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TITLE OF THE INVENTION

. Magnetic Recording and Reproducing Apparatus and

. Method of Recording 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 recordrng 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
— .

as DAT) havxng rotary heads and recording audio signals
GHduﬂsgghakh

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

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

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

-DAT standardization"; Journal of Institute of Electronics,

Informata.on and COmmum.catz.on 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 described with reference 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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inputted analog audio signals are applied to a low pass
rshict of He SMh;LS

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

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

£

the same to a djmodulating circuit 1l4. The demodulating
use
circuit 14 is/to demodulate. the reproduced digital signals

and applies the demodulated output to a memory circuit 15.

connechd

A decoding circuit 16-is:p:egﬁﬁad-aa—feéaséen to the

memory circuit 15. The decoding circuit 16 carries out

.error correction and error detection of the reproduced

digital audio signals. The reproduced digital audio
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
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 rotat;on controlled by a
servo circuit 20. A mxcrocomputer for processing sub code
signais (hereinafter referred to as a mlcrocomputer) 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

instructions and a display 25 for displaying the contents
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of the sub code signals outputted from the microcomputer

23 are provided.
The DAT further comprises a digital input terminal

through which digital audio data (which will be described
Exterm| Sonvees
later) are inputted directly from-e&ts:d?§ and a digital

output terminal 27 for directly outputting the digital
Extpreal EGui pmen
audio data to tha—éﬁ?s#&e. The digital input terminal 26

~and the digital output terminal 27 are connected to a

digital interface circuit 28. A clock generating circuit
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.

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
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

servo signal areas 35 and 37 on which servo controlling
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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

ik nfrrence o F13-S
signal area 364mbLL—be descrlbe 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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' -in ,
41 are recorded, each consistfé-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

the .
information such aiisampling frequency of the system is

. recorded.

RS
The format of recording such information wili—pe-
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 audio i}gnals are to
be recorded. Important information such a;2§ampllng
frequency of the system ig recorded in the data recording
area in 2 bits in each 222§D 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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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.
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
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 vecovded dg '
point of programbi program number information, time
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
SUB ID code 47, the parity signal 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

and 38. In an area 50, a control ID is recofded, in wnich

1This. Sheet Has Been Repla
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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) recorded 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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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

"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,
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
the pack. | | |

Fig. 68" shows timing relation between recording and
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
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

channels are sampled alternately to be successively

iThis Sheet Has Been Replace
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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
ordgr 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\@/\:\5
4=onve£%ed lnto a series of df%ﬁ-sultable for recording on
signals

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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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
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

reproducing waveforms, the signal recordlng and
> ¢ of votarion

reproducing section of) 90 deg/each and the interval
2 vt ofmFition
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
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
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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recorded on the magnetic tape 12.delayéa ng}GO deg 3vC
(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\
(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 Tm RD. Namely, the

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

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

rotary drum). Referring to the recording and re%BPduCLng

Chavac
signals shown in Fig. 68(62), the reference_nn#erai T in

n
the numerator part of the fraction shows that aﬁdio |
signals of the period T, are included, and the reference
character Tm in the denominator part shows thaﬁ the sub
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 m?gnetic tape 12 by means of the rotary heads 9
and 10 :ngbe applied to the reproducing amplifier 12. The
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

control the speed of rotation of the capstan mctcr . so

- 12 -~
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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 order 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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microcomputer 23. As i€ the memory circuit 4 —fese
roseowding,; the memory circuit 15 is divided into two
groups in actual use, a::t—(wb:i-e 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 ,1/ scanning of the audio signals in the period

-T -1 out” of the réproduced signals are written in the
memory circuit 15 temporara.ly in the per:.od T n— WT,, and
decoded ?rc of vl Hon

0 Xeeerdsd in the pause interval periocd ofé90 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, é.nd they are decoded in the next period 'I' 1DE2 to be

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

succeeding period T n—lRD to be applied to the D/A

converting circuit 17 or to the digital interface circuit
€

28. Namei—y-r——eize- samples of the reprodu fd dJ.g.Ltal audio

. EXrernal ec,ucpmeml'g N.H\: e.avl ot 2n oF ro }TOV\
20 s:.gnals are outputted to Wem 360 dez
As shown in Fig. 68/ the sub code signals in the
period Th-1 of the reproduced signals are written in the
memory circuit 15 in the period T _, WI, and decoded in

the per:.od T 1DI-:‘ to be again stored in the memory circuit

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

- 14 -
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memory circuit 15 in the period T_ .RD to be applied to

m-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
one

transmitted as the signals of 2 channels, ¥ frame is

formed by two sub frames, that is, the channel 1 and the
ong

channel 2, as shown in Fig. 70, and X'block is formed by

- 15 =
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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
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
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

to the audio signals such as emphasis, sampling frequency
and the like, time information such as time-of-day code
and local sample address code. Two pieces of different

time information are the time information of the audio
> -

data transmitted by the frame starting with the
: s ,

synchronizing preamble "B:{showﬁvin Fig. 70,and—kich
Hrghly- gelitimyon o - sis
f% rate gdéb&eﬁisample by sampleL§§ enabled, as the
of =

$rmme level 1 e somple
information have the samp&iZaccuracyZ
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

) ; - 16 -
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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
input signals described above are carried out, and the
data ére.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
microcoméuter 23 to be stored in the PCM ID of the DAT.
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
record and to reproduce digital audio signals. However,
connections to other.AV equipmengs'such as video tape
recoxders 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
fdrapfofessiopal 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 electronib.edttiél, handling of the =iited
tape position is the important problem in driving =-n=2

system. For this purpose, recording and utiliza<i - of

s Sheet Has Been R
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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
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
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
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
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,

respectively.

- 18 - Th|s Sheet Has Been Replacec




10

15

20

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
recoxd the SMPTE/EEU/Film_time code.difectly on the
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

ShaTonar
proposed._,However, if a £if?d-head is provided in the

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

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
the sub code signals, the speed of which is more than 200
timee normal speed. However, when the tape rﬁnning 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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In addition, as described above, i?xfomation having
_ emphasig
close relation to the audio signals such as sm?er:re—,

sampling frequency and the like as well as time

information such.as local sample address code and tirhe-o""-c)u]

code are included in the channel status data for
professional use-transmitted by the digital audio

interface format. Synchronized operation with other AV

. equipment;{ for profess&:rﬁal use and electronic editi% can

be carried out by usingj_infomation. However, in thHe
conventional DAT shown in Fig. 56, recording of
alphanumeric data, local sgzsnp]sa’aoddress code or ,ert/ the
time-of-day code transmitted}:%r the channel status data
has not been taken into consideration.
SUMMARY OF THE INVENTION .
Therefore, a first object of the present inventiorlz.to-
provide a magnetic recording and reproducing apparatus
capable of readily carrying out recording and reproducing
cecles. “This is accomplished
of time .ccdas-,/ by setting rules for conversion for
recording and reproduc:.ng t:.mg codes on and from the sub

coéie_ s-ignal areas of the heli:'dal track by means of(J t}he L ,4
) [ d

~

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

and—to-provide—the method of recording and reproducing
ool is lso prvided |
thexefor.

A second object of the present invention is to

provide a magnetic recording and reproducing apparatus and

- 20 -
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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
professicnal use and to enable electronic edition.

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
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
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
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 minimum unit is extracted in response to |
the extracted first time information and to.the detected

difoence

phaseidifference information. An initial phase

- 21 -
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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 reprod':eq
information other than the time lnformatlon, and a saries
of data of the tlme code signals comoosed are outpu: 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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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~
is applied to a digital audio tape recorder, for example,L
high speed searching function can be fully utilized, and
lock-in ‘ F&COVCJ&‘)’
.érﬁying-time for driving the digital audio:.tape

EquiPment” :
with audio and visual dswffbs 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 information
block by block, and a series of digital signals are
transmitted in a fbrmat including addresé inférmation
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

auxiliary data are extracted from the series of digital

signals. A phase differencé.ﬁetween the pbint 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

- 23 -
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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
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'
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
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
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 magnetic tape.
In accordance with a further aspect of the present

invention, time code signals having frame period different
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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
_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, second time information using the unit time

as the minimum unit is calculated based on the extradted
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
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 ﬁrequency of the clock
sigﬁélé used for detecting thé.phase difference
infor;ation are recorded in sub signal.recording 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

reproduced second time information and on the initial

- 25 -
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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
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 equal to the number of samples,-

whereby_;he—accuracy in sample unit which is essential in

recording time code can be assured, enabllng synchronized
edibngons 8ascS

ope;gtion and sdjkéen sample by sample[

'~ The foregoing and other objects, features, aspecﬁs
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

| 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

of the first embodiment of the present inventiog{_

'.-l 26 -~
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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
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
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
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 invention{ﬂ

puthecl

Fig. 15 shows a relation betweenLglgltal audio

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 fifth embodiment of the crasent

invention/_-

- 27 -
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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 embodimenty, N
other exwwpley of

Figs. 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

- 28 -
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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 DATY

- 29 -
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'Fig.-57 schematically shows signaié 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%ZPLt assignment of ID1 to ID7 shown in Fig.
10 ;34’

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

shown in Fig. 58/, i
- FEcovell

n
Fig. 63 shows 3—Pffk ;erat 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 and the i?ntents thereln//
pack B

Figj 66 and 67 show.a—packj?ezm&%‘for recording

program Ame 2w
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 tranémitting signals of 2

channelqjﬂ
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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, a bit clock signal and time code data are

»7

“The extrmched frome cloc signal 72 is »pplied b o> Phose difference delacking Cirear b
extracted therefrom./ The bit clock signal and the time
s

code data extracted by'the demodulating circuit 72 are
épplied 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

is Sheet Has Been Re|p|ace'
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detecting circuit 74 is applied to the microcomputer 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
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. ‘ .

Specific operation of the first embodiment of the
present invention.wii}-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
signcl input terminal 71. Ihe reference characters Tci’

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

' therefrom. The frame clock signal 73 is applied to the

clock.generating circuit 29 ahd 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
the bit clock signal. The reference characters LCT., r?j +
- 32 -
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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
recoxrding, and.immediately 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
code signal, the counted value of the counter circuit is
latched by a latch circuit contained therein; The counted
value latched by the latch circuit is immediately applied
to the mlcrocomputegz;s the phase difference information
Ty e-e from the point of change'of the DAT frame (falling
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
inputted time code data and the phase difference
lnformatlon T; to a sub code pack to apply the same to the
memory c;rcult 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 frame consisted by

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

Therefore, the information of the remaining 64 bits are to

- 33 -
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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 éssignéd 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.
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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

- 35 -
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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
the sub code signal area of the same track as the audio
signal DTj.- In the period D'I'j + 17 TCi + 1 and Ty o+ 1
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
of the period'DTj.+ y are recorded. At that time, the SD
flag in the pack is set to‘“l",_indicating that 'I'ci and T
gre continuously recorded. In the period DTj & 2; TCi_+ 1
and_'ri + 1 are already known, so that 'I'Ci + 1 and T o+ 1
are recorded on the sub code signal area of the ﬁrack on
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
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

signal are inputted Zrom the clock generating circuit 29

- 36 -
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to the.microcomputer 23, and the time ‘code signal'is
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
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 modulation circuit
75 carries out prescribed modulation in response té the
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
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
signal is directly aésigned‘£o the sub code pack, and the

recording in the sub code signal area is carried cu: at

prescribed tlmlng On the contrary, in the seconrz

embodiment, the DAT frame number is calculated ba:z-3 on
the frame number of the inputted time code signa; :nd the
detected phase difference information T the CAT -.me

- 37 -
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code is calculated by.psing 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
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 input terminal 71 represent order (number)

of the frames, when the 00 hour 00 minute 00 second‘'00
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
characters DT,, DT, ... of the inputted audio 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
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

are asynchronous with each other. By utilizing this
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relation, the relation represented by the followihg
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 represented by j.

.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

The calculation INT [ ] represents rounding 6f the
decimal part (to érovide an integer).

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
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)
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 Iy further calculates the DAT time

code based on the DAT frame number, and assigns the same
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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

- 40 -

s Sheet Has Been Replacec

|||II||III|| i




10

15

20

25

tape 12 delayed by 360deg. The initial phase difference

information 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

- 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
packs, that is, PACK ITEM "001l", (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 the co;responding time
codé frame numbeélby using the number j and the initial
phase difference information I, recorded in the PACK ITEM
“1001l" in accordance with the following equation (3).

i = INT [(I5 + (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
code frame can bé calculated'in accordance'with_the.
fo;lbwing equation (4) by using the number i-calculated in
accordance with equation (3). .
Ty = iTC, - (I, + (J - 1) DT,] - ce.(4)

‘The microcomputer 23 generates a time code signal of

the base band (before modulation) to realize the same

- 41 -
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phese relation as at the time of recording te 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
accordance 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 ehd outputs the result to TC signal'eutpuf

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
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
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

preceding DAT frame is recorded, repeated reproduction of
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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

- 43 -
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pack shown in Fig. 10 and the identification flag SD

indicating whether or not the recorded content 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.
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, repetitious reproduction of the

- -information such as the User Group data in the time ‘code

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
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

'frequenczes, 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
on basis

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

enables synchronization and edlti%% sample by sample.
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Fig. 13 shows an example of a recording format of the
sub code packs used in the fourth embodlment in the
present invention. Referrlng 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 signais fs: 48 kHz,

44.1 kHz and 32 kHz (Fl, 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. 1l 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 modé.' In the vari pitch mode, all the clocks
used in the DAT must be changéé, and therefore, the clock
generating 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

. . - 45 -~
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phase diffexrence énd 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

. - 46 -
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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 time 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-deecribed in the following.

Fig. 14 is a schematic block diagram of the fifth
embodiment of the present invention. The embodiment shewn
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 blecks 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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numbers of the'ihputted 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
frame are recorded as the sub code of the DAT frame M. 1In
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 time-of-day code are represented as

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
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
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

eet Has Been Relplacec
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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 status data

at the point of change of the DAT frame are collectively -
applied to the microcomputer 23. The data readiﬁg circuit

90 extracts a block clock signal of the digital data to

_apply the same to the phase difference detecting circuit

91. -Tﬁe'phase difference detecting circuit 91 has the
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
sign%l for detecting the phase difference are applied from
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
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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Sighal 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.

- 50 -
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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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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

the 4 bytes are assigned to PC4 to PC7 of the respective

‘packs, and the vacant sections PC2 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'z bytes are

assigned to PC2 and PC3. The bytes at the head of.éach_of
the five channel status data are all assignéd to PC4.

The sub code signal pack aésigned in the above
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.

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
the memory circuit 15 in which error coxrrection and

compensation are carried out;f The digital audio signals

"having the errors corrected and compensated are 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 to the microcomputer

23. The microcomputer 23 determines the contents of the

- 32 s Sheet Has Been Replacec

i I I




10

15

20

pack data from the PACK ITEM of respectiﬁe 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 type 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 alphanﬁmgric channel
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
(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 audio

interface format.

As described above, in the DAT in accordance with the
presént'embodiment,_the data ihcluding the channel status

data transmitted based on the digital audio interface

- . 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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status data in the above described embédiments, the

channei.statts 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 assigned—byte by byte without any space therebetween,

so as to reduce the number of packs used. The SUB PACK
ITEM is defined in the siﬁilar manner, so as to |
distinguish the contents recorded in the packs. o

In the }B'B area of PCl of the paf:k 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
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.

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 various

reliability flags tﬁansmitted by the'byte 22 are dizectly
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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

10

15

20

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%;-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. 26 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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status data signal brocessing circuit 120 is pro#ided 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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microcomputer 23. . fhe phase 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, wifggdtihi piageojic;kfws:xgggl
status data block to the head of the DAT frame& 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 mierocomputer 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 correeponding 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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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
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). | -

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

+ INT ((INT (T /T.) mod100)/33]

~INT [(INT (T_/T )'mod100/99} ‘... (7)

The unit of minute MINUTE can be represented by the
follow;ng equation (8).

MINUTE = INT (T_/2000T_) mod60 e (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

'dependent'on the sampling frééuency. The_ﬁumber of

saméies are 1440, 1323 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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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 fiame.number calculated in
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
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) qf 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
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;(. |

| In the format shown in ffg. .29, the local sample
address code corresponding to the sample at the 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

information similar to the example of the time code z:2ck
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shown in Fig..28 ié-recorded by 4 bit codes of T3 to TO.
The PACK ITEM is set to "0001" and B3 of BCl is set to
"1,

Duriﬁg reproduction, the audio signals reproducéd'
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

‘sample address code recorded in the sﬁb,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 time, as to the time information, the DAT time
code’ls calculated to provide the original 32 bits binary
code to be outputted. This calculatlon is carried out in
accordance with the following equation (10).
= [120000 x HOUR + 2000 x MINUTE + 33 x SECOND +

INT (SECOND/3) + FRAME Ndﬂ] x T_ + SAMPLE NO. ve. {10)

The channel status data signal processinq circuit 120
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

binary counters (not shown) counted up by the sampling

- §0 -
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clock signals £ 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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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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the'point.of change ef the DAT frame, that is, tor €y ---
shown in Fig. 34 (bloeks represented by j and j + 7 in
Fig. 34) has been described. As to the alphanumeric
channel origin data and the 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, a plurality of channel
status data'blocks are.used. Namely, the alphanumeric
channel origin data and the alphanumeric- .

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 in Fig. 34 must
be recorded in the sub code of the DAT. _

Flgs. 35 to 38 show examples of recording formats of
other packsl;ecordlng all the alphanumeric channel origin
data and the alphanumeric channel destination data.
Referring no 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 posrtloned
at the point of change of the DAI frame is represented as
"000" (0)) from the channel status da;e block posrtloned
at the point of change of the DAT f;;meigcghe 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

- 63 -
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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 for -the alphanumeric 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 yalue 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
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'stetus data fer brofessional use
of the digital eudio interface format have been described
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

time code in DATs. The fifth and sixth embodiment are
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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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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-cede,'the local sample address
- code, ‘the time-of-day code, the initial phase difference

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

transm;tted 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 kﬁown, then reproduction can be_carried out
without any practical problem, by multiplyin§ the value of
the local sample address code or the like'in the pack by

£ represent the sampling frequency of

SPCM/fs’ where £ 5.y

the PCM during reproduction, with maximum poss;hle error
one

being )X sample.

Three bits of Tg_tO-TO are used as a time code flag,
SPL
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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professional use.is.;o'be recorded, “006" 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

SﬁPTE/EBU/Film time code, the 11 bits binary data are the

above described initial phase difference information I,-

‘When it is the channel 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

SPI0 are defined as the SUB PACK ITEM to identify the
recorded content, as shown in Fig. 49. The area of PC2 to
PC7 is a sub data area, in which various information

distinguished by the SUB PACK ITEM is recorded.  Fig. 41

.shows a format example in 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
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 SPIO0 are "lb" and alphanumeric channel origin data

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

A seventh embodiment will be described in the
following, which rélates 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 és-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. 'Réferring to Fig. 45,

(a) shows the SMPTE/EBU/Film time code frame, (b) shows the
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block of the dlgltal audio interface. The reference
Cheracterg 0, -on"_ L‘l"':
Q- y—dopodomi—37 ... are the frame numbers of
' Chavoe

the SMPTE/EBU/Film time code frames and the Fumer=zl 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
inteFface block 161. The reference characters TH, TM, TS
and TF show the values of hour, minﬁte, second and frame
of che 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 nj from the head of the ith frame 162 to

the head of the jth digital audio interface block 1561 is
added thereto to provide the total sample number TT, from

J
A.M. 0:00 to the head of the jth digital audio interizace

- 69 =~
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block 161, whereby the time code TTj which is transmitted

'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 - ce. (12)
(When SMPTE non—drop frame TE£ = 29.97 Hz)

i'= 107892TH + 1798TM + 2INT (TM/lO) + 3078
+ TF _ ' ce. (13)
- When

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/Fle tlme code frame

when the digital audio interface tlme code is to be

converted into the SMPTE/EBU/Fllm 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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' 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.
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 time code frame

. 164, and the reference characters TH, TM, 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 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
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
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

frame, then

- 71 -
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TLO = TB + m;

TCg = INT (F_/TE£_ + 0.5)

S

Tcsa-= 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_)

.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 {TLO mod (Fs(Tfr)}

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 = 33 - INT (%3750)

- 72 =
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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 )é-lz 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 shows 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 tﬁat when F_
= 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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are combined so as to suppress the error in 1 sample or
less. _
.When Tfr = 30 XHz and F,= 32 kHz, the changing point
of the samples and the point of change of the frames
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..
If Fs is 32 kHz, 1333, 1333, and 1334 are repeated in
every three frames to adjusﬁ the number of samples so as
to suppress the error in 1 sample or less.

_In the above described embodiment, the time code is

converted into the numbexr of samples so as to carry out

“the calculation by integers and the calculation is carried

out sample by sample. However, the calculation may be
carried out based on the time unit. The calculation based
on the time unit will be described in the following where

the unxt of time is second.

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 digitel audio interface time code (see

Fig. 49).

s Sheet Has Been Replace: - 74 -

il

I




10

15

- 20

25

i = Tf_ (3600TH + 6OTM + TS) + TF co. (38)
(When SMPTE non-drop frame T, = 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)
(SMPTE drop frame)
TTip = Myp * irc, ces (41)
TT; = TTyy . Fg . _ .. £42)

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
block 165.
TC.: frame period of the SMPTE/EBU/Film time code.
(2) when the digital audio interface_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

frame |

TB, = joT - | e (43)
TLO, = iDT + m,, : - ee. (44)
TF = (TLO,/TC.) modTF,. : ee. {45)
TS = INT (TLO._) modé0 : .e. (46)
TM = INT (TLOt/GO) mod60 _ .. (47)

- 175 =~
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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

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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for conversion 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
converted into the digital audio interface time code
transmitted by the channel'status data for professional

use to be outputted, the reverse operation is also

. possible.

An eigﬁth embodiment will be described in which user
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.

Fig. 51 is a schematic biock'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

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,

it generates the user data packs. The user data

- 77 -
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generating circuit 152 is provided for ;eproducing the
original user data from the reproducéd plﬁrality of user
data pack;. | s

Figs. 52A and 52B are floW'charﬁlshowing-specific
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

\S
invention-w%%é—be~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
diagram showing the method of division of the first stage
of the'user data, in which the sampling frequeﬁcy is

48kHz. Referring to Fig. 53, the reference character (a)
shows the DAT frame clock signal geherated from the clock
génerating circuit 29 éhown in Fig. 51, (b) sho&s the DA@A/
frame, (c) shows audio signals outputted from the dlgltal |
Lnterface circuit 28, and (d) shows user data outputted
from the digital interface circuit_28. The reference
characters WL, and UL, and WR, and UR, show the audio

data ahd_the user data oflthe same sub frame, when n is

the same.
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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

L

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. 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 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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The operatioﬁ in reproduction will be described in
the following with feference to Fig. 52B. The audio data
stored in the memory circuit 15 aré applied to the digital
interface circuit 28. The user data generating circuit
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’thg user data portion of each pack, and outputs
the same in the original or&er 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 ocutput the same from the digital
output terminal 27. _ |

Since it is kﬁown in advance that the user data
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.
Hbﬁevér, B3 to BO of PCl_ahd:B7 and B§ of PC2 may be
assigned to the pack numbér and the user data may be
assigned to the areaslfollowing 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

user data may be divided into two channels and the channel

- 80 -
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code for identifying the channel and the pack numbe# may
be recorded in PC2 to provide the same effect.

Although the pack numbers are simultaneously recorded
in the above described embodiments, by preparing recording
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
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 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 dividing circuit 151 and the user data

generating circuit 152 may be realized 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

been described, it is not limited thereto, and the content
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to be reéordéd in ﬁhe PACK DATA recordfng area need not be
recorded at the above described desiénated positions 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 beén described. A DAT
capable of recording and ﬁeproducing all of the aﬁove'
described information can be realized by providing all the
circﬁits 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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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

- e
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one frame, and to record'the same in a prescribed area
of a magnetic tape, the apparatus being. further
operablé to record sub-signals in an area different
frém the area of the main signal on said magnetic
tape, wherein tle 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_
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;

phase difference detecting means (91) 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;

arithmetic means (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 calcuiating, based on said seconi
address information, time information using said firs=

frame period as a minimum unit and a fraction small-=r
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than said first frame period; and
recording means (6,7,8,9,10) for recording'said
time information.and said fraction. |
5. - Apparatus 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 parts,
_ . .
of the content of an information part, and for
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
information includes character information, and said
recording means comprises means for recording all of
said character informaticn of the block of said series

of digitai 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 f?om the tape said time
information and said fraction information recorded in
said sub-signal area thereof; and

means (23) for generating from the reproduced

/
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signals converted time information for a predetermined

ouﬁput 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
time information being réiated to said second address
information such that said converted time information
and said second address information have a commén Zero
reference. |

8. Apparatus 'according to claim 4, 5 or 6,

%

further having a reproduction operation, and further

" comprising:

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

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
composing a said series of d?gital éignals'fof output
based.cx1 a reproduced'main'signal and said secoﬁd
a&dress information calculated by said. arithmetic
means during réproduction. ' |

9. Magnetic reproduction apparatus operable to
répfoduce from a magnetic tape signals recorded

thereon which signals include a main signal having a
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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;
reproduction 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

R
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having an output frame period different from said
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
re_p‘roducti_.on means comprises means for reading from
. the tape adc}itional' sub-signal iﬁformation o_ther. than
said ’time inforﬁtation 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. Apparat:us accordJ.ng to claim 11 or 12,
wherein sald additional sub-signal information
includes information indicative of the reliabiiity of

_ _recorded sub-signals, and wherein said digital series

generating means comprises means for correcting,
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during reproduction, informationfwhi¢h is indicated to
be unreliable by said information indicative of
reliability reprodﬁced from said tapé, 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 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
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
word of main signal aﬁd 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;

detecting a phase difference between a point cf

" change of frames of said first frame period and an

a&jacent point of change of the blocks of said series
of digital signals; - |

calculating second ;ddress informac:.:cn
corresponding to the first.word of a frame of sa:i

first frame period based on the phase differen-:=
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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 inclddes_édditional information other

s

than said first address information, the method

further comprising dividing said additional
inforﬁation 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 information includes character information,
and said step of recording comprises recording all of
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

information and said fraction from the sub-signal area

of the tape;
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generating from the reproduced signals converted
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
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,

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
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
second address .information' calculated during
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
different area of the tape, wherein the method

comprises:
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réading sub-signal. inlformation- from the tapé
which sub-signal information includes recorded time'
information and fraction information, said recorded
time information using the first frame period as a
mini-mum 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

compqs_ing said series of d_igital. sighals for
output baé_ed on said address information and on a
reproduced main signal. : |

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

format having an output frame period different from
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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 infbrmation
such that said converted time information and said
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

.
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.

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.

| 23.- A method accordlng to claim_zl or 22,
wherein said adaltlonal ‘sub- -signal information

includes information indicative of the reliability of

- said recorded signals, and wherein said step of

composing said digital series comprises correcting
during reproducticn, information which is indicated

to be unreliable by said information indicative of
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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 time
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
signé.ls having the same frequency as sémplir:

20 frequency of said main sié‘na!.s;

| é.rithmet:ic means (23), 1n 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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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
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;; | .
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
means and frequency identifying information indicative

of the frequency of the clock signals wused 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 time information, and said. frequency

identifying information from said sub signal recording
area; and |

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

transmission format of said time code signal based on
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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
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  main signals at

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,
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

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 séid_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 said piece
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~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 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 calculating, in

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
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 ﬁinimum unit and fraction
smaller than said unit time; and in reproduction, for
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
in said sub signal recording area, in reproduction,

and for reproducing said ‘time information and said

is Sheet Has Been ReIplacec




,1.:——//

-

RN L R L

10

15

20

25

-~
~
XY RR]
LI )
>y
£
-

fraction recorded in said sub signal recording area;
and |
| .digital signal series generating means (23) for
composing said second address information calculaf:e_d
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

_ .
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 different 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 informatidn and inférmation
other than said first time information transmitted by
said time code signals;

detecting phase difference between a point of
qhange of the frames of said ;ain 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; |

calculating, in recording, second time

information using said unit time as a minimum unit
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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 prescribed
25 transmission format of said time code signals ZIrcm

said calculated first time information and sa:i
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reproduced information other than the time

informétion, and outputting_, in reéponse to said
calculated phase difference information, said composed
series of data of the time code signals. |

27. A method of magnetic recording and

reproducing in which inputted rﬁain signals are divided

at every unit time, signal processing is carried out

on the dividéd 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 different area of
said magnetic tape, and the recorded main 'signalé and
sub signals are reproducéd, comprising the steps of:

extracting, from a series of digital signals
transmitted in a format structured such that a sub
frame including at least 1 word of main signals .and 1
bit of é.uxiliary data as a unit of a transmission, n

sub frames forming one block, said auxiliary data

forming at least one piece of information by said

. block unit and address information for the main

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
change of frames of said main signals and a point of

change of blocks of said series of digital signals
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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
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a format whereby the supplementary information 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
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
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
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 said first frame units and to
use the phase difference information to format the

supplementary information.

-
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