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ABSTRACT 
 
As today’s flight test data acquisition systems grow more complex, there is an urgent 
need for open standards that allow Commercial Off-The-Shelf (COTS) equipment from 
different vendors to be used together. However, there is more to inter-operability than 
getting the wiring right – it flows through from requirements specification to the 
gathering of data. This paper discusses the characteristics of an open system at each 
interface between customer requirements and programming of the Data Acquisition Unit 
(DAU): 
 

• Industry standard specifications for data interchange with databases and 
software packages 

• Human readable file formats for Data Acquisition Unit (DAU) setup 
• Communications link from ground station equipment to DAU  
• Industry standard protocols for interconnection of DAUs 
• Intra-DAU backplane specification to allow custom acquisition functionality 

to be added 
 
Only by providing third-party entry points at all five layers can the goal of an open data 
acquisition system be achieved. 
 
 

OPEN SYSTEMS AND INTEROPERABILITY 
 
The term “open system” generally refers to an interface or technology that is controlled 
by a standards group, is published, and is not specific to a particular vendor. In theory this 
is good, because users can choose the most suitable equipment for a task from any 
vendor, with confidence that they can insert it in their system and get it to work with 
other equipment. In practice, open systems are not always to the benefit of user or 
vendor. Standards committees are bureaucratic and standards regularly lag behind 
available technology. Indeed, focusing on open standards and forcing compliance can 
stifle innovation and exploitation of new technologies. 
 
In fact, an open system in this sense is not necessarily what users require. Users are 
looking for interoperability first and foremost, the ability to mix and match equipment 
from different vendors and not encounter endless headaches trying to get all the 
equipment to work together [1]. 



 
What is required are open “gateways” – published interfaces that allow equipment from 
one vendor to share data and information with equipment from another vendor in a 
controlled manner. This allows innovation and specialization within the (proprietary) 
vendor’s domain, while still guaranteeing freedom of choice for the user.    
 
In the flight test community there is typically a vast range of different types of equipment 
that are interconnected and/or exchange data involved in any flight test program – in the 
air, on the ground and in between. From a user perspective the task of getting these 
systems to inter-operate is crucial to a successful program. But it is not enough to focus 
on one problem area; for example the physical and data layer tackled by the Common 
Airborne Instrumentation System (CAIS) initiative. Today’s programs are complex and 
last for so many years that it is almost impossible to identify all the needs for inter-
operability at the beginning, each aspect of the system needs to be analyzed and as open a 
solution as possible found.  
 
The Holy Grail is the “instrumentation network” and there is ongoing development to 
map out the interfaces that are important to make this network a reality – such as the Joint 
Data Acquisition Network Standards (JDANS) program [2]. This focuses on adapting 
commercial standards to flight test and instrumentation topology requirements 
(NexGenBus [3]) as well as defining message structures for inter-operable equipment. 
Other efforts focus on the “big picture” and are trying to get a unified path from user 
requirement to analyzed data [4a], [4b].  
 
The focus of this paper is specifically on data acquisition (the DAU) and is more short 
term  – what technologies, standards and equipment are available today that are open, and 
are positioned to take advantage of the developments towards the instrumentation 
network.  
 
 

LAYERS OF INTEROPERABILITY 
 
There are five layers of requirements translation from the user specification to samples on 
the DAU: 
 
Requirements Definition 
The user requirements are represented in some form, typically in the form of tables in a 
database or system definition documents. At this level they are expressed completely in 
the user domain without reference to any physical implementation of a data acquisition 
solution.  
 
Instrumentation Definition 
At this level, the generic requirements have been refined to reflect specifics about the 
system; wiring, transducers, topology and so on. Very often this layer reflects proprietary 
information required by a particular DAU vendor. 
 



Communications Interface 
This level translates the setup information from its representation on the ground station as 
ROM files or setup files, to a form and protocol suitable for transmission to the actual 
DAU itself.  
 
Inter-DAU communication 
In distributed acquisition systems data and synchronization control must pass between 
different units.   
 
Intra-DAU communication 
Within the DAU, sampled data must be transferred from the point of sample to storage or 
transmission.  
 
To create a system that is open, vendors must try to open interfaces at and between each 
level to allow inter-operability with other equipment, and users must plan how to 
leverage these gateways through the life of the project. 
 
In the next section we discuss each of these interfaces in more detail.
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REQUIREMENTS DEFINITION 
 
Although the details of the equipment and technologies used may vary, the baseline user 
requirements evolve slowly over time. The number and type of parameters to be sampled 
goes up, the rates go up, the complexity increases, but overall the end goal is the same so 
the core task remains the same. Typically, these requirements are stored in databases, 
often with large amounts of legacy software for parameters management, manipulation, 
analysis and user input. 
 
The transform of this information into a specific requirements representation is one of the 
fundamental problems faced in defining an open system. Typically, products from 
different vendors need to know this information – the DAU needs to know how to encode 
the data, the ground station needs to know how to decode the data. 
 
Solutions used today include:  
 

- Manually enter the data into software through a GUI (usually supplied by the 
DAU vendor). This is tedious, expensive and prone to error. It can be assisted by 
modern GUI standard compliant products, but is ultimately only practical for 
small installation (a few hundred parameters at most).  

 
- Write software to transform the data into the specific requirement representation. 

This is the most practical solution, but the cost and complexity of this task is 
determined almost completely by the nature of the specific requirement 
representation. Despite attempts to standardize this (Telemetry Attributes Transfer 
Standard, TMATS) most vendors use their own (for reasons discussed below). 
Thus the task of writing and maintaining this software could become onerous 
unless the equipment supplier has a carefully structured and extensible 
instrumentation definition.  

 
- Use off-the-shelf tools to transform the data into an international and commercial 

data interchange standard such as XML. This solution requires that the equipment 
used supports XML and that vendors are prepared to supply XML schema for the 
data interchange definition. There is still some software glue required but this 
offers a genuinely open, commercially led solution to this problem. 

 
 
 
 
 
 
 
 
 

 
 
 



INSTRUMENTATION DEFINITION 
 
At this level the generic user requirements are stated in a language that the DAU can 
understand. As stated before equipment manufacturers have tended to define their own 
definition files. 
 
TMATS is an attempt to provide a standards-led open data interchange at this level. It is a 
well thought out and well structured standard and in many cases is the only option for 
interchanging certain types of data between manufacturers. However it has limitations: it 
has a clumsy and non-open way of handling special requirements of equipment 
manufacturers, it is not human readable making it useless for test auditing or record 
keeping, it is difficult to extend beyond current technologies. Furthermore, it is specific to 
the industry – there are few parsers or syntax validators available and they are not free.  
 
Some implementations, such as the XID file used by ACRA CONTROL, try to address 
these limitations by providing a free-form, easily written Instrumentation Language that 
is human readable and, more importantly, extensible. The human reading makes it usable 
as an audit tool – XID files can be stored on CD and used to check or recreate test 
environments (“was the gain on channel 7 really 1000? Or did someone program 100 by 
mistake?”). More importantly, it is divided into scoped sections that have version 
numbers allowing the language to evolve without invalidating files written using previous 
revisions of the standard.  
 
The powerful, non-proprietary XML standard offers another solution [5]. Here 
manufacturers need only publish a schema (or XML grammar) that they can accept. The 
task of generating the Instrumentation definition is greatly simplified by the XML 
standard and tools that are available from many vendors. One such schema has been 
proposed to update TMATS to the 21st century [6]. Using XML, interchange between 
different formats becomes easy to implement – for example ACRA CONTROL freely 
interchange between XID and XML for instrument definition.  
 
 

COMMUNICATIONS LINK 
 
Once the data is in binary form ready for transmission to the equipment, the link becomes 
important. There are many industry standard options here – RS-232, Ethernet, Fibre-
channel, FDDI and so on. Ideally, all equipment should be set up and controlled through 
one interface. In practice this is not generally possible today.  
 
An example of an attempt to address this issue was the CAIS standard. This was partially 
successful in that it provided a documented open standard for physical interconnection, as 
well as the protocols to be used for data transfer. Its failure was that it was very industry 
specific and thus failed to capitalize on the other benefits of open systems: many vendors 
and lower costs due to efficiencies of scale. It also failed to take account of the rapid 
evolution of technology with communications speeds restricted to 10Mbps and the 
maximum addressable setup ROM on equipment restricted to 64kWords.  
 



Learning from this, the currently active NexGenBus standard adopts an industry led 
commercial standard (Fibrechannel) and piggy-backs specific requirements for avionics 
(to handle special needs such as determinism) onto it (FC-AE). While this is undoubtedly 
necessary for a full avionics bus, there is a danger in this for FTI in that the flight test 
community could find itself once again asking for very industry specific developments 
with their associated costs. A better approach for FTI would be to adopt the FC standard 
without extension and solve the determinism problem in another way. 
 
Apart from fibrechannel, Ethernet is being considered as the communications link for 
several programs. This uncertainty about which of the many options will emerge as the 
preferred solution makes selection of an “open” system difficult. The solution is to look 
beyond the currently available options and into the architecture of the system under 
consideration to determine if it is capable of adapting rapidly to the ongoing changes in 
technology.  
 
 

INTERCONNECTION OF DAUS 
 
The issue of interconnecting DAUs from different vendors (or even the same vendor) 
comes down to two issues: 
 

- Inter-DAU control 
- Inter-DAU Data transfer  

 
For inter-DAU control, an open system must avoid proprietary timing diagrams and 
hidden or undocumented protocols. These make debugging difficult and inter-connection 
of different systems impossible without some “glue” technology. A better solution is to 
use existing simple, relatively slow, synchronization signals and standard protocols such 
as IRIG-G251 for transfer of any control information that maybe required.  
 
The transfer of data from DAU to DAU is easier to define in an open way. Options are 
the well-known IRIG-106 PCM standard, or commercial packetized transfer such as 
TCP/IP. The industry trend is towards packetization. To capitalize on this trend today’s 
DAUs should be “protocol neutral”. This can be achieved through an architecture that 
decouples data acquisition from data transmission, and digitizes data as close to the 
source as possible for ease of transmission and broadcast.  
 
Although communication links and interconnection of DAUs are treated separately in this 
paper, in practice there is no technical reason why these two layers cannot be handled by 
the same technology – that Ethernet for example be used to program DAU’s as well as 
move data from one to the other.  
 
 



 
 
 

INTRA-DAU 
 
The lowest level of “openness” possible is a published and open specification that allows 
third parties to design data acquisition or other equipment for direct connection to the 
DAU.   
 
Although this appears to be desirable, in practice it has some problems: bespoke and 
specialized development is expensive, inserting equipment from third parties may 
invalidate the original vendor warranty, vendors may have intellectual property rights tied 
up in their designs which they are understandably reluctant to release. 
 
Where it is beneficial is in situations where the cost/benefit of a third-party development 
is worthwhile, where the details of connectivity to equipment cannot be disclosed to a 
vendor, or where there is concern about a vendor’s ability or willingness to support 
equipment over the life of the program. 
 
In this case the characteristics to look for are that the equipment uses simple, digital 
interface techniques that are unlikely to daunt third parties, and that the vendor is willing 
to support such a development albeit with the protection of non-disclosure agreements or 
other commercial safeguards.  
 
 

CONCLUSION 
 
What this paper has attempted to do is apply a rigorous analysis to what is meant when 
we use the term “open” systems. In a world where there are customers who need to 
interconnect equipment from many vendors, and vendors who are dedicated to serving 
those customers, there is always going to be a tension between “open” and proprietary. 
However, both sides can be satisfied by a careful definition of the various “gateways” to 
a proprietary system. These include: 

- industry standard data interchange languages such as XML 
- published instrument definition language specifications 
- adoption of industry standard communications protocols and technologies for the 

physical interconnection and communication of systems 
 
It is important to avoid FTI specific developments that may lead both users and 
developers into technological dead-ends.  
 
The long-term efforts are leading us to an instrumentation network where different 
subsystems coexist happily in a single integrated environment, communicating through 
open interfaces. In the end, the specifics of the task make a truly open system difficult to 
achieve, but if the dialog between user and vendor is “open”, then the solution is possible 
even with systems available off the shelf today. 
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