TECHNICAL PAPER

The Fox Movietone News Preservation Project:

Electronics

By Gerry G. Taylor and Graeme Little

This paper describes the electronics package that controls the camera,
synchronizes the projector, digitizes and formats the video and audio
information, and provides both high-resolution and 525/60 or 625/50 for-

mat outputs.

hen this Fox Movietone News

Preservation Project began,
there was no standard for converting
film images in real time to a digital
data format at the required resolution.
The system format was largely deter-
mined by the availability of a Kodak
high-resolution, black-and-white
charge-coupled device (CCD) camera
capable of the 24 frame/sec frame rate
and strobe shuttering requirements.

To preserve as much of the original
image quality as practical it was
decided to digitize the camera output
with 10-bit resolution. This results in a
250 Mbit/sec serial digital data rate.
Fortunately, digital data tape machines
(ID-1 format) capable of recording
256 Mbits/sec were available, allow-
ing the audio and identification infor-
mation to be embedded in the data
stream along with the image data.

Scanner System

The complete system, as shown in
Fig. 1, consists of the film transport
mechanism, camera, strobe illumina-
tion, sound head, input processor, dig-
ital tape recorder, and output proces-
sor. The {ilm is moved past the camera
and strobe at a constant velocity
equivalent to a 24 frame/sec exposure
time. The film transport scrvo is
locked to a 24-Hz reference supplied
by the input processor. The strobe sys-
tem optically senses the sprocket holes
in the film and fires on every fourth
hole. The phase of the 24-Hz reference
from the input processor is such that
the strobe fires during the open shutter
period of the camera. The camera
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takes about 32 msec to output a frame
of data so the shutter remains open for
about 9 msec, during which time the
strobe may fire.

The CCD sensor used in the camera
uses a square pixel 1024 x 1024 array;
the film is projected onto the sensor
using an anamorphic lens to convert
from the 4:3 aspect ratio of the film to
the 1:1 ratio of the sensor. The CCD is
an interline device that outputs two
adjacent lines simultaneously. The
dual analog image outputs and the
sound signal are fed to the input
processor for digitizing and format-
ting. The output from the input proces-
sor is fed to the digital tape machine
and the output processor to provide an
electronic-to-electronic (E-E) feed.
The output processor provides a 1024
x 1024 image in an 1124-line, 48-Hz
format for monitoring purposes. This
output can also be used to make

kinescope recordings. A second ana-
log output provides a user-selectable
525/60 or 625/50 composite mono-
chrome format.

Data Format

The data format of the ID-1 digital
data machine at 256 Mbits/sec consists
of 8-bit bytes at a 32-MHz clock rate.
The camera resolution is 1024 x 1024
pixels, and the camera output is digi-
tized by the electronics package to 10
bits at 20 MHz (the camera clock
rate). Since the projector output is at
24 frames/sec none of the existing dig-
ital video formats were exactly com-
patible; therefore, a new format was
developed to optimize the interface
between the projector, the camera, and
the recording machine. This format is
shown in Fig. 2 and described below.

Each frame of data consists of 1024
lines, each containing 1024 ten-bit
pixels, two 16-bit audio words, and
synchronizing data. The first line of
each frame contains an identification
code in place of the video information.
Each line consists of a total of 1302
eight-bit bytes, starting with a sync

RVO
SOUND HEAD
| eom——1
CAMERA STROBE INPUT DIGITAL
PROCESSOR »| TAPE
RECORDER ||
Y HIGH RES
[ TAPE
> MONITOR
OUTPUT e
PROCESSOR NTSC/PAL OUTPUT

Figure 1. The Fox Movietone restoration system.

555



TECHNICAL PAPER

BYTE BYTE BYTE BYTE BYTE BYTE BYTE

BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE

o 1 2 3 4 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20
SYNC | SYNC|SYNC|SYNC|SYNC|SYNC|HDR |UNU [AUDM [AUDM|AUDL |AUDL [AUDM (AUDM[AUDL | AUDL |UNU |VIDM|VIDM|VIDM(VIDM
BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE BYTE
21 22 23 24 25 26 21 28 1286 1287 1288 1289 1290 1291
VIDL [VIDM|VIOM|VIDM|VIDM|VIDL | VIOM|VIDM VIDM|VIDM|VIDM|VIDM VIDL| -

SYNC - DATA = 0

HDR - DATA = CCH HORIZONTAL SYNC

DATA = OFH VERTICAL (LINE 0) SYNC

AUDM - DATA = MSB OF AUDIO WORD

AUDL - DATA = LSB OF AUDIO WORD

VIDM - DATA = MSB OF VIDEO WORD

VIDL - DATA = LSB'S OF PREVIOUS FOUR VIDEO WORDS

FIRST WORD IN LSB, LAST WORD IN MSB
UNU - UNUSED AT THIS TIME

Figure 2. FMTR data format.

interval consisting of 6 zero bytes
(O0H). Both the audio and video sig-
nals are limited in the negative direc-
tion at a data level of one (01H), so
that a string of zeroes does not occur
during the active part of the line.

The audio information is recorded
in offset binary instead of the more
usual two’s complement format in
order to avoid clipping the zero cross-
ings. The 6 sync bytes are followed by
a header byte that identifies the fol-
lowing line as containing either video
or identification information. The next
byte is unused at present. The next 8
bytes represent the audio information.
The 16-bit audio data is formatted into
two 8-bit words, each of which is
repeated to form 8 bytes. This allows
for a second audio channel, should it
become necessary. The next byte is
unused. The audio information is fol-
lowed by the 10-bit video information
formatted into blocks of 5 bytes, the
first four of which represent the most
significant eight bits and the last repre-
senting the least significant 2 bits of
the previous four 10-bit words.

The first line of each frame contains
the same sync and audio patterns and a
different header, followed by the iden-
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tification block. This block consists of
10 double bytes of straight ASCII
data. The bytes are doubled to ease the
timing constraints on the identification
code generator.

No error correction information is
contained in the data stream. Since the
tape recorder is located adjacent to the
electronics package and implements its
own error correction, further correction
was considered unnecessary. Also, as
the tape format has adequate storage
capability to handle the 1024 x 1024,
10-bit image, no compression is used.

Input Processor

The input processor (Fig. 3) con-
tains the master timing generator, the
video input processor, the audio input
processor, and the identification code
generator.

Timing

The master timing generator con-
tains the 32-MHz master clock from
which all other timing signals are gen-
erated. It provides a 24-Hz reference
for the projector and time code genera-
tor and a shutter control signal for the
camera. The master timing generator
also provides all of the timing signals

necessary for the video, audio, and
identification code multiplexing. A
525/60 sync signal is provided for
locking external time code generators
requiring composite sync inputs.

Input Video

To achieve the required pixel rate the
Kodak camera uses a CCD, which out-
puts simultaneous line pairs at a 20-
MHz rate on two separate channels.
The video input processor consists of
two clamped, adjustable gain video
channels, each followed by an anti-
aliasing filter and a 10-bit analog-to-
digital (A/D) converter. The line pairs
from the A/D converters are fed to a
frame buffer, where they are subse-
quently clocked out sequentially by the
32-MHz clock. The frame buffer output
is fed to an image flip circuit that
inverts the image horizontally to correct
for the fact that the image is being pro-
jected directly onto the sensor rather
than viewed on a reflective medium.

The corrected image data is then
connected to a Normal/Invert circuit
that inverts the video when recording
negative film. This circuit also limits
the negative excursion of the 10-bit
data to exclude all-zero (O0OH) data.
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Figure 4. The output processor.
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Advance Registration Form

138th SMPTE Technical Conference and World Media Expo
Los Angeles Convention Genter e Los Angeles, Galif.

October 8-12, 1996
Advance Registration Deadline: September 13, 1996 el e
Name v . Company
Address
City State/Country Zip/Postal Code
Tel Fax
Partner's Name (if registering)
SMPTE Member? QOYes QO No Membership Number
CIRCLE REGISTRATION AND TICKETS DESIRED
POSTMARKED BEFORE | POSTMARKED AFTER
REGISTRATION RATES e SEPTEMBER 13, 1996 | SEPTEMBER 13, 1996
Member: Sessions & WME/Exhibits* e b.%075 $475
Nonmember: Sessions & WME/Exhibits* 4 $475 $575
Life Member/Life Fellow: Sessions & WME/Exhibits* %50 $50
Student Member: Sessions & WME/Exhibits* i $25 $25
Student Nonmember: Sessions & WME/Exhibits* o $50 $50
SOCIAL EVENTS o o o )
Industry Luncheon (if purchased separately) ~~~~ © $40 $50
Honors and Awards Reception (if purchased separately) $50 $75
Fellows Luncheon (Fellows and Life Fellowsonlyy & $40 $50
Partner's Program $125 $150
HDTV '96 Workshop (Member and Nonmember) $300 $400
HDTV '96 Workshop, Member Sessions, & WME/Exhibits* , $625 $725
HDTV '96 Workshop, Nonmember Sessions, & WME/Exhibits” $725 $825
TOTAL AMOUNT DUE $
Badges and credentials will be mailed. *Includes luncheon and reception.
PAYMENT METHOD: Q0 Check Enclosed (payable to SMPTE) aMmc Q Visa 0 AmEx
Acct. # Exp. Date
Name on Card {print)
Signature
(] ATTENTION NONMEMBERS! Yes, | would like to join Mail or fax your registration form and payment to:
SMPTE now. As a new member, | understand | will save $100 SMPTE Registration
on all future conferences as long as | keep my membership 595 W. Hartsdale Ave.
current. NOTE: You must pay the nonmember registration rate now. A White Plains, N.Y. 10607
one-year membership is included. Membership credentials will be Phone: (914) 761-1100 * Fax: (914) 761-3115
mailed.

* DO NOT USE THIS FORM AFTER SEPTEMBER 13. 1996.
e Cancellations must be made in writing. A $50 administrative fee will be applied to all cancellations.
« No refunds for cancellations postmarked after September 23, 1996.

« NO ONE UNDER 16 YEARS OF AGE ALLOWED ON THE EXHIBIT FLOOR. BRO-2
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Figure 5. Curves for gamma functions, including curves for negative film,

The two least significant bits (LSBs)
are then stripped off the 10-bit image
data and packed into the fifth byte of
the video sequence. The video stream
is then combined with sync, header,
and identification code information
and provided as an output to the tape
machines, together with the 32-MHz
clock reference.

Input Audio

Because of the limited audio quality
of the film material it was decided to
use 16 bits to digitize the audio in this
version of the system. However, extra
bytes were made available in the for-
mat to accommodate 24-bit audio.

Although the format can accommo-
date 48-kHz audio it was decided to
simplify the audio buffering by storing
exactly two samples on every line
resulting in a 49.152-kHz audio clock
rate. This avoids having to store a
whole frame of audio on both input
and output processors and also simpli-
fies the clocking.

Audio from the projector is first fil-
tered by a six-pole Butterworth filter
with a 15-kHz cut-off frequency. This
combination was chosen to provide
optimum performance with the limited
spectrum of the input signal. The fil-
tered audio is then digitized by a 16-
bit A/D converter at the 49.15-kHz
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clock rate. The converter is sampled
twice per video line and the informa-
tion stored in a buffer to be output at
the appropriate time to be multiplexed
into the data stream. Input level moni-
toring is provided with both volume
unit (VU) and peak program meter
(PPM) characteristics.

Identification Code Generator

Media identification information is
provided by the identification code
generator, which consists of a micro-
processor and first-in, first-out (FIFO)
buffer. The ten-character media identi-
fication code is entered, either from a
keypad on the front panel or remotely
via an RS-232 port. The microproces-
sor writes this identification data to the
FIFO buffer, where it is subsequently
clocked into the data stream by the
video board during the first line of
each frame.

Output Processor

The output processor (Fig. 4) con-
tains the desequencing logic, the audio
output processor, the 1124/48 output
processor, the NTSC output processor,
and the identification code reader. The
desequencer monitors the data stream
from the tape machine and extracts the
clock and sync information. It then pro-
vides all of the timing information for

the subsequent output functions includ-
ing the desequencing of the video,
audio, and identification code data.

Video Processing

The video data is extracted from the
data stream and reformatted into 10-
bit words. The data is then fed to the
gamma correction look-up table
(LUT), which provides a choice of
eight gamma correction characteris-
tics. The gamma curves are based on
CCIR 709 and include curves for neg-
ative film (Fig. 5). The positive curves
are slope limited to a gain of four to
prevent excessive noise in black areas
of the image. The negative curves are
generated from a polynomial of the
form Y = aX" + bX, where a + b = 1.
These negative curves were chosen
empirically to correct for the varia-
tions in transmittance characteristics
of the film stock. The gamma correc-
tor provides 8-bit output data to the
two video output boards.

Monitoring Output

Output video monitoring is provid-
ed by the 1124-line, 48 frame/sec,
high-speed video output system. The
24 frame/sec video data is stored in a
dual frame buffer and read out at a 48
frame/sec rate to provide an 1124-line,
48-Hz vertical rate picture with a 64-
MHz pixel rate. This output is normal-
ly connected to a high-resolution
black-and-white monitor and can also
be used for rerecording onto film,

525/625 Output Generation

The 525-line output is generated by
storing the 24-Hz data in two frame
buffers and reading them out in a 2:3
pulldown sequence. The 625/50 output
is generated by playing back the data
from a variable-speed machine run-
ning at a 25-Hz rate and then using a
2:2 pulldown sequence. The system
can also accommodate film shot at 15
frames/sec by using a 4:4 pulldown
sequence. The 1024 x 1024 image is
scan-converted to produce either a
1024 x 575, 50-Hz (625-line) or 1024
x 485, 60-Hz (525-1ine) output image.
The scan converter (Fig. 6) consists of
a frame buffer memory, a decimator, a
digital-to-analog (D/A) converter, and
sync and blanking processing.

To facilitate the decimation process
the frame buffer is divided into four
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Figure 6. The scan converter.

planes. The incoming data stream is
written into each memory plane one
line at a time so that four lines may be
simultaneously read into the decimator
filter. Since there is not a simple inte-
ger relationship between the number
of input lines and the number of out-
put lines, it is necessary to continuous-
ly change the filter coefficients in the
decimator. This is achieved by storing
the coefficients in programmable read-
only memory (PROM) and changing
the PROM addresses on a line-by-line
basis.

Since both the input and output
frame rates and the input and output
pixel rates are the same, it is only nec-
essary to scan convert in the vertical
(line-to-line) direction. As the input
resolution is over twice the output res-
olution, it is possible to achieve very
good results with a relatively simple
filter. The memory control is some-
what more involved, since there is not
a 4:1 relationship between the input
lines and the output lines in each field
and the line numbers need to track the
rolling coefficients in the decimator.

The decimator output is converted to
analog by a D/A converter clocked at
approximately 19 MHz. The analog
video is then filtered and has sync and
setup (525/60 only) added.

Output Audio

The audio signal is extracted from
data stream by reversing the process
used to embed it. The two audio sam-
ples at the start of each line are sam-
pled and passed to a circular buffer
that provides compensatory delay for
the video delay through the frame
buffers. The output of the circular
buffer is clocked at the output data
rate (49.152 kHz), which is exactly
twice the line rate. The D/A converter
output is filtered and fed to the audio
output driver. Level monitoring is pro-
vided at this point.

Conclusion

This system provides a means of
digitally archiving black-and-white
film material, in real time, with a lim-
ited loss in resolution and dynamic
range. The use of a standard data
recorder avoided the necessity of
designing a special-purpose recording
machine. The simple data format
allows easy translation of the archived
data into other formats or rerecording
onto film,
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