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COMPLEX FORMAT
SYNCHRONIZATION AND DECOMMUTATION

GARY A. THOM
Aydin Computer and Monitor Division

700 Dresher Road
Horsham, Pa. 19044

ABSTRACT

Today's advanced commutation systems and on-board computers present a difficult
challenge to many existing ground station systems. This paper describes various
complex telemetry formats generated by these airborne systems and further describes
methods for synchronizing and decommutating these formats.

INTRODUCTION

For various reasons, airborne data acquisition systems cannot always transmit data in
simple PCM minor frame formats. These reasons include irregular data sampling
rates, data sampling complexity, transmission bandwidth limitations, airborne
packaging limitations, etc. The constraints placed on the commutation equipment
generate creative solutions to the data transmission formats. These formats, while
easily generated by the commutation equipment, can cause real problems for the
synchronization and decommutation equipment.

The following sections present a review of various PCM formats and discusses some
techniques for decommutation.

SIMPLE PCM FRAME FORMATS

The basic PCM telemetry formats were developed in order to transmit sampled
transducer measurements from a remote (or moving) source to a laboratory or other
physically separated destination. These formats allowed the sampled values to be
transmitted as they were sampled.

This ‘traditional’ PCM frame format begins with a minor frame. A minor frame
(Figure 1) is defined as the period from the beginning of one frame sync pattern to the
beginning of the next. A frame synchronization pattern is transmitted to mark the



beginning of the frame. Usually, all data samples have the same word length and the
frame sync pattern is a multiple of that word length. The minor frame is one complete
cycle of commutation having the highest rate.

This structure only allows each transducer to be sampled at the minor frame rate.
Allowances had to be made for data sampled at a slower rate (sub-commutated) and
data sampled at a higher rate (super-commutated). See Figure 2.

The sub-commutated data is organized into subframes. A Subframe (Figure 3)
includes one cycle of commutation having a rate as a submultiple of the minor frame
rate. The Major Frame includes one or more minor frames and is defined as the period
in which all data is sampled once. The Major Frame contains as many minor frames as
the longest subframe requires. Subframe synchronization methods include:

- Subframe Counter. Incrementing or decrementing binary counter located
in a fixed position in the minor frame.

- Recycle Pattern. A synchronization pattern present in a subframe data
word location marking the beginning of the subframe.

- Complementing Frame Sync Pattern. The minor frame sync pattern is
inverted to mark the beginning of the subframe.

Super-commutated data is a data sample which occupies multiple word locations in
the minor frame or sub-frame. These locations are usually evenly spaced throughout
the minor frame or sub-frame and allow the data to be sampled at a rate higher than
the minor frame rate.

The PCM frame formats described above fall into a category defined in IRIG 106-86
Chapter 4, revised May 1987 as Class 1 formats. This Standard further defines Class II
characteristics which will be discussed in the following section. Class I formats can
easily be handled by a variety of equipment from simple format synchronizers having
fixed length serial to parallel converters to complex telemetry preprocessor
subsystems. These formats represent the basis for all changes resulting in more
complex formats.

IRIG CLASS II FRAME FORMATS

IRIG 106-86 also describes the characteristics of frame structures for complex
applications defined as Class II. These frame structures have all of the characteristics
of the Class I frames with the following changes:



- Variable minor frame lengths.
- Multiple independent subframes.
- Asynchronous embedded formats.
- Tagged data formats.
- Format changes.

The IRIG Standard defines other possible changes such as bit rate which do not
necessarily have a large impact on format structure. These changes will not be
discussed here.

The Class II characteristics allow for more complex frame structures. These complex
formats may not be readily decommutated by equipment which was originally
designed for the Class I formats. The characteristics listed above impact different
functional elements of the telemetry synchronization and decommutation equipment
and will be described in the following sections.

VARIABLE FRAME LENGTH

Variable frame lengths are generally caused by synchronization of the PCM stream (or
data sampling) to a mechanical event whose period is not absolutely constant. Frame
lengths may vary in a variety of different way which determines the complexity of the
decommutation function. Figure 4 shows three different variable frame length
structures. For all of these, the frame synchronizer must be able to detect a frame sync
pattern which is not located a fixed number of bits from the last frame sync pattern.

In case 1, the useful data quantity and position are fixed, and additional fill data is
inserted at the end of the frame until the next frame is ready to be transmitted. This
can be handled in two ways. First, the useful data can be treated as the minor frame in
which case the synchronizer will acquire synchronization and then drop
synchronization for each frame. This approach does not present good sync correlation
characteristics because a key element of frame synchronization is not used. That is
frame to frame correlation. The second method allows the frame synchronizer to begin
searching for the frame sync pattern after the useful data is received. Synchronization
is maintained as long as an acceptable pattern is found before some maximum frame
length is reached. This approach provides frame to frame correlation within an
expanded but fixed window. The decom list remains the same for either approach and
is essentially the same as a standard minor frame decom list.

Case 2 presents a new problem. Not only does the frame length change, but so does
the useful data content. The same frame synchronization methods described for Case 1
apply here. The decom list now must be programmed for the maximum amount of



expected data and be able to be truncated when that data is not present. As long as the
variable data is position dependent, no further processing is required. If it is not
position dependent, then a method must be used to identify the variable data content.
This usually involves some type of frame identifier which may indicate data content
as well as frame size and is further discussed in the section Adaptive Formats.

Case 3 allows fill data to be mixed with useful data. The data words are position
dependent but may be separated by a variable number of fill words. The problem here
is to determine which words are fill words and which are data words. Usually the fill
words contain a pattern which has a high probability of not being found in the data
words. If this is the case, then each word can be compared to the fill pattern and
deleted if a match occurs.

Case 1 and 2 formats can usually be handled entirely by the frame synchronizer and
decom list. Case 3 has been implemented for specific cases using a hardware fill data
detector, however, processor based implementations are also common.

MULTIPLE INDEPENDENT SUBFRAMES

An Independent Subframe (Figure 5) is not synchronous with or not an integer
submultiple of other subframes in the Major Frame. A Dependant Subframe is
synchronous with and is an integer submultiple of another subframe in the Major
Frame. Theoretically, the only limit to the number of independent subframes is the
number of words in the minor frame. Typical frame structures are limited to one or
two independent subframes in the minor frame. There is also no limit to the number of
subframe levels in a format. A word slot in a subframe can contain sub-sub
commutated data (Figure 6) and a word slot in the sub-subframe can contain sub-sub-
sub commutated data and so on. Fortunately, typical frame structures stop at sub-
subframes although specific applications have had deeper subframes. Synchronization
to the subframes is relatively easy. Decommutation of multiple subframes becomes
more difficult because many levels of indirection are required to determine the
definition of a parameter. For example, a sub-sub frame parameter can only be
uniquely identified by knowing the minor frame word number, the minor frame
number, and the subframe number. If there are multiple subframes at the different
levels, then which subframe and sub-subframe is being processed also needs to be
known. This information is usually combined to form an address into a decom list
which provides the decommutation information about that parameter.

These various subframe formats are relatively easy to handle if the format is fixed. If
the subframe formats vary, a flexible subframe synchronization scheme is required
which allows a pool of subframe synchronizers to be used in any combination at any



level. This not only means synchronization, but also must provide a flexible method
for complex decommutation. One approach is shown in Figure 7.

ASYNCHRONOUS EMBEDDED FORMATS

Subframes, represent data streams which are synchronously embedded into a host
format. The prediction of the synchronization information location is based only on
the timing of the higher level format structure. For example, once minor frame
synchronization is achieved, the location of the subframe synchronization word is
known. The location does not change. Another form of embedded data is known as
asynchronous embedded data (Figure 8). This is a data stream which is embedded into
a host format in a manner which is completely asynchronous to the host structure. The
asynchronous format may consist of various subframes and has a word and frame
structure of its own which may not be related to host structure.

For example, the host structure may identify two eight-bit word slots which contain
the asynchronous format and may consist of four frames per major frame. This
provides 64 bits (8 eight-bit words) of information per major frame. Suppose the
embedded frame consists of 63 bits (7 nine-bit words). The embedded data will walk
through the two host format words one bit per host major frame. A sync pattern in the
embedded format will not occur in the same place for 64 host major frames.

One method for handling the asynchronous embedded format is to re-serialize the host
format words which contain the embedded format and apply that serial data stream to
another format synchronizer. The second synchronizer will only see the data
associated with the embedded format which it can easily handle.

TAGGED DATA FORMATS

Tagged data formats are used when the data in the frame can not be placed in a fixed
position. One reason for this is non-periodic sampling or event based sampling. This
may also occur when on-board computers must transmit a variety of different blocks
of data. If the data is not located in fixed positions, it cannot be identified solely from
its relationship to the synchronization information.

One method of overcoming this problem is to transmit an identification word with
each data word (Figure 9). This makes a frame consisting of ID/Data pairs. The
decommutator can then use the ID information to determine what to do with the
associated data word.



Another method is to transmit an identification word with a block of data. As in the
case above, the decommutator can use the ID information to determine the contents of
the data block. The data block can be contiguous samples in the minor frame or major
frame, or it can be distributed throughout the minor frame or major frame. In either
case, the location of the words associated with the data block are known, however, the
contents of those locations are not defined without the identifier word. This type of
format is sometimes called a Measurement List. This is also sometimes called a Jam
ID Subframe because it can appear to be an ID Subframe where the ID counter does
not increment or decrement sequentially. The ID synchronizer is put into a Jam mode
which just uses the ID word as a frame identifier. There are three classes of
measurement list formats.

The first class contains a prefix identifier (Figure 10). That is, the identifier word
precedes the data block. This makes decommutation easier because the definition of
the data block can be determined prior the receiving the associated data. Some forms
of Packet Telemetry are similar to measurement lists having prefix identifiers. The
identifier is located in the packet header.

The next class contains a postfix identifier (Figure 11). That is, the identifier follows
the data. This format requires the data block to be buffered until the identifier is
received in order to properly determine the contents.

The final class contains a fragmented identifier (Figure 12). Fragments of the
identification word are located throughout the major frame. Not only does the data
need to be buffered as with the postfix identifier, but the fragments must be assembled
before it can be used to identify the data.

IRIG 106 CHAPTER 8 FORMATS

IRIG 106 Chapter 8 defines a method of transmitting MIL-STD-1553 bus data using a
PCM stream. The characteristics of the MIL-STD-1553 bus necessitate the use of
Tagged Data Formats. The 1553 bus data follows a command/response protocol. The
1553 bus controller send or requests messages from remote terminals. The order that
these messages are transmitted, the number of words transmitted for a given message,
and the response time of the remote terminals are not fixed. This prevents the data
from being placed in periodic position dependent word slots in a minor frame. This is
further complicated because the IRIG standard allows up to eight 1553 dual redundant
busses to be monitored. Data from the busses may be merged in any order as long as
the data for each bus remains in the correct sequential order. Thus a message from one
bus may have data from other busses intermixed.



Since the MIL-STD-1553 bus data cannot be made position dependent, a tagged data
format is used. The Tagged Data is put into minor frames (Figure 13) but the data
location does not identify the data. The decommutation problem is further complicated
by the fact that the MIL-STD-1553 bus protocol must also be used by the
decommutation device in order to uniquely identify each data word. For example,
information in the tag (Figure 14) identifies which bus the data is from and whether it
is command, data, or status. The last received command word for that bus identifies
the current message as ‘to or from’ a particular remote terminal and how many words
are to be transferred. The position of the current word in the current message must be
determined to identify the current parameter received. In addition to decommutating
the Tagged Data format, the ground equipment must also interpret the message
protocol.

Today, this is most efficiently handled using a processor following the minor frame
synchronization and decommutation equipment. The frame sync/decom identifies the
parameter as a 1553 word and passes it to the processor. The processor interprets the
tag, and keeps track of the current massages from each bus. When a new parameter is
received this information is used to uniquely identify it. The IRIG 106 chapter 8 data
lend itself to being identified and buffered at three levels. First, the data from each bus
can be separated and buffered together. This is especially useful for history recording
the complete bus activity for each bus. The second level is to separate the data by
messages. A message is a uniquely identified by the transfer direction, remote
terminal address, and sub address fields in the command word. A message contains
the command word, status word, and associated data words. This is useful for history
recording all of the messages to or from a particular remote terminal (ie guidance data
or armament commands). The final level is at the parameter level. An individual
parameter (ie fuel flow) can be identified and further processed as any other PCM
parameter.

There are other formats which are similar to or related to the IRIG 106 Chapter 8
format. Grumman uses a very similar technique for transmission of their 1553 data
from aircraft. The definition of the Tag field is different but the overall concept is the
same. Tagged data can also be combined with standard position dependent PCM data
in the same host format. A minor frame can contain words which are uniquely
identified by their position in the frame and other word slots which contain IRIG 106
Chapter 8 data. The decom list uniquely identifies the position dependent data and
provides a general identifier for the other words so they can be further processed as
1553 data. A track split format is also identified in which multiple PCM streams are
used to transmit the data from each bus. This allows reduced bandwidth streams
usually for tape recording. The multiple streams must then be merged properly so that 



the data maintains proper order and be given an identifier that allows them to be
processed as 1553 data.

MULTIPLEXED FORMATS

Another format which is becoming more common is multiplexed or bit interleaved
formats. These formats take two or more PCM data streams and multiplex them into a
single data stream. This allows a single transmission to be made from the vehicle but
puts the burden on the reception equipment to make sense of the transmission.
Multiplexed formats fall into two major classes: Asynchronous and Synchronous.

The Asynchronous class combines data streams with unrelated data rates. The data
streams are asynchronous with respect to each other. This type of multiplexing usually
requires special multiplexing and demultiplexing equipment called statistical
multiplexers which will not be discussed here.

The Synchronous class multiplexes data streams which are either generated from the
same clock or phase locked to a common clock. The data streams are synchronous
with each other. The location of each data stream is fixed with respect to the others in
the composite stream. Within the Synchronous class there are two types of
multiplexes. The first (Figure 15) has a single sync pattern for the composite stream
and each data stream has a fixed time slot with respect to that sync pattern. This is
relatively simple to handle and can be processed the same as a standard minor frame
with embedded formats. The second type (Figure 16) does not use a common sync
pattern, however, the streams have a fixed relation to each other. Synchronization to
one stream allows the other streams to be uniquely identified. Once the locations of
the streams are known, they can be synchronized and decommutated as standard
formats.

ADAPTIVE FORMATS

An Adaptive Format is one that changes over time. This change is usually in response
to some event on the vehicle that causes a different set of data to be sampled or causes
the sampling rate to change. This may happen due to stage separation where a set of
parameters are no longer available and new parameters must be transmitted. This has
the potential of severely disrupting the reception of data. IRIG 106-86 defines some
characteristics of adaptive formats which attempt to minimize this disruption. These
characteristics are:



- Formats change only on minor frame boundaries.
- Changes include frame structure, word length, word locations,

commutation sequence, and sample interval.
- Bit synchronization shall be maintained.
- Frame Format Identifier shall be present in every minor frame and

identify the current minor frame.

The IRIG standard also defines two format change types.

The first is decommutation list changes. This involves maintaining format structure
and only changing the parameters and their locations in the frame structure. This type
provides the minimum disruption in data reception. Decommutation equipment exists
which can monitor the frame identifier word and change to a new decommutation list
when required. This can be done without loss of synchronization or data.

The second type involves format structure changes. This type will generally result in
both loss of synchronization and data. The frame length can change, the subframe
structures can change and the decommutation list can change. In actual use, the bit
rate may also change even though the IRIG standard implies that the bit rate remains
the same. Format structure changes require advanced warning of the change. If
synchronization is lost, there is no way to find the frame identifier word to determine
what the format is. One method used to handle this is to use multiple sets of hardware.
Each set is programmed for a different format. When the format changes, one set of
equipment looses synchronization and the other set gains synchronization. This
method looses the least amount of data. Another method used is for the equipment to
detect the format change word and load new setup information for the new format.
This usually takes time and if the data rate is high, data may be lost. The benefit is that
it uses less equipment and provided more flexibility for switching between many
formats.

 SUMMARY

Complex PCM frame formats are not new. Those described above are the most
commonly used formats today but do not represent all complex formats currently in
use. The IRIG standards are there for a guide but have not eliminated non-standard
formats. New requirements will continue to cause compromises between vehicle or
sampling constraints and format complexities. Decommutation systems intended to
have an extended life or support multiple applications must be designed to be flexible
to adapt to these new formats. Existing complex formats may be a guide to designing
in flexibility for future requirements.



 



 



 



 



 



 



 



 


