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ABSTRACT 

In telemetric network systems, data extraction is often an after-thought.  The data description 
frequently changes throughout the program so that last minute modifications of the data 
extraction approach are often required.  This paper presents an alternative approach in which 
automation of measurement extraction is supported.  The central key is a formal declarative 
language that can be used to configure instrumentation devices as well as measurement 
extraction devices.  The Metadata Description Language (MDL) defined by the integrated 
Network Enhanced Telemetry (iNET) program, augmented with a generalized measurement 
extraction approach, addresses this issue.  This paper describes the TmNS Data Extractor Tool, 
as well as lessons learned from commercial systems, the iNET program and TMATS. 

KEYWORDS 

Data Format, Data Extraction, iNET, Metadata, MDL 

INTRODUCTION 

Demands on existing telemetric infrastructure continue to grow.  As they grow, conflicting 
constraints must be carefully balanced in order to ensure optimal performance.  Two key 
properties to be considered are the flexibility of the data format and the efficiency of data 
packaging/extraction.  These properties are at odds with one another. 

A fixed data bus can be very efficient in transmitting data, assuming that the system 
requirements do not change to exceed the data bus’ specifications.  Using network-based 
telemetric systems enables all the flexibility of networks.  A network can be upgraded to meet 



 2 

new system requirements.  As network shapes change in unanticipated ways, the shape of the 
data needs to change to optimally use network and telemetry resources.  A more flexible data 
format yields more efficient use of a wide range of network shapes.  However, flexibility in data 
format specifications comes at the expense of complexity.  The more complex a data format is, 
the more complex are the packaging and extraction processes.  Embedded computing devices 
with limited processing power may have difficulty supporting the more complex data formats. 

Efficient use of system resources requires a careful balancing of data flexibility and complexity.  
The tradeoffs must be considered from the beginning of system design.  If the data format is not 
flexible enough, bandwidth usage may be sub-optimal and result in a lower data throughput.  
Conversely, if the data format is too complex, the packaging/extraction processes will be slower, 
thus resulting in greater latency. 

An early prototype for testing end-to-end system parameters focused on measuring end-to-end 
delivery of structures shaped like TmNSDataMessages.  These tests included competing tradeoff 
relationships of throughput, latency, and message size.  Tests have shown what happens to the 
possible maximum throughput and realized latency as message sizes increase.  Of interest is a 
bend in the curve, shaped like a knee, which occurs after message size passes a threshold.  This 
bend shows that messages need to get to a certain size before the overall network performance 
begins to reach its maximum possible rate.  However, the larger the messages get, the worse 
(longer) the latency becomes.  Thus, end-to-end performance is tied to message size, latency, and 
throughput constraints.  It is even more difficult to control or even to explain this type of 
interaction when there are multiple flows of data competing for networking resources, especially 
given the fact that the value of some measurements decrease as its latency increases.  The bend 
will shift depending on the shape of the network.  Packing of measurements into messages must 
balance these tradeoffs.  The Metadata Description Language (MDL) of integrated Network 
Enhanced Telemetry (iNET) supports this balancing. [1] 

TMATS 

The existing standard format for telemetric metadata is known as Telemetry Attributes Transfer 
Standard (TMATS).  TMATS was developed during a time when almost all telemetric data was 
encoded as either Pulse Amplitude Modulation (PAM), or Pulse Code Modulation (PCM).  
Instrumentation systems and test ranges share common architectural characteristics that are 
reflected in the design of the TMATS language.  TMATS files contain separate sections that 
directly mirror the physical components and structure of PCM data acquisition and test range 
systems.  The file structure implies certain hierarchical relationships and the system topology by 
the order in which descriptive elements appear rather than through direct linkage. 

The advent of network-based data acquisition systems presents a problem for TMATS.  The 
hierarchical and physical relationships implied by the TMATS file structure are no longer valid 
or sufficient for some system implementations.  In addition, many new components and data 
elements are present in the iNET architecture for which no TMATS language capability exists.  
For TMATS to support the new system architectures, its data model would need to be 
restructured and expanded.  If this happened, the applications that currently consume and 
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produce TMATS files would also need to be updated to keep pace.  The extent of restructuring 
required, along with the ripple effect of supporting a new format, made it impractical to use 
TMATS as the basis of the iNET metadata language. 

FLEXIBILITY OF DATA FORMATS IN INET 

The iNET system has defined a declarative language, the Metadata Description Language 
(MDL) [2], for describing tests.  MDL files (files that conform to the MDL Standard) describe 
both network shapes and data formats.  Analysis can be performed for a single test to determine 
if the shape of the data is efficient for the declared network shape.  The MDL also has support 
for describing networking relationships including descriptions of quality of service (QoS) levels, 
mission priority, and latency with regard to packaging timings to help optimize resource use. 

iNET’s Test Article Standard (TAS) [3] describes the general data format of Telemetry Network 
System (TmNS) Data Messages.  A message consists of a header and one or more packages.  
The message header has a timestamp, a sequence number, the message length, and a message 
definition identifier (MDID).  The MDID is the key used to locate structural information for the 
message in an MDL file.  The message may be constrained by size, package count, or latency.  
The list of allowed packages is included in the MDL file’s description of the particular MDID.  
Further, messages may contain packages in either a fixed order or a freeform order.  Each 
message also contains status flags that enable, among other things, message fragmentation.  This 
flexibility allows for many constraints to be set on any message to make it more or less flexible 
as needed on a per message description basis.  A graphical representation of the TmNS message 
header is provided in Figure 1. 
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ApplicationDefinedFields
(Optional, {OptionWordCount}*32 bits)

MessageTimestamp
(64 bits)

MessageLength
(32 bits)

MessageDefinitionSequenceNumber
(32 bits)

32 bits

MessageDefinitionID
(32 bits)

MessageFlags
(16 bits)

Reserved
(8 bits)

Option
Word
Count
(4 bits)

MessageV
ersion
(4 bits)

 

Figure 1. TmNS Message Header Format 

Following the TMNS message header is the message payload that consists of one or more 
packages.  A package can take many forms.  Some packages may utilize the standard package 
header defined in the TAS; others may incorporate a non-standard package header that is 
described by the MDL configuration file.  Still other packages may not contain a package header 
at all.  For simplicity and for the sake of this paper’s discussion, packages are assumed to have 
the standard package header in front of the package payload.  The header contains the package 
length, time delta from the message timestamp, and the package description identifier (PDID).  
The PDID is the key used to locate the package’s description in an MDL file.  Package 
definitions contain descriptions of how the data is placed in a package.  Figure 2 contains a 
visual representation of the TmNS standard package header. 

32 bits

PackageTimeDelta
(32 bits)

StatusFlags
(16 bits)

PackageLength
(16 bits)

PackageDefinitionID
(32 bits)

 

Figure 2. TmNS Standard Package Header Format 
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Trailing each package header is the package payload.  Package payloads are completely 
described in the MDL file used to configure the devices in the system.  Figure 3 provides an 
example of a package payload structure.  Payload structures may vary between each PDID 
description. 

Data Field 5
(16 bits)

Gear Vibe – LSB
(16 bits)

Gear Vibe – MSB
(16 bits)

Frame ID
(16 bits)

Frame Sync 
(32 bits)

32 bits

 

Figure 3. Example Package Payload Structure Definition 

Figure 4 is an example of extracting bits from a package and reconstructing them into a value 
using information in an MDL file. 

 

Figure 4. Example of Packaging a Value into a Package 
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The values stored in a package are in instrumentation units.  MDL files may optionally specify 
the data operations to transform from instrumentation units to engineering units. 

DATA EXTRACTION 

The MDL enables data format complexity to be adjusted in order to balance the constraints 
imposed by the shape of the network and the needs of the test.  There are cases where a more 
fixed format is required by the needs of the test, such as when data cannot be packaged and 
extracted in a reasonable time, introducing unacceptable latencies into the system.  By having the 
data structure defined in the MDL file, the complexity can be adjusted on a per message basis.  
Static analysis of the network description and the data descriptions in an MDL file can help 
predict problems and indicate messages that need to be altered in order to better fit the network. 

The TmNS Data Extractor (TDE) uses an MDL file to understand the incoming data stream.  
Because TDE is aware of the level of complexity of the messages received, it can efficiently 
extract the data contained therein.  With metadata, TDE can support highly-specialized data 
shapes. 

TDE first extracts the bits of interest as shown in Figure 4.  These values extracted from a 
package are in instrumentation units and must be converted to engineering units.  The MDL file 
can describe the data operations for this conversion as shown in Figure 5. 
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Figure 5. Data Operations Described in an MDL File Applied to a Measurement for IU to EU Conversion 

Knowing that the data extraction process needs to be as fast as possible, the TDE was designed 
for efficiency and performance.  Initialization of the TDE occurs in three steps.  First, the MDL 
file specified is read.  Second, the Message, Package, Measurement, and DataOperation elements 
are parsed from the MDL file into objects.  Third, these objects are cached for later access.  Once 
initialization is done, the data stream is scanned for a valid message in a co-routine.  The 
resulting message is then scanned for a package, again in a co-routine.  Each package found is 
scanned in a co-routine for any measurements described in the MDL file.  Each measurement is 
then converted from Instrumentation Units (IU) to Engineering Units (EU) if a conversion is 
provided within the MDL file.  This design creates a re-entrant program.  An example of the 
output can be seen in Figure 6. 
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Figure 6. Example Output of Measurement Extraction by TDE 

The default mode of operation for TDE is to extract measurements and apply IU to EU 
conversions as shown in Figure 6.  An alternative mode for TDE is to extract packages, either 
with or without headers, as raw binary.  An external program may be used to process packages.  
For example, video frames or audio streams may be packaged as raw binary.  TDE is able to 
extract the package without its header and deliver the payload directly to an audio or a video 
decoder. 

More can still be done to improve the data extraction efficiency.  Currently, when parsing the 
MDL file, information is stored describing the extraction process.  Instead, during initialization, 
this information can be used to create extraction code at runtime.  This runtime code can then be 
compiled.  Using this approach, the need to look up a package structure would be eliminated and 
unit conversion can be computed more efficiently. 

CONCLUSION 

In summary, data formats must balance complexity against efficiency.  This is manifest as a 
tradeoff between network latency and bandwidth utilization.  As a result of the MDL file 
describing both the shape of the network and the shape of the data format, a TmNS system can 
describe and analyze the interaction of these conflicting constraints.  This same MDL file is used 
by the TDE to extract measurements and perform IU to EU conversions from the data it receives.  
Complexity of data extraction should also be considered when designing the data formats as it 
has impact on extraction efficiency.  By designing a TmNS system with these concerns in mind 
from the beginning, many potential pitfalls can be avoided. 
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