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ABSTRACT

In an effort to reduce the costs of conducting space missions, the National Aeronautics and
Space Administration (NASA) is working to develop data systems standards that are
appropriate for application at key interfaces within mission data systems. Use of proper
standards can improve multimission support by reducing the need for developing new
interfaces and data transforms for each new mission.

“Time” is an important parameter for space-acquired measurements because instrument
analysis can often be based on a sampled sensor time series and because time provides the
most efficient (and often the only possible) linkage between instrument data and externally
generated ancillary parameters. Therefore, one of the major aims of the NASA effort has
been focused on the development of a standard timecode structure.

This paper describes the rationale and form for that structure and provides a proposed
definition for an important class of timecodes, the binary unsegmented codes. The
structure provides a mechanism for the self-documentation of timecodes, so that any user
of the data can interpret time measurements in an unambiguous manner. The binary
unsegmented codes are modular and easily machine-readable, and feature expandable
resolution and ambiguity periods.

INTRODUCTION

Data acquired from a spacecraft instrument have little value without an understanding of
the environment in which the instrument is operating. Ancillary data parameters such as
time, position, velocity, instrument temperature, ground truth, etc., are often essential for
the correct interpretation of the data measurements provided by the instrument. Time is the
most critical of these ancillary data parameters for several reasons. First, time provides the
most efficient (and often the only possible) link between instrument measurements and
other ancillary data. Thus, it may be possible to determine the spacecraft position when a



particular measurement was made only by correlating the time of the measurement with the
position at that time. Second, complex scheduling of instrument activities is most often
accomplished by generating commands at precise, predetermined times. Third, the analysis
of data can frequently be accomplished based exclusively on a sampled sensor time series.
Therefore, time can be considered a key element in both the operation of spacecraft
instruments and the interpretation of the data acquired from them.

RATIONALE

For the time associated with the measurements from instruments located in space, two very
different environments must be considered. The first of these consists of the data
processing environment immediately following data acquisition. The first processing steps
typically consist of sensor calibration and data reformatting and represent a “closed”
system in which the applications process must have intimate, mission-unique knowledge
concerning the instrument and its characteristics as well as the formats and characteristics
of the telemetry data stream. For such an environment, it is desirable to allow considerable
latitude in the time representation and to allow the most efficient mechanism for encoding.
For example, it may be possible to reference the time to some mission-unique event and to
represent subsequent time as a count of seconds following that event.

Following the initial processing steps, however, data will frequently be made available to a
community of users, many of whom are not familiar with the detailed characteristics of the
instrument or the mission. In this environment, which is an “open” system consisting of
users interacting with derived data sets, it is essential that timecodes be presented in an
unambiguous, self-identifying manner that does not require mission-unique knowledge for
interpretation. If the closed system timecode is not unambiguous and self-identifying, the
initial processing steps must convert the format to one suitable for use in an open system
environment.

The major requirements for a timecode format in closed and open system environments are
shown in Figure 1.

In the development of a format for timecodes suitable for standardization, a key
consideration was that the selected format be machine-oriented. This reflects the plans of
space agencies to increase the automation of their operations. There was a strong desire to
make the format as simple as possible while retaining a self-identifying feature, and it was
decided to concentrate on formats only. Therefore, the scope of the timecode activity has
been limited to formats and does not address (at this time) important issues of clock
stability, synchronization, or control. The binary unsegmented format was selected as the
best format for satisfying the requirements.



REFERENCE PARAMETERS

The format guideline is based on two reference parameters that define the unit of time and
the reference epoch. The International Atomic Time (TAI) second is the primary unit of
time. This is defined as the time interval equal to 9,192,631,770 periods of the radiation
corresponding to the transition between two hyperfine levels of the Cesium-133 atom. This
is identical with the definition of the Coordinated Universal Time (UTC) second.

The reference epoch of the timecode is the beginning of the TAI day on January 1, 1950.
By international agreement, this is also the beginning of the UTC day and is universally
known as the Earth Mean Equator 1950 (EME-50) reference. The TAI time scale is based
exclusively on elapsed TAI seconds since the beginning of this epoch. The UTC time scale
uses an identical measurement for a second as the TAI scale but adjusts the time scale
periodically to approximately synchronize the UTC day with the sidereal day (i.e., Earth’s
rotational phase) by adding (or possibly subtracting) leap seconds. Since January 1, 1972,
only positive leap seconds, have been applied to the UTC time scale. The leap second
correction is generally applied at the beginning of the leap second day on either January 1
or July 1; by international agreement, corrections may be introduced at the beginning of
other months, but this has not yet occurred.

TIMECODE HIERARCHY

Because of the broad range of space exploration missions and the many different
instruments that such missions may carry, a variety of timecode formats may be required.
Figure 2 shows a hierarchical tree structure of timecode formats, with major branches
separating segmented and unsegmented timecodes. Here the term “unsegmented” means
that the code can be viewed as the output of a binary counter that increments once with
each clock cycle, with no “short-cycle” steps, Segmented timecodes, on the other hand,
present abrupt jumps of more than one increment at predetermined instants defining the
beginning of the year, month, day, hour, minute, second, and fractions of seconds.

BINARY UNSEGMENTED TIMECODE FORMAT

The format selected for the timecode can be represented as the concatenation of a
preamble (P) field and a time specification (T) field. The P-field defines the options,
parameters, and encoding structure of the T-field; for the binary unsegmented timecode,
the T-field consists of a variable number of contiguous time elements, each element being
one octet (8 bits) in length. The P-field is one octet long; therefore, the concatenated fields
are always an integral number of octets in length. This feature was judged desirable for
automatic machine processing of the timecodes.



The P-field format is defined in Table I. The following discussion summarizes the use of
each of the bit fields.

TABLE I
P-Field Format Definition

Bit Interpretation

0*
1

2-5
6-7

Extension Bit
Format Version Identification
Timecode Identification
Fine Time Resolution

*Bit 0 is most significant bit

The extension bit, which is currently defined to have a value of “0,” is included to allow
for expansion of the P-field at some time in the future. This could be necessary if a large
number of different timecodes should need to be accommodated, or to provide information
concerning precision and accuracy. A binary “1” appealing in this position indicates that a
second octet is present. If a second octet is present, its first bit is an extension bit with the
same definition: “0” implies that it is the last octet of the P-field; “1” implies that another
octet follows.

The format version identification bit is reserved to provide flexibility for future needs. At
present the value of this bit is set to “0.”

The timecode identification bits uniquely identify the timecode. Six timecodes are
presently defined, with time scale, reference epoch, and number of octets of coarse
measurement time (seconds) as shown in Table II. Note that the defined codes provide for
an ambiguity period—that is, the period between occurrences of the same timecode
state—of up to approximately 136 years when four octets of coarse measurement time are
defined. Identifiers for other timecodes have not been chosen.

The last two bits of the P-field define the number of octets of “fine” (subsecond) binary
time that follow immediately after the coarse measurement time. The interpretation of this
field is depicted in Table III.



TABLE II
Binary Unsegmented Timecode Definitions

P-Field

Bit 2 Bit 3 Bit 4 Bit 5 Interpretation

0

0

0

0

0

0

0

0

0

0

1

1

0

0

1

1

0

0

0

1

0

1

0

1

TAI Binary Unsegmented Time/
  4-Octet Coarse Time/EME-50 Epoch
UTC Binary Unsegmented Time/
  4-Octet Coarse Time/EME-50 Epoch
TAI Binary Unsegmented Time/
  1-Octet Coarse Time/Unspecified Epoch
TAI Binary Unsegmented Time/
  2-Octet Coarse Time/Unspecified Epoch
TAI Binary Unsegmented Time/
  3-Octet Coarse Time/Unspecified Epoch
TAI Binary Unsegmented Time/
  4-Octet Coarse Time/Unspecified Epoch

TABLE III
Definition of Fine Time Resolution Subfield of P-Field

Bit 6 Bit 7 Interpretation

0
0
1
1

0
1
0
1

No fine time present (1-second resolution)
One octet of fine time (~4-ms resolution)
Two octets of fine time (~1 5-µs resolution)
Three octets of fine time (~60-ns resolution)

The T-field of the binary unsegmented timecode formats then consists of 1 to 4 octets of
coarse measurement time (seconds) and 0 to 3 octets of fine time (subseconds). Because
the coarse measurement is a count of the number of seconds elapsed since the reference
epoch, the maximum 4 octets of coarse measurement time (corresponding to about 136
years) allow for timecode representation through the year 2086 for the codes identified
here, which are referenced to the EME-50. The formats for each of the defined codes are
illustrated in Figure 3.

Since timecodes may appear as binary serial bit streams or in parallel form (e.g., as
sequences of computer words), it is necessary to define a consistent transformation
between these two representations. When a timecode in parallel form is serialized



(possibly for transmission over a bit serial channel), the procedure to be followed is that
the P-field octet shall be serialized first, followed by the T-field octets. Within each octet,
bit 0 is serialized first and bit 7 is serialized last. The T-field octets are serialized in order
from the most significant octet of the coarse time measurement field. The conversion from
serial to parallel form is the reverse of this procedure.

SUMMARY

The NASA Data Systems Standards Program, chartered to develop standards and
guidelines appropriate for space mission interoperability, has defined a draft proposal for a
timecode format standard. A specific timecode featuring a binary unsegmented format has
been developed. This code is self-identifying and has an ambiguity period of up to 136
years with selectable resolutions to approximately 60 nanoseconds. A timecode format
hierarchy has been presented which encompasses other formats, and provisions have been
made for including other formats in the overall structure. By standardizing on one format
definition, the need for transformations in timecodes whenever data are passed between
systems or agencies will be eliminated.

Figure 1.  Characteristics of Closed and Open Portions of Instrument Data Systems.



Figure 2.  A Timecode Format Hierarchy.

Figure 3.  T-Field Formats of Binary Unsegmented Timecodes.


