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ABSTRACT

The primary means of recording Lunar Orbiter telem-.
etry 1s on photographic film. This memorandum discusses the

potential value of tape recording for analysis of the data in
support of Apollo.

There are four major advantages of pre-detection tape
recorded data:

(1) No new hardware need be developed to rapidly convert
the data to digital form for computer analysis.

(2) Predetection tape recorded data 1s free from degradation

by the ground detection and ground photographic
recording equipment.

(3) The tape may be replayed through the ground recording
equipment with parameters optimized for particular
condition of the data.

(4) Tape recorded data is useful in end-to-end callbratlon
of the system.

of signal in certain non-nominal conditions;
discussed in this paper, however.

It is concluded that the ability to ;
the later site survey missions on the basis ofiQe ter
data depends on an immediate decision to provy?é
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Introduction

. Lunar Orbiter data should be analyzed in time to
optimize the operation of succeeding missions in support of
Apollo site survey. The first data may be available within
one year. Succeeding Lunar Orbiter and Surveyor missions will
follow at the rate of one launch each every three months.

Research at USGS/Branch of Astrogeologyland at JPL?

has established the value of quantitative analysis of lunar
photography. The information from one Lunar Orbiter is so great
(about 10llelements) that practical data processing rates will
| l1imit the amount of information which can be analyzed in time to
influence succeeding site survey missions.

A general purpose digital computer is clearly needed
because there is not sufficient time to develop a special
purpose high rate data processor. The data rates in existing
computer facilities are limited by tape recording movements. A 3
typical rate is 62.5 x 103 samples per second (6 bits per sample).
At this rate, 5% of the information from one Lunar Orbiter can
be transferred in 24 hours.

The Lunar Orbiter data must be converted to digital form
before it can be processed in a computer. The conversion rate
should be comparable to the computer rate, or the conversion
process will limit the value of the data. The feasibility of
matching the conversion rate to that of the computer facility
without degrading the data and within the available time depends
on the data format.

This paper discusses the relative advantages and dis-
advantages of photographic and tape recorded formats for the
high rate, high quality data analysis needed for Apollo site survey.
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It 1s concluded that tape recordings are needed in addition
to photographs.

At present Lunar Orbiter photographic data 1s recorded
on photographic film alone. Although the Ranger and Surveyor
programs chose to complement photographic recording of picture
data with tape recorders, Lunar Orbiter has not provided
such equipment. The existing Deep Space Network tape recording
equipment 1s committed to Surveyor when Lunar COrbiter will
be flying.

A decision on tape recorders must be made soon.
In order to record data from the first Lunar Orbiter, only
one year is available for procurement, shipping, and instal-
lation at Goldstone, Madrid, and Woomera.

Photographic Format

Lunar Orbiter photographic data is recorded on
photographic film by the Ground Recording System (GRS).
The signal received on the ground is demodulated by passing
through a frequency-modulation-with-feedback (FMFB) dectector
and a vestigial sideband detector. The signal is filtered
for noise reduction and converted to an image by a cathode-
ray tube.

The image is recorded on 35 mm film in framelets.
The scan lines run across the film and are spaced 50 u apart;
the length of each framelet is 42.8 cm. There are 56 frame-
lets for each high resolution frame and 14 framelets for each
low resolution frame. The total length of film for one -
Lunar Orbitar 1s about 20,000 feet.

Other forms of photographic data will also be
available. One type, for example, will be re-assembled
subframes which consist of 9 framelets side by side. Although
such forms may be considerably more convenient for data pro-
cessing, they must be derived from the 35 mm framelets and
must be slightly degraded. The trade-off between quality and
convenience is not considered here; it is assumed that the
framelets are to be converted to digital form.

Conversion of the data from photographs introduces
four difficult problems:

(a) accurate measurement of light
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(b) rapid scan motion
(¢) accurate mechanical indexing

(d) re-scanning a previously scanned and reconstructed
image

The measurement of light should be accurate to
better than 1% (rms ﬁrror) to avoid degrading the overall
quality of the data. The scan rate, for 62.5 x 103 elements
per second and 50 u element size, would have to be 3.125
meters per second. The mechanical indexing error should be
a fraction of a resolution element, or about 25 u.

The re-scan problem is a critical one. When the
image is read out of the spacecraft film, the two-dimensional
image is converted to a one-dimensional signal by rectilinear
scanning. When the image is recorded on ground film, a two
dimensional image is re-formed, but the scan structure remains.
It is not feasible to remove the scan structure without
degrading the data.

The two dimensional film image must be re-scanned
into a one dimensional signal for transfer to the computer.
If the new scan structure is not precisely aligned with the
o0ld scan structure, beats (or Moire patterns) will be
generated between the two structures. In working with the
re-scan of Ranger photographs, scan synchronization was not
attempted; 1lnstead, {he resolution of the data was degraded
by a factor of four.

No hardware presently avallable can handle all of
these problems. The scan rate is two orders of magnitude
faster than typical rates for mechanical microdensitometers.
Cathode-ray scanners can meet the scan rate problem, but a
speclal mechanical indexing and scan synchronization system
would have to be developed.

Optical scanning of the photographs does have
advantages, such as ease in visual indexing, flexibility of
scanning direction, and easily variable magnification. In
terms of growth optical scanning will be necessary when
photographs are recovered directly without read-out and
telemetry. There is no question that this would be the
better method, if it could be developed in time.
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Unfortunately, development of hardware for rapid,
high quality analog-to-digital conversion from photographic
film will take approximately one year. Organization, software
development, equipment installation, and personnel training
will take an additional year. Therefore, there is not enough
time to influence site survey missions on the basis of high
rate data analysis 1f the only available format 1is photo-
graphic film.

Tape Recording Format

The relative attributes of pre-detection, post-
detection, and digital recording are discussed in the Appendix.
It is assumed that the signal 1s tape recorded before detection.
One reel of pre-detection magnetic tape can hold one low
resolution frame and one high resolution frame. The informa-
tion from one Lunar Orbiter can be held on 200 reels of tape.

The major advantage of tape recording is that it
preserves the initial scanning structure in one dimensional
form, making re-scan unnecessary. A second advantage 1s that
the output signal is in convenient form for conventional high
rate analog-to-digital converters. The rate of 62,500 elements
per second, at 6 bits per sample, can be easily met by tape
movements (the recording speed is roughly twice as fast) and
by analog-to-digital converters.

Use of the magnetic tapes must be coordinated with
the photographs. Visual inspection of the photographs 1is
needed to select areas for analysis. Furthermore, quantita-
tive work at low rates will be necessary, for example, to
interpret calibration data. Therefore, the magnetic tape
must be cross-indexed to the photographs. A suitable means
of indexing would be recording of a time signal on an auxiliary
track on the tape.

If tape recorders are provided, the technical problem
of high rate data analysis is restricted to definition of the
task, software development, and processing. Under these
circumstances, high rate, high quality data analysis can
influence later missions if work is initiated immediately.

Conclusion

Pre-detection tape recording of Lunar Orbiter data
is needed to permit high rate, high guality data processing
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in time to optimize the Lunar Orbiter/Surveyor survey for
Apollo landing sites. The decision to provide tapes must be
made immediately in order to install them overseas in time
for use with the first Lunar Orbiter.

1012-CJB-crr C. J. Byrne

Attachments
References, Appendix
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APPENDIX

TYPES OF TAPE RECORDING

There are three basic ways of tape recording Lunar
Orbiter data; pre-detection, post-detection, and digital. Pre-
detection tape récordings are made from a carrier freguency
modulated by the signal. Post detection recordings are made
from the detected baseband signal. Digital recordings are made
from the baseband signal after quantizing and encoding into
digital form.

Pre-detection:

The main advantage of pre-detection tape recording:
is that the least number of operations are performed on the
signal before recording. Further, non-linearities in the
recording and playback equipment do not degrade the signal
because it is 1n frequency modulated form.

Because of the high frequency of the pre-detection
data, the recording head must be moved as well as the tape, to
attain the needed surface velocity. This dual motion results
in high compaction of the data. One reel of tape can hold one
low and one high resolution plcture; a total of about 200 reels
would be needed for each Lunar Orbiter. Tapes need be changed
only once an hour.

A disadvantage of pre-detectlon tapes is that the
signal must be demodulated during playback. This requires
speclal purpose Lunar Orbiter equipment.

Post-detection:

Post-detection recording can be done on a linear
recorder, but the wide bandwith (230 kilocycles) requires very
high tape speeds. As a result about 5 reels of tape would be
needed for each Lunar Orbiter frame, and about 1000 reels would
be needed for each mission. Tapes would have to be changed every
10 minutes, so two recorders would be needed to avoid interrup-
tion of the data.™

The major advantage of post-detection recording is
that playback would not require demodulation. However, failure
of the demodulator during recording results in loss of data.

*Linear recorders are inefficient in tape usage because only a
narrow track can be used on one pass. Moving head machines run
the track across a wide tape, achleving higher packing density.

A moving head machine could be used with post detection recording,
but the data would be degraded by the detection system.
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Digital:

The major advantage of digital tape recording would
be compatibility with computing facilities. However, the
data would have to be recorded at 2.5 megabits per second
(6 bits, 230 kc bandwith). The feasibility of this is
doubtful. Further, about 30,000 reels would be needed for
all the data of one Lunar Orbiter.



