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KUNIMARO TANAKA

The Mitsubishi PCM
Recording Format

The PCM recording format described here permits
phvsical butt-splicing, as well as more-sophisticated electronic
editing techniques.

HERE EXISTS T0DAY a large and expanding consumer

demand for higher guality audio playback capability

In the past decade. the ability of the professional re- Mitsubishi X-BOA 2-Channel Digital Recorder

cording studio o keep pace with this demand has been
very successful. Relinements in the arcas of noise-reduction
technigues. auxiliary analog hardware, maintenance pro-
cedures. and new lormulations of magnetic tape have all aur-
tured this ability. but only up toa certain level, A law of dimin-
ishing returns exists that states that, the more an analog signal
i processed. the less it resembles the onginal. The reasons for
this are many and vared. but arc primarily due to the modula-
tion noise caused by inhomogeneities in the distribution of the
magnetic domains and distortion arising {rom non-lincary of
magnetic charactenistics. Another problem associated with
analog recording is the vague sound image caused by wow and
Nutier

I*erhaps a decade ago. engineers began to apply pulse-code

modulation (FFCM) technigues 1o audio design. PCM prom-
ised to (ree the audio signal from the tvpes of analog problems
just described. and to provide the listener with sound quality of
an unparalleled dimension. In the early davs of dignal audio,
hardware was expensive 1o build and maintiin, complicated 1o
aperaie. and gencrally unrclhiable. Supporied by contemporary
advances in semi-conductor technology. this is no longer the
case, [ Digital recording technigues now offer a real and obvious
altermative 1o analog m the recording studio. But for POCM
playback 1o become popular in the home. a large caalog of
digitallv-cncoded master 1ape software must first become avail-
able. To this end. Mitsubishi Eleéctric has designed.and is now
marketing. a4 complete line of professional-type UM audio
components. Included in this chain are: a multi-channel re-
corder. a two-channel recorder, a digual maxer. an electronic
editor. and a digital delay Tor disc mastering. (See the author’s
“The Mitsubishi Digital Audio Svstem”™ in our February, [980
issue [or more infuormation on the complete system  Ed.)




THE X-800 32-CHANNEL PCM RECORDER

Mitsuhishi’s mnltschannel PCM tape recorder can record
32 channels of sudio on one-inch ape. at a tape speed of 3 ips.
Fo climimate as much tape wse as possible, we have designed
our recorders wsing a lixed leerite head. Vius allows reduced
tape speds, whitle sull retming the abiliny of high=-densiy dati
storage and retrieval, tvpically greater than 3000 bins-per-
inch. In this tvpe of high-density recording. we cannot expect
every track to be in optimum condition all the time. especially
whon the recorder has 1o play back tape that was poorly stored.,
or was eriginally recorded ona shightlyv-misabigned deck. Inths
case, data erroes tend o oocur on a lew particular tracks. w hle
the remainimg tracks are stll i good condition.

In order to rectily this tvpe ol sitisition. we bave devised
et we call the "semi-separate™ format {Fwa g T With this
format, wane sudio channel is recorder on one track, and lor
errar corréction. two parity tracks are pros ided lor every sub-
group ol cight-channcls. In addition, cach channel has s own
CRO oveliv redundainey check) code. Dhus, swe have o twao-
dimensional error-correction system. rather than the one-
dimensional method Tound in some early PCM recorders. Asa
resull, the signal can be recovered Trom a poor or wedk tracks.,
In an extrenwe case where ane track dies. recording. playback.
and puneh-in and punch-ou on the track s stll possible,
Sote than 40 digital tracks are required in order to record 32
audi channels.

ERROR CORRECTION AND CONCEALMENT

Other large data losses are Trom such things as nodules inthe
rape comting and sceratches or credses in the wape. In order to
cope with these delects. sigmals are inter=leaved when recorded.
(hor more details on these error-correction echngues, see
“Correcting ape Frrors m Diginal Magnetic Recording™ in our
Sovember, T980 s of db—=Ed. )

Fraere 2 shows the largest error from dust that can be cor-
recied. and the largest defect that can undergo error-conceal-
ment by one-sample interpolation (replacement of the bad
sample with the average value of preceding and successive
error-free samples). Figoere 3 shows the correctability of this
formal for ordinary random error. Typically. these errors are
caused by amounts of small dust or defects on the 1ape surface.
The mean time between the occurrence of a miscorrection and
error concealment is shown against the average bil error rate,
P.. and the average burst error length. B. In a bad case. with an
average bit error rate of 10, and an average burst length of 200

bits. the mean time beiween the occurrence of error conceal-
ment is about §.3 hours. The mean time between mis=correction
(giving rise to an audible “pop” noise) is 21.6 vears. These are
reasonable, and yuite practical. values.

In Ficure 4, we can follow the signal path from input 10
output. Here. eight channels of audio pass through anti-
aliasing low=-pass filters, having a sharp cutoff rI'E'LII.:Il!'III. v ool M)
kHz. Then, the signals are saumpled at a rate of 30.4 kily and
held in a sample hold. This output 15 then converted into 16-
bit lincar PCM signals by A 1D conveners. A few channels out
of cach eight-channel group may be cross-faded with playback
PCM signals a1 the fader. when the deck 1s in the “punch-
in punch-out” mode. The eight signals at the fader ouiput are
then combined a1 the RSC {Reed-Solomon Code) coder 1o make

Mitsubishi X-800 32-Channel Digital Recorder
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STL Offers The Most

Complete §election

Of Test Tapes

Available Anywhere

STL can serve all your needs with precision
test tapes for frequency alignment, level set,
azimuth set, flutter & speed tests, sweep
frequency tests and pink noise analysis. Also
available is the Standard Tape Manual & the
Magnetic Tape Reproducer Calibrator,

Phone for fast delivery or free caialog

Sl

STANDARD TAPE LABORATORY, INC

361 30 EBEN LakDie BOAD o § HAVWESD CALOmhEs Sasas & 47 % TR 3560

| B el

o [ |

T s -

n_
. vz

LARGEST LRELS LA4RGEST LREL
wrICH CAN BE HHICH CAN BE
ERROR -CORRECTED ERROR-CONCEALED

Figure 2. Error cormeclion and concealment.

the signal format of the "semi-separate” format. and then inter-
leaved. After passing through the modulator and write-compen-
sation process, the data is stored on 1ape. During plavback. the
signals first pass through plavback compensation and demaodu-
lation. Time-base error is corrected by the TBC, and error sig-
nals are corrected by the RSC decoder. Finally. the signals
pass through a delay circuit whose delay is equal 10 the time in
which the tape runs between the sync plavback head and the
record head.

THE X-80 TWO-CHANNEL PCM RECORDER

In the case of our two-channel PCM recorders. this error-
correction scheme 15 again used. 10 even more useful advan-
tage. The 1ape employed is identical 1o the type used on the 32-
channel deck. but in a quaner-inch variety, a1 a speed of 15 ips,
There are ten tracks in this configuration: one track for
monaural analog cucing. one track for SMPTE coding. six
PCM tracks for encoded audio signal data. and 1wo tracks for

Figure 3. Error correcling capability of RSC code.
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Figure 4. Signal processing for eight channel audio
signals,

parity checking (Figuxe 5). By again interleaving the daia, the
tape can be edited by the cut-and-splice method. This is of im-
mense value 1o the user, but would not be possible without a
very powerful crror-correction capability. The methods used
are very similar 1o the ones used in typical analog splicing.
except that care must be taken in the handling of this precision
tape. One cues the proper material by monitoring the analog
signal, marks the cxact point with a fluorescent video-type
marker (1o reduce the chance of contaminating the 1ape) and
cuts vertically using the supplicd splicing block. The 1wo
sections are then joined, using a specially-formulated video
splicing tape, used in this case to insure good tape-to-head
contact.

FiGune 6 shows the effects of two types of splicing tape. Note
that when thick splicing 1ape is used, the signal deteriorates in
the vicinity of the splice due to poor head-1o-tape contact. The
signal loss caused by the splicing tape is seen in the middle of
cach photograph in the figure. When played back, the error
loss 1§ detecied and is automatically eross-faded over the splice,
insuring that no audible signal discontinuity, or “click™ noise
15 heard.

One of the problems 10 be solved in making cut-and-splice
editing possible 15 1o keep the capstan-s¢rvo system locked in
sync when encountering a splice. The capstan of the fixed-head
type PCM tape recorder 1sdriven by a phase-locked loop(PL.L)
type servo. The purpose of this is 1o lock the synchronization of
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Figure 5. S‘J’gna.l‘ bilock configuration.

the reproduced signal 1o an imernally-generated reference sig-
nal, in this case by a quarz-crysial oscillator. In the case of the
X-80. the phase of the reproduced sync signal is locked 1o the
phase of the reference signal. The phase jump at the splice poimt
varies from zero degrees. That is to say, there is no phase jump
to = 360 degrees. We devised a phase selection sysiem 1o cope
with this problem. As illustrated in FiGUure 7. two sub-syne
signals, separated by 120 degrees. are generated by the repro-
duced sync signal. Usually, one of them is selected to be used for
the servo-lock of the capstan. When there is a phase jump ai
the gap. another sync signal is selecied to minimize phase jump.
Using this method. jump is suppressed 1o less than £60 degrees,
and phase lock is assured. With the ability 1o splice edit and the
high-precision of the semi-separate PCM format. we feel that
reliability and stability are beyond question. thus making digi-
tal recording very accessible to the user,

Figure Ba. Effect of thick splicing lape
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&b. Effect of thin splicing fape.

FUTURE PROSPECTS FOR PCM

When PCM recorders are used in conjunction with digital
delay 10 master lacquers. incredible Nidelity 15 possible. Our
efforis in the very near future (a few months) will include the
unveiling of a digital mixing console, and a PCM electronic
editor. The mixing console will offer full fading and panning
ability, and the editor will have the ability to tie up 1o three 2-
channel decks together in perfect synchronization and edil
multi-<channel material. With these units in the field, we have
effectively completed a chain of high-quality professional PCM
audio components that will allow the recording siudio and the
musician the opporiunity 1o use completely-diginal recording
techniques. Our efforts will then be aimed at the perfection of
the digital audio disc system for home use.Only then will the
consumer finally be able 1o take advantage of true plavback - a
very promising and exciting ability. |

Figure 7. Phase selection of s8nD Sysiem.
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