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1 Data Processing for Earth Resources Satellite (ERTS-1), William Webb, GSFC Document X-
563-75-65, July 1974.

THE APPLICATION OF HIGH DENSITY TAPE RECORDING TO
IMAGE PROCESSING

PAUL HEFFNER
NASA Goddard Space Flight Center

Greenbelt, Maryland

Summary.  The Image Processing Facility at Goddard Space Flight Center has the
requirement to move volumes of digital data (1011 data bits per day) that exceed the
capacity of conventional computer tape. This paper presents the requirements for a high
density digital tape recorder compatible with conventional computer systems. The steps
leading to the formulation of these requirements are described. The use and interaction of
the recorder with the various elements in the facility are treated. The formulation of the
requirements resulted in the selection of a Honeywell Model 96 Wideband II tape
transport modified by Martin Marietta Corporation for digital serial-in, serial-out
operation. This selection followed a competitive procurement action.

Introduction.  As the Goddard Space Flight Center became actively involved in the Earth
Resource program in the early 1970’s, a dedicated facility for processing Landsat imagery
was developed. The facility, formally named the NASA Data Processing Facility, was
implemented using various hybrid and digital systems.1 Principal elements within the
facility have remained largely unchanged since their development. There is considerable
variation in the types of interface media that are transferred between the systems within the
facility and between the facility and the data user agencies. Transfer of video information
from one system to another includes the use of computer compatible tapes, high density
digital tapes, and film transparencies. The primary product and interface medium for user
agencies is 70-mm negative transparencies. A limited quantity of Landsat imagery is
transferred to users by computer compatible tapes. The facility’s archival medium for
Landsat imagery is also 70-mm film.

While initial performance specifications were met using film as an interface medium and
while there are some advantages to transferring image data by film, another medium
became more desirable with an increased demand for digital tape rather than film products.
To meet this demand the NASA Data Processing Facility was upgraded and renamed the
Image Processing Facility (IPF). The IPF, currently under development, is a general
purpose image processing facility. The central processor in this facility is an all digital



image processing system known as the master data processor. The principal elements
within the facility, here defined as those elements in-line with the incoming video data
from the receiving sites and the output image data to user agencies, will all have digital
interface media. The data will be transferred by high density digital tapes. Capability to
provide a high quality film product will be an off-line function and will be discussed later.

The inherent advantage of retaining image data in the digital form through all processing
steps and interfaces is that complete control over radiometric and geometric fidelity can be
maintained. The interfaces that are established by the various elements of the IPF are
shown by dashed lines in figure 1 where the incoming video data from the receiving sites
may be in analog or digital form. The front-end elements are preprocessors that are
designed and dedicated to process unique spacecraft sensor data as it appears on incoming
video tapes. The preprocessed image data will be transferred by high density digital tapes
for entry to the master data processor. High density digital tape formats from the various
preprocessors will share considerable commonality for the obvious advantage of
simplifying the front end and input software of the master data processor.

Figure 1.  Image Processing Facility Digital Interfaces

In a batch processing mode, the master data processor will perform radiometric calibration
and geometric manipulation of image data in accordance with pre- and postlaunch
information. It will then transform the image data into IPF standard image formats for
archival copying, for shipment to user agencies, and for transfer to a quick-look processor.
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Here the archival formatted data will be selectively copied and format transformed for
users, again onto high density digital tapes. Specialized formatting can be performed on
this system including that of preparing image data for an off-line high density digital tape-
to-laser beam film recorder.

The Requirement for a High Density Tape Recorder (HDTR).  The choice of
employing high density digital tapes over computer compatible tapes was made because of
two salient requirements. First, the volume of image data required to be transferred through
the total system was prohibitively high for effective use of computer compatible tapes. The
major image processing requirement of the IPF is that of processing image data from
Landsat. One Landsat multispectral scanner (MSS) scene, for example, requires 1.8 x 108

bits in the uncorrected form. A fully corrected MSS scene will require in excess of 5.1 x
108 bits.

Another Landsat sensor that will be processed in the IPF will be a modified return beam
vidicon (RBV) system. Here one scene consisting of four subframes will cover an
equivalent region of the earth of 185 by 185 km. Two RBV panchromatic framing cameras
will be employed. The orientation of the cameras and the activation of the shutters will be
such that four separate subframes will be produced within 180 by 183 km as shown in
figure 2. The return beam vidicon signal is analog upon entry into the preprocessor. It will
be digitized at 6 bits per sample to create an image array of 5,400 video samples per line
and 4,125 lines per subframe. One subframe image will produce 1.4 x 108 bits. This
subframe will represent a 98 by 98 km region on the surface of the earth.

Figure 2.  Landsat Return Beam Vidicon Scene of Four Subframes

It is readily seen from these examples that large quantities of data are produced. For
Landsat processing alone, over 0.6 x 1011 bits of data per day must pass through the IPF.
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Another salient requirement is that of throughput. It is preferred that the various systems
not be tape limited. The MSS preprocessor will output serial image data at 10 megabits per
second (Mbs), the RBV preprocessor at 20 Mbs. Off-line tape copying will be performed
at 20 Mbs. All data rates for each IPF element have not been firmly established. Some
must run at less than 10 Mbs, being restricted, for example, by direct memory access rates,
or by disk load and unload rates.

Figure 3 shows a chart that illustrates the volume and transfer rate advantage of high
density digital tape. The storage capacity requirements of one scene from the Synchronous
Meteorological Satellite are such that only half of a scene can be placed on a 6250 bit-per-
inch computer compatible tape.

Figure 3.  Comparison of High Density Digital Tape
with Computer Compatible Tape

The modular concept of the IPF allows a single element’s throughput to be independent of
another element. It also allows for the queuing of image data and then for batch processing
on either the master data processor, the quicklook processor, or the off-line laser beam
film recorder. This modular approach dictates that the interfaces be kept flexible in transfer
rate and yet simple for purposes of retrofitting one system to another by high density
recorders. Thus it was established that the HDTR’s must accept and reproduce data in a
serial bit stream. This enables standard pulse-code modulation (PCM) signal handling
techniques to be implemented at the interfaces. The chosen data code is non-return-to-zero
level (NRZ-L) for the data, accompanied by a clock signal.

Operational Considerations.  In addition to the general requirements as formulated
above, there are specifications that result from operational as well as technical
considerations. Generally, a tape recorded on one HDTR unit will be played back on
another unit. In most uses the HDTR will be an input or output device to a computerized
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system. Machine to machine compatibility under these operational conditions lead to
conservatism in some of the specifications. Standard tape handling techniques for either
American National Standards Institute transverse rotary head recording on two inch tape
or Inter-Range Instrumentation Group (IRIG) fourteen track longitudinal recording on one
inch tape were specified.

Data volume was specified such that 1.4 x 1010 bits could be stored on less than 7, 000 feet
of tape. The bit error rate was required to be less than one bit error per million bits. While
transverse recording can conventionally pack more bits per square inch than longitudinal,
multispeed transverse digital recording had yet to be proven commercially in an
operational environment. Therefore, data volume specifications were based on a
conservative limit that was within longitudianl recording capability. In longitudinal
recording, data volume is dependent on the number of tape tracks used, the length of tape,
and the bit packing density. Bit packing density is limited by the rate at which data can be
recorded for a given channel’s bandwidth. For a 14-track recorder, 12 tracks would be
available for recording data as two tracks are required as auxilary channels. Of the several
industry accepted recording codes, namely narrow band phase (NB /O), bi-phase (BI /O and
NRZ, the NRZ code allows the greatest packing density for a given tape speed and
bandwidth. Under these conditions the specified data volume represents a 50 percent
safety margin for the NRZ recording code. For other codes the margin is less.

On the other hand, there are limitations to the NRZ code. The power spectral density of
this code has a prominent dc component which direct record/reproduce electronics cannot
pass. This requires that spectral conditioning bits be systematically inserted in the bit
stream to reduce the dc component. This adds overhead bits and effectively reduces the
data bit rate proportional to the ratio of conditioning bits to data bits. BI /O encoding has the
advantage of no dc component but the disadvantage of a maximum data rate that is about
half that of NRZ for a given bandwidth. NB /O offers a compromise of both codes as it has
a low dc component with an upper bit rate capability between BI /O and NRZ. The NB /O
also requires a specific pattern to recover from loss of synchronization. The specifications
did not set a requirement for the code. This was left as a design consideration of the
proposer.

A further consideration and constraint on data volume is that of managing data in efficient
quantities, wherein tapes with an enormous number of scenes may not be optimum for a
system. For example, if processing has to be aborted because of operator error or system
malfunction, then it is desirable that recovery time be kept reasonably low by limiting the
number of scenes recorded per tape. Thus while image processing requires very high
volume recording, there are also conditions that constrain ultra-high volume recording.



The HDTR units are to be delivered with six speeds to transfer serial data at 20 Mbs, 10
Mbs, 5 Mbs, 2.5 Mbs and 0.625 Mbs. Through field adjustment of the electronics and
through external servo control of the tape speed, the set of six speeds can be changed to
accept and produce other bit rates.

As the HDTR’s will be used operationally, any tape recorded on one machine can be
played back on any other similar unit at any one of the set of six speeds for which the unit
is field adjusted. While the bit synchronizers will require field adjustment for a bit rate
change beyond ±3%, the transport servo control can be continuously varied about the
selected speed by ±35%. Thus any tape speed in the total range of the transport can be
attained without field adjustment. In the record mode, any bit rate within range can be
packed to a standard packing density by control of the transport servo, using an external
servo reference signal.

To accommodate indexing during a search mode, one analog longitudinal channel will be
used to record and reproduce the IRIG-A time code. The IRIG-A time code readers and
generators are readily available on the market and are cost competitive. The IRIG-A time
code is a 1000 pulse per second time code on a 10 kHz carrier and has more than ample
indexing resolution considering the start and stop times of the HDTR.

Placing the HDTR On Line.  The HDTR’s will be placed on line with general purpose as
well as special purpose computer systems. A general purpose serial controller/interface
unit to mate an HDTR with a computer system has been designed and developed for the
IPF. It will accommodate any serial bit rate between 500 kilobits per second and 20
megabit’s per second.

The controller/interface has two independent modes of operation. The first mode is a high
density digital tape-to-computer data transfer operation, in which the input to the controller
is a serial data NRZL data stream, an in-phase data clock, and an IRIG-A time code. The
controller performs a high speed search of the digital tape to a time specified by the
computer. The controller will then automatically slow the tape drive to the speed selected
by the computer, perform frame synchronization on the data, perform a serial-to-parallel
conversion, and present the data to the computer via the computer’s memory port.

The second mode is a computer-to-high density digital tape data transfer operation where
the controller accepts an initial time word from the computer. The controller will begin
generating an IRIG-A time code to the HDTR upon command from the computer. It will
then accept data via the computer memory port, add appropriate frame synchronization
codes and other systematic framing characteristics, perform parallel to serial conversion,
generate an in-phase clock coherent with the serial data, and output the serial data and data
clock to the HDTR.



The controller is modular in design, particularly at the interface to the computer. Each half
of the controller is completely independent so that a system could employ one half of a
controller if data flow were unidirectional, such as the high density digital tape-to-
computer mode only. Two halves of the controller can be used simultaneously if
bidirectional interfaces are provided, so that a system can play data from one HDTR into
the computer while recording other data, possibly at a different data rate, on a different
HDTR.

The controller is capable of operation with different computers by inserting a “personality
module” which has been designed for the particular computer. The personality module
may be bidirectional or unidirectional, as required by system configuration requirements.
Figure 4 is a block diagram of the serial controller/interface unit. The major part of the
controller is a standard design that is independent of the computer to which it interfaces.
Interfacing the standard portion of the controller with different computers or with special
purpose systems is implemented by designing and fabricating a system-dependent
personality module.

Figure 4.  Serial Controller/Interface Unit

HDTR Serial Data Format.  The modular concept of the IPF that led to the choice of
transferring image data serially also required that a general format structure be formulated.
In keeping with standard PCM signal handling practice, a major and minor frame structure
was generated. The general format set bounds on word size, major and minor frame size,
synchronization codes and other principal characteristics. All characteristics were
generated to accommodate the transfer of image scenes and image support information.

The length of a major frame for a particular sensor is sized such that it will contain all
video data of one image scan line. The major frame will contain up to 256 minor frames.
Each minor frame will contain a synchronization pattern as well as identifiers for the type
of data contained in the minor frame. A minor frame can contain up to 8192 bits.
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Different kinds of data can be transferred: 1) image data, 2) preamble (pilot tone) pattern,
3) scene header information, 4) scene annotation data, 5) ancillary data, 6) trailer (scene
summary) data, and 7) tape directory data. Normally image data will occupy more than 99
percent of the recorded tape. A representation of the layout of a high density digital tape is
shown in figure 5.

Figure 5.  Layout of a Typical High Density Digital Tape

Because each minor frame type is is identified by a word in a location that is fixed with
respect to the synchronization pattern of the frame, equipment such as the serial
controller/interface unit can easily determine the type of data being transferred. Thus
image data can be transferred in word sizes between the format bounds of 4 bits and 16
bits while the other information is always byte oriented; that is, 8 bits per information
word. For a given sensor or processing mode, the image word size is fixed. The HDTR
format structure and serial controller/interface unit are both designed to accommodate a
wide range of serial signal characteristics for various image sensors.

HDTR-to-Film Recorder.  An off line requirement to perform high resolution film
recording created another need for a HDTR. The film recorder was developed by RCA
according to GSFC specifications.
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It was required that the image recorder be of high resolution, that it accommodate large
arrays, and that it operate at reasonably high rates. The array size requirements were set to
be variable from arrays of 1000 by 1000 picture elements to 20,000 by 20,000 elements.
As an example of a large array, one Synchronous Meteorological Satellite image is
composed of an array that is 15,288 by 14,568 elements. As the high resolution film
recorder can operate at various rates and resolutions, the HDTR became the only practical
solution to driving the film recorder. The interface of the film recorder was specified to
accept all HDTR serial data rates between 500 kbs to 20 Mbs. For a 6250 bpi computer
compatible tape this rate would be limited to an equivalent serial rate of 7.1 Mbs.

The high resolution film recorder employs a helium-neon laser as its exposing light source.
It has a moving film transport for 9 1/2 inch roll film. The transport speed is variable to
accommodate the various image recording rates. A single faceted rotating mirror directs a
modulated light beam across the film to expose each scan line. The rotating mirror is
servo-controlled to the data rate clock from the HDTR.

The serial data format that enters the film recorder uses the HDTR format conventions and
bounds as previously discussed. However, since the high density tape will be continuously
moving from one image scene to another and since the film recorder must remain
synchronized to the serial bit stream, the format includes preamble filler between scenes
which continues to provide major and minor frame synchronization codes. In this way a
spacer is created to properly separate exposed scenes on the film. In addition to the
preamble filler, each scene consists of a header frame and an annotation frame followed by
a number of video frames that is equal to the number of scan lines of the image. Figure 6
illustrates the basic format of the film recorder image as it is exposed on film. Scene
bordering symbols, namely alpha-numerics, mapping ticks marks, and calibration scales,
are placed on the film by an annotation generator in accordance with information contained
in the annotation major frame.

The Selected HDTR.  The selected HDTR system consists of a standard Honeywell
Model 96 Wideband II tape transport unit modified by Martin Marietta for digital serial-in
serial-out operation. The tape transport subsystem is a 14-track longitudinal recorder with
direct record/reproduce electronics, and uses standard one-inch magnetic tape. The HDTR
system is designed to use a conservative bit packing density of 20 Kbpi at a bit error rate
of less than 10-6. The system will record and reproduce serial NRZ-L data at bit rates from
500 kbs to 20 Mbs. The IRIG-A time code is recorded on an independent track for use as
an index marker. A second independent auxiliary track is also provided. A block diagram
of the HDTR system is shown in figure 7.



Figure 6.  Symbolic Representation of High
Resolution Film Recorder Product

The incoming serial NRZ-L bit stream is direct recorded on ten parallel tracks of the tape
after insertion of parity bits and sync words. The parity bit guarantees transitions in the bit
stream and is available to provide error rate checking during decoding. The sync words are
included to provide deskew capability to properly recombine the parallel channels into a
serial bit stream during playback. The tape transport has a head life of 3000 hours. The
calculated mean time between failure of the system is greater than 900 hours.

The system has several self contained features. Included in the system is a frequency
synthesizer that can be set by the operator to generate a servo reference signal to change
the nominal tape speeds within the range of ±35%. Also included is individual tape
channel parity status wherein a detected parity error during playback will indicate which
channel introduced the error. The parity error is also carried through the remote interface
for external equipment status monitoring.
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Figure 7.  High Density Tape Recorder Functional Diagram

Conclusion.  It has been shown that the IPF is being developed as a modular system and
that the various elements that make up the facility will employ all digital interfaces in order
to maintain image fidelity during transfer of data from one element to another as well as to
user agencies. The large volume of data involved in image processing and the demand to
transfer image data at high rates resulted in the choice of using high density recording over
standard computer compatible tape recording. For reasons of interface simplicity the
HDTR is required to accept and reproduce data in a serial bit stream. Transfer rate
independence of one system over another led to the requirement that the HDTR have
flexible data rate capability and that the HDTR not limit the throughput of a given system.
The serial record and reproduce data rates are variable from 500 kbs to 20 Mbs. The
specification for a minimum of 1.4 x 1010 bits per 7000 feet of tape was chosen
conservatively to insure machine-to-machine compatibility in an operational environment.

The selected HDTR will pack data in the NRZ-L code at 20,000 bits per track-inch on ten
tracks. Two track channels are for auxilary use, one of which will function as an indexing
channel for tape search purposes. The HDTR will pack 1.8 x 1010 data bits per 9200 foot
tape. Internal features such as parity insertion and playback parity detection will serve as
status and diagnostic aids. Through the use of the new HDTR, the IPF at the Goddard
Space Flight Center, NASA, will be able to readily transfer image data within the facility,
to archive image data, and to transfer image data to user agencies.
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