl ot 2n oF ro }TOV\
20 s;gnals are outputted to tho=aets=dEngtayeﬂ-by'360 dez’
As shown in Fig. 6?’ the sub code signals in the
period Th -1 of the reproduced signals are written in the
memory circuit 15 in the period T me1 W¥r and decoded in

the perlod T 1DE to be again stored in the memory circuit

25  15. Thereafter, the sub code signals are read from the

- 14 -
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-5- S|gnals are recorded. Areas for recorvlng si gnats of .a.prescribed
frequency are provi ded between respectlve-areas and on both_ends of the
so that the helical track is consTltU?ed By - . totaF of° 196 bl ocks.

t(ack_
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memory circuit 15 in the period T RD to be applied to-

-1
the microcomputer 23. Therefore, the contents of the

reproduced sub code signals are displayed on th?}
2 - aycof han

displaying apparatus 25 delayed bzi;ao deq&

Now, the digital data inputted to the digital input
terminal 26 shown in Fig. 56 are determ;ned-as the digital
audio interface format by the standard CP-340 of the
Electronic Industries Association of Japan or by the IEC
(Interhational Electrotechnical Commission) standard
IEC958. Such a format will be described in the following.

Fig. 693 shows signal structure of a sub frame of the
digital audio interface format, Fig. 70 shows a format for
transmitting signals of 2 channels, and Fig. 71 shows a
chaﬁnel status data format for professional use.

Referring to Fig. 69, 1 wérd of audio signals is
transmitted as a sub frame héving 32 bits. The sub frame
comprises a synchronizing preamble 101, a auxiliary signal

102, an audio signal 103, a validity flag (V) 104

_lndlcatlve of the rellablllty of the audio signal 103, a

user data bit (U) 105, a channel status bng}OEILQT'and a
parlty bit (P) 107.

When the sub frame such as shown in Fig.'69 is to be
transmitted as the signals of 2 channels,jzﬁframe is
formed by two sub frames, that is, Egsrchannel 1 and the
channel 2, as shown in Fig. 70, and X'block is formed by

- 15 =
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The head width of the two rotary heads- 9, gad 10.is.about 20 [err], and t he
.azimuth angl e between each other is 20 GEQ. In*nornal rebordlng and
reproducing, the rotary drum 1l is rotated-consLantJy at* 2000 rpm and the
tape running speed is 8.15 m sec. Consequently, the pitch of the helical
tracks beconmes 13.6 [err]. The helical track patterns 30 and 31 of Fig. 57
schematically show signals in the PCM signal area 36, which include a

testing signal

192 frames. 1In order to identify the starting point and
the channels of each block, three different synchronizing
preambles/ff M and W are used. The synchronizing preamble
B is used for the sub frame channel l.at thé head of the
5 block. The synchronizihg preamble M is used for the sub
frame of the femaining channel 1. The-synchronizing
preamble W is used for all the sub frames of the chénnel
2. 1 block of the channel status data is formed of 192
channel status bits 106. The first bit of each block is
10 = transmitted in a frame which starts with the synchronizing
preamble B.
The block format of the channel status data'fér
professional use is structured as shown in Fig. 71. This
| format.further includes information having close relation
15 to the audio signals such as emphasis, sampling frequency
and the like, time information such as time-of-day code
and local sample address gdde. Two pieces of different
time information are the time information of the audio
data transmitted by_iZerfrgme startxng with the
20 synchron;z;ng preamble "B‘Zshown in Fig. 70, and-h+gh
Lécg}.[,, CCh‘Hﬂj or O basis
f? rate sdibion| sample Egaiéfﬁi?éﬁf :gigéig;n:?ethe
information have the samp&iZaccuracyZ
The signals of the above described format are applied

to the digital interface circuit 28 through the digital

25 input terminal 26 shown in Fig. 56. The digital interface

- 16 -
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Q for error correction and sanpled Odd data and Even,data of the left and
right channels L and R of stereo signals. 'Now/ the error. gorrection code is
completed in 1 track, and interleaving of-"the audﬂ-.§lgnaLS'rS adapted to
be conpleted in 2 tracks. Fig. 59 shows a block format of the PCM signal
afea 36 shown in Fig. 58, and Fig. 60 show structures of |D codes stored in

t he PCM si.gnal bl ock shown in Fig. 59
circuit 28 extracts the audio data and the channel status
data from the inputted signals to output the same. The
outputted audio data are applied to the memory circuit 4,—
i%%zgg;: processing as in the recording of the analog

5 input signals described above are carried out, and the

data are recorded on the magnetic tape 12. Important.

information such as emphasis of the channel status data,
the sampling frequency and the like are applied to the
microcoméuter 23 to be stored in the PCM ID of the DAT.

10 At the same time, the digétal interface circuit 28
controls the clock generating circuit 29 to generate
synchronized clock signals, in order to accurately input
the external digital data.

The conventional DAT operates as deScribed above to

15 record and to reproduce digital audio signals. However,
connections to other.AV equipmengs'such as video tape
recorders other than the DAT have not been considered. It
is especially difficult ﬁo operate the DAT for

_ _ co apment
professional use in synchronigation with other Av.dauiees

20, fdrapfofessional use such as VIRs.

-h Generally, in editing video tapes or tﬁe like, ié is
essential to recognize the Fosition of the edited :z2ge.

Especially in electronic.edttiél, handling of the =iited

tape position is the important problem in driving =-n=2

25 system. For this purpose, recording and utiliza<i - of
- 17 -
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The bl ock format of the PCM signal area 3& I descri.bed with reference to
Fig. 59. In 1 block of the PCM signal are& 36, a eyndhronlzallon si gnal 39,
an-1 D code 40, a bl ock address 41 and a pdrity signal. 42" fdfidetecting
errors in the I D code 40 and the bl ock address

time codes such as second address or frame address on the
- cue track as position information on the tape have been
proposed and determined as IEC standard: IEC 461.
Fig. 72 shows the frame format of the standard
5 SMPTE/EBU/Film time code, and Fig. 73 showS§frame
frequencies .of various time code siggals—and of the DAT.
The SMPTE/EBU/Film time code wﬁ%&—be described with
.reference to Fig. 72. The time code is mainly used for
the television system, and hour, minﬁteé, second and .frame
10 are.assigned to the respective television frames. The
time code comprises 80 bits per each frame, the value of
each of the hour,'minute, second and frame of the time
code is represented in the decimal notation, the first
digiﬁ And the 2nd digit of each value are separately
15 converted into binéry coded decimal code fb'be altered to

the respective bits.
u-’ﬂues o

_ In the SMPTE time code, the frame walue-his—momber="
nuw ber e -
.s%af?inq-from 00 frame to 29 frame. The frame frequency
is 30 Hz and 29.97 Hz as shown in Fig. 73. A drop frame

20 mode and a non drop frame modélare prepared- foxr respective
frquencies. The frame frequencies of the EBU time code
and of the Film time code arxe 25 Hz and 24 Hz,

respectively, and the frame value are numbered from 00

frame to 24 frame and from 00 frame to 23 frame,

25 respectively.
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-6- 41 are recorded, each consisting of &, bI{S -The, bl ock of the PCM
signal area 36 further conpri ses an area 43’ in whi ch ‘PCM dat.a and a
checking signal for error correction are- reaorded,,mblch”éréa 43 conpri ses
256 bits. Therefore, 1 block of the PCM signal area 36 conprises 288 bits.
In the recording area of the ID -code 40, inportant infornmation such as the
sanpling frequency of the systemis

As shown in Fig. 73, the frame frequencies of the
SMPTE/EBU/Film time code are different from the frame
frequency of the DAT. Therefore, it is difficult to
record the SMPTE/EBU/Film time code directly on the

5 magnetic tape 12 by means of the rotary heads of the DAT.

In order to solve such a problem, direct recording

. shkhorery
and reproducing of the time code by using a £4xed head on
- the linear track 32 or 33 shown in Fig. 57 has been
Shattonar
proposed._,However, if a £if?d-head is provided in the
10 tape transport mechanism, the structure becomes
complicated, and it becomes necessary to accurately
maintain the gos;tlonal relation between the rotary head
12 and the ie#ed-head. The linear tracks 32 and 33 are
positioned on both ends of the magnetic tape 12, so that

15 they are easily damaged, redﬁcing the reliability of the

‘time code data. As described,above,'the tape running
speed is as slow as 8.15 mm/sec, so that the recording and
reproduciﬂg'of the signals are difficult. ©Now, one of the
features of DAT is a high speed searching function using
20 the sub code signals, the speed of which is more than 200
tlmes normal speed. However, when the tape runnlng speed
is increased, the time code recorded on the linear tracks
32 and 33 cannot provide the signals, and therefore high

speed search by the time code becomes impossible.

- 19 -
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recorded. The format of recording such inforpmation i.s descri bed with
reference to Fig. 60. As shown in Fig. 60; 4r PCX S|gnal -bligcks are used for
recording various |ID codes. The 4 PCM si griaks-bl ocks:i,ncl (d€ franme’
addresses. 44 consisting of 4 bits. In Format 1D 45, "00" is recorded when
digital audio signals are to be recorded. Inportant information such as the

sanpl i ng
In addition, as described above, iﬁformation having
_ emphasig
close relation to the audio signals such as.amqfasire7
sampling frequency and the like as weli as time
information such.as local sample address code and time-di-chk
5 code are included in the channel status data for
professional use-transmitted by the digital audio
interface_format. Synchronized operation with other AV
. equ;p@engs'for profes§&:gal use and electronic editi%; can
be carried out by usinqL;nformation. However, in thHe
10  conventional DAT shown in Fig. 56, recording of
alphanumeric data, local sggpisyi?dress code or,gf'the
time-of-day code transmitted}:%r the channel status data
! '~ has not been taken into consideration.
SUMMARY OF THE INVENTION .
15 Therefore, a first object of the present inventio%Z;o-
provide a magnetic recording and reproducing apparatus
capable of readily carrying out recording and reproducing

cocles. “This is 2ccom plished
of time .ccdas-,/ by sett;.ng rules for conversion for

~

recording and reproducing time codes on and from the sub

code signal areas of the helféal track by means of the _
20 St ¥ me dittent. A

~ rotary heads, even if the frame frequencies are diffogent,

~

method of recording and reproducing
ool is lso prvided |
thexefor.

A second object of the present invention is to

25 provide a magnétic' recording and reproducing apparatus and

- 20 -
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- . :
frequency of the systen1|s recorded in.the data recording area in 2 bits in
each of areas ID1 to ID7. Fig. 61 shous bit aSS|gnnenL :of the ID1 to ID7
shhrown in Fig. 60. As shown in Fig. 61,”the'sanpllng frequeNCy of the system
is deternmined in accordance with the information of IDZ. The DAT
corresponds to three different sanpling frequencies, that is, 48 kHz, 44.1
kHz and 32 kHz.

method of recording and reproducing therefor, in whieh the
channel status data transmitted in the digital audio -
interface format are recorded and reproduced to enable
'synchronized operation with other AV equipments for
5  professional use and to enable electronic edition.

o Briefly stated, the present invention -is-a-magnetic
tape recording and repreducing apparatus in which inputted
main signals are divided at every unit time, the divided
main signals are signal processed asfgfframe data to be

10 recorded on a prescribed area of a magnetic tape, sub
signals are recorded on an area different from the area of
the main signals on the magnetic tape, and the recorded
main signals and sub'signals are reproduced. When time
code'signals having a frame period different from that of

15 the main signals are inputted, first time information
included in the time code signals and information other
than the time informatioh are extracted. Phase difference
between the point of change between frames of the main
signals and the point of change between the frames of the

20 time code signals is detected sy clock signals.having the
same frequency as the sampling frequency of the main
signals; In recording, a secohd time information having a .
unit time as a minimunm unit is extracted in response to |
the extracted first time information and to the detected

difoence

25 phaseidifference infcrmation. An initial phase
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Fig. 62 shows a block format of the sub code signal areas 34 and 38 shown
in Fig. 58. As shown in Fig. 62, in ; -711 btotk; of the.sub code signal
area, a synchronization signal 46, SUB 1Q:code: 47 a parity signal 48 for

10

15

20

25

rrrrrrr

information between the head of the fraﬁe serving as the
reference for the time code signals and the head of the
frame of the main signals, at which the frame serving as
the reference for the time code signal is positioned, is
calculated. The calculated second time information,lthe
initial phase difference information, information other

than the extracted time information and frequency

“identifying information indicative of the frequency of the

clock signals used for detecting the phase difference
information are recorded in the sub signal recording area.
In reproduction, the second time information, the initial

phase difference information, information other than the

- time information and the frequency identifying information

recorded in the sub signal recording areas are reproduced.

The first time information and the phase difference

information are calculated in response to the second time

information and the initial phase difference information.
Series of data of a prescribed transmission format of the
tlme code signals are composed in response to the
calculated first time lnformatlon and to the reprodu:eq
information other than the time lnformatlon, and a saries
of data of the tlme code signals comoosed are outpuz:-2d in
response to the calculated phase difference informa=zi--

In accordance with the present invention, the -.-=2

information included in the time code signals havin:

- 22 -
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detecting errors in the SUB I D code 47 -sub code data and a checking signa

s .

49 for error correction are recorded. -The greas-of 4 he_synchroni zation
signal 46 to the parity signal 48 consist.nf 32, brIs and‘t’he area in which
the sub code data and the checking signal 49 for error correction are
recorded consists of 256 bits. Therefore, the block of the sub code signal
ar eas 34 and 38 conprises 288 bits, as is the case of. the PCNIsignaI

-
I

different frame period from the main and sub signals may
be recorded and reproduced, together with the phase
difference information, on the sub signal recording areas
of a magnetic tape. Therefore, when the present- invention
_ o~
5 is applied to a digital audio tape recorder, for example,L
: high speed searching function can be fully utilized, and
b locke-in r&cwdbl’
.érﬁytng-tlme for driving the digital audio -tape

ESuipmenat”
with audio and visual dswffss for profess;onal use can be

reduced. >

? 10 In another aspect, a sub frame including at least 1
word of second main signals and 1 bit of auxiliary data is
treated as a unit of transmission, n sub frames form one
block, the auxiliary data form at least one information
block by block, and a series of digital signals are

15 transmitted in a fermat including addrese infermation
corresponding to the second main signals transmitted by
the sub frames to which the head bit of the auxiliary data
word is transmitted. The second main signals and the
auxrllary data are extracted from the series of digital

20 s;gnals. A phase dlfference between the poxnt of change
-of the first main signal frames and the point of change of
the blocks of the series of digital signals positioned at
the head of the frame of the main signal is detected. 1In

recording, second address information corresponding to the

25 first word of the frame is calculated based on the

- 23 -
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area 36. In the sub code signal areas 34 and 38, programstart signals
(signal indicative of the starting p0|nt of prograam are recorded and,
program nunber information, tinme i nf ormat i,on and so on'f€l'ated to the audio
signals are recorded in t he PCM si gnal area 36. Flg 63" shows a signa
format in which the program start signal, program nunber information and
the like are

detected phase difference information and on the first
address information transmitted in a block of the series
of digital signals positioned at the head of the frame of
the first main signal.  Time information using the unit

5 time as the minimum unit and the fraction smaller than the
unit time are calculated from the second addreﬁs
information, and the calculated time information and the

- fraction number are recorded iﬁ a sub signal recording

area. In reproduction, the time information and the'

10 fraction number recorded in the sub signal recording area
are reproduced, the second address information is
calculated based on the time information and the fraction
numper, ahd the calculated second address information and
the first main signals are outputted as the series of

15  digital signals.
| Therefore, in accordance with this aspect of the
present invention, second address information is
calculated from the second main signals extracted from the
series of digital signals, thg detected phase difference
20 inforﬁation and on the first Eﬁdress information, and the
time information and the fraction number can.be calculated
from the éddress information to be recorded or reproduced
to and from the maéneéic tape.
In accordance with a further aspect of the present

.25 invention, time code signals having frame period different
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recorded. In Fig. 63, the synchronization signal 46, the ,.SUB ID code 47,
the parity signal 48, the sub code data anﬂ t he: chgcklng stgnal 49 for
error correction are the same as thosé-shown in.Fig.- 62, so that the
description thereof is not repeated. Various sub code signals are recorded
using 2 bl ocks of the sub code signal areas 34 and 38. In an area 50, a
control IDis recorded, in which

from that of the main signals are inpufted, &nd'the first
time information and other.information included in the
time code signals are extracted. A phase difference
between the point of change of the frames of the main

5 _signals and the point of change of the frames.of the time
code signals is detected by clock ‘signals having the same
frequency as tﬁe sampling frequency of the main signals.
-In recording, secoﬁd time information using the unit time
as the minimum unit is calculated based on the extradted

10 first time information and the detected phase difference
information, and initial phase difference information
between the head of the frame serving us a reference for
the time code signals and the head of the frame of the
main signal,lat which the frame serving as the reference

15 for the time code signal is positioned, is calculated.
The calculated second time information, the initial phase'.
‘difference information, extracted information other than
the timé information, and the frequency identifying
informatibn.indicative of the frequency of the clock

20 s;gnals used for detecting the phase dlfference
information are recorded in sub sxgnal record;ng areas of
the magnetic tape. In reproduction, such information is
reproduced, the first time information and the phase
difference information are calculated based on the

25 reproduced second time information and on the initial

- 25 -
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8 the program start signal (deflned as-a start ID.signal). and the like are
recorded. In an area 51, a data IDis recprded ‘and when dlgltal audi o
signals are to be recorded, "0000" is r&cor.ded..,l,n_.an aréa 52, a pack IDis
recorded which shows the number of packs (which will be

phase difference information, a series of data of the
prescribed transmission format of the time code signals
are formed baseg on the'information, and the series of |
data of the time code signals are outputted in response to

5 the calculated phase difference information.

Therefore, in accordance with the present invention,
since phase difference information is detected by using
. clock signals having the same frequency as the sampling
frequency of the main signals, the phase difference *

10 information can be made equal to the number of samples,-
whereby_;he—accuracy in sample unit which is essential in
recording time code can be assured, enabllng synchronized

editing on > . 8as0S
ope;gtion and sdjkéen sample by sample[
'~ The foregoing and other objects, features, aspecﬁs

15 and advantages of the.presént invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction Qith the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

20 a Flg 1l is a schematic block diagram of a first

embodlment of the present lnventlonyf

Fig. 2 is a timing diagram showing operationldf the
first embodiment of the present inventiony,

Figs. 3A and 338 are flow charts showing the operation

25 of the first embodiment of the present inventiog{_
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described in detail later) recorded on:.the,sub data recording area 49. In
an area 53, the program nunber infornetion’is recor ded. ip,an area 54,

bl ock addresses of the sub code S|gnal,afeas 34-and_ 38 ‘ar¥:tecorded. The
area 55 is called a pack, constituted by 64 bits, in wiich pack the time
information and the |ike are recorded. A checking signal for error
correction is recorded in an area 56. The positions of various sub code

Figs. 4, 5 and 6 show examples of }ecording formats
of sub code packs used in the first embodiment of the
present inventioqﬁ,. |

Fig. 7 is timing diagram showing the operation of a

5 second embodiment of the present inventioqy{
Figs.-—-8-and 9 show examples of recording formats of
sub code packs used in the second embodiment of the
- present inventiony.
Figs. 10 and 11 show examples of recording formats of
10 the sub code packs used in the third embodiment of the
present invention/.

Fig. 12 is a schematic block diagram showing a fourth
emquiment of the present inventioq/.

Fig. 13 shows an example o§z¥ecording format of a sub

15 code pack used in the fourth embodiment of the present
inventionyc

Fig. 14 is a schematic block diagram of a fifth
embodiment of the present anentlonz/

puthecl
Fig. 15 shows a relation betweenLglgltal audio
20 lnterface blocks and DAT frames aputted in the fiith
: embodlment of the present lnventloq}/
Figs. 16 to 21 show examples of recording formacs of

sub code packs used in the fif;h embodiment of the rr-2sent

invention/_-
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signals recorded in the areas 50 to 56-are.determned as shown in Fig. 63,
and the sub code signal areas 34 and 38 have the" S|gnal,record|ng f or mat
conpleted in 2 blocks. Fig. 64 shows a-pack format’ ,of thé"sub code signals
apd Fig. 65 shows PACK I TEM and the contents thereof. As shown in Fig. 64,
the format of the pack 55 includes a PACK | TEM recording area 57 showi ng
the contents of the data stored in the pack, a PACK DATA

10

15

20

25

Figs. 22 to 25 show examples of recording formats of
the sub code packs in which channel status data are
further divided byte by byte/. '_

Fig. 26 is a schematic block diagram of an apparatus
for realizing a sixth embodimengzi

Figs. 27A and 27B are flow- charts showing the
operation of the sixth embodiment shown in Fig. 2@/.

Figs. 28 and 29 show examples of recording formats of

sub code packs used in the sixth embodlmeng/ .
ooy exwwmpley of

Flgs. 30 and 31 show -exempteygofUuthlrer pack formats

the
for recording[;ime-of—day codes.

Figs. 32 and 33 show other examples of pack formats
for recording local sample address code;;g

Figs. 34 is a timing diagram showing a relation

between inputted channel status data blocks and -Per

frames/,

Figs. 35 to 38 show examples of recording formats of
packs for recording all alphanumeric channel origin data
and alphanumeric channel destination datay,

Fig. 39 shows an examplé;of a pack format for
recording information related to the time/,

Figs. 40 to 44 show examples of pack formats for
recording information other than the time informationy,

Fig. 45 shows a relation between the SMPTE/EBU/Film

time code frames and the digital audio interface blocks
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reco?ding area 58, and an area 59 in whi-ch -parity signals for detecting
errors in the contents of the PACK ITENIreoordlng area 57 and I n the PACK
DATA recordlng area 58 are recorded. ‘..<9-+. RO o

10

15

20

25

when the SMPTE/EBU/Film time code is to be converted into
the digital audio interface time code/c |

Fig. 46 shows a relation between the digital audio
interface block and the SMPTE/EBU/Film time code frame,
when the digital audio time codé is to be converted.into
the SMPTE/EBU/Film time-codq;:

Fig. 47 shows a relation between the frame frequency

- and the sampling frequencyy’,

Fig. 48 shows number of samples in each.fraﬁe of the
SMPTE/EBU/Film time code frame at respective sampling
frequencyyf | ' |

Figs. 49 and 50 show, on time base, a relation
between the SMPTE/EBU/Film time code frame and the digital

audio interface blocky,

Fig. 51 is a schematic block diagram of an eighth

embodimeng;{

Figs. 52A and 52B are flow charts showing specific
operation of the eighth embodiment of thé present
inventioq;( .

B figs. 53 and 54 are timiﬁg diagrams showing the
operation of the eighth embodimenty, .
Fig. 55 shows a pack format in which PC3 to PC7 are

used as user data recording areasy,

Fig. 56 is a schematic block diagram showing a whole

structure of a conventional DA@;’
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As shown in Fig. 65, the content of the.data stored in the pack is

determ ned corresponding to the PACK I:TEM":One - exanple of > the i nformation
stored in the pack is shown in Figs. 66. and, 67. 14, Fig:: 66’ t he PACK | TEM
57 is "0001", which content is Program T Tine. In the exanpl e shown in Fig.
67, the PACK I TEM 57 is "0011", which is the Running Time recording format,
as i s apparent froanlg 65. B3 of PC=11is set to 0. In the exanples of
the

Flg.-57 schematically shows s1gna£§ recorded oh the
magnetic tap%/ﬂ
Fig. 58 schematically shows signals iecorded on 1
tracg/
5 Flg 59 shows a block format of the PCM signal area
shown in Fig;"Sqfi
| Fig. 60 shows a structure of an ID code stored in the
- PCM signal block shown in Fig. 597,
Shows
65. Fig. G%ZPit assignment of ID1 to ID7 shown in Fig.
10 597 |
Fig. 62 shows a block format of the sub code area
shown in Fig. 58y, }'écorclfﬂg.
_ Fig. 63 shows a_p{sk ormat of the sub code signals

recorded in the sub code signal’areqj:

15 Fig. 64 shows a'pack format of the sub code signal;;{
Fig. 65 shows PACK ITEM ang the i?ntents thereln//
pac
Figs. 66 and 67 show.a—packj?ezm&%‘for recording
Pw;jrrm hme ?Vld

Lrunnlng timey,

Fig. 68 shows timing relgtion between recording and
20 reé;odﬁcing of audio signals Eﬁd the sub cdde signalg;(
hFig. 69 shows signal structure of the sﬁb frame of
the digital audio interface formaty

Fig. 70 shows a format for transmitting signals of 2

channelqjﬂ
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pack format shown in Figs. 66 and 67, the ptogram nunber, index nunber,
hour, minutes, second and frane nunber -are‘fecortded as -pack data. As shown
in Figs. 66 and 67, an area for recordi'ng the program nuiber-is al so
provided in the pack. Fig. 68 shows tinming relation between recording and
reproduci ng of audio signals and sub code signals. The operation of a
conventional DAT will be described :

10

15

20

25

Fig. 71 shows a channel status data format for
professional usey,
72
Fig. 34 shows standardized SMPTE/EBU/Film Time code

frame forma;;fand*

Fig. 73 shows various time code signals and DAT frame

frequency.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

' Fig. 1 is a schematic block diagram of a first
embodiment of the present invention. The DAT shown in
Fig. 1 has the following components added to the
conventional DAT shown in Fig. 56. Namely, a fime code
signal is inputted from outside to a TC signal input
terminal 71. The time code signal is applied tolthe
demodﬁlating circuit 72.to be demodulated, and a frame
clock signal 73, é bit clock signal and time code data are .
“The extrmched frome cloc signal 72 is »pplied b o> Phose difference delacking Civeart
extracted therefroml/l The bit clock signal and the time
code data extracted by'the demodulating circuit 72 are
applied to the microcomputer 23. _

Although not shown,lgﬂbhase differenée'detecting
circuit 74 comprises a counter1é‘rcuit and a'latc.

. g 3 count ¢clock Stgnd 74
circuit, receives a reference signal 77 for recording/
outputted from the clock generating circuit 29 .and—a—count
clock-sigaal—1$8, énd detects phase difference between the

reference signal 77 and the frame clock signal 73. The

phase difference Ty detected by the phase'difference

his Sheet Has Been Re|p|ace'
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with reference to Figs. 56 and 68. In FEig._56, the anal og audio signals of
2 channels, that is, the left and right ‘channel s, ‘inpufted to the anal og
_signal input termnal 1 have. t heir frequenqy bahdw dt h” riestricted by the
;low pass filter 2, and the audio signals are applied to the AAD convertlng
icircuit 3 to be converted into digital audio signals W.n, WRn (n = 0, 1,
i2...). The reference character n shows the order of sanpling The signals

of the left and ol
E%ctlng circuit 74 is applied to the m;crocomputer 23.

A base band time code signal is applied from the
microcomputer 23 to thelmcdulating circuit 75, so that the
time code signal is modulated. The modulated time code
5 signal is outputted to the outside from the TC signal |
output terminal 76.
Fig. 2 is a timing diagram showing operation of the

.first embodiment of the present invention and Figs. 3A and

3B are flow charts thereof. ‘ .
10 Specific operatlon of the first embodiment of the
(3

present invention.w;&}-be described im—the—foliowing with
reference to Figs. 1 to 3B. Referring to Fig. 2, the time
code signal 80 as shown in Fig. 2 is inputted from the TC
signél input terminal 71. The reference characters TC; »

15 TC ... of the time code signal 80 represent numbers

i+1
of the time code signals 80 frame by frame. In recordlng,
the inputted time code signal 80 is demodulated by the
demodulating circuit 72, and the frame clock sxgnal 73,
‘the bit clock signal and time code data are extracted

20 thefcfrom. The frame clock sfénal 73 is applied to the
clock“generating circuit 29 chd to the phase difference
détectinq circuit 74. The bit clock signal and the time

code data are applied to the microcomputer 23. The

microcomputer 23 takes the time code data in respon::: <O
25 the bit clock signal. The reference characters LCT., t?j +
- 32 -

eet Has Been Replace-

II

|

M



——

chanhel s are sanpled alternately to be successively. - 10 - outputted as
W.0, MRo' W1, and tenporarily: stored n the memarry circuit 4. The
sanpl es are read frommenory circuit 4-in accordance wi th -an or der as

needed to be

1 ...-of the inputted audio signals 81 shown in Fig. 2
represent numbers of thé DAT frames divided by the
reference signals 77 for recording outputted from the
clock generating circuit 29. The phase difference
S detecting circuit 74 resets a counter circuit contained
therein at the falling-edge.of the reference signal 77 for
recoxrding, and.immédiately thereafter counts up the
counter circuit by the.count clock signal 79, and at the
rise of the frame clock signal 73 of the succeeding time
10 code signal, the counted value of the counter circuit is
latched by a latch cirxcuit contained therein; The counted
value latched by the latch circuit is immediately applied
to the microcomputegz;s the phase difference information
Ty e-e from the point of change'of the DAT frame (falling
15 edge of the reference signal 77 for recording)-to the
goint of change of the time code frame (rising edge of the
Jé;:fclock signal 73). The microcomputer 23 assigns the
lnputted time code data and the phase difference
lnformatlon T; to a sub code pack to apply the same to the
20 memory circuit 4. :
. Figs. 4 to 6 show examples of recording formats of
the sub code packs used iﬁ the first embodiment. As shown
in Fig. 72, the time code signal has 1 frame consisted by

80 bits, 16 bits of which are synéhronization'signals.

25 Therefore, the information of the remaining 64 bits are to
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applled to the coding circuit 5. The ceding cictcul.t 5.adds error correcting
codes and error detecting codes to t he read sahapl es and:m-ites the same in
the menory circuit 4. \Wien the sub code i, destgnat ed by ‘the input key 24,
the designated sub code signal is generated by the mcroconputer 23 and is
applied to the nmenory circuit 4 to be tenporarily stored therein. The sub

icode

10

15

20

be recorded by assigning the same to packs. The sub code
pack of the DAT comprise 64 bits as shown in Fig. 64, and
the PACK DATA area 58 capable of recoiding data comprises
52 bits. Therefore, two packs are necessary for recordiné
the contents of the time code signal. 1In assigning the 64
bit information of the time code signal to two packs, the
information transmitted in 1 frame of the time code should
preferably be divided into time information and other
information to be.assigned to.separate pécks, in view of
the high speed search by the time code.

For this purpose, in this embodiment, the time
information in the time code signal is éssigned té the sub
code pack defined by PACK ITEM "1001l" as shown in Fig. 4,
and various flag bits (TC5 to TCO) and USER Group data in
the time code signal are assigned to the sub code pack
defined as PACK ITEM *1010", as shown in Fig. 5. 1In
addition to timé information, identification flags (TS to
T1) indicative of the types of the time code,

identification flag (SD) indicative of the attribute of TC

FRAME recorded in PC7, and the phase difference

inﬁoimation T detected by the phase difference detecting
circuit 74 are recorded in the-PACK ITEM "1001". The SD

flag indicates whether or not the same TC FRAME number as

the preceding DAT frame is recorded.

Sheet Has Been Reflacec
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S|gnals are also read in accordance with a prescribed order to be. applled
to the coding circuit 5, to which the érrof: correctlmg codes and error

L am.

detecting codes are added and the resurtrngﬂslgnals,a{e agai'n witten in
the menory circuit 4. The microconputer 23 applies the contents of the sub
code signals to be recorded to the display apparatus 25 so as to display
the sane. The data witten in the nenory circuit 4 are

10

15

20

25

In addition to the various flag bits (TC5 to TCO) and
the USER Group data, the TC FRAME and the identification

flag SD indicative of the attribute thereof are recorded

in the sub code pack defined by the PACK ITEM "1010" shown

in Fig. 5. The TC frame number is recorded -in this manner
in order to recognize- to which frame the USER Group data
written in the PACK ITEM "1010* correspond, since the
contents of one timé'code frame are recorded in two
separate packs. | | .

In the foregoing,.thé contehts of the one time code
frame are divided into tﬁo packs by using two PACK ITEMs.
When only one PACK ITEM is used for recording the time
code signal, the combination of the pack is as shown in
Figé. 4 and 6. Referring to Fig.. 6, the PACK ITEM is
"1001", and identification of the recorded Lnformatlon is
realized by B3 of the PCl; Namely, if B3 = 0, then time.
information and the like afe recorded. If B3 =.l, then
the USER Group data and the like are recorded.

Referring to Fig. 2, the reference characters DTj,
... of the recording and repféducing signal waveform 82
rgpfesent the frame numbers of the éudio signals at the
time of input, and the ch;racters Tci’ ... and ... Ty eee
represent the frame numbers of the time code.signals at

the time of input and the detected phase difference

information, respectively. The audio signal 81 from DTj
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applled to the modul ating circuit 6 which converts the data into a series
of signals suitable for recording on tHe nﬁgnetrp ‘tape.12,- and the signals
are anplified by the recording anpllflerr7 :Thereatter, 'They are recorded
on the magnetic tape 12 by neans of the two’ rotary heads 9 and 10, through

the switching circuit 8 |In actual use,

is recorded on the magnetic tape 12 deiéyed by 360 deg, as
described above. 1In ﬁhe period DTj, the coﬁtent of the
TCiBO has been read and the phase difference information
T has been measured, so that TCi and T; are recorded on
5 the sub code signal area of the same track as the audio
signal DTj.- In the period D'I'j + 17 TCy 4 yand T,
have not yet been known, so that the same TCi, T; as the
.precéding DAT frame are continﬁously_recorded in the sub
code signal area on the track on which the audio signals
10 of the period'DTj.+ ; are recorded. At that time, the SD
flag in the pack is set to‘“l",_indicating that 'I'ci and T
are continuously recorded. In the period DTJ & 2; TCi_+ 1
and_rl + 1 are already known, so that 'I'Ci + 1 and T o+ 1
are recorded on the sub code signal area of the track on
15 which the audio signals of the period DTj + o are
recorded. The same operation is repeated, and the audio
signals and the time code signals are recorded.
In reprbduction, the audio signals out of the sigﬁalS'
reproduced from the magnetic track are outputted to the
20 outside delayed by 360 deg, d; shown by the relation
between 82 and 83 of Fig. 2. The sub code signals are
applied to the micrcccocmputer 23 and reconstructed to be
the original time code signals from two.packs. The

reference signal 73 Zor reproduction and the bit clock

25 signal are inputted Zrom the clock generating circuit 29
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t he nenDry circuit 4 is divided into two groups. VWhile sanpling of digital
audi o signals and witing of sub code S|gnais ar.e’ carrLed,out I n one group,
codi ng and reading are carried out in the otherfgroup The Tmanner of

Aer T e e i e

operation is disclosed in the timng diagramof Fig. 68." As
dejcrlbed above, the nmmgnetic tape 12 is wound around the rotary drum 11
t hrough on arc of 90 deg, and

to the. mlcrocomputer 23, and the time ‘code s;gnal'ls
applied to the modulating circuit 75 based on the phase
difference information T; so that the same phase relation
as in recording .can be realized. When a pack in which the
5 SD flag is set to "1" is inputted, the microcomputer 23
| carries phase matching between the DAT frame-and the time
code frame by using the phase difference information
| . (30 msec (DAT frame period) - ti). The modulation circuit
75 carries out prescribed modulation in response té the
i 10 bit clock signal applied from the clock generating circuit
29 to provide the outpuﬁ at the time code signal output
terminal 76. By the above described operation, the audio
signals and the time code signals are outputted to the
outside having the same phase relation as that of the time
15 of recording, as shown by 83 and 84 of Fig. 2. '
| A second embodiment of the present invention.uii}_be
described ia=bthe-faodltawerneg, in which the same apparatus as
shown in Fig. 1 is used. 1In the first embodiment
described above, thé time information in the time code
20 signal is directly aésigned‘£o the sub code pack, and the
recording in the sub code signal area is carried cu: at
prescribed timing. On the contrary, in- the second

embodiment, the DAT frame number is calculated ba:--2 on

the frame number of the inputted time code Signa; :nd the
25 detected phase difference information t,, the CaT -.xe
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the’ recordlng and reproducing are carri.ed Qut by two rotary heads 9 and 10.
Therefore, in the recording and reproduc1ng maveforns,_the _signal recording
and reproduci ng section of a 90 deg arc of.rotaﬁloﬁ each: and the interval

------

section of a 90 deg arc of rotation each exist altérnatély, as shown in
Fig. 68 (62). The signal recording and reproducing section of a 90 deg arc
of rotation corresponds to the recording and reproducing of one scanning.

As shown in Fig. code is calculated by using the calculated DAT frame

number, and the result of calculation is assigned to the
sub code pack to be recorded on the sub code signal area.
-Fig. 7 is a timing diagram showing the operation of
5 the second embodiment of the present invention. Referring.
to Fig: 7, ‘the suffixes of the reference characters TCl,
TCor - of the time éode signals TC (80) inputted from
. the TC signal inpﬁt terminal 71 represent order (number)
of the frames, when the 00 hour 00 minute 00 second‘'00
10 frame of the time code signal is regarded as the reference
(regarded as the first frame). In the similar manner as
described with reference to the first embodiment, the time
code data and phase difference information T; are inputted
to éhe microcomputer'23. The suffixeé of the reference
15 characters DTl, DTZ' ... of the inputted ahdio signals 81
in Fig. 7 represent the order (number) of the DAT frame
divided by reference éignal 77 for recording. The number
of the DAT frame is defined by the following calculation.
More specifically, as shown in Fig. 7, when the start
20 point of the reference time, iﬂe. 00 hour OOIminute 00
seqohd 00 frame of tﬁe time code signal is regarded as the
reference, the inputted time code frame and the DAT frame,
including the initial phase difference information Iyr are

in one to one correspondence without fail, although they

25 re asynchronous with each other. By utilizing this
- 38 -
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68 (60), sanples of the digital audio signals at the period Tn are witten
i'n one group of the nmenory circuit 4 in the perrod In W, so that sanples
of two scannings are stored. Thereafter,- ik the:fi-fst I7°4°¢Tn ENL period of

''''''

Fig. 68) at the beginning of the period Tn + 1, si'ghal s of one scanning are
encoded, and they are read in the succeedi ng perlod TnRD1. The remai ni ng
si gnal s of another one scanning are encoded in the period TnEN2 and read in

the peri od TnRDQirgfggigh’ the relation represented by the followihg
eqﬁation (1) can be applied, where the frame number of the
inputted time code signal is represented by i, the phase
‘difference information is represented by T; and the
5 corresponding frame number of the DAT is represented by j.
§ = INT [(iTCu~t;) / DTu] + 1 cee (1)
In this equation,'Tcuzrepresents the frame period.of
the time code signal.and DT, represents the DAT frame
period. | v
i0 ' The calculation INT [ ] represents rounding 6f the
decxmal part (to provmde an lnteger)

The number j of the DAT frame (for example DT, frame
of Fig. 7) with the phase difference information T not
beeﬁ detected can be calculated by adding 1 to the

15 preceding result of'calculation'(that is, the preceding
DAT frame number). The initial phase difference

information IO can be calculated by the following

eguation.
Igp = [iTC, - =] modDT : _ | oo (2)
20 The microcomputer 23 calculates the time code frame number

i baéed on the inputted time code data, calcﬁlates based
on the number i and the phase difference information T
the corresponding DAT framelnumber 3 and the initial phase
difference information io, further calculates the DAT time

25 code based on the DAT frame number, and assigns the same
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the digital
on the magnetic tape 12 del ayed by.a 360 dég are (cbrrespondlng to one
rofation of the rotary drum 11). As shown.in Fig :68-(61), “the sub code"

si gnal.s

10

15

20

audio signals sanmpled in the period,Tn.are, .- 12 - recorded

together with initial phase difference information I, to
the sub code packs to apply the same to the memory circuit

4.

Figs. 8 and 9 show examples of recording formats of

.the sub code packs used in the second embodiment of the

present invention. As described above, the DAT frame

number j .is calculated based on the time code- frame number

i and'thé phase difference information T;r SO that the DAT

time codes calculated based thereon, and they are recorded
by using the PACK ITEM "001ll" PCl,'BS = 0, Running Time
PACK shown in Fig. 8. The various flag sets (TCS to TCO)
and the data of the User Groups 1 to 8 in the time code

signals are recorded in respective designated areas in a

pack which is newly provided, for example, the PACK ITEM

*1001". TC ID DATA (T2 to TO : 3 bits) indicative of the

types of the inputted time code signals and the initial

phase difference information Io (b10 to b0: 11 bits) found

by calculation are recorded in the remaining areas.
Referring to Fig. 7, the suffixes of the reference

characters DT;, DT,... of thezéecording and reproducing

sigpai waveforms 82 represent the DAT frame nﬁmbers, and

the reference character Io_represents the initial phase

difference information. As described above, the audio

signals in the period DTj are recorded on the magnetic
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outputted fromthe mcroconputer 23 in the, period Tm (forner half of the
perlod Tn) are witten in the nenory CerUCt 4-tn the,perlod Tm WI' encoded
iin the succeeding period TmEN, and read if t he: pefjed TmRD. Nanely, the
ub codes signals recorded on the magnetic tape 12 are del ayed by a 180 deg
arc (corresponding to 1/2 rotation of the. rotary drun). Referring to the
recording and reproducing signals shown in Fig. 68(62), the_reference

?haracter Tnin tape 12 delayed by 360deg. The initial phase difference
! _inforhation I, is recorded in every sub code signal area.
The reproducing operation will be described in the
§ following. The audio signals out of the signals
5 - reproduced from the helical tracks on the magnetic tape 12
: are outputted to the outside delayed by 360 deg.as shown
by the relation.between 82 and 83 of Fig. 7. The .sub code
signals are applied to the microcomputer 23 and converted
; and composed to the originalwtime code signals by the two
10 = packs, ﬁhét is, PACK ITEM "0011", (Running Time PACK) and
PACK ITEM "1001". The microcomputer 23 calculates the DAT
| frame number j based on the DAT time cqgslregprded in the
Running Time PACE, and calculates phe co;responding time

. ) 3 .
code frame numbengy using the number j and the initial

15 phase difference information I, recorded in the PACK ITEM
“1001l" in accordance with the following equation (3).
i = INT [(Iy + (3 - 1) DT,) / TC, 1 + 1 cee (3)
The phase difference information T5 from the point of
change of the DAT frame to the point of change of the time
20 code frame can be calculated in accordance with the
fo;lowing equation (4) by using the number i calculated in

accordance with equation (3).

Ty = iTC, - (I, + (J - 1) DT,] - cea ()
‘The microcomputer 23 generates a time code signal of
25 the base band (before modulation) to realize the same

- 41 -

s Sheet Has Been Replacec

Wl




e

,

t he ' nuner at or part of the fraction shows that audio signals of the period
Tn are included, and the reference character Tm:ii h thetdenoni nator part
shows that the sub code signals of the perlod Tm1a1e'|nQFudéd I'n _
reproduction, the switching circuit 8 is switched to the reproducing side,
and the signals are reproduced fromthe nagnetic tape 12 by means of the
rotary heads 9 and 10 and applied to the reproducing anplifier 13. The

phase relation as at the time of recording to apply the
same to the modulating circuit 75 in response to the
reference signal 78 for reproduction and the bit clock
signal ouﬁputted from the clock generating circuit 29, in
5 aecordance with the result of calculatioh of the equations

(3) and (4). The modulating circuit 75 carries out
prescribed modulation on the time code signal in response
.to the bit clock signal applied from the clock generating

~circuit 29 and outputs the result to TC signal ocutput

10 terminal 76. |

By the above described operation, the audio signals
and the time.code signals are.outputted to the outside
having the same phase relation as at the time of
recoruing, as shown by the relation between 83 and 84

15 ' shown in Fig. 7.

A third embodiment will be described in the
following. In the first embodiment described above, the
frame number which is the minimum unit of the time |
information is recorded in the sub code pack for recording

20 the ﬁser Group data. Consequently, the palrlng of the sub
code pack and the sub code pack Ln which the time
information is recorded can be done easily. In addition,
since the identification_fiag SD indicative of the fact
thet the recorded content is the same as that of the

25 preceding DAT frame is recorded, repeated reproduction of
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reé?odUC|ng amplifier 13 anplifies the applied signals and applies the sane
to the servo circuit 20 and to the; denndulatlng ci-cedi.t 14. The servo

circuit 20 generates a tracking erfor sigral-based on the servo controlllng
signal recorded on the servo signal areas 35 and 37 to control the speed of

rotati-on of the capstan notor 22 so

10

15

20

25

the time code signal information can be prevented in
reproduction. .In the second embodiment, the time
information of the time code is converted into DAT time
code to be recorded, which pfovides compatibility with the
conventional DAT.

‘The third embodiment includes both advantages of the

first and second embodiments. Since the apparatus and the

.recording and reproducing operations are the same as those

in the second embodiment, the description thereof is'not
repeated, and only the'format'examples of the sub code
pack will be described.

Figs. 10 and 11 show examples of recording formats of
the sub code packs used in the third embodiment of the
present inventioh, By the same opération as described
above, the tiﬁe informatioh converted into the DAT'time
code, the initial phase difference information Io and TC
ID DATA (T3 to TO: 4 bits) distinguishing thé types of the
time code signals to be inputted are recorded in the pack
shown in Fig. 10. The PACK ITEM is "0011", and in oxder
td Aisﬁinguish the pack from fﬁé ¢onventionél Running Time

PACK (see Fig. 8 or Fig. 67), B3 of PCl is used. Namely,

if B3 = 1, it is used for recording time code signals.

In addition to the various flag bits (TCS to TCQ) in
the time code signals and the User Group data, the FRAME

No. which is the minimum unit of the DAT time code in the
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. 13 - as to enable accurate tracking. The denDduJatlng circuit 14

dermodul ates the reproduced signals:to therorlglnal base band signal's which

gre successively stored in the Meory..ci rcuit. . 1'5. ..The digital signals

gtored in the nmenory circuit 15 are read in an order as needed to be
applled to the

pack shown in Fig; 10 and the identifiéhtion flag SD
indicating whether or not the recorded conﬁent except the

' FRAME NO. is the same as that of the preceding DAT frame

are recorded in the pack PACK ITEM "1001" shown in Fig.

! 5 11. By recording the ?RAME NO. the pairing with the pack
in which the time information is recorded shown in Fig. 10
can be surely carried out, and by recording the |
identification flag SD, répetitious reproduction of the

'-information sucﬁ as the User Group data in the time ‘code

10 signals other than the time information can be prevented
at the time of reproduction.

% Fig. 12 is a schematic block diagram showing a fourth
embodiment of the present iﬁvention. The embodiment shown
in fig. 12 is the same as that of Fig. 1 except that a

15 sampling clock signal for sampling the audio signal is
used as the count clock signal applied to the phase
difference detecting circuit 74. As mentioned in the
foregoing, the DAT corresponds to three different sampling
'freqﬁencies, that is, 48 kHz,‘44.l kHz an&-32 kHz. By

20 using the sampling clock sign;is, the representation of
the phase difference information and of the fime codes
come to be the same as the total sample number, so that

on > basis
the accuracy can be ensuredt?y—sample by sampli which

enables synchronization and edlti%% sample by sample.
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decbdlng circuit 16, in which correction, detectien and conpensat i on of
errors are carried out by the decodlng of t he. Br rror: Gorrecting codes. Then
the signals are again witten in the -renory €iréuirt” 15. The sanples of the
digital audio signals with error corrected and conpensated are outputted to
the D/A converting circuit 17 or to the digital interface circuit 28. The
D) A converting circuit 17 converts the digital audio signals into the

original . Fig. 13 shows an example of a recording format of the
sub code packs used in the fourth embodiment in the
present invention. 'Referring to Fig. 13, in PC3 of the
pack format recorded on the TC ID DATA (T3 to TO: 4 bits)
5 distinguishing the types of the inputted time code
| 'signals, and information indicative of the three different

frequencies of the sampling clock signais fs: 48 kHz,

~ 44.1 kHz and 32 kHz (F1, FO: 2 bits) as the count clock

. signals for detecting‘the phase difference are recorded.

10 Other information such as the DAT time code are recorded
in the same manner as shown in Fig. 10. In the fourth
embodiment, the data such as User Group are recorded in
the sub code pack shown in Fig. 1l as in the third
embodiment.

15 In the above described embodiment, the frame clock
signal 73 of the time code signal extracted_by the.
Aemodulating circuit 72 is also applied to the clock
generating circuit 29, which is used in a vari pitch
recording modé.' In the vari pitch mode, all the clocks

20 used in the DAT must be changéé, and therefore, the clock
geqerating circuit 29 changes the necessary clock
frequehcy to output the same in accordance with the period
of the frame clock signal 73. The reference signal 77 for

recording, the count clock signal 79 for measuring the
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anal og audi o signals. The anal og audi,0 signal-3, have, any unnecessary
frequency conponents renoved by the:l ow pass trlte: 18, and the anal og
audi o signals of the left and ri ght® channefs-‘ar é ouiputted fromrespective

anal og si gna

output termnals 19. The digital interface circuit 28

converts the sanples with errors corrected and conpensated into prescribed
formats to output the same fromthe digital output

10

15

20

25

phase difference and the sampling_clocﬁ signal fs are
included therein.

Although the phaée difference detecting circuit 74 is
provided for detecting_phase difference information T; in
the above described emquimént, the phase difference
information T can- be measured by inputting the frame

clock signal 73, the reference signal 77 for recording and

. the count clock signal 79, provided that a microcomputer

23 capable of high speed arithmetic operation'is used.
The phase difference detecting circuit 74 can be omitted
in that case. .

In the above described first, third and fourth
embodiments, the data such as User Group are recorded in

one pack separately from the time information. However,

- since the contents of such data are not changed frame by

frame unlike the time.information, such'data'may be
recorded as needed. |

In the above described second, third and fourth
embodiments, based on the inputted time éode signal.frame
number i and on the phase diffééence informét;on T;e the
cor;eéponding DAT frame number j is calculated,-and the
initial phase difference information Is but not T, is
recorded as the phase difference information. Therefore,
by using a different TCu from that of recording is used

for the equations (3) and (4), the time code signal which
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terminal 27. The contents of the depodul ated suyb code signals are displayed
on the displ ayi ng apparatus 25 by the - 14 -‘mZxroconputer 23. As the

menory circuit 4

10

15

20 -

25

»
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is different from that at the time of iecording can be
outputted. Namely, even if the time code signal of
EBU25Hz sjstem are inputted at the timé of recording, the
time code signals of the SMPTE3de system can be easily
outputted at the time of reproduction.

A fifth embodiment in which channel status data

‘transmitted from the digital audio interface can be

1

recorded_yft?—be-de;cribed in the following.

Fig. 14 is a schematic block diagram of the fifth
embodiment of the present invention. The embodiment shéwn
in Fig. 14 comprises a data reading circuit 90 and a phase
difference detecting circuit 91. Except these newly added
circuits, the structure is the same as that shown in Fig.
56: The microcomputer 23 and ‘the. clock generating circuit
29 have their functions improved in order to assign the
channel status data’'to the sub code signal packs. The
data reading circuit 90 is provided for reading the
channel status data. The phase difference detecting
circuit 91 is provided for detecting the phase difference
between DAT frames and the blbcks of the digital audio
interface.

Fig. 15 shows the blocks .of the lnputted digital
audio Lnterface and the DAT frames of the fifth embodiment
of the present invention. Referring to Fig. 15, the’

reference characters N, N + 1, N + 2 ... represent block

/

e
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the menory circuit 15 is divided inta two.groups 4 n:actual use, witing and
decoding are carried out in one group, aﬁd readlng LS carried out in the

ot her group. The manner of operatj_on i.s shown, i'n Ffg.” 68 (62) to (64). As
shown in Fig. 68 (63), the sanples of the first scanning of the audio
signals in the period Tn-1 of the reproduced signals are witten in the
memory circuit. 15 tenporarily in the period Tn-1 W1 and

numbers of the lnputted digital data and M, M+1
represent the DAT frame numbers. In this embodiment, the
channel status data in the block (block number M) of the
digital data at the time of change (time to) of the DAT
5 frame are recorded as the sub code of the DAT frame M. In
this case, ID code, alphanumeric channel origin data,
alphanumeric channel destination data out of the channel
status data are recorded as they are. The local sample
ﬂadd;ess code and the iime-of—day code are represented as
10 the sample at the head of the inputted digital block.
Therefore, by dete;ting phase difference between the DAT
frame and the digital data bléck and by arithmetically
piocessing the local sample address code and the
time-of-day code by the detected phase difference and the
15 channel status data block, the.local sample address code
and the time-of-day code for the first sample of the DAT
frame are calculated to be recorded in the sub code.
. The operation of recording-the digital audio signals
will be described in the following. The digital audio
.20 signals inputted to the digitaliinput terminal 26 are
applied to a digital interface circuit 28. Thé'digital
.interface circuit 28 extracts and outputs audio data and
the channel status data from the digital audio signals.

The outputted audio data are subjected to the processes as
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decoded in the pause interval peri-ed of a 90 _deg arc-of rotation
represented as Tn 1DE, to be stored again ‘i-n’ tRe nEnDry circuit 15.
Thereafter, in the period Tn-1 W?Z2,."tHe renalnldg—1 sCan sanples are
witten in the menory circuit 15, and they are decoded in the next period
‘Tn 1DE2 to be stored in the nenory circuit 15. The stored sanples of 2
scannings are read fromthe nennry CIrCUIt 15 in the succeedi ng peri od Tn

1RD to be app|lqge§griggd n relatlon to the prior art to be recorded on
| the magnetic tape 12.
The channel status data are applied to the data
- reading circuit 90 and 1 block of the channel status data
5 at the point of change of the DAT frame are collectively -
applied to the microcomputer 23. The data readiﬁg circuit
90 extrdcts a block clock signal of the digital data to
_apply the same to thé phase difference detecting circuit
91. -Tﬁe'phase difference detecting circuit 91 has the
10 same structure as the phase difference detecting circuit
74 shown in Fig. 1, which comprises'a counter circuit and
a latch circuit, not shown. A DAT reference signal and a
sampling clock signal fs, for example, as the count clock
signdl for detecting the phase difference are applied from
15 the clock generating circuit 29 to the phése difference
detecting circuit 9;. The counter circuit is reset at the
rising edge of the block clock signal and immediately
thereafter, the-counté: circuit is counted up by the
sampling clock signal £_, and the counted value of the
20 counter circuit is latched inléhe latch circuit at the
fall of the DAT reference signal. The counted value
latched in the latch circuit is directly applied to the
microcomputer 23 as the phase difference information =, (i

-~

=0,.1, 2, ...) from the point of fall of the block c.ock
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converting circuit 17 or to the digi-tal. |nterface oireuit 28., The sanpl es
of the reproduced digital audio signals are'ouLputted IqQ external

equi pnents with a delay of 360 deg afc.-of" rgtati-on. -At 'shown in Fig.

68, (64), the sub code signals in the period Tm1l of the reproduced signals
are witten in the nenory circuit 15 in the period Tm1l WI, and decoded in
the period Tm1l DE to be again stored in the nennry circuit 15. Thereafter,
the sub code signals are read fromthe

10

15

20

25

signal to the point of change (falllng edge of the DAT
reference sxgnal) of the DAT frame.

The microcomputer 23 assigns the inputted channel
status data to separate sub code signal packs in
accordance with the types thereof. The local sampie
address code and the time-of-day code are arithmetically

processed in accordance with the phase difference

. information n, applied from the phase difference detecting

' circuit 91 so that they are converted into the local

sample address code and the time-of-day'code for the
sample at the head of the DAT frame, to be assigned to and
recorded in the sub code signal packs.

Figs. 16 to 21 show examples of the recording format

'of the sub'code packs used in the fifth embodiment of the

present invention.

As shown in Fig. 71, the channel status data '
comprises 192 bits (24 bjtes) in each block and data of 23
bytes except CRCC may be assigned to the sub code packs.

The channel status data can be divided into 6 types,

' debendent on the content of the transmitted information,

thatiis, ID code, alphanumeric channel origin data,
alphanumeric channel destination data, local sample
address code, time-of-day code and a reliability flags.
Five different channel status data except the reliability

flags are assigned to separate sub code packs.
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menory circuit 15 in the peri.od Tm -, RD.to be applied to the
23. Therefore, the centents oft thé reproduced sub code -

si-gnal s are di splayed on the dlsplaylng apparatus 25°del ayed by a 180 deg

arc of

~

rotation.

10

15

20

A format in each sub code pack will be described with
reference to Fig. 16. 1In this embodiment, the sub code
signal pack of PACK ITEM "1000" is used as tﬁe sub code
signal pack for the channel status data signals and is
distinguished from other pagks. By using B2 to BO of PCl
in the PACK DATA area as the SUB PACK ITEM, five different
channel status data can be distihguished from each other.

As to the reliability flags of the byte 22 of the

~channel status data, the bit 4 corresponds to the ID code,

the bit 5 corresponds to the alphanumeric channel origin

data and the alphanumeric channel destination data, the

bit 6 corresponds to the local sample address code, and

the bit 7 shows the reliability of the time-of-day code,
so that the flag information is allotted to the B3 area of
PCl of the respective packs. |

The sub code signal shown in Fig. 17 has the SUB PACK
ITEM being "001", in which the ID code is recorded. 1In
Fig. 18, the SUB PACK ITEM is "010", in which the
alphanumeric channel origin data are recorded. In Fig.
19, the SUB PACK ITEM is "011"1in which the alphanumeric
channel destination data are recorded. In Fig. 20, the
SUB PACK ITEM is "100*, in which the local sample address
code for the sample position at the head of the DAT) frame

is recorded.
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Now, the digital data inputted to the dlgltaJ l.hput.term nal 26 shown in
Fig. 56 are deternined as the digital: audio” interface f£ormat by the
standard CP-340 of the Electronic Pndust:res;A5590|ar|on of Japan or by the
| EC (International Electrotechnical Conm ssion) standard | EC958. Such a
format will be described in the following. Fig. 69 shows signal structure
of a sub frame of the digital audio interface format, Fig. 70 shows a

format for : - _
In Fig. 21, the SUB PACK ITEM is "101", in which the

time-of-day code for the sample position at the head of
the DAT frame is recorded. Each of the four channel
status data except the ID code comprise 4 bytes, so that
5 Ehe.4 bytes are assigned to PC4 to PC7 of the respective
packs, and the vacant sections PC2 and-PC3 are set to "O0-.
The ID code is consisted of 6 bytes:and the lower 4 bYtes
" are assigned to PC4 to PC7 and the upper'z bytes are
assigned to PC2 and PC3. The bytes at the head of.éach_of

i 10 the five channel status data are all assigned to PC4.

o

The sub code signal pack aésigned in the above

i | described manner is applied to the ﬁemory'circuit 4 and-
processed in the same manner at described, to be recorded
on the magnetic tape 12.

15 _ The reproducing operation of the data recorded in the
above described manner will be described. .The signals
reproduced from the magnetic tape 12 are processed in the
same manner as in the prior art and thereafter stored in
thé memory circuit 15 in which error corxrrection and

20 céﬁpeﬁsation are carried outi% The digital-gudio signals
'haviné the errors'correctéd and compensated afe outputted
to the D/A converting circuit 17 and to the digital
interface circuit 28. The sub'code.data having the erroxs
corrected and compensated are appiied td the microcomputer

25 23. The microcomputer 23 determines the contents of the
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transn1tt|ng signals of 2 channels, .and Fig.-7l.shows a channel status data
format for professional use. F@ferrjng to Fi'g.” 69, "1, wqrgd of audio signals
is transmtted as a sub frame having 32*bi'ts:, The- sub frane conprises a
synchroni zi ng preanble 101, a auxiliary signal 102, an audio signal 103, a
validity flag (V) 104 indicative of the rellablllty of the audi o signal

103, a user data bit (U) 105, ‘a channel status bit(c) 106 and a

pack data from the PACK ITEM of respectlve sub code signal
packs and displays the content on the displaying apparatus
25.
When the PACK ITEM is "1000", namely, when it is
5 determined that it is the sub code signal pack for the
channel status data, the type of the channel status data
is determined from SUB PACK ITEM to be applied to the
1digiﬁal interface circuit 28. The digital interface
circuit 28 mainfains the ID code, the alphanﬁmgric channel
10 origin data the alphanumexric channel destination data as
they are out of the inputted channel status data. The
value of the lbcal'sample'address code is applied to a
counter (not shown) counting the idcal sample addresses,
and the time-of-day code is loaded to a counter circuit
15 (not shown) counting the tiﬁe, so that the address and the
time are counted. When.digital data are to be outputted,
- prescribed data are outputted based on the digital aqdic
interface format.
As described above, in the DAT in accordance with the
20 presént'embodiment,_the data iﬁcluding the channel status
datahtransmitted based on the digital audio iﬁterface
' format can be recorded and reproduced.
Although data are assigned to separate sub code

signal packs in accordance with the types of the channel
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par(;y bit (P).107. \Wen the sub franme such.as..shown in Fig. 69 is to be
transmtted as the signals of 2 chanpels, one’ f fane |s"torned by two sub
frames, that is, the channel 1 and’ Jhenehanmel,Z as’ stiown in Fig. 70, and
one bl ock is formed by.

status data in the above described embodlments, the
channel status data may be further divided byte by byte.
Figs. 22 to 25 show examples of the recording formats
of such sub code packs.  More specifically, in the format
-5 examples shown in Figs. 22 to 25, the chahnel-status data
are assigned—byte by byte.without'any space therebetween,
lso as to reduce the number of packs used. The SUB PACK

ITEM is defined in the similar manner, so as to

distinguish the contents recorded in the packs. N
. B _
10 In the F3 area of PCl of the pack shown in Figs. 16

to 21, the reliability flag F is set. The reliability
flag transmitted by the byte 22 of the channel status data
block is recordéd as it is as the reliability flag. The
microcéﬁputer-ZB reads the reliability flag recorded in

15 the sub codé signal pack and when it is determinéd that
the reliability is low, then it compensates the data
dependent on the reliable data having the same type of
pack recorded on the preceding DAT fraﬁe, and outputs the
compensated data to the ihterface circuit 28.

;'20- Instead of uéing the reliabiiity flag_transmitted by
the byte 22 of the channel status data flag as the
reliability flag, the following method may be applied.
Namely, the CRCC transmitted by the byte 23 is checked and

- if it is determined that there is no error, the vérious

25 reliability flags tﬁansmitted by the'byte 22 are dizectly
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- 16 - 192 franes.

In order to identify the starting point and the channels

of each bl ock, three different synchronlzlng preeanbl es Bz, M and Ware used.
The” synchron|2|ng preanble B is used-for-the.sub-frane channel 1 at the
head of the block. The synchronizing preanble Mis used for the sub frane

01 t he remai ni ng

the sub franes of

10

15

20

channel 1. The-synchronizing preanble Wis used for al
t he channel

recorded in a Lael* pack as they are, and when it is
determined that there is an error, thé reliability flags
of respective sub code signal packs may be forced to
indicate the unreliable state. The reliability of the
data may be determined not dependent on the reliability
flag ‘transmitted from the"bjte 22;6rfdependent on the

result of checking of the CRCC but dependent on integrity
conbinuoul

. of various data transmitted in a plurality of senefgues

' channel status data block, or dependeht on the continuity

of the' time information, and the determination may be
recorded as the réliability flag in respective sub éode
signal pécks. |
In the fifth embodiment, the time information

transmitted by the channel status of the digital audio
interface is recorded in 32 bit ?inary code. In the
following, a sixth embodiment.wé%g-be described in which
the time information is divided into hour, minute, secoﬁd,
frame and sample number to be recorded in the sub code
packs.

. Fig. 26 is a schemat;c block diagram of an apparatus
for real;zlng the sixth embodiment. The example shown in
Fig. 25 comprises a channel status data signal processing .

circuit 120 and a phase difference detecting circuit 121.

Except these circuits, the structure is the same as the

25

conventional apparatus shown in Fig. 56. The channel
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2. 1°block of the channel status data-is:forned-ef 192 channel status bits
106. The first bit of each block istransnitfed in a. frame which starts
with the synchronizing preanble B. The bFolk.f.orrmaf of the channel status
data for professional use is structured as shown in Fig. 71. This format
further includes information having close relation to the audlo signal s
such as enphasis, sanpling frequency

10

15

20

25

status data signal processing circuit 120 is prov;ded for
extracting the block signal 122 of the channel status data _
block consisted of 192 frames of channel status bits and
for extracting information having close relation to the

audio signals such as emphasis and sampling frequency and

 two different time information. The phase difference

detecting ‘circuit 121 is provided for detebting the phase
difference information‘ni.' |

Figs. 27A and 27B are flow charts for describing the
operation of the sixth embodiment shown in Fig. 26.

The operatlon of the sixth embodzment-w#il—be
described -in=the—feizdWery- with reference to Figs, 26, 27A
and 27B. In recording,lthe digital audio data inputted to
the digital input terminal 26 are signal processed by the
digital interface circuit 28, and 16 bits of audio data
are stored in the memory circuit 4. The digital interface
circuit 28 extracts the channél.status'data out of the

digital audio data to apply the same to the channel status

data signal processing circuit 120. The channel status

'daté'signal processing circuiﬁélZO extracts the block

signéi 122 of the channel status data block consisted of

192 frames of channel status bits, and extracts two

‘different pieces of time information and information

having close relation to the audio signal such as emphasis

and sampling frequency to apply the same to the

- 56 -
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and*the |i ke,
addr ess code.

time information such as tine-of-day cede and | ocal sanple
Two pieces of different:tine |nfornat|on gre the tine

itnformati on of the audi o data transn1tbdd'by a.frdnme-stdrting with the .
synchroni zi ng preamble "B" as shown in Fig. 70. Highly editing on a sanple
Qy sanpl e basis is enabled, as the.inforfation have the sanme | evel of as
tthe sanpl e accuracy. The signals of the above described format are applied

10

v r——-

15

20

25

o~

microcomputer 23. The phase difference detecting circuit
121 has the same structure as the phase difference
detecting circuit 74 of Fig. 1 and detects the phase
dlfference information n, gi;:cs:gd Eh}i; piageoj‘c;kfwgzxgngl
status data block to the head of the DAT framié The phase
difference. information ni'represents.the_number of samples
from the sample at the head of the;DAT.frame to the sample
at the head of the block. |
~ The miérocomputer 23 adds the phase difference'

information ni detected by'the phase difference detecting
circuit 121 to the two different pieces of time
information in the channel status data block, that is, the
value of the local saméle address code and the value of.
the time-of-day code. The result of addition is the time
information corresponding to the sample at the head of the.
DAT frame. The microcomputer 23 further carries out an
operation for converting the result of addition to the DAT
time code, and the result is assigned to the Sub code pack
to be recorded The'operation for the conversion into the
DAT time code is carried out ih accordance w;th the
equations (5) to (9) which will be descrlbed in the
following.

When the time information correéponding to the sample
at the head of the DAT frame is represented by Tc, and the

number of samples in 1 frame of the DAT frame is
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to the digital interface circuit 28 through the,ei git-al:zinput termnal 26
shown in Fig. 56. The digital interface ¢ s I7 -~°Ci T ctik4::28 extracts the
audi o data-and the channel status data ffnn1the-+ﬂputted signal s to out put
the same. The

represented as Tg, the ffaction sample.number SAMPLE NO.

can be represented bj ;he following equation (5)
SAMPLE NO. ='tc modT_ eee (5)
The frame number FRAME NO. of the DAT can be

5 represented by the following equation (6).

FRAME NO. = (INT (T_/T_) mod100) mod 33
+ 33INT [(INT (T /T_) mod 100)/99] | ... (6)
The unit of second, SECOND can be represented by the

following equation (7). | .

10 SECOND = 3'[INT'(TC/100TS) mod20]

+ INT ((INT (T /T.) mod100)/33]
~INT [ (INT (T¢/Ts)'mod100/99} ‘... (7)
The unit of minute MINUTE can be represented by the

foliowing equation (8). |

15 MINUTE = INT (T_/2000T_) mod60 ce. (8)

The unit of hour HOUR can be represented by the

following equation (9) |
HOUR = INT (TC/IZOOOOTé) L. (9)
The nuﬁber of samples T_ in 1 DAT frame differs

| 20 'deﬁéndent'on the sampling frééuéncy. The_ﬁumber of

saméies are 1440, ;323 and 960 when the sampiing

freqﬁencies are 48 xHz, 44.1 kHz and 32 kHz, respectively.
Figs. 28 and 29 show examples of recording formats of

the sub code packs used in the sixth embodiment. Fig. 28

shows an example of the format of a pack for recording the
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et .
outputted audi o data are applied to the nmenory, circuit 4, The sane
processing as in the recording of the andkog |nput S|gna]s descri bed above
are carried out, and the data are reconeﬂ on:thé naghétlc tape 12.

| npor t ant i nformation such as enpha3|s of the channel "Status data, the
sanpling frequency and the |like are applied to the mcroconputer 23 to be
stored in the PCMID.of the DAT. At the sane tine, the digital interface

circuit 28 .
time-of-day code in which the time-of-day code
corresponding to the sample at the head of the DAT frame
is converted into the DAT time code to be recorded. The
hour, minutes; second and the fiame.number calculated in

5 accordance with the above described eqﬁations (6) to (9)
are recorded in two digits of binary coded decimal code in
the designated area of PC4 to PC7, and the fraction sample

_ number calculated from the equation (Sj is recorded in 11

} | bits binary code system of S10 to SO. : N

10 In this example, S10 is set .as the MSB.

Identification information in relation to the time are

recorded by the B7 to B4 (T3 to Toi 4 bits) of the PC3, so
as to enable recording of the time code other than the
digital audio data series. As to the PACK;ITEM,.one which

15 has not yet been defined may he used out of those shown in

Fig. 65. However, since the number of the remaining ones
is small, it is set to "0011" in this embodiment, and B3
of PCL is set to "1* in order to distinguish it from the
conventional Rurining Time PACl;(. |

20 ' In the format shown in ffg..ZS, the local sample

addréss code corresponding_to the sample at‘ﬁhe head of
the DAT frame is converted into DAT time code to be
récorded, in. _accordance with the_equatiéns (S) to (3. 1In
the examples shown in Fig. 29, the identification

25 information similar to the example of the time code z:2ck
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con{rols the clock generating circuit:-29.to generate, synchronized cl ock
signals, in order to accurately input 1hé extérnal dlgnlal data. The
conventi onal DAT operates as descrlbed’abpve forreecord dhd to reproduce
digital audio signals. However, connections to ot her "AV equi prent such as
vi deo tape recorders other than the DAT have not been considered. It is
espeC|aIIy difficult to operate the DAT for

shown in Figqg. 28 is recorded by 4 bit codes of T3 to TO.
The PACK ITEM is set to "0001l" and B3 of PCl is set to
"1,
Duriﬁg reproduction, the audio signals reproducéd'
5 from the helical track of the magnetic'tape 12 are
subjected to prescribed sighal'p:ocessing and applied to
the digital interface circuit 28 through the memory

circuit 15. Meanwhile, the time-of-day code and the local

Iy

‘sample address code recorded_in the sﬁb,code pack and fhe
10 PCM ID code recorded in the PCM signal area are read by
the microcomputer 23, the information therefrom is appiied
to the channel status data signal processing circuit 120.
At that time, as to the time information, the DAT time
code’is calculated'to provide the original 32 bits binary
15 code to be outputted. This calcﬁlation is carried out in
accordance with the following equation (10).
T, = [120000 x HOUR + 2000 x MINUTE + 33 x SECOND +
INT (SECOND/3) + FRAME NO._] x T_ + SAMPLE NO. ve. {10)
The channel status data signal processinq circuit 120
: 20 loads the time-of-day code asléhe original binary 32 bits
the_iocal sample address code provided from fhé
microcomputer 23, respectivelf,-at every rise of the DAT
frame clock signal. The channel status data signal

processing circuit 120 comprises two types of 32 bit

25 binary counters (not shown) counted up by the sampling

- §0 -
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pr of essi onal
pr of essi onal

use in synchronization w th other AV equipnent for
use such as VTRs. GEneraFIy an edltlng vi deq tapes or the

li'ke, it is essential to recognize tha,p09|t|oﬁ of° t-he'"ediited tape.
Especially in electronic editing, handling of the 'editeéd" tape position is
the inportant problemin driving the system For this purpose, recording
and utilization of '

10

15

20

25

clock signals fs and a clock generating counter (not
shown) generating a clock signal 122 every time 192
sampling clock signals fs are counted. At the rise of the
clock signél 122 generated from the channel status data
signal processing circuit 120, information having close
relation to the audio Signals such #s emphasis and the
sampling frequency, which are the channel status data, and

the counted value of the two 32 bit binary counters at

~ that time, namely, the head addfess code of the block, are

applied to the digital interface circuit 28. The digital
interface circuit ?8 outputs the audio Signals and the |
channel status data respectively at prescribed positions
to the outside, using the rising edge of the block signal
122 as a reference.

Figs. 30 and 31 show examples of other pack formats
for recording the timé-of—day code. In.the e;amples shown
in Figs. 30 and 31, the contents of the hour, minute,

second and frame number and the contents in T, to T, are

'~ the same. However, in the example of Fig. 30, the

fraction sample number is recoried by 11 bits binary codé
of S10" to S0, and in the example'showﬁ in Fig.’ 31, the
phase difference_informgtion n, detected by the phase
difference detecting circuit 121 is recorded by 8 bit
binary code on M7 to MO. These are identified by MS flag

at B0 of PC3. Namely, if MS is "0", it shogs_that the
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- 18 - tinme codes such as second address or frang address on the cue track
as position information on the tape have" been proposed:and deternined as

| EC st andar d:

| EC 461. Fig. 72 shows’ t.he, jranp format 6f “t"he standard

. SMITE/EBU Fil mtime code, and Fig. 73 shomLfrane

-
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fraction sample nuﬁber, and if MS is "1, ic shows that
the phase difference information n; is recorded, for
instance.

By.the pack shown in Fig. 30, ‘the time-of-day code
corresponding to the sample positioned at the head of the
‘DAT fréme is recorded. .In reproduction, the phase

difference information n; recorded in the pack shown in

. Fig. 31 is loaded to the above mentioned block signal

generating counter, at every rise of.thé DAT frame clock
sigﬁa;. Accordingly, the phase reiation_between the DAT
frame and the channel status data block at the time of
recording is maintained to be reproduced.

for Figs. 32 and 33 show examples of other pack formats
AakE recording the local sample address code. The contents
recorded by the formatslof Figs. 32 and 33 are the same as
those Figﬁ. 30 and 31 except the content of time |
informatioﬁ and the PACK ITEM.

The alphanumeric channel origin data, the
alphanumeric channel destination data and the ID code of
thé'bhannel status data are rééorded in the' sub code pack
shqwﬂ in Figs. 17 to 19, described with'refefence to the
fifth embodiment. |

Now, in the above described fifth and sixth
embodiments,.method for recording only the channel status

‘transmitted in the channel status data block positioned at
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frequenC|es of various tinme code signals-and of the DAT, The SMPTE EBU Fi | m
time code is described with reference fo’Flg 72, ; The: tlne code is mainly
used for the tel evision system and hgurﬁ,WInutes sgcond-and franme are

assi gned .to the respective television franes. The tine code conprises 80
bits per each franme, the value of each of the hour, mnute, second and
frame of the tinme code is represented in the deC|naI notation, the first

the po;nt of change of the DAT frame, that is, tyr Ty e
shown in Fig. 34 (blocks represented by j and j + 7 in
Fig. 34) has been described. As to the alphanumeric
channel origin data and the alphanumeric channel

5. destination data, a series of data are transmitted by the
ASCCI code. Therefore, when a series of five or more
letters is to be _transmitted, a plurality of channel

status data blocks are used. ©Namely, the alphanumeric

..-\

chahhel origin data and the alphahumeric- .
10 channel destination data transmitted by the channel
status data blocks represented by the reference characters
j + 1 to j+ 6 positioned in the DAT frame ih Fig. 34 must
be recorded in the sub code of the DAT.
Flgs. 35 to 38 show examples of recording formats of
15 other packsl;ecordlng all the alphanumeric channel origin
data and the alphanumeric channel destination data.
Referring to Fig. 35, the data constituted by three bits,
that is, BN2, BNl and BNO of the dareas B5 to B3 of PCZ
represent block number (the number of the block pos;tloned
1:20 at the point of change of the DAT frame is represented as
"000" (0)) from the channel status data block posrtloned
"Ry 24
at the point of change of the DAT fram?i The necessity of
calculating the phase information of the head of each

block from that block is eliminated. Since the value of

25 the phase information m uses the point of change of the
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d|g|t and the 2nd digit of each value are separatﬁly converted I nto binary
coded decinmal code to be altered to ther respecL|Ve blts::ln t he SMPPTE tine
code, the frane val ues are nunbered ffon1ﬂﬂ frane-to 29:.fvane. The frane
frequency is 30 Hz and 29.97 Hz as shown in Fig. 73. A'drop frane node and
a non drop frane node are prepared for respective frequencies. The frane
frequencies of the EBU tine code :

DATK frame as a reference, the sign thereof is defined as

negative when the block number is "000".
| Fig. 38 shows the pack format example shown in Fig.
.37 applied foﬁ.the alphanumeric channel destination data.
5 Since the phase information m of Figs. 37 and 38
represents the absolute-time (the unit is 1 sample—time)
to the head of each block lwi.t'h the point of change of the
DAT frame being the rgference, the information of the
block numbers BN2 to BNO may be omitted.  However, in that
10 case, thg sign information of m must be recorded in B3 of
PC2 so as to show whether the yalué m is positive or
negative. It is not necessary to record the channel
status data blocks to which the alphanumeric channel
origiﬁ data and the alphanumeric channel destination.data
15 are not transmitted, so that recording may.be carried out
only for the blocks to which such data are transmitted,.so
as to reduce the number of packs.
Although the channel'stétus data fér brofessional use
of the digital éudio interface format have been described
20 in the foregoing, chaﬁnel statu§ data for producing music
software and for home use may be divided and assigned to
sub code signal packs. |
. ~The
Jkn%r—E§?-first to fourth embodiment are related %o
the methods for recording and reproducing SMPTE/EBU/Film

25  time code in DATs. The fifth and sixth embodiment are
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and of the Filmtime code are 25 Hz and 24 Hz, respectively, and the frame
val ue are nunbered fromO0O0 franme to: 24 f?ame':and from:Q0. frame to 23 frane,

respectively.

10

15

20

As shown in Fig. 73, 'thg frane-Trequenci'es of the

An mone

e

related to methodé for recording and reproducing channel
status data for professional use transmitted by the
digital audio interface. The information included in the
SMPTE/EBU/Film time code and in the channel status data

for professional use are the information. related to the

-+ime and other information. Therefore, -the format of the

sub code packs for recording such information can be made

. common. Such examples'are shown in Figs. 39 to 44. Figqg.

39 shows .a pack format example for recording information

related to the time in which PACK ITEM is "Odll"_and B3 of
PCl is set to "1" in order to distinguish the same from
the conventional Runnihg Time pack. 1In order to identify
tﬁelpontent of the data recorded in the pack, SPIl and
SPIO0 are defined as the SUB PACK ITEM. When SPI1 and SPIO
are "00", it shows that the time information of the
SMPTE/EBU/Film time code is recorded. When they are "0Ol",

: fr profeisiom | A<
the local sample address code of the channel status dataz_
is recorded. When they are "10", it is shown that the
time-of-day code of the channel status data for
prdfeséional use is recorded.zéz bits of Fl and FO are
used to distingﬁish the type of the sampliﬁg-frequency at

the time of recording, namely, when they are "00", the

.frequency is 48 kHz, when "01", then 44 .1kHz and when

*10", the freqﬁency is 32 kHz.

- 65 -
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SNPTE/EBLVF|In1t|ne code are different--fromthe frame frequency of the DAT
Therefore, it is difficult to record the SNPTEAEBLMFlInItlnE code directly
on the magnetic tape 12 by neans of the‘ratary: heads of - tYié DAT. In order
to solve such a problem direct recording and reprodUC|ng of the time code
by using a stationary head on the linear track 32 or 33 showm in Fig. 57
has been proposed. However, if a stationary head is provided in the

10 .

15

20

25

]

In this manner, the identification information of the
sampling frequency at the time of recording usually
recorded by using 2 bits of Fl1 and FO. When the PCM
signals only are after ;ecorded by using the sampling
frequency different from that indicated by Fl1 and FO
recorded in the sub code signal pack, such information

will be very effectfve. In -such -cases, since the
e

'SMPTE/EBU/Film.time—if—éqr-ccde,'the local sample address

- code, ‘the time-of-day code, the initial phase difference

on
information IO.£EE-the phase difference lnformatlon,m are

transmltted or detected based on the sampling frequency at
the time of recording of the sub code signal packs, when

the sampling frequency of the PCM signals is different,

they will be meaningless.' However, if the sampling

frequency at the time of recording the sub code signal
pack is known, then reproduction can be carried out
without any practical problem, by multiplying the value of
the local sample address code or the like'in the pack by

fsPCM/fs’ where £SPCM represent the sampling frequency of

the PCM during reproduction, with maximum poss;hle error
one
being )X sample.

Three bits of T2 to T0 are used as a time code flag,

SPIY
and when SPI1 and_s$¥0 are "00", it distinguishes the

transmission rate of the SMPTE/EBU/Film time code. When

‘time information of the channel status data for
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tape transport mechani sm the structure becones conpljcated, and it becones
necessary to accurately maintain the. pq5|¥|onal Telation petween the rotary

~er o

" head 12 and the stationary head. The li'near-tracks 32 74nd:"33 are positioned

“rae

~on both ends of the nagnetic tape 12, so that they are easily damaged,
-reducing the reliability of the tine code data. As described above, the
- tape running speed is as slow as 8.15 nm sec, so that the recording and

professional use'is ;o'be recorded, “006" is recorded with
no definition. 1In the area of B2 to B0 of PC2 and PC3, 11
bits binary data are recorded. When the content is the
SMPTE/EBU/Film time code, the 1l bits binary data are the
5 . above described initial phase difference ipformatién I,-

‘When it is the channel status data for professional use,
the data are the above described fraction sample ﬁumber
-SAMPLE NO. Time Lnformatlon converted into the DAT time
code is recorded in the area of PC4 to PC7. ¢

10 Figs. 40 to 44 are examples of the pack formats in
which information other than the time information is
recorded. The PACK ITEM is "1000" and 2 bits of SPIl and
SPI0 arxe defined as the SUB PACK ITEM to identify the
recorded content, as shown in Fig. 49. The area of PC2 to

15 Pc7lis a sub data area, in wﬁich various information
distinguished by the SUB PACK ITEM is recorded.  Fig. 41
.shows a format example iﬁ which SPIi and SPIQ are "00" and
binary group data (the above mentioned User Group data) of
the SMPTE/EBU/Film time code and various flag sets (TBS to

20 TBOj:éré recorded. Fig. 42 shé%s a format example in
which SPI1 and SPIO are "01" and ID codes (byte 0 to byte
5) of the channel Status data for professional use are
recorded. Fig. 43 shows a format example in which SPI1

and SPI0 are "10" and alphanumeric channel origin data

25 transmitted by the channel status data for professional
"l




-~

reprodu0|ng of the signals are difficult. Now, .one of the features of DAT
i's.a high speed searching function u3|ng the sub “cade- s»gnals the speed of
which is nore than 200 tinmes nor nal speed".Howeverm wher ‘tHe tape running
speed is increased, the time code recorded on the linear tracks 32 and 33
cannot provide the signals, and therefore hi gh speed search by the tine
code becones i npossi bl e.

10

15

20

25

use are recorded. Fig. 44 shows a format example in which
SPI1 and SPI0 are "11" and the reliability flag and the
alphanumeric channel_destinetion data transmitted by the
channel status data for professional use are recorded.

A seventh embodiment will be described in the
following, which relates to a method of converting the

SMPTE/EBU/Film time code and the time information

transmitted by the channel status data for professional

use (hereinafter referred to as digital audio interface

‘time code). In the seventh embodiment, the head of the

SMPTE/EBU/Film time code, that is, the sample at the head
of the Oth frame and the head of the digital audio
interface time code, that is, the sample at the head of
O0th block are defined es-being coincident with each other.
At this time, the SMPTE/EBU/Filﬁ time code is 00 hour, 00
minute, 00 second, 00 frame; the digital audio interface
time code is definea'such that the 32 bits of binary code
are'ail 0, which time is defined to be AM.0, whereby the
time codes are converted to each other using the fact that
the -frame and the block are in;broportion to. each other.
Fig. 45 shows a relation between SMPTE/EBU/Film time

code frame and the digital audiq interface block when the

SMPTE/EBU/Film time code is to be converted into the

digital audio interface time code. 'Referring to Fig. 45,

(a) shows the SMPTE/EBU/Film time code frame, (b) shows the
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- 20 - In addition, as descrlbed abover, i nformtion haV|ng close rel ation
to the audi o S|gnals such as enphasi s. sanpllng frequency and the |ike as
well as time information such as | ocal--Sanple .address ‘codé"and ti me- of - day
é¢ode are included in the channel status-data for

10

15

20

25

block of the dlgltal audio interface. The reference
Cheracterg 0, TIN ;_ L‘l"':
_ O- —depedeeie=t ., . are the frame numbers of
Charachrs
the SMPTE/EBU/Film time code frames and the ﬁemerai 0,

eeer J, 3+ 1 ... are the block numbers of the digital
'audio interface"blocks; The reference character TC shows
the number of sample in 1 frame of the SMPTE/EBU/Film..time

.code. The reference character nj shows the number of

- samples from the head of the jth digital audio interface

block 161 to the ith SMPTE/EBU/Film time code frame 162
prior to the digital audlo interface block 161.

The reference character TTj shows the total sample
number from A.M. 0:00 to the head of the jth digital audio
inte;face block 161. The reference characters TH, TM, TS
and TF show the values of hour, minﬁte, second and frame
of she tiﬁe code of the ith SMPTE/EBU/Film time code frame
162. _

When.the SHPTE/EBU/Film time code is'to be converted
into the digital audio inﬁerface time code, the total
sample number iTC from A.M. 0 00 to the head of the ith
frame 162 is calculated in accordance with the lnput ed

values of the TH, TM, TS and TF of the time ccde, and the

‘ number of sam?les n, from the head of the ith frame 152 to

J
the head of the jth digital audio interface block 1561 is
added thereto to provide the total sample number TT. {rom

J

A.M. 0O: 00 to the head of the jth digital audio inte

- 69 =~
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profe55|onal use-transmtted by the digital audio interface format.
Synchronlzed operation with other AV. eQU|pnent f'or. pr ofiéssi onal use and
electronlc editing can be carried out.By.usi ng.that- i if-6tifati on. However,

t he conventional DAT shown in Fig. 56, recording of al phanuneric data,
I cal sanple address code or the time-of-day code transmtted as part of
t he channel status data has not been taken into consideration.

15

20

25.

block 161, whereby the time code TT] which is transmltted
by the jth digital audio interface block 161 is provided.
This is rep:esented'by the following equations (11) to
(14). _ .
i = TE_ (3600TH + 60TH + TS) + TF ce. (11)
-(When -SMPTE nﬁn-drop frame Tf = 30 Hz/EBU/Film)
i =-108000TH + 1800TM + 30TS + TF - cee (12)
(When SMPTE non—drop frame TE£ = 29.97 Hz)
i'= 107892TH + 1798TM + 2INT (TM/lO) + 3078

+ TF _ ' ce. (13)
- Wnen

Q?MPTE drop frame)

TTj'= nj - INT (-iTC) ees (14)

In the equations, Tfr represents the frame frequency
which is 30Hz or 29.97Hz in SMPTE, 25Hz in EBU and 24Hz in
Film. '

Fig. 46 shows a relation between the digital audio
interface block and the SMPTE/EBU/Film time code frame

when the digital audio interface time code is to be

converted into the SMPTE/EBU/Film time code. The method

- for converting the digital dudio interfaceé time code into

) (3 :
the SMPTE/EBU/Film time code.wi%%-be described with

reference to Fig. 46.
Referring to Fig. 46, the reference characters (a),
(b), 1L and j are the same as those shown in Fig. 45. The

reference character TB represents a time code transmitted
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SUMVARY OF THE | NVENTI ON Therefore, a.first object of the present
inventionis to provide a magnetic recordrhg and -r'epr odwéi ng appar at us
capable of readily carrying out recordrng:and.reproduangvof ti me codes.
This is aceonplished by seting rules for conversi'én for recording and
-reproducing time codes on and fromthe sub code signal areas of the helical
track by nmeans of the rotary heads, even if the frame frequencies are

different. A by the digital audio interface, which represents the total
sample number from A.M. 0:00 to the head of the jth
digital audio interface block 163. The reference
character TLO representé the total sémple number from .A.M.
5 0:00 to the head of the ith SMPTE/EBU/Film time code frame
164. The reference character mi-shows the number of |
samples to the head of. the jth digital audio interface
.block 163 prior to the ith SMPTE/EBU/Film tiﬁe code frame
. 164, ahd the reference characters TH, TM, TS and TF show
10 the values of hour, ﬁinute, second and frame of.the time
code of the ith SMPTE/EBU/Film time code frame 164. |
When the digital audio interface time code is to be
converted into the SMPTE/EBU/Film time code, the number of
sampies m, from the head of the jth digital audio
15  interface block 163 to the head of the ith SMPTE/EBU/Film
time code frame 164 is-added to the inputted digital audio
interface time code TB to provide the total sample number
- TLO from A.M. 0:00 to the head of the ith frame 164, and
| the values of hour, minute, second and frame of the time
s 20 codé of the ith frame 164 can:be calculated.from the total
sample nuﬁber TLO. This relation is represented by the
follswing equations (15) to (31);
L'When the frame frequehcy Tfr is 25 Hz or 24 Hz, or
the frame frequency Tfr-is 30Hz and it is the non drop

25 frame, then
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nethod of

obj ect of the present

recordi ng and reprodu0|ng t.her eof

reprodu0|ng appar atus and - 21 - T Wle Lt Lt

10

15
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25

TLO = TB + m;
TCg = INT (F /TE_ + 0.5)
TCoy = X 2 ¢ Fs/Tfr

X 1 = TLOmod TC

Sample = x 1 MOD TC, + TCs e INT (xl/xz e TC

S
TF = x2 {INT (TLO/TC_,) mod (Tf_/x2)}

+ INT (x1/TC_) - INT (x1/x2 + TC,)

TS = INT (TLO/F_) mod 60
TM = INT (TLO/60F_) mod 60
TH = INT (TLO/3600F_)

I s, al.so provided. A second
I nvention is to groylde a n&gneth& cecordlng and

.ee (15)
.e. (16)
.7y
;., (18)

)... (m\

... (20)

Ce.. (21)
een (22)

ee. (23)

where, the reference character Fs is the sampling

frequency, which is 48kHz, 44.1lkHz or 32kHz.

.The reference character TC, is the number of samples

in 1 frame with the decimal part rounded, the reference

character x2 is a coefficient determined by 'I'fr and F,

whose values are as shown in Fig. 47, respéctively.

II) In the case of drop frame

TLO = TB + mg

Sample INT {TLC mod (F /Tf o)}

i = INT {(TLO - Sample) - Tf /F}
-y 1l=1imodl07892
'y 2 = (ylmod17982) - 2

TF = {(y2mod1798) + 2} mod30

y3 = INT [{(y2mod1798) + 2}/30]

v3 Y3
TS = ¥3 - INT (%8760)

- 72 =
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nethod of

recording and reproducing therefor, in which.the channel status

data transmtted in the digital audio hnferfaoe fornaf-are recorded and
reproduced to enabl e synchroni zed operatlbn with, Other‘AV"eqU|pnents for
pr of essi onal
invention is a magnetic tape recording and reproduci ng apparatus i.n
which inputted main signals are divided at every unit tinme, the divided

pr esent

10

15

20

use and to enable el ectronic editi’6h7" Briefly stated, the

T = 10 * INT (yl/17982) + INT (y2/1798) -

INT (y2/17982) I ...(31)
TH = INT (i/107892) ' ...(32)
III) When the frame frequency. is 29.97;Kﬁz and it is

the non drop frame

TLO-=—TB-+ m, | ... (15)
Sample = INT {TLO.mod (Fs/TF_)} oo (24)
i = INT {(TLO-Sample) «Tf_/F_} = ... (25)
TF = imod30- . (33)
FS1 = 30F_/29.97 | L ..(38)
TS = INT (TLO/FSl)modGO : ...(35)
TM = INT (TLO/6§0FS1)mod60 ...(36)
TH = INT (TLO/3600FSl1) _ .. (37)

Fig. 48 shoﬁs the number of samples in 1 frame of the
SMPTE/EBU/Film time éode_ffame at respective sampling
frequency. As shown in Fig. 48, when Tfr is 29.97 Hz,
when Tf£_ = 30 Hz and F_ = 32 Hz, when Tf_ = 24 Hz and F,
is 44.1 kHz or 32 kHz, the number of samples in l.frame is
not an integer. Thereforej_iq.this embodiment, when"l'fr
is 29.97 Hz, the number of saﬁ@les in each frame are
combined based on the total sample number fréﬁ'A.M. 0:00
aﬁd on the point of change of the frame, such that when Fg
= 48 kHz, 1601 and 1602 are combined, wﬁen Fs = 44,1 kHz,

10677 106%
1471 and 1472 are combined, when F_ = 32 kHz, 367 and 36%
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mai n signals are signal processed as one frane data to be recorded on a
prescribed area of a magnetic tape, sub-srgnah% dre rectorded on an area
different fromthe area of the main srgmars on:t he’ nagne&tc tape, and the
recorded main signals and sub signals aré’teprtduced. Vhenh tinme code
isignal s having a frame period different fromthat of the main signals are
i nputted, first tine information |ncIuded in the tinme code srgnals and
|nfornat|on ot her

are combined so as to suppress the error in 1 sample or

less. _
When T.. = 30 XHz and F,= 32 kHz, the changing point

of the samples and the point of change of the frames

temr e oy -

5 coincide with each other at every three frames, so that
the number of samples in 1 freme is adapted-to-be 1067,
1067 and 1066 repeetedly in every'th:ee.frames. When Tfr

= 24AZ%Z and F, = 44.1 kHz, the number of sample is

adjusted by repeatiﬁé 1838 and 1837 in every two fraﬁes..

10  If Fs is 32 kHz, 1333, 1333, and 1334 are repeated in

every three frames to adjust the number of samples so as

to suppress the error in 1 sample or less.

o

_In the above described embodiment, the time code is
converted into the numbexr of samples so as to carry out
15 “the calculation by integers and the calculatioﬁ is carried
out eample by sample. However, the calculation may be
carried out based on ﬁhe time unit. The calculation based
on the time unit wili-be described in the following where

the unxt of time is second.

20 . . Fxgs. 49 and 50 show the relatlon between the
; SMPTE/EBU/Film time code and the digital audlo interface

block on time base.
(1) When the SMPTE/EBU/Film time code is to be

converted into the digital audio interface time code (see

25 Fig. 49).

heet Has Been Replace: - 74 -

W I




thah the time information are extracted. Rhase .difference between the point
of change between franmes of the main S|gnals diid" t he potat. of change
between the frames of the tinme code S|ghaks i s:detect ed- BY cl ock signals
havi ng the sane frequency as the sanpling frequency of the nmain signals. In
recording, a second tine information having a unit time as a mninum unit
IS extracted in response to the.extracted first tinme information and to the

det ect ed i = TE£_ (3600TH + 60TM + TS) + TF ... (38)
(When SMPTE non—diop'frame Tf_ = 30 Hz/EBU/Film) :
i = 108000TH + 1800TM + 30TS + 30TF/29.97 ee (39)
(When SMPTE non-drop frame Tf = 29.97 Hz)
5 i = 107892TH + 1798TM + 2INT (TM/10) +30TS + TF
| .e. (40)

(SMPTE drop frame)

TTip = Myp * irc, | ces (41)
TT; = TTy, * Fyg . | _ .. £42)
10 Where TTjtz time from A.M. 0:00 to the head of jth

digital audio interface block 165.

time from the head of the jth digital.audio

njt
interface block 165 to the head of the ith SMPTE/EBU/Film

time code frame 166 prior to the digital audio interface
15 block 165.
TC.: frame period of the SMPTE/EBU/Film time code.
(2) when the digital audio interfece_time code is to
be converted into SMPTE/EBU/Film time code (see Fig. 50)

I) When 'I.'fr = 25 Hz, 24 Hz or Tfr = 30 Hz, non-drop

.20 frame
TB, = joT | e (43)
TLO, = 3DT + m,, ' : o ce. (44)
TF = (TLO,/TC,_) mOdTF_ - ... (45)
TS = INT (TLO,) mod60 - ... (46)
25 TM = INT (TLOt/GO) mod60 _ .. (47)

- 175 =~
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.phased difference information. An |n|t|al phase .. - 22.- information
"between the head of the frane serving as’ ﬁhe ﬂefepence tar the tinme code
signals and the head of the frame of bﬁeJHHIn SLgnaIs "~at"which the frame

fserving as

10

15

20

25

TH = INT (TLO£/3600) | | ... (48)

Where TB, * time from A.M. 0:00 to the jth digital
audxo lnterface block 168. _

DT: perlod of the digltal audio.interface block

TLO,: time from A.M. 0:00 to the head of the ith
SMPTE/EBU/Film time code frame 167 | |

m;,: time from the head of the ith SMPTE/EBU/Film

- time code frame 167 to the head of jth digital audio

&~

. intexface block 168 preceding the frame, and

TCt: frame period of the SMPTE/EBU/Film time code
' II) drop frame

TLO, = jDT + m, | ce. (44)

t 1t

i = TLO./TC, ... (49)

The caléulation of the values TF, TS, TM and TH are
the same as the above described equations (26) to (32),
and therefore the description is not repeated.

III) When Tfr_= 29.97Hz, non-drop frame

TLO, = DT + m;, (44)

i = TLO./TC, | . | .o, (49)

‘The calculation of the values TF, TS, fﬂ.and TH are
the.sémé as the equation (33) to (37), so that the
description is not repeated. |

-Although'conversion between the SMPTE/EBU/Film time
code and the digital audio interface time code by sample

by sample has been described in the foregoing, equations

- 76 -
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the feference for the time code si gnal- is positioned, is cal culated. The
cal cul ated second tine information, ¢he Enitral* phaSe d:tference
i nformation, information other than'the extracted ti ne 1"Af or mati on and

f #equency |dent|fy|ng i nformation indicative of the frequency of the clock

sﬂgnals used for detecting the phase difference information-are recorded in

the sub signal recording area. In reproduction the second tine
information, the initial
: for convers;on may be provided in the similar manner for .
other types of time codes.
Based on the idea of the seventh embodiment, the
SMPTE/EBU/Film time code recorded in the DAT may be
'5 converted into the digital audio interface time code
transmitted by the channel'status data for professional
use to be oﬁtputted, the reverse operation is also
. possible. |
f | An eigﬁth embodiment will be described in which user
10 | data of the digital audio intexrface are all reco;ded by
! using a pluraiity of'packs and pack number indicating the
order are added thereto.
: | - B Fig. 51 is a schematic biock'diagram of the eighth
embodiment. The structure of the embodiment shown in Fig.
15 51 is the same as that of the prior art shown in Fig. 56
except a user data pack generating circuit 150, a user
data dividing circuit 151 and a user data generating
circuit 152 which are newly provided. The user data
'dividing cireuit 151 ié'proviéed for receiving demodulated
? 20 useﬁ data outputted from the:&igital interface circuit 28
and'for dividing the same at every prescribe&'bits to'be
recorded in 1 pack. The user data pack generating circuit
150 receives the data divided by the user data dividing
circuit 151 and when they are recoénized as the user data,

25 it generates the user data packs. The user data
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phaée difference information, information other than .dhe tinme information
and the frequency |dent|fy|ng i nfornmati oh recorded i the sub si gnal
recordi ng areas are reproduced. The flrst ti e j-nf er nAti'éh and the phase
difference information are calculated in response to the second tine
information and the initial phase difference information. Series of data of
~a prescribed transm ssion format of the tine code S|gnals are conposed in
response to the
_ generating circuit 152 is provided for reproducing the
original user data from the reproduced plﬁrality of user
data packe. | =S
Figs. 52A and 52B are floW'charﬁlshowing-specific
5 operation of the eight embodiment, Figs. 53 and 54 are
timing diagrams showing the operation,-and-Fig:'SS'shows
one example of the user data pack employed in the eighth
embodiment of the present invention.
The operation of the eighth embodiment of the present
10 invention-w%;é—he~described with reference to Figs. 51 to
- 54. 1In recorxding, the user data separated by the digital
“interface circuit'28 are finally divided by the user data
dividing circuit 151 at every preécribed number of data
which number corresponds to 1 pack. Fig. 53 is a timing
15 diagram showing the method of division of the first stage
of the'user data, in which the sampling frequency is
48kHz. Referring to Fig. 53, the reference character (a)
shows the DAT frame clock signal generated from the clock
generating circuit 29 shown in Fig. 51, (b) shows the DA@A/
20 frame, (c) shows audio signals outputted £ rom the dlgltal |
Lnterface circuit 28, and (d) shows user data outputted
from the digital interface circuit_28. Tbe reference
characters WL, and UL, . and WR and URn show the audio

data and the user data of the same sub frame, when n is

25 the same.
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calgulated first tine information and.to .the reproduced, information other
than the tinme information, and a series of datacof the:ti.me code signals
conposed are outputted in response ta. thg cal ¢ul at ed ‘phase difference

[ nformation.

I n. accordance with the present i nvention, the tine information

included in the tine code signals having

10

15

20

25

As shown in Figf 53, the user dataﬂare divided DAT
frame by DAT frame, and the user data divided frame by
frame are further divided at every prescribed number of
bits by bits to be ;ecorded injrféack, as shown in Fig.
54. As shown in Fig. 54, the data are divided at every 40

bits (5 bytes). In this case, the user data recorded in 1

frame of the DAT are recorded on two tracks as data of 72

-packs. Since there are 112 packs of recording areasjin

every 2 tra;té, all user data can be recorded. *

As described above, the user data divided by the user

data dividing circuit 151 are arranged in a pack format

such as shown in Fig. 55 by the user data pack generating |
circuit 150. 1In this example,."lliO" is used as the PACK
ITEM, and pack number from pack 0 to pack 71 are added to
all of the 72 packs in order to identify the order of the
user data in ﬁhé DAT frame, which are assigned to the area
PC2. 1In the areas PC3 to PC7; the user data are assigned
and parities generated from PCl to PC7 are assigned to the
area PCS8. _
--The'user data packs generaéed by the user data pack

gener&ting circuit 150 are stored in the memofy circuit 4

and the audio data and the uéer'data of successive 2880

‘sub frames (1140 sub frames in each channel) are written

in the memory circuit 4 so that they are recorded in the

same DAT frame, as shown in Fig. 53.

- 79 -
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different franme period fronrthe mai n and sub signals nmay be recorded and
reproduced, together with the phase drfference i nf pr matipn, on the sub
signal recording areas of a magnetic tapesr, Thef ef-6re, WheEn"the present
invention is applied to a digital audio tape recorder, for exanpl e, a hi gh
speed searching function can be fully utilized, and Iock in time for
driving the igital audio tape recorder

The operation in reproduction will be described in
the following with feference to Fig. 52B. The audio data
stored in the memory circuit 15 are applied to the digital
interface circuit 28. The user data generating circuit

5 152 ieads 72 packs, that is, pack 0 to pack 71, of the
| user data packs referring to-the-item and the pack number,
out-of the packs stored in the memoxry circuit 15 and takes
out only’the user data portion of each pack, and outputs
the same in the original or&er to the digital interface

10 circuit 28. The digital interface circuit 28 changes the
audio data and the user data to the digital audio -
interface format to ocutput the same from the digital
output terminal 27. |

Since it is kﬁown in advance that the user data

15 corresponding to the sample at the head of the DAT is the
first bit of the paék number 0, the data can be outputted
in the same combination as they are received. .

- In the pack format examples shown in Fig. 55, PC3 to
PC7 are used as ﬁhe iecording area for the user data.

20 However, B3 to BO of PCl and B7 and B6 of PC2 may be
assxgned to the pack number and the user data may be
assigned to the areas following B5.of PC2 including PC8.

Although user.bits of 2 channels are treated in
combination as a group of user data in the foregoing, the

25 user data may be divided into two channels and the channel
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with audi o and visual equiprent for professional use can be reduced. In

anot her aspect, a sub frame including at':l east 1 wor.d of .second nain

signals and 1 bit of auxiliary datais treated a§ a umt:bf transmssion, n.
sub frames formone block, the auxiliary data format |east one information

bl ock by bl ock, and a series of dlgltal signals are transmtted in a fornmat

|nclud|ng address I nformati on -

code for identifying the channel and ‘the pack number may
be récorded in PC2 to provide the same effect.
Although the pack numbers are simultaneously recorded
in the above described embodiments, by preparing recording
5 areas corresponding to.thé pack numbers in advance, the
pack numbers become unnecessary, improving the efficiency

in recording.

'Althoughidescription was given of user data in the
foregoing, aii channel status data can be recorded in the

10 similar manner. The user data and the channel status data
which are the additional information to the audio data as
the main signals may be recorded in the sub code area in
packs. The recording of channel status data may be
carried out not in 2 channels but only 1 channel.

15 Signals of the digital interface format for
professional use have been treated in the foregoing,
signalé for home use may be treated in the same manner.
The same function as the user data pack generating circuit
150, the user data divi&ing circuit 151 and the user data

20 Igeﬁé?ating circuit 152 may be:;ealized by a’microcomputer
23.. '

Although a specific PACK ITEM is used as a format
example of the sub code packs in the above described fir;t
to eighth embodiments (except the seventh embodiment) have

25 been described, it is not limited thereto, and the content

- 81 -

"~ {This Sheet Has Been Rerlacec




—

corresponding to the second main signals-transm.tted.by. the sub franes to
whi ch the head bit of the auxiliary data: word:i's transm tted. The second
main signals and the auxiliary data are-extraried.fromthe series of

dlgltal

si gnal s.

A phase difference between the point of change of the

first main signal frames and the point of change of the blocks of the
series of digital S|gnals p03|t|oned at the head of the franme of the main

si gnal

is detected

10

15

20

be gecorded in the PACK DATA recordlng area need not be
recorded at the above described designated posxtlons but
may be recorded at arbitrary.positions.

In the above described first to fourth embodiment,
the DAT for recording ahd reproducing SMPTE/EBU/Film time
code has-been-described, in the fifth-and sixth

embodiments, DAT for recording and reproducing channel

. status data for professional use of the digital audio

13

interface have been described, and in the eighth
embodiment, a DAT for recorxrding and reproducing user data
of.digital audio interface has been described. A DAT
capable of recording and ﬁeproducing all of the aﬁove'
described information can be realized by providing all the
circeits added in respective embodiments.

Although the present invention has been described and
illustrated in detail, it is clearly understood~£hat the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of |
the present invention being limited only by the terms of

the appended claims.
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recordi ng, second address information correspending to the first word of

the frame is calcul ated based on the. = 24 "% detect ed; phaggygLLL%;ggggUf“__
fed in a

i nformati on and on the first address'- |nfdunatlon transnlt

the series

10

15

20

25

. N o Illl

CLAIMS

1. A method for converting - between
SMPTE/EBU/Film time information and digital audio
interface time information, the method wherein the
sample at head of the =zeroth frame of the
SMPTE/EBU/Film time information and the samﬁle at the
head of the zeroth block of digital audio interface
time information are defined as being coincident with
each other, and the ﬁime information is_converted ffom
one format to the other according to | the
proportionality of the frames of the SMPTE/EBU/Film
time information and the blocks of the digital audio
interface time information.

" 2. A method according to claim 1, further
comprising inputting a sigﬁal with said time
information in said one format, and recording on a
digital audio magnetic tape time information derived
from said inputted signal.

3. A method according to claim 2, further
comprising reproducing said ;@éorded'time information
from . said digitél audio magnétic tape, and .providing
gﬁ output signal with said time information in said
other format.

4, Magnetic reco:ding apparatus operable to
divide an inputted main signal into first <£frame

periods, to process the divided main signal as data of

—_—
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of dﬁgital si gnal oned at the head. of the franE of the first main
signal. Tine inf cfﬂmmmmmﬂunle unit fime & tfe AiRicpumunit and the
fraction smaller aré cultulated from'the second address
i nformation, and the cal cul at'ed ti i nforgati on and the fraction nunber

are recorded in a sub signal recording area. In reproduction, the tine
information and tdiee fiwtid Ol nke recosd ¢ad lsamrehensubpﬁesaﬂibéecaf@ang

ares of a magnetic tape, the apparatus belng. further
operablé to record sub-signals in an area different

frém the area of the main signal on said magnetic

5 tape, wherein tlie apparatus comprises:

sigﬁal extracting meaﬁs (90) for extracting a

main signal and auxiliary data from a series of

digital signals transmitted in a format such that a
sub-frame including at ieast one word of main signal_

10 and at least one bit of auxiliary data is treated as’
a unit of transmission, n sub-frames forming one
blqck, said auxiliary data of the block comprising
first address information for a sub-frame of the
block; _

15 phase difference detecting means (921) for
detecting a phase difference between a point of change
of frames of said first ffame period and an adjacent
point of éhange of the blocks of said series. of
digital signals;

20 ~ arithmetic wmeans (23) for calculating second
ad&fesé information corresponéfhg to the first word of
a frame of said first frame period based on the phase
difference information and the éxtracted first address
information, and for calculatlng, based on said second

25 address information, time information using said firs=

frame period as a minimum unit and a fraction small-=r
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are:'reproduced t he second address i.nf-or.pation i-s, catcul ated based on the

time information and the fraction nynmher; and the cal culated second address

information and the first nmain signals ar-e out«put-t ed-4ds the series of
digital signals. Therefore, in accordance with this aspect
i nvention, second address information is cd%ulated fromt m,’mum ",WH“"’
signals extract echjirongalg first frame period; and IR
recording means (6,7,8,9,10) for record_ing' said
time information. and said fractiomn. |
5. - Apparatus according to claim 4, wherein said
S auxiliary data includes additional information other
than said first address information, the apparatus
further comprising_means for dividing said additional
information into a plurality of information parts,
. a1;1d for adding identification information indicative
10 of the content of an  iriformation part, and fo;:'
recordihg an information part with said identification
information in said sub-signal recording area of said
tape. |
- 6. Appafatus according to claim 5, wherein said
15 information includes character information, and said
recording means comprises means for recording all of

said character information of the block of said series

of digitai signals.

7. Apparatus according to claim 4, S or &,
20 further having a reproduction operation, and

.comprising:

g reproducing means (8, 9, 10, 13, 14) operable
during reproduction to read f;:'om the tape said time
information and said fraction information recorded in

25 | said sub-signal area thereof; and

means (23) for generating from the reproduced

/
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seri'es of digital S|gnaTs the detected phase .di fference infornmation and on
the first ad and the tine |nforwat10n -and the fraction
nunber can bgmﬂg “ m" t he addr éss.i'nf.dc pation.t o *be recorded or
reproduced t o «an Lonut magnetic tape. In accordance with a further

aspect of the present invention, time code 8Fgnal s havi ng frame period
di fferent

signals converted time information for a predetermined
output format having an output frame period different
from said first frame period and from the period of a
said sub-frame of said'digital signals, the converted
S time information being réiated to said second address
information such that said converted time information

and said second address information have a common zero

reference.
8. Apparatus 'according to claim 4, 5 or 6,
~¥d~f~ further having a reproduction operation, and furth;r
’ comprisihg: |

reproducing means operable du:ing'reproduction.to.
read from the tape said time information and said
frabtion recorded in said sub-signal area thegedf;

15 arithmetic means operable during reproduction for
calculating said second address information based on
the time information and the fraction reproduced from
the tape; and

digital signal series generating means (23) for

20 comp031ng a said series of dlgltal 51gnals for output
based on a reproduced main signal and Sald second
address 1nformatlon calculated by said arithmetic
means during réproduction. ' |

9. Magnetic reproduction apparatus operable to

25 répfoduce from a magnetic tape signals recorded

thereon which signals include a main signal having a
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- 25- fromthat of the main si gnal s: aF ees npu.t:ted and.the first tinme
i nformati on and ot her information mz:lude:d JNnsthe’time: é.dde
extracted. A phase difference between the* pornt of change of Inﬂﬂ ,ﬂumlmll”m
the main signals and the point of change of {he frames of the
first frame period réco_rded on a first area of the
tape, and sub-signals recérded on a second area of the
tape, wherein the apparatus comprises:
digital geries generating wmeans (23) for
5 composing an output signal as a series of digital
signals for transmission in a format such that a sub-
- frame including at least one word of reprbduction main
.signal and at least one bit of auxiliary data is
treated as a ._.uniti 6f transmission, n sub-frames .
10 forming one block, éaid auxiliary data of the blo'.ck
comprising address information for the main signal in
a sub-frame of the block;
rep.roduction means (8,9,10,13,14) for'reading.
sub-signal information from the tape which sub-signal
15 information includes recorde& time information and
fraction information, said recorded time information
using the first frame period as a minimum unit, and
the fractional information corresponding to a fracﬁion
smaller than the fi:l:'st' frame period; and
20 _ arithmetic meané (23) for calculating said
address J.nformatlon for sa:.d auxiliary data of said
block based on said recorded time information and said
fraction information. ' _
10. Appé.ratus according to claim 9, further
25 comprising means (23) for generating converted time

information for a predetermined second output format

S —
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code 5|gnals'Ts—derected—by—ﬁ%eek si gnal gc having the sanme frequency as the
sanpl i ng frequ o signals. In r ecor dji-ngs second time
i nf ormati on us m[!m ' IT as t he nihifrum.unit®is cal'cul ated based on

the extracted

tlon and the detected phase difference

information, and initial phase di fference i nB& mati on between the head of

the frame servi ng
the frame of the "

10

15

20

25

aving an output frame perio rent from sa:.d
first period output and from the period of a said sub-
frame of the digital signals, the converted time
information being related to said address information
such that said c_om}erted time information and said
address information have a common zero refereﬁce.

11. Apparatus according to claim 9, wherein said

reproduction means comprises means for reading from

the tape additional sub-signal information other than

.

said time information and said fraction, based on

identification information associated _with said

~additional information, and wherein said digital

series generating means comprises means for using said
additional information for composing said series of
digital signals.

12. Apparatus according to claim 11, wherein
said additional sub-signal information includes
character information, and wherein said digital series
generating means comprises means for including sai-d.'
character information in _-said series of digital
signals.

13. Apparatus according to claim 11 or 12,
wherein .sa:i;d additional ..sub-signal information

includes information indicative of the reliability of

- recorded sub-signals, and wherein said digital series

generating means comprises means for correcting,

LE a reference for the tine cods s&l tals and _t he head _of
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mai N signal, at which the frame serving as the reference for the time code

signal is positioned, is calcul ated.: The calcuIaLed secpadlﬂ 'ﬂ

information, the initial phase di ff er enode i'nfbrsfmt ifon, " ext " um“m”m””"'
information other than the tinme information, and the frequeficy®i dent f

i nformation indicative of the frequency of @ $e cl ock signal s used for

det ecting the phase_differenc formatign are.recorded jn su I
recording areas o rlng'reprogucglon, gormatlon.wﬂlcg is 1néica eélto

be unreliable by said information indicative of
reliability reprodﬁced from said tapé, by using other,
reliable information.

5 14. A method for magnetic recording, wherein an
inputted main signal is divided into first frame
periods and signal processing is cérried out on the
divided main signal as data of one frame to record the
same on a prescribéd area of a magnetic tape, aﬁd

10 . wherein sub-signals are recorded in a different ar;a
of said magnetic tape, wherein the method comprises:
extracting said main'éignal'and auxiliary data
from a series of _digital signals transmitted in a
format such that a sub?frame including at least one
15 word of main signal aﬁd at least one bit of auxiliary
data is ﬁreatad as a unit of transmission, n sub-
frames forming one block, said auxiliary data of the
- block comprising first address information for a sub-
frame of the block; |

20. . detecting a phase.diffggence between a point cf
" change df frames of said.fiést frame periéd and an
a&jacent point of change of the blocks of said series

of digital signals; - |
calculating second ;ddress informac:.:cn
25 corresponding to the first.word of a frame of sa:i

first frame period based on the phase differen-:=
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the’nagnetic tape. I'n reproduction, such:informatjon is reproduced, the

first time inf e hase differenge informgtfon are cal cul ated
~ based on the riﬂ u Elﬂm H ﬂlrine i nf efriit konand ori the initial phase
* difference i nformmaki on, ®m seri*es of data ofgéhe '

 information and the extracted first address
infdrmation,-and calculating, based on said second
address information, time informatibn using said'first
frame period as a minimuﬁ unit and a fraction smaller

5 ‘than said first framé period; and

recording said time information and said fraction

~on said sub-signal area of.said tape.

15. A method according to claim 14, wherein said
auxiliary'data inclddes_édditional information other

10 than said first address information, the metﬁ;d
further comprising dividing said additional
inforﬁation into a plurality of information parts,
adding identification . information indicative of the
content of aﬁ information part, and recording a said

15 information part with said identification information
in the sub-signal recording area of said tape.

16. A method according to claim 15, wherein said
additional information includes character information,
and said step of recording comprises recording all of

20 said character information of. the block of said series
of digital signals.

) 17. A method according to claim 14, 15 or 16,
further comprising the reprodﬁction steps of:
reading, during réproduction, said recorded time

25 information and said fraction from the sub-signal area

of the tape;

This Sheet Has Been Replacec |

R




prescribed transm ssion format of the tine code signals are formed based on
the information, and the series of -dat;a of‘itheitite code mPﬂﬁm

outputted in response to the cal cul. ateﬂ phase:diffegrence in ,'ﬂ)nll”m””",
Therefore, in accordance with the present |nvent|on si nce phas® diffferénce

information is detected by using clock si gr?aHs havi ng the sane frequency as

the sanpling f
"pling frequency of Lhe; T8l BrShIPALSrebl8aRaRe sIbhhTEC S Everted

time information for a predetermined output format
havihg an output frame period different from said
first period and from the period of a sub-frame of
S said digital signals, the converted time information
being related to said second address information_such
that said converted time information andlsaid secénd
address information have a common zero reference.
18. A'method according to claim 14, 15 or 16,
_ .
T further comprising the reproduction steps of:
| reading, during reproduction, said recorded time
information and said fraction from the sub-signal area
of the tape;
calculating, during reproduction, second address
15 information based on said time information and said
fraction read from the tape; and .
composing a said series of.digital signals for
output based oﬁ a reprodﬁc_ed ‘main signal and said
C second address .information' calculated during
20 reproductlon
: _19; A method for reproduc1ng from a. nwgnetlc
tape signals recorded thereon which signals include a
main signal having a firsé frame pgricd on a
prescribed area of the tape and sub-signals on a
25 different area of the tape, wherein the method

comprises:
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|nfornat|on can be‘ﬁﬁde*equaf—to—thE"nunber of sanples

wher eby accuracy in

sanple unit which i ecowdlng time ¢odé can be assured,
enabl i ng synchroniz ﬂﬂ F! "E edl{lng.on a saﬁple by sanpl e basi s.

The foregoing and o

ures, aspects and advant ages of the

present invention mnll become nDre apparent93ron1the foll ow ng detail ed
description of the present_ inventjon when taken in ¢onjunction wth the

10

15

20

25

readlng sub-signal information. from the tape
which sub-signal information includes recorded time'
information and fraction information, said recorded
time information using the first frame period as a
minimum unit, and the fractional information
corresponding to a fraction smaller than the first
frame period;

caiculating address information from said
recorded time informétion and . said fraction

.

information,_said address information for use in an
output in the form of a series of digital signals
transmitted in a format such that a sub-frame
including at least one word of a reproduction main
signal and at least one bit of auxiliary data is
treated as a unit, n sub—frames'forming one  block,
said auxiliary data of the block comprising said
address information for a main signal in a sub-frame
of the block; and

compqsing' said series of digital. signals for
output baéed on said address information and on a
reproduced main signal. : |

20. A method éccordiné to. ¢laim 18 or 19,
further comprising-the step of generating converted
time information for a predetermined second output

format having an output frame period different from
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accbﬁpaﬁyrﬁg—dfawrﬁgs——BRlEF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
schemgt i c bIock dlaﬁ amof a first: enboﬁ|n9ﬁt -of; the present invention.

'Fig. Il ﬂl ram show ng- operatdon of* thefitst enbodi ment of the
prese

3A and 3B are flom1charts ¥howi ng the operation of
the first enbodi ment of the present inventi o

said flrst period and from the period of a said sub-

frame of the digital signals, the converted time

information being related to said address infbrmation

such that said converted time information and said
5 address information have a common -zero reference.

21. A wmethod according to c¢laim 18 or 19,
wherein the step of reading-sub—signal information
from the tape comprises reading additional sub-signal
information othér than said time information and said

.

10 fraction, based on identification information
associated with said additional information, and
wherein the step of composing said[ digital. series
comprises using said additional information for
composing said series of digital signals.

15 22. A method according to claim 21, wherein said
additional sub-signal information includes character
information, and wherein said step of composing said
digital series comprises including said character
informatiog-in said series of digital signals.

20 _. 23.- A method according to claim 21 or 22,
wherein said additional .fsub-signal information
includes information indicative of the reliability of

 said recorded signals, and- wherein éaid step of
composing said digital series comprises correcting

25 during reproducticn, information which is indicated

to be unreliable by said information indicative of
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Fif gs. 4, 5 and 6 show exanpl es of recording formts of sub code packs used
inthe first embodi ment of the priesenf inventibn.: Fig. 7 i
showi ng the operation of a second. enbodl’rren,t :Qf <t he pr‘eserﬁ'ﬂ"ﬂ“ﬁlﬂ”ﬂmﬂm
94 ¥* € L oM s =
reliability repi‘odﬁced from said tape, by using other,
reliable information. | |
24. A magnetic recording and reproducing
apparatus dividing inputted main signals at every unit
5 = time to process said divided main signals as 1 frame
data to record the same on a prescribed area of a
magnetic tape and recording sub signals in a different
area - of said magnetic tape, and reproducing the
recorded main signéls'and sub signals, comprising:

10 ' information extracting means (28) receiving tit:‘le
code signals having a frame frequeﬁcy different from
that of said main sighals‘ for extracting first time
information and information other than the time
information included in said time code signals;

15 ' phase difference detecting means (74) for
detecting phase difference between a point of change
of frames of said main signals and a point of change
between frames of said time code signals by clock

t signé.ls having the same frequency as sémplir:g

20 frequency of said main sxgnals,

arithmetic means (23), in recording, responsive
‘té the first time information extracted by sa:’.:i'
information extracting meané and to the phasse
difference information detected by ) said phase

25 difference detecting means for calculating second =:~-

information using said unit time as a minimum =n:-,
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Figé. 8 and 9 show exanpl es of recordlng formats of .sub code packs used in
t he second enbodi ‘i hvent Twon. Figs. 10 and 11 show
exanpl es of recOrﬁWﬂ“ﬁ‘H“ﬂ 4ﬂ he ‘sub coghe .packs. used in the third
-enmbodi nent of -t he preasent mnvent+on Fig. 12 is a schematic bl ock diagram
show ng a fourth enbodlnent of the present i Avent i on.

and for <calculating initial phase difference
information between head of a frame as a reference of
said time code signals and head of a frame of said
main signals positioned at the frame as the reference
S of said time code signals, and in reproduction, for
calculating said first time information and the phase '
difference information from said second time
information and said initial phase difference
information;; | | .

10 ' recording and reproducing means for recording, in
recording, said second time information calculated by
said arithmetic means; said-init;al phase difference
information, the information other than said time
information extracted by éaid information extracting

15 means and frequency identifying information indicative
of the frequency of the clock signals wused for
detecting said phase différence_information in said
sub signal recording area, and for reproducing, in
reproduction, said second time information, said -

20 : initial phase difference information, the information
.other than said time informafion, and said. frequency
identifying information from said sub signal recording
area; and |

time code signal generating means (23) for
25 composing a series of data of a prescribed

transmission format of said time code signal based on
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Flé 13 shows an exanple of a recordlng forpat, of a. sub code—paek—used—+n—————

the fourth enmbodi ment of the present: i"ivent{on. ,th a schemat i

bl ock diagram of a fifth enbodi ment. of.:f he present nvent i OJMHWIHMﬂ!W"
a relation between inputted digital audlo |nterface bl ocks

in the fifth enbodi nent of the present invenPfon.

said first time information calculated by said

arithmetic means and on the information other than

said time information reproduced by said recording and

reproducing means, and for outputting the series of

S data of said composed time code signals in response to

said phase difference infofmation calculated by said

arithmetiélmeans.

25. A magnetic recording and <reproducing

_apparatus dividin97 inputted first. maiﬁ signals at

Mibﬂx . every unit time, signal processing the said divided

first main signals as data of 1 frame for recording

the same in a prescribed area of a magnetic tape, for

recording sub signals in an area different from the

areé of the first main signals on said magnetic tape,

15 and for reproducing the recorded main signals and the
sub signals, comprising: -

- signal ex;racting means (90) for extracting, from

a series of digital signals transmitted in a format

structured such that.a sub frame including at least 1

20 word of second main signalg and 1 bit of auxiliary

data is treated as a unit.: of transmission, n sub

‘Frames forming 1 block, said auxiliary déta forming at

least one piece of-informafion in séid_block unit,

.address information for the second main éignals

25 transmitted in the sub frame in which the first bit of

the auxiliary data word being included in said piece
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Fi g§ 16 to 21 show—emm’e_s”ofrr—eﬁr_dl ng formats of sub code packs used in
the fifth enbodi nen i nventioon’’. -28 - Figs. 22 to 25
show exarrpl es of Hm“““ﬂmmlmﬁlm“ Lo .”.-.:. Lot
97
~of information, said second main signals and said
auxiliary data;
| bhase' difference detecting means (91). for
detecting phase difference between a point of change
5 of said first main signals and a point of change of
the blocks of the series of said digital signals
positioned at the head of the frame of said first main
signals;

arithmetic means (23) for célculating, in
10 'recording, second address information corresponding to

the first word of the frame §f said first main signals

from the phase difference information detected by said

phase difference detécting means and the first address

information transmitted in the. block of said series of

15 data signals positioned at the head of the frame of
said first main signals, and for calculatiné, based on

said second address information, time information

using said unit time as a ﬁinimum unit and fraction

B smaller than said unit time; and in reproduction, for

20 calculating said second addreés information based on
said time iﬁformation and said fraction;

" recording and reproducing means (9, 10, 23) for
recording, in recording, said ﬁime iﬁformation
calculated by said arithmetic means and said fraction

25 in said sub signal recording area, in reproduction,

and for reproducing said ‘time information and said
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tﬁé—gﬁﬁﬁggagfggﬂf‘ﬂf; whi ch channel. status ,data are further divided byte by
byt mm u*chematic bl ock di agrani:of an apparatus for realizing a
m»&““ ,

gs. 27A and 27B-are flgw.charts-showi ng the operation
of the SixXth enmbodi ment shown in Fig. 26. Figs. 28 and 29 show exanpl es of
recording formats of. sub code packs used i4F the sixth enmbodi nment.
fraction recorded in said sub signal recording area;
and |
l.digital signal series generating means (23) for
composing said second address information calculated
5 by said arithmétic means and said first main signals
to said series of digital signals to output the same.
26. A method of recording and reproducing
wherein inputted main signé.ls are divided at every
un-it time, signal processing is carried out on the

10 divided main signals aé data of 1 frame to record ti’le
same on a prescribed area of a magnetic tape, sub
signals are recorded in a different area on said

' magnetic tape, and the recorded main signals and sub
signals are reproduced, comprising the steps of:

15 inputting .time code signals having a frame period
different from that of said main signals and
extracting first time informatidn and inférmation
other than said first time information transmitted by
said time code signals;

20 - detecting phase difference between a point of
qhang'e of the frames of said-:nain signals and a point
of change of frames of said time .code signals by clock
signals having the same ;‘Srequency as sampling
frequency of said main signals; |

25 calculating, in recording, second time

information using said unit time as a minimum unit

' This Sheet Has Been Relplacec
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Fi b_s'. 30 and 31 show ot her exanpl es_of: pack farmat.,s for recordimgthe

ti me-of -day code. Figs. 32 and 337 show ot hér’ exanbleg;gf p r

recording | ocal sanple address codes../Fi'gs..34.is .a"ti'm ngalm H["HH",

a relation between inputted channel status gfta bl ocks and .
Figs. 35 to 38 show exanpl es of recording 5t mat s of

‘based on said extracted first time information and

said detected phase difference. information,

calculating initial phase difference information

between head of the frame as a reference of said time

5 code signals and head of the frame of said main

signals positioned at the frame serving as the

reference for said time code signals, and recording

calculated said second time information, and said

initial phase difference information, said extracted

10 information other than the time information, and

freéuency identifying information indicapive of the

frequency of.the cloqk.signals used for detecting said

phase differenée .information, in said sub signal
recording area; | |

15 in reproduction, reproducing said seéohd time

infofmation, said - initial = phase difference

information, said information other than the time

information and said frequency information recorded in

{ séid sub’ signal recording area;

20 ' " calculatlng said first tlme 1nformatlon and the
phase dlfference information based on said reproduced
second time information and said initial phase
difference information; and |

composing - a series of data of a prescrited

B3

25 transmission format of said time code signals fr:c

said calculated first time information and sa:i

s Sheet Has Been Replacec -




pabks for recording all al phanuneric channel .origin data and al phanuneric

channel destigm IR 39 shows an-exairplfe ‘of »a pack format for
recording inf ﬂ”ﬂﬂﬁl"‘ﬂ‘”ﬂ"o the .time, Fi:gss 40 ©'® 44 show exanpl es of
pack formats fot r‘ecdrdfngsi nformation ott&i than the tinme information.
Fi.g. 45 shows a relation between the SMPTEABBU Fi I mtine code franes and

the digital “aud O'rEBS:Scrif %gg bl g J.n ormation other than the- time

informetion, and outputting_, in reéponse to said
calculated phase difference information, said composed

series of data of the time code signals. |
5 27. A method of magnetic recording and
reproducing in which inputted rﬁain signals are divj.ded
at every unit time, signal processing is carried out
on the divided main signals as data of 1 frame to
record the same on a prescribed area of a magnetic
10 | tape, sub signals are recorded in a different area of
said magnetic tape, and the recorded main 'signalé and
sub signals are reproduced, comprising the steps of:
extracting, from a series of digital signals
transmitted in a format structured such that a sub
15 frame including at least 1 word of main signals .and 1
bit of é.uxiliary data as a unit of a transmission, n
sub franies forming one block, said auxiliary data
forming at least one piece of information_by said
- block’ unit and address information for the main
20 s:.gnals t:ransmltt:ed in the sub frame in th.ch .a first
| bit of the auxlllary data word being J.ncluded in said
piece- of information, said main  signals and said

auxiliary data; ‘

detecting phase difference between a point of
25 change of frames of said main signals and a point of

change of blocks of said series of digital signals

iThis Sheet Has Been Replace




en the SYPTE/EBU Filmtime-code is to.be converted into the
dlglt ce time code. ;Fi.g . 46 shows ar rela{|on bet ween the
di gl m‘m ﬂ““l“ IlE “'ce bl ock and thé SNP‘I'E[:EBU/ Fi lmtime code frarme,

15

20

25

101

positioned at the head of the frame of said main -

signals;

in recording, calculating second address
information corresponding to a first word of the'f:ame
of said main signals from said detected phase

difference information, and the first address

-information transmitted in the block of said series of

digital signals positioned at the head of the frame of
said main signal, and calculating time information
! -

using said unit time as a minimum unit and a fraction
smaller than said unit time, from said second address
information;

recording said calculated time information and
sgid fraction on said sub signal recording area;

in reproduction, reproducing said time
information and said fraction recorded in said  sub
signal recording area; and
| calculating said second address information from
said reproduced time information and said.fraction,
and comp051ng and outputtlng said serles of digital
51gnal from said calculated second address information
and said main signals.

28. Tape recording appafatus arranged to record
information in successive first frame units on a tape,
the apparatus being cepable of additionally recording

supplementary information received by the apparatus in

A

1This Sheet Has Been Reli|
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V\,hen the digital audio tinme code is to be converted into the SMPTE/ EBU Fi |l m
time code. Fig. 47 shows a relati:on betweéh the frrame-fre “ﬂmmmmmtlum
sanpling. frequency. Fig. 48 shows.runber of. sampl es in eag

SMPTE/ EBU Fil mti ne code frane at respectigf sanpl i ng freqdenéy. Fi'y

and 50 show, on tine base, a relation

a format whereby the supplementary 1nformatlon is
supplied in second frame units having a différent
frame frequency from that of said first frame units,
characterised in that the apparatus is arranged to
5 record the supplementary information, together with
data represeﬁting a phase difference.between first and

second frame units, within said first frame units.
29. Tape re_iproduction appar.atus arranged to
reproducé inform_atio'n from successive first fréme
10 units recorded on a tape, the apparatus being capabl;
of additionally reproducing supplementary information
from the tape and outputting t_he- supplementary
information in a format whereby the information is
contained in second frame units having a different
15 frame frequency from that of sa:id-'first: frame units,
wherein the apparatus is arranged to reproduce the
supplementary information, together with data
irepresent:ing a phase difference between first and
second frame units, from sé.id first frame units and to
20 use the phase difference information to format the

supplementary information.

-
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be{meen the SMPTE/EBU Filmtinme code frame ,and. the digital audio interface
block. Fig. 51 is a schematic bl ock- dlagraﬁlof,anrelghxh enbodi nent . Fi
52A and 52B are flow charts show ng-speci fj% .oper af.ion-‘of the eighth
enbodi ment of the present invention. Figs. 53 and 54 are timng diagra

showi ng the.
 ABSTRACT OF THE DISCLOSURE
A magnetic recording and reproducing apparatus
records audio signals digitized by rotary heads (9, 10) on
a magnetic ﬁape (12), and reproduces the recorded audio
5 signals. Clock signals and time code data are extracted
from externally inputted time code ;ignals by means of a
demodulating circuit (72), and'phase difference between
the frame clock Signalg and the reference signal is
detected by a phase difference detecting circuit (74).. A
10 microcomputer (23) assigns the phase différence
information and the time code data to sub code packs and
stores the same in the memory circuit (%ﬁS. - The stored
phase difference information and the timg_code data are
recordéd on the magnetic ﬁape. In reproduction, the
15 microcomputer outputs the original time code signals
| responsive to the réproduced phase diffe;ehce information

and the time code data.

- 103 -

IThis Sheet Has Been Rerlac




2

in which

56 is a schematic
DAT

L

iti 6nal

a -conven

-

-a pack format

areas.c.Fig

1/ 6=

L4
e
IS
-

55 shows

r
F

Ftg:

tion of the eighth enbodi ment-.

PC3 to PC7 are used as user data-recording

r

oper a
bl ock di agram showi ng a whol e struct ufe”of

e

lacet
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Fig. 59 shows a
60 shows a

0.

CE

¢
-

P

7/6 o
Figoes

Fig. 57 schematically shows signals recorded,on the nmagnetic tape.

4

detr on &1 tr ack.
I v

cor
area shown*

[

o

30 -
Fig. 58 schematically shows signals re

bl ock format of the PCM signal
structure of an I D code stored in the
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bl ock shown in Fig. 59. H.g.

P

PCM si gnal
shown in Fig. 58. Fig. 63 shows a recorid hg.f.arcrat of the sub code signals

| D7 shown in Fig. 60. Fig. 62 shows a btock

recorded in the sub code signal

sub code signals
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Fig. 65 shows PACK I TEM and the contents theré%/éﬁPgs 66 and 67 show pack
formats for recording programtine and: run-m ng i ¥, Fig.:68 shows timng
rel ati on between recording and reproduci hg of. audi 0”si gnais and the sub
code signals Fig. 69 shows signal structuré’of ‘the"sub frare of the digital -
audio interface format. Fig. 70 shows a format for transmtting signals of

2
FIG .4
B7|B6|B5|Bs| B3] Bz]B81]Bo
PCi |1 O 0 1/0 |70 79 78
PC2| 77 76 75 76 T3 T2 T 7O
PC3| O Ol Ts|Ta | T3] T2 T1|SD
PCa TC HOUR
PCs TC MINUTE
PCs TC SECOND
PC7? ~TC FRAME : .
PCs | PACK PARITY
PCi B7~Bs4 : PACK ITEM =1001
B3 - Zero '
PC1 B2~Bo :T10~70 (PHASE DIFFERENCE Ti)
‘PCz B7~Bo (Binary 11bits 710:MSB 7T0:LSB )
PC3 B7 Be :ALL Zeros
Bs5 Bi :Ts~Ti1(TC ID FLAG)
Ts= 1=> SMPTE TC
T4a = 12> SMPTE DROP FRAME
T3z 1= SMPTE -29.97Hz
T2= 1= EBU TC
Tiz= 1=>FILM TC
Bo : SD (TC FRAME FLAG)
SD =1 HSAME TC FRAME No.AS
' PRECEDING DAT FRAME 1S
. - s RECORDED
PCs B7~Bo :TC HOUR . -
PCs B7~Bo :TC MINUTE
PCs B7~Bo :TC SECOND
PC7 B7-~ Bo

: TC FRAME

s Sheet Has Been Relplace(
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channel s. - 31 - Fig. 71 shows a chanpel status data format for
prof essional use. Fig. 72 shows standardlzzed SI\/PTE-/'EBU/ Fi I‘m Ti me code

wea

FIG 5

Bs | B4| B3 { B2 { Bt | Bo

1 010 O O |(SD

'TC FRAME

B7 | Bs
PC1 {1 O
PC2
PC3 | 0 O

TCs |TC4|TC3 {TC2|TC1 |TCo

PCas User Group 1 User Group 2

PCs | User Group 3 | User Group 4

PCs | User Group 5 | User Group 6

PC7 | User Group 7 | User Group 8

PCs PACK PARITY
PCi B7~B4 : PACK ITEM = 1010
Bi~B1 : ALL Zeros
Bo ;- SD (TC FRAME FLAG)
SD=1=>THE SAME TC FRAME No
: AS PRECEDING DAT
| FRAME IS RECORDED
PC2 B7- Bo : TC FRAME ( BCD 2digits)
PC3 B7,Be : ALL Zeros
Bs~ Bo : TCs~TCo (TC BIT FLAG)
TC5 <« TC BIT No 10
‘TC4 < TC BIT No 1
TC3 & TC BIT No 27
- TC2 <A TC BIT N 43 .
TC1 <= TC BIT No 58
TCo <4 TC BIT No 59
PCs4~ PC7 ' '
B7~Bo : User group 1~ 8
1This Sheet Has Been Re




&6 =
frame format. Fig. 73 shows various t| me code signals and DAT frame
frequency. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS.Fig. .1 is a schematic
bl ock diagram of a first enbodi nent of-the present |nvenftan The DAT shown
in Fig. 1 has the follow ng conponents- addéd td- t hre~ conventlonal DAT shown
in F|g 56. Narrely a tinme code

FIG.6

B7|Be|B5|Bs4 B3 |Bz2|B1|Bo|
PC1 |1 0 O 1,10 0|SD
PC2 TC FRAME |
PC3 | O 0 |TCs{TC4|TC3|TC2|TC1|TCO
PC4. | User Group 1 User Group 2
PC5 | User Group 3 User Group 4

PCe | User Group § -| User Group 6
PC7 | User Group 7 User Group 8

PCs - PACK PARITY

PC1 B7 ~B4 : PACK ITEM = 1001 .
B3 " : B3=1 => 2nd.page of PACK "1001
B2 ,B1 . ALL Zeros
Bo : SD(TC FRAME FLAG)

SD= 1=>THE SAME TC FRAME No.
AS PRECEDING DAT FRAME
IS RECOROED

PCz B7~ Bo : TC FRAME ( BCD Zdlglts)
PC3 B7,Bs : ALL Zeros
: Bs ~ Bo : TC5~TCo (TC BIT FLAG)
TCs<a TC.BIT No10
TCa<= TC BIT No M
TC3<= TC BIT No 27
TC2<= TC BIT No43
TC1<s TC BIT No 58
TCo<= TC BIT No 59
PCs~ PC7 _
B7~Bo0 . User group 1~8
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signal is inputted fromoutside to a TC S|gnz(/|nput termnal 71. The tine
code signal is applied to the denDduIatJng circuit 727 fo be denodul at ed,
and a frame clock signal 73, a bit cl-ock _signat and. t'i- e - gode data are
extracted therefrom The extracted frane ¢l ock si'gnal “73 is applied toa
phase difference detecting circuit 74. The bit clock signal and the tine
code data extracted by the denplating circuit 72 are applied to the

m croconput er 23., _
| T

o~ )
o o~ |8 | o
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nl> o @) Ol m
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73

80
81
82
83
84

START POIN]' OF TC 00 HOUR 00 MINUTES
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Although not shown, a phase difference detecting CI{;UIt 74 conprises a
counter circuit and a latch circuit, receiyes a-r€ference signal 77 for
recordi ng and a count clock signal 79 ou{pUtted fron1the'eFock generating
circuit 29, and detects phase difference betweéH the reference signal 77
and the frame clock signal 73. The phase difference Ti detected by the
phase difference '

FIG.8

| B7 | Be| Bs | Ba| B3| Bz| B1]| Bo
PCt |0 O 1 1|0] P-Noi1
PC2 P- No. 2 P - No. 3
PC3 ~ INDEX No. | *
PCs 'HOUR
PCs | MINUTE
PCé SECOND
PC7 FRAME No.
PCs | ~ PACK PARITY

PC1 B7~B4 . PACKITEM= 001

B3 . Zero
PC1 B2~B0 : Program No. 3digit
PC2 B7~Bo
PC3 B7~B0 : INDEX No. _
PC4 B7~Bo : DAT TC HOUR (00~ 23)

PCs B7~Bo :DAT TC MINUTE (00~ 59)
PCs B7~Bo :DAT TC SECOND (00 ~.59)
PC1 B7~Bo0 :DAT TC FRAME No.
( 00~32, 00~32, 00~33"(repeated)>

L—-—— 3 secoﬁds ——a’
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- 32 - detecting circuit 74 is appl i ed .0 the céo?orrputer 23. A base band
time code signal is applied fromthe mcrot:'orrpu-ter 23 tO- the nodul ating.
circuit 75, so that the tine code signal i s modul ated. Fhe+smodul ated tine
code signal is outputted to the outside fromthe TC si gnal

FI1G.9

B7 | Be | Bs | B4 | B3 |B2 | By | Bo
PC1 1 0 0 1 | T2 { T1{To | b1
PC2 bs bs b7 be bs b4 b3 b2
PC3 by bo|TCs5|TCs | TC3|TC2|TC1|TCoO

PCs4 | User Growp 1 User Group 2
- - " PCs User Group 3 User Group & .
PCs User Group 5 User Group 6 ‘
PC7 User Group 7  User Group 8
PCs | PACK - PARITY

PCi B7 B4 :PACK ITEM=1001
B3 Bi1 :T2,T1,To(TC ID DATA)
) 0 0 0= SMPTE 30Hz
0 0 1= SMPTE 29.97Hz

0 .1 0> SMPTE 29.97Hz
OROP FRAME

0O 1 1= EBU - 25Hz

1 0 0= FIWM 24Hz

PC1 Bo, PC2 B7~Bo, PC3 B7-Bs6
:b1o0~bo ( PHASE DIFFERENCE lo)
(Binary 11bit bio MSB.bo:LSB)
PC3 Bs~Bo :TCs~TCo (TC BIT FLAG)
TCs < TC BIT No.10
TCs<s TC BIT No, 11
TC3<= TC BIT No, 27
TC2< TC BIT No.43
TCig= TC BIT No.58
TCog= TC BIT No. 59
PCs ~7. B7~Bo o
‘User Group 1~ 8
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Ve Ae/6 e
output terminal 76. Fig. 2 is a timng.di agram showi ng_operation of the
first enbodi ment of the present inventign and Figs.; 3A and. 3B are fl.ow
charts. thereof. Specific operation of ‘the.fi rst_,e,grpom ment:of the present

invention is described with reference to Figs. 1to 3B. Referring to Fig.
2, .the tine code signal 80.as shown in Fig. 2 is inputted fromthe TC

FI1G.10

B71Bs|Bs|Bs |B3|B2|B1|{Bo

PC1|O0 O 1 1| 1|bwobs bs
PC2| b7 bs bs b4 b3 bz b1 bo
PC3|T3|T2{Tv}|TojfO ] O|(0O0}O
PCS HOUR
| . PCs MINUTE
. PCs SECOND o .
| | PC7 'FRAME No
PCs| PACK PARITY
PC1 B7~Bs4 :PACK ITEM = 0011
B3 :B3=1

PCi1 B2~Bo : bio~bo { PHASE DIFFERENCE lo)
‘PCz B7~Bo/ (Binary 11bit.b10:MSB,bo:LSB )
PC3 B7~Bs : T3~To (TC ID DATA)

T2 Contents

EBU 25Hz
SMPTE 2997Hz Non-drop frame

SMPTE 29.97Hz Drop frame
SMPTE 30Hz Non-drop frame
FILM 24Hz

thers Reserved

"'PC3 B3~Bo : B3~B0="0000"( Alf zeroy

ololo|—|J

[T
Q
0
0
]
0

“"‘"—l—'loww

10—

PCs B7~B0 :DAT TC HOUR (00 ~ 99)

PCs B7~Bo :DAT TC MINUTE (00 ~ 59)

PCs B7~B0 :DAT TC SECOND (00~ 59)

PC7 B7~Bo :DAT TC FRAME No.
00~32 00~32 00~ ~33-(repeated)
e——ov 3 seconds—-l
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Si gr{lal i nput termnal 71. The reference. characters ((,é TCi+1 ...
80 represent nunbers of: the ti- Ae- Code " S
the inputted tirme code . si gna.l
the denpdul ating circuit 72, and the frane cl ock” Signal™
and time code data are extracted therefrom The frame cl ock signal

ti me code signal
frane.

si gnal

I'n recording,

of - t he
nals 80 frame by

80 - rs -denodul at ed by
73, the bit clock

73 is applied to the clock generating circuit 29 and to t he phase

dlfference

FIG.11
B7|B6{Bs{B4| B3{B2[{B1| Bo
PCT|{1T 0O O 110 0 0 O
PC2 FRAME No.
_PC3 | 0 |sD|rcs|tca|Tca|Tcz{TC1| TCO
| PCa | User Group 1 User Group 2 .
PCs User Group 3 User Group 4
PCs User Group 5 | User Group 6
PC7 User Group 7 User Group 8
PCs PACK PARITY
" PCi - B7~B4 :PACK ITEM = 1001
| B3~Bo :AfQ zero
PC2 B7~Bo :DAT TC FRAME No ( BCD 2digits)
PC3 B7 . Zero
- Bs :SD SD=1=> ( SAME CONTENT DATA AS
_ PRECEDING DAT FRAME
ARE RECORDED, EXCEPT
FRAME No. .
PC3 Bs~Bo :TCs~TCo (TC BIT FLAG)
: TC5<.TC BIT.:No. 10
TC4<"TC BIT No. N
TC3< TC BIT No. 27
TC2<« TC BIT No. 43
TC1< TC BIT No. 58
TCo<= TC BIT No, 59
PC4~7 B7~B0 : User Group 1~ 8
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characters DTj ,

7 X4
ne

I e code data are
23 takés the tinme code

AL/

tomputer
The ref&rence

i _and the t

m.cro

23. The

The bit clock signal
data in response to the bit clock signal:
33 -

+

PN
[l

detecting circuit 74.
applied to the m croconputer

DTj.
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1 ... of the inputted audio signals 81.shown in Fig. represent nunbers of

t he DAT frames divided by the reference: s1gnal3 77 -for Fecordlng out putted

fromthe clock generating circuit 29.-The -phase: dif f.erepce- detecting

circuit 74 resets a counter circuit _contained fhéréin_at t I g edge
FlG.13%

of the reference signal {787 gs | & @ NPB3aNg 2 mﬁdggtely
counts up the coupter—efreutt +he—copht——et+oek—stgrgl 79, and at the

1 PC1 0 O _1 1 1 | b0 bs b8
PC2z | b7 b b5 b4 b3 b2z bt bo

PC3 {Ta|Tz| Ti{Tol 0|0 |F1l|Fo

PC4 - HOUR

PCs "~ MINUTE

PCs SECOND

PC7 FRAME No,
PCs © PACK PARITY

PC1 B7~Bs4 : PACK ITEM = 00N
B3 1 B3=1

PCi 82-480) : b10~bo (PHASE DIFFERENCE lo)

PC2 B7~B0/ (Binary 11bit. b10:MSB.b0:LSB )
PC3 B7~B4 :T3~To (TC ID DATA )
T3 |T2|T1]T0 Contents
01110 |0 |EBU 25Hz .
1{0|0 {0 [SMPTE 2997Hz Non-drop frame
110] 01 |SMPTE 2997Hz Drop frame
110110 |SMPTE 30Hz Non-drop frame
11110 0|FILM 24Hz
Others |Reserved

PC3 B3.B2z : B3.Bz=00

PC3 B1.B0 : F1.F0 (COUNT CLOCK FREQUENCY)
0. 0 > 48KHz

0 1 = 44.1KHz
1 0 = 32KHz
1 1 <> Reserved

PC4 B7~B0 : DAT TC HOUR (00~99)
"PCs B7~B0 : DAT TC MINUTE (00~ 59)
PCs B7~B0: DAT TC SECOND(00~59)
PC7 B7-B0: DAT TC FRAME No.

<OO 32 00-~32,00 ~33 ( repeated)
~—— 3 seconds — )
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- AG)/ 6=
rise of the frame clock signal 73 of the succeeding tie code signal, the
counted val ue of the counter circuit is |1 &t chett by :a tatch, circuit :
contai ned therein. The counted val ue ratchgd by-.the 1atéhi"Circuit is

i nmedi ately applied to the m croconputer 23 as t he phase di fference

i nformation fromthe point of change of the DAT franme (falling edge of the
reference signal 77 for recording) to the point of change of the tinme code
frame (rising edge of the
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- S b o
.frame clock signal 73). The m croconput er- 23 assugns{t,he I nputted tine
code data and t he phase difference |nforrrat|on ‘Ti to.a-Stbh code pack to
apply the sane to the menory circuit 4. Figs. 4.tn.6 shew éxanpl es of
recording formats of the sub code packs used in the first enmbodinent. As .
shown in Fig. 72, the time code signal has 1 frame consisted by 80 bits, 16
bits of which are synchronizatiop signals. _

+

Ne8 | N+9 N+_1O

t1

m

i T

FI1G.15

Ne2 ] Ne3 | Ned | NeS I NeS | No7

N+l

to
N

-5

DAT FRAME

DIGITAL AUDIO _
INTERFACE BLOCK
DAT REF SIGNAL 1
BLOCK CLK
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Therefore, the information of the remaining 64{%are to - 34- be
recorded by assigning the sane to packs. .The sub code pack of the DAT
conprise 64 bits as shown in Fig. 64, and the PACK DATA area 58 capabl e of
recordi ng data conpri ses

FI1G.16

B7| Bs| Bs{B4 | B3|Bz| B1|Bo

PCi |1 0 O O|F|S2z S1 So

PCz | ID CODE(BYTE 4)OR A2 zero

PC3 ID CODE (BYTE 5)OR AfQ zero

PCs

PCs CHANNEL STATUS DATA

PCs | | .
PC7

PCs PACK PARITY

PCt B7~B4 :PACK ITEM 1000 :
" B3 :F RELIABILITY FLAG(PRESCRIBED
BIT IN BYTE 22)

B2~ B0 :52~50(SUB PACK [TEM)

B1{Bo Contents

011 1ID CODE.

110 Sk%l;iNUMERIC CHANNEL ORIGIN
111 |ALPHNUMERIC CHANNEL DESTINATION
DATA

110{0[LOCAL SAMPLE ADDRESS COODE

110]1|TIME OF.DAY CODE
Others Reserred

ol ololw

PC2 B7~Bo\ .IF SUB PACK ITEM OO'l THEN ID CODE
PC3 B7~Bo/ BYTE4» 5 ELSE A48 zero

PC4 B7~Bo .
PC5 B7~BO ): CHANNEL STATUS DATA (4 BYTES)

PCs B7~Bo
PC? B7~Bo

PCs B7~B0 : PACK PARITY

dThis Sheet Has Been Rerlacen




52-bits. Therefore, two packs are necessary for r,(g‘c/é(?ng the contents of
the tine code signal. In assigning the 64..bit .iinformati-on of the tinme code
signal to two packs, the information transmtted in 1 frame of the time
code should preferably be divided into-time information and ot her
information to be assigned.to separate packs, in view of the high speed
search by the time code. For this purpose, in this enbodinent, the tine -

F1G.17

B7 | Bs|Bs |Bs|B3|B2 B1|Bo|

PG |1 0 0 O|F |0 0O 1
PC2 | ID CODE  (BYTE 4) |
PC3 ID CODE  (BYTE 5) : | .
PC4 | D CODE  (BYTE 0) |
PCs ID CODE  (BYIE 1)

PCs ID CODE  (BYTE 2)

PC7 ID CODE  (BYTE 3)
PC | PACK PARITY
PC1 B7~Bs :PACK ITEM =1000
B3 : F (RELIABILITY FLAG (BYTE 22, an
B2~Bo :SUB PACK ITEM =001
- PC2 B7~Bo
PC3  B7-BO ' .
PC4 B7~BO): 1p CODES ( BYTES 0~5 )
PCs B7~Bo -
~PCs B7~Bo
PC7 B7~Bo

PCs B7~B0 : PACK PARITY

dTh|s Sheet Has Been Replace:




information in the tinme code signal is assigned to t’ﬁg/éb Pcode pack
defined by PACK | TEM "1001" as shown 4'n Ri.g. 4; and varjous flag bits (TC5
~to TCO and USER Group data in the tine. cade signar are: assigned to the sub
code pack defined as PACK | TEM "1010", as-showr i‘n-Fig.” 5. In addition to
time information, identification flags (T5 to T1) indicative of the types
of the tlrre code, |dent|f|cat|on flag (SD) |nd|cat|ve of the attribute of

TC |
F1G.18

B7|B6 | Bs | B4| B3| Bz [B1|Bo

PC1|1 0 O O|F|O 1 0O
PC2{0 0 0 0 0 O

0

PC3|{0 0 0.0 O 0 O Of _

PCa ALPHNUMERIC CHANNEL : .
ORIGIN DATA (BYTE 6) |

PCs ALPHNUMERIC CHANNEL

ORIGIN DATA (BYTE 7 )

PCé ALPHNUMERIC CHANNEL
ORIGIN DATA ( BYTE 8)

pcy |ALPHNUMERIC CHANNEL
_~" |ORIGIN DATA(BYTE 9)

PCs PACK PARITY

PCi B7~B4 :PACK ITEM = 1000 |
B3  :F (RELIABILITY FLAG(BYTE 22 BIT 5))

B2~B0 :SUB PACK ITEM = 010
" PC2 B7~B0). |
: A
PC3 B7~BO) 29 zero
‘PC4 B7-BO

PCs B7~BO|: ALPHNUMERIC CHANNEL
PCs B7~Bo| ORIGIN DATA (BYTES6 ~ 9)

PC?7 B7~Bo
PCs8 B7~Bo : PACK PARITY

iThis Sheet Has Been Replace!




FRAME recorded in PC7, and the phase dlfference/( oéﬁ%ttlon ri detected by
the phase difference det ecting circuit 74-are recerded-in the PACK | TEM
"1001". The SD flag indicates whether :or. not t e S&me: TC FBAI\/E nunmber as

t he precedl ng DAT frame is recorded. """ =s--c.e

- FIG .S

B7|!Be| Bs|Bsa|B3|Bz2|B1 | Bo

PC1|1 0 0 O|F| 0 1 1
PC2{0 0 0 0 0 O 0 O
PC3I|0 0 0 0 0 0 0 O

bcs |ALPHNUMERIC CHANNEL
DESTINATION DATA( BYTE 10)

ALPHNUMERIC CHANNEL
PCS |DESTINATION DATA( BYTE 11)

bce |ALPHNUMERIC CHANNEL
§ |DESTINATION DATA( BYTE 12)

pcs |ALPHNUMERIC CHANNEL
DESTINATION DATA (BYTE 13)

PCs PACK PARITY

PCi B7~B4 :PACK ITEM = 1000
B3 : F (RELIABILITY FLAG (BYTE 22 ans)) |
B2~B0 :SUB PACK [TEM = OMN

PC2 B7~'Bo) . A
_PC3 B7~B0/ M zero

PC4 B7~BO |
" PCs B7-BO| -\ pUNUMERIC CHANNEL

PCe B7~BoO
PC7 B7~pBo  DESTINATION DATA(BYTEs 10 ~13)

PCe B7~B0 : PACK PARITY

This Sheet Has Been Replacex




- 35 - In addition to the various flag bits (TC%'”/TCO) and t he USER G oup
data, the TC FRAME and the identification:flag; SB-jndicative of the -
attribute thereof are recorded in the sub'code- pack defsisned by the PACK

| TEM "1010" shown in Fig. 5. The TC frame nhunber~sis recortled i n this nanner
in order to recognize to which frame the USER Group data witten in the

PACK | TEM "1010" correspond, since the
F1G.20
B7 Bs|B5s | B4|B3|B2 |Bi1]| B0
PC1 1 0O 0 O |F 1 0 0
PC2|0 O 0 O O O 0 O
PC3|0 O O 0 0 0 0 0
'PCs |LOCAL SAMPLE ADDRESS CODE | :
PCs {LOCAL SAMPLE ADDRESS CODE
PCé [LOCAL SAMPLE ADDRESS CODE
PC7 |LOCAL SAMPLE ADDRESS CODE
PCs PACK PARITY
PC1 B7~B4 :PACK ITEM= 1000
B3 :F (RELIABILITY FLAG (BYTE 22 BIT 6))
. B2~B0 :SUB PACK ITEM = 100 -
PC2 B7-~Bo\ . |
RS RY
" PC3 s7~so) A2 zero
"PC4 B7~BO - :
PCs B7~Bo | LOCAL SAMPLE ADDRESS CODE FOR _
- : SAMPLE AT THE HEAD OF DAT FRAME
PCé B7~Bo (32 bit binary code)
PC? B7-~Bo
PCs B7~B0 : PACK PARITY

IThis Sheet Has Been RTlaced




contents of one tine code frane are recorded in %\(I/sée)parate packs. In the
foregoing, the contents of the one ting€ co:de f r-ame- are--disvi ded into two
packs by using two PACK | TEMs. When only ohe PACK ITEM s, used for
recording the time code signal, the conbimati ori- @f—-t'he pack is as shown in
Figs. 4 and 6. Referring to Flg 6, the PACK ITEMis "1001", and

i dentification of -the recorded i hformat_i on is

F1G.21

B7 | B6 | Bs | B4 [B3|B2|B1|Bo|

PC1 {1 0O 0 O} F 1 01
PC2(0 0 0 0 0O 0 0 O
PC3{0 0 0 -0 0 0 0 O

PCs | TIME OF DAY CODE

PCs | TIME OF DAY CODE
PCs | TIME OF DAYCOODE
PC7 | TIME OF DaYCODE

PCs PACK PARITY

PC1 B7~B4 :PACK ITEM = 1000 .
B3 :F [ RELIABILITY FLAG(BYTE 22 BIT 7))

B2~B0 :SUB PACK ITEM =101
PC3 B7~Bo

PCs4 B7~Bo\ TIME
PCs B7~B0 OFDNCODE FOR SAMPLE AT THE

PCé B7~B0 EAD OF DAT ‘FRAME(32b|t binary code)
PC7 B7~BO :

PCs B7 Bo :PACK PARITY

—
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) %7/ o
realized by B3 of the PCI. Nanely, if B3 =0, tffeifAine information and
the like are recorded. |If B3 =1, then thhe USER & oup-data and the |ike

are recorded. Referring to Fig. 2, the reference Qﬁaracier's DTj, ... of the
recordi ng and reproduci ng signal vvavef orm-82 répsgsént the frarre nunber s of
the audio signals at the tinme of input, and the characters TG, ... and ...
ri. ... represent the frame nunbers of the tine code signals at
F1G.22
B7|Bs|Bs B4 |B3|Bz|B1|Bo
PC1 1 0 0 O 0 O 0 1
PC2
PC3 ' .
PCs '
IO CODE (6 BYTEs)
PCs ' :
PCs
PC7
PCs PACK PARITY

PCi B7~B4 :PACK ITEM=1000

B3~ BO :SUB PACK ITEM=0001

PC2 B7~BO
'PC3 B7~BO\ |
PC4 B7~BO |, '
PCs B7-Bo | 1O CODE
PCs - B7~ B0
PC7 B7~BO

PCe B7~Bo :PACK PARITY

{This Sheet Has Been Replace d




the tinme of input and the detected phase dlfferen%é/ﬁforrratlon '
respectively. The audio signal 81 from DT} z: 36-- is-recorded on the
magneti c tape 12 del ayed by 360 deg, as -descri b.ed abov ,,,_Ln t he period
DTj, the content of the " .

F1G.23

B7 |Bs | B5 | B4| B3 |{B2 |B1 | Bo

PCH {1 0 O OO0 O 1 O

PC2

PC3 | ALPHNUMERIC CHANNEL
ea ORIGIN DATA ( 4 BYTEs)

PCs

PCS | A\LPHNUMERIC CHANNEL
e, |DISTINATION DATA( LOWER 2 BYTEs)

PCs PACK PARITY

PCi1 B7~Bs4 : PACK ITEM = 1000

B3~Bo . SUB PACK [TEM=0010

PC2  B7 Bo y _

PC3  B7 BO|. ALPHNUMERIC CHANNEL

PCs B7 Bo/ ORIGIN DATA (4BYTEs)

PC5  B7 BO) A{PHNUMERIC CHANNEL

PCs  B7 BO}:DESTINATION DATA( LOWER 2 BYTEs)
PC7 B7 Bo

PCs B7 B0 - PACK PARITY

Sheet Has Been Rerlaced
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Z 6o
TG 80 has been read and the phase difference |nforeg ion ri has been
nmeasured, so that TG and ri are recorded on the.-sub eode signal area of
the same track as the audio signal DTj.. :ln the perlod'EHJ + 1 TG + and
ri. have not yet been known, so that the same"FG-- ri-ds the precedi ng DAT
frame are continuously recorded in the sub code signal area on the track on
whi ch the audi o signals of the period DTJ +1 are recorded. At that tine,

the SD

F’IG‘.ZA

B7|Be|Bs | B4 |{B3 |B2 | B1 | Bo

PG |1 0 0 O0lo0 0O 1 1

PC2 | AL PHN UMERIC CHANNEL
o, |DESTINATION DATA (UPPER 2 BYTES)
PCs4 .
PC5 |LOCAL SAMPLE ADDRESS cooe
( 4 BYTEs) |
PCé. |
PC7 |
PCs ~ PACK PARITY

PC1 B7~B&4 :PACK ITEM = 1000

B3~B0 :SUB PACK ITEM = 0011
PCz B7~B°> . ALPHNUMERIC CHANNEL

PC3 B7~Bo/ ‘DESTINATION DATA(UPPER 2 BYTESs)
'PC4 B7~BO o |

.PCs B7~Bo _ o

PC7 B7-Bo/ (4BYTES)

PCs B7~Bo :PACK PARITY

IThis Sheet Has :Been Replaced
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; 2¢ /6=
flag in the pack is set to "1", |nd|cat|ng that. . TC and ri.,are continuously
recorded. 1In the period DI} 2 TG + 1 and rr+1 are already known, so
that TG 1 and ci + 1 are recorded on the sub-céde sigAal:area of the
track on which the audio signals of the period DTj + 2 are recorded. The
sanme operation is repeated, and the audio signals and the tine code signals

are recorded. In reproduction, the audio signals out of the signals

FI1G.25
B7|Bs|Bs |Bs | B3|B2|B1 |Bo
PC1 |1 0 0 O]l0 1 0 0
PC2
PC3 : | )
TIME OF D& CODE (4 BYTEs )
PCa .
PCs
- RELIABILITY FLAG
PCs (1 BYTE )
PC7 CRCC (1 BYTE )
PCs PACK PARITY

PC1 B7~Bs @ PACK ITEM = 1000

B3~B0 :SUB PACK ITEM = 0100

PC2 B7-~BoO e -

PC3 B7~Bo|.

Pes B7Bo | - OF DAY CODE (4 BYTEs)
PCs B7~Bo

PCé B7~B0 :RELIABILITY FLAG (1BYTE)

PC7 B7~B0 :CRCC (1BYTE)
PCs B7~Bo :PACK PARITY

Sheet Has Been Reflacec

i




reproduced fromthe nmagnetic track are outputté%éﬂéZQﬁe out si de del ayed by
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k-]
-37- to the m croconputer 23, and the time code m&r/ is applied to the
nmodul ating circuit 75 based on the phase differénce infdroktior-rk so that
the same phase relation as in recording can be:realized: Win a.pack in
t e microconputer 23 °

which the SD.flag is set to

FIG.27A

1INPUT SERIES OF

DIGITAL _AUDIO DATA
FROM QUTSIDE

f

EXTRACT CHANNEL
STATUS DATA BY
DIGITAL INTERFACE

CIRCULT T

EXTRACT BLOCK
SIGNAL,2TIME
INFORMATION etc. BY
CHANNEL STATUS
DATA SIGNAL

PROCESSING CIRCUIT

"1" is inputted,

APPLY

271
INFORMAT]ON& OTHER
INFORMATION TO

PROCESSING™
NEIREUTT A 2 2oconmo—

X'

7/

DETECT PHASE

DIFFERENCE ni_BY
PHASE DIFFERENCE
DETECTING CIRCUIT

ADD in TO Two TIME
INFORMATION -
CONVERT TO DAT
TIMECODE, ASSIGN
CONVERTED 2TIME
INFORMATION & OTHER
INFORMATION TO

ADD_ERROR
DETECTION&
CORRECTION CODE BY
CODING CIRCUIT

_ 3
RECORD ON SUB

CODE AREA OF .
MAGNETIC TAPE
THROUGH MODULATOR,

REC £ AMP etc.

.|SIGNAL PROCESSING
ICIRCUIT LOADS 32BIT

F1G.27B

IREPRODUCE DATA FROM
SUB CODE AREA OF -
MAGNETIC TAPE,INPUT
SAME TO MEMORY
THROUGH REP AMP &
DEMODULATOR
_ )
CARRYQUT ERROR
DETECTION&CORRECTION
BY DECODING CIRCUIT

¥
?OPPLY SUB CODE SIGNAL
SUBCODE-SIGNAL

PROCESSING CIRCUTT

[READ PLURAL SUBCODE
PACKS RECORDING .
CHANNEL STATUS DATA.
CHANGE 2TIME
INFORMATION IN DAT
TIMECODE 10 32 BIT
BINARY CODE

I
CHANNEL STATUSDATA

BINARY CODE TO BUILTIN
COUNTER AT EVERY RISE
OF DAT FRAME TRANSMITS
COUNTED VALVE TO
DIGITAL INTERFACE
CIRCUIT AT EVERY RISE
OF BLOCK SIGNALS

v
COMPOSE AUDIO DATA &
CHANNEL STATUS DATA BY
DIGITAL INTERFACE
CIRCUIT

y

OUTPUT SERIES OF
DIGITAL AUDIO DATA TO
OUT SIOE

This Sheet Has Been Repla

|

[

N

} Mizmocompprn



carii es phase matching between the DAT frane and tﬁ%&i/é%“fbde frame by
using the phase difference information (30 nsee ¢DAT frane perLUd) -ri).
The nodul ation circuit 75 carries out prescribed:mudul ation” i n"+-ésponse to
the bit clock signal applied fromthe clock genérating circuit 29 to

provi de the output at the tinme code signal output terminal 76. By the above
descri bed operation, the audio signals and the tine code signals are

outputted to the - F1G.28

B7 | Be |Bs [Bs4 |B3 [B2|B1 [Bo

PC1 0O 0 1 1 1 |S10 Ss S8

PCz | S7 S6 Ss. S4 S3 S2 Si1 So

pcs | T3 lT2i{TilT0l 0 0 o0 O

| pea - HOUR
. . PCs © MINUTE - .
- PCs | SECOND
PC7 | FRAME No.
PCs PACK PARITY

PC1 B7~B4 : PACK ITEM = 0011
B3 Z_B3=1
PC1 _,Bz—»BO); S10~S0 (SAMPLE No.)

PC2 B7~B0/ (Binary 11bits,S10: MSB, S0:LSB)
PC3 B7~B4 :T73~To (TC ID DATA)
' T3 T2 T1 To
O O O O DIGITAL [0 TIME OF {s=48KHz
0 0 o0 1 UACOCE, fs=44.1KHZ
0 010 S - $s=32 KHz
Others Reserved

PC3 B3~Bo : AQ) zeros -

PCs4 B7~Bo :DAT TC HOUR  (00~99)

PCs B7~Bo :DAT TC MINUTE (00~59)

PCs B7~Bo : DAT TC SECOND (00~59)

PC7 B7~Bo :DAT TC FRAME No.
00~32,00~32 00-33---(repeated>
=~—— 3 seconds—
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out si de havi ng the sane phase rel ation as that gijzﬁg time of recording, as
shown by 83 and 84 off Fig. 2.. A second enbodi ment of - t hé” present '
i nvention is described, in whi ch the sane apparatus as shown, i'pe? ‘Rig. 1is
used. In the first enbodi nent descri bed above, the ting i"Aformat’ion in the
time code signal is directly assigned to the sub code pack, and the
recording-in the sub code signal area is carried out at’

F1G.29

B7 | Bs|Bs |Ba | B3 |B2|B1|Bo

Pci]0 o 0 1|1 |s0Ss S8

PC2 |S7 S6 S5 S¢ S3 S2 S1 S0
PC3 | T3|T2| T1|To} O O 0 O

PC4 | HOUR

PCs . MINUTE

- PCs SECOND ) ‘
PC7 | FRAME" No.

PCe | PACK PARITY

PCI B7~B4 : PACK ITEM = 0001
B3 : Ba=1

;’CC; g,’f:gg) : $10~50( SAMPLE No.)
| O/ " ( Binary 11bits, $10: MSB S0:LSB )

PC3 B7~B4 ‘T3 ~To(TC ID DATA)

T3 T2 T1 TO

0. 0 0 0 LOCAL SAMPLE ADDRESS :
CODE fs=48KHzZ

O O o7 ' P ' fs = 4 4.1KHZ

0 010 - fs =32KHz

Other Reserved

PC3 B3~B0 : Alf zeros
PCs B7~Bo : DAT TC HOUR (00~99)
PCs B7-Bo : DAT TC MINUTE( 00~59)
PCs B7~B0 : DAT TC SECOND( 00-~59)
PC7 B7~B0 : DAT TC FRAME No.
| 00~32,00~32,00~33(repeated)

l— 3seconds—]
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prescribed timng. On the contrary, in the second e}nbo{rrent t he DAT frane
nunber is cal cul ated based on the frame nunber of -tte mputted ti-me code
signal and the detected phase difference |nformatro’r§r ri z, the DAT time

S 38 - e

F1G.30

B7!Bs | Bs|Bs {B3|B2{B1|Bo

PC1 10 0 1 11 1]swo Ss Ss

PC2 |S7 S6 S5 S4 S3 S2 S1 SO

PC3 |T3|T2|T1|{To|l O O O |[MS

PCs ~ HOUR
PCs MINUTE

PCs|  SECOND | ‘
PC7 'FRAME No.

PCs PACK | PARITY

PCi B7~B4 : PACK ITEM = 0013
- B3 : B3=1
PC1 B2~ Bo) S10 ~S0 ( SAMPLE No)

PC2 B7~B0/ (Binary 11bit, S10:MSB, So: LSB)
PC3 B7~B4 :T3~To(TC ID DATA)
T3 T2T1To o
O O 0 0 DIGITAL /0 TIME OF DAY CODE fs=48 KHz
o 001 - ts=44.1KHz
O 010 " : fs=32KHz

Others Reserved

PCé _83-~ B1 : AQf zeros

" BO : MS (M/s 1D #lag) MS=0=>SAMPLE No. IS
RECORDED
‘MS =1 =>nj(M7~Mo) 1S

PC4 B7~ B0 : DAT TC HOUR (00~99)  RECORDED
PCs B7~B0 : DAT TC MINUTE(00~59)
PCs B7~B0 : DAT TC SECOND(Q0~59)
PC7 B7~Bo : DAT TC FRAME No.
00~32,00~32,00-33-( repeated)
p— 3 seconds —i -
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code is cal culated by using the cal cul ated DAT frane nuréer and the result
of calculation is assigned to the sub code pack:to be recorded on the sub
area. Fig. 7 is a tining diagram show ng the: operat1on of the
second enbodi ment of the present invention. Referring to Fg: ‘7,--the
suffixes.of the reference characters TCl, TC2, ... of the tinme code signal s

TC (80) inputted fromthe TC si gnal ﬁ[ﬁt :Iﬁrm nal 71 represent order

code si gnal

(nunber)

B7{Bs{Bs5|B4|B3|B2|{Bt |Bo
Pcijo 0 1 1(1]l0 0 0
PC2z M7 Ms M5 M4 M3 M2 Mt Mo
PC3 (T3 |T2|T1|To|O0 O O [MS
PCa HOUR
| Pes MINUTE -
PCs SECOND ‘
PC? FRAME No.
PCs PACK PARITY
PC1 B7~BO : PACK ITEM = 007]
B3 : B3=1
B2~B0 : Afl zeros
PCz B7~B0 : M7~Mo{PHASE DIFFERENCE ni)
( Binary 8bit, M7: MSB, Mo: LSB)
PC3 B7~Bs4 : T3~To (TC ID DATA}
T3aT2TTo
0 0 0 O DIGITAL [/0 TIME OF DAY CODE fs 48KHzZ
0O 001 s . s =44 1KHzZ
o o1 0 " fs=32KHz
_-~. Others Reserved
PC3 B3~B1 : Al zeros
80 - MS (M-S 1D flag}MS= O%>§AMPLE No. 1S
MS =1>p; M7~MO?1$
PC4 B7~B0 : DAT TC HOUR (00~99) RECORDED
PCs B7~B0 : DAT TC MINUTE ( 00~ 59) |
PCé B7~B0 .DAT TC SECOND(00~59)
PC7 B7~B0 : DAT TC FRAME No.

00-32, 00~32,00~33:--( repeated)
fe—-3 seconds —_
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of the frames, when the 00 hour 00 minute 00 second O(BJ? f%’a/ %Pthe tinme
code signal is regarded as the reference (regarded as the first franme). |
the simlar manner as described with reference to the first enbodrnent t
time code data and phase difference information ri are inputted to the

m croconput er 23.. The suffixes of the reference characters DT1, DT2,

-the inputted audio signals 81 in Fig.. 7 represent the order (nunber) 6f

t he DAT frame

FI1G.32

B7{B6 | Bs|Bs{B3 {B2|B1{Bo

PCi1|{ 0 O O 1|1 |S10 S9 Ss
PC2{57 S6§ S5 S4 S3 S2 S1 So
pcaltaltz|mf{rolo o olms
1 PCs HOUR
PCs MINUTE
PCs SECOND
PC7  FRAME No.
PCs | PACK PARITY
PC1 B7~B4 :PACK ITEM= 0001
. B3 :B3=1
gm B2~B0Y.gy09~50 (SAMPLE No.)
C2 B7~B0/ ( ginary 1ibits,$10:MSB, S0 LSB)
PC3 B7-Bé4 :T3~To (TC [D DATA )}
T3 T2TiTo |
0 0 O 0 LOCAL SAMPLE ADDRESS CODE fs=48KHz
0 00 1 " " ts=441KHZ
.0 010 | v ts=32KHz
"Others  Reserved s
PC3 B3~B1 @AM zeros
Bo :MS(M/S ID flag) MS=0>SAMPLE No.IS
. RECORDED
- MS =12 0 M~M0) 1S
PCs B7-BO :DAT TC HOUR (0Q~99) RECORDED
PCs B7=-B0 :DAT TC MINUTE(00~59)
PCs B7~B0 : DAT TC SECOND ( 00~59) -
~ PC7 B7~-80 :DAT TC FRAME No.

00~32,00~32,00~33- (repeated)

|<— 3 seconds—’{
-
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di vi ded by reference signal

b /6=
77 for recording. The nunbér of the DAT frane

i s defined by the follow ng cal culation. Mre specificalll y;-.as.shewn in
Fig. 7, when the start point of the reference tine,-i.e- 00 hou:00 mnute
00 second 00 frame of the time code signal is regarded as“t'he reference,
the inputted tine code frane and .the DAT franme, including the initial phase
difference information 10, are in FIifGo:}ge correspondence w thout fail,

al t hough t hey

B7|Bs|Bs | Bsa|B3!|B2|B1{80
PC1 |0 O 0 1]l1/0 0 O
PC2 | M7 Ms Ms Ms M3 M2 Mi ‘M6
PC3 |T3|Tz2|T1 |To O O O |MS
PC4 HOUR
PCs MINUTE
PCs SECOND - o
PC7 FRAME. No.
PC PACK PARITY
PC1 B7~B4 :PACK ITEM = 0001
B3 B3 =_1 '
B2~B0 :AQf zeros
PC2 B7~80 :M7~M0(PHASE DIFFERENCE ni)
- ( Binary 8bits, M7: MSB, Mo: LSB)
PC3 B7~B4 : T3 ~To0(TC ID DATA)
T3 T2T1 To . '
0 0 O O LOCAL SAMPLE ADDRESS CODE
fs =48 KHz
0 001 ” fs= 44 1KHz
0 010 v o  ts=32KHz
- Others Reserved '
PC3 B3i~Bi : AR zeros _
BO : MS (M, S 1D fLag)MS =0=> EECORDRS:EAglPLE No.
MS = 1> RECORD ni (M7~M0) IS
| RECORDED
PCs B7~B0:DAT TC HOUR (00~99)
PCs B7-Bo:DAT TC MINUTE ( 00~59)
PCé B7-B0:DAT TC SECOND(00~59)
PC7 B7~ B0 :DAT TC FRAME No.

00~32,00~32 ,00~33~ (repeated)
le— 3 seconds —
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are asynchronous with each other. By utilizing this - 39 - relation, the
relation represented by the foll owi ng equation- (.1),:can be -appl i-ed, Wnere
the frame nunber of the inputted tlme code S|gna1 S represented oy i, the
phase _ - - el
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difference information is represented by ri and the c r'respondi ng frane
nunber of the DAT is represented by j. j =INT [(iTCu--ri) [, DTu] +1

... (1) In this equation, TCu represents the frame period. "of: t he-ti me code
signal .and DTu represents the DAT frane period...The.cal cul ati-on TNT [ ]
represents rounding of the deC|naI part (to provide an integer).

F1G.35

B? {Be | Bs | B4 [ B3| B2 {B1]| B0

PCi] 1 0 0 0 F 0 ] 0

PC2| Ft | Fo [BN2{BN1{BNQ| O 0 0)

PC3{ N7 N6 | N5 [ N4 N3 [ N2 [N1 | NO

ALPHNUMERIC CHANNEL ORIGIN DATA

PC4liByTE 6)

pcs |ALPHNUMERIC CHANNEL ORIGIN DATA

(BYTET7)

PCe ALPHNUMERICCHANNEL ORIGIN DATA
> |(BYTE 8 )

PC7 ALPHNUMERICCHANNEL ORIGIN DATA o

_ (BYTE 9 ) _ ¢

PCs PACK PARITY

PC1 B7-B4 "PACK [TEM = 1000
B3 :IFF (RELIABILITY FLAG}IS "1 UNRELIABLE -

B2~B0 :SUB PACK ITEM = 010

PC2 B7,Bs F1,F0 (INFORMATION FOR IDENTIFYING SAMPLING
FREQUENCY IN RECORDING )
‘00— 48KHz "01"— 44.1KHz
10> 32KHz

Bs~B3 :BN2~BNo0 (BLOCK No.OF CHANNEL STATUS DATA
CORRESPONDING TO DAT FRAME)

F BLOCK AT CHANGING POINT Of DAT FRAME
- PSO (S)ET TC?COOO No. SUCCESSWELY CHANGES
001" ~ "11° (MAX)

'PCZ Bz~Bo :Al% zeros
PC3 B7~B0 :N7~No (PHASE DIFFERENCE INFORMATION m)

( Binary 8bits, N7:MSB,No:LSB )

PCs B7~B0 : ALPHNUMERIC CHANNEL ORIGIN DATA ( BYTE 6)

PC5 B7~B0: ALPHNUMERIC CHANNEL ORIGIN DATA(BYTE 7)
PCs B7~Bo: ALPHNUMERIC CHANNEL ORIGIN DATA( BYTES)
PC7 B7~Bo0:ALPHNUMERIC CHANNEL ORIGIN DATA (BYTE 9)

PCs B7~B0o: PACK PARITY
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The nunber j of the DAT franme (for exanple DT2 fra}ré/éél'{rg. 7) with the
phase difference information x. not been deteeted-Tan be.tal cut-ated by
adding 1 to the preceding result of calculatiopn (that i's, _+'he"pfecedi ng DAT
frame nunber). The initial phase difference information-rg-can-be

cal cul ated by the foll ow ng equation. 10 = [iTCu - ri] nodDTu

(2)

 FIG.36

B7 | Bs | B85 | B4 |B3 | B2 |B1 | BO
PC1| 1 0 O O | F 0 1 1
PC2{F1 |FO0 |[BN2|BN1 {BNOo| O 0 0
PC3] N7 Ns| N5 N4 | N3J N2 ] N1 |NO

pCs |ALPHNUMERICCHANNEL DESTINATION
DATA (BYTE 10)

PCs |ALPHNUMERICCHANNEL DESTINATION
*~3 |DATA (BYTE 1)

e ALPHNUMERICCHANNEL DESTINATION | - .
5 |DATA (BYTE 12) -

pcC 7 |ALPHN UMERICCHANNEL DES DESTINATION
DATA (BYTE13)

PCs PACK PARITY

PCi1 B7~Bs4 : PACK ITEM = 1000
B3 : IF F ( RELIABILITY FLAG)IS"1 UNRELIABLE
B2~B0 : SUB PACK ITEM = on

PCz2 B7,B6 : F1, FO (INFORMATION FOR IDENTIFYING SAMPLING
FREOUENCY AT RECORDING )

“00" - 48KHz, “01"— 44.1KHz

"10° — 32KHz

 B5~B3 : BN2~BNO ( BLOCK No.OF CHANNEL STATUS DATA '
| CORRESPONDING TO DAT FRAME )

No.OF BLOCK AT CHANGING POINT OF DAT
FRAME IS SET TO* 00” No.CHANGES to
. "001 “ ~ “111" (MAX)
PC2 B2~Bo : AN zeros .
PC3 B7~Bo0: N7~ No (PHASE DIFFERENCE INFORMATION ni)
( Binary 8bits, N7: NSB, No: LSB )

PCs B7~Bo: A(LB%!-I{EL%E)R!C CHANNEL DESTINATION DATA
PCs .B7- Bo: ALPHNUMERIC CHANNEL DESTINATION DATA

PCé6 B7~BO0: ngPHgU%)ERlC CHANNEL DESTINATION DATA

. . BYTE 1

PC7 B7-Bo: ALPHNUMERIC CHANNEL DESTINATION DATA
' (BYTE 13)

PCs B7~B0:PACK PARITY
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The m croconputer 23 calcul ates the tinme code féa(z:e/ ﬁm’i’er | based on the
inputted tinme code data, cal cul ates based on.t’he nunbé&r .t-.and the phase
difference information Ti the correspondi ng DAT fra,me-nundoer j and the
initial phase difference information 10, furtHer cal cutates the DAT ti me
code based on the DAT franme nunber, and assigns the sane

F1G.37

B7 | Bs | Bs | B4 |B3 [B2 | B1 | Bo
PC1i 1 0 0 O\ F 0 ] 0
PC21 F1| FO|BN2/BN1|BNO} Mi10|M9 M8
PC3| M7 M6 |Ms [ M4 M3 M2 IMI1 |MO

PCs ALPHNUMERIC CHANNEL ORIGIN
DATA (BYTE 6)

pCs | ALPHNUMERIC CHANNEL ORIGIN
{7~ |DATA (BYTE 7)

ALPHNUMERIC CHANNEL ORIGIN
PCé {DATA ( BYTE 8 )

e ALPHNUMERIC CHANNEL ORIGIN
DATA( BYTE 9 )

PCs PACK PARITY

PCi B7B4 PACK ITEM =1000
B3 IF F{RELIABILITY FLAG}IS "‘ UNRELLIABLE
B2~B0 SUB PACK ITEM = 010

PCz B7,B6 Fi,Fo (INFORMATION FOR IDENTIFYING SAMPLING

FREQUENCY AT RECORDING )
00 - 48KHz , 01" = A41KHZ
"10% - 32KHz

Bs~B3 : BN2~BNo (BLOCK No,OF CHANNEL STATUS DATA
BLOCK CORRESPONDING TO DAT FRAME)

‘No,OF BLOCK AT CHANGING POINT OF DAT :
EIIQ(AWAEX)IS SET TO - 000 No.CHANGES to 00‘1

PC2 B2-Bo\ Mio~Mo (PHASE INFORMATION m FROM
PC3 B7~Bo/ '~ CHANGING POINT OF DAT FRAME TO
EACH CHANNEL STATUS DATA BLOCK)

~ BN2-BNO "000" — VALUES Mi0~ M0 =ni
PCs B7-Bo : ALPHNUMERIC CHANNEL ORIGIN DATA(BYTE 6)

PCs B7.B0 : ALPHNUMERIC CHANNEL ORIGIN DATA(BYTE 7)
PCé B7-B0 : ALPHNUMERIC CHANNEL ORIGIN DATA (BYTE 8)

'PC7 B7-Bo : ALPHNUMERIC CHANNEL ORIGIN DATA(BYTE 9)
PCs B7-B0 : PACK PARITY |
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- 40 - together with initial phase difference |n égﬁéllon |0 to the sub
code packs to apply the sanme to the nenory cidcuit 4. Flgs 8&-and 9 show
exanpl es of recording formats of the sub code packs_used jrh_the' s€cond
enbodi nent of the present invention. As described” above'"the DAT frane

FIG.38

B7[Be | Bs |Ba |83 [Bz [B1 [Bo

PCi]| 1 0O 0 OoOlF|lO 1 1
PC2iF1 | FO {BN2{BN1 |BNo| Mi10|M9 [Ms
PC3[M7 [Ms [M5/Ms| M3]|M2|M1 [Mo
pCs |ALPHNUMERIC CHANNEL DESTINATION

DATA (BYTE 10)
pcs [ALPHNUMERIC CHANNEL DESTINATION |

DATA (BYTE 11) -
pcs |ALPHNUMERIC CHANNEL DESTINATION

> IDATA ( BYTE 12)

ALPHNUMERIC CHANNEL DESTINATION -
PC7|DATA (BYTE 13) e
PCs PACK PARITY
PCi1 B7 B4: PACK [TEM = 1000 - -_ -

B3 :IF F(RELIABILITY FLAG} IS "1, UNRELIABLE
B2~B0: SUB PACK ITEM =017
PC2 B7,B6 : F1,Fo( INFORMATION FOR IDENTIFYING SAMPLING
FREQUENCY AT RECORDING )
"00" - 48KHz, "01"— 44.1KHz
10 - 32KHz ' -
Bs~B3: BN2-BNo (BLOCK No. OF CHANNEL STATUS DATA
CORRESPONDING TO DAT FRAME )
No. OF BLOCK AT CHANGING POINT OF DAT FRAME:
IS SET TO "000", No.CHANGES TO "001"..-m1"
_ ( MAX ) . _‘
PC2 B2~B0y Mi0~Mo (PHASE INFORMATION m FROM CHANGING
PC3 B,7~Bo)' POINT OF DAT FRAME TQO HEAD OF EACH
CHANNEL STATUS DATA BLOCK )
BN2~BNO “000" -~ VALUES M10~Mo0 = ni
PCs B7~B0: ALPHNUMERIC CHANNEL DESTINATION DATA
( BYTE 10)
PC5 B7~B0: ?55@ 1u}m}t—:mc CHANNEL DESTINATION DATA
PCeé B7~B0: ALPHNUMERIC CHANNEL DESTINATION DATA
(BYTE 12)
PC7 B7~B0o: ALPHNUMERIC CHANNEL DESTINATION DATA
(BYTE 13)
PCs PACK PARITY.

B7~Bo:
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- 7
nunbér j is calculated based on the tine code frar}a7n(ff)eor I and the phase
difference information ri so that the DAT tine codes cal curated based
thereon, and they are recorded by using the PACK | TEM "0011" PC1, B3 = 0,
Running Ti me PACK shown in Fig. 8. The various'flag sets {¥C5 to TCO and
the -data of the User Goups 1 to 8 in the tinme code signals are recorded in
respective-designated areas in a pack which is newy provided, for exanple,

t he PACK | TEM FIG 39
'B7 | Be | Bs | Ba | B3 | B2 | 81 | Bo
PACK ITEM e
PCI{ 0 O 1 11 1| 0 |SP¥|SPI0
PC2| F1 | Fo|T2 | T1 | To |(MSB) |
PC3| 11 BIT BINARY DATA ~ (LSB)
PC4 - HOUR  (RH)
PCs ~ MINUTE (RM) ‘
PCs | SECOND (RS)
pc7| 'FRAME  (RF)
PCs PACK PARITY
FIG.AO
"B7 | Bs | Bs | B4 | B3 | B2 | B1 | Bo |
PC 1 11 01 0| 0| 0| O |SPli|SPlc
PC 2
PC 3 | | R
PCa4 SUB DATA FIELD
PC s
PCs
PC7?
PC8 PACK PARITY
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"1001". TC ID DATA (T2 to TO: 3 bits) indi catlve of é'e°types of the
inputted tine code signals and the initial phase different® ipformation |10
(b1O0to bO 11 bits) found by calcul ation are:récorded i n,4"he” r émai.ni ng
areas. Referring to Fig. 7, the suffixes of t he reference’ characters DT1,

DT2... of the recording and reproduci ng signal waveforns 82 represent the
DAT frame nunbers, and the reference character 10 represents the initial
phase - o :

F1G.41

B7 | Bs Bs | B4 | B3 | B2 | B1 | Bo
PC1 1 0 0.1 0 0 0 0 0
PC2 0 0 0 0 0 0 0 0
PC3 0 O |TBs|TB4| TB3] TB2] TB1] TBO
PC4 |[8th BINARY GROUP 7th. BINARY GROUP
PCs |6th BINARY GROUP | 5th BINARY GROUP
PCs |4th BINARY GROUP 3th BINARY GROUP

-PC7 Zth BINARY GROUP | 1th BINARY GROUP

PCs | PACK PARITY .
F1G.42

B7 | Bs | Bs | B4 [ B3 [Bz | 81 | Bo
PC1 1 1 O 0 0 0 0 0 1
PC2 a b c d e ]
PC 3 - £ | g
PC 4 h | i 1D
PC s . j (cooe
PC & ~ BITYE 4
PC 7 BITYE 5 | J
PC 8 | PACK PARITY |

PC2 B7~Bo : CHANNEL STATUSDATA BLOCK BYTE O
PC3 B7~B0 : CHANNEL STATUSDATA BLOCK BYTE 1
PCs4 B7~ B0 : CHANNEL STATUSDATA BLOCK BYTE 2
PCs B7~Bo : CHANNEL STATUSDATA BLOCK BYTE 3
PCs B7~Bo : CHANNEL STATUSDATA BLOCK BYTE 4
PC7 B7~Bo0 : CHANNEL STATUSDATA BLOCK BYTE 5
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di fference information. As described above, the audi 095 @{él? In the period

DT. are recorded on the nmagnetic

initial

phase difference information |0

- 41 - tape-127del ayed: by, 860deg.

i's recor ded in eve’ry sub code

The

ress

si gnal area.

FI1G.43

_ B7 | Bs | Bs | Bs | B3 | Bz | B1 | Bo
PC1 1 0 0] O 0| O 1 | O
PC2 0 0] 0 0| O 0 0| O
PC3 o] o 0|l o] o 0 0] O
PCs - '
PCs “. ALPHNUMERIC CHANNEL
PCé ORIGIN DATA |
PC7 )
PC8 PACK PARITY
FI1G.44
B7 B6 Bs Bsa B3 B2 B1 Bo

PC1 1 0 0 [ O 0 [0 1 1
PC2 0 0 0 0 g 0 0 0

PC3 RELIABILITY: FLAG

PCs4 ' _
PCs ALPHNUMERIC CHANNEL
PCsé ORIGIN DATA

PC7

PCs PACK PARITY
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The reproduci ng operation will be described in th @p oW ng. The audio
signal s out of the signals reproduced frem-fhe heli‘cal .tr.acks on the
magneti c tape 12 are outputted to the out'si fle de]ayed by 360 deg. as shown
by the relation between 82 and 83 of Fi g. 7:° The:'sub code signals are
applied to the mcroconputer 23 and converted.and conposed to the original
time code signals by the two packs, that is, PACK I TEM "0011", (Running

Ti me PACK) and

F1G .45
AM.0:00 _ 162 _ '
- ' . ' { f—oTC —
(a) 0:0:0:0 -~ e-e TH'TMTSOTg
P 0 . . i F ,421
;"———'_ iTC -———ﬁ-enj-; . £
I _ .
r TT)
L
(b) e TT]
0 b X
161 ! J
FIG.46
o [ T8
e TLO ————
I
i
(a) 0:0:0:0 TH:TM:TS:TF
O ’ i 5 i+ 1

164

-
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PACK | TEM "1001". The m croconputer 23 cal cul at eé 517{6&? frame nunber |
based on the DAT time code. recorded in:the Rurni. fig' Ti e :PACK, and
cal cul ates the corresponding tinme code fr ame nunber j by~u3| ng the nunber |

and the initial phase difference informatidn |10 recorded in the PACK | TEM

"1001" in accordance with the following equation (3). i = INT [(lo (j - 1)
DTy) / TC] + 1 .(3) The phase difference information ri fromthe point .
of :

FI1G.47
Tt FS 48KHz 441KHZ | 32KHz
r
30 Hz 1 1 3
25Hz | 1+ | 1 1
24 Hz 1 2 3
F1G.48
o0 | 48KHz | 44KHZ| 32KHz
30Hz | 1600 | 1470 |1066.6
'29.97Hz | 1601601 | 1471.471 | 1067.73~|
25Hz | 1920 1764 1280
24 Hz 2000 | 1837.5 | 1333.3
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cd
change of the DAT frame to the point of change of t(’hg/énfcode frame can
be calculated in accordance with the foel 'l owd ng equatlon (4) by using the
nunber i cal culated in accordance with: equa;tlon 2(3). i=-rTCY - o+ (j -
1) DrTu] - (4) The miCrotonput'ér 23 generates a tine code
signal of the base band (before nodul ation) to realize the sane

FI1G.49

AM.0:00 o 166 . |

: - ' ' S F—— TCt —f
1 0:0:0:0 --- TH:TM: TSITF

0 i i+ ]

h———— iTCt  ——njts
|
)
|
0

2 TTj
5 j j+ 1
165
' FI1G.50
AM. 0:00 | l!é;‘ |
! ( fe— oT —
2 -« | TB
| § 0 . ) _ J¢1 J+2
- ——— TBt -mit -
f— TLOt
l .
- . «— . TCt —
1 0:0:0:0 | --- TH:TM:TSTF
0 | i 3 iel
167 -
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hase relation as at the time of recordi ng t%%péyct he sanme to the
i n accordance with the resutt -of caftculati on of the equations

modul ating circuit 75 in response to the. reference signal: 78 for
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circuit 29,
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(3) "and (4). The nodul ating circuit 75 carries out prgﬁfbfgéh‘hndulation on
in response to thehit; clock _signatl-
clock generating circuit 29 and output$ theiresult to TC: S|gnal
76. By the above described operation,

the time code signal

t er m nal

out put

the-audi o signals and the

tinme code signals are outputted to the outside having the sanme phase
relation as at the tinme of

FI1G.52A

INPUT SERIES OF
DIGITAL AUDIO DATA

FROM QUTSIDE

EXTRACT USER DATA
BY DIGITAL INTERFACE
CIRCUIT

i

CIRCUIT,

DIVIDE USER DATA AT
EVERY DAT FRAME BY
USER DATA . DIVIDING

FURTHER DIVIDE AT
S{%SCRIBED No.OF (40)

f

FORMAT INTO SUB CODE
| PACK BY USER DATA PACK

GENERATING_CIRCUIT,ADD
PACK No. & QUTPUT TO
MEMORY 4

A

ADD ERROR DETECTION
& CORRECTION CODE BY
CODING CIRCUIT

y
RECORD ON SUBCOQDE
AREA OF MAGNETIC TAPE
THROUGH MODULATING
CIRCUIT. REC AMP etc

F1G.52B

REPRODUCE DATA FROM
SUB CODE AREA OF -

MAGNETIC TAPE. INPUT
TO MEMORY THROUGH
REP AMP & DEMODULATING
CIRCUIT

Y

[CARRY OUT ERROR

DETECTION & CORRECTION
BY DECODING CIRCUIT

y
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'
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recofding, as shown by the relation between 83 and & ;fﬁoéf"l n Fig. 7. A
third enbodi nent will be described in the follow ng In the first

enbodi ment described above, ‘the frame tnunber whitch.1s -the.mini mum unit of
the time information is recorded in the sub. code pack for fecording the
User Group data. Consequently, the pairing of the sub code pack and the sub
code pack in which the tine :

FI1G.53
| = _ 30msec

(a) FRAME CLK | [ | 1
(b) DAT FRAME n nei

b ; -
(c)AUDIO SIGNAL | WLO | WRo [ WL W39 [WRn3s WLO
(dJUSER DATA - {ULo |URo0 { UL UL39|URE ULO

F_IG.54

USER DA’fA uLo [URo [uLs // ULe |URs |ULzo ) |urss

“ist PACK - “2nd PACK

S
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information is recorded can be done easily. In addi%i o//§$ﬁte t he
identification flag SD indicative of the fact that, the recorded content
the sane as that of the precedi ng DAT frarre i's r:ecorded, -r'epeat ed

reproducti on of

- 43 -
F1G.55
B7 | B6 | Bs B4 | B3 | Bz | Bl | Bo

PC1 o 10

PC2 PACK No.
PC3

PC4

PCsS USER DATA
PCs.

PC7

PCs

PACK PARITY
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the tine code signal information can be preventéé€ZA/égproduction. In the
second enbodi nent, the tine information of the ti-me code€ is converted into
DAT tine code to be recorded, which proviédes conpatibi-tity with the
conventional DAT. The third enbodi nent inciudes both advant ages of the
first and second enbodi nents. Since the apparatus and the recording and
reproduci ng operations are the sane as .t hose
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in fhe second enbodi nent, the description thereof is ggﬁéﬁ%at ed, and only
the format exanples of the sub code pack will be descrihed. Figs. 10 and 11
show exanpl es of recording formats of -the sub code.packs used in the third
enbodi ment of the present invention. By the sare -operati on” as descri bed.
above,the tine information converted into the DAT time code, the initial
phase difference information 10 and TC

FIG.57

TAPE RUNNING DIRECTION

7/_/////////////// L

(
32
RS
3
LLLLLLL L L L LS L
4 --
FIG.58
35 35 36 37 38
s&s SERCOI £ PE:‘.{VO §U€
CODE | | CODE
GO | lagea| [PCM SIGNALAREA| |apea| [CODE
8 5 128 5 { |8
» 196 BLOCKS . .
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| D-DATA (T3 to TO: 4 bits) distinguishing t he types56ﬁ5(¢é;ﬁi me code

si gnal s to be inputted are recorded in-the pack shown i.n.Fig. 10. The PACK
ITEMis "0011", and in order to dlStIthI&h t he pack fromihe conventional
Runni ng Ti ne PACK (see Fig. 8 or Fig. 67);-.-B3 of .PCl is used. Nanely, if B3
=1, it is used for recording tinme code signals. In addition to the various
flag bits (TC5 to TCO) in the tine code signals and the User G oup data,

the FRANME

F1G.59
- | 36
41: BLOCK y =
| 39\ z.o‘ LDCR 43
SYNC| 1D BARITY PCM DATA+PARITY : .
8 8 | 8 8 | 256
B 288 BITS
FI1G.80
B7 | B6 {Bs | Bs|B3 |Bz|Bt |80
45~JFormat 101 1n, Frame address 4
0 0 . : L4
D2 103 Frame address g
ID& iDs Frame address |
IDs 107 F rarrié addreés _
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No. Wwhich is the mninumunit of the DAT tine éoé/éthe - 44 - pack
shown in Fig. 10 and the identificatiogn flag SD indicating whether or not
the recorded content except the FRAME:NO Js the same as 1 hat of the
precedi ng DAT frane Y ..l :

F1G .61

Bit assignment of ID1 to ID7

Usage - Bitassignment
[01 | Emphasis Bs,Bs4 .
. 0 0 :Off
0.t :50/15usec
' O : Reserved .
1 1 : Reserved
[D2 | Sampling frequency B7.Bs
0 0 : 48KHz
0 1 44KHZ
1 0 : 32KHz
. 1 1 : Reserved
ID3 | Numberofchannel| Bs, B4 -
: 0 0 : 2channels
0 1 ": 4dchannels
] 0O : Reserved
| 1 1 : Reserved
104 | Quantization B7.Bs
- 0 O :16bits linear
0 1 :12bits non(iner
1 0 : Reserved
] 1 : Reserved
iDs | Track pitch BS.B4  Aprmal
0 0 : derfrartrack mode
0 1 :Wide track mode
1 Q. : Reserved
: 1 1 : Reserved
" 1Ds |Digital copy B7,Bs :
. Q0 0 : Permitted
0 1 : Reserved
1 0 : Prohibited
1 1 : Reserved
107 | Pack ' 85,84
: Pack Contents
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are recorded in the pack PACK | TEM "1001" shown in I‘—),é//lggy recordi ng
the FRAME NO. the pairing with the pack in which _t-he ti-pe information is
recorded shown in Fig. 10 can be surely carried out, and: by recording the

i dentification flag SD, repetitious reproduction-of the information such as
the User Goup data in the time code signals other than the tine

I nformati on can be prevented at the tine of reproduction.

F1G.62
4 47 18 49
= ot ot e
SINC | ot | ‘Swz PARITY|  SUB DATA-PARITY
8.8 .8 [ 8 | 7%
286 BITS
F1G.63
4 47 4 s
2 ~ i - .
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I nventi on.
Fig. 1 except that a sanpling clock sighalZ for:sanpling.the audi o signal

Fig:.12 is a schematic b.I ock di agram showi ng a fourfé’ér‘éo?ﬂ ment of the

circuit 74. As nentioned in the foregoing,
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di fferent sanpling frequencies,

present

weiBoid e Uik 9poD awi} ShONUIUOD Pue Jaquinu xapuf ‘ONd [awiy wesboid | 1000

lace

n Rep

[

[

1This Sheet Has Bee

.0 .. 9@y 83d ~ LDd [MonewojuioN| 0000

SHUVINZY siNainod | P

S99l



usifig the sanpling clock signals, the representati on“of'{ré %hase

di fference information and of the tine codes caone-to he the sane as the
total sanple nunber, so that the accuracy tan be ensured con a sanple by
sanpl e basis, which enables synchronl zation and-edi-ting sanple by sanple..

FI1G.66
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; >
45~ Fig. 13 shows an exanple of a recording fonn% cﬁ/?%e sub code packs
used in the fourth enbodinent in the present invention. -Referring to Fig.
13, in PC3 of the pack format recorded on:the TC I'D DATA {T3 to TO: 4 bits)
di stingui shing the types of the inputted-fi ne code S|gnals and i nformation
I ndicative of the three different frequencies of the sanpling clock signals
f : 48 kHz,

FI1G .68
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44.1 kHz and 32 kHz (F1, FO: 2 bits)as the count C|2L S|gnals for
detecting the phase difference are reeorged. & her information such as the
DAT time code are recorded in the same.manner :as .showa: L4i-Fi g. 10. In the
fourth enmbodi nent, the data such as Usér--& oup-are recorded in the sub code

pack shown in Fig. 11 as in the third enbodlnent In the above descri bed
enbodi nent, the frame cl ock :

=
(s8]
-
a2
2
~ s> 2E
/E2 ;;ES-JID
Qo
- © w § e | % ™
- o I -
> 2 g W T~
wl
= >
o = *
F\I‘né &
= y
w i o
o =T _
) ra) o Slu| o @
w %) 3 [ T 2
. = < ™ . <
— (Tp) w
O o g=) O =17y u
L L =21 ;% I I
L
olm ;;
2 L
138 By r
dg‘ o~ A
= m|
>
S| % -
3| 5
T o~ RON
_‘_71 R = :ﬁ:
. = !
_Jr.nycﬂ w
LB | = 1=
3 zﬁ% —Q
2 =
, o = v

dThls Sheet Has Been Relilaoa




si.gnal 73 of the time code signal extracted by the aegé/éfgtlng circuit 72
is also applied to the clock generating circuit 29, which is used in a vari
pitch recording node. In the vari pltch mode, -al | it he ¢l-ocks used in the
DAT nust be changed, and therefore, the clock ‘generating circuit 29 changes
t he necessary clock frequency to output the same in accordance with the
period of the frame clock signal 73. The reference signal 77 for

FI1G.71

BYTE/1BIT'——-O 1 2 3 4 5 6 7
, _

-~ [E]B] —<© Jd] =
] . § T .C :
e h | : l ID CODE
L1 - [
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84 T | AeeNuMERIC y
8] - CHANNEL ORIGIN DATA
v *
i1 = ALPHNUMERIC
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l -
- .ba
2] - LOCAL SAMPLE ADDRESS
7] — (32 BIT, BINARY).
VB  —— —OF =AY
9] - TIMEJ CODE
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— CRCC ]

|
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¥

8 OF CHANNEL STATUS g :USER BIT MANAGEMENT
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APPLICATION
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: CHANNEL MOOE
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. . ._ /é'c
recordi ng, the count clock signal 79 for measuring t‘h 46 - phase

difference and the sanpling clock signal .£5 are |ncl uded there| n. Al though
t he phase difference detecting circuit 74 |s :
Z
2
2
a
Time Address | & |bit#
_ 0T Start of the code word
Frame Units = |-44—4—
ki
_User Growp #1
Frame Tens J£ Devp
s ramef i
] r_frame )
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. T T 18
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éo/éo
provi ded for detecting phase difference information rii in the above
descri bed enbodi ment, the phase difference information T can be neasured
by inputting the frame clock signal 73, the reference sirghal 77 for
‘recording and the count clock signal 79, prOVIded that- a m croconputer 23
capabl e of high speed arithnetic operatlon I's used. The phase difference
detecting circuit 74 can be omtted in that case. '

FIG.73

~ |NONDROP 30 Hz
FRAME .
SMPTE
| DROP FRAME|  29.97Hz
EB U | 25 Hz
FILM 24 Hz
DAT - 33.3 Hz
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In the above described first, third and fourth enbodi nents, the data such
as User Goup are recorded in one back separately fromthe tinme
_information. However, since the contents of such data are not changed frane

by frame unlike the time information, such data may be recorded as needed.
In.the above described second, thizd ant Tourth enmbodi nents, based on the
inputted tinme code signal frane .

TITLE OF THE INVENTION

_Magnetic Reéording and Reproducing Apparatus and
Method of Recording and Reproducing |
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates .to a magnetic recording
and reproducing apparatus and.fo-a method of recording and
.reproducihg. More specifically, the present invention
relates to a magnetic recording and reproducing apparatus
such as a digital audio tape recorder (hereinafter referred to
#s DAT) having rotary heads and recording audio sigmnals
and the like on a magnetic tape by converting the audio signais
into successive digital signals and reproducing the
recorded digital signals, and to a method of recording and
reéroduciné. |
Desc#iption of the Background Art

A DAT is disclosgd in, for example, "The Outline of
DAT standardization", Journal of Institute of Electronics,
Information and Communication Engineers of Japan, Januaryf
1987.

Fig. 56 is a schematic.block diagram.éhowing a whole
structure of such a conventional DAT. The structure of

_ the DAT.will be described with refeygﬁce to Fig. 56.

Analog audio signals of left aﬁd right channels are

inputted to an analog signal input terminal 1, and the
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nunber i and on the phase difference information r., the correspondi ng DAT
frame nunber j is calculated, and the initial phase difference infornmation
0 but not Ti is recorded as the phase difference information. Therefore,
by using a different TCu fromthat of recording is used for the equations
(3) and (4), the tine code signal whith -

inputted analog audio signals are applied to a low pass
filter (LPF) 2 to restrict ﬁhe bandwidth of the signals. The
analog audio signals whose bandwidth ié restricted are
aéplied to an analog/digital converting circuit
(hereinafter referred to as an A/D'conve:ting circuit) 3
‘to ‘be. converted into digital -audio signals. The digital
audio.signals are stqred in a memory circuit 4. A coding
. circuit 5 is cénnected to the memory circuit 4..
The coding circuit 5 generates codes for detecting or
correcting errors of the digital audio signals stored in
the memory circuit 4. |
The digital audio signals read from the memory
circuit 4 are applied to a modulating circuit 6 and
modulated. The modulated digital audio signals are
aﬁplified by a recording amplifier 7 and aéplied Fo to
rotary heads 9 and 10 through a switching circuit 8 for
switching between recording and reproducing. The rotary
heads 9 and 10 are arranged on a rotaxy drum 11 having a
diameter of 30 mm,-and spaced from each other by 180 deg. A
magnetic tape 12 is wound around the rotary drum 11 at the
angle of 90 deg. The magnetic tape runs as a capstan (not
shown) is rotated, and signals are recorded or reproduced
by means of the rotary heads 9 and 10.
The digital signals reproduced by the rotary heads 3

and 10 are applied to a reproducing amplifier 13 through
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- 47 - is different fromthat at the tinme of recording can be outputted.
Nanmely, even if the tinme code signal of EBU25Hz systemare inputted at the
time of recording, the time code signals of the SMPTE30Hz system can be
easily outputted at the tinme of reproduction. A fifth enbodi nent in which

channel status data - 3 -

the switching circuit 8. The reproduciﬁg amplifier 13
amplifies the reproduced digital audio signals'and'applies
the same to a demodulating circuit 14. The demodulating
circuit 14 is used to demodulate the reproduced digitél signals
and applies the demodulated output to a memory circuit 15.
‘A decoding circuit 16-is éohﬁeg;ed'to the

memory circuit 15. The decoding circuit 16 carries out
.error correction and error &eteCtion of the reproduced
digital audio signals; The reproduced digital éudio
signals read from the memory circuit 15 are applied to a
digital/analog converting circuit (hereinafter referred to
as a D/A converting circuit) 17 to be converted into
analog audio signals. The converted aﬁalog audio signals ..
are dutputted to analog signal output terminals 19 of leift
and right channels.

A drum motor 21 is p;ovided for rotating the rotary
drum 11 and a capstan motoxr 22 is provided for rotating
the capstan (not shown). Drum moﬁor 21 and the céﬁétan
motor 22 have their speed of rotation controlled by a
sefvo circuit 20. A microcomputer for processing sub code
signals (hereinafter.referfed to-as a microcomputef) 23 is
provided for processing sub code signal; which are related
to the main audio signals. In relation to the
microcomputer 23, input'kefs 24.for setting input data-or

instructions and a display 25 for displaying the contents
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transmtted fromthe digital audio interface can be recorded is described
in the followng. Fig. 14 is a schematic bl ock diagramof the fifth

enbodi ment of the present invention. The enbodi nent shown in Fig. 14
conprises a data reading circuit 90 and a phase difference detecting
circuit 91. Except these new y added ti4cuits, the structure is the sane as
that shown in Fig. 56. The mcroconputer 23 and the cl ock generating

circuit
_of the sub code signals outputted from the microcomputer
23 are pfovided.

Thé DAT further comprises a digital input terminal
through which digital audio data (which will be described
later) are inpﬁtted.directly from.extérnal sourceé, and a digital
output terminal 27 for directly.outputting the digital
audio data to external equipment. The digital input terminal.zé
;and the digital output terminal 27 are connected to a
digiﬁal interface circﬁit 28. A clock generating circuit
29 is further provided, which supplies clock signals
necessary for respective circuits.

Fig. 57 schematically shows signals recorded on the
magnetic tape 12 and Fig. 58 schematically shows signals
recorded on 1 track.

A helical track patterm 30 is-recorded on the
magnetic tape 12 by the rotary héad (9) shown in Fig; 56,
and a heliéal.track pattern 31 is recorded by the rotary
head 10. Linear track patterns 32 and 33 are recorded on
both ends of the magnetic tape 12. The helical track
pétterns 30 and 31 comprise, as shown in Fig. 58, a PCM
signal area 36 on which the digital audio signals as main
signals and testing signals for error correction are
recorded, sub code signal areas 34 and 38 on which.sub
code signals related to the'méin signals are recorded, and

servo signal areas 35 and 37 on which servo controlling
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29 have their functions inproved in order to assign the channel status data
to the sub code signal packs. The data reading circuit 90 is provided for
readi ng the channel status data. The phase difference detecting circuit 91
is provided for detecting the phase difference between DAT frames and the
bl-ocks of the digital audio interface. Fig. 15 shows the bl ocks of the

I nputted digital

signals are recorded. Areas for recording signals of a
prescribed frequency are provided between respective areas
and on both ends of the track, so that the helical traék
is constituted by a total_of.196 blocks..

The head width of the tﬁo rotary heads 9 and 10 is
about 20 -u, and the azimuth angle between each other is
20 deg.'.In'normal recording and reproducing, the rotary

.drum 11 is rotated copsﬁantly at 2000 rpm and the taée
running speed is 8.15 mm/sec. Consequently, the pitch of
the helical tracks becomes 13.6 p. The helical track
patterns 30 and 31 of Fig. 57 schematically show signals
in the PCM sigﬁal area 36, which include a testing signal
Q for error correction and sampled Odd data and Even data
of the leit and right channels L and R of stereo signals;.
Now, the error correction code is coﬁpleted iﬁ 1 traék,

) and interleaving of the audio-signals is adapted to be
completed in 2 tracks.

Fig. 59 shows a block format of the PCM signal area
36 shown in Fig. 58, and Fig. 60 show structures of ID
codes stored in the PCM signal block shown in Fig.' 59.

- The block format of the PCM signal area 36 is
described with referénce;to Fig. 59. In 1 bloék of the PCM
signal area 36, a synchronization signal 39, an ID code
40, a block address 41 and a parity signal 42 for

detecting errors in the ID code 40 and the block address
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audio interface and the DAT franes of the fifth enbodi ment of the pr esent
I nvention. Referring to Fig. 15, the reference characters NN N+ 1, N + 2
represent bl ock - 48 - nunbers of the inputted digital data and M M

+ 1
-6 -

41 are recorded, each consisting of 8 bits. The block of
the PCM signal area 36 further comprises an area 43 in
which PCM data and a checking signal for error correction
are recorded, which area 43 comprises 256 bits.

Therefore, 1 block of the PCM signal area 36 com?rises 288
bits. In the recording area of-—the -ID-code 40, important
information such as the sampling frequency of the éystem is
. recoxrded. | |

The format of recording such information.is

described with reference to Fig. 60. As

shown in Fig. 60, 4 PCM signal blocks are_used fdr
recording various ID codes. The 4 PCM signal blocks
include frame addresses. 44 consisting of 4 bits. In Format
ID 45, "00" is recorded when digifal.audio signals are to
be recorded; Important informatibn such as the sampling
freduency of the systém is recorded in the dat; recording

area in 2 bits in each of areas ID 1- to ID 7.

Fig. 61 shows bit assignment of the IDl to ‘D7 shown
in Fig. 60. As shown in Fig. 61, the sampl;ng fregquency
of the system is determined in accordance with-the
information of ID2. The DAT correspond§ to three

different sampling frequencies, that is, 48 kHz, 44.1 kHz

and 32 kHz.

Fig. 62 shows a block format of the sub code signal

areas 34 and 38 shown in Fig. 58. As shown in Fig. 62, 1in
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represent the DAT frame numbers. In this enbodinent, the channel status
data in the block (block nunber M of the digital data at the tine of
change (tine to) of the DAT Frame are recorded as the sub code of the DAT
frame M In this case, |ID code, al phanumeric channel origin data,

al phanumeri c channel destination data dut” of t he channel status data are
recorded as they are. The | ocal sanple address code and the tine-of-day
code are represented as

1 block of the sub code signal area, a synchronization
signal 46, SUB ID code 47, a parity signal 48 for
dete;ting errors in the SUB ID code 47, éub code data and
a checking signal 49 for error correction are recorded.
The areas of the synchronization signal 46 to the parity
signal 48 consist of 32 bits, and the area in which ~
the sub code data-.and the checking signal 49 for error
‘correction are recorded consists of 256 bits.

Therefore, the block of the sub code signal areas 34 and
38 comprises 288 bits, as is the case of the PCM signal
area 36.. |

In the sub code signal areas 34 and 38, -
program start signals {signal indicative of the starting
‘point of program) are recorded and, progrém numberhinformation,
time information and so on related to the audio signals are
recorded in the PCM signal area 36.

Fig. 63 shows a signai format in which the program
start signal, program number information and the like are
recorded. In Fig. 63, the synchronization signal 46, the
SusB iD code 47, the parity signal 48,.the sub code data
and the checking signal 49 for érror correctioq are the
same as those shown in Fig. 62, so that the description
thereof is not repeated. Various sub code signals are
récordéd using 2 blocks of the sub code signal areas 34

and 38. In an area 50, a control ID is xecorded, in which
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the sanple at the head of the inputted digital block. Therefore, by
detecting phase difference between the DAT franme and the digital data block
and by arithnetically processing the |ocal sanple address code and the

ti me-of -day code by the detected phase difference and the channel status
data bl ock, the |ocal sanple address -cd&de and the tine-of-day code for the
first sanple of the DAT frame are calculated to be recorded in the sub

code.

the program start signal (defined as a’stait ID signal)
and the like are recorded; In an aréa 51, a data ID is
recorded, and when digital audio signals are to be
recorded, "0000" is recorded. 1In an area 52, a pack ID is
recorded which shows the number of packs (which will be
described in detail later) -recorded on the sub data
recording area 4%. 1In an area 53, the program number
information is recorded. 1In an area 54, block addresses
of the sub code signal areas 34 and 38 are recorded. The
area 55 is called a pack, constituted by.64 bits,

in which pack the time information &nd the like are
recorded. A checking signal for error correction is
recorded in an area 56. The pésitiogs 6f various sub ;ode
sigﬁéls recorded in the areas 50 to 56 are determined as
shown in Fig. 63, and the sub code signal areas 34 and 38
have the signal recording format completed in 2 blocks.

Fig. 64 shows a pack format of the sub code signals
and Fig. 65 shows PACK ITEM and the contents thereof.

As shown in Fig. 64, the forﬁat of the pack 55
includes a PACK ITEM-recording area 57 Show;ng the
contents of the data stored in the paék, a PACK DATA
recording area 58, and an area 59 in which parity signals
for detecting errors in the
contents of the PACK ITEM recording area 57 and in the

PACK DATA recording area 58 are recorded.
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The operation of recording the digital audio signals will be described in
the following. The digital audio signals inputted to the digital input
termnal 26 are applied to a digital interface circuit 28. The digital
interface circuit 28 extracts and outpyts audio data and the channel status
data fromthe digital audio signals. "THe outputted audi o data are subjected

to the processes as

As shown in Fig. 65, the content of the data stored
in the pack is determined corresponding to the PACK ITEM.
One example of the information stored in the pack is shown
in Figs. 66 and 67. In Fig. 66, the PACR ITEM 57 is
"0001", which content is Program Time. in the example
shown in Fig. 67, the PACK ITEM 57 is "0011", which is the
Running Time recording format,- as is apparent fﬁom Fig.
65. B3 of PC = 1 is-set to 0. 1In the examples of the
pack format shown in Figs. 66 and 67, the program numbex,
index number, hour, minutes, second and frame number are
recorded as pack data.' As shown in Figs. 66 and 67, an
area for recording the program number is also provided in
the pack.

Fig. 68 shéws timing relation between recording and
reproducing of audioc signals and sub code sigﬂals.

The operation of a coﬁventional DAT will be described
with referenceito Figs. 56 and 68. Ih Fig. 56, the analog
audio signéls of 2 channeis,'that is, the left and right
channels, inputted to the analog signal input terminal 1
have their frequency bandwidth restricted by the low pass
filter 2, and the audio signals are applied to the A/D converting
circuit 3 to.be converted into digitél audio signals WLn:
WRn (n =0, 1, 2...). The reference character n shows the
order of sampling. The signals.of ﬁhe left and.righ;

channels are sampled alternately to be successively
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- 49 - described inrelation to the prior art to be recorded on the
magneti c tape 12. The channel status data are applied to the data reading
circuit 90 and 1 bl ock of the channel status data at the point of change of

the DAT frame are collectively
' - 10 -

outputted as WLO, WRO,-WLI,... -éﬁd_ tehpora:ily stored in
the memory circuit 4. The samples are.read from memory
circuit 4 in accordance with an order as neéded to be
applied to the coding circuit 5. The coding circuit 5
adds error correcting codes and erxor detecting codes to
the read.samples and writes the same in the memory
circuit 4.

When the sub cbdé'is.designated by:the
input key Zé, the.aesignated sub code signal is generated
by the microcomputer 23 and is applied to the meﬁo:y
circuit 4 to be temporarily stored therein. The sub code
signals are also read in accordance with.a prescribed
oxrder to be applied to the podiqg circuit 5,'tqlwhich the
error correcting codes and error detecting codes are added
-and the resulting signals are again written in
'tﬁe memory circuit 4. The microcomputer 23 applies the
contents of the sub code signals to be re;drded to the
display apparatus 25 so as to-display the same.

Thé data written in the memory circuit 2 are
applied touthe modulatinglcircuiﬁis which converts the data
into é series of signals suitable- for recdrding on:
‘the magnetic tape 12, aﬁd the signals aré amplified by the
récqrding amplifier 7. Thereafter, they are recorded on
‘the ﬁagnetic tape 12 by means of the two rotary heads 9

and 10, through the switching circuit 8. In actual use,
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applied to the mcroconputer 23. The data reading circuit 90 extracts a

bl ock clock signal of the digital data to apply the sane to the phase
difference detecting circuit 91. The phase difference detecting circuit 91
has the same structure as the phase difference detecting circuit 74 shown
in Fig. 1, which conprises a counter-ckt¥cuit and a latch circuit, not
shown. A DAT reference signal and a sanpling clock signal f5, for exanple,

as the count clock

the memory circuit.4 is divided into two groups. While
sampling of digital audio signals and writiﬁg of sub code
signals are carried out in one group, codiné and reading
are carried out in the other group. The manner of
operation is disclosed in the timing diagram of Fig. 68.
As described-above, the magnetic tape 12 is wound
around the rotary drum 11 Ebrdugh on arc of 90 deg, and
the recording and repioducing are carried out by two
rotary heads 3 and 10. Therefore, in the recording and
reproducing waveforms, the signal recording and
reproducing section of a 90 deg arc of rotation each and the
interval section of a 90 deg arc .of. rotation each exist
alternétely, as shown in Fi:gT 68 (62). The signal recording and
‘reproducing section of a 90 deg arc of rotation corresponds to
the recording and reproduéing of one scanning. As shown in Fig.
68 (60), samplés of the digital audio signals at the period
- Tn aie written in one grou? of the -memory circuit 4 igfthe
périod Tn W, so that samplés of two scannings are stored.
Thereafter, in the first 1/4 (T, EN; period of Fig. 68) at
the beginning of the period Tn + 1, signals of one scanning
are encoded, and they are read in the succeeding period
TJU%. The remaining signals of another one-scanning are encoded
in the period T,EN, and read-'in the period TRD,. Namely,

the digital audio signals sampled in the period Tn are
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signal for detecting the phase difference are applied fromthe cl ock
generating circuit 29 to the phase difference detecting circuit 91. The
counter circuit is reset at the rising edge of the block clock signal and

i medi ately thereafter, the counter circuit is counted up by the sanpling
clock signal f5, and the counted val e I& the counter circuit is latched in
the latch circuit at the fall of the DAT reference signal. The counted -

val ue

recorded on the magnetic tape 12 delayed by.a Béo-deg arc
(corresponding to one rotation of the rotary drum 11).

As shown in Fig. 68 (61), the sub code signals
outpﬁtted from the microcomputer 23 in the peridd T
(former half of the period T ) are written in the ﬁemory
circuit 4 in the period Tm WT;lengoded in the succeéding
period T EN, and read in the period T, RD. Namely, the

- sub codes signals recorded on the magnetic tape 12 are
delayed by a 180 deg arc (corresponding to 1/2 rotation of the
rotary drum). Referring to the recording and reproducing |
signals shown in Fig. 68(62), the reference .character T, in
the numerator part of the fraction shows that aﬁdio
signals of the period Tn are included, and the reference
éharacter Th in the denominator part shows that the sub
code signals of the period tm are included.

In reproduction, the switching circuit 8 is switched
to the reproducing.side, and the signals are reproduced
from the magnetic tape 12 by means of the rotary heads 9
and 10 and' apélied to the reproducing amplifier 13. The
reproducing amplifier 13 amplifies the_agplied signais and
applies the same to the servo circuit 20 and to the
demodulating circuit 14. The servo circuit 20 generaﬁes a
tracking error signal based on the servo controlling
signal recorded on the servo signal areas 35 and 37 to

control the speed of rotation of the capstan motor 22 so
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| atched in the latch circuit is directly applied to the m croconputer 23 as
the phase difference information ni (i =0, 1, 2, ...) fromthe point of
fall of the block clock 50- signal to the point of change (falling edge
of the DAT 13 '

-

as to enable accurate tracking. The demodulating circuit
14 demodulates the reproduced signals to the original base
band signals which are successively stored in the memory .
circuit 15. |
The digital signals stored in the memofy circuit 15
are read in an order as needed to be applied to the
decoding circuit 16, in which correction, detection_énd
- compensation of errors are carriéd out by the decoding of
the errox correctinggcodes.'Then the signals are again
written in the memory ci;cuit 15. The samples of the
digital audio signais with error corrected and compensated
are outputfed to the D/A converting circuit 17 or to the
digital interface circuit 28. The D/A converting circuit
17 converts the digital audio signals into the original
analog audio signals. The analog audio signals have.any
unnécessary frequency components removed by the low pass
_-filter.ls, and the analog éudio signals of the left and
right channels are outputted from respective analog signal
output terminals 19.
| The digital interface circuit 28 converts the samples
with errors corrécted and édmpensated into prescribed

formats to output the same from the digital output

terminal 27.

" The contents of the demodulated sub code signals are

displayed on the displaying appératus 25 by the
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reference signal) of the DAT franme. The m croconputer 23 assigns the

I nputted channel status data to separate sub code signal packs in
accordance with the types thereof. The |ocal sanple address code and the
time-of -day code are arithnetically processed in accordance with the phase
difference information ni applied fromthe phase difference detecting
circuit 91 so that they are converted into the |ocal

microcomputer 23. As the memory circuit 4
.the memory circuit 15 is divided into two
‘groups in actual use, writing and decodiné aré
carried out in one group, and reading is carried out in the
other group. The manner of operation is shown in Fig. 68
(62) to (64). As shown in Fig. 68 (63), the samples of
the first scanning of the audio signals in the period
-T,_3 of the :eprdduced signalé are written in the
memory circuit 15 temporarily in the PeriOd:Tn-1WT1f and
decoded in the pause interval period of a 90'de§ arc of rotation
represented as T, ,DE; to be stored again in the memory
circuit 15. Thereafter, in #he peridd Tn;lWTZ' the
remaining 1 scan samples are written in the memory circuit
15, and they areidecoded-in the next period Tn_lnEz to be
stoééd in the memory circuit 15. The stpred-samples of 2
scannings are fead from.the memory circuit 15 in the
- succeeding period T _,RD to be applied to the D/A

cénverting circuit 17 or to the digital interface circuitzé.,
The samplés of thg rebroduced.digital éudio signals are_outputte@
to external equipments with a delay of 360 deg arc of rotation.

As shown in Fig. 68464f, the sub code signals in the
period Th1 of the reproduced signals are written in the
memory circuit 15 in the period T _, WT, and decoded in
the éeriod T,_1DE to be again stored in the memory circuit -
15. Thereafter, the sub code signals are read from the
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sanpl e address code and the tine-of-day code for the sanple at the head of
the DAT frame, to be assigned to and recorded in the sub code signal packs.
Figs. 16 to 21 show exanples of the recording format of the sub code packs
used in the fifth enbodi ment of the present invention. As shown in Fig. 71,
t he channel status data conprises 192 bits (24 bytes) in each bl ock and

data of 23 - 15 - . .

memory circuit 15 in the period Tm-IRD to be applied to
 the microcomputer 23. Therefore, the coﬁtents of the
reproduced sub code signals are displayed on the
‘displaying apparatus 25 delayed by a 180 deg arc of rotatjon.

Now, the digital data inputted to the digital input
tgrminal 26 shown in Fig. 56 are determ%ﬁed as the digital
audio interface format by the stahdard CP-340 of the
Electronic Industries Association of Japan or by‘the IEC
(International Electrotechnical Commission) standard
IEC358. Such a format will be described in the following.

Fig. 69 shows signal st;ucture of a sub frame of the
digital audio interface fo#ﬁét, Fig. 70 shows a format for
transmitting signals of 2 channels, and Fig. 71 shows a
channel status data format for professional use.

Referring to Fig. 69, 1 word of audio signals is
transmitted as a sub frame having 32 bits. The sub frame.
comprises a synchronizing'preaﬁble 101, a auxiliary signal
102, an audio signal 103, a validity flag (V) 104
indicative of the reliability of the audio signal 103; a
user data bit (U) 105, a channel status bit'{c) 106 and a
parity bit (P)-107.

When the Sub frame such as shown in Fig. 69 is to be
transmitted as the signals of 2 channels, one frame is
formed by two sub frames, that is;.the channel 1 and the

channel 2, as shown in Fig. 70, and one block is formed by -
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byt es except CRCC nmay be assigned to the sub code packs. The channel status
data can be divided into 6 types, dependent on the content of the
transmtted information, that is, |ID code, al phanuneric channel origin
dat a, al phanuneric channel destination data, |ocal sanple address code,
time-of-day code and a reliability fTab@.‘Five di fferent channel status
data except the reliability flags are assigned to separate sub code packs.

192 frames. In order to identify the starting point and
the channels of each block, three different synchronizing
preambles B, M and W are used. The synchionizing preamble
B is used for the sub frame channel 1 at the head of the
v bloék. The synchronizing preamble M is used for the sub

frame of the remaining channel 1. The-synchronizing
preamble W is used for all ﬁhe sub frames of the channel
2. 1 block of the channel status data is formed of 192
channel status bits.los. The first bit of each block is
transmittéd in a frame which starts with the synchronizing
preamble B. | |

The block format of the channel.status data for
professional use is structured as shown in Fig..7i. This
format further includes information having close relation
to the audio signals such as emphasis, sampling frequency
and the like, time information such as time-ocf-day code
and local sample address code. Two pieces of different
time information are the time information of the audio
data transmitted by a £frame starting with the-
s?nthonizing preamble "B" és shown in Fig. 70.

Highly editing on a sample by sample basis is enabled, as the

information have the same level of as the sample ;ccuracy.

The signals of the above described format are applied
to the digital interface circuit 28 through the digital

input terminal 26 shown in Fig. 56. The digital interface
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51 - Aformat in each sub code pack will be described with reference to
Fig. 16. In this enbodinent, the sub code signal pack of PACK I TEM " 1000"
is used as the sub code signal pack for the channel status data signals and

S
- 17 -

.circuit 28 extracts the audio data and the channel status
data from the inputted signals to output the same. The
outputted audio data are applied to the memory circuit
4.“The same processing as in the récording of the analog
inpﬁt signals described above are carried out, and the
data are recorded on the magnetic tape 12. Important.
information such as eﬁphasis of the channel status data,
the sampling frequency and the like are applied to the
microcomputer 23 to be stored in the PCM ID. of the DAT.
At the same time, the digital interface circuit 28
controls the clock generating circuit 29 té generate
synchronized clock signals, in order to accurately iﬁ?ut
the externmal digital data.

The conventional DAT'operates as described above to
recoxrd and to reproduce digital audio signals. However,
connections to other AV équipmen;u'such as video tape
recorders other than the DAT have.not been considered. It
is especially difficult to operate the DAT for )
professional use in synchronization with other AV équipment'
for professional use such as VTRs.

Generally,-ih editing video tapes or the liké, ié is.
essential to recognize the'ppsition of the edited tape.
Especially in electronic editing, handling of the edited'
tape posifion is the importanﬁ problem in driving the

system. For this purpose, recording and utilization of
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di stingui shed from other packs. By using B2 to BO of PCl in the PACK DATA
area as the SUB PACK ITEM five different channel status data can be

di stingui shed fromeach other. As to the reliability flags of the byte 22
of the channel status data, the bit 4 corresponds to the ID code, the bit 5
corresponds to the al phanumeric charmel® origin data and the al phanureric
channel destination data, the bit-6 corresponds to the |ocal sanple address

code, and
time codes such as second address or frame address on the
cue track as. position informatibn on the tape hgve been
proposed and determined as IEC standard? IEC 461.

Fig. 72 shows the frame format of the standard
SMPTE/EBU/Film time code, and Fig. 73 showSfirame
frequencies .of various time cbde signals-and of the DAT.

The SMPTEZ/EBU/Film time code is described with -
.reference to Fig. 72. The'time code is mainly used for
the tele#ision system, and hour, minutes, second and frame
are assigned to the respective televisioh frames. The
time code comprises 80 bits per each frame, the value of
each of the hour, minute, second and frame of the time
code is repfesented in the decimal notation, the first
digit and the 2nd digit of each value are separately
converted into binary coded decimal code to be.altered to
the respective bits. |

In the SMPTE time code, the frame values are -
.numbeied'from 00 frame to 29 frame. The frame freéuency
is 30 Hz and 29.97 Hz as shown in Fig. 73. A drop frame
mode and a non drop frame mode are prepared for respeétive
frequencies. The frame frequencies of the EBU time code
énd of the Film time code are 25 Hz and 24 Hz,
respectively, and the frame value are numbered from 00
frame to 24 frame and from 00 frame to 23 frame,

respectively.
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the bit 7 shows the reliability of the tine-of-day code, so that the flag
information is allotted to the B3 area of PClL of the respective packs. The
sub code signal shown in Fig. 17 has the SUB PACK | TEM bei ng "001", in
which the ID code is recorded. In Fig. 18, the SUB PACK ITEMis "010", in
whi ch the al phanuneric channel origirm. a are recorded. In Fig. 19, the
SUB PACK ITEMis "011" in which the al phanuneric

Aé shown in Fig. 73, the frame frequencies of the
SMPTE/EBU/Film time code are different from the frame
frequency of the DAT. Therefore, it is difficult to
record the SMPTE/EBU/Film time code directly on the
magﬁetic tape 12 by meahs of the rotary heads of the DAT.

' In order to solve such a problem, di:ecﬁ recording
and reproducing of the time code by'using astatibnary”head on
- the linear track 32 orx 53 shown in Fig. 57 has been
proposed. However, if a stationary head is provided in the
tape transport mechanism, the structure becomes
complicated, and it beéomes necessary to accurately
maintain the positional relation between the rotary head
12 and the stationary head. The line;r tracks -32.and 33 are
positioned on both ends of the magneﬁic tape 12, so that
they are easily damaged, reducing the reliability of the
time code data. As described above, the tape running
speed is as slow as 8.15 mm/sec,.so that the recording and
reproduciﬂg'of the signals are difficult. .Ndw, one of the
features of DAT is a high speed searching fpnction using
the sub code signals, the speed of which is more than 200
times normal.speed. However, when the tape running speed
is increased, the time code recorded on the linear tracks
32 and 33 cannot provide the signals, and therefore high

speed search by the time code becomes impossible.
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channel destination data are recorded. In Fig. 20, the SUB PACK ITEMis
“100", in which the |ocal sanple address code for the sanple p05|t|on at

.t he head of the DAT frane is recorded. - 52 -

- 20 -

In addition, as oescribed above, information having
close relation to the audio signals.such as .emphasis
sampling frequency and the like as well as time
information such:as local sample address code and time-of-déy
code are included_in.the channel status data for
rofessional useftransmitred by the digital audio
interface format. Synchronized operation with other AV
- equipment: for professronal use and electronic edltlng can
be carried out by using that-information, However, in the
_conventional DAT shown in Fig. 56, recording of '
alphanumeric data, local sampie-address code or_the
time-oi-day code transmitted_as;part of the ohannel.status
‘data has normbeen taken into consideration‘ |
SUMMARY OF THE INVENTION
Therefore, a first object of the present invéntionﬁe to
provide a magnetic recording and reproducing apparatus capable
of readily carrying out recording end reproducing of time
,codes. Thls is_ accompllshed by settlng rules for conversion for

recording and reproducing time codes on and from the sub

code srgnal areas of the helical track by means of the

rotary heads, even if the frame frequencies are dlfferent A

method of recordihg and reproducing

thereof is also provided.

A second object of the present invention is to

provide a magnetic recording and reproducing apparatus and
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In Fig. 21, the SUB PACK ITEMis "101", in which the tinme-of-day code for
the sanple position at the head of the DAT frame is recorded. Each of the
_four channel status data except the ID code conprise 4 bytes, so that the 4
bytes are assigned to PC4 to PC7 of the respective packs, and the vacant
sections PC2 and PC3 are set to "0". “TH& |ID code is consisted of 6 bytes
-and the lower 4 bytes are assighed to PC4 to PC7 and the upper 2 bytes are

method of recording and reproducing therefor, in which the

o
o

channel status data transmitted in the digital audi
interface format are recorded and reproduééd to énanle
'. synchronized operation with other AV equipments for
professional use and to enable electronic edition.
riefly stated, the present invention ‘is-a -magnetic

tape recording and reprodﬁcing apparatus in which inputted
main signals are divided at every unit time, the divided
main signals are signal processed as cne frame data to be
recorded on a prescribed area of a magnetic tape, sub
signals are recorded on an area different from the area of
the main signals on the magnetic tape, and the recoxded
main éignals and sub signals are reproduced. When time
code signals having a frame period different from that of
the main signals are inputted, first time information
included in the time code signals and information other

.:than the time information are'extrécted. Phase difiference
between the point of change between frames of the main
signals and the point'of change between the frames of the
time code signals is detected by clock signals having the
same frequency as the sampliﬁg frequency of the'ﬁain
signals. In recording, a second time infofmation héving a
unit time as a minimum unit is extracted inlre5poﬁse to
thq.ext:actgd first time information and to the detected

phase_difference information. An initial phase
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assigned to PC2 and PC3. The bytes at the head of each of the five channel
status data are all assigned to PC4. The sub code signal pack assigned in

t he above described manner is applied to the nmenory circuit 4 and processed
in the sane manner at described, to be recorded on the nagnetic tape 12.
The reproduci ng operation of the data 2@corded in the above descri bed
manner wi |l be described. The signals

information between the head of the fraﬁe serving as the
reference for the time code signals.and the head of the
frame of the main signals, at which thé frame serving as
the reference for the time code signal'is pésitioned, is
calculated. The caléulated second time information, the
initial phase difference information, information other
than the extracted time information and frequenéy-'
"identifying information indicative of the frequency of the
clock signals used for detecting the phase difference
information are recordedﬁin the sub signal recording area.
In reproduction, the second time information, the initial
phase difference information, information other than the
time information and the frequéncy identifying information
recorded in the sub signal recording areas are reproduced.
The first time information and the phase difference
information are calculated in response to the second time
information and the initial phase difference information.
Series of data of a prescribed transmission format of the
time code signals are composed in response to the
calculated first time information and to the réproduced
information other than the time information, and a series
of data of the time coae signals composed are outputted in
response to the calculated phase difference information.
In accordance with the present invehtion, the time

information included in the time code signals having
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reproduced fromthe nagnetic tape 12 are processed in the same nmanner as in
the prior art and thereafter stored in the nmenory circuit 15 in which error
correction and conpensation are carried out. The digital audio signals -
having the errors corrected and conpensated are outputted to the DA
converting circuit 17 and to the digita@3® interface circuit 28. The sub code
data having the errors corrected-and conpensated are applied to the

m croconput er

-

different frame period from the main and sub signals may
be recorded and reproduced, together with the phasa_
difference information, on the sub Signal recording areas
of a magnetic tape. Therefore, when the'ﬁresent'invention
is applied to a digital audio tape recorder, for example, a
high speed‘searching'funétion can be fully utilized, and
lock-in time fox d:iving.thé;§igita1.audiq tape recorder
with audio and_visual'equipmeﬁﬁ-for professional use can be
reduced. '

In another aspect, a sub frame including at least 1
word of second main signals and 1 bit of'auxiliary data is
treated as a unit of transmission, n sub frames form one
block, the auxiliary data.form at least one infbrmation
block by block, and a series of digital signals are
transmitted in a format including address information
corresponding to the second main signals transmitted by
the sub frames to which the.head bit of the auxiliary data
word is transmitted. lThe second main signals and the
auxiliary data are extracted from the series of digital
signals. # phase differencé.betwgen the point of change_
of the first main signal frames and the point of change of
the blocks of the series of digital signals positioned at
the head of the frame of the main signal is detected. 1In
recording, second address information corresponding to the

first word of the frame is calculated based on the
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23. The m croconputer 23 determ nes the contents of the - 53 - pack
data fromthe PACK | TEM of respective sub code signal packs and displ ays
the content on the displaying apparatus 25.

- 24 -

detected phase difference infoimation and on the first
address information transmitted in a block of the series
of digital signals positioned at the head of the frame of
the first main signal. Time informatioﬁ using the unit
time as the minimum unit and the fraction smaller than the
unit time are calculated from the second address
information, and the calculated time information and the
- fraction number are recorded in a sub signal recording

area. In reproduction, the time information and the
fraction number recorded in the sub signal recording area
are reproduced, the second address information is
calculated based on the time information and the fraction
number, and the calculated second address information and
the first main signals are outputted as the series of
digital signals. |

Therefore, in accordance with this aspect of the
present invention, second address information is
calculated from the second main signals extracted from the
series of digital signals, the detected phase difference
information and on the first address information, and thg
time information and the fraction number can be calculated
from the address information to be recorded or reproduced
to and from the magnetic tape..

In accordance with a further aspect of the present

invention, time code signals having frame period different

This is the replacement sheet

« 2 SEP 19%

Date:



When the PACK ITEMis "1000", nanely, when it is determned that it is the
sub code signal pack for the channel status data, the type of the channel
status data is determ ned from SUB PACK I TEMto be applied to the digital
interface circuit 28. The digital interface circuit 28 maintains the ID

code, the al phanumeric channel origin @ata the al phanunmeric channel
destination data as they are out of the inputted channel status data. The

from that of the main signals are_inputfed, and the first
time information and other information included in the
time code signals are extracted. A phase difference
between the point of Ehange of the frames of the main
signals and the point of change of the frames of the tir
code signals is detected by clock signals having the same
frequency as the sampling frequency oi the main signals.
.In recording, second time information using the unit time
as the minimum unit is calculated based on the extracted
first time information and the detected phase difference
information, and initial phase difference information
between the head of the frame serving us a reference for
the time code signals and the head of the frame of the
main signal, at which ﬁhe frame serving as the feference
for the time code signal is positioned, is caléuleted.
The calculated second time information, the initial phase
difference information, extracted information other than
the time informetion, and the frequency identifying
infofmation-indicative of the frequency of the clack
signals used for detecting the phase difference
information are recorded in sub signal recording areas of
the magnetic tape. In reproduction, such_ipformation is
reproduced, the first time information and the phase
difference information are calculated based on the

reproduced second time information and on the initial
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val ue of the |ocal sanple address code is applied to a counter (not shown)
counting the | ocal sanple addresses, and the tine-of-day code is |oaded to
a counter circuit- (not shown) counting the tine, so that the address and
the tinme are counted. When digital data are to be outputted, prescribed
data are outputted based on the digifa@ﬁaudio interface format. As

descri bed above, in the DAT in accordance with the

phase difference information, a series of.data of the
prescribed transmission formaﬁ of the time code signals
are formed based on the information, and the series of
‘data of the time code signals are outputted in response to
the calculated phase difference information.'

Therefore, in accordance with the present invention,
since phase difference information is detected by using

- clock signals having the same frequency as the sampling

- frequency of the main signals, the phase difference
information can be made éqﬁal to the number of samples;
whereby accuracy in sample unit which is essential- in,
recording-time code can be assuréd, enabling synchronized
ppefation and edifiAQ on a.sample by sample basis.

The foregoing and other objects, features, aspects'
and adéantages of the present invention will become more
apparent from the following detailed description of the
present invention when takéﬁ‘in conjunction with the
accompanying drawings; | |
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic block diagram of a first
embodiment of the present invention .

Fig. 2 is a timing diagram showing operation of the
first embodiment of the present invention.,

Figs. 3A and 3B are flow charts showing the operation

of the first embodiment of the present invention.
This is the replacement sheet

Date:  « 2 SEP 13%



present enbodi nent, the data including the channel status data transmtted
based on the digital audio interface format can be recorded and reproduced.
Al t hough data are assigned to separate sub code signal packs in accordance

with the types of the channe
. - 2'7 -

Figs. 4, 5 and 6 show examples of recording fofmats
of sub code packs used in the first embodiment of the
présent invention.

Fig. 7 is timing diagram showing the operation of a
second embodiment of the present invention.

Figs. 8-and 9 show examples of recording formats of
sub code packs used in the Secdnd embodiment of the

. present invention.- ‘

Figs. 10 and 11 show examples of recording formats of
the sub code packs used in the third embodiment of the
present invention .

fig. 12 is a schematic block diagraﬁ showing a fourth
embodiment of the present invention.

Fig. 13 shows an example of a recording format of a sub
code pack used in the fourth embodiment of the present
invention..,

Fig. 14 is a schematic block diagram of a fiith
embodiment of the present inveﬁtiona,.

Fig. 15 shows a relation between ;hputted digital audio

interface blocks and DAT frames in the fifth o -
embodiment of the present inventibn..

Figs. 16 to 21 show exaﬁples of recording fqrmats'of'

sub code packs used in the fifﬁh embodiment of the present

invention-.

This is the replacement sheet

- Dagte: * 2 SEP 19%



54 - status data in the above described enbodi nents, the channel status
data may be further .divided byte by byte. Figs. 22 to 25 show exanpl es of
the recording formats of such sub code packs. More specifically, in the
format exanples shown in Figs. 22 to 25, the channel status data are
assigned byte by byte without any spa&® therebetween, so as to reduce the
nunber of packs used. The SUB PACK _

Figs. 22 to 25 show examples of recording formats of .
the sub code packs in which channel status data are
further divided byte by byte.

Fig. 26 is a schematic block diagram of an apparatus
for realizing a sixth embodiment;

Figs. 27A and 27B are flow charts showing the
oéeration'of_the sixth embodiment éhown in Fig. 26..

Figs. 28 and 29 show examples of rescording formats of.
sub code packs used in the sixth embodiment.

Figs. 30 and 31 showuéthe: examples of pack formats
for recording the time-of-day code.

Figs. 32 and 33 show other éxamples of pack formats
for recording local sample address codes.

Figs. 34 is a timing-diagram showing a relation

_ between inputted channel status data blocks and DAT
frames.. . |

Figs. 35 ﬁo 38 show examples of recording formats of
packs for recording all alphanumerié channel origin data
and alphanumeric channel destination data.

Fig. 39 shows an example of a pack format for
recording information related to the time-. |

| Figs. 40 to 44 show examples of pack formats for
- recording information other than the time information.
Fig. 45 shows a relation between the SMPTE/ZBU/Film

time code frames and the digital audio 'interface blocks
This is the replacement sheet
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ITEMis defined in the simlar manner, so as to distinguish the contents

recorded in the packs. In the B3 area of PCl of the pack shown in Figs.

to 21,

the reliability flag F is set.

In the sub code signal pack and when it is determ ned that

-~

when the SMPTE/EBU/Film time code is to be converted into
the digital audio interface time code. -

Fig. 48 shows a2 relation between ﬁhe digital audio
interface block and the SMPTE/EBU/Film time code framé,
when the digitai audio time code is to be converted into

the SM?TE/EBU/Film time code.

Fig. 47 shows a relation between the frame frequency

- and the sampling frequency.

Fig. 48 shows number of samples in each frame of the
SMPTE/EBU/Film time code frame at respective Sampling
frequency,’

~Figs. 49 and 50 show, 6n time base, a relation
between the SMPTE/EBU/Film time code frame and the digital

audio interface block.

Fig. 51 is a schematic block diagram of an eighth

embodimenﬁ;

Figs. 52A and 52B are flow charts showing specific
operation of the eighth embodiment of thé'present
inventionf;.

Figs. 53 and 54 are timing diagrams showing the
operation of the eighth embodiment.

Fig. 55 shows a pack format in which PC3 to PC7 are

used as user data recording areas.

Fig. 56 is a SChematic block diagram showing a whole

structure of a conventional DAT.
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The reliability flag transmtted by
the byte 22 of the channel status data_Rhlock is recorded as it is as the

reliability flag. The m croconputer 232Peads t he reliability flag recorded



the reliability is low, then it conpensates the data dependent on the
reliabl e data having the sane type of pack recorded on the precedi ng DAT
frame, and outputs the conpensated data to the interface circuit 28.

I nstead of using the reliability flag transmtted by the byte 22 of the
channel status data flag as the reliad30ity flag, the foll ow ng nmethod may
be applied. Nanely, the CRCC transmtted by the byte 23 is checked and

Fig. 57 schematically shows signals recorded on the
- magnetic tape, |
Fig. 58 schematically shows signals recorded on 1
track. |
Fig. 59 shows a block format of the fCM signal area “
shown in Fig. 58.
Fig. 60 shows a structure-qf an ID code stored in the
. PCM signal block shown in Fig. 59:
Fig. 61 shows bit assignment of IDI to ID7 shgwn in Fig.
60. ‘ |
Fig. 62 shows a block format of the sub code area
shown in Fig. 58. | 3
Fig. 63 shows a récording format of the sub code signals.
recorded in the sub code signal area.
Fig. 64 shows a pack format of the sub code signals
Fig. 65 shoﬁs PACK ITEM and the contents thereih
Fi-gs. 66 and 67 show pack foméﬁs fbr-recbrding'
program time and running time.
Fig. 68 shows timing relation between recording and
-reproducing of audio signals and the sub code signals ,
Fig. 69 shows signal structure.of the sub frame of
the digital audio interface. format: |

Fig. 70 shows a format for transmitting signals of 2

channels .
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if it is deternmined that there is no error, the various reliability flags

transmitted by the byte 22 are directly - 55 - recorded in a pack as
they are, and when it is deternmined that there is an error, the reliability
flags . :

_31_

Fig. 71 shows a channel status data format ifor
professional use.

Fig. 72 shows standardized SMPTE/EBU/Film Time code
frame formét.

Fig. 73 shows various time code signals and DAT frame
frequency.
DESCRIPTION OF THE PREFERRED EMBCDIMENTS

Fig. 1 is a schematic block diagram of a first
embodiment . of the present invention. The DAT shown in
Fig. 1 has the following components added to the
conventional DAT shown'in.Fig. 56. ©Namely, a time code .
signal is inputted from oﬁtsidé to 2 TC signal input
terminal 71. The time code signal is appligd to the
démodulating circuit 72 to be demodulated, and a frame
clock signal 73, a bit clock signal and time code data are .
extracted therefrom. The extracted frame-cldck.signal 73 is
applied toa phase differenéefdétecting circuit 74. The bit clogk_
"éignéliaﬁd the time code data extracted by the demolating circuit
72 are .applied to the microcomputer 23.

_ Although not shown;.a phase difference detecting

circuit 74 comprises a counter circuit and a latch
circuit, receives a reference signal 77 for'recordingand a
count clock signal 79 bdtput;ed from the clock generating
circuit 29, and deﬁects Phase différencé between the
reference signal 77 and- the frame clock signal 73. The

phase difference L detected by the phase difference
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of respective sub code signal packs nmay be forced to indicate the
unreliable state. The reliability of the data may be determ ned not
dependent on the reliability flag transmtted fromthe byte 22 or
dependent on the result of checking of the CRCC but dependent on integrity
of various data transmtted in a pluw &2ty of continuous channel status
data bl ock, or dependent -on the continuity of the tinme information, and the

determ nati on nay be

detecting circuit 74Iis appliéd to the'miérocomputer 23.
A base band time code signal is applied from the
microcomputer 23 to the.modulating circuit 75, so that the
time code signal is modulated. The modulated time code
signal ié outputted to the outside from the TC signal |
output terminal 76.
| Fig. 2 is a timing diagram showing operation of the
.first embodiment of the present invention and Figs. 3A and
3B are flow charts thereof.
Specific operatibn of the first embodiment of the
present invention is described with
reference_to Figs. 1 toIBﬁ. Referring to Fig. 2, the time
- code signal 80.as shown in Fig. 2 is inputted from the TC
signal input'terminal.7l. The reference characters Tci,
'I‘Ci £1 °°° of the time code signél 80 represent numbers
of the time code signals 80 frame by frame.  In récOrding,
the inputted time code signal 80 is demodulated by the
demodulating circuit 72, and the frame clock signal 73,
the bit clock signal aﬁd time code data are extracted
" therefrom. The frame clock signal 73 is applied to the
clock generating circuit 29 ahd to the phase difference
'detecting circuit 74. The bit clock signal and the time
code datﬁ are applied to the microcomputer 23. The
microcomputer 23 takes the time code data in response to

the bit clock signal. The reference characters DTj, DTj +
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‘recorded as the reliability flag in respective sub code signal packs. In
the fifth enbodiment, the time information transmtted by the channel
status of the digital audio interface is recorded in 32 bit binary code. In

‘the follow ng, a sixth enbodinent is described in which the tine
information is divided into hour, m-B2%,- second, franme and sanple nunmber

to be recorded in the sub code

1 ... of the inputted audio signals 81 shown in Fig. 2
represent numbers of the DAT frames divided by the
reference signals 77 for recording outputted from the
clock generating circuit 29. The phase difference
detecting circuit 74 resets a counter circuit contained
therein at the falling edge of the reference signal 77 for
recording, and. immediately thereafter counts up the
counter circuit by the.count ciock signal ZS; and at the
rise of the frame clock signai 73 of the succeeding time
.code signal, thé counted value of the counter circuit is
latched by a latch circuit éontained therein. The counted
value latched by the latch circuit is immediately applied
to the microcomputer 23 aé the phase difference information

T, ... from the point of change of the DAT frame (falling

i
edge of the refereﬁce signal 77 for recording) to the
point of change of the time code frame (rising edge of the
.frame clock signal 73). The microcomputef 23 assigns the
inputted time code data and the phase difference
information T to a sub code pack to apply the same to the
memory circuit 4.

Figs. 4 to 6!show examples of recording formats of
the sub code packs used in the first embodiment. As shown
in Fig. 72, the time code signal has 1 framé consisted by
80 bits, 16 bits of which are synchronization éignals.

Therefore, the information of the remaining 64 bits are to
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packs. Fig. 26 is a schematic bl ock diagram of an apparatus for realizing
the sixth enbodi nent. The exanple shown in Fig. 26 conprises a channel
status data signal processing circuit 120 and a phase difference detecting

circuit 121. Except these circuits, tgg structure is the sane as the
conventional apparatus shown in_Fig. “The channel _

be recorded by assigning the same to éecks. The sub code
pack of the DAT comprise 64 bits as shown in Fig. 64, and
the PACK DATA area 58 capable of recording data comprises
52 bits. Therefore, two packs are nacessary for recording
‘the contents of the time cede signal. In assigning the 64
bit information of the time code signal to two packs, the
information transmitted in 1 frame of the time code should
preferably be divided into time informetion and other
information to be assigned to separate packs, in view of
the high speed search by the time code.

| For this purpose, in this embodiment, the time
information in the time code signal is assigned to the sub
code pack defined by PACK ITEM *1001" as shown in Fig. 4,
and various flag bits (TC5 to TCO) and USER Group data in
the'time code signal are assigned to the sub code pack
defined as PACK ITEM *1010", as shown in Fig.es. In
addition to time information, identification flags (TS5 to
T1) indicative of the types of the time code, |
identification flag (SD) indicative of the attribute of TC

FRAME recorded in PC7, and the phase difference
information T detected by the phase difference detecting
circuit 74 are recorded in the PACK ITEM "1001". The SD

flag indicates whether or not the same TC FRAME number as

the preéceding DAT frame is recorded.
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- 56 - status data signal processing circuit 120 is provided for extracting
the block signal 122 of the channel status data bl ock consisted of 192
frames of channel status bits and for extracting information having cl ose

relation to the audio signals such as ggphasis and sanpling frequency and

In addition to the various flag bits (TCS to TCO) and
the USER Group data, the TC FRAME and the identification
flag SD indicative of the attribute thereof are recorded
in the sub code pack defined by the PACK ITEM "1010" shown
in Fig. 5. The TC frame number 1is recorded in this manner
in order to recognize to which frame the USER Group data
written in the PACX ITEM "1010" correspond, since the
contents of one time code frame are recorded in two
separate packs.

In the foregoing, the contents of the one time code
frame are dividedlinto two packs by using two PACK ITEMs.
When only one PACK ITEM is used for recording the time
code signal, the combination of the pack is as shown in
Figs. 4 and 6. Referring to Fig. 6, the PACK ITEM is
“1001", and identification of the recorded information is
réalizéd by B3 of the PCl. .Namely, if B3 = 0, then time
information and the like are recorded. If B3 =.l, then
the USER Group data and the like are recorded.

Referring to Fig. 2, the reference characters_DTj,
... of the recording and reproducing signal waveiorm 82
represent the frame numbers of the audio signals at the
time of input, and the characters TC;/r .- and ... Ty e
represent the fraﬁe numbers of the time code signals'at
the time of input and the detected phase difference

information, respectively. The audio signal 81 from DTj_
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two different time information  The phase difference detecting-circuit 121
I's provided for detecting the phase difference information ni. Figs. 27A
and 27B are flow charts for describing the operation of the sixth

enbodi ment shown in Fig. 26. The operation of the sixth enbodi nent is
described with reference to Fig. 26,- 38A-and 27B. In recording, the digital

audi o data inputted to

is recorded on the magnetic tape 12 deléyed by 360 deg, as

described above. In the period DTj, the content of the

TCiSO has been read and the phase difference information
T, has been measured, so that TCi and ri are recorded on
the sub code signal area of the same track as the audio
signa% DTj. In the period DTj £ 17 TCi ; 1 and T; o+ 1
have not y=t been known, so that the same TCi’ T; as the
. preceding DAT frame are continuously recorded in the sub
code signal area on the track on which the audio signais
of the period DTj £ ] are recorded. At that.time, the SD
- flag in the pack is set to "1*, indicating that 'I'Ci and T5
are continuously recorded. In the period DTj + 27 TCi + 1
- and T; s l.are already known, so that ‘I'Ci £ 1 and T, + 1
are recorded on the sub code signal area of the track on-
which the audio signals of the period DTj + o are
recorded. The same operation is :epeated, and the audio
signals and the time code signals are recorded.
In reprbductién, the audio signals out of the signals
-reproduced from the magnetic track are outputted to the |
outside delayed by 360 deg, as shown by the relation
between 82 and 83 of Fig. 2. The sub codé signals are
applied to the microcomputer 23 and reconstructed to be
the original time code signals from two'packs. The

reference signal 78 for reproduction and the bit clock

signal are inputted from the clock generating circuit 29
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the digital input termnal 26 are signal processed by the digital interface
circuit 28, and 16 bits of audio data are stored in the nenory circuit 4.
The digital interface circuit 28 extracts the channel status data out of
the digital audio data to apply the sanme to the channel status data signa
processing circuit 120. The channel st&fus data signal processing circuit
120 extracts the bl ock signal 122 of the channel status data bl ock

consi st ed of

to the microcomputer 23, and the time code signél is
applied to the modulating.circuit 75'based on the phase
difference information T; so that the saﬁé phase relation
as in recording can be realized. When a pack in whichlthe
SD flag is set to "1" is inputted, the microcomputer 23
carries phase matching between the DAT frame -and -the time
code frame by using the phase difference information
(30 msec (DAT frame period) - T;)- The hodulation circuit
75 carries out prescribed modulation in response to the
bit clock signal applied from the clock generating circuit
29 to provide the output at thé time code signal output
terminal 76. By the above described operation, the audio
signals and the time code signals are outputted to the
outside having the same phase relation as that of the time
of recording, as shown by 83 and 84 of Fig. 2.,

A second embodiment of the present invention is
described, in which the same apparatus as
shown in-Fig. 1 is used. In the first embodiment
described above, the time information in the time code
signal is directly assigned tb the sub code pack, and the
recording in the sub code signal area is cat;ied out at
prescribed timing. On the contrary, in the second
embodiment, the DAT framg number is Caltulated based on
the frame number of the in?utted time code signal an& the

detected phase différence'infqrmation T, the DAT tima
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192 franmes of channel status bits, and extracts two different pieces of
time information and information having close relation to the audi o signal

such as enphasis and sanpling frequency to apply the sane to the - 57 -

-'38 -

code is calculated by using the calculated DAT frame
number, and the result‘of calculétion is assigned to the
sub code pack to be recorded on the sub code signal acr=a.
‘Fig. 7 is a timing diagram showin§ the operation of

the second embodiment of the present invention. Referring
to Fig: 7,-the.suﬁfixes of the reference characters TCl,
TCofr «v- of the time code Signals TC (80) inputted from

. the TC signal input terminal 71 represent order (number)
0of the frames, when the 00 hour 00 minute 00 second 00
frame of the time code signal is regaﬁded as the reference
(regarded as the first frame). In the similar manner aé
described with reference to the first embodiment, the time
code data and phase difference information T; are inputted
to the microcomputer 23. The suffixes of the reference
éharacters DTl’ DTz, .e. OF the inputted audio signals 81
in Fig. 7 represent the order (number) of the DAT frame
dividéd by reference signal 77 for recording. The number

- of the DAT frame is defined by the following calculation.

More specifically, as shown in Fig. 7, when the start

poiﬁt of the reference time, i.e. 00 hour 00 minute 00
second 00 frame of the time ccdelsignal is regarded as the
reference, the inputted time code frame and the DAT frame,
including_the initial phase difference information Iy, are
in §ne to one corréspondence without fail, élthough they

are asynchronous with each other. By utilizing this
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m croconbDuter 23. The phase difference detecting circuit 121 has the sane
structure as the phase difference detecting circuit 74 of Fig. 1 and
detects the phase, difference information ni fromthe head of the channel
status data block to the head of the DAT frame and sends that to the

m croconput er 23. The phase diffqren6e3ﬁnfornation ni represents the nunber
of sanples fromthe sanple at the head of the DAT frane to the sanple at

t he head of the bl ock.

relatioﬁ, the relation représentéd by Ehe following
equation (1) can be applied,.where the frame number of the
inputted time code signal is represented by i, the phase
difference information is represented by T; and the
corresponding frame number of the DAT is represénted by jJ.

j = INT [(iTCu-v;) / DTu] + 1 | .. (1)

In this equation,_TCu represents the f#ame period . of
the time code signal.and DTu represents the DAT frame
period. |

The calculation INT [ ] represents rounding_of the
decimal part (to provide an integer).

The number j 6f the DAT frame (for example DT, frame
of Fig. 7) with the phase difference information T; not |
been detected can be calculated by adding 1 to the
preceding result of.calculation (that is, the preceding
DAT frame number). The iﬁitial phase difference
information I0 can be calcﬁlated by the following
equation. _ ' ,

"Io = [iTC, - T;] modDT, eee (2)
The microcomputer 23 calculates the time code frame number
i based on the inputted time code data, calculates based
on the number i and the phase difference information T;
the corresponding DAT.fraﬁe'number j and the initial phase

difference information IO’ further calculates the DAT time

code based on the DAT frame number, and assigns the same
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The m croconputer 23 adds the phase difference information ni detected by
the phase difference detecting circuit 121 to the two different pieces of
tinme information in the channel status data block, that is, the value of

the | ocal sanple address code and the value of the time-of-day ‘code. The
result of addition is the time inforndd on corresponding to the sanple at
the head of the DAT frame. The m croconputer 23 further carries out an

together with initial phase difference infoimation Iy to
the sub code packs to apply the same to the memory circuit
4.

Figs. 8 and 9 show examples of recérding formats of
the sub code packs used in the second.embodiment of the
present invention. As described above, the DAT frame
number j is calculated based on the time code frame number

i énd thé phase difference information T;, SO that the DAT
time codes calculated based theieon, and they are recorded
by using the PACK ITEM "0011" PCl, B3 = 0, Running Time
PACK shown in Fig. 8. The various flag sets (TC5 to TCO)
and the data of the User Groups 1 to 8 in the time code
signals are recorded in respective designafed areas in a
pack which is new;y provided, for example, the PACK ITEM
*1001". TC ID DATA (T2 to TO : 3 bits) indicative of the
types of the inputted time code signals and the initial
phase.differencg information I, (bl0 to b0: 11 bits) found

by calculation are recorded in the remaining.areas. '
Referrihé to Fig. 7, the suffixes of the reference
characters DTl, DT2... of'the recoxrding and.reproducing
signal waveforms 82 represent the DAT frame numbers, and
the reference character I0 represents the initial phase
difference information. Aé described above, the audio

signals in the period'DTj are recorded on the magnetic
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operation for converting the result of addition to the DAT tine code, and
the result is assigned to the sub code pack to be recorded. The operation
for the conversion into the DAT tinme code is carried out in accordance with
the equations (5) to (9) which will be described in the follow ng. Wen the
time information corresponding to the $hanpl e at the head of the DAT frane

IS represented by Tc, and the

tape 12 delayed by 360deg. The initiai phase differsnce
information I0 is recorded in every sub code signal area.

The reproduciﬁg operation will be described in the
following. The audio signals out of the signals
feproduced from the helical tracks on the magnetic tape 12
are outputted to the ouhside delayed by 360 deg.as shown
by the relation between 82 and'83 of Fig. 7. The.sub code
signals are applied to the microcomputer 23 and converted
and composed to the original time code signals by the two
packs, that is, PACK ITEM "00l1", (Running Time PACK) and
PACK ITEM *1001". The microcomputer 23 calculates the DAT
frame numbei j based on the DAT time code. recorded in the
Running Time PACK, and calculates the corresponding time
code frame nqmberni by using the rumber j and the initiél
phase difference information I, fecorded in the PACK ITEM
*1001" in accordance with the following equation (3).

i = INT [(Ig + (3 - 1) DT, ) / TC,1 +1 ces (3)

The phase difference information T from the point of
change of the DAT frame to the point of change_of the time
code frame can be calculated in accdrdance with the
following equatidn (4) by usiné the number i calculated in
accordance with equation (3). |

T, = iTcu - [IO + (j - 1) DTu] ... (4)
The microcomputer 23 generates a time code signal of

the base band (before modulation) to realize the same
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nunmber of sanmples in 1 frane of the DAT frame is - 58 - represented as
Ts, the fraction sanple nunber SAMPLE NO. can be represented by the
fol l owm ng equation (5) SAMPLE NO = tc nodTs :

(5) - a2 -

phase relation as at the time of recording to apply the
same to the modulating circuit 75 in response to the
reference signal 78 for reproduction and the bit clock
signal outputted from the clock generatgng circuit 29, in
accordance with the result of calculation of the equations
(3) and (4). The modulating circuit 75 carries out
prescribed modulation on the time code signal in response
.to the bit clock signal applied from the clock generating
circuit 29 and outputs the result to TC signal 6utput
‘ terminal 76. |

By the above described operation, the audio signais
and the time code signals are outputted to the outside
having the same phase relation as at the time of
recqrding; as shown by the relation betﬁeen 83 and 84
shown in Fig. 7.

A third embodimentlwill be described in the
following. In the first embodiment described above, the

rame number which is the minimum unit of the time

information is fecorded in the sub code pack for recording
the User Group data. Consequéntly; the pairing of the sub
code pack and the sub code pack in which the time
inform;tion is recorded can be done easily. In addition,
since the identification.flag SD indicative of the fact
that the recorded content is the same as that of the

preceding DAT frame is recorded, repeated reproduction of
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The frame nunber FRAME NO. of the DAT can be represented by the foll ow ng
equation (6). FRAME NO. = (INT (Tc/Ts) nodl00) nod 33 + 33INT ((INT (Tc/T5)
nod 100) 199] (6) The unit of second, SECOND can be
represented by the follow ng equation (7). SECOND = 3 (INT (Tc /100Ts )

md20] + INT ((INT (Tc /T5 ) nodl OO A33]"

the time code-signal information can’bé'prevented in
'reproduction. In the second embodiment, the time
information of the time code is conve:téd into DAT time
-code to be recorded, which provides compatibility with the
conventional DAT.

The third embodiment includes both advantages of the
first and second embodiments. Since the apparatus and the
.recording and reproducing operations are the é;me as those
ih the second_embodiment, the description thereof is not
repeated, and only the format examples of the sub code
pack will be déscribed.

Figs. 10 and 11 show examples of recording formats of
the sub code packs'used in the third embodiment of the
present invention.' By the same opératioﬁ as described
above, the time information converted into the DAT time
code, the initial phase difference information I0 aﬁd_TC
ID DATA (T3 to TO: 4 bits) distinguishing the types of the
time code signals to be inputted are recorded in the pack
showh in Fig. 10. The PACK ITEM is "0011", and in order:
to distinguish the pack from the conventional Running Time
PACK (see Fig. 8 or Fiq; 67), B3 of PCl is used. Namely,
if B3 =1, it is used for recording time code signals.

In addition to the various flag bits (TCS to TCO) in
the time code signals and the User Group data, the FRAME

No. which is the minimum unit of the DAT time code in the
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-INT ((INT (Tc /Ts ) nopd100/ 99] .(7) The unit of mnute
M NUTE can be represented by the follomﬁng equatlon (8). MNUTE = INT (T
c/ 2000TS) nod60 ... (8) The unit of hour HOUR can be
represented by the follomnng equation (9). HOUR = INT (Tc /120000Ts)

(9) The nunber of sanples Ts in lﬁﬁNFfrane differs

pack shown in Fig. 10 and the identifiéation-flag SD
indicating whether or not the recorded content except the
FRAME NO. is the same as that of the pfeceding DAT frame
are recorded in the pack PACK ITEM "1001" shown in Fig.
11. By recording the FRAME NO. the pairing with the pack
in which the time information is recorded shown in Fig. 10
can be surely carried out, and by recoxding the
identification flag SD, rePetitioﬁs reproduction of the
information such as the User Group data in the time code
s;gnals other than the time information can be prevented
at the time of reproduction.

Fig. 12 is a schematic block diagram showing a fourth
embodiment of the present.invehtion. The embodiment shown
in Fig. 12 is the same as that of Fig. 1 except that a
sampllng clock signal for sampling the audio signal is
used as the count clock signal applied to the phase
difference detecting c;rcult 74. As mentioned in the
foregoing, the DAT corresponds to three different sampling
frequencies, that is,.48 kHz, 44.1 kHz and 32 KHz . By |
using the sampling clock signals, the representation of
the phase difference information and of the time codes
come to be the same as the total sample number, so that
the accuracy can be ensured.en a sample by samp;e basis, which

enables synchronization and editiﬁg sample by sample. .
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dependent on the sanpling frequency. The nunber of sanples are 1440, 1323
and 960 when the sanpling frequencies are 48 kHz, 44.1 kHz and 32 kHz,
respectively. Figs. 28 and 29 show exanpl es of recording formats of the §ub
code packs used in the sixth enbodinent. Fig. 28 shows an exanpl e of thé

format of a pack for recording the- - 45 -

Fig. 13 shows an example of a recording format of the

sub code packs used in the fourth embodiment in the

ct

present invention. Referring to Fig. 13; in PC3 of the
pack format recorded on the TC ID DATA (T3 to TO: 4 bits)
distinguishing the types of the inputted time code
signals, and information indicative of the three different
frequencies of the sampling clock signals fs: 48 kHz,
44.1 kHz and 32 kHz (Fi, FO: 2 bits) as the count clock
signals for detecting the phase_difference are recorded.
Other information such as the DAT time code are recorded
in the same manner as shown in Fig. 10. In the fourth
embodiment, the data such as User Group are recorded in
the sub code pack shown in Fig..ll as in the third
embodiment. | |

In the above described embodiment, the frame clock
signal 73 of the time code signal extracted by the
demodulating circuit 72 is also applied to the clock
"generating circuit 29, which is used in a vari pitch
recording mode. In the vari pitch mode, all the clocks
used in the DAT must be changed, and therefore, the clock
generating circuit 29 changes the neceséary clock
frequency to output the same in accordance with the period

of the frame clock signal 73. The reference signal 77 for

recording, the count clock signal 79 for measuring the
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- 59 - tinme-of-day code in which the tine-of-day code corresponding to the
sanpl e at the head of the DAT franme is converted into the DAT tine code to
be recorded. The hour, mnutes, second and the frame nunber calculated in

accordance with the above descri bed equ%tions (6) to (9) are recorded in
two digits of binary coded deci nal c6déS i

ohase difference and the sampling clock signal fs are
included therein. :

Although the phase difference detécting circuit 74 is
provided for detectiﬁg phase difference information T in

' the above described embodiment, the phase difference
information T; can be measured by inputting the frame
clock signal 73, the reference signal 77 for recording and

. the count clock signal 79, provided that a2 microcomputer
23 capable of_high speed arithmetic operation is used.
The phase difference detecting circuit 74 can be omitted
in that case. _ |

In the above described fi;st, third and fourth
embodiments, the data such as User Group are recorded in
one pack separétely from the time information. However,
since the contents of such data are not changed frame by
frame unlike the time information, such data may bé
recorded as needed.

In the above described second, third and fourth
embodiments, based on the inputted time code signal frame
-number i and on the phase difference information Tso the
corresponding DAT frame ﬁumber j is calculated, and the
initial phase difference information.Io but not T is
recorded as the phase difference information. Thereforé)

by using a2 different TCu from that of recording is used

for the equations (3) and (4), the time code signal which
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the designated area of PC4 to PC7, and the fraction sanple number
calculated fromthe equation (5) is recorded in 11 bits binary code system

of S10 to SO. In this exanple, S10 is set as the MSB. ldentification
information in relation to the tine are recorded by the B7 to B4 (T3 to TO:

4 bits) of the PC3, so as to enable tekdrding of the time code other than
the digital audio data series. As to the PACK I TEM one which

is different from that at the time of ieco:ding can be
outputted.. Namely, even if the time code signal of
EBU25Hz system are inputted at the time of recording, the
time code signals of the SMPTE30HZz systém can be easily
outputted at the time of reproduction.

A fifth embcdiment in which channel status data
transmitted from the digital audio interface can be
recorded is describe@ in the following. |

Fig. 14 is a schematic block diagram of the fifth
embodiment of the present inventionl The embodiment shown
in Fig. 14 comprises a data ieading circuit 90 and a phase
diffe;ence detecting circuit 91. Except these newly added
circuits, the.structure'is_the same as ﬁhat shown in Fig.
56. The micfocomputer 23 and the clock gensrating circuit
29 have their functions improved in order to assign the
channel status data‘to the sub code signal packs. The
data reading circuit 90 is provided for reading the
channel status data. Thé phase difference detecting
circuit 91 is provided for detecting the phase difference
between DAT-frémes and the blocks of the digital audio
interface. |

Fig. 15 shows the blocks of the inputted digital
audio interface and the DAT frames of the fifth embodiment
of the present invention. Referring to Fig. 15, the

reference characters N, N + 1, N + 2 ... represent block
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has not yet been defined may be used out of those shown in Fig. 65.

However, since the nunber of the remaining ones is small, it is set to
"0011" in this enbodiment, and B3 of PClL is set to "1" in order to

di stinguish it fromthe conventional Running Time PACK In the format shown
in Fig. 29, the local sanple address @&®&de corresponding to the sanple at
the head of the DAT frame is converted into DAT time code to be

numbers of the inputted digital data and M, M + 1
represent the DAT frame numbers. In this embodiment, the
channel status data in the block (block number M) of the

digital data at the time of change (time tg) of the DAT

¥
=
b

»

frame are recorded as the sub code of the DAT frame M.
this case, ID code, alphanumeric channel origin data,
‘alphanumeric channel destination data out of the chaﬁnel
status data are recorded as they are. The local sample
"address code and the fime—of—day code are represented as
the sample at the head of the inputted digital block.
Therefore, by detecting phase diffefence between the DAT
frame and the digital data block and by arithmetically
Pprocessing the local sample address code and the
time-of-day code by the detected phase difference and the
channel status data block, the local sample address code
and the time-of-day code for the first sample of thé_DAT
frame are calculated to be recorded in the sub code.

The operation of recording the digital audio signals
will be described in the folldwing. The digital audio
signals inputted to the digital input terminal 26 are
applied to a digital interface circuit 28. The digital
interface circuit 28 extracts and outputs audio data ahd
the charinel status data from the digital audio signals.

The outputted audio data are subjected to the processes as
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recorded, in. accordance with the equations (5) to (9). In the exanples
showp in Fig. 29, the identification information simlar to the exanple of
the tine code pack - 60 - shown in Fig. 28 is recorded by 4 bit codes of

T3 to TO.
'_ 49

described in relation to the prior art to be recorded on
the magnetic tape 12.

The channel status data are applied to the data
reading circuit 90 and 1 block of the channel sﬁatuS'date
at the point of change of the DAT frame are collectively
applied to the microcomputer 23. The data reading circuit
90 extracts a block clock signal of the digital data to
. apply the same to the phase difference detecting circuit

91. The phase difference detecting circuit 21 has the

same structure as the phase difference detecting circuit
74 shown in Fig. 1, which comprises a counter circuit and
2 latch circuit, not shown. A DAT reference signal and a

sampling clock signal £ for example, as the count clock

sl
signal for detecting the phase difference are applied from
the clock generating circuit 29 to the phase difference
detecting circuit 91. -The counter circuit is reset at the
- rising edge of the block clock signal and immediately |
thereafter, the couﬁter circuit is counted up by the
sampling clock signal fs, and the counted value of the
counter circuit is latched in the latch circuit at the
fall of the DAT reference.signal.' The counted value
latched in the latch circuit is directly applied to the
microcomputer 23 &s the phase difference information n; (i

=0, 1, 2, ...) from the point of fall of the block clock

-7
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The PACK ITEMis set to "0001" and B3 of PCl is set to During reproduction,
the audi o signals reproduced fromthe helical track of the nagnetic tape 12
are subjected to prescribed signal processing and applied to the digital
interface circuit 28 through the nenory circuit 15. Meanwhile, the

ti me-of -day code and the | ocal sanpl@®e e-fﬁjd'r ess code recorded in the sub code
pack and the PCM I D code recorded in the PCM signal area are read by

signal to the point of change (falling‘edge oif the DAT
refefence signal) of the DAT frame.

The microcomputer 23 assigns the inputted channel
status data to separate sub code signal packs in
accordance with the types thereof. The local sample
address code and the time-of-day code are arithmetically
processed in accordance with the phase difference

- information n, applied from the phase différence detecting
circuit 91 so that'they-areltqnverted into the local
~sample address code and fhe time-of-day code for the -
sample at the head of the DAT frame, to bé assignad to and
recorded in the sub code signal packs.

Figs. 16 to 21 show examples of the recording format
of the sub code packs used iﬁ the fifth embodiment of the
present invention; |

As.shown in Fig. 71, the channel status data
comprises 192.bits (24 bytes) in each block and data of 23
bytes except CRCC may be assigned to the sub code packs.
The channel status data can be divided into 6 typés,
dependént on the content of the transmitted information,
that is, ID code, alphanumeric channel origin data,
alphanumeric qhannel destination data, local sample
address code, time-of-day ;ode and a reliability flégs.
five different channel status data exéept the reliability

flags are assigned to separate sub code packs.
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the m crocomputer 23, the information therefromis applied to the channel
- status data signal processing circuit 120. At that tine, as to the tine

information, the DAT tine code is calculated to provide the original 32 .
bits binary code to be outputted. This calculation is carried out in
accordance with the follow ng equatiorP¥10). Tc = [120000 x HOUR + 2000 x
M NUTE | 33 x SECOND + | NT (SECONDY 3) + FRAME NO.] x Ts SAMPLE NO

(10)

A format in each sub code pack will be described with
reference to Fig. 16. 'Ih this embodiment, the sub code
signal pack of PACK ITEM "1000" is used as the sub code
signal pack for the channel status data ;signals and is
distinguished from other packs. By using B2 to B0 of PCl
in the PACK DATA area as thg SUB PACK ITEXN, five differsnt
channel status data can be distinguished from each othex.

As to the reliability flags of the byte 22 of the
channel status data, the bit 4 corresponds to the ID code,

the bit 5 corresponds to the alphanumeric-channel origin
data and the alphanumeric éhannel dest;nation data, the
bit 6 corresponds to the local sample address code, and
the bit 7 shows the reliability of the time-of-day code,
so that the flag information is allotted to the B3 area of
PCl of the'respective packs.

The sub codé signal shown in Fig. 17 has the SUB PACK
ITEM being "001*, in which the ID code is recorded. 1In
Fig. 18, the SUB PACK ITEM is "010", in which the
alphaﬁumeric channel origin data are recorded. In Fig.
19, the SUB PACK ITEM is "01l" in which the alphanumeric

channel déstinat;on data are recorded. In Fig. 20, the

SUB PACK ITEM is "100", in which the local sample'address

code for the sample position at the head of the DAT frame

is recorded.
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The channel status data signal processing circuit 120 | oads the tinme-of-day
code as the original binary 32 bits the | ocal sanple address code provided
fromthe mcroconmputer 23, respectively, at every rise of the DAT frane

cl ock signal. The channel status data _signal processing circuit 120
conprises two types of 32 bit binary é@uﬁters (not shown) counted up by the

sanpl i ng .

L

In Fig. 21, the SUB ?ACK ITEM is "101", in which the
time-of-day code for the sample position at the head of
' the DAT frame is recorded. Each of the four channel
status data except the ID céde comprise 4 bytes, so that
the 4 bytes are assigned to PC4 to PC7 of the respective
packs, and the vacant sections PCZ and .PC3 are set to "0".
The ID code is consisted of 6 bytes -and the lower 4 bytes
are assigned to PC4 to PC7 and the upper 2 bytes are
assigned to PC2 and PC3. The bytes at the head 6f each of
- the five'channel status data are all assighed to PC4.

The sub code signal pack assigned in the above
described manner is applied to the memory circuit 4 and
processed in the same manner at déscribed, to be recorded
on the magnetic tape 12.

The reproducing operation of the data recorded in the
above described manner will be described.. The signals
reproduced from the magnetic tape 12 are processed in the
same manner as in the'érior art and ther=after stored in

 the memory circuit 15 in which erfor correction and
compénsation are carried out. _fhe digital audio signals
:having the errors corrected énd compensated are outputted
to the D/A converting circuit 17 and to the digital
interface circuit 28. The sub code data having'the erroxrs
corrected and compensated are applied to the microcomputer

23. The microcomputer 23 determines the contents of the
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- 61 - clock signals fs and a cl ock generating counter (not shown)
generating a clock signal 122 every tine 192 sanpling clock signals f5 are
counted. At the rise of the clock signal 122 generated fromthe channel
status data signal processing circuit égo,_infornation havi ng cl ose

pack data from the PACX ITEM of respe;tive sub code signal
packs and displays the content on the displaying apparatus
25. | |
When the PACK ITEM is "1000", namely, when it is

determined that it is the sub code signal pack for the
channel status data, the tyée of the channel status data
is determined from SUB PACK ITEM to be applied to the,
.digital interface circuit 28. The digital interface
circuit 28 maintains the ID code, the alphanumeric channel
origin &ata the alphanumeric channel destination data as
they are out of the inputted channel status daté. The
value of the local sample address code is applied.to a
counter (not shown) coﬁnting the local sample addresses,
and the time-of-day code is loaded to a counter circuit
(not shown) counting the time, so that the address and the
time are counted. When digital data are to be-outputtéd,

prescribed data are outputted based on the digital audio

interface format.

As described above, in the DAT in accordan;e with the
present embodiment, the data including the channel status
data transmitted based on the digital audio inﬁerface
format can be recorded and reproduced.

Although data are assigned to separate sub code

signal packs in accordance with the types of the channel
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relation to the audi o signals such as enphasis and the sanpling frequency,
whi ch are the channel status data, and the counted value of the two 32 bit
bi nary counters at that time, nanely, the head address code of the bl ock,
are applied to the digital interface circuit 28. The digital interface
circuit 28 outputs the audio signaLs'aﬁﬁ the channel status data
respectively at prescribed positions to the outside, using the rising edge
of the bl ock signal . - -

status data in the above described.embodiments, the
channel status data may be further divided byte by byte.

Figs. 22 to 25 show examples of the recording formats

- . of such sub code packs. More specifically, in the format
examples shown in Figs; 22 to 25, the channel status data
are assignedbyte by byte without any space therebetween,
so as to reduce the number of packs used. The SUB PACK
ITEM is deifined in the similar mannér, so as to
distinguish the contents recorded in tﬁe packs.

In the B3 area oi Pci_of the pack shown in Figs. 16
to 21, the reliability flag f is set. The reliability
flag transmitted by the byte 22 of tﬁe channel status data
block is recorded as it is as the reliability flag. The
microcomputer 23 reads the reliability flag recorded in
the sub code signal pack and when it is determined that
the reliability is low, thén it compensates the data
dependent on the reliable data having the same type of
pack recorded on the preceding DAi frame, and outputs the
compensated data to the interface circuit 28.

_. Instead of using the reliébility flag transmitted by
the byte 22 of ;he channel status data flag as the
reliébility flag, the following method may be applied.
Namely, the CRCC transmitted by the byte 23 is checked and
if it is determined that there is no error; the wvarious

reliability flags transmitted by the byte 22 are directly
’ Thig is the replacement sheet
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122 as a reference. Figs. 30 and 31 shOM/exaanés of other pack formats for
recording the tinme-of-day code. In the exanples shown in Figs. 30 and 31,
the contents of the hour, m nute, second and frane nunber and the contents

in T3 to TO are the same. However, in the exanple of Fig. 30, the fraction
sanpl e nunber is recorded by 11 b|ts1m5§uy code of S10 to SO, and in the

exanpl e shown in Fig. 31, the

recorded in a pack as they are, and wheﬁ it is
determined that there is an error, the reliability flags
of respective sub cocde signal packs méy be forced to |
indicate the unreliable state. The reiiability of the
data may be determined not dependent on the reiiability
flag transmitted from the byte 22.or “dependent on the
result of checking of the CRCC but dependent on integrity
. of various data transmitted in a plurality of .continuous
channel status data block, or depéndent on the continuity
of the- time information, and the determination may be
recorded as the reliability flag in respective sub code
SLgnal packs.

In the fifth embodiment, the time lnformatlon
transmitted by the channel status of the digital audio
interface is recorded in 32 bit binary code. In the
following, a sixth embodiment is gescribed in which
the time information is divided into hour, minute, second,
frame and sample number to be recorded in the sub code

|

packs.

Fig. 26 is a schematic block diagram of an apparatus
for realizing the sixth embodiment. The example shown in
Fig. 26 comprises a channel status data signal processing
circuit 120 and a phase difference detecting circuit 121.
Except these circuits, the strxucture is the same.as the

conventional apparatus shown in Fig. 56. The channel
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phase difference information ni detected by the phase difference detecting
circuit 121 is recorded by 8 bit binary code on M7 to M). These are
identified by Ms flag at BO of PC3. Nanmely, if MSis "0", it shows.that

t he - 62 - . 56 -

status data signal processiﬁg circuit 120 is providad for
extracting the block signal 122 of the channel status data
block consisted of 192 frames of channel status bits and
for extracting information having close relation to the
audio signals such as emphasis and sampling freguency and
two different time information. The phase difference
detecting "circuit 121 is provided for detecting the phase
difference information_ni.

Figs. 27A and 27B are flow charts for describing the
operation of the sixth embodiment shown in Fig. 26?

The operation of the sixth embodiment is
described with reference to Fig. 26, 27A '
and 27B. In recording, the digital audio data inputted to
the digital input terminal 26 are signal probessed by the
digital interface circuit 28, and 16 bits of audio data
are stored in the memory circuit 4. The digital interface
circuit 28 extracts the channel status data out of the
digital audio data to apply the same to the channel status
data signal processing circuit 120. The channel status
data signal processing circuit 120 extracts the;block
signal 122 of the channel status data block consisted of
192 frames of channel status bits, and extracts two
different pieces of time information and information

having close relation to the audio signal such as emphasis

and sampling frequency to apply the same to the
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fraction sanple nunber, and if M5is "1", it shows that the phase
difference information ni is recorded, for instance. By the pack shown in
Fig. 30, the time-of-day code corresponding to the sanple positioned at the
head of the DAT frame is recorded. In reproduction, the phase difference
information n. recorded in the pack BHS%n‘ln Fig. 31 is 1oaded to the above

nentloned bl ock si gnal

microcomputer 23. The Dhase difference detecting circuit
121 has the same structure as the phase difference
detecting circuit 74 of Fig. 1 and detects the phase.
difference information n; from the head of the channel
status data block to the head of the DAT frame and sends that
to the microcomputer 23.The bhase_difference information n
represents.thé number oﬁsaﬁples from the sample at the head
of the DAT frame to t;,he sample at the head of the block.“

The microcomputer 23 adds the phase difference
information n; detected by the phase difference detecting
circuit 121 to the two different pieces of time
information in the channel status data block, that is, the
value of the local saméle address code and the value of
the ﬁime—of-day code. The result of addition is the time
information corresponding to the sample at the head of the
DAT frame. The.microcomputer 23 further carries out an
operation for converting the result of addition to the DAT
time code, and the result is assigned to the sub code pack
to be recorded. Thé operation for the conversion into the
DAT time code is carried out in accordance with the
equations (5) to (9) which will be described in the

-'follow1ng

When the time lnrormatlon corresnondlng to the sample
at the head of the DAT frame is represented by Tc, and the
number of samples in 1 frame of the DAT frame is
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generating counter, at every rise of the DAT franme cl ock signal
Accordingly, the phase relation between the DAT franme and the channel
status data block at the tinme of recording is maintained to be reproduced.
Figs. 32 and 33 show exanpl es of other pack formats for recording the | ocal
sanpl e address code. The contents reéoﬁged by the formats of Figs. 32 and
33 are the sane as those Figs. 30 and 31 except the content of tine

- represented as Ts’ the fraction sample number SAMPLE NO.

can.be represented by the following eguation (5)

SAMPLE NO. = t. modT, | | cee (3)

The frame number FRAME NO. of the DAT can be
represehted by the following equation (6).

FRAME NO. = (INT (T_/T_) modl00) mod 33

+ 33INT ((INT (TC/TS) mod 100)/99] ... (8)

The unit of second, SECOND can be representéd by the
following equation (7);

SECOND = 3 (INT (T_/100T_) mod20]

+ INT [(INT (T./T,) mod100)/33]

-INT [(INT (T_/T_) mod100/99] - cee (7)

The unit of minute MINUTE can be represented by the
following equation (8).

MINUTE = INT (T_/2000T,) mod60 ... (8)

The unit of hour HOUR can be represented by the
following equation (9). |

HOUR = INT (T_/120000T_) S cee (9)

The number of samples Tg in 1 DAT frame differs
deéendent on the sampling frequency. The number of
samples are 1440, 1323 and 960 when the sampling
frequencies are 48 kHz, 44.1 kHz and 32 kiHz, respectively.

Figs. 28 and 29 show examples of recording formats of
the sub Code packs used in the sixth embodiment. Fig. 28

shows an example of the format of a pack for recording the
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i nformati on and the PACK | TEM The al phanuneric channel origin data, the

al phanuneric channel destination data and the ID code of the channel status
data are recorded in the sub code pack shown in Figs. 17 to 19, described
with reference to the fifth enbodiment. Now, in the above described fifth
and sixth embodi ments, nethod for .recof8ing only the channel status

time-of-day code in which the.time-of~déy code
corresponding to the sample at the head of the DAT frame
is converted into the DAT time code to be recorded. The
hour, minutes, second and the frame number calculated in
accordance with the above described equations (6) to (9)
are recorded in two digits oi binary coded decimal code in
the designated area of PC4 to PC7, and the fraction sample
number calculated from the equation (5) is recorded in 11
bits binary code system of S10 to S0.

In this example, S10 is set as the MSB.
Identification information in relation to the time are
recorded by the B7 to B4 (T3 to TO: 4 bits) of the PC3, so
as to enable recording of the time code other than the
digital audio déta series. As to the PACX ITEM, one which

- has not yet been defined may be used out of those shown in
Fig. 65. However, since the number of the remaining .ones
is small, it is set to "0011" in this embodiment, and B3
of PCl is set to "1" in order to distinguish it from the
conventional Running'Time.PACK.

In the format shown in Fig. 29, the local sample

- address code correspohding to the sample at the head of
the DAT frame is converted into DAT time co&e to be
récorded, in accordance with the.eguations (5) to (9). In
the examples shown.in Fig. 29, the identification

information similar to the example of the time code pack
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transmitted in the channel status data bl ock positioned at - 63 - the

poi nt of change of the DAT frame, that is, to, t1 ... shown in Fig. 34
(bl ocks represented by j and j - 7 in Fig. 34) has been described. As to
~ the al phanumeric : - €0 - _ '

shown in Fig. 28 is recorded by ¢ bit cbdes of T3 to TO.
. The PACK ITEM is set to "000l" and B3 of PCl is set to
"1,

During reproduction, the audio signals reproduced
from thé helical track of the magnetic tape 12 are
subjected to prescribed signal procassing and applied to
the digital interface circuit 28 through the memory
circuit 15. Meanwhile, the time-of-day code and the local
sample address code recorded in the sub code pack and the
PCM ID code recorded in the PCM signal area are read by
the microcomputer 23, the information therefrom is applied
to the channel status data signal processing circuit 120.
At that timé, as to the time information, the DAT time

.code is calculated to provide the original 32 bits binary
-code to be outputted. This calcﬁlation is carried out in
accordance with the following equation (10).

T, = [120000 x HOUR + 2000 x MINUTE + 33 x SECOND +
INT (SECOND/3) + FRAME NO.] x T_ + SAMPLE NO. ee. (10)

The channel status data signal processing circuit 120
loads the time-of-day code as the original binary 32 bits
the local sample address code provided from the
microcomputer 23, respectively, at every rise of the DAT
frame clock signal. The channel status data signal
processing circuit 120 coﬁprises two types of 32 bit

binary counters (not shown) counted up by the sampling
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channel origin data and the al phanuneric channel destination data, a series
of data are transmtted by the ASCCI code. Therefore, when a series of five
or nore letters is to be transmtted, a plurality of channel status data

bl ocks are used. Nanely, the al phanuneric channel origin data and the

al phanumeri c channel destination data eoarsm tted by the channel status
data bl ocks represented by the reference characters '

clock signals fs and a clock generating counter (not
shown) generating a clock signal 122 every time 192
sampling clock signals fs are counted. At the rise of the
clock signal 122 generafed from the channel status data
signal processing circuit 120, information having close
relatién to the audio signals Such as emphasis and the

| sampling frequency, which are the channel status data; and
the counted value of the'two 32 bit binary counters aﬁ
that time, namely, the head address code of the block, are
applied to the digital interface circuit 28. The digital
interface circuit 28 outputs the audio signals and the
channel status data respectively at prescribed positions
to the outside, using the rising edge of the block signal
122 as a reference.

Figs. 30 and 31 show examples of other pack formats
for recording the time-of-day code. In the eéamplés shown
in Figs. 30 and 31, the contents of the hour; minute,
second and frame number and the contents ih T3 to TO are
the same. However, in the example of Fig. 30, the
fraction sample number is recorded by 11 bits binary code

| of S10 to S0, and'in the example shown in Fij. 31, the
phase differencelinformation ng detected by the phase
difference detecting circuit 121 is recorded by 8 bit
binary code on M7 to MO0. These are identified by MS flag

at BO of PC3. Namely, if MS is "0", it shows that the
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j + 1to] + 6 positioned in the DAT frame in Fig. 34 nust be recorded in
the sub code of the DAT. Figs. 35 to 38 show exanpl es of recording formats
of. other packs for recording all the al phanunmeric channel origin data and

t he al phanuneric channel -desti nation d% a. Referring to Fig. 35, the data
constituted by three bits, that is, BN 2 BNL and BNO of the areas B5 to B3

of PC2 represent block nunber (the nunmber of the block positioned

fraction sample number, and if MS is "1", it shows that
the phase difference information n, is recerded, for
instance.

By the pack shown in Fig. 30, the time-of-day code
corresponding to the sample positioﬁed at the heae of the
DAT freme is recorded. 1In reproduction, the phase
difference information n; recorded in the pack shown in

. Fig. 31 is loaded to.;he above mentioned block signal
generating counter, at every rise of the DAT frame clock
signal. Accordingly, the phase relation between the DAT
frame and the channel status data block at the time of
recording is maintained to be reproduced.

Figs. 32 and 33 show examples of other pack formats

.for recording the local sample address code. The coﬁteﬁts
‘recorded by the formats of Figs. 32 and 33 are the same as
those Figs. 30 and 31 except the content of time |
information and the PACK ITEM.

The alphanumeric channel origin data, the
alphanumeric channel destination data and the ID code of
the channel status data are recorded in the sub code pack
shown in Figs. 17 to 19, described with reference to the
fifth embodiment.

Now, in the above described f£ifth and sixth
embodiments, method for recording only the channel status

transmitted in the channel status data block positioned at
. This is the replacement sheet

Date: ~.2 SEP ISQB



at the point of change of the DAT frane is represented as "000" (0)) from
the channel status data bl ock positioned at the point of change of the DAT
frame in Fig. 34. The necessity of. calculating the phase information of

t he head of each block fromthat block is elimnated. Since the val ue of

t he phase informati on muses the point 68 change of the

;he point of change of the DAT frame,.that is, tgr Ty -
shown in Fig. 34 (blocks represented by j and j + 7 in
Fig. 34) has been described. As tb the alphanumeric
channel origin data and tﬁe alphanumeric channel
destination data, a series of data are transmitted by the
ASCCI code. Therefore, when a series of five or more
letters is to be transmitted, a2 plurality of channel |
‘status data blocks aré.used. Namely, the alphanumeric
channel origin data and the alphanumeric

channel destination data transmittéd by the channei
status data blocks reéresented by the reference characters
j + 1 to j + 6 positioned in the DAT frame in Fig. 34 must
be recorded in the sub code of the DAT.

Figs. 35 to 38 show examples of recording formats of
other packs for recording all the alphanumeric channel ‘origin-
data and the alphanumeric channel destination data.
Referring to Fig. 35, the data constituted by three bits,
that is, BN2, BNl and BNO of the areas B5 to B3 of PC2
represent block number (the number of the block positioned
at thé point of change of the DAT frxame is-represented as
"000" (0)) from the channel status data block'pésitioned
aﬁ the point of change of the DAT frame'in Fig. 34. The necessity
of. calculating the phase information of the head of each
block from that block is eliminated; Since the value of

the phase information m uses the point of change of the
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- 64 - DAT frane as a reference, the sign thereof is defined as negative
when the bl ock nunmber is "000". Fig. 38 shows the pack format exanple shown
in Fig. 37 applied for the al phanuneric channel destination data. Since the
phase information mof Figs. 37 and 3862?presents t he absolute-tine (the

unit is 1 sanple-tine)

DAT framé as a reference, the sign thereof is defined as
negative when the block number i§ "000".

Fig. 38 shows the pack format example shown in Fig.
37 applied for the alphanuméric channel destination data.
Since the phase information m of Figs. 37 and 38
represents the absolute-time (the unit is 1 sample-—time)
to the head of each block with the point of change of the
DAT frame being the reference, the information of the
block numbers BN2 to BNO may be omitted. However, in that
case, the sign information of m must be recorded in B3 of
PC2 so as to show whether the value m is positive or
negative. It is not necessary to record the channel
status data blocks to which the alphanumeric channel
origin data and the alphanumeric channel destination data
are not transmitted, so thét recording may be carried out
only for the blocks to which such data are transmitted, so
as to reduce the number of packs.

Although the channel étatus_data fér professional use
of the digital audio interface format have been described
in the foregoiné, channel status data for producing music
software and for home use may be divided and assigned to
sgbICOde signal packs.

The £irst to fourth embodiment are related to

the methods for recording and reproducing SMPTE/EBU/Film

E time code in DATs. The fifth and sixth embodiment are
This is the replacement sheet
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to the head of each block with the point of change of the DAT frame being
the reference, the information of the block nunbers BN2 to BNO may be
omtted. However, in that case, the sign informati on of m nust be recorded
in B3 of PC2 so as to show whether the value mis positive or negative. It
is not necessary to record the channel 68t atus data bl ocks to which the

al phanuneric channel origin data‘and thé al phanuneric channel destination

dat a

-

related to methods for recording and rsproducing channel
status data for professional.use transmitted by the
digital audio interface. The iniormatién included in the
SMPTE/EBU/Film time code and in the channel status data
for professional use are the information.reléted to the
'time.and other information. Therefore, ‘the format of the
sub code packs for recording such information can be made
common. Such examples are shown in Figs. 39 to 44. Fig.
39 shows a pack format example for recording information
related to the time in thch PACK ITEM is "0011" and B3 of
PCl is set to "1" in order to distinguish the same from
the conventional Running Time pack. In order to identify
tﬁe content of the data recorded.in the pack, SPIl and
SPI0 are defined as the SUB PACK ITEM. When SPI1 and SPIO
are “00"( it shows that the time information of the
SMPTE/EBU/Film time code is recorded. When they are "01°,
the'local sample address code of the channel status détafor
professional use'is feqprded. Whén they are "10", it is shown
that thehtimé-of-day code of the channel status data for
prdfessional use is recorded. 2 bits of Fl and FO are
used to distinguish the type of the sampling frequency at
the time of recording, namely, when they are "00", the
frequency is 48 kEz, when "0l", then 44.1kH; and when

*10", the frequency is 32 kHz.
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are not transmtted, so that recording may be carried out only for the

bl ocks to which such data are transmtted, so as to reduce the nunber of
packs. Although the channel status data for professional use of the digital
audio interface format have been described in the foregoing, channel status
data for producing nusic software and PBr -home use may be divided and
assigned to sub code signal packs. ) '

Py

In this manner, the identification information of the

- sampling frequency at the time of retording usuail _
recorded by using 2 bits of Fl and FO.'.When the PCM
signals only are after recorded by using the sampling
frequency different from that indicated by F1 and FO

' recorded in the sub code signal pack, such information
will be very effective. In :such cases, since the

- SMPTE/EBU/Film .time code, the local sample address

code, the time-of-day code, the initial phase difference
information I, and the phase difference information,hi are
transmitted or detected basad on the sampling frequency at
the time of recording of the sub code signal packs, when
the sampling frequency of the PCM signgls is different,
they will be meaningléss.' However, if the sampling
frequency at the time of recording the sub code.signal
pack is kﬁown, then reproductibn can be carried out
without any practic;l problem, by multiplying the value of
the local sample address code or the like in the pack by

. . - - f
'fSPCM/fs’ where fsPCM represent the sampling frequency o

the PCM during reproduction,'with maximum possible error
being ‘one sample.

Three bits of T2 to TO0 are used as a time code flag,
and when SPI1 and SPI are "00", it distinguishes the
transmission rate of the SMPTE/EBU/Film time code. When

time information of the channel status data for
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The first to fourth enbodinent are related to the nmethods for

recordi ng and

reproduci ng SMPTE/ EBU/ Fil mtime code in DATs. The fifth and sixth
enbodi ment are - - 65 - related to nmethods for recording and reproduci ng

channel
- 67 -

professional use is to be recorded, "000" is recorded with

no definition. In the area of B2 to B0 of PC2 and pC3, 11

bits binary data are recorded. When the content is the

SMPTE/EBU/Film time code, the 1l bits binary data are the

above described initial phase difference information Io.

Wnhen it is the channsl status data for professional use,

the data are the above described fraction sample number

.SAMPLE NO. Time information converted into the DAT time

code is recorded in the area of PC4 to PC7.

Figs. 40 to 44 are examples'of the pack formats in

which information other than the time information is

recorded. The PACK ITEM is "1000" and 2 bits of SPil and

SPIQ are defined as the SUB PACK ITEM to identify the

recorded content, as shown in Fig. 40. The area of PC2 to

PC7 is a sub data area, in which various information

distinguished by the SUB PACX ITEM is recorded.

 Fig. 41

.Shows a format example in which SPI1 and SPI0 are "00" and

binary group data (the above mentioned User Group data) of

the SMPTE/EBU/Film time codé and various flag sets (TB5 to

TBO) are recorded. ?ig. 42 shows a format example in

which SPI1 and SPIO are "01" and ID codes (byte 0 to byte

5) of the channel status data for professional use are

recorded. 'Fig. 43 shows a format example in which SPI1

and SPI0 are "10" and alphanumeric channel origin data

transmitted by the channel status data for professional
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status data
interface.

t he channel
to the tine

packs for recording such informatiaon-cé® be nade common.
shown. in Figs.

i nformati on

for professional use transmtted by the digital audio

The infornmation included in the SMPTE/ EBU Fil mtine code and in

status data for professional use are the information. related
and other information. Therefore, the format of the sub code
Such exanples are

39 to 44. Fig. 39 shows a pack format exanple for recording

use are recorded. Fig. 44 shows a format example in which
SPI1 and SPI0 are "11" and the reliability flag and the
alphanumeric channel destination aata transmitted by the
channel status data for proféésional use are recorded.

A seventh embodiment will be described in the
following, which rélates to a method cf converting the

SMPTE/EBU/Film time code and the time information

transmitted by the channel status data for professional

use (hereinafter referred to as digital audio interface
time code). 1In the seventh embodiment, the head of the
SMPTE/EBU/Film time code, that is, the sample at the head
of the 0th frame and the head of the digital audio
interface time code, that is, the sample at the head of
0th block are defined as.being coincident with each other.
At this time, the SMPTE/EBU/Film time code is 00 houx, 00
minute, 00 second, 00 fréme, the digital audio interface
time code is defined such that the 32 bits of binary code
are ail 0, which time is defined to be AM.O, wheréby the
time codes are converted to each other using the fact that
the frame and the block are in proportion to each other.

Fig. 45 shows a relation between SMPTE/EBU/Film time

‘code frame and the digital audio interface block when the

SMPTE/EBU/Film time code is to be converted into the
digital audio interface time code. Referring to Fig. 45,

(a) shows the SMPTE/EBU/Film time code frame, (b) shows the

A
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related to the time in which PACK ITEMis "0011" and B3 of PCl is set to
"1" in order to distinguish the sane fromthe conventional Running Tine
pack. In order to identify the content of the data recorded in the pack
SPI1 and SPIO are defined as the SUB PACK | TEM Wen SPI1 and SPI O are "00"
it shows that the time information of t&f -SMPTE/EBU/ Fil mtinme code is
recorded. Wen they are "01", the |ocal sanple address code of the channel

status data for

block of the digital audio interface. The reference
characters 0, ..., i;_i ; i, ... are the frame numbers of
the.SMPTE/EBU/Film time code frames énd the!chafacters 0,
««vr 3, j +1 ... are the block numbers of the digital
‘audio interface blocks. The reference character TC shows
the number of sample in 1 frame of the SMPTE/EBU/Film time
.code. The reference character nj shows the number of

- samples from the head of the jth digital audio interface
block 181 to the ith SMPTE/EBU/Film time code frame 162
prior to the digital audio interface block 161..

The reference character TTj shows the total sample
number from A.M. 0:00 to the head of the jth digital audio
interface block 161. The reference characters TH, ™, TS
and TF show the values of hour, minute, second and frame
of the time code of the ith SMPTE/EBU/Film time code frame
162. _

~ When the SMPTE/EBU/Film time code is to be converted.
into the digital audio interface time code, the total
sample number iTC from A.M. 0:00 to the head of the ith
frame 162 is calculated in accoxdance with the inputted
values-of the TH, TM, TS and TF of the time code, and the
number of samples nj from the head of the ith frame 162 to
the head of the jth digital audio interface block 161 is
added thereto to provide the total sample number TTj from

A.M. 0:00 to the head of the jth digital audio interface
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prof essional use is recorded. When they are "10", it is shown that the
.time-of-day code of the channel status data for professional use is
recorded. 2 bits of FI and FO are used to distinguish the type of the
sanmpling frequency at the time of recording, nanely, when they are "00",
the frequency is 48 kHz, when "01", tHéh 44.1kHz and when "10", the

frequency is 32 kHz.

block 161, whereby the time code TTj which is transmitted
by the jth digital audio interface Slock_lsl is provided.
This is represented by the foliowing equations (1l1l) to
(14). | |
i=Ti_ (3600TH + 60T + TS) + TF | «.. (11)
.(When-SHPTE non-drop frame TL,_ = 30 Hz/EBU/Film)
4 =-108000TH + 1800T + 30TS + TF «ee (12)

(When SMPTE non-drop frame TZ_ = 29.97 Hz)

i 107832TH + 1798T™ + 2INT (TM/10) + 30TS
+ TF | ce. (13)
(When SMPTE drop frame)
ij'= nj - INT (-iTC) ' ce. (14)
In the equations, Tfr represents the frame frequency
which is 30Hz or 29.97Hz in SHPTE, 25Hz in EBU and 24Hz in
Film.
Fig. 46 shows a relation between the digital audio
- interface block and the SMPTE/EBU/Film time code frame
when the digital audio interface time code is to be
converted into the SMPTE/EBU/Film time code. The method
for converting the digital audio interface time code into
the SMPTE/EBU/Film time code.is described with
reference to Fig. 46.
Referring to.Fig. 46, the reference characters (a).

(b), i and j are tﬁe same as those shown in Fig. 45. The

reference character TB represents a time code transmitted
This is the replacement sheet
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- 66 - In this nmanner, the identification information of the sanpling
frequency at the tinme of recording usually recorded by using 2 bits of F1
and FO. Wien the PCM signals only are after recorded by using the sanpling
frequency different fromthat indicateglby FI and FO

by the digital audio intexface, which represents the total
sample number from A.M. 0:00 to the head of the jth
digital aﬁdio interface block 163. The reference
chara;ter TLO represents the total sample number from .A.M.
0:00 to the head of the ith SMPTE/EBU/Film time code frame
164. The reference character m,; -shows the number of
samples to the head of the jth digital audio interface
block 163 prior to the ith SMPTE/EBU/Film time code frame
164, an&_the reference characters TH, TM, TS and TF show
;he values of hour, minute, second and frame of the time
code of the ith SMPTE/EBU/Film time code frame 164.

When the digital audio interface time code is to be
converted into the SMPTE/EBU/Film time code, the number of
samples'mi from the head of the jth digital audio
interface block 163 to ﬁhe head of the ith SMPTE/E3U/Film
time code frame 164 is added to the inputted digital audio
interface time code TB to provide the total sample number
TLO ffom A.M. 0:00 to the head of the ith frame 164, and
the values of hour, minute; second and frame of the time
code of the ith frame 164 can be calcﬁlated from the tétél
sample number TLO. This relation is represented by the
following equations (13) to. (37).

I) When the frame frequency Tf, is 25 Hz or 24 Hz, or

the frame fregquency Tfr is 30Hz and it is the non drop

frame, then
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recorded in the sub code signal pack, such information will be very
effective. In:such cases, since the SYPTEEBU Filmtinme code, the |ocal
sanpl e address code, the tine-of-day code, the initial phase difference
information 10 and the phase difference information ni are transmtted or
det ected based on the sanpling freque@y -at the tine of recording of the
sub code signal packs, when the sanpling frequency of the PCM signals is

di fferent,

~

TLO = TB + m, -e. (15)
TCg = INT (F_/Tf_ + 0.5) | ... (16)
TC,, = x 2 - F_/TE_ cee (17)
X 1 = TLOmod TC_, _ ... (18)

Sample = x I MOD Tcs + TCs e« INT (x1/x2 - TCS)'... (19)

TF = x2 {INT (TLO/TC__) mod (T£./x2)}

+II§T (x1/TC) - INT (x1/x2 « TC_) ... (20)
TS = INT (TLO/FS).mod.EO -e. (21)
TM = INT (TLO/60F_) mod 60 | <e. (22)
TH = INT (TLO/3600F_) ce. (23)

where, the reference character Fs is the sampling
frequency, which is 48kHz, 44.1kHz or 32kHz.

The reference character TCs is the number of samples
in 1 frame with the déeimal part rounded, the reference
character x2 is a coefficient determined by Tf_ and F_,
whose values are as shown in Fig. 47, respéctively.

II) In the case of drop frame

TLO = TB + m; | ee. (15)
Sample = INT {TLO mod (F_/Tf_)} T ee. (24)
i = INT {(TLO - Sample) - Tf_/F_} ... (25)
vy 1 = i mod107892 ' ... (26)
Yy 2 = (ylmod17982) - 2 | : ... (27)
TF = {(y2modl1788) + 2} mod30 ... (28)
y3 = INT [{(y2modl798) + 2}/30]) . ... {29)
TS = - (30)

y3 - INT (y3/60)
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they will be neaningless. However, if the sanpling frequency at the tine of
recordi ng the sub code signal pack.is known, then reproduction can be
carried out without any practical problem by multiplying the value of the
| ocal sanpl e address code or the |like Lo the pack by fspcnifs' where fsPCM
represent the sanpling frequency of fh33PCNIduring reproduction, with

maxi mum possi bl e error being one sanpl e.

™ = 1'0 * INT (y1/17982) + INT (y'2/1798) -

INT (y2/17982) S | <. (31)
TH = INT (i/107892) ' <..(32)
I1I) When the frame frequency. is 29.97 Hz and it is,

the non'drop frame

TLO—=-TB-+ m, .+.(15)
Sample = INT {TLO mod (Fs/TFr)} ...{24)
i = INT {(TLO-Sample) «Tf /F_} ...(25)
TF = imod30 - _ ...(33)
_r51 = 30F_/29.97 | ... (34)
TS = INT (TLO/FS1)mods0 ... (35)
T™M = INT (TLO/60FS1)mod60 ' i..(36)
TH = INT (TLO/3600FSl) ' : <. (37)

Fig. 48 shows the number of samp;es in 1 frame of the
SMPTE/EBU/Film time code frame at respective sampling
frequency. As shown in Figqg. 48,'whén Tfr is 28.97 Hz,
when Tfr = 30 Hz and Fs = 32 Hz, when Tfr = 24 Hz and Fg
is 44.1 kHz or 32 kHz, the numbe: of samples in 1 fréme is
not én integer. Therefore, in this embodiment, when Tfr
is 29.97 Hz, the number of sémples in each frame are
combined based' on.the total sample number from A.M. 0:00
and on the point of change of the frame, such that.when Fg

= 48 kHz, 1601 and 1602 are combined, when.Fs = 44.1 kHz,

1471 and 1472 are combined, when Fs = 32 kHz, 1067 and 1068
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Three bits of T2 to TO are used as a tine code flag, and when SPI|l and SP
are "00", it distinguishes the transm ssion rate of the SMPTE/ EBU Fil mti ne

code. When tinme information of the channel status data for - 67 -
. o - _

are combined so as to suppress the error in 1 sample or
less.

When Tfr = 30 .Hz and ES= 32 kHz, the changing point
of the sémples and the point of change of the frames
coincide with each other at every three frames, so that
the number of samples in 1 frame is adapted*to-be 1067,
1067 and 1066 repeatedly in every three fiames. When Tfr'

.= 24,}ﬁz and Fs = 44.1 kHz, the number of sample is |
adjusted by repeatiﬁq 1838 and 1837 in every two frames.
If Fs is 32 kHz, 1333, 1333, and 1334 are repeated in_
every three frames to adjust the number of samples so as
to suppress the error in 1 sample or less.

In.the above described emboaiment, the time code is
cénverted into the number of samples so as to carry out
the calculation by.integers and the calculation is carried
out sample Sy sample. However, the calculation may be
carried out based on the time unit. The calculation based
on the time unit will be desé:ibed in the following where
the unit of time is second.

‘Figs. 49 and 50 show the relation between the
SMPTE/EBU/Film time code and ﬁhe digital audio interface
block on time base. | . . -

(1) When the SMPTE/EBU/Film time code is to be

converted into the digital audio interface time code (see
Fig. 49).
This is the replacemernt sheet
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prof essional use is to be recorded, "000" is recorded with no definition.
In the area of B2 to Bo of PC2 and PC3, 11 bits binary data are recorded.
When the content is the SMPTE/EBU Filmtine code, the 11 bits binary data
are the above described initial phase difference information 10 Wien it is
t he channel status data for professibn%? Use, the data are the above

descri bed fraction sanple nunber SAMPLE NO. Tine information converted into

the DAT tine
i = Tf_ (3600TH + 60TM + TS) + TF ... (38)
(When SMPTE non-drop frame Tf_ = 30 Hz/EBU/Film)
i = 108000TH + 1800TM + 30TS + 30TF/29.97 <.. (39)
(When SMPTE non-drop frame Tf_ = 29.97 Hz)

i = 107892TH + 1798TM + 2INT (TM/10) +30TS + TF

... (40)
(SMPT? drop frame)
TTyp = Mgy + 1TC, | o ... (41)
TT; = TTyp * Fyg S (42)

Where TTy : time from A.M. 0:00 to the head of jth

digital audio interface block 165.
njt: time from thé head of the jth digital aundio
interface block 165 to the head of the ith SMPTE/EBU/Film
time code frame 166 prior to the digital audio interface
block 165. |
TC,: frame period of the SMPTE/EBU/Film ﬁime code.
(2) when the digital audio interface time code is to
be converted into SMPTE/EBU/Film time code.(See Fig. 50)
I) Wwhen Tfr = 25 Hz, 24 Hz or Tf? = 30 Hz, non-drop

frame

TB, = jDT (43)
TLO, = DT + m;, (44)
TF = (TLO,/TC,) modTF_ (45)
TS = INT (TLO,) mod60 (46)
TH = INT (TLO,_/60) mod60 (47)
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code is recorded in the area of PG4 to PC7. Figs. 40 to 44 are exanples of
the pack formats in which information other than the tinme information is
recorded. The PACK ITEMis "1000" and 2 bits of SPIl and SPIO are defined
as the SUB PACK ITEMto identify the tecorded content, as shown in Fig. 40.
The area of PC2 to PC7 is a sub data area, in which various information

di stingui shed by the SUB PACK ITEMis recorded. Fig. 41 : .

TH = INT (TLO,_/3600) - .. (48)

Where TB_: time from A.M. 0:00 to the jth digital
audio interface block 168. “

DT: period of the digital audio interface block

TLOt: time from A.M. 0:00 to the head of the ith

SMPTE/EBU/Film time code frame 167

m,.: time £rom the head of the ith SMPTE/EBU/Film

it
- time code frame 167 to the head of jth digital audio

interface block 168 preceding the frame, and

TCt: frame period of the SMPTE/EBU/Film time code

II) drop frame
TLO, = jDT + m; . _ <. (44)
i = TLO./TC, . co. (49)

The calculation of the values TF, TS, T™ and TH are
the same as the above described equations (26) to (32),

and therefore the description is not repeated.

29.97Hz, non-drop frame

!

III) When T£_

(44)

TLO, = jDT + m,

t it

;= 4
i = TLO,/TC, e (49)

The calculation of the wvalues TF, TS, ™ and TH are
' the same as the equation (33) to (37), so that the

description is not repeated.

Although conversion between the SMPTE/EBU/Film time
code and the digital audio interface time code by sample

by sample has been described in the foregoing, eguations
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shows a format exanple in which SPIl and SPIO are "00" and binary group
data (the above nentioned User Goup data) of the SRPTE/EBU Fil mtine code
and various flag sets (TB5 to TBO) are recorded. Fig. 42 shows a formt
exanple in which SPI1 and SPIO are "01" .and I D codes (byte 0 to byte 5) of
the channel status data for professionadl use are recorded. Fig. 43 shows a
format exanple in which SPI1 and SPIO are "10" and-al phanuneri c channel

origin data

for conversion may be'provided in the éimilar manner for
other types of time codes.

Based on the idea of the seventh.émbodiment, the
SMPTE/EBU/Film time code recorded in the DAT may be
converted into the digital audio interface time code
transmitted by the channél status data for profeésional
use to be outputted, the reverse operation is alsb
possible.

An eighth embodiment will be deséribed in which user
data of the digital audio interface are all recorded by
using a plurality of packs and pack number indicating the
order are added thereto. '

Fig. 51 is a schematic block diagram of the eighth
embodiment. The structure of the embodiment shown in Fig.
51 is the_same as that of the prior art shown in Fig. 56
except a user data pack generating circuit 150, a user
data dividing circuit 151 and a user data generating
circuit 152 which are newly provided. The user data
dividing circuit 151 is provided for receiving demodulated
user data outputted from the digital interface circuit 28
and for dividing the same at every prescribed bits to be
recorded in 1 pack. The user data pack geﬁerating circuit
150 receives the data divided by the user data dividing
circuit 151 and when they are recognized as the user data,

it generateé the user data packs. The user data
This is the repiacament sheet
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transmtted by the channel status data for professional - 68 - use are
recorded. Fig. 44 shows a fornmat exanple in which SPIl and SPIO are "11"
and the reliability flag and the al phanuneric channel destination data

nsm h
transmtted by t e - 78 -

generating circuit 152 is provided for reproducing the
original user data from the reproduced plurality of user

data packs.

Figs. 52A and 52B are flow charts showing specific

£

operation of the eight embodiment, Figs. 53 and 54 are

5 shows

)

timing diagrams showing the operation, and Fig:
one example oi the.user data pack employed in the eighth
embodiment of the present invention.

The opgratioh of the eighth-embodiment of the present

invention ig described with reference to Fig. 51 to

54. In recording, the user data separated by the digital
interface circuit 28 are finally divided by the user data
dividing cirxcuit 151 at every prescribsed number of data
which number corresponds to 1 pack. Fig. 53 is a timing

iagram showiﬁg the method of division of the first stage
of the user data, in which the sampling frequency is
48kHz. Referring to Fig. 53, the reference charaéter (2)
'shows the DAT frame clock signal generated from the clock
generating circuit 29 shown in Fig. 51, (b) shows the DAT
frame, (é) shows audio signals outputted from the digital
interface.circuit 28, and (d) shows user data outputted
from the digital interiace circuit 28. The reierence
characters WL, and UL, - and WR and URn_show the audio

data and the user data of the same sub frame, when n is

the same.
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channel status data for professional use are recorded. A seventh enbodi nent
W Il be described in the followi ng, which relates to a nethod of converting
the SNPTE/EBU Filmtine code and the tine information transmtted by the

channel status data for professional use (hereinafter referred to as
digital audio interface tine code). -1@%t he seventh enbodi nent, the head of

the SMNPTE/EBU Fil mtime code, that is, the sanple at the head

-

As shown ih Fig. 53, the user data are divided DAT
frame by DAT.frame, and the user data divided frame by
frame are'further divided at every prescribed number of
bits by bits to be recorded in one pack, as shown in Fig.
54. As shown in Fig. 54, the data are divided at every 40
bits (5 bytes). In this case, the user data recorded in 1
frame of the DAT are recorded on two tracks as data of 72
-packs. Since there are 112 packs of recording areas in

_every 2 tracts, all ﬁser data can be recorded.

As described above, the user data divided'by the user
data dividinglcircuiﬁ 151 are arrénged in a pack format
such as shown in Fig. 55 by the user data pack generating
circuit 150. In this example, "1110* is used as the PACK
ITEM, and pack number from pack 0 to pack 71 are added to
all of the 72 packs in order to identify the order of the
user data in the DAT fraﬁe, which are assigned to the area
PC2. 1In the areas PC3 to PC7, the user data are assigned
and parities generated from PCl to PC? are assigned to the

area PCS8.

The user data packs generated by the user data paék
generating circuit 150 ére stored in the memory circuit 4
and the audio data and the user data of successive 2880
sub frames (1140 sub frames in each channel) are written

in the memory circuit 4 so that they are recorded in the

same DAT frame, a2s shown in Fig. 53.
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of the Oth franme and the head of the digital audio interface tine code,
that is, the sanple at the head of Oth bl ock are defined as being
coincident with each other. At this tinme, the SMPTEFEBU Fil mtine code is
00 hour, 00 m nute, 00 second, 00 frane, the digital audio interface tine
code is defined such that the 32 bits ﬁp Bi nary code are all 0, which tine
Is defined to'be AM O, whereby the tinme codes are converted to each ot her

usi ng the fact that

The operation in reproduction wili be described in
the following with reference to Fig. 52B. The audio data
stored in the memory circuit 15 are appiied to the digital
interface circuit 28. The'user data generating circuit
152 reads 72 packs, that is, pack 0 to éack 71, of the
‘user data packs referring to ‘the-item and the pack number,
out of the packs stored in the memorj circuit 15 and takes

- out only the user data porﬁion.of each pack, and outputs
the same in the original oxder to the digital interface
circuit 28. The digital interface circuiﬁ 28 changes the
audio data and the user data to the digital audio
interface format to output the same from the digital
output terminal 27.

Since it is known in advance that the user data
corresponding to the sample at the head of the DAT is the
first bit of the pack number 0, the data can be outputted
in the same combination as they are received.

In the pack format examples shown in Fig. 55, PC3 to
PC7 are used as the recording area for the user data.
However, B3 to Bd of PCl and B7'and.86 of PC2 may be
assigﬁed'to the,pack number and the user data may be.
assigned to the areas following BS of PC2 including PCS8.

Although usexr bits of 2 channels are treated in
combination as a group of user data in the foregoing, the

user data may be divided into two channels and the channel
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.the frame and the block are in proportion to each other. Fig. 45 shows a
rel ati on between SMPTE/EBU Filmtinme code frane and the digital audio
interface bl ock when the SMPTE/EBU Filmtine code is to be converted into
the digital audio interface tine code. Referring to Fig. 45, (a) shows the
SMPTE/ EBU/ Fi Imtine code frane, (b) sHbwsthe '

code for identifying the channel and the pack number may
. be recorded in PC2 to provide the same efifect. ’

Although the pack numbeis are simultaneously recorded
in the above described embodiments, by preparing recording
aréas cofresponding to the pack numbers in advance, the |
pack numbers become unnecessary, improving the efficiency
in recording. | |

Although description was given of user data in the
foregoing, all channel status-data can be recorded in the
similar manner. The user data and the channel status data
which are the additional information to the audio data as
the main signals may be recorded in the sub code area in
packs. The recording of channel status data may be
carried out not in 2 channels but only 1 channel.

| Signals of the digital interface format for
professional use have béen treated' in the foregoing,
signals for home use may be treated in the same manner.
The same function as the user data pack ggnerating circuit
150, the ﬁser data dividing circuit 151 and the user data
generatiné circuit 152 may be.réalized by a2 microcomputer
23. |

Although a specific PACK ITEM is used as a format
example of the sub code'packs in the above described first
to eighth embodiments (except the seventh embodiment) have

been described, it is not limited thereto, and the content
This is the replacement sheet
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- 69 - block of the digital .audio interface. The reference characters O,
, I, 1 +1, ... are the frame nunbers of the SXTE/ EBU FiLmtime code

frames and the characters 0, ..., j, j . 1 .. are the block nunbers of the
digital audio interface blocks. The reference character TC shows the
nunber of sanple in 1 frame of the SM®B4/EBU Fi 1mt|rre

to be recorded in the PACK DATA recording area need not be
recorded at the above described designated positions but
may be recorded at arbitrary positions. |

In the above described first to fourth embodiment,
the DAT for recording and reproducing SﬂPTE/EBU/Film time
code has  been-described, in the fifth and sixth
embodiments, DAT for recording and reproducing channel -

. status data for professional use of the digital audio
interface have been described, and in the eighth
embodiment,_a DAT fbr recording and reproducing. user data
of digital.audio interface has been described. A DAT
capable of recording and reproducing all of the aSove
described information can be realized by providing all the

" circuits added in reépectiva embodiments.

Although the present invention has been described and
illustrated in'detail, it is clearly understood.that the
same is by way of illustration and example only and is not
to be taken by wéy of limitation, the spirit and scope of
the present invention being limited only by the terms of

the appended claims.
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.code. The reference character nj shows the nunber of sanples fromthe head
of the jth digital audio . interface block 161 to the ith SMPTE/EBU Fil mti ne
code frame 162 prior to the digital audio interface block 161. The ——————

reference character TT. shows the total sanple nunber fro
head of the jth digital audio interface block 161. The re”lmm#m)mg m,
ande $

TH, EM TS and TF show t he val ues of ho®3 minute, second rane
CLAIMS '
1. A method for converting between

SMPTE/EBU/Film' time information and digital audio
interface time information, the method wherein the.
sample at head of the =zeroth :frame of the
SMPTE/EBU/Film time information and the sample aﬁ the
head of the zeroth block of digital éudio interface
time information are defined as being coincident with
each other, and the ﬁime information is converted from
one format to the - other -according  to the
proportionality of the frames of the SMPTE/EBU/Film
time information and the'blocks of the digital audio
interface time information.

2, A method according to claim 1, further
comprising inputting a signal with said time
information in séid one format, and recording on a
digital audio magnetic tapé time information derived
from said inputted signal. |

3. A method according to claim 2, further
compriéing reproducing said recorded time information
ffdm said digital audio magnetic tape, and providing
an output signal with said time information in said -
other format..

| 4. Magnetic recording apparatus operable to
divide an inputted main signal into first frame

periods, to process the divided main signal as data of

This is the replacement sheet
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of the tinme code of the ith SMPTE/EBU Fil mtinme code frame 162. \Wen the
SMPTE/EBU Filmtine code is to be converted, Tl audi o
interface tine code, the total sanple nunber““mumm,ﬁuﬂllﬁm 00 to the head
of the ith frane 162 is calcul ated in accordahce witt h"t h& ihputted val ues
of the THL TM TS and TF of the tinme 8éde, and the nunber of sanples nj

fromthe head -of the ith frame 162 to
one frame, and to record the same in a prescribed area

of a magnetic tape, the apparatus being zIfurther

’.l
Ih
th
[}
2]
U]
fs]
(a3

operable to record sub-signals in an area d
from the area of the .main signal on said m&gnetic
tape, wherein the apparatus comprises:
signal extracting means (90) for extracting a
main signai and auxiliary data from a series of
digital signals transmitted in a format such that a
- sub-frame including at least one word of main signal
' and at least one bit of auxiliary data is treated as
a unit of transmission, n sub-frames forming one
block, said auxiliary data of the block comprising
first address information for a sub-frame of the
block; |
phase difference detecting means (91) for
detecting a phase difference between a point of change
of frames of said first frame period and an adjacent
point of changé of the blocks of said éeries of
digital signals;
arithmetic means (23) for calculating second
address informaﬁion corrésp'onding t.o t}he first word of
é frame of said first frame period baséd on '-the phase
diffgrence information and the extracted first address
information, and for calculating, based on said second
address information, time information using said first

frame period as a minimum unit and a fraction smaller

This is the replacement sheet
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‘the head of the jth digital audio interface block 161 is added thereto to

provi de the total sanple nunber TT. fromA M 0:00 to the head*QL~LD§?L£ﬂ_____~

P ittt e ”e1Tg‘iiiﬁm}gﬁwuuymm

than said first.frame period; and

recording means (6,7,8,9,10) for recérding said
time information and said fraction.

5. Apparatué according to claim 4, wherein said
auxiliary data includes additional information other
than said first address information, the apparatus
further comprising means for dividing said additional
information into a plurality of information pai'ts,
and for adding idenﬁification information indicative
of the content of an information part, and for
recording an information part with said identification
information in said sub-signal recording area of said-
tape. | |

6. Apparatus according to claim 5, wherein said
information includes character information, and said
recording means éomprises means for recording all of
said character information of the block of said series
of digital signals.

7. Apparatus according to claim 4, S or ¢,
further  having a reproduction operation, and
comprising:

reproducing means (8, 9, 10, 13, 14) operable
during reproduction to read from the tape said time
information and said fraction information recorded in
said sub-signal area thereof; and

means (23) for generatlng from the reproduced
| This is the replacemem sheet
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by the jth digital audio interface block 161 is provi ded. This is
represented by the follow ng equations (11) to (14). i = Tfr (3600TH + 60TM

Lz/T E)Bu} FiTlFm) | = 1osooom-(iéémﬂwle?,o??”fTﬁMTlh'ﬂmlﬂlﬂf”ﬁﬂrrszowv]en
SEMPTE non-drop frame Tfr = 29.97 Hz) isg 10789ZTH+ 1798TX*+ 2INT (Th/ 10)

+ 30TS
signals converted time information for a pradetermined

output format having an output frame period different
from said first frame period and from the period of a
said sub-fraﬁe of said digital signals, the converted
time information being related to said second address
informatién such that said converted time information
and said second address information have a common zero
referencg.

8. Apparatus Uaccording to claim 4, 5 or 6,
further having a reproduction operation, and further
comprising:

reproducing means operable during reproduction to
read from the tape said time information and .said
fraction recorded in said sub-signal area_thereof;

arithmetic means operable during reproduction for
calculating said second address information based on
the time information and the fraction reproduced from
the tape; and

digital signal series geneiating'means (23) for
composing a said series of digital signals for output
based on a reproduced main signal and said second
address information calculated by said arithmetic
means during feproduction.

9. Magnetic reproduction apparatus operable to

i reproduce from a magnetic tape signals recorded

thereon which signals include a main signal having a

his Sheet Has Been Replacec ' THIS. sHEETAHCgIs) BEEl\
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. TF When SMPTE drop

frane) TTj = nj - INT (-iTC) n’UIIII Illlm " “ ... (14) In the
equations, Tfr represents the fra is 30Hz or 29.97Hz in

SH-TE, 25Hz in EBU and 24Hz in Film F|g "46 shows a rel ation between the
digital audio interface bl ock and the SNFTE/EBLVFI|n1tInE code frane

first frame period recorded on a first area qf the
tape, and sub-signals recorded on a second arsa of the
tape, wherein the apparatus comprises:

digital series generating means (23) for
composing an output signal as a series of digital
signals for transmission in a format such that a sub-
frame including at least one word of reproduction main
signal and at least one bit of auxiliary data is
treated as a unit of transmission, n sub-f{rames
forming one block, said auxiliary.data of the block
comprising address information for the main signal in
a sub-frame of the block;

reproduction means (8,9,10,13,14) for reading
sub-signal information from the tape which sub-signal
information includes recorded time information and
fraction information, said recorded time information
using the first frame period as a minimum unit, and
the fractional information corresponding to a fraction
smaller than the first frame period; and

arithmetic means (23f for calculating. said
address information for said auxiliary data of said
block based on said recorded time information and said .
fraction information.

10. Apparatus according to claim 9, further

- comprising means (23) for generating converted time

information for a predetermined second output Zormat
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when the digital audio interface tine code is to be converted into the
SMPTE/ EBU Fi | m tunlfu‘mﬂ"l”m\lmt hod for converting the digital audio
interface tinme co@e E/EBU Filmtine code is described with
reference to Fig. 46° Refdrrfng*to Fig. 46, the reference characters (a),

(b), i and j are the sane as those shown in Fig. 45. The reference
character TB represents a tinme tode transmtted
88
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having an output frame period di
first period output and from the périod of a said sub-
frame of the digital signals, the converted time
information being related to said address information
such that said converted time information and said
address information have a common zero reference.

11. Apparatus according to claim 9, wherein said
reproducﬁicn means comprises means for reading from
the tape additional'sub-signal information other than
said time information and said fraction, based on
identification information associated with said
additional information, and wherein said digital
series generating means comprises means for using said
additional information for composing said series of
digital signals.

12. Apparaﬁus according to claim 11, wherein
said additional sub-signal information includes
character information, and wherein said digi£al series
generating means comprises means for including said
character information in said series of digital
signals.

13. Apparatus according to claim 11 or 12,
wherein said additional sub-signal information
includes information indicative of_the reliability_of
recorded sub-signals, and wherein said digital series

generating means comprises means for correcting,
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- 71 - by the digital audio interface, which represents the total sanple
nunber fromA M 0:00 to the head of the jth digital audio interface bl ock
163. The—r+eference tharacter TLO represents the total sanple nunber

fromA
M

during reproduction, information which is indicated to

89

be unreliable by said information indicative of
reliability reproduced-from said tape, by using other,
reliable'information.

14. A method for magnetic recording, wherein an
inputted main signal is divided into first frame
periods and signal processing is carried out on the
divided main 51gnal as data of one frame to record the
same on-a prescrlbed area of a magnetic tape, and
wherein sub-51gnals are recorded in a different area
of said magnetic tape, wherein the method comprisee:

‘extracting said- main sigﬁal and auxiliary data
:from a series of digital.signals transﬁitted in a
format such that .a sub-frame including at least one
word of main 51gnal and at least one bit of aulelary
data is treated as a unit of transmlsSLOn, n sub-
frames forming one bloqk, said auxiliary data of the
block comprising first_addrees information for a sub-
frame of the block; |

detecting a phase difference between a point of
change.of frames of said first frame period and an
adjacent point of change of the blocks of said series
of digital sigﬁals;

calculating second address infdrmation
corresponding'to the first word of a frame of said

first frame period based on the phase difference

i
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0:00 to the head of the ith SMITE/EBU Fimtine code frane 164. The
reference character m. shows the number of sanples to the head of the jth
digital audio interface block 163 prior to the ith SMPTE/EBU Fil mtine code
f;aﬂe 164, and the reference characters THL TM TS and TFshow the val ues

o our, mnute, second and frane of the tine code of the
SNPTE/EBLVFI|n1tInE code frane 164 When the digital audi "iﬂ“

code is to be ? ')*‘ cmllu!mﬁnltluru*ll

S0
information and the extracted first address
information, and calculating, based on said second
address information, time information using said first
frame period as a minimum unit and a fraction smaller
than said first frame period; and

recording said time information and said fraction
on said sub-signal area of said tape.

15. A method according to claim 14, wherein said
auxiliary data includes additional information other
than said first address information, the method
further comprising dividing said additional
informétion into a plurality of information parts,
adding identification information indicative of the
content of an information part, and recording a said
information part with said identification information
in the sub-signal'recording.area of said tape.

16. A method according to claim 15, wherein said
additional informétiqn includes character information,
and said step of recording comprises recording all of
said character informatioh of the block éf said series
of digital signals.

17. A method according to claim 14, 15 or 16,
further comprising the reproduction steps of:

reading, duriné feproduction, said recorded time
information and said fraction from the sub-signal area
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REPLACED
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converted into the SMPTE EBU Fil mtine code, the nunmber of sanples m from
-the head of the jth digital audio I'Mﬂmmgmuﬂﬂltﬂ 3 to the head of the
ith SMPTE/ EBU Filmtinme code frane he inputted digital
audio interface tine code TB to provide the fot&l *sanple nunber TLO from

A-M 0:00 to the head of the ith frame 164, and the val ues of hour, minute,
second and frame of the tinme code of the 1Th frame 164 can be cal cul at ed

fromthe total generating from the reproduced signals converced

time information for a predetermined output format
having an output frame period different from said
first period and from the period of a sub-frame of
said digital signals, the converted time information
being related to said second address infbrmation such
that said converted time information énd said second
address.information have a common zero reference.

18; A method éccording to claim 14,.15 or 18,
further comprising the reproduction steps of:

reading, during reprdduction,_said recorded time
information and said fraction from the sub-signal area
of the tape;

calculating, during reproduction, second address
information based on said time information and said
fraction read from the tape; and

composing a said series of digital signals for _
output based on a reproduced main signal and said
second address information calculated during

. reproduction.

19. A method for reproducing from a magnetic
tape signals recorded thereon which signals include a
main signal having a £first frame period on ' a
prescribed area of thé tape and sub-signals on a
different area of the tape, whersin the method

comprises:
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sanpl e nunber_TLO This relation is represent ed by the foll ow ng equations
(15) to (37). |I) When the frame frequency Tf, is 25 Hz or 24 Hz, or the

fr.ame f.requeniﬁ’!lmc”"luﬂlj(ﬂm"1!"1 |t is the non drop frame, then

92

-

reading sub-signal information from the tape
~which sub-signal information includes xrecorded time
informati_on and fraction information, said recorded
time information using the first frame period as a
minimum .u'nit, and the <fractional information

corresponding to a fraction smaller than the first

B

frame period;

calculating address information from. said
recorded time information and said fraction
information, said address information for use in an
output in the form of a series of digital signals
transmitted in a format such that a sub-frame
including at least one word of a resproduction .main
signal and at least one bit of auxiliary data is
treated as a unit, n sub-frames forming one block,
said auxiliary data of the bloc'k_ comprising said
address information for a main signal in a sub-frame
of the block; and

composing said series of digital signals for
output - based on said address information and on a

reproduced main signal.

20. A method according to claim 18 or 19,
further comprising the step of generating converted
time .information for a predeterminad second output

format having an output frame period different from
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- 72 - TLO= TB + m ... (15) TCs = INT

(Fs /I Tfr 0. 5) .. (16) T Tfr

.. (17) X 1 =TLOmd TCsa (18) Sanple =

?T}I‘r}v)?;) }Tci |J|<|TT(C>S<| )TICSN)T EXH\éz.m /TS): ' Tcé)lgmlfﬂlfﬂllmlﬂ m”' LO/ -T-CS?)ZO;md
93 T

said first period and from the period of_a said sub-
frame_ of the digital signals, the converted time
information being related to said address information
such that said converted time information and said
addréss information have a common zero feference.

21. A method according to claim 18 or 19,
wherein the step of'reading sub-signal information
from the tape comprises readlng additional sub—algnal
information other than said time information and said
fractiqn, based on identification information
associated with said. additional information, and
wherein the step of corﬁposing said digital series
comprises wusing said additional information for
composing said series of digital signals.

22. A method according to claim 21, wherein said
additional sub-signal information includes character
;nformation, and wherein said step of composing said
digital series comprises including said character
information in said series of digital signals.

23. A wmethod according to claim 21 or 22,
wherein said additional sub-signal .inform;tion.
includes information indicative of ﬁhe reliability of
said raébrded signals, and wherein said step of
composing said digital series comprises correcting
during reproduction, information which is indicated

to be unreliable by said information indicative of
This is the replacement -sheeét
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TS = INT (TLO' Fs) nod 60 ... (21) TM = INT

(TLO 60F5) nod 60 . .. (22) TH = INT (TLQ 3600Fs)

... (23) where, the ref «Lllllllwllumuumuzl"lF is the sanpling frequency, which
is 48kHz, 44.1kHz or 32kPiz. ‘The r*fererfce character TCs is the nunber of
sanples in 1 frame with the decimal part rounded, the reference character

x2 is a coefficient determ ned by Tfrsfnd Fs,

reliability reproduced from said tape, by using other,
reliable information.

24. A magnetic recording and rep roduc1n
apparatus dividing inputted main signals at every unit
time to process said divided main signais as 1 frame
data to record the same on a prescribed area of a
magnetic tape and recording sub signals in a different
area of said magnetic tape, and reproducing the
recorded main signals and sub signals, comprising:

information extractihg means (28)‘receiving time
code signals having a frame frequency different from
that of said main signals for extracting first time
information and information other than the time
information included in said time code signals;

phase difference detecting means (74) for
detecting phase difference between a point of change
of frames of said main signals and a point of change
between frames of said time code signals by clock
signals having the same frequency as sampling
frequency.of.said main signals;

arithmetic means (23), in recording, responsive
to the first time information extracted by said
information extractihg means and to the phase
difference information detected by said phase
difference detecting means for calculating second time

information using said unit time as a minimum unit,

| THIS SHEET HAS BEEN ]
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1) In the case of drop

whose val ues are as shown in Fig. 47, respectively.
(15) Sanple = INT

frame TLO-—= +—11

{TLO nod (Fiiﬂi i ... (24) i = I'NT {(TLO - Sanpl e)

= d107892
vl D, o -
{(y2nDd1798) + 2} nod30 9s ... (28) . ' _

ana ror calculating initial ©phase difference

information between head of a frame as a refersnce of

said time code signals and head o frame of said

h
u

main signals positioned at the frame as the reference
of said time code signals, and in repéoduction, for
calculating said first time information and the phase
difference information from said second time
information and said initial phése difference
information;
recording and reproducing means for recording, in
recording, said second time information calculated by
said arithmetic means, said initial phase difference
information, the information other than said time
information extracted by s;id information extracting
means and frequency identifying information indicative
of the frequency of the clock signals used for
detecting said phase difference information in said
sub signal recording area, and for reproducing, in
reproduction, said second time information, said
. initial phase difference information, the information
other than said timé information, and said frequency
identifying information from said sub signal recording
aréa; and
time code signal generating means (23) " for
composiﬁg a series of data of a prescribed

transmission format of said time code signal based on

THIS SHEET HAS BEEN
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y3 = INT ({(y2npd1798) + 2}/30] ... (29) TS = y3 - INT
(y3/ 60) ... (30) - 73 - TM= 10 * INT

(yl /17982) + INT (y2/1798) - INT (y2/17982)

iy v N

96

said first cime information <calculated by said
arithmetic means and on the information other than
said time information reproduced by said recording and
reproducing means, and for. outputting the series of
data of said composed time code signals 1n response to
said phase difference information calculated by said
arithmetic means.

25. A magnetic recording and reproducing
apparatus dividing' inputted first main signals at.
every unit time, signal processing the said divided
first main signals as daﬁa of 1 frame for recording
the same in a prescribed area of a magnetic tape, for
recording sub signals iﬁ an area different from the
area of the first main signals on said magnetic tape,
and for reproducing the recorded main signals and the
‘sub signals, comprising:

signal extracting means (90) for extracting, from
a series of digital signals transmitted in a fofmat
structured such that a sub frame including at least 1
word of second main signals and 1 bit of auxiliary
data is treated as a unit of transmission, n sub
frames forming 1 block, said auxiliary data forming at
least one piece of information in said block unit,
address information for the -second. main signals
transmitted in the sub frame in which the first bit of

the auxiliary data word being included in sai@ piece
This is the replacement shee
\
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T
f

irosamtey rrerrsy 0 R (34

(33) FS1 = 30Fs/29. 97

(24) i

97

of information, said second main signals and said
auxiliary data;

phase difference detecting means (91) for
detecting phase difference between a point of change
of said first main siénals_and a pointt of change of
the blocks of the series of said digital signals
positioned at the head of the frame of said first main
signais;

arithmetic means (23) for calculating, in
recording, second address information corresponding to

the first word of the frame of said first main signals

from the phase difference information detected by said

phase difference detecting means and the first address
information transmitted in the block of said series of
data signals positioned at the head of the frame of

said first main-signals, and for calculating, based on

said second address information, time information

using said unit time as a minimum unit and fraction
smaller than said unit time, and in reproduction, for
calculating said second address information based on
said time information and said fraction;

recording and reproducing means (9, 10, 23) for

recording, in zrecording, said time information

calculated by said arithmetic means and said fraction
in said sub signal recording area, in reproduction,

and for reproducing said time information and said

H = INT (i/107892) ... (32) Ill) \hen the
rame frequency is 29.97 Hz and it is the non drop frame TCO— TB+

m
= I NT

- 2 SEP 9%
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TS = INT (TLQO FS1) nod60 ... (35) TM = INT

L e (I

SMPTE/ EBU/ Fil mtinme code frane at *reSpekt |'\/e Ssanpl i ng frequency As shown -
in Fig. 48, when Tfr is 29.97 Hz, when Tfr = 30 Hz and Fr 32 Hz, when Tfr

=24 Hz and Fs is 44.1 kHz or 32 kHz, t?& nunber of sanplgs in 1 frane_is

fraction“recorded in said sub signal recoxding axrea;
and

digital signal series generating means (23) for
composing said secdnd address information calculated
by said arithmetic means and said firgt main signals
to said series of digital signals to output the same.

26. A method of recording and reproducing
wherein inputted main signals are divided at every
unit time, signal processing is carried out on the
divided main signals as data of 1 frame to record the
same.on'a prescribed area qf a magnetic tapé,-sub
signals are recorded in a differsnt area on said
magnetic tape, and the recorded main signals and sub.
signals are reproduced, comprising the steps of:

inputting time code signals having a frame period -
different from . that of said main signals and
extracting first time information and information
other than said first time information transmitted by
said time code signals;

detecting phase difference between a point of
change of the frames of said main signals and a point

| of change of frames of said time code signals by clock

éignals having the same £frequency as sampling
frequency of said main signals;

calculéting, in recording, second time

1nrormatlon U.Slng Sald unit time as a minimum unit
Thie is the replaaemem sheet
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- not an integer. Therefore, in this enbodi nent, mhen'Tf s 29.97 Hz, the
nunber of squng_Lﬂ_each—LLaﬁe are conbi ned based on the total sanple
nunber fromA M 0:00 and on the point of change of the frame, such that
when Fs 48 k are conbi ned, when Fs = 44.1 kHz, 1471 and
1472 are. comﬁ“ummmwm “2 kHz, 1067 and 1068
99 C
based on said extracted first time information and
said detected phase difference information,
calculatin initial phase difference information
between head of the frame as a reference of said time
code signals and head of the frame 3of said main
signals positioned at the £frame serving as the
reference for said time code signals, and recording
calculated said second time information, and said
initial phase difference information, said extracted
information other than the . time 1nformation, and
frequency identifying information indicative of the
frequency of the clock signals used for detecting said
phase difference information, in said sub signal
recording area; |
in reproduction, reproducing said second timg
information, said initial phase differencé
information, said informatibn other than the time
information and said. frequency information recorded in
said sub signal recording area;
calculating said first time information and the
phase difference information based on said reproduced
second time informatioﬁ and said initial ©phase
difference information; and
. composing a series of da;a of a prescribed
transmission format of said time code signals from

said calculated first time information and said
| This is the replacement ‘sheet
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-74- are conbi ,ned so as to supp sanple or |less. Wen Tfr

=30 Hz and Fs = 32 kHz, the c Y the sanpl es and the point
of - change of the frames coincid !mmnm“w[jﬂﬂﬁu at every three frames SO
that the nunber of sanples in 1 kraée dsS ma t o- be 1067,

100
reproduced. information other "than the time
information, and outputting, in respbnse to éaid
calculated phase difference information, said composad
series of data of the time code signals.

27. A method of magnetic récording and
reproducing in which inputted main signals are d1v1d=d
at every unit time, 51gnal processing is carried out
on the divided main signals as data of 1 frame to
record the same on a prescribed area of a magnetic
tépe, sub signals are recorded in a different area of
said magnetic tépe, and the recorded main signals and
sub signals are reproduced, comprising the steps of:

extracting, from a series of digital signals
transmitted in a format structured such that a sub
frame including ;t least 1 word of main signals and 1
bit of auxiliary data as a unit of a transmission, n
sub frames forming one block, said auxiliary data
fdrming at least one piece of information by said
‘block unit and address information foru the main
signals transmitted in the sub frame in which a first
bit of the auxiliary data word being included in said
piece of information, said méin signals and said
auxiliary data;

detecting phase difference between a point of
change of frames of said main éignals and a point of

change of blocks of said series of digital signals
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RERLACED
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1067 and 1066 repeatedly in every three franmes. Wen Tfr = 24 Hz and Fs =
44.1 kHz, the nunber of sanple is adjusted by repeating 1838 and 1837 in
every two frames. If Fs is 32 kHz, 1333, 1333, and 1334 are repeated in
every three framesto—adjust the nunber of sanples so as to suppress the

erro | ess. In the above described enbodi nent, the tine code
IS, chm Hmm)mlﬂm nunber of sanples so as to carry out

101

positioned at the head of the frame of said main
signals;

in recording, calculating second addrees
information corresponding to a first word of the frame
of said main signals from said detected phase
difference information, and the first address
information ﬁrensmitted in the block of said series of
digitel.signale positioned at the head of the frame of
said main signal, ‘and calculating time information
gsing said uhitetime as a;minimum unit and a fraction.
smaller then;seid unit tiﬁe, from said second address
,lnformatlon,.. |

recordlng said calculated time information and
eaid f:actlon on said subISLgnal recordlng area;

'icf- reproduction,j' reproducing  said tiﬁe
info:mationland eeid f:ection recorded in said sub
signal'fecordinc area; aﬁd |

calculatlng sald second adoress 1nformatlon from

.sald reproduced tlme information and sald fraction,
aqd composing and outputting said series of digital
- signal from said calculated second address information
and said mainesignals.

28. Tape recording epparatus arranged to record
inﬁofmation in successive first frame units on a tape,
the apparatus being capable of additionally recording

supplementary information received by the apparatus iq

1This Sheet Has Been Replacec This is the replacement sheet “THIS SHEEL Has BEEN
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the calculation by integers and the calculation is carried out sanple by
sanpl e. However, the calculation may be carried out based on the tine unit.

The cal cul ati on based on the tlme um—t—w—H—be—de%eH—bed |n the foll ow ng

where the unit of tinme is se t|1 el ati on bet ween

" the - SVMPTE/ EBU Fi Imtinme code and theTﬂIHlHlﬂ" I“H(HII'T'I }erface bl ock on time

base.

102
a format whereby the supplementary information is
supplied in second frame units having a different

rame frequency from that of said first frame units,

h

characterised in that the apparatus 1is arranged to
record the supplementary information, together with
data representing a phase difference between f£irst and
second frame units, within said first frame units.
29. Tape reproduction apparatus arranged to
reproduce information from successive first £frame
units recorded on a tape, the apparatus being capable
of additionally reproducing supplementary information
from  the tape and outputting the supplementary
information in a format whereby the information is
contained in second frame units having a different
frame frequency .from that of said first frame units,
wherein the apparatus' is arranged to reproduce the
supplementary information, together with data
representing a phase difference between first and
second frame units, frdm said first frame units and to
use the phase differerice information to format the

supplementary information.
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(1) When the SMPTE#EBU Filmtine code is to be converted into the digital
audio interface tine code (see Fig. 49). - 75 -1 =Tfr (3600TH 60TM +

TS) + TF ... (38
- 103 -

ABSTRACT Or THE DISCLOSURE
_ A magnetic recording and reprodﬁcing apparatus

™ records audio signals digitized by rotaiy heads (9, 10) on
a magﬁetic tape (12), and reproduces the recorded audio
signals. Clock signals and time code data are extracted
from externally inputted time code signals by méans of a
demodulating circuit (72), and phase difference between
the frame clock signals and thé reference signal is
detected by a phase difference detecting circuit (74). A
-microcomputer (23) assigns the phase difference
information and the time code data to sub code packs and
stores the same in the memory circuit (4); The stored
phase difference information and the time code data are
recorded on-the magnetic tape. In reproduction, the
microcomputer outputs the original time code signals

responsive to the reproduced phase difference information

and the time code data.
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29. 97 Hz)
. Fs

TTj t

108000TH + 1800TM +

(40) (SWMPTE drop frane)
(41) TTj

30 HZ/EBU Film i

(39) (When SMPTE non-drop franme Tfr

njt + i TCQ

(‘_12)

= 107892TH + 1798TM + 2I NT (TM 10) +30TS + TF ...

(When SMPTE non-drop frame Tfr

30TS 30TF/ 29. 97

TTj t

be
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VWhere TTj t time fromAM 0:00 to the head of jth digital audio interface
bl ock 165. njt: tine fromthe head of-the jth digital audio interface bl ock
165 to the head of the ith SMPTE/EBU Fil m'tine code frane 166 prior to the
digital audio interface block 165. TC: frane period of the SMPTE/ EBU Fil m
time code. (2) when the digital audio interface time code is to
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.= 25

VWhen Tfr
(44) TF =

(47)

1)

] DT

.(45) TS = INT (TLQt) nod60

non-drop frane TBt

30 Hz,

jDT + mt

(46) TM = INT (TLCt/60) mod60

... (43) TLO
(TLO/ TCQt) nodTFr

be converted i-nto SMPTE/ EBU Fil mtime code (see Fig. 50)
24 Hz or Tfr
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- 76 - TH= INT (TLCt/3600)

(48) Where TBt:

time fromA M 0:00 to the jth digital audio interface bi-bck 168. - DT:
period of the digital audio interface block :

- 4 -
FIG.4
B7]Bs|Bs5|Bs | B3 |Bz]|Bi |Bo|
PC1 1 0 O 1 O | Two Te Ts
PC2| 77 76 7T5 T4 T3 T2 T 7TO
PC3| O O|Ts| Ta | T3| T2 T1}|SD
PCs TC HOUR
PCs TC MINUTE
PCs TC SECOND
PC7 TC FRAME
PCs PACK PARITY
PC1i B7~-B4 : PACK ITEM =1001
B3 - Zero
PC1 B2~B0 : Ti0~70 (PHASE DIFFERENCE Ti)
PCz B7~Bo (Binary 11bits 710:MSB 7T0:LSB )
PC3 B7 Bs : ALL Zeros : -
Bs Bi1 .:Ts~T1 (TC ID FLAG)
Ts= 1=> SMPTE TC
Ts = 12> SMPTE DROP FRAME
T3 = 1= SMPTE 29.97H=z
_TZ: 1=> EBU TC '
Ti= 1> FILM TC
Bo : SD (TC FRAME FLAG)
SD =1 =>SAME TC FRAME No.AS
PRECEDING DAT FRAME 1S
: RECORDED
PCsz B7-~B0o :TC HOUR
PCs B7~Bo :TC MINUTE
PCs B7~B0o :TC SECOND
PC7 B7~Bo :TC FRAME
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TLO: tine fromA M 0:00 to the head of the ith SMPTE/EBU Fil mtine code
frame 167 mt: tine fromthe head of the ith SMPTEfEBU Filmtine code frane
167 to the head of jth digital audio interface bl ock 168 preceding the
frame, and TCt: frane period of the SMPTE/EBU Filmtine code I1) drop
frame MO = jDT+m t ... (44)

: . _ -5 - _ _

FIG.5

B7|Bs|{Bs | B&4| B3 { B2 |B1 | Bo
PcCi1 /1 O 1 Ol O O O |SD

PC2 TC FRAME
PC3 | 0O O |TCs|TC4|TC3|TC2{TC1 |TCoO
PCs | User Group 1 | User Group 2

PCs | User Group 3 | User Group 4
PCs | User Group 5 | User Group €
PC7 | User Group 7 | User Group 8

PCs PACK PARITY

PC1 B7~Bs4 @ PACK ITEM=1010
B3~ B1 : ALL Zeros
BoO . SD (TC FRAME FLAG)

'SD=1=>THE SAME. TC FRAME No

AS PRECEDING DAT
FRAME IS RECORDED

PC2 B7-~ Bo : TC FRAME ( BCD 2digits)
PC3 B7.Be : ALL Zeros
Bs~ Bo : TCs5~TCo (TC BIT -FLAG)
TCs <= TC BIT No 10
TC4 <= TC BIT No N
TC3 <= TC BIT No 27
TC2 < TC BIT N 43
TC1 <= TC BIT No 58
TCo <= TC BIT No 59
PCsa~PC7 - o
B7~Bo : User group 1~ 8

This is the replacement sheet
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i= TLO /T

(49) The cal cul ati on of

the values TF, TS, TM and TH are the sane as the above described equations
(26) to (32), and therefore the description is not repeated. 111) Wen
Tfr = 29.97Hz, non-drop frame TLOX = jDT + mt :

(44) i = TLO /TCt

(49) The

éél culation of the values TF, TS, TM and TH are

FI1G.6

Bs | B4 |{B3|B2{Bi1} Bo

O 1{110 0 |sSD

TC FRAME

TCs|TCs4 [TC3|TC2|TC1 {TCO

User Group 1 User Group 2

| User Group 3 User Group 4

User Group 5 -| User Group 6

User Group 7 User Group B

PACK PARITY

B7 | Bs
PC1 1 0
PC2
PC3 | 0O O
PCs
PCs
PCs
PC7
PCs
PC1 B7 ~Bus
B3
B2 ,B1
Bo
PC2 B7-~ Bo
PCs B7,Bs :
Bs ~ Bo
PCs~ PC7
B7~Bo

: PACK ITEM = 1001 . .
: B3=1=> 2nd.page of PACK 1001
: ALL Zeros . .
: SD (TC FRAME FLAG)
SD= 1=>THE SAME TC FRAME No.
AS PRECEDING DAT FRAME
1S RECORDED

: TC FRAME ( BCD 2digits)

ALL Zeros

: TCs~TCo (TC BIT FLAG)
TCs<a TC BIT No10
TCsa<=s TC BIT No 11
TC3<= TC BIT No 27
TC2< TC BIT No 43
TCi1<«= TC BIT No 58
TCo< TC BIT No 59

. User group 1~ 8
Thig is t-h_e replacement sheet
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~the sane as the equation (33) to (37), so that the description is not
repeat ed. Al though conversion between the SI MPTE/EBU Fil mtine code and the

digital audio interface time code by sanple by sanple has been described in
t he foregoing, equations '
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- 77 - for conversion may be provided in the simlar manner for other types
of tinme codes. Based on the idea of the seventh enbodi nent, the
SMPTE/ EBU/ Fil mtinme code recorded in.the DAT nmay be converted into the
digital audio interface tinme code transmtted by the channel status data
for professional use to be outputted, the reverse operation is also

- 8 -

FI1G.8

B7 | Bs| Bs | Bs| B3| B2 | B1 | Bo
Pt | 0 0 1 1] 0] P-No1
PC2 P- No. 2 P - No. 3
PC3 INDEX No. |
PCa | HOUR
PCs MINUTE
PCs | SECOND
PC7 FRAME No.
PCs PACK  PARITY

PC1 B7~B4 . PACKITEM= 00T

B3 . Zero
PC1 B2~B0o : Program No. 3digit
-PC2 B7~B0 :
PC3 B7~Bo : INDEX No.
PCs B7~Bo : DAT TC HOUR (00~ 23)

- PCs B7~Bo :DAT TC MINUTE (00~ 59)
PCs B7~Bo :DAT TC SECOND (00~ 59)

PC7 B7~Bo :DAT TC FRAME No.
| ( 00~32, 00~32, OO~33"(repeated)>

L———— 3 seconds -———4

This is the replacement sheet
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possi bl e. An eighth enbodiment will be described in which user data of the

digital audio interface are all recorded by using a plurality of packs and

pack nunber indicating the order are added thereto. Fig. 51 is a schematic

bl ock di agram of the eighth enbodi nent. The structure of the enbodi nent

shown in Fig. 51 is the sane as that of the prior art shown in Fig. 56
- 9 - .

FIG.9

B7 | Bs| Bs | B4 | B3 B2z | B | BO
PC1 1 0 0 1 T2 | T1{ To | b
PC2 bs bs b7 beé b5 bs b3 b2
PC3 b1 bo|TCs|TCs {TC3|[TC2|TC1|TCo

PCs User Group 1 User Group 2
PCs User Group 3 User Group 4
PCs User Group 5 User Group 6§
PC7 User Group 7 User Group 8
PCs PACK PARITY

PC1 B7 B4 :PACK ITEM=1001
B3 Bi1 :T2,T1,To(TC ID DATA)
" 0 0 0= SMPTE 30Hz
0O 0 1= SMPTE 29.97Hz

O 1 0< SMPTE 29.97Hz.
' | DROP FRAME

0O 1 1= EBU 25Hz
1 0 0= FILM  24Hz

PC1 Bo, PC2 B7~Bo, PC3 B7-Bs
:b10~b0o (PHASE DIFFERENCE lo)
(Binary 11bit bio MSB.bo0:LSB)
PC3 Bs~Bo :TCs~TCo (TC BIT FLAG)
TCs < TC BIT No.10
TCsa<= TC BIT No, 11
TC3< TC BIT No, 27
TC2< TC BIT No. 43
TCies TC BIT No.58
TCos TC BIT No. 59
PC4 ~7. B7~BO0 | -
. iUser Group 1~ 8

This is the replacement sheet



except a user data pack generating circuit 150, a user data dividing
circuit 151 and a user data generating circuit 152 which are newy

provi ded. The user data dividing circuit 151 is provided for receiving
denodul at ed user data outputted fromthe digital interface circuit 28 and
for dividing the sane at every prescribed bits to be recorded in 1 pack.
The user data pack generating circuil 4§0-receives the data divided by the
user data dividing

FI1G.10

B7|Bs|Bs|{Bs {B3|Bz|Bi|Bo
PCi| O O 1 1 1 |bi0 b9 bs

PC2| b7 bs bs bsa b3 bz b1 bO
PC3|{Ta|T2|Ti1lTol]O|O|O|O

PCs HOUR
PCs MINUTE

PCs SECOND

PC7 "~ FRAME No
PCa PACK PARITY

PC1 B7~Bs4 :PACK ITEM = 0011
B3 :B3=1

PC:1 B2~Bo0\. bio~bo ( PHASE DIFFERENCE lo)

PC2 B7~Bo/ (Binary 11bit.b10:MSB,b0o:LSB )

PC3 B7~Bs4 : T3~To (TC 1D DATA)

[T3 [T2 ] 11 Contents

EBU 25Hz
SMPTE 2997Hz Non-drop frame

SMPTE 29.97Hz Drop frame
SMPTE 30Hz Non-drop frame
1 FILM 24Hz

Qthers Reserved

PC3 B3~Bo : B3~Bo="00007( Al zero)

-‘-—-‘..¢—lIO

o|o|-|ole|d

PCs ‘B7-Bo :DAT TC HOUR (00 ~ 99)
PCs B7-Bo :DAT TC MINUTE (00 ~ 59)
PCé B7~Bo :DAT TC SECOND (00~ 59)

PC7 B7~Bo :DAT TC FRAME No.
00~32 00-32 00-33-(repeated)
le— 3 seconds —

This is the replacement sheet
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circuit 151 and when they are recogni zed as the user data, it generates the
- 78 - generating circuit 152 is provided

user data packs.
for reproducing the original user data fromthe reproduced plurality of

user

The user data

11 -

FIG.1

B7|Bs|{Bs5 | B4

B3| B2| B1 | Bo

PC1

1 0 0 1

0 0 O O

PC2

FRAME No,

. PC3

O |SD|{TCs|TCs

TC3|TC2|TC1] TCO

PCs

User Group 1

User Group 2

PCs

User Group 3

User Group 4

PCs

User Group 5

User Group 6

PC7

User Group 7

User Group 8

PCs

PACK PARITY

| PCi B7-~Bs4

- PC3 B7

Bi~Bo
PC2 B7~Bo

Bs

PC3 Bs~Bo

PC4~7 B7~Bo:

:PACK ITEM = 1001

: ALl zero 3

:DAT TC FRAME No.(BCD 2digits)

. Zero

:SD SD=1='>{SAME CONTENT DATA AS

PRECEDING DAT FRAME
ARE RECORDED, EXCEPT
FRAME No.

:TCs5 ~TCo (TC BIT FLAG)

TC5<« TC BIT No.10
TC4< TC BIT No. N

TC3< TC BIT No. 27
TC2< TC BIT No. 43

TC1 < TC BIT No. 58
TCo< TC BIT No, 59

User Group 1~ 8
This is the replacament sheet
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The operation of the eighth

i nventi on.
I nvention is described with reference to Fig. 51

53 and 54 are timng diagrans show ng the
- 12 -

Fi gs.
and Fig. 55 shows one exanple of the user data pack enployed in

52A and 52B are flow charts show ng specific operation of

Fi gs.
t he ei ghth enbodi nent of the present

enbodi nent of the present

t he ei ght enbodi nent,
to

dat a packs.
operati on,
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54. In recording, the user data separated by the digital interface circuit
28 are finally divided by the user data dividing circuit 151 at every
prescri bed nunber of data which nunber corresponds to 1 pack. Fig. 53 is a
timng di agram showi ng the nethod of -divisi-on of the first stage of the
user data, in which the sanpling frequency is 48kHz. Referring to Fig. 53,
the reference character (a) shows the PAT_franme clock signal generated from

t he clock

5 TBel 358183 521 [35] 1613
PC1 |0 0O 1 1 | b10 b9 bS8
PCz | b7 b6 bs b4 b3 bz b1 bo
PC3 | T3l T2 T1]Toj O} O |Fi1]Fo
PCs - HOUR
PCs MINUTE
PCs SECOND
PC7 FRAME No.
PCs PACK PARITY
PC1 B7~B4 :PACK ITEM = 00T
B3 ZB3_=1‘ _
PC Bz-Bo):blo—-bO (PHASE DIFFERENCE lo)
PC2 B7~B0/ (Binary 11bit. b10:MSB.b0:LSB )
PC3 B7~B4 T3~To (TC ID DATA )
T3 [12 [T1 |10 Contents
0]1101]0 |EBU 25Hz
11010 |0 |SMPTE 2997Hz Non-drop frame
1101011 SMPTE 2897Hz Drop frame
1710110 |SMPTE 30Hz Non-drop frame
11110 Q0|FILM 24HZz
Others Reserved
PC3 B3.B2 :B3.B2=00

PC3 B1.B0 : F1.Fo (COUNT CLOCK FREQUENCY)
O 0= 4BKHz

PCs4 B7~B0O

PCs B7~Bo :
PCs B7~Bo:
PC7 B7~Bo:

0
»
1

44 .1KHZ

1 =
0 £ 32KHz
1 &>

Reserved

. DAT TC HOUR (00~99)

DAT TC MINUTE (00~ 59)
DAT TC SECOND(00~59)
DAT TC FRAME No.

('po-az 00-~32,00~33: ( repeated ))

k—— 3 seconds —j

This is the replacement sheat
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(c) shows

and (d)

interface circuit 28. The
and WRn and URn show t he audi o data and

(b) shows the DAT frane,
interface circuit 28,

when n is the sane.

- 14 -

shows user data outputted fromthe digital
data of the sane sub frane,

audi o signals outputted fromthe digital
ref erence characters W.n and ULn,

generating circuit 29 shown in Fig. 51,

t he user

%
m .
X4 62 5
e AN - T35 :
zmhmm%% | "l ONTLVvH3IN39 m
in W12 =
ST~ AVISIO [ e | £
wm _ ﬁ _ 0t 2
. & RLIR { £
11N2Y1D 11N _ ; _
| ONI123130k ONIQv3Y 1TNodn Jninowigl ¢
JONIYILHI0 ASVHA| |, viva wz_oouuo OAY3S
y _
06 ol I dnv .@M *1
6L ( d3y 22 (a~12
Yo Yd— 31d1 OZ—.—.M—%%Z&&W 1 11nJYID ’ 11NJY¥1D _ .mm NOILD3Y1Q
Yo Joe—o; < AYOW3W[ | loNLIVINQOW3a PO6  9NINNNY
P , v /0@ EL__| Ol 3dvl
A | m.w . . e y
1IN0 ye3bIas. 35VAAINIES
NI g§=¥Biae 1 Twioliag
T4 9z~x .
] 1inoun _ .
Yo 4 o—| 1100410 11NJ¥1D
ysqp—iq 9 1| {ONHYIANOD AMOWIW[ ONIIVINAOW[ 1”038 N Re0
Ni Bogeuy’| ,N I o m dWv-034 MS 40 NOLLO3HIQ
s~ 11noHID
ONI100D
- 7vold

=~ 2 SEP a5

Date:



- 79 - As shown in Fig. 53, the user data are divided DAT frame by DAT
frame, and the user data divided frane by frame are further divided at
every prescribed nunber of bits by bits to be recorded in one pack, as
shown in Fig. 54. As shown in Fig. 54, the data are divided at every 40

- 315 -

+

N+8 | N¢e9 | N+10

t1

ni

CHlE [

FIG.15

Ne2 | Ne3 | Ned | Ne5 [ Ne6 | No7

N+1

to
N

57

DAT REF SIGNAL |

INTERFACE BLOCK
BLOCK CLK

DAT FRAME
DIGITAL AUDIO

This is the replacement sheet
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bits (5 bytes). In this case, the user data recorded in 1 frame of the DAT
are recorded on two tracks as data of 72 packs. Since there are 112 packs
of recording areas in every 2 tracts, all user data can be recorded. As
descri bed above, the user data divided by the user data dividing circuit
151 are arranged in a pack format such as shown in Fig. 55 by the user data
pack generating circuit 150. In this_.exanple, "1110" is used as the PACK

F1G.16

B7| Be6| Bs|Bs | B3| B2 | B1}Bo

PC+ |1 O O O] F |S2 S1 So
PC2 ID CODE(BYTE 4)OR A2 zero

PCs3 ID CODE (BYTE 5)OR A2l zero

PCs
PCs CHANNEL STATUS DATA
PCs -
PC7

PCs PACK PARITY

PCi B7~Bs4 :PACK ITEM = 1000
B3 :F  RELIABILITY FLAG(PRESCRIBED
' “BIT IN BYTE 22)

B2~ Bo :52~SO(SUB PACK ITEM)

B1]BO ‘Contents

0j111D CODE

1|0 [ALPHNUMERIC CHANNEL ORIGIN
DATA

1{1|ALPHNUMERIC CHANNEL DESTINATION
DATA

100 |LOCAL SAMPLE ADDRESS CODE

1{0|1|TIME OF Dar CODE
Others Reserred

o| ojoi®

PC2 B7~B0\.IF SUB PACK ITEM 001 THEN ID CODE
PC3 B7-Bo/ BYTE4 ., 5 ELSE A{) zero
PCs B7-Bo\ | |

PCs B7~BO |.
P Br-by |i CHANNEL STATUS QATA (4 BYTES)

_PC7 B7~Bo
_PCa B7~ B0 : PACK PARITY

This is the replacement sheet
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| TEM and pack nunber from pack O to pack 71 are added to all of the 72
packs in order to identify the order of the user data.-in the DAT frane,
whi ch are assigned to the area PC2. In the areas PC3 to PC/, the user data
are assigned and parities generated fromPCl to PC7 are assigned to the
area PC38. The user data packs generated by the user data pack generating
circuit 150 are stored in the menory-cprcuit 4

- F1G.17

B7|Bs|Bs |Bsa|B3|B2]|B1]|Bo

pcil1 0o o0 OlFlo o0 1

PC2 | IDCODE  (BYTE 4)
PC3 | ID CODE (BYTE 5)

PC4 ID CODE  (BYTE 0)

PCs ID CODE - (BYTE 1)

PCé ID CODE  (BYTE 2)

PC7 ID CODE  (BYTE 3)

PC PACK PARITY

PCi B7-Bs :PACK ITEM =1000

- B3 : ¥ (RELIABILITY FLAG (BYTE 22,BIT4))
B2~Bo :SUB PACK ITEM =001

PC2 B7~Bo\ '

PC3 B7-B0

PC4 B7-BO|: 1p CODES ( BYTES 0~5 )

PCs. B7~Bo ~ '

PCs B7~BO

PC7 B7~B0O

PCs B7~Bo : PACK PARITY

This is the replacement sheat
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and the audi o data and the user data of successive 2880 sub franes (1140 -
sub frames in each channel) are witten in the nenory circuit 4 so that
they are recorded in the same DAT frane, as shown in Fig. 53. - 80 -

- 18 -

FIG.18

B7|Bs | B5| B4} B3| Bz |{Bi1|Bo

pci |1 0 0 OolFlo 1 o
Pc2/ 0 0 0 0 0 O 0 O

pcslo o 0.0 0 O O O

PC4 ALPHNUMERIC CHANNEL

ORIGIN DATA (BYTE 6)
PCs ALPHNUMERIC CHANNEL
_ ORIGIN DATA (BYTE 7 )

bcs | ALPHNUMERIC CHANNEL
ORIGIN DATA ( BYTE 8)

ALPHNUMERIC CHANNEL
PC7 [ORI1GIN DATA(BYTE 9)

PCs " PACK PARITY

PCi1 B7~B4 :PACK ITEM = 1000
B3 :F ( RELIABILITY FLAG(BYTE 22 BIT 5))

B2~B0o :SUB PACK ITEM = 010
PC2 B7~Bo): A0l zero
PC3 B7~Bo

PCs B7~BO

PCs B7~BO|: ALPHNUMERIC CHANNEL
PCe B7~Bo| ORIGIN DATA (BYTEs6~9)

PC7 B7~Bo
PCs B7~B0o : PACK PARITY

This is the replacament shest
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The operation in reproduction will be described in the followng with
reference to Fig. 52B. The audio data stored in the nmenory circuirt 15 are
applied to the digital interface circuit 28. The user data generating
circuit 152 reads 72 packs, that is, pack 0 to pack 71, of the user data
packs referring to -the -itemand the pack nunber, out of the packs stored
in the menory circuit 15 and takes outieonky the user data portion of each

pack, and outputs

FI1G .19

B7|Bs | Bs|Bs|B3|Bz2|B1 | Bo

PCr |17 O O OfF}1 O 1 1

pC2zy{ 0 O O O O O O O
0O O

PC3|]0 O O O O O

s |ALPHNUMERIC CHANNEL
DESTINATION DATA( BYTE 10)

PCs |ALPHNUMERIC. CHANNEL
DEEHINAHTON CDRFAL BYTE 11)

bce |ALPHNUMERIC CHANNEL
§ |DESTINATION DATA ( BYTE 12)

PCy ALPHN UMER IC CHANNEL
DESTINATION DATA (BYTE 13)

PCs | PACK PARITY

PC1 B7-B4 : PACK ITEM = 1000
B3 : F (RELIABILITY FLAG (BYTE 22 BIT5))
- B2~Bo :SUB PACK ITEM = 011 |

PC2 B7~Bo) .A' _
PC3 B7~Bo/ Qg zero

PCs B7~BoO

b2 B77BO) ALPHNUMERIC CHANNEL
PCe B7~B0 L DESTINATION DATA (BYTEs 10 ~ 13)

PCs B7~B0 : PACK PARITY

This is the replacement shest
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the sane in the original order to the digital interface circuit 28. The
digital interface circuit 28 changes the audio data and the user data to
the digital audio interface format to output the same fromthe digital
output termnal 27. Since it is known in advance that the user data
corresponding to the sanple at the head of the DAT is the first bit of the
pack nunmber 0O, the data can be outputted - '

F1G.20

B7 | Bs|{Bs | B4 {B3{Bz {B1 | Bo

PC1|1 0 O O|F|1 0 0O
PC2|0 0 0 0 0 0 O O
PC3|/0 O O O O O 0 O©
PCs4 |{LOCAL SAMPLE ADDRESS CODE

PCs [LOCAL SAMPLE ADDRESS CODE

PCe |[LOCAL SAMPLE ADDRESS CODE

PC7 |LOCAL SAMPLE ADDRESS CODE

PCs PACK PARITY

PCi1 B7~B4 PACK ITEM= 1000

B3 :F (RELIABILITY FLAG (BYTE 22 BIT 6))
B2~B0 :SUB PACK ITEM = 100
P ~ .
Cz By Bo)--AM zero
PC3 B7~Bo
PC4 B7~BO

pCs B7-Bo | LOCAL SAMPLE ADDRESS CODE FOR
: SAMPLE AT THE HEAD OF DAT FRAME

PCs B7~BO (32 bit binary code)
PC7 B7-~Bo

PCs B7~Bo : PACK PARITY

This is the replacement sheet
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in the sane conbi nati on

as they are received.

In the pack format exanples

shown in Fig. 55, PC3 to PC7 are used as the recording area for the user

dat a. However

B3 to BO of PCl1 and B7 and B6 of PC2 may be assigned to the,

pack nunber and the user data may be assigned to the areas follow ng B5 of
PC2 including PC8. Although user bits of 2 channels are treated in
conbi nation as a group of user data in 4fe foregoing

t he

F1G.21
B7 |Bs|Bs|Bs!B3|B2!B1{Bo
PC1 {1 O O O|F |1 0O 1
PC2 /0 O O O O 0 0 O©
PC3/0 0 0 -0 0 O O O.
PCs | TIME OF DAY CODE
PCs | TIME OF DaY CODE
PCs | TIME OF DAY COODE
PC7 | TIME OF DAYCODE
PCe | PACK PARITY
PC1 B7-B4 :PACK ITEM = 1000
B3 :F ( RELIABILITY FLAG(BYTE 22 BIT 7))
B2~B0 :SUB PACK ITEM =101
PCZ B7“"BO) ZAQﬂ zero
PC3 B7~BO
PC4 B7~Bo\ TIME
PCs B7~Bo| .OF DACODE FOR SAMPLE AT THE
PCs B7~BO "HEAD OF DAT FRAME (32bit binary code)
PC7 B7-~BO | -
PCs : PACK PARITY

B7 Bo

This is ths replacement sheet
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user data may be divi ded into two channel s and the channel - 81 - code
for identifying the channel and the pack number may be recorded in PC2 to
provi de the sanme effect. Al though the pack nunbers are sinmultaneously

recorded

- 22 -

F1G.22
87| Bs |Bs [ Bs | B3|B2|B1 |Bo
|1 0 0 0loO 0 O 1
PC2
PC3
Pce ID CODE ( 6BYTESs)
PCs.
PCs
PC7
PCs ~ PACK PARITY

PC1 B7~B4 :PACK ITEM=1000

B3~ Bo :SUB PACK ITEM=0001

PC2 B7-~BO

PC3 B7~BO

PC4 B7~BO |,

pCs B7- Bo | 1D CODE
PCsé B7~ BoO

PC7 B7~BO

PCs B7~B0o :PACK PARITY

This is the replacement shest
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I n the above descri bed enbodi nents, by preparing recordi ng areas
corresponding to the pack nunbers in advance, the pack nunbers becone
unnecessary,. inproving the efficiency in recording. Al though description
was given of user data in the foregoing, all channel status data can be
recorded in the simlar nmanner. The user data and the channel status data
which are the additional information to,{he audio data as

F1G.23

B7 |Be {Bs | B4 | B3 |{B2 |B1 | BO

lpci 1 0o o olo 0 1 o

PC2

PC3 | ALPHNUMERIC CHANNEL
S| ORIGIN DATA'(4 BYTEs )

PCs

PC6 | ALPHNUMERIC CHANNEL
~c, | DISTINATION DATA( LOWER 2 BYTES)

PCs . PACK PARITY

PC1 B7_~Bz. : PACK ITEM =1000

B3~Bo : SUB PACK ITEM=0010

PC2 B7 BO

PC3  B7 BO ). ALPHNUMERIC CHANNEL
PC4 B7 Bo/ ORIGIN DATA (4BYTEs)

PCs  B7 BO\ ALPHNUMERIC CHANNEL
PCs  B7 BO|:DESTINATION DATA(LOWER 2 BYTEs)

'"PC7 B7 Bo
PCs B7 Bo : PACK PARITY

This is the replacement sheest
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the main signals may be recorded in the sub code area in packs. The

recordi ng of channel status data may be carried out not in 2 channels but
only 1 channel. Signals of the digital
use have been treated in the foregoing,

In the sane manner. The sanme function as the user data pack generating
circuit 150, the user data dividing cirggit 151 and the user data

FIG.24

B7|Be|B5 (B4 |B3 |Bz|B1 |Bo

PC1 {1 0 0 O0|lO0 O 1 1
PC2 | \LPHN UMERIC CHANNEL

e, |DESTINATION DATA (UPPER 2 BYTES)

PCa

PCs {LOcAL SAMPLE ADDRESS CODE

- (4 BYTEs)

PCé

PC7

PCs8 PACK PARITY
PCi B7~B4 : PACK ITEM = 1-000

B3~B0 : SUB PACK ITEM = 0011

PC2 B7~BO\ , ALPHNUMERIC CHANNEL
PC3 B7~Bo/ 'DESTINATION DATA(UPPER 2 BYTEs)
PCsz B7~B0 |
PCs B7~Bo\|
PCs B7-Bo | .LOCAL SAMPLE ADDRESS CODE
PC7 B7-BoO (4 BYTEs )
PCs B7~B0 :PACK PARITY

Thie is the replacemant sheot
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generating circuit 152 nay be realized by a mcroconputer 23. Although a
specific PACK ITEMis used as a format exanple of the sub code packs in the
above described first to eighth enbodi nents (except the seventh enbodi mant)
have been described, it is not limted thereto, and the cont ent

- 25 .
FIG.25
B7|Be|Bs {Bs | B3|Bz2|B1 |Bo
PC1 |1 O O O0]0 1 0 0
PC2 |
PC3 : |
TIME OF D& CODE (4 BYTEs )
PCs ' .
PCs
- RELIABILITY ELAG
PCs (1 BYTE) .
PC7 CRCC (71 BYTE )
PCs " PACK PARITY

PC1 B7~B4 : PACK ITEM =1000

B3~B0 :SUB PACK ITEM = 0100

PCz B7-~B0 e
PC3s B7~Bo|.Ll
PC4 BT~ BO . OF DAY CODE ( 4 BYTEs)

PCs B7~B0 :RELIABILITY FLAG (1BYTE)

PC7 B7~B0 :CRCC (1 BYTE)
PCs B7~B0 :PACK PARITY
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t he

In the above described first to fourth enbodi nent,
- 26 -

recordi ng and reproduci ng SMPTE/ EBU Fil mtinme code has been

- 82'- to be recorded-in the PACK DATA recordi ng area need not be recorded
in the fifth and sixth

at the above descri bed designated positions but may be recorded at

arbitrary positions.

DAT f or
descri bed,
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enbodi ments, DAT for recording and reproduci ng channel status data for

prof essional use of the digital audio interface have been described, and in
t he ei ght h enbodi nent, a DAT for recording and reproduci ng. user data of
digital audio interface has been described. A DAT capable of recording and
reproducing all of the above described information can be realized by
providing all the circuits added in respecti ve enbodi nents.:

FI1G.27A FI1G.27B
INPUT SERIES OF REPRODUCE DATA FROM
DIGITAL AUDIO DATA SUB CODE AREA OF
FROM OUTSIDE MAGNETIC TAPE,INPUT

. N
EXTRACT CHANNEL
STAT%_JS Dﬁ]%\ERBFY ce DEMODULAT(?LR
DIGITAL I A ;
CIRCUIT CARRYOUT ERROR
1 DETECTION&CORRECTION
EfgﬁﬁCETBILOCK BY DECODINC; CIRCUIT
INFORI[\XATISAE etc. BY APPLY SUB CODE SIGNAL
CHANNEL STATUS . |TO MICRO COMPUTER
|DATA SIGNAL _ ‘ _
PROCESSING CIRCUIT v
' READ PLURAL SUBCOODE

B
APPLY 2TiM DETECT PHASE '
NG SR b | SR a S o

MICRO COMPUTER T TIN
| _ DETECTING CIRCUIT | [[IMECODE 10 3
Vet . : J'
=~ ____— mEome
A AL
D BT o TIME CIRCUIT LOADS 32BIT
OERT S Ar BINARY CODE TO BUILTIN
TIMECODE, ASSIGN - COUNTER AT EVERY RISE
CONVERTED 2TIME OF DAT FRAME TRANSMITS
INFORMATION & OTHER COUNTED VALVE 1O
INFORMATION TO DIGITAL INTERFACE
PLURAC SUB | CIRCUIT AT EVERY RISE
AR TS Mo 2 - |OF_BLOCK SjGNALS
COMPOSE AUDIO DATA &
RREEE ) e e B
CORRECTION CODE BY CIRCUIT ]
CODING cmcu:r T
OUTPUT SERIES OF
EE%%RERSANSFUB DIGITAL AUDIO DATA TO
MAGNETIC TAPE OUT SIoE
THROUGH MODULATOR,| - :
REC _AMPetc.

" This is the replacement shagt
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Al t hough the present invention has been described and illustrated in
detail, it is clearly understood that the sane is by way of illustration
and exanple only and is not to be taken by way of limtation, the spirit
and scope of the present invention being limted only by the terns of the

appended cl ai .
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F1G.28

B7|Bs§|Bs B4 |B3a[Bz2|B1 |Bo

001115105958'

PCa

P_Cz S7 Se Ss S4 S3 Sz 51 So

PC3 |T3|T2|{T1|To| O O 0O O

PC4 HOUR |

PCs MINUTE

PCs SECOND

PC7 FRAME No.

PCs PACK PARITY

PC1 B7~B4 : PACK ITEM = 0011
B3 : B3=1

PC1 B2~B0)\: S10~S0 (SAMPLE No.)

PCz B7~B0/ (Binary 1lbits,S10: MSB,S0:LSB)

PC3 B7~B4 :T3 ~To ( TC ID DATA)
T3 T2 Thv To
O 0 0O DIGITAL [0 TIME OF ts=48KHz
o 0 o 1 DACODE, | ts=44.1KHzZ
0O 01 O + fs=32 KHz

Others Reserved

PC3 B3-Bo : Al} zeros :

PC4 B7~B0 : DAT TC HOUR (00~99)

PCs B7~Bo : DAT TC MINUTE (00~59)

PCs B7~Bo : DAT TC SECOND (OOf'SQ)

PC7 B7~Bo :DAT TC FRAME No.

00~32, 00~ 32 00-33--(repeated)
}‘—— 3 seconds —

This is the replacement shaet
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83 What is clained is:
dividing inputted main signals at every prescribed frame period to process

said divided main signals as | frane data to record the sane on a
prescri bed area of a mag- netic tape and recording sub signals in a

different area of

1. A magnetic recording and reproduci ng appar at us

- 29 -

F1G.29

B7|Be |Bs |{B4 | B3 |B2|B1| Bo

PCi|{ O 0O O 1 1 |{S10 S9 Ss
PC2 [S7 S6 S5 S4 S3 Sz S1 S0
PC3 | T3 |T2| T |{To{ O O O O
PC4 HOUR

PCs MINUTE

PCs SECOND

PC7 FRAME" No.

PCs PACK PARITY

PC1 B7~B4 : PACK ITEM = 0001

PC1
PC2

PC3

"PC3

PCs
PCs
PCs
PC7

B3 : B3 =1
02" 59) 1 S10-S0( SAMPLE No)

( Binary 11bits, $10: MSB S0:LSB)
B7~B4 T3 ~To(TC ID DATA) .

T3 T2T1To _
0 0 O 0 LOCAL SAMPLE ADDRESS
' CODE fs =4BKHz
0 0 01 “ fs = 44.1KHZ
0 O 1 0 L ] fS =32KHZ
Other Reserved

B3~Bo : AlQ zeros .

B7~Bo : DAT TC HOUR (00-~99)

B7~-Bo : DAT TC MINUTE( 00~59 )

B7~B0 : DAT TC SECOND( 00-~59)

B7~B0 : DAT TC FRAME No.
00~32,00-32,00~33-(repeated)

|— 3seconds—|

This is the replacement sheet
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sai d magnetic tape,

signal s, conprising:

and reproducing the recorded main signals and sub
I nformati on extracting nmeans receiving tinme code

signals having a frane period different fromthat of said main signals for
extracting first tinme informna- tion included in said tine code signals;
phase difference detecting nmeans for detecting phase difference between a
poi nt of change of -frames of - 30 -

F1G.30

B7{Be6s | Bs |Bs |B3 | Bz |B1 | BO

PCi

0O O 1 1 1 |S10 Ss Ss

PC2

S7 S6 S5 5S4 S3 S2 S1 So

PC3

Ta|tz2|T1|Tol 0 O o0 |Ms

PCs

HOUR

PCs

MINUTE

PCse

SECOND

PC7

FRAME No.

PCs

PACK PARITY

PCi

PCi1
PC2

PC3

PCs3

PCs
PCs

PCs
PC7

B7~B4 : PACK ITEM =001

B3 : B3=1

BZ~BO); S10 ~50 ( SAMPLE No)

B7~Bo/ (Binary 11bit, S10:MSB, S0:LSB)

B7 ~B4 :T3~To(TC ID DATA)

T3 T2T1 To
0O O O O DiGltaAL [0 TIME OF DAY CODE fs=48 KHz

0 0 01 d - fs=44.1KHz
0O 010 o fs=32KHz

Others Reserved

Bi~ Bt : AQ) zeros

BO : MS (M/S ID ftag) MS= 0 =<>SAMPLE No. IS
| RECORDED
MS =1 =>ni (M7~Mo) IS

B7~ B0 : DAT TC HOUR (00~99)  RECORDED
B7~B0 :DAT TC MINUTE( 00-~59)
B7~B0 : DAT TC SECOND(00~59)
B7~Bo0 : DAT TC FRAME No.
00~32,00~32,00-33---( repeated)
e 3 seconds —|

This is the repiacement sheet.
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said nmain signals and a pdl nt of change of frames of said tinme code signals

by prescribed clock signals; arithnetic neans, in recording,

responS| ve to

the first time informati on extracted by said i nf or mat i on extracti ng neans

and to the phase difference infor-

mation detected by said phase difference

detecting neans for calculating second tine information using said
prescribed frame period as a mninmm - 31 - :

F1G.31

B7|Be|Bs|Bs|B3]|Bz2!B1 |Bo

PC1 ] 0 0 1 1]1]0 0 o0
PC2 |M7 M6 M5 M4 M3 Mz Mi Mo
PC3 (T3 |T2(T1(To{ O 0 0 |MS
PCas HOUR
PCs MINUTE -
PCs SECOND
* PC7 FRAME No.
PCs PACK PARITY
PC1 B7~B0 : PACK ITEM =001
B3 : B3=1
- B2~B0 : Afl zeros
PC2 B7~B0 : M7~Mo{PHASE DIFFERENCE ni)
( Binary 8bit, M7: MSB, Mo : LSB)
PC3 B7~B4 : Ti~To (TC ID DATA}
T3 T2 T1 To
0O 0 O O DIGITAL [0 TIME OF DAY CODE fs 48KHz
0O 0 0 1 “ fs=441KHZ
0 0 1 0 ' o {s=32KHz
Others Reserved ' '
PC3 B3~B1 : Al zeros
Bo : MS (M-S 1D ftag)MS= O-%>SAI&48'I:.2[E)EN0 1S
MS =1 M7~MO? 1S
PCs4 B7~B0 : DAT TC HOUR (00~99) RECORDED
PCs B7~B0 : DAT TC MINUTE( 00-~59)
PCs B7~B0 . DAT TC SECOND(0Q0~59)
PC7 B7~B0 . DAT TC FRAME No.

00-32, 00~ 32,00~33;-( repeated)
fe—-3 seconds ——»I

This is the rep&acsment shest
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unit, and for calculating initial phase difference information between head
of a frane as a reference of said tinme code signals and head of a franme of
said main signals positioned at the frame as the refer- ence of said tine
code signals, and in reproduction, for calculating said first tinme

i nformati on and the phase difference information from said second tine
information and said initial phase diftfegpence infor-

FI1G.32

B7 | Bs | Bs|Bs|B3 |B2]B1 |Bo

Pcilo 0o o0 1|1 |sio S5 s

PC2|S7 Ss Ss S4 S3 Sz S1 So

PC3 | T3|(Tz|Ti|T0[{0O0 O 0O |MS

PCs HOUR
PCs | MINUTE
PCs SECOND
PC7 FRAME No.
PCs PACK PARITY

PC1 B7~B4 :PACK ITEM=0001
B3 :B3=1

§§‘ gz“'s“ :510-S0 (SAMPLE No.)
2 B7~B0/ (Binary 1ibits,S10:MSB, S0 LSB)

PC3 B7-Bs4 :T3~To (TC ID DATA )

TO

O LOCAL SAMPLE ADDRESS CODE fs=48KHz
‘] ”y fS:AbJKHZ
0

“ fs=32KHz

oo

Others Reserved

PC3 B3-~B1 =A&!(zeros
BO :MS (M5 ID flag) MS=0=>5AMPLE No.IS
?vs SRt
PC4 B7-B0 : DAT TC HOUR (00~99) RECORDED
PCs B7-Bo. :DAT TC MINUTE( 0O~ 59) |
PCeé B7-Bo :DAT TC SECOND ( 00~59)
PC7 B7~-B0 :DAT TC FRAME No.
00~32,00-~32,00~33-(repeated)
F——— 3 seconds—%
y This 'is the replacement sheet
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mat i on; recording and reproduci ng neans for recording, in recording, said
second time information cal culated by said arithnmetic nmeans, said initial
phase differ- ence information, and frequency identifying infor- mation

i ndicative of the frequency of the said pre- scribed clock signals used for
detecting said phase difference information in said sub signal recording

- 33 -

F1G.33

B7 | Bs|Bs | B4| B3| Bz2|B1]|Bo

PCT O O O 1110 O O

PC2 | M7 M6 M5 Msa M3 M2 M1 Ms

PC3 IT3|T2|T1]To] 0 0O O |IMS

PC4 B HOUR

PCs MINUT-E_
PCs SECOND

PC7 FRAME No.
PC ~ PACK PARITY

PC1 B7~Bs :PACK ITEM = 0001
B3 B3 =1

B2~B0 :Alf zeros
PC2 B7~B0 :M7~M0o(PHASE DIFFERENCE ni)

( Binary Bbits, M7: MSB, Mo: LSB)

PC3 B7~B4 :T3~T0(TC ID DATA)
T3 T2T1To
0 000 LOCAL SAMPLE ADDRESS CODE
fs =48 KHz
O 001 # fs= 44 1KHz
c 010 % fs=32KHz
Others  Reserved
PC3 B3~B1 : AR zeros
BO : MS(M/S ID fLag)MS=0<> PECORD SAMPLE No.
MS = 1> S RECORDED -
RECORD ni (M7~Mo) 1S
RECORDED

PC4 B7~B0: DAT TC HOUR (00~ 99)
PCs B7~-Bo:DAT TC MINUTE (00-~59)
PCs B7~8B0:DAT TC SECOND(Q0-~59)
PC7 B7~ B0 :DAT TC FRAME No.
00~32,00-32 ,00-~33 (repeated

)
— 3 seconds —! ‘ ‘
This i the replacement sheet
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area, and for reproducing, in reproduction, said second tine information,
said initial phase differ- ence information, and said frequency identifying
i nformation fromsaid sub signal recording area; and tine code signal
generating nmeans for conposi ng a series of data of a prescribed

transm ssion format of '
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84 sai'd ti me code signal
by said arithnetic neans and for outputting the series of data of said

conposed time code signals in response to said phase difference infornmation
cal cul ated by said arithmetic neans. _

based on said first tine infor- mation cal cul at ed

- 35 -

F1G.35

'B7 |Bs [ B5 [Ba | B3| B2 [B1 ] Bo

PCi

1 0

0O O 1F o __1 0)

PC2

F1 | Fo

BN2|BN1|BNO] O O 0

PC3

N7 |[N6

N5 [N4 N3 [ N2 [N1 | No

PCa

ALPHNUMERIC CHANNEL ORIGIN DATA
(BYTE 6)

PCs

ALPHNUMERIC CHANNEL ORIGIN DATA
( BYTE 7)

PCs

ALPHNUMERICCHANNEL ORIGIN DATA
(BYTE 8 )

PC7

ALPHNUMERICCHANNEL ORIGIN DATA
(BYTE 9 )

PCs

PACK PARITY

PC1

PC2

PC2
PC3

PCs

PCs
PCs
PC7

PCs

B7-Bs4
B3

B2~80
B7,Bs

Bs~B3 :

B2~Bo.
B7~Bo

B7~B0O :
B7-Bo:
B7~Bo:
B7~-Bo .

B7~Bo :

:PACK ITEM = 1000
:1IF F (RELIABILITY FLAG)IS ™", UNRELIABLE

:SUB PACK ITEM = 010
:F1,Fo (UNFORMATION FOR IDENTIFYING SAMPLING

FREQUENCY IN RECORDING ]
'OO'—-— 48KHz "01°— 44.1KHz
10— 32KHZ
BNz~ BNO (BLOCK No.OF CHANNEL STATUS DATA
CORRESPONDING TO DAT FRAME)
N F BLOCK AT CHANGING POINT OF DAT FRAME
150 gET TO OOO No. SUCCESSIVELY CHANGES
‘001" ~ "111"(MAX)

:AlY zeros
:N7~ No (PHASE DIFFERENCE INFORMATION ni )

( Binary 8bits, N7:MSB,No: LSB )

ALPHNUMERIC CHANNEL ORIGIN DATA ( BYTE 6)

ALPHNUMERIC CHANNEL ORIGIN DATA(BYTE 7)
ALPHNUMERIC CHANNEL ORIGIN DATA( BYTES)
ALPHNUMERIC CHANNEL ORIGIN DATA (BYTE 9)

PACK PARITY

This is the replacement shest
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2. A nmethod of magnetic recording and reproduci ng wherein inputted main
signal s are divided at every pre- scribed frame period, signal .processing
is carried out on the divided main signals as data of | franme to record the
sanme on a prescribed area of a magnetic tape, sub signals are recorded in a
different area on said nagnetic tape, and the recorded main sionals and sub

signals are repro- duced.

conpri sing thggst.eps of:

FIG.36

7 |Bs |Bs | B4 |B3 [ B2 |B1 [ Bo

PCi| 1 0 0 0 F 0 ] ]
PCz|F1 [FOo |BN2|[BN1 |[BNO| O 0 0
PC3] N7 | Ne| Ns|[Na& | N3|[ N2 | N1 | NO
PCs ALPHNUMERICCHANNEL DESTINATION

DATA (BYTE 10)

PCs ALPHNUMERICCHANNEL DESTINATION
7 |DATA (BYTE 11)

PC ALPHNUMERICCHANNEL DESTINATION
Spata (BYTE 12)

o |ALPHNUMERICCHANNEL DESTINATION
DATA (BYTE 13)

PCs

PACK PARITY

PC1

PC2

PC2
PC3

PCas

PCs
PCs

PC7
PCs

B7~Ba4
B3
B2~Bo

B7,Be

B5~B3 :

B2-Bo :
B7~Bo:

B7~BO0:

B7- B0 :

B7~B0:
. { BYTE 12)

B7-Bo:
B7~Bo:

: PACK ITEM = 1000
: IF F ( REUABILITY FLAG]JIS™1 UNRELIABLE

: SUB PACK ITEM = 011
: F1,F0 (INFORMATION FOR IDENTIFYING SAMPLING

FREQUENCY AT RECORDING )
‘00" — 48KHz, “01"— 44.1KHZ

“10° — 32KHz

BN2~BN0 [ BLOCK No.OF CHANNEL STATUS DATA
CORRESPONDING TO DAT FRAME)

No.OF BLOCK AT CHANGING POINT OF DAT
FRAME IS SET TO- 00~ No. CHANGES to
"001 * ~ "111" (MAX)

Al zeros
N7~ NO (PHASE DIFFERENCE INFORMATION ni)

( Binary B8bits, N7: NSB, No: LSB)

ALPHNUMERIC CHANNEL DESTINATION DATA

( BYTE 10)
ALPHNUMERIC CHANNEL DESTINATION DATA

XLPHNUN]ERIC CHANNEL DESTINATION DAaTa

ALPHNUMERIC CHANNEL DESTINATION DATA
(BYTE 13)

PACK PARITY This is the replacement shest
| ® 2 SEP a5

Date:



inputting tinme code signals having a frane period different fromthat of
said main signals and extract- ing first time informati.on transmtted by

said tinme code signals;

detecting phase difference between a point of

change of the frames of said main signals and a point of change of frames
of said tine code signals by pre- scribed cl ock S|gnals

- 37 -

F1G.37

B7 [Bs | Bs | B4 |[B3 {B2 |B1 | Bo

PC1

1 _ 0 O Ol|lF O 1 0

PC2

F1| Fo |BN2/BN1|BNOo|Mi10|M9 | M3

PC3

M7 [ M6 |Ms [Ms | M3 |M2 M1 |[MO

pcs |ALPHNUMERIC CHANNEL ORIGIN
DATA (BYTE 6)

| PCs

ALPHNUMERIC CHANNEL ORIGIN
DATA (BYTE 7))

ALPHNUMERIC CHANNEL ORIGIN
PCE [paTA ( BYTE 8 )

" |pc7|ALPHNUMERIC CHANNEL ORIGIN
~"IDATA( BYTE 9 )

{PCs

PACK PARITY

PCy

PC2

PC2
PCs3

PCs
PCs
PCs

PC7
PCs

B7-B4 PACK ITEM =1000
B3 IF F(RELIABILITY FLAG)IS "1"UNRELIABLE
B~Bo 5SUB PACK ITEM = 010

B7,B6 F1,Fo (INFORMATION FOR IDENTIFYING SAMPLING
FREQUENCY AT RECORDING ]}
00 —- 48KHz ’ 01 - 441KHzZ
"10“ — 32KHz

BS~B3 BN2~BNO (BLOCK No, OF CHANNEL STATUS DATA
BLOCK CORRESPONDING TO DAT FRAME])

No.OF BLOCK AT CHANGING POINT OF DAT
ﬂ%ﬁ"ﬁxfs SET TO "000°, No.CHANGES to "001™

B2~Bo\ Miw0~Mo (PHASE INFORMATION m FROM
B7~Bo/° CHANGING POINT OF DAT FRAME TO
EACH CHANNEL STATUS DATA BLOCK )

BN2~BNo 000" — VALUES Mi10~ MO =ni

B7-B0 : ALPHNUMERIC CHANNEL ORIGIN DATA (BYTE 6)
B7-B0o : ALPHNUMERIC CHANNEL ORIGIN DATA(BYTE 7)
B7-Bo : ALPHN_UMERIC CHANNEL ORIGIN DATA (BYTE 8)

B7~B0 : ALPHNUMERIC CHANNEL ORIGIN DATA(BYTE 9)

B7~-Bo : PACK PARITY
This is the replacemant shest

Date: =2 S-{:P 195



calculating, in recordlng second tinme information using said prescrlbed
frame period as a mninmumunit based on said extracted first tinme

i nforsmati on and sai d detected phase difference information, cal cul at'i ng
initial phase difference information between head of the frame as a
reference of said tine code signals and head of the frane of said main
signals positioned at the franme as the §§fer-

FI1G.38

B7[Bs [Bs [Bs [B3 |B2 |[B1 [Bo |

PC1

]

0

O OJFJ]O 1 1

PC2

Fi

Fo

BN2|BN1|BNO| M10| M9 | M8

PC3

M7

Ms

Ms5|Ms| M3| Mz M1 |Mo

PCs

ALPHNUMERIC CHANNEL DESTINATION
DATA (BYTE 10)

PCs

ALPHNUMERIC CHANNEL DESTINATION |
DATA (BYTE 11)

pcg|ALPHNUMERIC CHANNEL DESTINATION
. |DATA ( BYTE 12)

ALPHNUMERIC CHANNEL DESTINATION
PC7DaTA (BYTE 13)

PCs

PACK PARITY

PCh

PC2

PC2
PC3

PC«
PCs
PCe
PC7
PCs

B7 Bs4:
: IF F(RELIABILITY FLAG) IS “17, UNRELIABLE

B3

B2~80:

B7,Bs :

Bs~B3:

o7-50)

B7~B0 :

.B7-Bo:

B7~Bo -
B7~Bo:

PACK [TEM = 1000

SUB PACK ITEM =0T

F1,Fo (INFORMATION FOR IDENTIFYING SAMPLING
FREQUENCY AT RECORDING)
00" - 48KHz, “01 — 44.KHz

10 = 32KHZz

BN2-BN0 (BLOCK No. OF CHANNEL STATUS DATA
CORRESPONDING TO DAT FRAME )

No. OF BLOCK AT CHANGING POINT OF DAT FRAME

IS SET TO "000", No.CHANGES TO "001"..-111"

( MaXx )

M10-M0 (PHASE INFORMATION m FROM CHANGING
POINT OF DAT FRAME TO HEAD OF EACH
CHANNEL STATUS DATA BLOCK )

- " BN2~BN0 "000" — VALUES M10~MO = ni
B7~Bo:

ALPHNUMERIC CHANNEL DESTINATION DATA

( BYTE 10)

ALPHN UMERIC CHANNEL DESTINATION DATA

(BYTE 11 )

ALPHNUMERIC CHANNEL DESTINATION DaTA

(BYTE 12)

ALPHNUMERIC CHANNEL DESTINATION DATA

(BYTE 13) .

PACK PARITY This is the replacement sheet
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ence of said tinme code signals, and recording calcu- |lated said second tine
information, and said initial phase difference information, and frequency
identi- fying information indicative of the frequency of the said

prescri bed clock signals used for detecting said phase difference

i nformation, in said sub signal recording area; in reproduction,

reproduci ng said second tine infor- . 39 -
FI1G.39
B7 | Bs Bs | B4 | B3 | B2 B Bo
PACK ITEM
PC 0 0 1 1 1 0 |SPit|SPIo
PC2] F1 | Fo | T2 T1 To |(MSB)
PC3 11 BIT BINARY DATA (LSB)
PCs - HOUR (RH)
PCs| - MINUTE (RM)
PCs ~ SECOND (RS)
PC7 FRAME (RF)
PCs PACK PARITY
F1G .40
B7 Bs Bs B4 B3 B2 B1 BO
PCh 1 0 0 0 0 0 |SPhi|SPio
PC2 |
PC 3 ' |
PCus4 SUB DATA FIELD
PC s
PCes
PC7 _
PCs | PACK PARITY

This is the replacement sheet
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mation, said initial phase difference information, and said frequency
identifying information re- corded in-said sub signal recording area;
calculating said first tine informati on and the phase difference

i nformati on based on said reproduced second tine information and said

I nitial phase dif- ference information; and conposing a series of data of a

prescribed transm s- - 40 -
F1G.47
B7 Bé BsS B4 B3 B2 B1 Bo
PC1 1 0 0 0 0 0 0 0
PC2 0 0 0 0 0 0 0 0
PC3 0 O |TBs|TBa4| TB3] TB2] TB1| TBo
PCs4 [8th BINARY GROUP 7th BINARY GROUP
PCs |6th BINARY GROUP 5th BINARY GROUP
PC6 4th BINARY GROUP .3th BINARY GROUP
PC7 |[2th BINARY GROUP 1th BINARY GROUP -
PCs PACK PARITY
F1G.42
B7 | Bs6 Bs B4 B3 B2 B1 BoO
PC1 1 0 0 0 o) 0 0 1
PC2 a b c d e ]
PC 3 f 1 g
PC 4 h | i 1D
PC s I (cooe
PC s BITYE 4
PC 7 BITYE 5 ' J
PC s PACK PARITY
PC2 B7~Bo : CHANNEL STATUSDATA BLOCK BYTE O
PC3 B7-B0 : CHANNEL STATUSDATA BLOCK BYTE 1
PCs4 B7~ 80 : CHANNEL STATUSDATA BLOCK BYTE 2
PCs5 B7~B0o : CHANNEL STATUSDATA BLOCK BYTE 3
PCs B7-B0o : CHANNEL STATUSDATA BLOCK BYTE 4
PC7 B7~Bo

: CHANNEL STATUSDATA BLOCK BYTE 5

This is the replacement sheet
& 2 SEP 0%
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85 sion format of said time code signals fromsaid calculated first tine

I nformation, and outputting,

I n response to said cal cul ated phase

difference infor- mation, said conposed series of data of the tine

_41_
FI1G.43
B7 | Bs | Bs | B4 | B3 | B2 | B BO
PCi 1 0 0 0 0 0 ) 0
PC2 0 0] 0 0 0 0 0 0
PC3 0 0 0] 0] 0 0 0] 0
PCs -
PCs ALPHNUMERIC CHANNEL
PCs ORIGIN DATA
PC7
PCs PACK PARITY
F1G.44
B7 | Bs | Bs | B4 | B3 [ B2 | B1 | Bo
PCi | 1 ] 0] 0] 0] 0o [ 1 [
PCz | 0 | 0] 0] 0] 0] 00 o
PC3 RELIABILITY FLAG
PC4 :
PCs ALPHNUMERIC CHANNEL
PCs ORIGIN DATA
PC7 . '
PCs PACK PARITY

This is the replacement sheet
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code signal s.
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FI1G .45
AM.0:00 162 - '
_ , ( f—TC —
(a) 0:0:0:0 --- TH:TMTS:TF |
! 0 i i+ 1
%-—_-———'— iTC ————-#-eﬂ}. )
I
:'< — TTj
|
1
(b) “-- TTj
0 Yo a1
161 J J
FI1IG.46
AM.0:00 | 1(63
(b) ' T8
0 j je1 j+2
'ré—————.— TB M i -~ :
L TLO
,' .
(a) 0:0:0:0 | - TH:TM:TS:TF
0 i 5 i+ 1
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FI1G.47
Ttr FS 48KHz 441KHz | 32KHz
30 Hz 1 1 3
25 Hz 1 1 1
24 Hz 1 - 2 3
FI1G.48
T+ FS 48KHzZ 441KHzZ| 32KHz
r .
30Hz 1600 1470 1066.6
29.97Hz | 16 01.601 | 1471.471 | 1067.73
25Hz 1920 1764 1280
24 Hz 2000 1837. 5 1333.3

This is the replacement sheet
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FIG.49

AM.0:00 | 166
: S F'—" TCt —f
1 [ 0:0:0:0 --- | TH:TM:TSITF
| 0 i Pe
£'< TTjt ————
1
I »
i
2 = TTj
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165
F1G.50
AM.0:00 ied
| (  }— DT —4
: T
i O J ] 1 J"’Z
1 1Bt ~mit -
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MAGNETIC RECORDING AND REPRODUCING APPARATUS AND
METHOD OF RECORDING AND REPRODUCING

ABSTRAC'.".; OF THE DISCLOSURE

A magnetic recording and reproducing apparatus
records audio signals digitized by rotary heads (9, 10) on
a.magnetic tape (12), and reproduces the recorded audio
signals. Clock signals and time code data are extracted
ffom externally inputted time code signals by means of a
demodulating circuit (72), and phase difference between
the frame clock signals and thé reference signal is
detected by a phase difference detecting circuit (74). A
mlcroconnuter (23) assigns the phase difference
information and the time code data to sub code packs and
stores the same in the memory circuit (gj; The stored
phase difference information and the time code data are
recorded on the magnetic tape. In reproduction, the
microcomputer outputs the original time codé signals

responsive to the reproduced phase difference information

and the time code data.

FIGURE 1
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What is claimed is:

1. A magnetic rccordmg and rcproducmg apparatus
dividing inputted main signals at every prescribed frame
period to process said divided main signals as 1 frame
data to record the same on a prescribed area of a mag-
netic tape and recording sub signals in a different area of
said magnetic tape, and reproducing the recorded main .
signals and sub signals, comprising:

information extracting means rcccwmg time code

~ signals having a frame period different from that of
said main signals for extracting first time informa-
tion included in said time code signals;

phase difference detecting means for detecting phase

difference between a point of change of frames of
said main signals and a point of change of frames of
said time code signals by prescribed clock signals;

arithmetic means, in recording, responsive to the first
time information extracted by said information
extracting means and to the phase difference infor-
mation detected by said phase difference detecting
means for calculating second time information
using said prescribed frame period as 2 minimum
unit, and for calculating initial phase difference
information between head of a frame as a reference
of said time code signals and head of a frame of said
main signals positioned at the frame as the refer-
ence of said time code signals, and in reproduction,
for calculating said first time information and the
phase difference information from said second time
information and said initial phase difference infor-
mation;

recording and reproducing means for recording, in
recording, said second time information calculated
by said arithmetic means, said initial phase differ-
ence information, and frequency identifying infor-
mation indicative of the frequency of the said pre-
scribed clock signals used for detecting said phase
difference information in said sub signal recording
area, and for reproducing, in reproduction, said
second time information, said initial phase differ-
ence information, and said frequency identifying
information from said sub signal recording area;
and | '

time code signal generating means for composing a
series of data of a prescribed transmission format of

Th;s is the repiacemant shest
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said time code signal based on said first time infor-
mation calculated by said arithmetic means and for
outputting the series of data of said composed time

~ code signals in response to said phase difference
information calculated by said arithmetic means. -

- 2. A method of magnetic recording and reproducing
wherein inputted main signals are divided at every pre-
scribed frame period, signal processing is carried out on
the divided main signals as data of 1 frame to record the
same on a prescribed area of a magnetic tape, sub signals
are recorded in a diflerent area on said magnetic tape,

and the recorded main signals and sub signals are repro-
duced, comprising the steps of:

inputting time code signals having a frame period
different from that of said main signals and extract-
ing first time information transmitted by said time
code signals;

detecting phase difference between a point of change
of the frames of said main signals and a point of
change of frames of said time code signals by pre-
scribed clock signals;

calculatmg, in recording, second time information -
using said prescribed frame Pperiod as a minimum
unit based on said extracted first time information
and said detected phase difference information,.
calculating initial phase difference information
between head of the frame as a reference of said
time code signals and head of the frame of said
main signals positioned at the frame as the refer-
ence of said time code signals, and recording calcu-
lated said second time information, and said initial
phase difference information, and frequency identi-
fying information indicative of the frequency of the
said prescribed clock signals used for detecting said.
phase difference information, in said sub signal
recording area; '

in reproduction, reproducing said second time infor-
mation, said initial phase difference information,
and said frequency identifying information re-
corded in said sub signal recording area;

calculating said first time information and the phase
difference information based on said reproduced
second time information and said initial phasc dif-
ference information; and

composing a series of data of a prescribed transmis-

This is the replacement sheet
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sion format of said time code sigrals from said
calculated first time information, and outputting, in
response to said calculated phase difference infor-
mation, said composed series of data of the time
code signals. :

. = L) L .
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MAGNETIC RECORDING AND REPRODUCING APPARATUS
AND METHOD OF RECORDING AND REPRODUCING

ABSTRACT OF THE DISCLOSURE
A magnetic recording and reproducing apparatus

records audio signals digitized by rotary heads (9, 10) on
a magnetic tape (12), agd reproduces the recorded audio
signals. Clock signals and time code data are extracted
from extermally inputfa& time.code signals bx-ﬁaans of a
.;@emodulating @ircuith(72),'ana}éhasa'diffarehca between
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;;mlcrocomnuter-(ZB) assigns the.pnase dlfrerence |
information and the time code data to sub code nacks and
stores the same in the memory c1rcu1t,(4) The stored o
phase difference information and the time code data are
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microcomputer outputs the original time code signals |

responsive to the reproduced phase difference information

and the time code data.
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