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t . Magnetic Recording and Reproducing Apparatus and 

. Method of Recording and Reproducing 

BACKGROUND OF THE INVENTION 

s Field of the Invention 

-:The-.present invent:ion relates :to a magnetic recording 

and reproducing apparatus and .. to ·a method of recording and 

. reproducing. More sp~cifically, the present invention 

relates to a magnetic recording and reproducing apparatus 
[;ip~ . 

10 such as a digital audio;recorder (hereinafter referred to 
;--' . 

as DAT) having rotary heads and recording audio signals 
'CM" 1 o ~' jn~ Is . 

-and the like on a magnetic tape by converting the ~ 

into successive digital signals and reproducing the 

recorded digital signals, and to a method of recording and 

15 reproducing. 

20 

Description of the Background Art 

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

DAT standardization", Journal of Institute of Electronics, 

Inf¢rmation and Communication Engineers df Japan, January, 
' .. 

1987. 

Fig. 56 is a schematic block diagram showing a whole 

structure of such a conventional DAT. The structure of 

the DAT will be desc=~bed with reference to Fig. 56. 

Analog audio signals of left and right channels are 

25 inputted to an analog signal input terminal l, and-the 
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inputted analog audio signals are applied to a low pass 
resh-t·c.I- o.f ~ ~~h>l.1 

filter (LPF) 2 to ~the bandwidth ;r;eat~et:ect". The 

analog audio signals whose bandwidth is restricted are 

applied to an analog/digital converting circuit 

S (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 
· (OY'llll(::C.Jec\ 

circuit 5 is previ~. i:A zelatiou to the memory circuit 4. 

The coding circuit 5 generates codes for detecting or 

10 correcting errors of the digital audio signals stored in 

the memory circuit 4. 

The digital auqio signals read from the memory 
'O'vict 

circuit 4 are applied to a modulating circuit 6 ~ ee-­
L. 

modulated. The modulated digital audio signals are .,.,, ol . 
15 amplified by a recording amplifier 7 ~e be applied to 

rotary heads 9 and 10 through a switching circuit 8 for 

switching between recording and reproducing. The rotary 
~ 

heads 9 and 10 are arranged 
?ncl 

on a rotary drum 11 havi~g ....;tae-

diameter of 30 mm~spaced from each other by 180 deg. A 

20 magnetic tape 12 is wound around the rotary drum 11 ~t the 

angle of 90 deg. The magnetic tape runs as a caps~~~ (not 

shown) is rotated, and signals are recorded or rep.:-::.:!uced 

by means of the rotary heads 9 and 10. 

The digital signals reproduced by the rotar; ;-_..: :!s 9 

25 and 10 are applied to a reproducing amplifier 13 :.:.: ..:gh 

.. ----·--
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the switching circuit 8. 

amplifies the reproduced 

. . . .. ~ - .. ~ .. , . 

The reproducing amplifier 13 
'Mel "rrf rE;~ 

digital audio signals to:kpply 

the same to a d~modulating circuit 14. The demodulating 
IAC:,~oj 

circuit 14 isJ..>.o demodulate. the reproduced digital signals 

S and applies the demodulated output to a memory circuit 15. 
Co~rtf=C~~ 

·A decoding circuit 16· is ... ·prQid!aQ isR z:ela9i =i to the 

memory circuit 15. The decoding circuit 16 carries out 

.error correction and ~rror detection of the reproduced 

digital audio signals. The reproduced digital audio~ 

10 signals read f~om the memory circuit 15 are applied to a 

digital/analog converting circuit (hereinafter referred to 

as a D/A converting circuit) 17 to be converted into 

analog audio signals. The converted analog audio signals 

are outputted to analog signal output terminals 19 of left 

15 and right channels. 

A drum motor 21 is provided for rotating the rotary 

drum 11 and a capstan motor 22 is provided for rotating 

the capstan (not shown). Drum motor 21 and the capstan 

motor 22 have their speed of rotation controlled by a 

20 servo circuit 20. A microcomp·u.ter for processing sub code 

signals (hereinafter referred to as a microcomputer) 23 is 

provided for processing sub code signals which are related 
,..,711"1 

to theLaudio .signals as maiA sig~aJ:.s.. In relation to the 

microcomputer 23, input keys 24 for setting input data or 

25 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 
. ~~Ym I c;O"lvC.U · 

s later) are inputted directly from ~ttt~id~ and a digital 

output terminal 27· for directly outputting the dig·ital 
G>.:~">.1 G';Ji..c•°pm&o.f-

audio data to tRa gt~·~=Q. The digital input terminal 26 

and the digital output terminal 27 are connected to a 

digital interface circuit 28. A clock generating ci~cuit 

10 29 is further provided, which supplies clock. signals 

15 

necessary for respective circuits. 

Fig. 57 schematically shows signals recorded on the 

magnetic tape 12 and Fig. 58 schematically shows signals 

recorded on 1 track. 

A helical track pattern 30 is recorded on the 

magnetic tape 12 by the rotary head {9) shown in Fig. 56, 

and a helical track pattern 31 is recorded by the rotary 

head 10. Linear track patterns 32 and 33 are recorded on 

both ends of the magnetic tape 12. The helical track 
' 

20 patterns 30 and 31 comprise, a~ shown in Fig. 58, a PCM 
.. 

sig?al area 36 on which the digital audio signals as main 

signals and testing signals for. error correction are 

recorded, sub code signal areas 34 and 38 on which sub 

code signals related to the main signals are recorded, and 

25 servo signal areas 35 and 37 on which servo controlling 

- 4 -
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signals are recorded. Areas,Lrecordinqsignals of a 

prescribed frequency are provided between respective areas 

and on both ends of fhe track, so that the helical track 
"J- f,fa I o 

is ~onstituted byl196 blocks..iA ~etal. 

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

about 20·-µ; ··and the azimuth anqle between each other is 

20 deg. In normal recording and:reproducinq, the rotary 

.drum 11 is rotated co~stantly at 2000 rpm and the tape 

running speed is 8.15 mm/sec. Consequently, the pit._ch of 

10 the helical tracks becomes 13.6 µ. The helical track 

patterns 30 and 31 of Fig. 57 schematically show signals 

in the PCM signal area 36, w~ich include a testing signal 

Q for erro~ correction and sampled Odd data and Even data 

of the left and right channels.Land R of stereo signals. 

15 Now, the error correction code is completed in 1 track, 

and interleaving of the audio signals is adapted to be 

completed in 2 tracks. 

Fig. 59 shows a block format of the PCM signal area 

36 shown in Fig. 58, and Fig. 60 show structures of ID 

20 codes.stored in the PCM signal block shown-in Fig.· 59. 
41-t~ 

~efekrin~ ~o Fig. S~, the block format.of the PCM 
is. . v.i·I~ 11:7~te; to r=-1:J -sei 

signal area 36 ..will be describe<!'.'.: In l 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 

25 detecting errors in the ID code 40 and the block address 

- 5 -
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41 are recorded, each cons is~ of 8 bi. ts. The block of 

the PCM signal area 36 further comprises an area 43 in 

which PCM data and a checking signal f~r error correction 

ara recorded, which area 43 comprises 256 bits. 

s Therefore, l block of the PCM signal area 36 comprises 288 

bits. In the· recording area of--the·ID-code 40, important 
the 

information such a:,Lsampling frequency of the system is 

. recorded. 
~ 

The format of recording such information wi.ll 'be!. 

10 described ii::t tl.le :Eelle..,i119 with reference to Fig. 60. As 

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

.recording various ID codes. The 4 PCM signal blocks 
_\vs 

include frame addresses 44 consist{& of 4 bits. In Format 

ID 45, "00" is recorded when digital audio signals are to 
t4.<: 

15 be recorded. Important information such aslsampling 

frequency of the system is recorded in the data recording 
~?$ 

area in 2 bits in each ofLID 1 to ID7. 

Fig. 61 shows bit assignment of the IDl to ID7 shown 

in Fig. 60. As shown in Fig. 61, the sampling frequency 

20 of.the system is determined ±ri accordance with the 

information of ID2. The DAT corresponds to three 

different sampling f=equencies, that is, 48 kHz, 44.l kHz 

and 32 kHz. 

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

25 areas 34 ·and 38 shch~ in Fig. 58. As shown in Fig. 62, in 
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1 block of the sub code signal area, a synchronization 
ID 

signal 4 6 , SUB ;.e: code 4 7 , a parity signal 4 8 for 

detecting errors in the SUB ID code 47, sub code data and 

a checking signal 49 for error correction are recorded. 

5 The areas of the synchronization signal 46 to the parity 

signal 48-a:!!e" consisteer"of ;32 bits, and the area in which 

the sub code data:and the checking signal 49 for error 
-s. 

correction are recorded_...1::-er consis~ of 256 bits. 

Therefore, the block of the sub code signal areas 34 a!ld 

10 38 comprises 288 bits, as is the case of the PCM signal 

area 36. 

In the sub code signal areas 34 and 38, -£eco~ded are 

program start signal~ 
1
(signal indicative of the starting 

~ ~(oYdf~ -»t~ 

point of program)l_ program number information, time 

15 information and so on related to the audio signals dlC: 

recorded in the PCM signal area 36. 

Fig. 63 shows a signal format in which the program 

start signal, program number information and the like are 

recorded. In Fig. 63, the synchronization signal 45, ~he 

20 SUB ID code 47, the parity signal 48, the sub code cat3 

and the checking signal 49 for error correction are t~e 

same as those shown in Fig. 62, so that the descrip~.:.o~ 

thereof is ·not repeated. Various sub code signals :! =-·~ 

recorded using 2 blocks of the sub code signal area.:: :: .; 

25 and 38. In an area 50, a control ID is recorded, .:.:-. · ... :: i.ch 

- 7 -
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the program start signal (defined as a start ID signal) 

and the like are recorded. In an area 51, a data ID is 

recorded, and when digital audio signals are to be 

recorded, "0000" is recorded. In an area 52, a pack ID is 

5 recorded which shows the number of packs (which will be 

described in detail later) ·recorded on the sub data 
P"o~~yv\ 

recording area 4 9 . In an area 5 3, the ....:ttfne- number 

information is recorded. In an area 54, block addresses 

of the sub code signal areas 34 and 38 are recorded. The 

10 area 55 is called a pack, waieh i-& constituted by 64 bits, 

in which pack the time information and the.like are 

recorded. A checking signal for error correction is 

recorded in an area 56. The positio~s of various sub code 

signals recorded in the areas 50 to 56 are determined as 

15 shown in Fig. 63, and the sub code signal areas 34 and 38 

have the signal recording format completed in 2 blocks. 

Fig. 64 shows a pack format of the sub code signals 

and Fig. 65 shows PACK ITEM and the contents thereof. 

As shown in Fig. 64, the format of the pack 55 

20 includes a PACK ITEM recording area 57 showing the 

contents of the data stored in the pack, a PACK DATA 

recording area 58, and an area 59 in which parity signals 

,f.Qr reserding p8:rit)' ~ignal:l!I for detecting errors in the 

contents of the PACK IT&~ recording area 57 and in the 

25 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 

s "0001", which content is Program Time. In the example 

shown in Fig. 67, the PACK ITEM 57 is 11 0011", which is the 

10 

·Running Time recording format.,· as is apparent from Fig. 

65. B3 of PC= 1 is-set to O. 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 nwnber is also provided in 

the pack. 

Fig. 68. shows timing relation between recording and 

15 reproducing of audio signals.and sub code signals. 

20 

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 right 

ch~nnels, inputted to the analog signal input terminal 1 

have their frequency bandwidth restricted by the low pass 
·· t?I" ?w:iro ~i~;,:.JJ 

filter 2, and ~ are applied to the A/D converting 

circuit 3 to be converted into digital audio signals WLn, 

WR {n = O, 1, 2 ... ). The reference character n shows the 
n 

order of sampling. The signals of the left and right 

25 channels are sampled alternately to be successively 

- 9 -
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--outputted as WL0 , WR0 , wr.1 , ... ~he temporarily 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 

S adds error correcting codes and error detecting codes to 

'"' the read samples and writes the same ..a.e.aift the memory 

circuit 4. 

_..Mea:nuhilw 1 :.ht::.4 _the sub code is designated by the 

input key 24, the designated sub code signal is genac-ated 

10 by the microcomputer 23 and is applied to the memory 

circuit 4 to be temporarily stored therein. The sub code 

signals are also read in accordance with a prescribed~ 
to 

order to be applied to the coding circuit 5,~which the 

error correcting codes and error qetecting codes are added 

15 -:&hereto, and the resulting signals are again written in 

20 

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 a!&:b:l written in the memory circuit 4 are 
' . con>Jb'h.. 

applied to the modulating circuit 6 -!:ft- whichl, the data ~ 
.. S\~11\<r\S 

CQft?eE~ed into a series of dt~a suitable for recording on 
. . 5i~\r\l ls 

the magnetic tape 12, and the d~ are amplified by the 

recording amplifier 7. Thereafter,· they are recorded on 

the magnetic tape 12 by means of the two rotary heads 9 

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

- 10 -
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the memory circuit. 4 is divided into two groups. While 

sampling of digital audio signals and writing· of sub code 

signals are carried out in one group, coding and reading 

are carried out .. in the other group. The manner of 

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

10 

15 

As.described-above, the magnetic tape 12 is wound 
. 1-1,~~h 'W' WC. 

around t~e rotary drum 11 wii::a tas aft;le of 90 deg, and 

the recording and r~producing are carried out by two 

rotary heads 9 and 10. Therefore, in the recording and 

reproducing waveforms, the signal recording and 
~ "»'C of t'Vf-;;,-h o 11 

reproducing section ofj90 degLeach and the interval 
'a ?"'"(. o.(:.. I'"'.> h}; OY' 

section;{ o~90 degLeach exist_alternately, as shown in 

Fig. 68 (62). The signal recording and reproducing 
'd ~YC of /.-t:>P MU"°' 

section ofl90 deg/corresponds to the recording and 
o~ . 

reproduction oft{' scanning. As shown in Fig. 68_
1 

(60), 
Pf:YT oa 

samples of the digital audio signals at the ~~e-Tn are 

written in one group of the.memory circuit 4 in the period 
h....iO 

Tn WT, so that samples of ,.rscannings are stored. 

Thereafter, in the first 1/4 (Tn EN1 period of Fig. 68) at 
C)'\6r 

20 the beginning of the period·. Tn + 1, signals of~ scanning 

are encoded, and they are read in the succe.eding period 
~o ro"'~.,.. oV'C: 

signals of ~scanning are encoded in 

the period TnEN 2 a~d read in the period Tn RD2 • Namely, 

the digital audi~ signals sampled in the period Tn are 

- 11 -
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recorded on the magnetic tape 12 delayed byL,_360 deg ~~~ 

(corresponding to one rotation of the rotary drum 11). 

As sho~ in Fig. 68 (61), the sub code signals 

outputted from the microcomputer 23 in the period ~M 

5 (foi::mer half of the period T
0

) are written in the memory 

circuit 4 in the period Tm WT~ ··encoded in the succeeding 

period Tw- EN, and read in the period T RO. Namely, the 
rM m 

10 

sub codes signals ~recorded on the magnetic tape 12 ?-\'1:: 
'> ?YC. 

delayed by.LlSO deql(corresponding to 1/2 rotation o~ the 

rotary drum) . 

signals shown 

Ref erring to the ~ecording and reproducing 
Ch;.Y~C.1-y 

in Fig. 6 8 { 6 2) ~ the reference c.n~eEtd Tn in 

the numerator part of the fraction shows that audio 

signals of the period Tn are included, and the reference 

character Tm in the denominator part shows that the sub 

15 code signals of the period Tm are included. 

In reproduction, the switching circuit 8 is switched 

to the repro4ucing side, and the signals are reproduced 

from the magnetic tape 12 by means of the rotary heads 9 
<;>YH.\ 

an~ 10 ~~Lse applied to the r~producing amplifier 13. The 

20 reproducing amplifier 13 arnpiifies the applied signals and 

applies the same to the servo circuit 20 and to the 

demodulating circuit 14. The ·servo circuit 20 ge::e:-J.tes a 

tracking error signal based on the servo controll~~; 

signal recorded on the servo signal areas 35 and ~- :~ 

25 control the speed of rotation of the capstan mo<:.::::- .. : so 

- 12 -
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as to enable accurate tracking. The demodulating circuit 

14 demodulates the reproduced signals to the original base 

band signals which are successively stored in the memory 

circuit 15. 

The digital signals stored in the memory circuit 15 

are .xead"in an order as needed to be applied to the 
. /6 

decoding circui~, in which correction, detection and 

compensation of· errors are carried out by the decoding of 
. c. odE:S. -r!.t\ ~ 

the error correcting oeeee;l_afte the signals are again 

10 written 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 

dig~tal interface circuit 28. The D/A converting circuit 

17 converts the digital audio signals into the original 
• ?Yly 

15 analog audio signals. The analog audio signals have....1(Ae-

20 

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 signal 

output terminals 19. 

The digital interface circuit 28 converts the samples 

w±th errors corrected and compensated into prescribed 

formats to output the. same from the digital output 

terminal 27. 

The contents of the de~odulated sub code signal~ are 

25 displayed on the displaying apparatus 25 by the 

13 
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microcomputer 23. As ):S the memory circuit 4 ~ 

;:sc&l!eirtf; the memory circuit 15 is divided into two 

groups in actual .use,. aREi ,,.hi:l::e writing and decoding are 
~ 

carried out in one qrouP_'i.. reading is carried out in the 

5 other group. The manner of operation is shown in Fig. 68 

10 

(62) to {64). As··shown in Fig. 68 (63), the samples of· 

the first~scanning of the audio signals in the period 

·Tn-l ~of the reprotj..uced signals are written in the 

memory circuit 15 temporarily in the period T -J.WT1 , ..and 
J Gc.od ec.\ . 'O ?l'"fc;°f. i.-o !-, h c.lYI 

..reee~El9<i in the paus.e interval period o£L90 degL 

represented as Tn_1oE1 to be stored again in the memory 

circuit 15. Thereafter, in the period Tn_1wT2 , the 

remaining 1 scan samples are written in the memory circuit 

15, and they are decoded in the next period Tn_1DE2 to be 

15 stored in the memory circuit 15. The stored samples of 2 

20 

scannings are read from the memory circuit 15 in the 

succeeding period Tn_1RD to be applied to ·the D/A 

converting circuit 17 or to the digital interface circuit 
/fh~ 

28. Namely, t:~e sampl~s of tJ:ie reproduc19d digital audio ,_ L 
_ -_ _ 6-~ tt::;:.M~ l Gl:fw~pjttbf k: wi ~ ' de.la"/ ,.f . ?l't of- n:>r.>n uV'\ 

signals are outputted to ~aa a~~eide t:elaye~ by 360 de<f.; 
~ {{;,qr) 
As shown in Fig. 6~ __ the sub code signais·in the 

period T 1 of the reproduced signals are written in the m-

memory circuit 15 in the period Tm-l WT, and decoded in 

the period T 1oE to be again stored in the memory circuit m-
25 15. Thereafter, the sub code signals are read from the 

- 14 -
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memory circuit 15 in the period T 1Ro~to be applied to m-
the microcomputer 23. Therefore, the contents of the 

reproduced sub code signals are displayed on th~ L 
'd , re.. o F- 1"V \"'> ri<l V'\ 

displaying apparatus 25 delayed b~l80 de<!; 

Now, the digital data inputted to the digital input 

terminal 26 shown in Fig. 56 are determined ·as the digital 

audio interface format by the standard CP-340 of the 

_Electronic Industrie~ Association of Japan or by the IEC 

(International Electrotechnical Commission) standar& 

10 IEC958. Such a format will be described in the following. 

15 

Fig. 69 shows signal structure of a sub frame of the 

digital audio interface foJ:Inat, Fig. 70 shows a format for 

transmitting signals .of 2 channels, and Fig. 71 shows a 

channel status data format for professional use. 

Referring to Fig. 69, 1 word of audio signals is 

transmitted as a sub frame having 32 bits. The sub frame 

comprises a synchronizing preamble 101, a auxiliary signal 

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

indicative of the reliability of the audio s~gnal 103, a 
(c) 

20 user data bit (U) 105, a chatmel status b.itl106 .)l2'f and a 

parity bit (P) 107. 

When the sub frame such as shown in Fig. 69 is to be 
0¥1& 

transmitted as the signals of 2 channels,/frame is 

formed by two sub frames, that is, the channel 1 and the ()ti'" 
25 channel 2, as shown in Fig. 70, and,)('"block is formed by 

- 15 -
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192 frames. In order to identify the starting point and 

the channels of each block, three different synchronizing 
~ 

preambles~ Mand Ware used. The synchronizing preamble 

.B .is used for the sub frame channel 1 at the head of the 

S block. The synchronizing preamble M is used for the sub 

frame of the remaining channel l. The-synchronizing 

preamble W is used for all the sub frames of the channel 

2. l block of the channel status data is formed of 192 

channel s_tatus bits 106. The first bit of each block is 

10 transmitted in a frame which starts with the synchronizing 

preamble B. 

The block format of the channel status data for 

professional use is structured as shown in Fig. 71. This 

format further includes information having close relation 

15 to the audio signals such as emphasis, sampling frequency 

and the like, time information such as time-of-day code 

and local sample address code. Two pieces of different 

time information are the time information of the audio ,. 
data transmitted by~frame starting with·the 

?$ 

20 synchronizing preamble "B "/_shown:: in Fig. 7 0 • .aAd: kigh 
Hrc:,~I~·· Gclifivi) o~ 0- - ~STS 
£~~ate edi•••Rlsample by sample(!s enabled, as the 
J:: . L ~ '>YVt ~ !(, .. 1a \ o ~ ? s. . tt..t S'CH'"' }·d '= 
information have the ..,a;:a~let_accuracyl 

The signals of t~e above described format are applied 

to the digital interface circuit 28 through the digital 

. 25 input terminal 26 she~~ 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 a~dio data are applied to the memory circuit...4-,-
4 . .;fh~ 
~same processing as in the recording of the analog 

5 input signals described above are carried out, and the 

data are .recorded on the magnetic tape 12. Important. 

information such as emphasis of the channel status data, 

the sampling f reqUency and the like are applied to the 

microcomputer 23 to be stored in the P~~ ID of the ~AT. 

10 At the same time, the diq~tal interface circuit 28 

controls the clock generating circuit 29 to generate 

synchronized clock signals, in order to accurately input 

the external digital data. 

The conventional DAT operates as described above to 

15 record and to reproduce digital audio signals. However, 

connections to other AV equipment;( such as video tape 

recorders other than the OAT have not been considered. It 

is especially difficult to operate the DAT for 
IEq .A'PMEMl­

professional use in synchronization with other AV .d;;niees 
L 

20 for professional use such as.VTRs. 

Generally, in editing video tapes or the like, it is 

essential to recognize the po~ition of the edited :~?e. 
&cliHn~ 

Especially in electronic edt~i~, handling of the ei~ted 

tape position is the important problem in drivir:g :.-.·? 

25 system. For this purpose, recording and utiliza: ~ ~~ 0f 
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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 

s SMPTE/EBU/Film time code, and Fig. 73 showSframe 

frequencies .of various time code signals-and of the DAT. 
IS 

The SMPTE/EBU/Film time code 1Mtl ~e described with 

.reference to Fig. 72. The time code is mainly used for 

the television system, and hour, minutes, second and"frame 

10 are assigned to the respective television frames. The 

time code comprises 80 bits per each frame, the value of 

each of the hour, minute, second and frame of the ·time 

code is represented in the decimal notation, the first 

digit and the 2nd digit of each value are separately 

15 converted into binary coded decimal code to be altered to 

the respective bits. 

In the SMPTE time 
Y'ltA ~ Q::,- ,-J 

..stat"tirtcr from 00 frame 

V'":I h.s.E:~ -a~ 
code, the frame valua ~t& ltwzd:Jszs 

to 29 frame. The frame frequency 

is 30 Hz and 29.97 Hz as shown in Fig. 73. A drop frame 

20 mode· and a non drop frame mode~. are prepared· for respective 
.. 

fr~quencies. The frame frequencies of the EBU·time code 

and.of the Film time code are 25 Hz and 24 Hz, 

respectively, and the frame value are numbered from 00 

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

25 respectively. 

- 18 -
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As shown in Fig. 73, the frame frequencies of the 

SMPTE/EBU/Film time code are different from the frame 

frequency of the DAT. Therefore, it is difficult to 

record the SMPTE/EBU/Film time code .directly on the 

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

In order to solve such a problem, direct recording 
s~ho""3-r'1 

and reproducing of the time code by using a ~!11•a head on 

·the linear track 32 or 

proposed. .. However, if 

33 shown in Fig. 57 has been 
Srah°OY\arY~ 

a. fit'.9& head is provided.in the 

10 tape transport mechanism, the structure becomes 

complicated, and it becomes necessary to accurately 

maintain the ~ositional relation between the rotary head 
":>\-? Oll\~l"1 

12 and the ti1t:a. head . The linear tracks 32 and 33 are 

positioned on both ends of the magnetic tape 12, so that ---
15 they are easily damaged, reducing the reliability of the 

"time code data. As described. above,.the tape running 

speed is as slow as 8.15 mm/sec, so that the recording and 

reproducing> of the signals are difficult. Now, one of the 

features of DAT is a high speed searching function using 

20 the sub code signals, the speed of which is.more than 200 

times normal speed. However, when the tape running speed 

is increased, the time code recorded on the linear tracks 

~2 and 33 cannot provide the signals, and therefore high 

speed search by the time code becomes impossible. 
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In addition, as described above, information having . 
~pha-si.s. 

close relation to the audio signals such as ..em~asize, 

sampling frequency and the like as wel.l as time 

information such.as local sample address code and tune-o+·d•1 

s code are included in the channel status data for 

professional use-transmitted by the digital audio 

interface format. Synchronized operation with other AV 

equipmenif for 

be carried out 

professional use and electronic editi~ 
~r T 

by usingLinformation. However, in ttle 

can 

10 conventional DAT shown in Fig. 56, recording of 

15 

20 

alphanumeric data, local sample address code or,ra-f the 
~s p:wt- of 

time-of-day code transmittedjkr the channel status data 

has not been taken into consideration. 

SUMMARY OF THE INVENTION 
is 

Therefore, a first object of the present inventionlto 

provide a magnetic recording and reproducing apparatus 

capable of readily carrying out recording and reproducing 
code..s. "'fl,,i s i ~ ~cc.o.,....pli~~ 

of time codga,/by setting rules for conversion for 
1-

recording and reproducing time codes on and from the sub 
' 

cod.e s-igna1 areas of the he1i··ca1 track by means of the A 
dr~}-.· 

rotary heads, even if the frame frequencies are diffefeRt, 

and to p~eviae ~Ae method of recording and reproducing 
1-'iei-&ot. is 7-ISo p~ndi::J , 
:tb.arefe~ 

A seco~d object of the present invention is to 

25 provide a magnetic recording and reproducing apparatus and 
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method of recording and reproducing therefor, in which the 

channel status data transmitted in the digital audio 

interface format are recorded and reproduced to enable 

synchronized operation with other AV equipments for 

5 professional use and to enable electronic edition. 

Briefly stated, the present invention-is-a-magnetic 

tape recording and reproducing apparatus in which inputted 

.main signals are divid~d at every unit time, the divided 
Ot\ E::-

main signal-s are signal processed as.):' frame data to be 

10 recorded on a prescribed area of a magnetic tape, sub 

signals are recorded on an area different from the area of 

the main signals on the magnetic tape, and the recorded 

main signals and sub signals are reproduced. When time 

code signals having a frame period different f rorn that of 

15 the main signals are inputted, first time information 

included in the time code signals and information other 

than the time information are extracted. Phase difference 

between the point of change between frames of the main 

signals and the point of change between the frames of the 

20 time code signals is detected by clock signa·ls having the 

saine frequency as the sampling frequency of the.main 

signals. In recording, a second time information having a 

unit time as· a mini~u...~ unit is extracted in response to 

thedextracted first :~~e information and to the detected 
l~ce 

25 phas~difference ir.fc::-:nation. An initial phase 
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information between the head of the frame 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 

s calculated. The calculated second time information, the 

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 

10 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. 

15 The first time information and the phase difference 

.information are calculated in response to the second time 

information and the initial phase difference.information. 

Series of data of a prescribed transmission format of the 

time code signals are composed.in response to the 

20 calculated first time inforrnatLon and to the reprod~~ed 

information other than the time information, and a sa=~es 

of data of the time code signals composed are outpu::~d in 

response to the calculated phase difference informa:~ ·:-.. 

In accordance with the present invention, the -:. . :··-~ 

25 information included in the time code signals hav~~: 

- 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 
0-.. 

is applied to a digital audio tape recorder, for example,L 

high spee~f 
lock-i"' 

searching.function can be fully utilized, and 
rt:col"'dt"Y' 

audio:tape .z:g~zdea .Qrf'ift§ time for driving the digital 
G<:f"4ipwi~ 

with audio and visual dev~s 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 

blo~k, the auxiliary data form at least one information 

block by block, and a series of digital signals are 

15 transmitted in a format including address information 

corresponding to the second main signals transmitted by 

the sub frames to which the head bit of the auxiliary data 

word is transmitted. The second main signals and the 

a~iliary data are extracted from the series of digital 

20 signals. A phase differenc~·between the p~int of change 

or the first main signal frames and the poin~ of change of 

the blocks of the series of digital signals positioned at 

the head of the frame of the main signal is detected. In 

recording, second address information corresponding to the 

25 first word of the frame is calculated based on the 
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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 

s time as the minimum unit and the fraction smaller than the 

unit time are calculated from the second address 

information, and the calculated time information and the 

fraction number are recorded in a sub signal recording 

· ·· . area. In reproduction, the time information and the'" 

. 10 fraction number recorded in the sub signal recording area 

are reproduced, the second address information is 

calculated based on the· time information and the fraction 

number, and the calculated second address information and 

the first main signals are outputted as the series of 

15 digital signals. 

Therefore, in accordance with this aspect of the 

present invention, second address information is 

calculated from the second main signals extracted from the 

series of digital signals, the detected phase difference 

20 information and on the first address information, and the 

time information and the fraction number can be calculated 

from the address information to be recorded or reproduced 

to and from the magnetic tape. 

In accordance with a further aspect of the present 

25 invention, time code signals having frame period different 

- 24 -
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from that of the main signals are inputted, and the first 

time information and other information included in the 

time code signals are extracted. A phase difference 

between the point of change of the frames of the main 

5 signals and the point of change of the frames of the time 

code signals is detected by clock-signals having the same 

frequency as the sampling frequency of the main signals. 

-In recording, second time information using the unit time 

as the minimum unit is calculated based on the extrac~ed 

10 first time information and the detected phase difference 

informdtion, and initial phase difference information 

between the head of the frame serving us a reference for 

the time code signals and the head of the frame of the 

main signal, at which the frame·ser;ing as the reference 

15 for the time code signal is positioned, is calculated. 

The calculated second time information, the initial phase 

difference information, extracted information other than 

the time info.r:mation, and the frequency identifying 

information indicative of the frequency of the clock 

20 sig~al~ used for detecting th~ phase difference 

inf~rmation 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 

25 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 based on the information, and the series of 

data of the time code signals are outputted in response to 

5 the calculated phase difference information. 

Therefore, in accordance with the present invention, 

since phase difference information is detected by using 

clock signals having the same frequency as the sampling 

frequency of the main signals, the phase difference ~ 

10 information can be made equal to the number of samples,· 

whereby~ accuracy in sample unit which is essential in 

recording time code can be assured, enabling synchronized Gd•::.t;..: b.ucJ 

15 

20 

operation and ·· sample by samplet 

The foregoing and other objects, features, aspects 

and advantages of the present invention will become more 

apparent from the following detailed description of the 

present invention when taken in conjunction with the 

accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram of a first 

embodiment of the present invention;': 

Fig. 2 is a timing diagram showing operation of the 

first embodiment of the present invention)'. 

Figs. 3A and 33 a~e flow char~s showing the operation 

25 of the first embodi~ent of the present inventiol}(. 
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Figs. 4, S and 5 show examples of recording formats 

of sub code packs used in the first embodiment of the 

present inve~tion/. 

Fig •. 7 is timing diagram showing the operation of a 

5 second embodiment of the present inventio~ 

Figs·.··-8 ·-and 9 show examples of recording formats of 

sub code packs used in the second embodiment of the 

present invention;(. 

Figs. 10 and 11 show examples of recording formats of 

10 the sub code packs used in the third embodiment of the 

present invention/. 

Fig. 12 is a schematic block diagram showing a fourth 

embodiment of the present invention~ 
~ /. 

Fig. 13 shows an example o~recording format of a sub 

15 code pack used in the fourth embodiment of the present 

invention7. 

Fig. 14 is a schematic block diagram of a fifth 

embodiment of the present invention~~tle~ 

Fig. 15 shows a relation,betweenldigital audio 

20 interface blocks and DAT frames ia~~tted in the fift~ 

embodiment of the present invention,f'. 

Figs. 16 to 21 show examples of recording fo::-:::a~s of 

sub code packs used in the fifth embodiment of t~e ;=esent 

invention/ .. 
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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 

5 for realizing a sixth embodiment;.'. 

Figs. 27A and 27B are·flow-charts showing the 

operation of the sixth embodiment shown in Fig. 26,f. 

Figs. 28 and 29. show examples of recording formats of 

sub code packs used in the· sixth embodiment./, , 
. o µ..<::Y f:;"Ji;~p~ of. • 

10 Figs. 30 and 31 show-exwupleq'.: of othe-x pack formats 

""'' for recordingj_time-of-day code,Y. 

Figs. 32 and 33 show other examples of pack formats 

for recording local sample address codesy. 

Figs. 34 is a timing diagram showing a relation 
DJr1" 

15 between inputted channel status data blocks and-Pel'lr 

20 

frameo/r~ 

Figs. 35 to 38 show examples of recording formats of 

packs for recording all alphanumeric channel origin data 

and alphanumeric channel destination data/: 

Fig. 39 shows an example:of a pack format for 

recording information related to the timer. 

Figs. 40 to 44 show examples of pack formats for 

recording information other than the time informatioll)". 

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

25 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/. 

Fig. 46 shows a relation between the digital audio 

interface block and the SMPTE/EBU/Film ti.me code frame, 

s when the digital audio· tiine code is to be converted into 

the SMPTE/EBU/Film time codej'. 

Fig. 47 shows a relation between the frame frequency 

· and the sampling frequency;'. 

Fig. 48 shows number of samples in each.frame of t~e 

10 SMPTE/EBU/Film time code frame at respective sampling 

frequency(. 

15 

20 

25 

Figs. 49 and 50 show, on time base, a relation 

between the SMPTE/EBU/Film time code frame and the digital 

audio interface blockj'. 

Fig. 51 is a schematic block diagram of an eighth 

embodimen-V. 

Figs. 52A and 52B are flow charts showing specific 

operation of the eighth embodiment of the present 

inv:entiony: 
.. 

Figs. 53 and 54 are timing diagrams showing the 

operation 'of the eighth embodiment/. 

Fig.· 55 shows a pack format in which PC3 to PC7 are 

used as user data recording areas/'. 

Fig. 56 is·a schematic block diagram showing a whole 

structure of a conventional OAT,./ ';!' • 

- 29 -



·.-! 

5 

10 

15 

~ ... · 

. . . .. 
• . ,. . ~ . ....... 

. .. ~ ........ . . 

... 
Fig. 57 schematically shows signals recorded on the 

magnetic tape/. 

Fig. 58 schematically shows signals recorded on 1 

track(. 

Fig. 59 shows a block format of the PCM signal area 

shown in Fiq; ··ss/. 
Fig. 60 shows a structure of an ID code stored in the 

PCM signal block shown in Fig. 
Sl-1 <>"" !) 

59/. 

60. 
Fig. 61}_bit assignment of IDl to ID7 shown in iig. 

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

shown in Fig. 58/'. ~co~{l't, 

Fig. 63 shows a~ !ormat of the sub code signals 

recorded in the sub code signal area~ 

a pack format of the sub code signals;( 

PACK ITEM and the pontents therein,,: 
p:>c.h° NY~1'. 

Fig. 64 shows 

Fig. 65 shows 

Figs. 66 and 
J>~Y1'"1M fl

0

1'1<4.i: '4Md L running time T, 

67 show a pack~e!:ffta~ for recording 

Fig. 68 shows timing rela,tion between recording and 

20 reproducing of audio signals ·a::nd the sub co.de signalsy. 

Fig. 69 shows signal structure of the sub frame of 

the digital audio interface format;-: 

Fig. 70 shows a format for transmitting signals of 2 

channels,.t'. 
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Fig. 71 shows a channel status data format for 

professional us~ 
72-

Fig. Jef shows standardized SMPTE/EBU/Film Time code 

frame formatt' «ftd-

Fig. 73 shows various time code signals and DAT frame 

frequency. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a schem~tic block diagram of a first 

embodiment of the present invention. The DAT -·shown in 
; 

10 Fig. 1 has the following components added to the 

conventional DAT shown in Fig. 56. Namely~ a time code 

signal is inputted from outside to a TC signal input 

terminal· 71. The ·time code signal is applied to the 

demodulating circuit 72 to be demodulated, and a frame 

15 

20 

25 

clock si~n~l 73, a bit clock signal and time code data are . . 
.-1'J.i~ G-icmc.~ h-,wrf::'cbc...k\s<~v:ai 7? is,ppJi~ h>>Ph~lt-diffbre,-ict:: d"'~c.h.,~ ltv(M1t-

extracted therefrom./ The bit clock signal and the time 
1-J 

code data extracted by the demodulating circuit 72 are 

applied to the microcompu~er 23. 
/_... 

Although not shown, a phase difference detecting 

circuit 74 comprises a counter·, c-iw-rcuit and a· latch 
.. ~ci ~ C'->VVI+ doc..k' ~'&!Vt~ I 7 '1 

circuit, receives a reference signal 77 for recordingL 

outputted from the clock generating circuit 29 a~Q a QQ~R~ 

clock si~Ral ~' and detects phase differenc~ between the 

reference signal 77 and the frame.c:ock signal 73. The 

phase difference "t' •. de':.ect:ed by the phase difference 
J. 

· dThi•1if i fliili~ilflir 
- 31 ~ 
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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 the modulating circuit 75, so that the 

time code signal is modulated. The modulated time code 

5 signal is outputted to the outside from the TC signal 

output terminal 76. 

Fig. 2 is a timing diagram showing operation of the 

.first embodiment of t~e present invention and Figs. 3A and 

3B are flow charts thereof. 

10 Specific opera~ion of the first embodiment of the 
l.S 

·prese~t invention wi..C:l be described ..i.R e'h:e £ellowin§ 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 

signal input teJ:minal 71. The reference characters TC., 
. i 

15 TCi + 1 .·•. of the time code signal 80 represent nwnbers 

of the time code signals 80 frame by frame. In recording, 

the inputted time code signal 80 is demodulated by the 

demodulating circuit 72, and the frame clock signal 73, 

'the bit clock signal and time code data are extracted 

20 therefrom. The frame clock signal 73 is applied to t~a 

cloc;:k generating circuit 29 ahd to the phase differe:;ca 

detecting circuit 74. The bit clock signal and the ~i~e 

code data are applied to the microcomputer 23. The 

microcomputer 23 takes the time code data in respo:-:.:;-~ ~o 

. 25 the bit clock signal. The reference characters D7,, 
.., 
-j + 
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1 ••• of the inputted audio si~nals 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 

5 detecting circuit 74 resets a counter circuit contained 

therein at the falling -edge of the.reference signal 77 for 

recording, and. immediately thereafter counts .up the 

~ounter circuit by the.count clock signal 79, and at the 

rise of the frame clock signal 73 of the succeeding time 

10 code signal, the counted value of the counter circuit is 

latched by a latch circuit contained therein. The counted 

value latched by the latch circuit is immediately applied 
2·3 

to the microcomputerLas the phase difference info:cmation 

~. from the point of change of the DAT frame (falling 
l. 

15 edge of the reference signal 77 for recording) to the 

20 

point of change of the time code frame (rising edge of the 
'fn-Me 
~clock signal 73). The microcomputer 23 assigns the 

inputted time code data and the phase difference 

infol:Ination ~i to a sub code pack to apply t~e same to the 
. . 

memory circuit 4 • 
•. -·~ 

. Figs. 4 to 6 show examples of recording formats of 

the sub code packs used in the first embodiment. As shown 

in Fig. 72, the time code signal has 1 frame consisted by 

80 bits, 16 bits of which are synchronization signals. 

25 Therefore, the information of the remaining 64 bits are to 
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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 recording data comprises 

52 bits. Therefore, two packs are necessary for recording 

s the contents of the time code signal. In assigning the 64 

bit information of the time code signal to two packs, the 

information transmitted in 1 frame of the time code should 

10 

preferably be divide4 into time information and other 

information to be assigned to separate packs, in view of 

the high speed search by the time code. 

For this purpose, in this embodiment, the time 

information in the time code signal is assigned to the sub 

code pack defined by PACK ITEM "1001" as shown in Fig. 4, 

and various flag bits (TCS to TCO) and USER Group data in 

15 the time code signal are assigned to the sub code pack 

defined as PACK ITEM "1010", as shown in Fig. S. In 

addition to time information, identification flags (TS to 

Tl) indicative of the types of the time code, 

identification flag (SD) indicative of the attribute of TC 

20 FRAME recorded in PC7 I and th"e-· phase difference 

information ~. detected by the phase difference detecting 
. l. 

c~rcuit 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 (TCS to TCO) and 

the USER Group data, the TC FRAME and the identification 

flag SD indicative of the attribute thereof are recorded 

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

5 in Fig. 5. The TC frame number is recorded-in this-manner 

10 

in order to recognize-- .to which frame the USER Group data 

written in the PACK ITEM "1010" correspond, since the 

contents of one time code frame are recorded in two 

separate packs. .. 

In the foregoing, the contents of the one time code 

frame are divided into two packs by using two PACK ITEMs. 

When only one PACK ITEM is used for recording the time 

code signal, the combination of the pack is as shown in 

Figs . 4 and 6. Ref erring to Fig .. 6, the PACK IT&'! is 

15 "1001", and identification of the recorded information is 

20 

25 

realized by B3 of the PCl. Namely, if B3 = O, then time. 

information and the like are recorded. If B3 = l, then 

the USER Group data and the like are recorded. 

Referring to Fig. 2, the reference characters DTj, 

of the recording and reproducing signal waveform 82 

r~present the frame numbers of the audio signals at the 

time of input, and the characters TCi' ... and ... ~i ... 

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 DT. 
J 
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is recorded on the magnetic tape 12 delayed by 360 deg, as 

described above. In the period OT., the content of the 
. J 

TCiBO has been read and the phase difference information 

Ti has been measured, so that TCi and Ti are recorded on 

S ~he sub code signal area of the same track as the audio 

signal DTj. In the--period DTj + 1 , TCi + 1 and Ti+ 1 
have not yet been known, so that the same TC., T. as the 

l. l. 

. preceding DAT frame a~e continuously recorded in the sub 

code signal area on the track on which the audio signals 

10 of the period DTj + 1 are recorded. At that time, the SD 

flag in the pack is set to "l", indicating that TC. and T. 
l. l. 

are continuously recorded. In the period DTj + 2 , TCi + 1 

and Ti + 1 are already known, so that TCi + 1 and i;i + 1 

are recorded on the sub code signal area of the track on 

15 which the audio signals of the period DTj + 2 are 

recorded. The same operation is repeated, and the audio 

signals and the time code signals are recorded. 

In reproduction; the audio signals out of the signals 

reproduced from the magnetic track are outputted to the 

20 outside delayed by 360 deg, a:S.· shown by the relation 

be~ween 82 and 83 of Fig. 2. The sub code signals are 

applied to the microcomputer 23 and reconstructed to be 

the original time c~ce signals from two packs. The 

reference signal 73 :o~ reproduction and the bit clock 

25 signal are inputtec ==om the clock generating circuit 29 
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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 
J. 

as in recording.can be realized. When a pack in which the 

s SD flag is set to "1" is inputted, the microcomp~ter 23 

carries phase matching between the DAT frame---and ·the time 

code frame by using the phase difference info:cmation 

(30 msec (DAT frame period) - Ti). The modulation circuit 

75 carries out prescribed modulation in response t-0 the 

10 bit clock signal applied from the clock gene~ating circuit 

29 to provide the output at the time code signal output 

te:cminal 76. By the above described operation, the audio 

signals and the time code signals are outputted to the 

outside having the same phase relation as that of the time 

15 of recording, as shown by 83 and 84 of Fig. 2 .. 
LS. 

A second embodiment of the present invention ·-cie be 

described ia sae fslJe-''R~, in which the same appa~atus as 

shown in Fig. 1 is used. In the first embodiment 

described above, the time information in the time code 

20 signal. is directly a·ssigned·· to the sub code pack, a:1d the 

i:ecording in the sub code signal area is carried c·~:. at 

prescribed timing. On the contrary, in the secor.~ 

embodiment, the DAT frame number is calculated ba s--·:i on 

the frame number of the inputted time code signa:. : :·.d the 

25 detected phase difference info:cmation Ti' the ~A7 - ~~e 
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code is calculated by ~sing the calculited DAT frame 

number, and the result of calculation is assigned to the 

sub code pack to be recorded on the sub code signal area. 

-Fig. 7 is· a timing diagram showing the operation of 

5 the second embodiment of the present invention. Referring 

to Fig; 7, ·the suffixes of the reference characters TC
1

, 

TC2 , ••• of the time code signals TC (80} inputted from 

the TC signal input ~er,minal 71 represent order (number} 

of the frames, when the 00 hour 00 minute 00 second'OO 

10 frame of the time code signal is regarded as the reference 

15 

(regarded as the first frame). In the similar manner as 

described with r~ference to the first embodiment, the time 

code data and phase difference information ~i are inputted 

to the microcomputer 23. The suffixes of the reference 
. 

characters DT1 , DT2 , of the inputted audio signals 81 

in Fig .. 7 represent the order (number) of the DAT frame 

divided by reference signal 77 for recording. The number 

of the DAT frame is defined by the following calculation. 

More specifically, as shown in Fig. 7, when the start 

20 point of the reference time, ·{·.e. 00 hour 00 minute 00 

second 00 frame of the time code signal is regarded as the 

reference, the inputted time code f~ame and the DAT frame, 

including the initial phase difference information r 0 , are 

in one to one correspondence without fail, although they 

25 are asynchronous with each other. By utilizing this 
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relation, the relation represented by the following 

equation (1) can be applied, where the frame number of the 

inputted time code signal is represented by i, the phase 

difference information is represented by ~. and the 
l. 

5 corresponding frame number of the DAT is represented by j. 

... ,• ~ .. 

10 

j ="INT [(iTCu-~.) I DTu] :+ ·1 
l. . 

• • •. ( 1) 

In this equation, TCu represents the frame period .. of 

the time code signal.and DTu represents the DAT frame 

period . 

The calculation INT ( ] represents rounding of the 

decimal part (to provide an integer). 

The number j of the DAT frame (for example DT2 frame 

of Fig. 7) with the phase difference information ~. not 
l. 

been detected can be calculated by adding 1 to the 

15 preceding result of calculation (that is, the preceding 

DAT frame number). The initial phase difference 

information r 0 can be calculated by the following 

equation. 

• • • ( 2) 

20 The microcomputer 23 calculates the time code frame number 

i :Qased on the inputted time code data, calculates based 

on the nwnber i and the phase difference information ~. 
J. 

the corresponding DAT frame nwnber j and the initial phase 

difference information I 0 , further calculates the DAT time 

25 code based on the DAT frame number, and assigns the same 
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together with initial phase difference information r 0 to 

the sub code packs to apply the same to the memory circuit 

4. 

Figs. 8 and 9 show examples of recording formats of 

5 · the sub code packs used in the second embodiment of the 

present invention. As described above, the DAT frame 

nwnber j .is calculated based on the time code· frame number 

. i and the phase diffe~ence information ~i' so that th~ DAT 

time codes calculated based thereon, and they are recorded 

10 by using the PACK ITEM "0011" PCl, B3 = O, 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 

15 "1001". TC ID DATA (T2 ~o TO : 3 bits} indicative of the 

types of the inputted time code signals and the initial 

phase difference information I 0 (blO to bO: ll_bits) found 

by calculation are recorded in the remaining areas. 

Referring to Fig. 7, the suffixes of the reference 

20 characters DT1, DT2 ... of the ··recording and ·reproducing 

si~nal waveforms 82 represent the DAT frame numbers, and 

the reference character r 0 represents the initial phase 

difference information. As described above, the audio 

signals in the period DTj are recorded on the magnetic 
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tape 12 delayed by 360deg. The initial phase difference 

infoJ::Ination r 0 is recorded in every sub code signal area • 

. The reproducing ope.ration will be d~s cribed in the 

following. The. audio signals out of the signals 

5 reproduced from the helical tracks on the magnetic tape 12 

are outputted to ~he 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 original time code signals by t~e two 

10 packs·, that is, PACK ITEM "0011"' (Running Time PACK) and 

PACK ITEM "1001". The microcomputer 23 calculates the DAT 

~rame number j based on the DAT time coda recorded in the 
-~~··~·- .. 

Running Tinie PACK, and calculates the corresponding time . 
l 

code frame numberLby using the number j and the initial ~ 

15 phase difference information I 0 recorded in the PACK IT&~ 

"1001" in accordance with the following equation (3). 

( 3) 

The phase difference information ~i from the point of 

change of the DAT frame to the point of change of the time 

20 code frame can be calculated in accordance.with the 

following equation (4) by using the number i calculated in 

accordance with equation (3). · 

••• ( 4 ) 

The microcompu~er 23 generates a time code signal of 

25 the base band (before modulation) to realize the same 
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phase relation as at the time of recording to apply the 

same to the modulating circuit 75 in response to the 

reference signal 78 for reproduction and the bit clock 

signal outputted from the clock generating circuit 29, in 

5 accordance with the result of calculation of the equations 

(3) and (4). The modulating circuit 75 carries out 

prescribed modulation on the time code signal in response 

to the bit clock signal ~pplied from the clock generating 

circuit 29 and outputs the result to TC signal· output 

10 terminal 76. 

By the above described operation, the audio signals 

and the time code signals are outputted to the outside 

having the same phase relation as at the time of 

recording, as shown by the relation·between 83 and 84 

15 shown in Fig. 7. 

A third embodiment will be described in the 

following. In the first embodiment described above, the 

frame number which is· the minimwn ·unit of the time 

information is recorded in the sub code pack for recording 

20 the User Group data. Consequerit·ly, the pairing of the sub 
- . 

code_ pack and the sub code pack in which the time 

information is recorded can be d_one easily. In addition, 

since the identification flag SD indicative of the fact 

that the recorded content is the same as that of the 

25 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 ti.me 

code to be recorded, which provides compatibility with the 

5 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 

10 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 invention. By the same operation as described 

15 above, the time information converted into the DAT time 

code, the initial phase difference information r 0 and TC 

ID DATA (T3 to TO: 4 bits) distinguishing the 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 order 

20 to distinguish the pack from the conventional 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 TCO) in 

the time code signals and the User Group data, the FR.Ai.~E 

25 No. which is the mini~urn unit of the DAT time code in the 
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pack shown in Fig. 10 and the identification flag so 

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. 

5 11. By recording the FRAME NO. the pairing with the pack 

in which the time information is recorded shown in Fig. 10 

can be surely carried out, and by recording the 

identification flag ~D, repetitious reproduction of the 

·information such as the User Group data in the time~code 

10 signals other than the time infox;mation can be prevented 

at the time of reproduction. 

Fig. 12 is a schematic block diagram showing a fourth 

embodiment of the present invention. The embodiment shown 

in Fig. 12 is the same as that of Fig. 1 except that a 

15 sampling clock signal for sampling the audio signal is 

used as the count clock signal applied to the phase 

difference detecting circuit 74. As mentioned in the 

foregoing, the DAT corresponds to three different sampling 

·frequencies, that is, 48 kHz, 44.1 kHz and 32 kHz. By 

20 using the sampling clock signa:ls, the representation of 

th~ phase difference information and of the time codes 

come to be the same as the total sample number, so that 
()'(\ d- ~Si!. 

the accuracy can be ensured~sample by sampl!, wh~=~ 

enables synchronization and edit~ sample by sa.rnp~e.· 
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Pig. 13 shows an example of a recording format of the 

sub code packs used in the fourth embodiment in the 

present invention. Referring to Fig. 13, in PCJ of the 

pack format recorded on the TC ID DATA (T3 to·TO: 4 bits) 

5 distinquishing the types of the inputted time code 

.signals, and information indicative of the three different 

frequencies of the sampling clock signals fs: 48 kHz, 

44.l kHz and 32 kHz (Pl, FO: 2 bits) as the count clock 

signals for detecting. the phase difference are recorded. 

10 Other information such as the DAT time code are recorded 

15 

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. 11 as in the third 
. . 

embodiment. 
. 

In the above described embodiment, the frame clock 

signal 73 of the time code signal extracted by the 

demodulating circuit 72 is also applied to the clock 

generating circuit 29, which is used in a vari pitch 

recording mode. In the vari pitch mode, all the clocks 

20 used in the DAT must be changed, and therefore, the clock 

generating circuit 29 changes the necessary clock 

frequency to output tlle same in accordance with the period 

of the frame clock signal 73. The reference signal 77 for 

recording, the count clock signal 79 for measuring the 
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phase difference and the sampling clock signal fs are 

included therein. 

Although the phase difference detecting circuit 74 is 

provided for detecting phase difference information ~. in 
. .l. 

5 the above described embodiment, the phase difference 

information ~. can be measured by inputting the frame 
.l. 

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. 

10 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, 

15 since the contents of such data are. not changed frame by 

frame unlike the time information, such data may be 

recorded as needed. 

20 

In the above described second, third and fourth 

embodiments, based on the inpu~ted time code signal frame 

number i and on the phase difference information~., the 
. J. 

cor~esponding DAT frame number j is calculated, and the 

initial phase difference information I 0 but not ~i is 

recorded as the phase difference information. Therefore, 

by using a different TCu from that of recording is used 

25 for the equations ( 3) and ( 4), the time code signal which 
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is different from that at the time of recording can be 

outputted. Namely, evsn if the time code signal of 

EBU25Hz system are inputted at the time of recording, the 

time code signals of the SMPTE30Hz system can be easily 

S outputted at the time of reproduction. 

A fifth embodiment in which channel status data 

transmitted from the digital audio interface can be 
\s 

.. recorded witl be described in the following. 

Fig .. 14 is a schematic block diagram of the fi.fth 

10 embodiment of the present invention. The embodiment shown 

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. 

55. The microcomputer 23 and ·the. clock generating circuit 

15 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 sta·tus data. The phase difference detecting 

circuit 91 is provided for detecting. the phase difference 
' 

20 between DAT frames and the blocks of the digital audio 

interface. 

Fig. 15 shows the blocks .of the inputted digital 

audio interface and the DAT frames.of the fifth embodiment 

of the present· invention. Referring to Fig. 15, the· 

25 reference characters N, N + 1, N + 2 ..• represent block 
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nwnbers of the inputted digital data and M~ M + l 

represent the DAT frame numbers. In this embodiment, the 

channel status data in the block (blopk number M) of the 

digital data at the time of change {time t 0 ) of the DAT 

s frante are recorded as the sub code of the DAT frame M. In 

•. 

10 

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 

address code and the time-of-day code are represented as 

the sample_at the head of the inputted digital block. 

Therefore, by detecting phase difference between the DAT 

frame and the digital data block and by arithmetically 

processing the local sample address code and the 

time-of-day code by the detected phase difference and the 

15 channel status data block, the local sample address code 

and the time-of-day code for the first sample of the DAT 

frame are calculated to be recorded in the sub code. 

The operation of recording the digital audio signals 

will be described in the following. The ~igital audio 

20 siqn~l.s inputted to the digital" input terminal 26 are 

applied to a digital interface circuit 28. The digital 

interface circuit 28 extracts and outputs audio data and 

the channel status data from the digital audio signals. 

The outputted audio data are subjected to the processes as 
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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 

5 at the point of change of the DAT frame are collectively 

applied to the microcomputer 23. T~e data reading circuit 

90 extracts a block clock signal of the digital data to 

apply the same to the. phase difference detecting circuit 

91. The.phase difference detecting circuit 91 has the 

10 same structure as the phase diffe~ence detecting circuit 

74 shown in Fig. l, 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 

signal for detecting the phase difference are applied from 

15 the clock generating circuit 29 ·to the phase difference 

detecting circuit 91. The counter circuit is reset at the 

ris.i,ng edge of the block clock signal and immediately 

thereafter, the counter circuit is counted up by the 

sampling clock signal fs' and the counted value of the 

20 counter circuit is latched in··. the latch circuit at the 

fal~ ·of the DAT reference signal. The counted· value 

latched in the latch circuit is directly applied to ~~e 

microcomputer 23 as the phase difference information ~; (i 

= O, .1, 2, ... ) from the point of fall of the bloc~ ~:Jck 
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·signal to the point of change (falling edge of the DAT 

reference signal) of the DAT frame. 

The microcomputer 23 assigns the inputted channel 

status data to separate sub code signal packs in 

5 accordance with the types thereof. The local sample 

address code and the time-of-day code are arithmetically 

processed in accordance with the phase difference 

information ni applied from the phase difference detecting 

circuit 91 so that they are converted into the locai 

10 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 

15 present invention. 

As shown in Fig. 71, the channel status data 

comprises 192 bits (24 bytes) in each block and data of 23 

bytes except CRCC may be assigned to the sub code packs. 

The channel status data can b~. divided into 6 types, 

20 dependent on the content of the transmitted information, 

that is, 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 

25 flags are assigned to separate sub code packs. 
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A format in each sub code· pack will be described with 

reference to Fig. 16.. In this embodiment, the sub code 

signal pack of PACK ITEM "1000" is used as the sub code 

signal pack for the channel status data signals and is 

s distinguished from other packs. By using B2 to BO of PCl 

in the PACK DATA area as the SUB PACK ITEM, five different 

10 

channel status data can be distinguished from each other. 

As to the reliabi~ity 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 

15 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 .. In 

Fig. 18, the SUB PACK ITEM is "010", in which the 

alphanumeric channel origin data are recorded. In Fig. 
, 

20 19, ·the- SUB PACK ITEM is "011" ·-in 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 X 

is recorded. 
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In Fiq. 21, the SUB PACK ITEM is n101n, in which the 

time-of-day code for the sample position at the head of 

the DAT frame is recorded. Each of the four channel 

status data except the ID code comprise ·4 bytes, so that 

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

packs, and the vacant sections PC2 and-PC3 are set to non. 

The ID code is consisted of 6 bytes:and the lower 4 bytes 

are assiqned to PC4 to PC7 and the upper 2 bytes are 

assiqned to PC2 and PC3. 
\, 

The bytes at the head of each of 

10 the-five channel status data are all assiqned to PC4. 

15 

The sub code siqnal pack assiqned in the above 

described manner is applied to the memory circuit 4 and· 

pr~~essed 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 correction and 
· .. ",; 

20 compensation are carried out.· 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 havinq the errors 

cor·rected and compensated are applied to the microcomputer 

25 23. The microcomputer 23 determines the contents of the 
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pack data from the PACK ITEM of respective sub code signal 

packs and displays the content on the displaying apparatus 

25. 

When the PACK ITEM is "1000", namely, when it is 

5 determined that it is the sub code signal pack for the 

channel status data, the type of the channel status data 

is determined from SUB PACK ITEM to be applied to the 

'.digital interface circuit 28. The digital interface 

circuit 28 maintains the ID code, the alphantimeric channel 

10 origin data the alphanumeric channel destination data as 

they are out of the inputted channel status data. The 

value of the local sample address code is applied to a 

counter (not shown) counting the local sample addresses, 

and the time-of-day code is loaded to a counter circuit 

15 (not shown) counting the time, 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 

20 present embodiment, the data including 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 embodiments, the 

channel status data may be further divided byte by byte. 

Figs. 22 to 25 show examples of the recording formats 

of such sub code packs. More specifically, in the format 

s examples shown in Figs. 22 to 25, the channel status d~ta 

are assigned-:byte··-by byte without ·any space therebetween, 

so as to reduce the number of packs·used. The SUB PACK 

~TEM is defined in the ~imilar manner, so as to 

10 

distinguish the contents recorded in the packs. 
1' 

In the Y3 area of PCl of the pack shown in Figs. 16 

to 21, the reliability flag F is set. The reliability 

flag transmitted by the byte 22 of the channel status data 

block is recorded as it is as the reliability flag. The 

microcomputer 23 reads the reliability flag recorded in 

15 the sub code signal pack and when it is determined 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 frame, and outputs the 

compensated data to the interface circuit 28. 
. ' 

20 Instead of using the reliability 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 vario~s 

25 reliability flags transmitted by the byte 22 are di=ec~:y 
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recorded in a laauR-pack as they are, and when it is 

determined that there is an error, the reliability flags 

of respective sub code signal packs may be forced to 

indicate the unreliable state. The reliability of the 

5 data may be determined not dependent on the reliability 

flag·transmitted from the·byte 22.or-:dependent on the 

result of checking of the CRCC but dependent on integrity 
C.OM h..- t.f OW t 

. of various data transmitted in a plurality of .QBfltt_nues 

channel status data block, cir dependent on the continuity 

10 of. the· time information, and the determination may be 

recorded as the reliability flag in respective sub code 

signal packs. 

15 

20 

In the fifth. embodiment, the time information 

transmitted by the channel status of the digital audio 

interface is recorded in 32 bit binary code. In the 
i.5 

following, a sixth embodiment ~1-i:U be described in which 

the time information is divided into hour;, _minute, second, 

frame and sample number to be recorded in the sub code 

packs. 

Fig. 26 is a schematic block diagram of an apparatus 
. . 

for realizing the sixth embodiment. The example shown in 

Fig. 26 comprises a channel status data signal processing 

circuit 120 and a phase difference detecting circuit 121. 

Except these circuits, the strticture is the same as the 

25 conventional apparatus shown in Fig. 56. The channel 
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status data signal processing circuit 120 is provided 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 

5 audio signals such as emphasis and sampling frequency and 

two different time information. The phase difference 

. ,/' 

10 

detecting ·circuit 121 is provided for detecting the phase 

~ifference info?:matio~ ni • 

Figs. 27A and 27B are flow charts for describing the 

operation of the sixth embodiment shown in F~g. 26. 
·~ The operation of the sixth embodiment '~~ se 

described ha till follErn±ng with reference to Fig~ 26, 27A 

and 27B. In recording, the digital audio data inputted to 

the digital input terminal 26 are signal processed by the 

15 digital interface circuit.28, and 16 bits of audio data 

are stored in the memory circuit 4. The digital interface 

circuit 28 extracts the channel status data out of the 

digital audio data to apply the same to the channel status 

data signal processin~ circuit 120. The channel status 
' 

20 data· signal processing circuit ~·120 extracts ·the block 

si~al 122 of the channel status data block consisted of 

192 frames of channel status bits, and extracts two 

different pieces of time info:cUation and information 

having close relation to the audio signal such as emphasis 

25 and sampling frequency to apply the same to the 

- 56 -

ffhis Sheet Has Been Rei:>lace< 

. 111111~ llllll 1~11111111 . 



. / 
•I .. 
f 

i 
I 
i 

( 

5 

10 

.. .. .. 
,,,.. ,.,. ,,. ,. 

• r .. . .. . 
r 111!'11 f' r ,.. r ,..,.. 

- . . . ' ' .. .. , ,. ,. ,. ,. .. 

microcomputer 23. The phase difference detecting circuit 

121 has the same structure as the phase difference 

detecting circuit 74 of Fiq. l and detects the phase 

difference information n. from the head of the channel 
l.~J !.~! ~t A ~e Miti-oc.o~p1ot~ ~?. 

status data block to the head of the DAT fram~ 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 microcomputer 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 sample address code and the value of 

the time-of-day code. The result of addition is the time 

15 information corresponding to the sample at the head of the 

DAT frame. The microcomputer 23 further carries out an 

operation ~or converting the result of addition to the DAT 

time code, and the result is assigned to the sub code pack 

to be recorded. The operatic~ for the conversion into the 
.. 

20 DAT time code is carried out in accordance with the 

equations (5) to {9) which will be described in the 

following. 

When the time information corresponding to the sample 

at the head of the DAT frame is represented by Tc, and the 

2.5 number of samples in l frame of ··the DAT frame is 
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represented as Ts' the fraction sample number SAMPLE NO. 

can be represented by the following equation (5) 

SAMPLE NO . = tc mod Ts ( 5 ) 

The frame number FRAME NO. ·of the DAT can be 

s represented by the following equation (6). 

10 

15 

20 

FRAME NO. = (INT (Tc/T
8

) modlOO) mod 33 

+ 33INT [(INT (Tc/Ts) mod 100)/99] • • • ( 6) 

The unit of second, SECOND can be represented by the 

following equation (7). 

SECOND = 3 (INT (Tc/lOOTS) mod20] 

+~NT ((INT (Tc/Ts) modl00)/33] 

-INT ((INT {Tc/Ts} modl00/99J ( 7) 

The unit of minute MINUTE can be represented by the 

following equation (8). 

MINUTE = INT (Tc/2000Ts) mod60 ( 8 ) 

The unit of hour HOUR can be represented by the 

following equation (9) 

HOUR.= INT (Tc/120000Ts) {9) 

The number of samples T
5 

in 1 DAT frame differs 

dependent on the sampling frequency. The riu.mber of 

samples are 1440, 1323 and 960 when the sampling 

frequencies are 48 kHz, 44.1 kHz and 32 kHz, respectively. 

Figs. 28 and 29 show examples of recording formats of 

the sub code packs ~sed in the sixth embodiment. Fig. 28 

25 shows an example a: t.he format of a pack for recording the 

- 58 -



( 

. , . 
' - " . . 

. , . . . 
,. .... ~ .. 

-. . . . . . . ,. ........ ... . 

time-of-day code in which the time-of-day code 

corresponding to the sample at the head of the DAT frame 

is converted_ into the DAT time code to be recorded. The 

hour, minut~s, second and the frame number calculated in 

5 accordance with the above described equations (6) to (9) 

10 

are recorded in two digits of binary coded decimal code in 

the designated area of PC4 to PC7, and the fraction sample 

- nwnber calculated from the equation (5) is recorded in 11 

bits binary code system of 510 to SO. 

In this example, 510 is set .as the MSB. 

Identification information in relation to the time are 

recorded by the B7 to B4 (T3 to TO: 4 bits) of the PC3, so 

as ~o enable recording of the time code other than the 

digital audio data series. As to the PACK ITEM, one which 

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

Fig. 65. However, since the nwnber 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 

20 

conventional Running Time PACK. 
' 

In the format shown in F!g. 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 

recorded, i.n;.,.accordance with the-eqJ.latJ.ons (5) to 

the examples shown in Fig. 29,- the identification 

I-::)\ 
\Jo I• 

25 information similar to the example of the time coc~ ~~~k 
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shown in Fig. 28 is recorded by 4 bit codes of T3 to TO. 

The PACK ITEM is set to "0001" and B3 of PCl is set to 

"l". 

During reproduction, the audio signals reproduced 

5 from the helical track of the magnetic tape 12 are 

subjected to prescribed signal processing and applied to 

the digital interface circuit 28 through the memory 

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

·sample address code recorded in the sub code pack and the 

10 PCM ID code recorded irt 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 is calculated to provide the original 32 bits binary 
. 

15 code to be outputted. This calculation is carried out in 

accordance with the following equation ·c 10) • 

Tc = [120000 x HOUR + 2000 x MINUTE + 33 x SECOND + 

INT (SECOND/ 3 ) + FRAME NO • .J x Ts + S&"'"!PLE NO • • . . { 10) 

The channel status data signal processing circuit 120 

20· loads the time-of-day code as ···t:he original binary 32 bits 

the. local sample address code provided from the 

microcomputer 23, respectively,· at every rise of the DAT 

frame clock signal. The channel status data signal 

processing circuit 120 comprises two types of 32 bit 

25 binary counters (not shown) counted up by the sampling 
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clock signals fs and a clock generating counter (not 

shown) generating a clock signal 122 every time 192 

sampling clock signals f s are counted. At the rise of the 

clock signal 122 generated from the channel status data 

5 signal processing circuit 120, information having close 

relation to the audio signals such as emphasis and the 

sampling frequency, which are the channel status data, and 

the counted value of the two 32 bit binary counters at 

that time, namely, the head address code of the ·block, are 

10 applied to the digital interface circuit 28. The digital 

interface circuit 28 outputs the audio signals and the 

channel status data respectively at prescribed positions 

to the outside, using the rising edge of the block signal 

122 as • reference. 

15 Figs. 30 and 31 show examples of other pack formats 
•. 

for recording the time-of-day code. In the examples shown 

in Figs. 30 and 31, the contents of the hour, minute, 

second and frame number and the contents in. T3 to T0 are 

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

20 fraction sample number is reco~~ed by 11 bits binary code 

of SlO°"to SO, and in the ex~ple shown in Fig.· 31, the 

phase difference information ni ~etected by the phase 

difference detecting circuit 121 is recorded by 8 bit 

binary code on M7 to MO. These are identified by MS flag 

25 at BO of PC3. Namely, if MS is "0", it shows .that the 

- 61 -



......... ·.-

' , , e . . • ~ . .. .. ,. • • . ,. 
< . • • .. , .. . , ,. . , • • r ... . . • . . ' r r . ,. . . .. . ' "",. 

fraction sample nwnber, and if MS is "l", it shows that 

the phase difference information ni is recorded, for 

instance. 

By the pack shown in Fig. 30, ·the time-of-day code 

5 corresponding to the sample positioned at the head of the 

"DAT frame is recorded. In reproduction, the ·phase 

difference information n. recorded in the pack shown in 
l. 

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

generating counter, at every rise of the DAT frame ciock 

10 signal. Accordingly, the phase relation between the DAT 

frame and the channel status data block at the time of 

recording i~ maintained to be reproduced. 

f-o.,, 
Figs. 32 and 33 show examples of other pack formats 

~recording the local sample address code. The contents 

15 recorded by the formats of Figs. 32 and 33 are the same as 

those Figs. 30 and .31 except the content of time 

information and the PACK ITEM. 

The alphanumeric channel origin data, the 

alphanumeric channel destination data and the ID code of 

20 the channel status data are r~corded in the'. sub code pack 

shoJnl in Figs. 17 to 19, described with.reference to the 

fifth embodiment. 

Now, in the above described fifth and sixth 

embodiments, method for recording only the channel status 

25 transmitted in the channel status data block positioned at 
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the point of change of the OAT frame, that is, t 0 , t 1 ••. 

·shown in Fig. 34 (blocks represented by j and j + 7 in 

Fig. 34) has been described. As to the alphanumeric 

channel origin data and the alphanumeric channel 

5 destination data, a series of data are transmitted by the 

ASCCI code. Therefore, when·a series of five or more 

letters is to be_transmitted, a plurality of channel 

status data blocks are .used. Namely, the alphanumeric 

channel origin data and the alphanumeric 

10 channel destination data transmitted by the channel 

status data blocks represented by the reference characters 

j + 1 to j + 6 positioned in the DAT frame in Fig. 34 must 

be recorded in the sub code of the DAT. 

Figs. 35 to 38 show examples of recording formats of 
. ~y . 

15 other packs;.:ecording all the alphanumeric channel origin 

data and the alphanumeric channel qestination data. 

Referring to Fig. 35, the data constituted by three bits, 

that is, BN2, BNl and BNO of the areas BS to B3 of PC2 

represent block nurilber (the number of the block positioned 

20 at the point of change of the DAT frame is represented as 

n 000 "- ( 0) ) from the channel status data block positioned 
. \Y\ F;·~· 1<+ 

change of the DAT fram~ The necessity of at the point of 

calculating the phase information of the head of each 

block from that block is eliminated. Since the value of 

25 the phase information m uses the point of change of the 

dThis Sheet Has Been Replace( 

I 111\lll 1111\1 l\tl Ill \Ill' 
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DAT!'frame as a reference, the sign thereof is defined as 

negative when the block nwnber is "000". 

Fig. 38 shows the pack format example shown in Fig. 

37 applied for -the alphanumeric channel destination data. 

s Since the phase information m of Figs. 37 and 38 

represents the absolute-·time (-the unit is 1 sample-ti-me") 

to the head of each block wi:th the point of change of the 

PAT frame being the reference, the information of the 

block numbers BN2 to BNO may b~ omitted. However, in that 
~ 

10 case, the sign information of m must be recorded in B3 of 

PC2 so a~ to show whether the value m is positive or 

negative. :rt is not necessary to record the channel 

status data blocks to which the alphanll.meric channel 

origin data and the alphanumeric channel destination data 

15 are not transmitted, so that recording may be carried out 

only for the blocks to which such data are transmitted, so 

as to reduce the number of packs. 

Although the channel status data for professional use 

of the digital audio interface format have been described 

20 in the foregoing, channel statu~ data for producing music 

software and for home use may be divided and assigned to 

sub code signal packs • 
....,,..,~ 

..M9\f 1 't!ftc first to fourth embodiment are related to 

the methods for recording and reproducing SMPTE/EBU/F~~~ 

25 time code in DATs. The fifth and sixth embodiment a=e 
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related to methods 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 

5 for professional use are the information.related to the 

10 

·time and other information. Therefore, ·the format of the 

sub code packs for recording such inf onnation can be made 

common. Such examples are shown in Figs. 39 to 44. Fig. 

39 shows .. a pack format example for recording informa'tion 

related to the time in which PACK.ITEM is "0011" and BJ of 

PCl is set· to "lH in order to distinguish the same from 

the conventional Running Time pack. In order to identify 

the content of the data recorded in the pack, SPil and 

SPIO are defined as the SUB PACK ITEM: When SPil and SPIO 

15 are "00", it shows· that the time information of the 

SMPTE/EBU/Film time code is recorded. When they are no1n, 
hr p-of.c:.uie)'rr:r l ~ ~e: 

t~e local sample address code of the channel status datal 

is recorded. When they are "10", it i.s shown that the 

time-of-day code of the channel status data for 
' .. 

20 professional use is recorded.·,-~· 2 bits of Fl· and FO are 

used to distinguish the type of the sampling frequency at 

the time of recording, namely, when they are 11 00", the 

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

"10", the frequency is 32 kHz. 
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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 Fl and FO. When the PCM 

signals only are after recorded by using the sampling 

s frequency different from that indicated by Fl and FO 

recorded-·in the sub code siqnar·pack, such information 

will be very effective. In:such~cases, since the 
nV'i\E: 

·sMPTE/EBU/Film time ~ a~ code, the local sample address 

code, ·the time-of-day code, the initial phas·e differe'nce 
: ,"~ . ~ 

10 . information r 0 ~ ~~ phase difference information .mi are 

transmitted 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 

15 frequency at the time of recor~ing the sub code signal 

pack is known, then reproduction can be carried out 

without any practical problem, by multiplying the value of 

the local sample address code or the like in the pack by 

fSPCM/fs' where fsPCM represen~ the sampling frequency of 

20 the PCM during reproduction, wi·th maximum possible error 
on~ 

bei:aq .)t'" sample. 

Three bits of T2 to TO are· used as a time code flag, 
5P!~ 

and when SPil and~ are "00", it distinguishes the 

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

25 time information of the channel status data for 
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professional use is to be recorded, "000" is recorded with 

no definition. In the area of B2 to BO of PC2 and PC3, 11 

bits binary data are recorded. When the content is the 

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

s . above described initial phase difference information r 0 • 

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 

10 

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 

SPIO are defined as the SUB PACK ITEM to identify the 

recorded content, as shown in Fig. 4~. The area of PC2 to 

15 PC7 is a sub data area, in which various information 

20 

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

.shows a. format example in which SPil and SPIO 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 

TBO) are recorded. 
.. 

Fig. 42 shows a format example in 

which SPil and SPIO are "01" and ID codes (byte·o to byte 

5) of the channel status data for professional use are 

recorded. Fig. 43 shows a format example in which SPil 

and SPIO are "10" and alphanumeric channel origin data 

25 transmitted by the channel status data for professional 
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use are recorded. Fig. 44 shows a format example in which 

SPil and SPIO are "ll" and the reliability flag and the 

alphanumeric channel destination data transmitted by the 

channel status data for professional use are recorded. 

A seventh embodiment will be described in the 

following, which relates to a method of converting the 

SMPTE/EBU/Film time code and the time information 

transmitted by the channel status data for professional 

use {hereinafter referred to as digital audio interfape 

10 _time code). In the seventh embodiment, the head of the 

SMPTE/EBU/Film time code, that is, the sample at the head 

of the 0th frame and the head of the digital audio 

interface ti.me code, that is, the sample at the head of 

0th block are defined as.being coincident with each other. 

15 At this time,. the SMPTE/EBU/Film time code is 00 hour, 00 

minute, 00 second, 00 frame, the digital audio interface 

time code is defined ·such that the 32 bits of binary code 

are all O, which time is defined to be AM.O, whereby the 

time codes are converted to each other using the fact that 

20 the-frame and the block are in~proportion tQ each other. 

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

code frame and the digital audi~ interface block when the 

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

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

25 (a) shows the SMPTE/EBU/Film time code fram~ (b) shows the 
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block of the digital audio interface. 
Ch21nd1!l's OJ ••• 1 i. t-r/;. 

The reference 
:'L I • 

~\m\e£az8 Q1 , 1, 1 + 1, ..• are the frame numbers of 
Cha)?c.~ 

the SMPTE/EBU/Film time code frames and the ~zezal. 0, 

••• , j, j + l ••• are the block numbers of the digital 

5 audio interface .. blocks. The reference character TC shows 

the number of sa.lnple in l frame of the SMPTE"/EBU/F"i"lm ... time 

10 

_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 ~62 

prior to the digital audio interf~ce block 161. 

The reference character TT. shows the total sample 
. J 

nwnber from A.M. 0:00 to t_he head of the jth digital audio 

interface block 161. The reference characters TH, TM, TS 

and TF show the values of hour, minute, second and frame 

15 of the time code of the ith ~MPTE/EBU/Film time code frame 

162. 

When the SMPTE/EBU/Film time code is to be co~verted 

into the digital audio interface time code, the total 

sample number iTC from A.M. 0:00 to the head of the ith 

20 frame 162 is calculated in ac.cordance with the ·inputted 

values of the TH, TM, TS and TF of the time code, and th~ 

number of samples nj from the head of the ith frame 162 to 

the head of the jth digital audio interface block 161 is 

added thereto to provide the total sample number TT~ from 
J 

25 A.M. 0:00 to the head of the jth digital audio in:e:::-::!ce 
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block 161, whereby the time code TTj which is transmitted 

by the jth digital audio interface ?lock 161 is provided. 

This is rep~esented by the following equations (11) to 

(14). 

i = Tfr (3600~H + 60TM + TS) + TF (ll) 

-(When -SMPTE non-drop frame Tfr = 30 Hz/EBU/Fiim) 

.... i =-· l08000TH + 1800TM + .JOTS· + TF ( 12) 

(When SMPTE non-drop frame Tfr = 29.97 Hz) 

i = 107892'PH + 1798TM + 2INT {TM/10} + 30TS 

+ TF (13) 
Wht"11 . 

'fKPTE drop frame) 

TTj ·= nj - INT (-iTC) • • • ( 14) 

In the equations, Tfr represents the frame frequency 

which is 30Hz or 29.97Hz in SMPTE, 25Hz in EBU and 24Hz in 

15 Film. 

Fig. 46 shows a relation between the digital audio 

interface block and the SMPTE/EBU/Film time code frame 

when the d1gital audio interface t~e code is to be 

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

20 for converting the digital ~udio interface time code into 
\.s 

tbe SMPTE/EBU/Film time code wif se described with 

reference to Fig. 46. 

Referring to Fig. 46, the reference characters (a), 

(b),.i and j are the same as those shown.in Fig. 45. The 

25. reference character TB represents a time code transmitted 
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by the digital audio interface, which represents the total 

sample nwnber from A.M. 0:00 to the head of the jth 

digital audio interface block 163. The reference 

character TLO represents the total sample number from.A.M. 

·5 0:00 to the head of the ith SMPTE/EBU/Film time code frame 

·.· .. ~ .. 

10 

15 

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 ~how 

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, ~he number of 

samples m. from the head of the jth digital audio 
l. 

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 nwnber 

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 

20 code of the ith frame 164 can -..be calculated. from the total 

sam~fe number TLO. This relation is represented by the 

fol~wing equations (15) to (37). 

L.:When the frame frequency Tfr is 25 Hz. or 24 Hz, or 

the frame frequency Tfr is 30Hz and it is the non drop 

25 frame, then 
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TCS = INT {Fs/Tfr + 0.5) 

TC = x 2 • F
5
/Tfr sa 

X 1 = TLOmod TCsa 

. . . . ~ 
,.. t.: ......... . . 

Sample = x 1 MO~ TCS + TCs • INT (xl/x2 

TF = x2 {INT (TLO/TC
5
a) mod (Tfr/x2)} 

+ INT (xl/TC
5

) - INT (xl/x2 • TC
5

) 

TS = INT (TLO/F 
5

·) mod 60 

TM= INT (TL0/60F
5

) mod 60 

TH = INT (TL0/3600F
5

) 

. . . 

... , . 

• TC
5

).-. 

"' 

where, the reference character F
5 

is the sampling 

frequency, which is 48kHz, 44.lkHz or 32kHz. 

(15} 

(16) 

(17) 

(18) 

( 1"1) 

(20) 

(21) 

(22) 

(23) 

_The ref~rence character TC
5 

is the number of samples 

in l frame with the decimal part rounded, the reference 

15 character x2 is a coefficient determined }:>Y Tfr and F
5

, 

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

20 

25 

II) In the case of drop frame 

TLO = TB + m. 
l. 

Sample = INT {TLO mod (Fsl,Tfr)} 
.. 

i =INT {(TLO - Sample) ;·.-Tfr/F
5

} 

· y l = i mod107892 · 

y 2 = {ylmod17982) - 2 

TF = {(y2mod1798) + 2} mod30 

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

TS = )1:f - INT "F/60) 
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TM = 10 * INT (yl/17982) + INT (y2/1798) -

INT (y2/17982) 

TH = INT (i/107892) 

••• ( 31) 

••• (32) 

III) When the frame frequency.is 29.97 ,Jdiz and it is 

non drop frame 

TLO-=-TB ·+ m. 
. .1. . •• (15) 

Sample= INT {TLO.mod (Fs/TFr)} ••• (24} 

i = INT {(TLO-Sample) •Tfr/F
8

} ••• ( 25) 

TF = imod30· :· • • ( 33) 

FSl = 30Fs/29.97 .•• ( 3·4) 

TS = INT (TLO/FSl)mod60 ••• ( 35} 

TM = INT (TL0/60FSl)mod60 ••• (36) 

TH = INT (TL0/3600FS1) .•• ( 37) 

Fig. 48 shows the number of samples in 1 frame of the 

15 SMPTE/EBU/Film time code frame at respective sampling 

20 

.. 
frequency. As shown in Fig. 48, when Tfr is 29.97 Hz, 

when Tfr = 30 Hz and F 
5 

= 32 Hz, when Tfr = 24 Hz and F s 

is 44.1 kHz or 32 kHz, the number of samples in 1 frame is 

not an integer. Therefore, i~. this embodiment, when·Tfr 
.. 

is 29.97 Hz, the number of samples in each .frame are 

combined based on the total sample number from A.M. 0:00 

and on the point of change of the frame, such that when F
5 

= 48 kHz, 1601 and 1602 are combined, when F = 44.1 kHz, 
61067 IOE.8' 

1471 and 1472 are combined, when F 
5 

= 32 kHz, ~and .J.6-8'-
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are combined so as to suppress the error in l sample or 

less. _ 

When Tfr = 30)dlz and Fs= 32 kHz, the changing point 

of the samples and the point of change of the fr~es 

5 coincide with each other at every three frames, so that 

the nwn:ber of samples in l frame is adapted-··to-be 1067, 

1067 and 1066 repeatedly in every three .frames. When Tfr 

= 24 ftz and F = 44 •. 1 kHz, the number of sample is s . .. 
adjusted by repeating 1838 and 1837 in every two frames. 

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

every three frames to adjust the number of samples so as 

to suppress· the error in 1 sample or less. 

In the above described embodiment, the time code is 

converted into the number of samples so as to carry out 

15 the calculation by integers and the calculation is carried 

out sample by sample. However, the calculation may be 

20. 

' 

carried out based on the time unit. The calculation based 

on the time unit will.be described in the following where 

the unit of time is second. 

FLgs. 49 and 50 show the -~elation between the 

SMPTE/EBU/Film time code and the digital audio interface 

block on time base. 

(1) When the SMPTE/EBU/Film time code is to be 

converted into the digital audio interface time code (See 

25 Fig. 49) • 
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i = Tf (3600TH + 60TM + TS) + TF 
r 
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(When SMPTE non-drop frame Tfr = 30 Hz/EBO/Film) 

(38) 

i = 108000TH + 1800TM +JOTS+ lOTF/29.97 •.• (39) 

(When SMPTE non-drop frame Tfr = 29.97 Hz) 

i = l07B92TH + 1798TM + 2INT (TM/10) +JOTS + TF 

(SMPTE drop frame) 

TTjt = njt + iTCt 

TTj = TTjt • F8 

(40) 

(41) 

(42) 

Where TTjt: time from A.M. 0:00 to the head of jth 

digital audio interface block 165. 

njt: time from the head of the jth digital audio 

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

time code frame 166 prior to the digital audio interface 

15 block 165. 

TCt: 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 Tfr = 25 Hz, 24 Hz or Tfr = 30 Hz, non-drop 

:: 20 frame· 

TB. = 
. t jDT (43) 

TLOt = jDT + mit (44) 

TF = (TLOt/TCt) modTFr (45) 

TS = INT ('l'LOt) mod60 (46) 

25 TM = INT (TLOt/60) mod60 (47) 
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TH = INT (TLOt/3600) • • • ( 48) 

Where TBt: time from A.M. 0:00 to the jth digital 

audio interface block 168. 

DT: period of the digital audio interface block 

TLOt: time from A.M. 0:00 to the head of the ith 

SMPTE/EBU/Film time code frame 167 

mit: time from the head of the ith SMPTE/EBU/Film 

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

interface block 168 preceding the frame, and 

TCt: frame period of the SMPTE/EBU/Film time code 

II) drop frame 

TLOt =· jDT + mit 

i = TLOt/TCt 

(44) 

(49) 

The calculation of the values TF, TS, TM and TH are 

15 the same as the above described equations (26) to (32), 

and therefore the description is not repeated. 

20 

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

TLOt = jDT + mit 

i = TLOt/TCt 

(44) 

(49) 

The calculation of the va.i\ies TF, ·TS, TM and TH are 

the.same as the equation (33) to (37), so that the 

description is not repeated. 

Although conversion between the SMPTE/EBU/Film time 

code and the digital audio interface time code by sample 

25 by sample has been described in the foreqoinq, equations 
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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 

s 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 eighth embodiment will be described in whicn user 

10 data of the digital audio interface are all recorded by 

using a plurality of packs and pack number indicating the 

order are added thereto • 

. Fig. 51 is a schematic block diagram of the eighth 

embodiment. The structure of the· embodiment shown in Fig. 

15 51 is the same as that of the prior art shown ~n Fig. 56 

except a user data pack generating circuit 150, a user 

data d~vidinq circuit 151 and a user data generating 

circuit 152 which are newly provided. The user data 

dividing circuit 151 is provided for receiving demodulated 
.. 

20 user data outputted from the ·digital interface circuit 28 

and for dividing the same at every prescribed bits to be 

recorded in 1 pack. The user data pack generating circuit 

150 receives the data divided by the user data dividing 

circuit 151 and when they are recognized as the user data, 

25 it generates the user data packs. The user data 
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generating circuit 152 is provided for reproducing the 

original user data from the reproduced plurality of user 

data packs. 

Figs. 52A and 52B are flow chartLshowing ·specific 

s 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 
ts 

10 invention ~"'f!-1 he described with reference to Figs. 51 to 

. 54. In recording, the user data separated by the digital 

interface circuit 28 are finally divided by the.user data 

dividing circuit 151 at every prescribed number of data 

which number corresponds to 1 pack. Fig. 53 is a timing 

15 diagram showing the method of division of the first stage 

of the user data, in which the sampling frequency is 

48kHz. Referring to Fig. 53, the reference character (a) 

shows the DAT frame clock signal generated from the clock 

generat~ng circuit 29 shown in ~ig. 51, (b) shows the D~~ 

20 frame, {c) shows audio signals.outputted from the digital 

interface circuit 28, and (d) shows user data outputted 

from the digital interface circuit 28. The reference 

characters WLn and ULn' and WRn and URn show the audio 

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

25 the same. 
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As shown in Fig. 53, the user data are divided DAT 

frame by DAT frame, and the user data divided frame by 

frame are further divided at every prescribed number of 
dl'\t: 

bits by bits to be recorded in..,..Vpack, as shown in Fig. 

5 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 record.ed on two tracks as data of 72 

10 

·packs. Since there are 112 packs of recording areas in 

every 2 tra7~s, 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 p·ack number from pack 0 to pack 71 are added to 

15 all of the 72 packs in order to identify the order of the 

user data in the DAT frame, which are assigned to the area 

PC2. In the areas PC3 to PC7, the user data are assigned 

and parities generated. from PCl. to PC7 are assigned to the 

20 

area PCS. 

The user data packs generated by the user data pack 

generating circuit 150 are stqred in the memory circuit 4 

and the audio data and the user data of successive 2880 

sub frames (1140 sub frames in each channel) are writ~en 

in the memory circuit 4 so that they are recorded i~ t~e 

25 same DAT frame, as shown in Fig. 53. 
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The operation in reproduction will be described in 

the following with reference to Fig. 52B. The audio data 

stored in the memory circuit 15 are applied to the digital 

interface circuit 28. The user data generating circuit 

5 152 reads 72 packs, that is, pack 0 to pack 71, of the 

user data packs referring· to -the·-item and the pack number 1 

out· of the packs stored in the memory circuit 15 and takes 

out only.the user data portion of each pack, and outputs 

the same in the original order to ~he digital inter?ace 

10 circuit 28. The digital interface circuit 28 changes the 

audio data and the user data to the digital audio 

interface format to output the same from the digital 

output terminal 27. 

Since it is known in advance that the user data 
. 

15 corresponding to the sample at the head of the DAT is the 

first bit of the pack number O, the data can be outputted 

in the same combination as they are received. 

· In the pack format examples shown in Fig. 55, PC3 to 

PC7 are used as the recording area for the user data. 

20 However, B3 to BO of PCl and.B7 and B6 of PC2 may be 

as.signed to the pack number and the user data may be 

assigned to the areas following BS.of PC2 including PCB. 

Although user bits of 2 channels are treated in 

combination as a group of user data in the foregoing, the 

25 user data may be divided into two channels and the channel 
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code for identifying the channel and the pack number may 

be recorded in PC?. to provide the same effect. 

Although the pack numbers are simultaneously recorded 

in the above described embodiments, by preparing recording 

5 areas correspondinq to the pack numbers in advance, the 

pack numbers become unnecessary, improving the efficiency 

in recording. 

Althouqh description was given of user data in the 

foregoing, ail channel status data can be recorded in the 

10 similar manner. The user data and the channel status data 

15. 

which are the additional infoJ:Illation 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 l channel. 

Signals of the diqital interface fo::cmat for 

professional use have been treated· in the foregoinq, 

siqnals for home use may be treated in the same manner. 

The same function as the user data pac~ generating circuit 

150, the user data dividing circuit 151 and the user data 

20 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 first 

to eighth embodiments (except the seventh embodiment) have 

25 been described, it is not limited thereto, and the content 
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to be recorded in the PACK DATA recording area need not be 

recorded at the above described designated positions but 

may be recorded at arbitrary positions. 

In the above described first to fourth embodiment, 

5 the DAT for recording and reproducing SMPTE/EBU/Film time 

code has-· been ··de·s-cribed, in the fifth ··and sixth 

embodiments, DAT for recording and reproducing channel 

. status data for professional use of the digital audio 

interface have been described, and in the eighth 

10 embodiment, a DAT for recording and reproducing user data 

15 

20 

of digital audio interface has been described. A DAT 

capable of recording and reproducing all of the above 

described information can be realized by providing all the 

circuits added in respective. embodiments. 

Although the present invention has been described and 

illustrated in detail, it is clearly understood that the 

same is by way of illustration and example only and is not 

to be taken.by 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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for converting between 

SMPTE/EBU/Film time information and digital audio 

interface time information, the method wherein the 

5 s_ample at head of the zeroth frame of the 

SMPTE/EBU/Film time information and the sample at the 

head of the zeroth block of digital audio int~rface 

10 

time information are defined as being coincident with 

each other, and the time information is converted from 

one format to the other according to the 

proportionality of the frames of the SMPTE/EBU/Film 

time information and the blocks of the digitai audio 

interface time information. 

2. A method according to claim 1, further 

15 comprising inputting a signal 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 

20 comprising reproducing said recorded time information · ... 

from said digital audio magnetic tape, and-providing 

an output signal with said time information in said 

other format. 

4. Magnetic recording apparatus operable to 

25 divide an input~ed main signal into first frame 

periods, to process t~e divided main signal as data of 
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one frame, and to record the same in a prescribed area 

of a magnetic tape, the apparatus being further 

operable to record sub-signals in an area different 

from the. area of the main signal on said magnetic 

5 tape, wherein the apparatus comprises: 

signal extracting means (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 least one word of main signal 

10 and at least one bit of auxiliary data is treated as 

15 

20 

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 

blo~k; 

phase difference detecting means ( 91) for 

detecting a phase difference between a point of change 

of frames of said first frame period and an adjacent 

point of change of the blocks of said series of 

digital signals; 

arithmetic means (23) f?r calculating second 
.. 

address information correspond.frig to the fir~t word of 

a frame of said first frame period based on the phase 

difference information and the extracted first address 

information, and for calculating, based on said seco~.::. 

25 address information, time information using said f :.::::s:. 

frame period as a minimum unit and a fraction sma:. ~ "~ :· 
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recording means (6,7,8,9,10) for recording said 

time information and said fraction. 

5. Apparatus according to claim 4, wherein said 

5 auxiliary data includes additional information other 

than said first address information, the apparatus 

further comprising means for dlviding said additional 

information into a plurality of information parts, 

and for adding identification information indicative 
... 

10 of the content of an information part, and for 

recording an information part with said identification 

information in said sub-signal recording area of said 

tape. 

- 6. Apparatus according to claim 5, wherein said 

15 information includes character informatiop, and said 

recording means comprises means for recording all of 

said character information of the block of said series 

20 

of digital signals. 

7. Apparatus according to claim 4 I 5 or 6' 

further having a reprodµc;:tion operation, and 
· . . :;, 

comprising: 

reproducing means ( 8, 9, 10, 13, 14) operable 

during reproduction to read from the tape said time 

information and said fraction information recorded in 

25 said sub-signal area thereof; and 

means ( 23} for generating f ram the reproduced 
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signals converted time information for a predetermined 

output format having an output frame period different 

from said first frame period and from the period of a 

said sub-frame of said digital signals, the converted 

5 time information being related to said second address 

information such that said converted time information 

and said second address information have a common zero 

reference. 

8. _Apparatus according to -claim 4, 5 or 6, 
-· ~ 

10 further having a reproduction operation, and further 

15 

comprising: 

reproducing means operable during reproduction to 

read from the tape said time information and said 

fraction recorded in said sub-signal area thereof; 

arithmetic means operable during reproduction for 

calculating said second address information based on 

the time information and the fraction reproduced from 

the tape; and 

digital signal series generating means (23) for 

20 c_omposing a said series of d.i'gital signals for output 
· .. ·. 

based on a reproduced main signal and said second 

address information calculated by said arithmetic 

means during reproduction. 

9. Magnetic reproduction apparatus operable to 

25 reproduce from a magnetic tape signals recorded 

thereon which signals include a main signal having a 



• . . . 
• ·• ... ,. .. 

• .,,. r 

• r • . -. ... ,. ,,. ,. ,.. 

87 

- . r 

.. 
. . ,. ,. • r ~ 

r 

11111111111111 11111 11111 JI 1111 
* C L M S * 

first frame period recorded on a first area of the 

tape, and sub-signals recorded on a second area of the 

tape, wherein the apparatus comprises: 

digital series generating means (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 reproduction main 

. signal an~ at least one bit of auxiliary data is 

treated as a .. unit of transmission, n sub-frames . 

10 forming one block, said auxiliary data of the block 

comprising address information for the main signal in 

a sub-frame of the block; 

reproduction means (8,9,10,13,14} for reading 

sub-signal information from the tape which sub-signal 
... 

15 information includes recorded time information and 

20 

fraction information, said recorded time information 

using the first frame period as a minimum unit, and 

the fractional information corresponding to a fraction 

smaller than the first frame period; and 

arithmetic means (23), for calculating said 

address information for said auxiliary data of said 

olock based on said recorded time information and said 

fraction information. 

10. Apparatus according to claim 9, further 

25 comprising means (23) for· generating converted time 

information for a predetermined second output format 
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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 

5 such that said converted time information and said 

address information have a common zero reference. 

11. Apparatus according to claim 9, wherein said 

r~production means comprises means for reading from 

the tape additional sub-signal information other than 

10 said time information and said fraction, based on 

identification information associated with said 

additional information, and wherein said digital 

series generating means comprises means for using said 

additional information for composing said series of 

15 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 sai4 

20 character information in -said series of digital .. · .... 
signals. 

13. Apparatus according to claim 11 or 12, 

wherein said additional sub-signal information 

includes information indicative of the reliability of 

25 recorded sub-signals, and wherein said digital series 

generating means comprises means for correcting, 

~This Sheet Has Been Replacec 
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during reproduction, information which is indicated to 

be unreliable by said information indicative of 

reliability reproduced from said tape, by using· other, 

reliable information. 

14. A method for magnetic recording, wherein an 

inputted main signal is divided into first frame 

periods and signal processing is carried out on the 

divided main signal as data of one frame to record the 

same on a prescribed area of a mei:gnetic tape, and 

10 wherein sub-signals are recorded iri a different area 

of said magnetic tape, wherein the method comprises: 

extracting said main signal and auxiliary data 

from a series of digital signals transmitted in a 

format such that a sub-frame including at least one 

15 word of main signal and at least one bit of auxiliary 

data is treated as a unit of transmission, n sub-

frames forming one block, said auxiliary data of the 

block comprising first address information for a sub-

frame of the block; 

20 detecting a phase diff~~ence between a point cf 

change of frames of said first frame period and an 
. 

adjacent point of change of the blocks of said series 

of digital signals; 

calculating second address inforrna::.:::. 

25 corresponding to the first word of a frame of sa:. :! 

fi·rst frame period based on the phase diffe:::-"::--. ~-= 
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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 

5 than said first frame period; and 

recording said time information and said fraction 

on said sub-signal area of said tape. 

15. A method according to claim 14, wherein said 

auxiliary data includes additional information other 

10 than said first address information, the method 

further comprising dividing said additional 

information into a plurality of informatio~ parts, 

adding identification information indicative of the 

content of an information part, and recording a said 

15 information part with said identif icatio~ information 

in the sub-signal-recording area of said tape. 

16. A method according to claim 15, wherein said 

additional information includes character information, 

and said step of recording comprises recording all of 

20 said character information of.the block of said series 

of digital signals. 

l 7. A method according to claim 14, 15 or 16, 

further comprising the reproduction steps of: 

reading, during reproduction, said recorded time 

25 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 

having an output frame period different from said 

first period and from the period of a sub-frame of 

5 said digital signals, the converted time information 

being related to said second address information such 

that said converted time information and said second 

address information have a common zero reference. 

18. A method according to claim 14, 15 or 16, 

10 further comprising the reproduction steps of: 

reading, during reproduction, said recorded time 

information and said fractiori from the sub-signal area 

of the tape; 

.. calculating, during reproduction, second address 

15 information based on said time information and said 

fraction read from the tape; and . 

composing a said series of digital signals for 

output based on a reproduced main s"ignal and said 

second address information calculated during 

20 rep_roduction. 
.. .. 

19. A method for reproducing from a . magnetic 

tape signals recorded thereon which signals include a 

main signal having a first frame period on a 

prescribed area of the tape and sub-signals on a 

25 different area of the tape, wherein the method 

comprises: 
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reading sub-signal information from the tape 

which sub-signal information includes recorded time 

information and fraction information, said recorded 

time information using the first frame period as a 

minimum unit, and the fractional information 

corresponding to a fraction smaller than the first 

frame period; 

calculating address information f ram said 

recorded time information and. said fraction 

10 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 

15 · 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 

composing said series of digital signals for 

20 output based on said addre~~ information and on a 

reproduced main signal. 

20. A method according to. claim 18 or 19, 

further comprising the step of generating converted 

time information for a predetermined second output 

25 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 information 

such that said converted time information and said 

5 address information have a cornmon·zero reference. 

10 

15 

20 

21. A method according to claim 18 or 19, 

wherein the step of reading · sub- signal information 

from the tape comprises reading additional sub-signal 

information other 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 

information in said series of digital signals. 

23. A method accord~~g to claim 21 or 22, 
• .... 

whe·rein said additional sub-signal information 

1ncludes information indicative of the reliability of 

said recorded sig~als, and wherein said step of 

composing said digital series comprises correcting 

25 during reproduction, information which is indicated 

to be unreliable by said information indicative of 
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reliability reproduced 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 i frame 

10 

is 

data to record the same on a prescribed area of a 

magnetic tape and recording sub signals in a different 

area · of said magnetic tape, and reproducing the 

recorded main signals and sub signals, comprising: 
.. 

information extracti~g means (28} receiving time 

code signals having a frame frequency different from 

that of said main signals for extracting first time 

information and information other than the time 

information included in said time code signals; 

phase difference detecting means (74} for 

detecting phase difference between a point of change 

of frames of said main signals and a point of change 

between frames of said time code signals by clock 

signals having the same frequency as sampli~g 

20 fr~quency of said main signa~~; 
• .. ·• 

arithmetic means (23), in recording, responsive 

t6 the first time information extracted by sa:d 

information extracting means and to the phase 

difference information detected by said ;i~as~ 

25 difference detecting means for calculating second :: : -~ 

information using said unit time as a minimum ·...:.:::-:: . 
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initial phase difference 

information between head of a frame as a reference of 

said time code signals and head of a frame of said 

main signals positioned at the frame as the reference 

s of said time code signals, and in reproduction, for 

10 

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 initial phase difference 

information, the information other than said time 

information extracted by said information extracting 

15 means and frequency identifying information indicative 

of the frequency of the clock signals used for 

detecting said phase difference information in said 

sub signal recording area, and for reproducing, in 

reproduction, said second time information, said 

20 initial p~ase dif£erence in~~rmation, 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 

25 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 

5 data of said composed time code signals in response to 

said phase difference information calculated by said 

10 

arithmetic means. 

2 5 . A magnetic recording and reproducing 

apparatus dividing 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 

area of the first main signals on said magnetic tape, 

15 and for reproducing the recorded main signals and the 

sub signals, comprising: 

signal ex~racting means (90) for extracting, from 

a series of digital signals transmitted in a format 

structured such that a sub frame including at least 1 

20· word of second main signa+~ and 1 bit ?f auxiliary 
.. ·.: 

data is treated as a unit of transmission, n sub 

·frames forming 1 block, said auxiliary data forming at 

least one piece of ·information in said block unit, 

address information for the second main signals 

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

the auxiliary data word being included in said piece 
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of information, ·said second main signals and said 

auxiliary data; 

phase difference detecting means (91) for 

detecting phase difference between a point of change 

s 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 

l.O recording, second address information corresponding to 

the first word of the frame of said first main signals 

from the phase difference information detected by said 

phase difference detecting means and the first address 

information transmitted in the .. block of said series of 

15 data signals positioned at the head of the frame of 

said first main signals, and for calculating, based on 

said second address information, time information 

using said unit time as a minimum unit and fraction 

smaller than said unit time; and in reproduction, for 

.20 calculating said second addre~s information based on 

said time information and said fraction; 

recording and reproducing means (9, 10, 23) for 

recording, in recording, said time information 

calculated by said arithmetic means and said fraction 

25 in said sub signal recording area, in reproduction, 

and for reproducing said ·time information and said 
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fraction recorded in said sub signal recording area; 

and 

digital signal series generating means (23) for 

composing said second address information calculate_d 

5 by said arithmetic 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 signals are divided at every 

unit time, signal processing is carried out on the 

10 divided main signals as data of l frame to record the 

15 

20 

25 

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 information and information 

other than said first time information transmitted by 

said time code signals; 

detecting phase differ.e~ce between a point of 
~ .·. 

change of the frames of said main signals and a point 

of . change of frames of said time code signals by clocl~ 

signals having .the same frequency as sampling 

frequency of said ~ain sign~ls; 

calculating, in recording, second time 

information using said unit time as a minimum unit 

. . 
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based on said extracted first time information and 

said detected phase difference. information, 

calculating initial phase difference information 

between head of the frame as a reference of said time 

5 code signals and head of the frame of said main 

signals positioned at the frame serving as the 

reference for said time code signals, and recording 

calculated said second time information, and said 

initial phase difference information, said extracted 

l.O information other than the time inf.o.z:mation, and 

frequency identifying information indicative of the 

frequency of the clock signals used for detecting said 

phase difference information, in said sub signal 

1.5 

20 

25 

recerding area; 

in reproduction, reproducing said second time 

information, said initial phase difference 

information, said information other than the time 

information and said frequency information recorded in 

said sub· signal recording area; 

calculating said first time information and the 

phas~ difference information based on said reproduced 

second time information and said initial phase 

difference information; and 

composing · a series of data of a prescrice·:i 

transmission format of said time code signals .. ,....._,.. -- .......... 

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

information, and outputting, in response 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 main signals are divided 

at every unit time, signal processing is carried out 

on the divided main signals as data of 1 frame to 

record the same on· a prescribed area of a magnetic 

10 tape, sub signals are recorded in a different area of 

said magnetic tape, and the recorded main signals and 

sub signals are reprod~ced, comprising the steps of: 

extracting, from a series of digital signals 

transmitted in a format structured such that a sub 

15 frame including at least 1 word of main signals and 1 

bit of auxiliary 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 

20 signals transmitted in the s~ frame in which.a first 

bit of the auxiliary data word being included in said 

piece· of information, said main . signals and said 

auxiliary data; 

detecting phase difference between a point of 

25 change of frames of said main signals and a point of 

change of blocks of said series of digital signals 
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positioned at the head of the frame of said main 

signals; 

in recording, calculating second address 

information corresponding to a first word of the frame 

5 of said main signals from said detected phase 

... 'i:O-

1.5 

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 

s~id 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, 

20 a~d composing and outputti~g said series of digital 
'lo·.: 

signal from said calculated second address information 

and said main signals. 

28. Tape recording apparatus arranged to record 

information in successive first frame units on a tape, 

25 the apparatus being capable 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 different 

frame frequency from that of said first frame units, 

characterised in that the apparatus is arranged to 

5 record the supplementary information, together with 

data representing a phase difference between first and 

second frame units, within said first frame units. 

29. Tape r~production apparatus arranged to 

reproduce information from successive first frame 

10 units recorded on a tape, the apparatus being capable 

of additionally reproducing supplementary information 

from the tape and outputting the supplementary 

information in a format whereby the information is 

contained in second frame units having a different 

15 frame frequency from that of said first frame units, 

wherein the apparatus is arranged to reproduce the 

supplementary information, together with data 

representing a phase difference between first and 

second frame units, from said first frame units and to 

20 use_ the phase difference information to format the .. 
•. -·,; 

supplementary information. 


