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STANDARD FORMAT DATA UNITS:  TOOLS FOR
AUTOMATIC EXCHANGE OF SPACE MISSION DATA

James B. Willett
Jet Propulsion Laboratory (JPL)

California Institiute of Technology
4800 Oak Grove Drive

Pasadena, California 91109

ABSTRACT

Two of the tools necessary for automated exchange of space mission data sets are, (1) a
set of standard formatting rules for the data sets, and (2) a standard computer-readable
language with which to describe the data. These two tools are used to create the Standard
Format Data Unit (SFDU). The NASA/JPL proposal for creation and utilization of SFDUs
is presented, and its relationship to recent recommendations from the Consultative
Committee for Space Data Systems (CCSDS) is discussed. Several current and planned
implementations of the SFDU concept among major space flight projects will be identified.

INTRODUCTION

The Standard Format Data Unit (SFDU) is to the computer information world as the
sentence structure is to the interpersonal communication world. Today’s computer
information, or data, is exchanged using various forms of protocol. The protocol varies
from formal and well documented, such as that used by the banking industry, to informal
agreements such as are sometimes used by co-investigators on a planetary science
experiment. Interpersonal communication, on the other hand, has been in use for millenia.
One form of interpersonal communication protocol which is like data communication
protocol is that used by air traffic controllers. A small vocabulary with a well defined
sentence structure is used to prevent any misunderstanding. Although there are 12,000 air
traffic controllers and nearly 1,000,000 pilots intercommunicating within the U.S., the air
traffic control system is still a closed system with a single purpose.

Another form of interpersonal communication protocol is that used by each of us in our
daily lives. This is an open system protocol which allows each of us to communicate with
any other person who uses the same standard language, i.e., English, German, Chinese,
etc. None of these languages is truly a global standard, but they are standard over large
geographic areas. There is no requirement that we have a common goal, purpose or



interest in order to communicate in the open system, and for this reason our
communication protocol and language is extremely versatile.

Members of today’s scientific community are much more like the general populace in their
open system nature than they are like the members of the banking and aviation industries.
The science community does have closed systems, but these are generally local to a given
project or program. The purpose for creating the concept of a Standard Format Data Unit
is to allow members of the science community to share our national and global resource,
data, independent of project of program, as depicted in Figure 1.

CONCEPT

In the message-handling model described by Figure 2, the SFDU represents only the
original message structure as intended for delivery to the recipient. Any additional
structure added in the message transfer domain is expected to be removed before
presentation to the recipient. Using the public telephone system as an example, the
message structure in the SFDU domain is the spoken sentence, and in the message transfer
domain it is electronically encoded signals. The sentence structure is reassembled at the
receiving user agent, a telephone.

In the computer world, the SFDU is represented by a family of data formats which are
used for data communication among nodes of a network, an example of which is shown in
Figure 3. Physical transport of the SFDU may be executed either electronically, via tape,
or on video disc, each of which may have a different physical transport format. When the
transport formats are stripped at the receiving end, the SFDU will emerge in its original
form.

The structure of the Standard Format Data Unit is composed of three basic parts:  the
primary label, the supplementary labels, and the data field. The primary label is always
required, while the supplementary labels and/or the data field are optional. Figure 4
illustrates this structure.

Primary Label

The primary label is that part of the SFDU that serves as the global identifier of the SFDU.
Its purpose is to allow an arbitrary user on the open system to determine the structure of
the SFDU for the purpose of reading its contents into a local data base, to serve as input
for a local application process, or to identify it as of no interest. This primary label must
contain a reference to the definition of at least the next part of the SFDU, be it the first
supplementary label or the data field. If the definition that the primary label points to does
not include the entire SFDU, then one of the defined supplementary headers must point to



a further definition of the SFDU. It is possible that this procedure may chain through a set
of supplementary labels, and if a chaining procedure is used, it must contain pointers to the
definitions for all parts of the SFDU.

The primary label must also give an indication of the total length of the SFDU, and in the
case where evolution of the SFDU primary label is allowed, the primary label must also
contain a primary label version number. These are the necessary parts of the SFDU
primary label, but a specific version may contain additional information which will be
operationally advantageous. It is expected that only one version of the SFDU primary label
will be assigned in any one period of time, and that it will have a lifetime of from 5 to 10
years. Older versions will still be in use in the future insofar as archive data will be
recalled.

Supplementary Labels

The supplementary labels carry information about the data itself, and may also contain ID
pointers to further definitions when that supplementary label is used as a standard label for
more than one kind of data set or subsequent labels. These labels are generally provided
by the scientists and data engineers themselves, and some of these labels are standard
within a given science or engineering discipline. While any supplementary label structure
can be accommodated within an SFDU by assignment of a unique identification number, it
is expected that there will be a gradual evolution toward a standard set of supplementary
labels which will be suitable for a large number of science and engineering data exchanges.

Data Fields

The data field is that part of the SFDU which contains the heart of the information being
exchanged. The supplementary labels also contain data, but generally in a support role to
the data in the data field. In some cases the data being exchanged does not need the
support of additional data, such as time, position, originator, etc., and in this case the data
field follows the primary label directly and is described via the definition ID in the primary
label.

Standard Data Definition Language

Several references have been made to the fact the the SFDU labels taken together must
point to the complete set of data definitions which cover the SFDU structure. What are
these definitions and where are they found? One common form of definition which is used
now is the tabular listing of the meaning and function of all words, bytes, and bits in the
data structure, in English (German, Chinese, etc.) text, sometimes accompanied by a
diagram of the structure. This text description of the data unit must be catalogued under



the management of a control authority, to be described below, and this description must be
available to all users of the open system.

As technology allows the full use of electronic networks, the data definition catalogues
will be available at the touch of a keyboard. And if the catalogue is available at the touch
of a keyboard, why not at the call of a computer application process? Indeed, this is
possible, but in order that the catalogued definition be useful to the application process, it
must be machine readable. Therefore, a standard computer-based data definition language,
or set of data definition languages, will be required before the application process driven
electronic networks of the future can reach full potential.

An example may be in order. Data is to be shipped from network node A to node B. At
node A, the data structure is defined via SFDU data definition software. If standard
structures are to be used, they are identified and the software prepares the data in the
proper format. If a new structure is created, a new ID number must be obtained from the
local control authority, and the control authority will catalog the data definition
electronically. The data is transmitted from node A to node B, either initiated by node A,
requested by node B, or via a store-and-forward arrangement. Upon receiving data, node B
will read the primary label of the first SFDU to get the structure ID for the catalogued
definition of part or all of the remaining structure. Using the computer language definition,
the node B software can unpack the SFDU into a database or directly into an application
process. The structure IDs of following SFDUs need only be checked to verify that they
have not changed. A catalog look-up is necessary only when there is a structure change. In
practice, most nodes will have on-line catalogues of the data structures most often
processed.

Control Authority

Data management will probably be the most difficult task to complete. Some management
structure must be created which both reaches globally and is at the same time very
responsive at the local level. A global authority might assign a range of ID numbers to
each country, which in turn may divide the numbers among agencies, which will divide
them among centers, which will divide them among projects, etc. It is likely that the master
data definition catalogue will be a distributed database, and that ID assignments will be
made at the local level from among the ID numbers available. Each control authority may
assign format ID numbers independent of any other control authority, and as such the full
ID tag for a data set will be the concatenation of the control authority ID number and the
local format ID number.



UTILIZATION

Panel 2 of the Consultative Committee on Space Data Systems (CCSDS) has recently
adopted two SFDU primary labels for study. One is the NASA/JPL basic version, and the
other is a more sophisticated version, still under development, referred to as the enhanced
version. No CCSDS work has yet been done on the standardization of supplementary
labels. On the other hand, NASA/JPL has begun a program of implementing the SFDU
concept, using both CCSDS-adopted labels, to build SFDUs for both flight projects and
ground data distribution programs. A new Data Acquisition and Capture System (DACS)
is being implemented at JPL in support of the Voyager, Galileo, International Solar Polar
Mission, and Active Magnetospheric Particle Tracer Experiment programs, using the JPL
basic version of the SFDU as the supported data structure. Associated with the NASA/JPL
SFDU program is a pilot program to manage the data definition catalogue, make control
authority and data format ID assignments, and write data descriptions in a machine-
readable language.

Primary Label

The two versions of the SFDU primary label are shown in Figures 5 and 6. The labels are
not independent because for this case a decision was made to allow a one-to-one mapping
of the control authority and format ID fields between the two versions. This means that
whenever a control authority or format ID number is assigned for one version of the
primary label, comparable numbers are reserved for the other version. Details of the field
definitions and ID assignments can be found in Tables I and II. Note that both versions
have the same parameter set. The version number, the total length in octets, and the
concatenation of the control authority ID and the format ID are all essential to utilization of
an SFDU. The start of data contents pointer is placed as a convenience to the user so that
the supplementary labels may be readily skipped if desired.

Supplementary Labels

Although the CCSDS has not yet made any move to standardize secondary labels, such an
effort has been going on at the local and discipline level. The vicar and mini-vicar image
label formats are discipline examples of supplementary label standardization, and
institutions such as NASA/JPL in the U.S. and DFVLR/GSOC in Germany have taken
their own steps to standardize the labelling on their flight projects. It is expected that many
supplementary labels will be catalogued over the next few years in order to accommodate
the immense variety of existing data sets and label structures. However, it is also expected
that supplementary label assignments for new data sets, where possible, will be selected
from a set of generic labels which will be catalogued as standard supplementary label
formats. Some work has already begun at DFVLR/GSOC to define generic supplementary



label sets which can be used for telemetry, command, and tracking, as well as other kinds
of data. Standardization in this area will provide large gains for interagency operational
support.

Data Fields

Little standardization of SFDU data fields is expected, because the formats are determined
by instrument design or processing needs. In a few cases formats can be standardized
within a discipline or subdiscipline, but most formats will be individualized. The format
descriptions will generally be identified in a supplementary label, which will itself be
standardized at some level.

IMPLEMENTATION DIFFICULTIES

Some interesting problems have arisen while trying to convert existing data structures into
SFDUs. In several cases the user wanted to either place the primary label in its own file or
its own record. This is not a problem in itself if the SFDU is considered a logical construct,
independent of file or record boundries, but when one desires to make records a standard
size by adding fill data, some assumptions in the current concept of the SFDU are violated.
It is assumed that the first supplementary label follows the primary label immediately.
There is no pointer to the beginning of the supplementary label, although there is one to the
data field. This situation can be taken care of by adding a pointer to direct the user to the
beginning of the first supplementary label, or by refusing to allow addition of fill between
the primary and supplementary labels. The first solution is probably more desirable
because it causes the least impact to new users of the SFDU concept who already have
existing data sets and processing software. Furthermore, some tape systems are unable to
handle records smaller than 14 bytes, and there is a strong preference for an even number
of bytes in a record. The two versions of the primary label now being considered by the
CCSDS contain 6 bytes and 13 bytes, respectively. The current versions of the primary
label may not be able to stand alone in their own physical tape record, much less their own
file. A possible solution to this record size difficulty which will be recommended to the
CCSDS is shown in Figure 7, with the corresponding parameter list described in Table III.
There have been some specific concerns about the use of variable length fields in the
primary label. This difficultly can be overcome by placing control of the field length
parameters solely in the hands of the top-level standards organization which has the
authority to create new versions of the primary label, which makes these parameters
operate as if they were subversion numbers. It is recommended that the current CCSDS
panel support only one version/sub-version set at this time. This recommendation is also
illustrated in Figure 7 and Table III.



Another problem is that there are some current label structures which do not fully identify
or support the data set, but rely on assumptions made by all the users. This is expected to
be a relatively common occurance when trying to include format structures used in small,
closed data systems.

Probably the most challenging implementation task to date is the incorporation of the
Landsat computer-compatible tape (CCT) family within the SFDU structure. The CCT
family was developed along the same philosophical lines as the SFDU, and it contains the
same features as the SFDU. The difference is in the structural representation of those
features. The CCT family of formats is used globally within the Landsat system, and
contains numerous features specific to tape operations, but it appears that the CCT family
can be easily extended to open system networks and to transport and storage media other
than tape.

CONCLUDING REMARKS

The feedback from SFDU implementation efforts is considered an essential part of the
CCSDS activity, so that the standard eventually recommended will be a working standard,
and not just a paper wish. Although the CCSDS specifically deals with space data systems,
the SFDU concept is applicable to virtually all data systems on an open network. The
SFDU is in the early or white book phase of CCSDS standard definition work, and must
go through the red book and blue book phases before it is formally recommended as an
international standard; in the interim the feedback from the user community will play an
important role in the direction the SFDU standard takes.



TABLE I
SFDU Primary Label: Basic Version

VERSION ID = 000100 binary.

DATA STRUCTURE = 00 binary, non-batch operations,

= 10 binary, batch mode.

START OF DATA CONTENTS = A number which you supply indicating the number of
octets in the labels, including the primary, which preceed the data
field.

CONTROL AUTHORITY ID = A number assigned by the global control authority.

LOCAL FORMAT ID = A number assigned by the local control authority.

MESSAGE DATA UNIT TOTAL LENGTH = A number which you supply indicating the
total number of octets in the batch. It will be the sum of the message
data unit total lengths from each of the SFDUs in the batch. In order
to use the batch mode, the first SFDU of the batch must have the
batch flag set and the optional field must be utilized. All other
SFDUs in the batch will not use this field and the batch flag will not
be set.

CONTROL AUTHORITY ID ASSIGNMENT:
For JPL projects, ID = 000101 = NASA/JPL

LOCAL FORMAT ID ASSIGNMENTS:
GALILEO EDR FORMAT 0001000001
JPL AMPTE/ISPM FORMAT 0001000010
MINI-VICAR FORMAT 0110000011



TABLE II
SFDU Primary Label: Enhanced Version

VERSION ID = 000001 binary

RESERVED = 00 binary

START OF DATA CONTENTS = A number which you supply indicating the number of
octets in the labels, including the primary, which preceed the data field.

CONTROL AUTHORITY ID = A number assigned by the global control authority.

LOCAL FORMAT ID = A number assigned by the local control authority.

SFDU TOTAL LENGTH = A number which you supply indicating the total number of
octets in the SFDU, including primary label.

CONTROL AUTHORITY ID ASSIGNMENT:
For JPL projects, ID = 00000010, 00000001, 00000101 binary
This translates to: 2 LEVELS, EXPERIMENTAL, NASA/JPL

LOCAL FORMAT ID ASSIGNMENTS:
GALILEO EDR FORMAT 00000010,00000000,01000001
JPL AMPTE/ISPM FORMAT 00000010,00000000,01000010
MINI-VICAR FORMAT 00000010,00000001,10000011



TABLE III
SFDU Primary Label: New Recommendation

VERSION ID = 000001 binary

RESERVED = 00 binary

CONTROL AUTHORITY FIELD LENGTH = 0100 binary. In this version of the SFDU
primary label, 1.4.4, there are 4 octets reserved for control authority ID.

LOCAL FORMAT FIELD LENGTH = 0100 binary. In this version of the SFDU primary
label, 1.4.4, there are 4 octets reserved for local format ID.

START OF LABEL CONTENTS = A binary number which you supply indicating the
number of octets in the primary label, including fill as necessary, which
preceed the supplementary label field.

START OF DATA CONTENTS = A binary number which you supply indicating the
total number of octets in the labels, including the primary and fill, which
preceed the data field.

SFDU TOTAL LENGTH = A binary number which you supply indicating the total
number of octets in the SFDU, including primary label and fill.

CONTROL AUTHORITY ID = A set of 4 binary octets assigned by the global
control authority. The recommended form is Global Authority. National
Authority.Agency.Center.

LOCAL FORMAT ID = A set of 4 binary octets assigned by the local control authority,
such as a Center. The recommended form will be determined by each
local control authority, but might look like the following: Data
Classification.Discipline.Investigation.Format.



Figure 1.  Users’ Need:  Multidisciplinary ‘Open’ Data Network



Figure 2.  Message Handling Model



Figure 3.  Operations Concept



Figure 4.  Conceptual Structure of a ‘Standard Format Data Unit’ (SFDU)



Figure 5.  SFDU Primary Label:  Basic Version



Figure 6.  SFDU Primary Label:  Enhanced Version



Figure 7.  SFDU Primary Label:  New Recommendation


