
HDTV Digital VTR
By Laurence Thorpe, Tadaaki Yoshinaka, and Kazunobu Tsujikawa

Considerable progress has been made in the development and refinement
of an HPTV production system based upon the 112.7160 proposal. A
North American SMPTEIATSC standard for I 125160 studio origina-
tion has been brought to fruition; a growing number of production
facilities are coming into operation in North America and Europe;
and some major productions, including two feature-length motion pic-
tures for theatrical distribution, a 14-part television drama series, and a
made- for- TV mouie, have been successfully completed. This experience
with the 1125160 format has underscored a critical need for a new
higher-performance HDTV VTR. A digital VTR designed to meet these
requirements is described here.

he high-definition television ana-T log VTR HDV-1000 (and its as-
sociated signal-processing unit HDT-
1000)  has  been ava i lab le  for
worldwide practical applications for
more than four years. This recorder
was designed to the requirements laid
down in the early 1980s for the newly
proposed 1125/60 HDTV system.
The original video component set pro-
posed for this HDTV system consist-
ed of a luminance signal bandwidth of
about 20 MHz and two color-differ-
ence component signals, one of 7-
MHz bandwidth and one of 5.5-MHz
bandwidth. Using the best of analog
FM recording technology, the HDV-
1000 VTR is capable of recording 20
MHz of luminance (green) and 10
MHz each for the two color-differ-
ence signals (the red and blue compo-
nents). The recorder is switchable
between these two HDTV video com-
ponent sets.

Since December 1982 (about the
time the HDV-1000 was reaching fi-
nal development), the Society of Mo-
tion Picture and Television Engineers
(SMPTE) in the US. has been exam-
ining an HDTV studio origination
standard. This long work came to fru-
ition in early 1988 with the formal
submission by the SMPTE to the
American National Standards Insti-
tute (ANSI) of a carefully detailed
standard - SMPTE 240M. This
standard incorporates many substan-
tial changes over the original tenta-
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tive parameters for the 1125160 sys-
tem, reflecting input received from
the broadcast, video production, com-
puter graphics, and motion-picture
industries. The most significant of
these refinements is a substantial wid-
ening of the HDTV component signal
bandwidths - to 30 MHz luminance
and 15 MHz each for the two color-
difference signals. These bandwidths
emerged primarily from a recognition
of the many specific requirements of
future HDTV production and post-
production within a broad range of
imaging industries. The final band-
width choice was further influenced
by some early considerations on the
digital representation of the new stu-
dio origination standard.

While the SMPTE worked system-

atically from 1983 to 1987 (in close
collaboration with the standards-
making organization in Japan -
Broadcast Technology Association
[BTA]), a considerable body of expe-
rience in 1125/60 program produc-
tion was being gathered worldwide.
By 1987 some 100 of the analog
HDV-1000 VTRs were distributed
internationally, and a variety of both
experimental and serious commercial
HDTV programs were being pro-
duced. This included two feature-
length motion pictures subsequently
transferred to 35mm film for theatri-
cal release. An enormous amount of
substantive experience was gained.
Extensive discussions ensued between
international program producers and
Sony's VTR and camera engineers.

While the HDV-1000 was impres-
sive as contemporary analog record-
ing state of the art, its inherent limita-
tions in handling the enormous
amount of information (curtailed as it
was by the restricted bandwidths)
were being identified by the pioneer-
ing HDTV program producers. In
particular, the multigenerational lim-
itation of this analog VTR was felt to
be quite constrictive. It was generally
recognized that the fourth generation
represented a practical boundary, be-
yond which signal degradation be-

Figure 1. New HDD 1000 transport and HDDP- 1000 digital processor.
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came significant. The desire of many
for innovative HDTV post-produc-
tion was being universally expressed.
In addition, recognition of the value
of the wider bandwidths in the origi-
nal HDTV component video set gen-
erated a further urging for an im-
proved VTR. This was particularly
true as HDTV electronic matting
techniques rapidly improved and as
the powerful new tool of HDTV
transfers to 35mm film (for viewing
on large screens) became recognized
by the industry. As early as 1986 Sony
was being vigorously encouraged by
international HDTV program pro-
ducers to accelerate its efforts to de-
velop an all-digital HDTV VTR.
Thus the HDD-1000 VTR (with its
associated signal processor HDDP-
1000) was developed (Fig. 1).

The Developmental Digital
HDTV VTR

In 1985 Sony demonstrated an ex-
perimental digital VTR' for industry
comment. The machine successfully
demonstrated the technical feasibility
of ultrahigh-speed digital recording.
The specific parameters chosen for
this machine were based primarily on
technological expediency and avail-
able digital integrated circuit (IC)
components. Recommended digital
parameters had not yet been deter-
mined by the various international
HDTV standardization committees.
Nevertheless, the 1.037 Gbits/sec to-
tal bit rate of the experimental ma-
chine was acknowledged by many to
represent the genesis of the perfor-
mance capability being sought.

This development program also
spurred the refinement of the basic
technologies required to achieve such
ultrahigh-speed recording:

Metal particle tape
Sendust sputtered recording

High-performance scanner as-

Multichannel transformer
Parallel digital signal processing

In May 1986, the CCIR reported a
proposed recommendation of param-
eter  values for an  international
HDTV studio origination and inter-
national program exchange standard
(CCIR Report 801). This proposed
recommendation reflected a great
deal of the SMPTE and ATSC work.
It  contained some specific digital pa-
rameters chosen as the foundation of
a subsequent more detailed and com-
plete digital representation of the
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1125/60 HDTV system. Meanwhile,
NHK had developed a formal guide-
line2 for an H D  digital VTR (based on
these parameters), which was submit-
ted to VTR manufacturers to encour-
age unison on a standard tape format.
Although not yet accepted by the
CCIR, these parameter values re-
main the ony ones so far available
(they a re  also contained in the
SMPTE 240M standard). They were
considered the only logical choice for
Sony's refinement of the digital
HDTV VTR. Because of market in-
terest, Sony immediately started a
VTR development program based on
these digital parameters.

Sony recognizes that a future, more
detailed SMPTE digital representa-
tion of 1125/60 may alter some of
these digital parameter values. The
advantageof thenew HDD-1000 over
our existing analog VTR, however,
prompted our vigorously proceeding
with this new product. New genera-
tion VTRs beyond the HDD-1000
will, of course, take full cognizance
of future refinements of the digital
standard.

Digitization of the HDTV Video
Signals

The basic HDTV signal-scanning
parameters in the SMPTE 240M
standard are
Number of scanning lines 1 125
Field rate 60.00 Hz
Raster scanning method 2 1  interlace

The following video signals are re-
corded in the component format:
Luminance Y bandwidth 30 MHz
Color difference

R- Y bandwidth 15 MHz
Color difference

B-Y bandwidth 15 MHz
The following digital sampling fre-

quencies are based upon SMPTE
240M:

Luminance Y 74.25 MHz
R-Y 37.125 MHz
B- Y 37.125 MHz

All of these parameters were ad-
hered to in the design of the new
HDD/HDDP-1000. The important
decision to be made about the number
of quantizing bits was influenced by
the dictates of total bit rate to be re-
corded and by the state of the art in
digital processing.

The Y, R-Y, and B-Y components
are each separately and linearly quan-
tized to 8 bits/sample. This produces
a theoretical video signal to quantiza-

tion noise ratio of 56 dB (p-p signal to
rms noise). The total video data rate
to be recorded then becomes
8 (74.25 + 2 X 37.125) Mbits/sec

= 1.188 Gbits/sec
The sampling frequencies chosen

are 5.5 times those of the well-known
CCIR Rec. 601 (1 3.5 MHz for Y and
6.75 MHz each for R-Y and B-Y)
now widely implemented in both 525
and 625 studio origination equip-
ments. The latter has the well-known
designate of 4:2:2, which describes
the digital coding relationships of the
three video components. For Sony's
1 125/60 HDTV digital recorder, the
equivalent digital coding designation
becomes 22: 1 1 : 1 1. This simple rela-
tionship between the two systems (a
factor of 5 .5 )  was carefully structured
by SMPTE/ATSC and BTA to en-
sure simple digital downconversion
from the HDTV component studio
standard to the new digital compo-
nent studio standards of 525/625.

Record and Playback Systems
In formulating the record/play-

back system design of a digital VTR,
the most basic parameters to be con-
sidered are

Minimum recording wavelength
Maximum recording frequency
Modulation code
Tape material
Head material
Tape transport
Head scanning mechanism

To  realize a shorter recording
wavelength, new tapes were devel-
oped and systematically examined.
These were both metal particle tape
and evaporated metal tape. The metal
particle tape3 prevailed as the ulti-
mate choice, owing as much to our
practical experience and our knowl-
edge of its track record for reliability
and durability as to its inherent en-
hanced qualities. The particular tape
composition chosen is almost the
same as that of the D-2 format, which
has the following salient magnetic
characteristics:

Coercivity Hc 1450 Oe
Retentivity Br 2450 G

The physical parameters (such as
tape thickness and applied tape ten-
sion) of this tape are, however, modi-
fied to conform to the chosen tape
transport. The BVH-3000 I-in. Type-
C tape transport system was chosen
primarily because of its established
track record as a robust, reliable
mechanism.
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Figure 2. Location of rotary heads on H D P  1000 scanner.

Sony's experience in developing
both the D-1 and D-2 digital VTRs
(for 525/625 television) has yielded
considerable knowledge about the er-
ror rates to be expected in the play-
back signal for a given signal-to-noise-
ratio (SNR) performance in the high-
frequency region. An SNR of 30 dB
(p-p/rms) of the record/playback
channel could be expected to yield a
sample error rate better than 1 X 1 O-6.
The use of an appropriate error-cor-
rection scheme would yield picture
quality sufficient for practical appli-
cations with this order of error rate.

The experience with the experi-
mental HDTV digital VTR showed
that a 30-dB SNR could be reliably
guaranteed with a drum rotation
speed of 7200 rpm - twice that of a
l-in. Type-C VTR. The consequent
head writing speed is 5 1.5 m/sec. The
minimum recording wavelength was
established as 0.69 pm.

Sendust sputtered type recording
heads4 were developed to cope proper-
ly with the high coercivity of metal
particle tape. The head gap length is
0.35-0.4 pm. The track width is 33
pm.

As mentioned, the total data rate to
be recorded is a very formidable 1.188
Gbits/sec. To achieve a more man-
ageable recording data rate, this in-
formation is partitioned into parallel
recording channels. Extensive experi-
ments with the early development
HDTV VTR showed that eight par-
allel channels, each of approximate-
ly 150 Mbits/sec, would be most
effective.
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The total number of heads mount-
ed on the rotary drum is 18 (Fig. 2).
Eight are used for record, eight for
playback, and two for flying erase. A
specially designed 18-channel rotary
transformer was developed with a
very wide frequency response. Rotary
transformers still ultimately limit the
high frequency response, and they are
problematic also as a cause for the
inevitable crosstalk. To improve both
of these specifications, the record/
playback amplifiers are mounted
right on the rotary head drum. At the
other end of the spectrum, the low-
frequency characteristics of the re-
cord/playback channel are consider-
ably enhanced by the use of low-
output impedance recording amplifi-
ers and the employment of DC resto-

ration in the playback circuits. The
overall transmission characteristics
are thus extended over an impressive
four decades of frequency.

Signal Processing System
The processing of a total data rate

of 1.188 Gbits/sec can be realized in
practice only by the employment of
parallel data pro~essing.~ The ap-
proach adopted is to digitize the three
wideband analog HDTV component
signal inputs and separate these into a
suitable number of parallel segments,
which are in turn time-expanded in
memory to reduce the processing
speed of each segment. Each picture
segment thus created can be separate-
ly processed using appropriate digital
filtering techniques. This processing
can include the technique of digital
error concealment to take over when
an error occurs that lies beyond the
range of the error-correction system
employed.

The picture segmentation and
data-rate reduction technique em-
ployed in the HDDP-1000 signal pro-
cessor are explained in simplistic form
in Figs. 3 and 4.

The three analog HDTV compo-
nents signals Y, R-Y, B-Y are con-
verted to digital 8-bit parallel data in
three separate analog-to-digital (A/
D) converters. The luminance YA/D
converter has a sampling frequency of
74.25 MHz, and the two color-differ-
ence signals are sampled at 37.5
MHz. The color-difference data
streams are multiplexed to form a sin-
gle data stream (R-Y/B-Y) with an
effective sampling frequency of 74.25
MHz. The two digital signals Y and
R-Y/B-Yare represented in Fig. 3 by

CH1 CH2 CH3 CH4 CH5 CH6 CH7 CH8

1
Flgure 3. Representation of digital parallel processing scheme.
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the two rasters depicting a single tele-
vision field representation. These two
rasters are digitally separated into
four spatial segments as shown. This
segmentation is actually accom-
plished in a bank of eight first-in first-
out (FIFO) memory systems within
the 1-to-4-line expander block shown
in Fig. 4. This creates a total of eight
new picture segments, each of which
is read out of memory at  a 74.25/4-
MHz (18.5625-MHz) data rate, thus
creating four parallel data channels
each expanded in time by a factor of 4.
These eight segments can be consid-
ered as four parallel banks of time
segments coincident with parallel Y
and multiplexedR-Y/B-Ydata - all
at  a much more manageable data
rate. The task now becomes one of
reforming this dual parallel data bank
into yet another parallel set more suit-
ably structured for facilitating error
correction and concealment and, ulti-
mately, for conversion to an appropri-
ate serial digital representation for
actual recording.

Figure 4 shows the preparation se-
quence of the parallel data before re-
cording. The next step is to further
multiplex the Ydata with the R-Y/B-
Y multiplexed set - to transform the
four parallel data banks into a new set
of eight parallel banks. The structure
of this multiplexing is shown in Fig. 5 .

Each of these signal sets is essen-
tially of a multiplexed pseudo-4:2:2
structure; that is, it is composed of a
luminance signal effectively sampled
a t  18.5625 MHz and two interleaved
color-difference signals each sampled
a t  9.28125 MHz (Fig. 3). The eight
parallel multiplexed digital channels
are then converted to eight serial digi-
tal bit streams for recording, each bit
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stream being at  a data rate of 148.5
Mbits/sec.

Compensation for Tape Error
Sources

The ever-present difficulty of try-
ing to reduce tape consumption while
also combating the effects of the at-
tendant increase in raw error rates
means digital VTRs must, of necessi-
ty, employ techniques of error man-
agement.'j Tape introduces errors due
to noise, dropouts, faulty head-to-
tape contact, dust, and scratches.
With the HDD-1000 VTR's fivefold
increase in total data rate over today's
D-1 VTR (216 Mbits/sec), these
problems become compounded. In ad-
dition, nonlinear distortion is an in-
herent problem in magnetic record-
ing, and it becomes particularly
troublesome with shorter wavelength
recording.

Just as in the D-1 DVTR we use
error-correction techniques (to han-
dle the regularly expected errors, such
as noise) and error concealment (to
handle burst errors, or lengthy error
sequences, such as are caused by
dropouts or a longitudinal tape
scratch), so too, do we use these tech-
niques to cope with the greater chal-
lenges of the HDTV digital VTR. Er-
ror concealment is also strategically
used to handle the more severe cases
of overload on the error protection
system - clogged heads or damaged
tape.

As recording bit rates in excess of
100 Mbits/sec are sought, it becomes
increasingly more difficult to regen-
erate stable clock pulses that guaran-
tee error-free signal detection. Modu-
lation codes with detection window
widths that are narrower than the bit
cell width are therefore avoided. Ear-

INPUT
TO

MULTIPLEXER

I Y R-Y Y B-Y Y R-Y Y B-Y Y

-
I B-Y Y R-Y Y B-Y Y R-Y Y B-Y MULT'PLEXER

Figure 5. HDTV video component subsampling and multiplexing scheme.
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lier studies (using the original experi-
mental VTR) of scrambled nonreturn
to zero (NRZ) and 8-8 conversion
code, requiring no overhead, were a
quest to achieve the lowest maximum
record frequency and the longest
minimum wavelength. This channel
coding scheme was ultimately settled
on for the HDD- 1000/HDDP- 1000
VTR.

Error Concealment
After the eight separate channels of

multiplexed Y, R-Y, and B-Y data
have been formulated, the well-
known technique of data shuffling is
employed to facilitate error conceal-
ment. Adjacent samples of each of the
Y, R-Y, and B-Y signals are first as-
sembled and then dispersed among
the eight channels; this is called inter-
sector distribution. It provides a pri-
mary spatial separation that gives the
diversity of error data necessary for
good concealment. It is also critical to
good picture-in-shuffle performance.
The intersector distribution is fol-
lowed by another form of data shuf-
fling called intraline shuffle. This
technique reorders the data with a
given TV line and removes any verti-
cal correlation.

If an error occurs that is outside the
error-correction ability of the error-
correction circuit, this error-conceal-
ment mechanism will take over. The
adopted error-concealment proce-
dure is a simple one, which takes into
account the restrictions of hardware
and also its inherent effectiveness. A
priority sequence is assigned to one of
two methods. The first uses eight er-
ror-free samples surrounding the er-
ror sample and replacing the error by
the arithmetic mean for the vertical,
horizontal, and diagonal directions
(total of four directions); and the sec-
ond involves simple substitution of the
error by one of these eight samples.

Error Correction
Error correction is a process involv-

ing the addition of check bits to the
data bits according to a well-defined
algorithm. These check bits allow the
reconstitution of data that has suf-
fered from errors during replay. In
the digital VTR, “block coding,” in
the form of a product code, is applied
to all data words of each sector. A
product code superimposes two algo-
rithms on a chosen “block” of data
words. The two dimensions of the cod-
ing matrix are referred to as the inner
(or horizontal) code and the outer (or
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vertical) code. The inner code pro-
vides basic error protection against
short-duration random errors (due to
noise or small dropouts). This code is
also used to detect, with good reliabil-
ity, the more drastic errors (due to
long dropouts or tape scratches). The
latter, in turn, are processed by the
outer code. In addition, the inner code
is active during high-speed replay.
The following is a brief description of
the block coding scheme employed in
the HDD/HDDP- 1000 digital VTR.

The eight pseudoparallel 4:2:2
channels (shown in Fig. 3) are each
block coded for error correction.
Within each channel, 13 TV lines are
assembled to formulate one block.

Each block contains a total of 6240
samples, derived as follows:

1920 - (1 + ‘/2 + ‘/2)’/2 X 13 = 6240
4

The Reed-Solomon code is then
added to each block as the error con-
trol code. Figure 6 shows this Reed-
Solomon code structure. The inner
code applies 6 parity samples/l05
data samples and includes 1 ID word.
The outer code applies 4 parity sam-
ples/60 data samples. Both are in a
structured product code configura-
tion.

The inner code is designed to cor-
rect random errors and also to detect
burst errors. During shuttle or slow-

Outer parity
Inner parity

Po, Qo, Ro, S o
Pi, Qi, R i ,  Si ,  T i ,  U i

L
Figure 6. Reed-Solomon product code structure for error correction.

b

226 word b

1p-14 4 220 word

1 FIdd 2 Segment

1 Segment 640 Block

1 Block 226 Word

1 Word 1 Sample (8 blt)

I
Figure 7. Digital video block structure in HDP 1000.
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motion playback, the head crosses the
tracks, hence it is necessary to recover
complete inner correction codes dur-
ing this interval. For this reason, in-
terleaving of the inner code, although
possible, must be kept short to allow
the maximum possibility of data re-
covery. The outer code corrects resid-
ual errors, particularly burst errors,
after error correction by the inner
code, using flags to indicate the posi-
tions of errors detected by the inner
code. To raise the burst-error-correc-
tion performance of the outer code,
the interleaving should be increased.

To this end, interleaving is applied
over the whole field in order to dis-
perse burst errors as much as possible.
The error control procedure involves
error detection and correction in the
sequence of inner code followed by
outer code, as shown in Fig. 6. The
redundancy of the error-correction
code for the original data is about
12.8%.

A television field is built up from
two segments. Each segment com-
prises 640 blocks. Each block consists
of 226 words. The specific structure of
these blocks, as shown in Fig. 7, is 220

1 10-1  10-2
Sample Error Rate Before Correctlon

Flgure 8. Performance of error-correctlon system.

words of video data preceded by a 2-
word sync, followed by a 4-word ID
address. The 220 words of data in-
clude a 12-word inner correcting
code. Figure 8 shows the calculated
performance of our error-correction
scheme for random errors.

Tape Transport and Format
The basic mechanism and tape

transport of the HDD- 1000 are based
upon the long-proven 1-in. Type-C
VTR. The HDD-1000 employs the
transport system used in our current
BVH-3000 Type-C VTR. However,
we are dealing with much tighter me-
chanical tolerances. The recording
track pitch is only about I/s that of
Type C. To meet this packing density
on the tape, very special care had to be
taken with all elements of the tape
path that directly touch tape. These
include, in particular, the following:

Drum assembly
Rotary heads
Fixed tape guides
Stationary audio heads

The drum assembly consists of a
precision machined and specially as-
sembled 18-channel rotary trans-
former, a highly reliable motor, a pre-
cise and reliable drum shaft, and a
fixed drum. The latter is made of a
special aluminum alloy containing a
high percentage of silicon grains to
ensure wear resistance and smooth
passage of the metal particle tape.

t I

I -

t
(4.11)

I-
(All dlrnenslons
In rnm)

DIRECTION OF TAPE TRAVEL

TAPE SPEED 809.2rnrnlsec TAPE LOWER EDGE

Flgure 9. HDD- 1000 slmpllfled tape format.
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16 Tracks

(All dlmenslons
0 . f  1in mm)

Figure 10. Enlarged view of tape format showing 16 parallel vldeo tracks, constltutlng one
televlslon field.

Table 1 - Comparlson of VTR Scanner Parameters

Scanner
Total Data Scanner Rotatlonal Head-to- EH ectlve

Rate Dlameter Speed Tape Speed Wrap Angle
VTR (Mblts/sec) (mm) (rpm) (m/sec) (degrees)

D 1  216 75 9000 35.3 257.7
HDDlOOO 1188 134.6 7200 51.5 344
Type c - 134.6 3600 25.59 344

Table 2 - Comparlson of Prlmary Tape Footprlnt Characterlstlcs

Total
Helical

Tape Mlnlmum Track Track Track
Wldlh No. Parallel Wavelength Pltch Length Wldlh

VTR (mm) TrackdFleld (rm) (rm) (mm) ( r m )
D- 1 19 5 0.9 45 170 40
HDDlOOO 25.4 16 0.69 37 402 33

' TypeC 25.4 1 2.6 182.3 411 132

Table 3 - Tape Reels for HDD-1000 VTR

Nominal
Tape

Record Nominal Thlckness
Tape Tlme Tape (ccm) E-Value Reel
Reel (mln) (m) f l.0tolerance (mm) Type

HDlD33A 33 1620 17.5 22.0 R1-1OV
HD-1 D48A 48 2330 17.5 12.0 R1-1OV
HD-1D63A 63 3080 17.5 12.0 R1-11V

Figure 2 shows the construction of
the rotary heads and rotary drum.
The recording and playback video
heads for each group of four channels
are installed on the head base at a 90"
angle from each other. The head base
incorporates a precision head height-
adjusting mechanism. The degree of
dynamic balance at the high rpm re-
quired, together with the need for
miniaturization, easy fabrication, and
considerations of head-tape contact,
dictated a refined mechanical design
for this rotating system.

The fixed tape guides and flanges
are made of specially selected fine ce-
ramic material to cope with the deli-
cate physical properties of metal par-
ticle tape while ensuring accuracy
and durability.

The video record head is ferrite
with sendust sputtered film on both
gap surfaces. The traditional problem
caused by the psuedogap formed by
the boundary layer between the film
and the main ferrite core is solved by
the positioning of the psuedogap at an
angle to the gap plane. Wear resis-
tance is ensured by preserving a high
ratio of ferrite area in relation to the
total area over which the head makes
contact.

The HDD-1000 tape format is
shown in simplistic form in Figs. 9 and
10. The salient physical characteris-
tics of this format are summarized in
Tables 1 and 2. The HDD-1000 digi-
tal VTR is compared with the well-
known analog Type-C VTR and the
new generation 4:2:2 digital compo-
nent VTR (known as the D-1 format)
as implemented by Sony.

Videotape
The metal tape developed by Sony

has a higher signal output and a high-
er SNR than conventional oxide tape
because of higher packing density and
mirror surface finishing. A 25.4-mm
(I-in.) version of this metal tape has
been produced for the new HDD-
1000 VTR. This comes in three reel
sizes, as outlined in Table 3.

Audio Signal-Processing System
and Mechanism

The digital recording employed in
the HDD-1000 is based upon the
AES/EBU digital audio standard.
The sampling frequency is 48 kHz
and the linear quantization is 20 bits/
sample. If desired, premphasis (T1 =
50 psec or T2 = 15 psec) can be ap-
plied. Figure 11 shows the digital au-
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(Block)

II Data I- Parity -1 Data

(Word)

Figure 1 1. Construction of digital audio block and word.

dio word and block structure. A 4-
word parity for different directions is
used for each 12 words of data. Cyclic
redundancy check code (CRCC) and
sync are also provided; this totals 18
words. The redundancy is about
33.3%. This adds up to an audio re-
cording data rate of 1.44 Mbits/sec.
HDM-1 channel coding is employed,
as a consequence of which the mini-
mum recording wavelength on tape is
1.68 pm.

The audio system is of the station-
ary head type, and the format em-
ployed is based on DASH.’ Eight
record/playback channels are incor-
porated, each with separate editing
capability. Figure 12 shows the audio
recording head alignment. The use of
the current 1-in. Type-C tape trans-
port placed some physical limitations
on the spacing between heads.

The tape format is structured to
arrange three tracks on the upper side
of the tape and nine tracks on the
lower side. The pitch of each track of
digital audio channel is 400 pm; a
360-pm track width is used for re-
cording and a 190-pm width for play-
back.

These track widths and the 1.68-
pm minimum recording wavelength,
coupled with the characteristics of
metal particle tape, ensure a low error
rate, thus ensuring the highest-quali-
ty audio.

A total of five stationary heads are
installed to support various audio
editing requirements. They include

One analog erase head (in the
center)

One digital recording head
One digital playback head
One confidence head
One full erase head

The stationary heads for analog
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Figure 12. Physical alignment of audio Stationary heads.
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Figure 13. Spectrum of HDD 1000 video playback signal.

and PCM audio, in addition to their
functions as record/playback heads,
are key elements in the tape path. An
accurate positioning mechanism is
necessary to ensure the precision of
tracking required on the multiple re-
cording tracks. The stationary heads

are essential to the tape’s running and
to its durability, just as are the fixed
tape guides. The recording heads of
the thin film type and the playback
heads are ferrite. The recording head
gap length is 0.8 pm and the playback
gap length is 0.50 pm.
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The audio error corrections oper-
ates by employing CRCC words after
detection and by correcting the errors
using parity flags from different di-
rections. The technique of cross-inter-
leaving is also incorporated, which
adds a high degree of robustness to
burst errors. A burst error with a con-
tinuous length of 34 blocks (equal to a
5.47-mm tape length) can be ade-
quately corrected by this combina-
tion.

The 4-bit block address is added to
the sync word, and an 7-bit block
number is distributed into two blocks
(Fig. 11). The block address is repeat-
ed a t  intervals of 250 blocks and is
synchronized with three frames of
video signal.

VTR Interfaces
A variety of video and audio inter-

faces are provided on the HDD-1000/
HDDP-1000 digital VTR. They are
summarized as follows:

Digital video 50-pin D-sub
input/output

Digital audio 15-pin D-sub
input/output and XLR

Analog video BNC
input/output

Analog audio XLR
input/output

VTR Performance
Figure 13 shows the spectrum of a

playback signal. The lower curve
shows the noise spectrum without the
noise generated by the tape/head in-
terface. The SNR measured at  the
decision point is about 26 dB (p-p/
rms). This value includes the rubbing
noise that occurs when a blank (bulk
erased) tape is running.

Figure 14. €ye pattern (for color bar signal) after playback eguallzatlon.

BEFORE ERROR CORRECTION
10-4

AFTER 1ST STEP OF ERROR CORRECTION

Pa = 2.49E-5
10-9 Pb 2.35E-6

0
100 200 300 400 500 600

Tape Position (second)

Figure 15. Measured value of digltal blt error rate.
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Figure 14 shows the eye pattern
after playback equalization, and Fig.
15 shows the measured value of the
sample error rate. The sample error
rate is the average value for 1 sec
measured over a 10 min interval. The
value of the sample error rate before
error control is about 3 X Both
random errors and burst errors are
included in this value. During the first
step of error control (correction), the
correction of the random errors and
detection of the burst errors are ac-
complished almost completely during
the second step of error control. The
sample error rate after error correc-
tion is negligibly small. Since the re-
maining errors are completely con-
cealed, even after 20th generation
dubbing, no picture quality degrada-
tion has been observed.

Nonlinear distortion is generally
attendant upon magnetic recording
and becomes particularly trouble-
some with shorter wavelength record-
ing. With the very short wavelengths
in the HDD-1000, means other than
conventional linear playback equal-
ization became necessary to properly
reconstruct the recovered signal. Ex-
perimental work on the earlier devel-
opment machine produced a highly
effective method of record equaliza-
tion. It used the suppression of the
amplitude of the lower frequency
band of the recording signal and a
delay of the higher-frequency compo-
nents. Figure 16 graphically illus-
trates the effectiveness of this method
of nonlinear record equalization.

Conclusion
The need for a high-performance

VTR to meet the rapidly growing de-
mand of creative HDTV post-produc-
tion is addressed by the first all-digi-
tal HDTV VTR. This VTR transport,
the HDD-1000, will meet those basic
digital parameters so far tentatively
proposed in the SMPTE 240M stan-
dard for HDTV studio origination.

The ability to do multiple-genera-
tion video recording with virtually no
loss in performance and the new flexi-
bility offered by eight channels of dig-
ital PCM audio (based on the AES/
EBU standard, each capable of sepa-
rate editing) bring a powerful new
tool to HDTV program production.
This new VTR records the full video
component bandwidth specified in
SMPTE 240M and thus offers an im-
provement to future HDTV tape-to-
35mm-film transfers.
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Figure 16. Effectiveness of record equalization system: (a) record slgnal; (b) playback waveform without record equallzation; (c) playback waveform
with record equallzation.

The HDD-1000 offers picture-in-

normal play speed. In addition, it can
provide a still frame and a iog, cauabil-

and monitor selector is available, as is Ferrite Vidco Hcad,” IEEE Trans. Mag.. MAG-
21:1536-1538, Sept. 1985.

5. H. Tanimura, Y. Hashimoto, and T. Yoshinaka.
“HDTV Digital T a p  Recording,” froc.  1987
HDTVColloquium, Ottawa, Canada.

shuttle a t  speeds up to f eight times a console rack for mounting.
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