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ABSTRACT 

 

Flight Test data systems have in the past been setup by experts using ground based computer 
systems. In the future it will be possible to give the system a list of parameters to be measured on a 
given test and have the data acquisition system return the information necessary to process the data. 
There are several things that are leading systems in this direction. Recorders are beginning to record 
Meta data along with the data on the same media. IRIG 106 Chapter 10 recorder specification 
requires that a TMATS file be stored on the media with the data so that the data can be processed by 
any system. The TMATS file is Meta data. However, the TMATS file still needs to be generated by 
conventional means. Another factor leading us in this direction is the advent of network based data 
acquisition systems. This will allow much simpler algorithms to be used to format the data and 
remove some of the reliance on experts to accomplish this task. What this paper discusses is 
preliminary work toward using an XML based approach to having the system generate the setup 
information. The result will be an XML Schema. This can then be used by microprocessors in the 
data acquisition system to create a record for each measurement that can then be used to process the 
data. 

 

 

INTRODUCTION 

 

Originally test data acquisition systems were used to acquire data from analog sources. Back in those 
days keeping track of the data system configuration was simpler. However, as the systems on the 
vehicles became more complex, particularly with the introduction of avionics data buses, the number 
of parameters that could be recorded and the data processing required really took off. The problems 
with configuring a system and providing the information required to be able to process the data has 
grown along with system complexity. The complexity of our data systems and the number of 
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parameters that we are requested to record is expected to continue to rise. With the increases in 
system complexity there is a need for better ways to manage the data and to provide the information 
required to process it. We are on the verge of an era where we will be able to tell a data system what 
we desire to record on a given test and to have the system configure itself and to provide the data 
required to process what was recorded. One of the first steps required to get to this system capability 
is a standard way for the system to describe to the recorder and data processing system exactly how 
to interpret the data. This paper is intended to be a first cut at a way to accomplish this using the 
eXtensible Markup System (XML). It will take review by many different groups of people to 
determine what changes will be required so don’t read this paper and say “that’s nice, but it won’t 
work in my application.” Propose changes that will allow it to be used in your application.  If we 
discuss it first in this type of forum and have a good general outline we can then consider 
standardizing it through the RCC or some other standards body. 

There has already been a lot of thought given to this idea in the area of smart sensors. The desire for 
a smart sensor to be a plug and play device has required them to have a way to describe themselves 
to a higher level in the system so we will start with them. The answers that we will develop for smart 
sensors will then be compared to the requirements for other data acquisition systems and we will try 
to work up to a general solution. 

There are other things that could be incorporated but have not been included in this paper. For 
example multiple sub-parameters could be defined and mathematical operations defined to combine 
them into a single parameter. We will leave that as a later exercise. 

 

 

DEFINITION OF TERMS 

 

There are terms that the instrumentation community doesn’t use all of the time that will need 
definitions to avoid confusion. 

Message - The term message is used in communications to indicate a collection of bits or bytes that 
is to be transmitted from a data source to one or more data consumers. In communications a message 
can be any size from a single byte up to many megabytes. In order to be able to transmit a message it 
is placed into one or more packets for transmission depending upon the transmission media. When a 
message passes from one transmission media to another it may be further dissembled and 
reassembled before it reaches its final destination. Within a network based data acquisition system 
the opposite situation will be more common. That is that a data acquisition unit will have a number 
of small messages, i.e. collections of samples from one or more sources, which it desires to combine 
into a larger message for transmission or recording efficiency. In cases where the combination 
results in a repeating structure this just creates a larger message. In other cases such as Mil-Std-1553, 
ARINC-429 or ARINC-629 many small messages need to be combined but in most cases this will 
not result in a repeating structure. For the sake of this discussion let’s come up with terms that will 
allow us to differentiate between these two cases. Since in most cases messages will originate at a 
single node lets call the messages that are sized for transmission or recording “source messages.” A 
source message can contain a single repeating structure or many smaller messages that are embedded 
within the source message. Let’s call the smaller messages “embedded messages” to differentiate 
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them from source messages. We could call these messages packets but that gets confusing when we 
will have systems that use packets for transmitting messages and there will not always be a one-to-
one correlation between the two. Where the term “message” is used without a qualifier it refers to 
either type of message. 

Source message - A source message originates at a single node within a system and is transmitted to 
other nodes in the system without having information added to or removed from the message. Any 
bits that are added in the process of transmission are always removed by the time that the message is 
received. A source message may be a single message or may be composed of one or more embedded 
messages. 

Embedded message - A message that originates at a single node within a system that is combined 
with other embedded messages into a single source message for any reason. Embedded messages are 
often combined into source messages for transmission or recording efficiency. 

Message Identifier - All messages need some type of message identifier to allow the system to 
select between the many messages that can exist within a system. How the system will find the 
message identifiers is a subject that we will leave for another write-up but we can say that similar 
techniques can be used to describe the messages. For now we will just assume that we have a way to 
find the message identifier within the message. At this point it should be noted that both ARINC-429 
and ARINC-629 use labels with extensions. For some parameters within an ARINC-629 message the 
message identifier needs to include both the label and the extension. For other parameters only the 
label needs to be considered. Whether or not an extension to the label is required is a function of the 
parameter. Some parameters within a message will require the use of the extension and others will 
not. This requires that the use of the extension be defined at the parameter level although the 
structure of the extension can be defined in the structure that defines the packets. That is a later write 
up. 

Source message identifier - This is the identifier that is applied to source messages. All messages in 
are required to have some type of source message identifier. This paper does not go into detail about 
the structure of these identifiers but just acknowledges their existence. Some knowledge of the 
message identifier length is assumed but how that is acquired is not addressed. 

Embedded message identifier - This is the identifier that is applied to messages that are embedded 
within source messages. All embedded messages in are required to have some type of message 
identifier. This paper does not go into detail about the structure of these identifiers but just 
acknowledges their existence. Some knowledge of the message identifier length is assumed but how 
that is acquired is not addressed. 

Identifier extension - Some embedded messages will use an extension to the message identifier to 
indicate that not all messages with the same identifier have identical content. At this point in time we 
will assume that they only apply to embedded message identifiers. If this is not a good assumption 
then we will need to make a change to the Syllable source structure to add provisions for an 
extension on the Source message identifier. Some knowledge of the identifier extension length is 
assumed but how that is acquired is not addressed. 

Parameter - A parameter is something that we measure or acquire from another system; transmit 
around our systems in messages, record and process to obtain information. In the process of 
acquiring parameters we often find that we can’t fit the bits that represent the value of that parameter 
into a contiguous set of bits within a message. At times it is necessary to put some of these bits into 
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separate messages. This is common with both IRIG 106 Chapter 4 PCM systems and ARINC-429. It 
is also normal within a system to have many samples of a parameter separated uniformly in time. So 
let’s call the collection of bits that represent the parameter value a “sample.” A sample is made up of 
one or more sets of bits that appear contiguous within our messages that are combined to produce a 
single sample. These we will call syllables.  

To better understand these relationships between samples and syllables consider Figure 1. We have a 
syllable that is in the least significant bits of the syllable register. The contents of the syllable register 
are then loaded into the shifter and shifted the appropriate number of bits to the left or toward the 
most significant bit of the sample register. After the shift operation, the bits are concatenated with 
the bits already in the sample register. This operation is repeated for each syllable in the sample until 
the entire word is assembled. The data model describes how the collection of bits in the sample 
register should be interpreted. 

This write up has ignored the possibility that some syllables might be transmitted msb first and 
others lsb first. We should add a msb/lsb swap flag to identify those cases. 

 
Error! Not a valid link. 

Figure 1 Variable/Syllable relationship 

Syllable - A syllable is one or more contiguous bits within a message that can be treated as a single 
entity. 

Variable - A variable is one or more syllables that are combined to form a single entity that 
represents a value at a given point in time. The Parameter name is a required variable that has global 
scope. 

Data Model - In order for a sample to be used for data processing a model must be defined to allow 
a processor to understand how to interpret the bits that make up the sample. This is called the “data 
model.” 

 

GENERAL STRUCTURE 

 

 

The following is a list of the types of data that need to be provided to be able to find a data sample 
within the recorded message and to convert the data to engineering units. The data is assumed to be 
stored in message and will be treated like a serial bit stream for the purposes of this discussion. For 
the moment we are assuming that the system has some way of finding the beginning of a message 
and that there is some sort of identifier for that message that the system knows how to find. We also 
assume that if the message is made up of separately identified sub-messages that the system knows 
how to find and identify the sub-messages. (The same techniques can be used to describe the 
message as are used to locate the data but that is for a later discussion.) There is a paragraph further 
defining each of these entries below. 
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Parameter definition 
Variable definition 

Variable identifier – Name for the variable or parameter 
Scope (Local, Global) 
Data model (integer, fraction, floating point, Time-of-Day, etc) 

Data model length – in bits 
Calibration file name 

End Variable definition 
 

Syllable source structure 
Source Message Identifier – The source message identifier  
Reference flag – fixed, embedded message, identifier extension or reference syllable 

Embedded message identifier 
Identifier extension 
Reference syllable name 

Syllable name list 
End Syllable source structure 

 
Syllable definition 

Syllable name - give it a name 
Variable identifier 
First Sample Offset 
Bits per sample 
MSB/LSB Flag 
Syllable shift length 
Bits between samples 
Data set length flag 
Number of samples in the data set 
Length offset 
Bits in length 
Last syllable flag 

End Syllable definition 
 

Time tag definition 
Variable identifier 
Time sum list 

Time word identifier list 
Sample time flag 
Sample interval 
Number of samples before the time tag 
Delay from Time tag to first sample 
Time between samples 

End time tag definition 
 

Status definition (repeated for each status flag) 
Status name 
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Status Flag - One status per data set, One status per sample 
Number/list flag 

Status flag list 
End status definition 

 
End Parameter definition 

Global vs local names - The source message identifiers, embedded message identifiers, identifier 
extensions and calibration file names have global scope. Some variable names, such as the name of 
the parameter, will also have global scope. This means that this name must be known outside this 
parameter definition. All other names only have local scope and have no meaning outside of this 
parameter definition. 

Parameter Identifier - The parameter identifier is simply the name by which the user identifies the 
parameter being measured. It takes many forms depending upon the organization. The remainder of 
the information discussed in this paper addresses how to find this parameter, a time tag and status 
associated with it and the information needed to process the data. 

Data Model - The data model defines the general structure of the each sample of the data after 
syllable collection and before correction (Calibration) is applied. There are eight data models defined 
in the IEEE 1451 standards and more will be needed for other data sources but these serve to give 
examples of the intent of this field. 

Integer formats - There are two integer formats defined in the IEEE 1451 standards. The N-Octet 
integer defines integers that occupy all or part of from one to eight bytes. Long integers contain nine 
or more bytes. In both cases there must be a Model Data Length supplied to identify the number of 
bits in the data sample. A length field is required when either of these formats is used. 

Fractions - Fractions are data representations with the radix point between the first and second bit in 
the data word. This allows them to represent quantities from zero to approaching two. They are 
needed when the processing requires the use of high order polynomials to keep the data from 
overflowing. Like the integers, there are two defined fractional representations. N-Octet fractions 
may occupy from one to eight bytes. Long Fractions require nine or more bytes to contain the data 
word. A length field is required when either of these formats is used. 

Floating Point Formats - There are two possible formats for floating point numbers defined in 
IEEE 1451. They are Single Precision Real and Double Precision Real. Both conform to the IEEE 
754 floating point number format standard. The single precision real numbers occupy 32 bits and the 
double precision real require 64 bits. 

Bit sequence - A bit sequence is used when the bits that are included in the data sample represent a 
state value instead of a numerical value. A length field is required when either of these formats is 
used. 

Time of Day - The Time of Day model used in IEEE 1451 is copied from IEEE 1588 the Precision 
Time Protocol. It contains two 32 bit numbers. One contains the number of seconds since Jan 1, 
1970. The other word contains two fields. Thirty bits are used to contain nano-seconds since the 
second defined by the first word. Another bit is used as the sign bit for the entire time word enabling 
it to be used for time of day or time increments. The last bit is unused. There is no doubt that as we 
proceed with this many more time formats will need to be added. 
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Data Model Length - The data model is the number of bits in the data model. In some cases the 
number of bits in the data model can be determined from the data model itself and this field can be 
omitted.  

Calibration File Name - This field contains the information necessary to find the calibration file 
associated with this parameter. 

Syllable Source Structure - This structure defines the source message identifier that contains one or 
more of the syllables of the sample, time tag and status words. Since the same data could 
conceivably be found in different message with different identifiers this structure is repeated for each 
message identifier containing syllables that we need to extract. There are cases when a syllable is 
referenced to another syllable. This would be the case when there is a time tag or status associated 
with each sample of a parameter. 

Source Message Identifier - As we noted above each message must have some type of identifier 
that the system can use to identify the message. This document assumes that the number of bits in 
the identifier is determined from the same source that describes the message structure and is not 
defined here. This field provides the source message identifier for the message that contains an 
instance of the syllable of the data of interest. If the syllable is being referenced to another syllable 
this field may be omitted. 

Reference flag - There are three possible references from which a syllable may be located. This flag 
identifies which is being used for the syllables in the syllable name list. If the flag indicates “fixed” 
the syllables in the syllable list are located in reference to the source message identifier. If the value 
of this flag is “embedded message” then the syllables are located with reference to an embedded 
message identifier within the source message identified by the source message identifier. If the value 
of this flag is “reference syllable” the syllables in the syllable list are located with reference to 
another syllable and the source message identifier is not required. 

Embedded message identifier - If the reference flag is “embedded message” then this field is 
required to provide the embedded message identifier. 

Reference Syllable Name - If the reference flag is “reference syllable” then this field is required to 
provide the name of the syllable to which the syllables in the syllable list are referenced. 

Syllable name list - This field contains a list of the syllable names for all syllables that are 
referenced as defined by the combination of the source message identifier, embedded message 
identifier or the reference syllable name. 

Syllable Definition - In many cases the syllable of interest may appear in many different messages 
as in a parameter that appears in each minor frame of an IRIG 106 Chapter 4 PCM system and the 
general definition of how to locate the syllable with respect to the message identifier or embedded 
label will be the same. So instead of repeating the same information over and over again we give the 
syllable a name and define the location for that syllable name once. 

This group of fields defines the location of a particular syllable within a message or messages. There 
will be syllable definitions for each syllable in the data word. 

Syllable Name - This name identifies the syllable that is being defined. It is desired because the 
same syllable may appear in several different messages and we do not want to keep repeating the 
same data. 
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Variable Name - This name identifies the parameter, time word or status to which this syllable is to 
be applied. 

First sample offset - The first sample offset is the number of bits from the end of the reference 
location, i.e. a source message identifier, an embedded message identifier or a reference syllable. If 
an embedded message identifier is made up of an embedded message identifier plus an extension the 
offset is measured from the end on the combination whether or not the parameter utilizes the 
extension when identifying the parameter. The number of bits in this field includes the number of 
bits in the reference. 

Bits per sample - This field contains a positive integer giving the number of bits in the syllable. 

MSB/LSB Flag - This field identifies whether the input is most significant or least significant bit 
first. 

Syllable Shift Length - Since a syllable is only part of a word we need to be able to position the 
syllable to the appropriate bits in the final output word and to concatenate it with the other syllables. 
The syllable shift length field contains the number of bits to shift the syllable toward the most 
significant bit before concatenating it with the other syllables. The magnitude of the shift length 
must be less than or equal to the data model length. 

Bits between samples - In cases where the syllable is repeated multiple times within the same 
message this field gives the number of bits between occurrences of the syllable. If the syllable only 
occurs once in the message this field should contain a zero. 

Data Set length flag - The data set length within a message may be either fixed or variable. Thus 
this flag can take on one of two values, “fixed” or “variable.” If it is fixed then the Number of 
samples in the data set field will contain the appropriate number. If it is variable then there must be a 
Data set length field within the message to define the number of samples. The Length offset field will 
then point to the location of the length field and the bits in length field gives the number of bits in 
the length field. 

Number of samples in the data set - This field is used if the number of samples in the data set is 
fixed and is not recorded in the message. This number is a positive integer. 

Length offset - This field is used if the number of samples in the data set is recorded in the message. 
It may be either a fixed number or a variable. The Length offset is a signed integer giving the 
number of bits from the beginning of the message identifier or embedded label and the first bit of the 
length field. 

Bits in length - This field the number of bits in the length field if the number of samples in the data 
set is variable. 

Last Syllable flag - With multiple syllable words being repeated periodically there is always a 
danger that syllables from the wrong messages will be combined producing erroneous data values. 
What is being assumed here is that the processor will know the order of occurrence of the syllables 
in the messages. This flag is used to mark the last syllable to be acquired for this parameter, time 
value or status. When this syllable is found and combined into the output word all other syllables for 
the current sample should have been collected and processed. The output word has been formed and 
the next step in the processing of the sample, whatever that may be can proceed. This flag is only 
present in one syllable in the list required for the particular value. 



  Page 9 of 10 

Variable definition - There are several cases where it is necessary to define variables that are 
needed to locate the parameter, it’s time tag and status. A variable definition looks much like a 
parameter definition. It needs a name or variable identifier, a data model, a data model length and 
possibly a calibration file name. 

Variable Identifier - The variable identifier is a name given to a variable so that it can be referenced 
in other parts of this structure. It may have global or local scope. The names for status fields may 
need to be known outside of this definition. 

Time Tag Definition - This structure defines how to compute a time tag and whether there is a 
single set of time words for the data set or if there is a set of time words for each sample in the data 
set. 

Time Sum List - This field contains a list of Time word identifiers that must be added together to 
produce the final time tag associated with the parameter. 

Sample Time Flag - There are two possibilities to be described by this flag. If the flag is One Time 
Tag per Sample there is a time stamp associated with each data sample in the data set. If the flag is 
One Time Tag per Data Set there is a single time stamp associated with a sample in the data set and 
all other times are derived from that time and the sample interval. 

Sample Interval - This entry provides the time in seconds between samples in a data set where there 
is only one time tag per sample and a constant sample interval is used. 

Number of samples before the time tag - When dealing with data sets that are acquired as the 
result of some event, there is the possibility that the time tag will not be associated with the first 
sample in the data set. This field allows the definition of the number of samples that were acquired 
before the time that is indicated by the time tag. 

Delay from time tag to first sample - With some systems there is a delay between when the time 
tag is inserted into the message and when the first sample in a data set is taken. This field allows that 
time to be defined in seconds. If this field is present then the value in this field must be added to the 
time computed by summing the time words in the time sum list to obtain the time tag. 

Status Word - The location of the status bits are defined the same as for a parameter. 

Status field definition - All status words are located by an offset number in bits from the beginning 
of a syllable of the data in the data set. As defined in the status flags this can be either a syllable in 
the first word in a data set or from a syllable in each sample in a data set. If the status flag is One 
status per data set then the offset is from the beginning of the data set. If the status flag is One status 
per sample then the offset is from the data word. It is an integer number of bits and can be either 
positive or negative. 

The status field definition is repeated for each status field that needs to be described. 

Status name - This is a text string that should be displayed with the status or referenced to identify 
the status. 

Status flags - This flag defines whether there is one status for the entire data set or one status flag 
for each sample. If this flag is One status per data set there is only the single status associated with 
all samples in the data set. If this flag is One status per sample there is a status word associated with 
each sample in the data set. 
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Number/list flag - If this flag indicates “number” then the status bits represent a number that is in 
some way related to the status name. If it indicates “list” then the status bits are used as an index into 
the status flag list. 

Status flag list - This field contains a list of status labels. Each entry in the list is the text that is 
associated with a given combination of status bits. The first entry is associated with the status if all 
bits are zero. The next entry is for the case where all bits except the least significant bit are zero. 
This pattern repeats until all possible combinations of bits have been defined. Unused bit 
combinations require appropriate text fields. 

 

 

CONCLUSION 

 

 

This paper is just a start on the problem. There will need to be several additions before it can be a 
general solution to locating data samples in a packetized data system. Certainly the number of Data 
Models will need to increase and as more test cases are identified there will probably need to be 
other changes to the structure. The author has developed a number of test cases that have been used 
to test the completeness of the structure. If you want a copy of these test cases or have suggestions 
for changes contact the author. The XML schema has not been started yet but that is less of a 
problem that determining what needs to be in it. 




