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ABSTRACT 
The technologies used for flight test are evolving. Trusted standards like CAIS and 
IRIG106 PCM are giving way to new “trusted standards” (and proven 
technologies/protocols) found in telecommunication and networking such as Ethernet, 
fiber channel, TCP/IP, UDP, ATM and so on. 
 
Currently there is $100Ms+ invested in CAIS and IRIG compliant equipment in the 
world.  A key challenge in this evolution is to provide a reliable solution that allows the 
FTI engineer to immediately take advantage of these advanced technologies while 
protecting prior investment in equipment, knowledge, and resources during this 
transition.  This paper presents an analysis of how to protect existing assets while still 
leveraging the power of the latest technologies. It looks at the characteristics of a 
“bridge” system, and suggests solutions for merging and linking data from and to 
different transmission protocols using data synchronization and deterministic data 
management cycles. 
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OVERVIEW 
Over time the world of flight test instrumentation has developed a method of operation 
that addresses the complex problem of acquiring co-related data in a hostile 
environment. Figure 1 shows a typical complex flight test data acquisition system. It 
uses several protocols that are common within the flight test community (IRIG106 PCM, 
CAIS, MIL-STD-1553 etc.) This configuration and its associated protocols will have 
been developed over months for a specific test sequence. It provides synchronous and 
time-tagged data reliably; with rigorously defined timing sequences and using no 
microprocessors.   
 
Outside of the flight test industry the commercial world has been solving a different set 
of problems. The concern here is to transfer large amounts of data over ill-defined (and 
often dynamic) network infrastructures reliably. The time taken is not important (within 
reason) and some data loss is tolerable.  
 
Compared to the flight test world, the commercial world is huge - $100B/annum 
compared to $100m/annum. Competition in this world has driven the cost of hardware 
down and led to widely accepted and supported mediums for data transmission such as 
Ethernet. Moreover things change quickly in this world. Network bandwidth increases 



according to Moore’s law. Copper gives way to fiber, and 10Mbit LANs give way to 
1Gbit SANs. Today Fiber-channel, FDDI and ATM are all transmission mediums that 
are finding favor in the commercial world. This leaves those of us in the flight test world 
hungrily eying develops in the commercial world and wondering how we can leverage 
their cost benefits into our programs.  
 
In this paper a COTS solution is presented that marries the two worlds. It tries to: 
 

- Let the FTI equipment do what it does well – sample synchronously 
- Let the commercial word do what it does well – move large amounts of data 

around 
- Perform the exchange in a rigorous and well-defined way 
- Maintain flexibility so that new developments in the commercial world can be 

quickly adapted. 
 
 

Figure 1: A typical Flight Test Instrumentation Configuration 
 
 
 
 



WHEN FTI MEETS COMMERCIAL 
 
Communications jargon speaks of Bridges, Routers and Gateways. Although the 
definitions can be a little fuzzy, it is possible to think of them as follows:  
 

• A bridge is a connection between two physically separate networks that forwards 
packets from one to another. It does no protocol changing, and has limited ability 
to handle errors or communication failures. 

 
• A router is a more intelligent bridge that can handle communication failures and 

make decisions about the best path to use to deliver a package.  
 

• A gateway is a translator between networks that may use different protocols. It 
can strip out the payload of a packet and re-package it in a different protocol.  

 
 
So in order to transfer data from, say, a CAIS network to a fiber-channel network it looks 
like what we need is a gateway. But in the commercial world gateways are typically 
intelligent devices, often implemented by a PC with several networking cards. So you 
might have a PC with a CAIS bus-controller PCI card, and a fiber-channel SCSI card. 
The PC provides the intelligence through software to strip out the CAIS payload and re-
package it for storage via fiber-channel. This is a perfectly good solution in a benign 
environment, but what about on-board a fighter during flight test? How long does a PC 
and the associated software take to recover from a brown-out? 
 
So we are looking for the functionality of a gateway, but implemented in a way that is 
closer to a flight data acquisition unit (DAU) – with small size and rugged performance.  
 
Consider the task of moving two parameters from a CAIS bus DAU to an Ethernet 
packet. If we view it in terms of the classic ISO 7-layer model then we have to strip 
away the lower four layers up to the Transport layer, and then re-package the data 
(Figure 2). 
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Figure 2: Moving data from CAIS to Ethernet 
 
A principal difficulty in all this is that it takes time, and commercial protocols (such as 
Internet Protocol – IP) do not worry too much about determinism in the transport 
mechanism. In a system where a late answer is the wrong answer this means that we 
must incorporate some kind of time-correlation into the picture.  
 
We can solve this problem by borrowing from the flight test world and using the concept 
of an acquisition cycle. We implement the “protocol stripping” function as two 
independent and simultaneous tasks and then perform these tasks in a completely pre-
determined way through a synchronized cycle of events.  
 

A GATEWAY IMPLEMENTED USING COTS EQUIPMENT 
 
The KAM-500 from ACRA CONTROL is a modular rugged data acquisition unit based 
on a digital backplane. This can be used to construct a gateway device that does not 
involve any PC configuration, and which is entirely flight-qualified.  
 
Figure 3 below shows how such a device would work using a CAIS Bus controller 
module (KAD/CBC/001), an Ethernet module (KAD/ETH/001) and a standard KAM-500 
backplane and controller (KAM/SYS/00x). 
 
The CAIS bus controller module acts like any CAIS bus controller. It drives a CAIS 
acquisition cycle which involves sequences of data requests, and data returned from the 
remote DAU(s). This data is fed into a RAM on the controller card (which can be viewed 
as a current value table or CVT).  
 



 
Figure 3 A Gateway device from CAIS to Ethernet 

Independently (although, as we shall see, synchronously) the KAM/ETH/001 is running 
a “packet cycle”. It builds UDP packets based on the contents of its own RAM, 
according to some sequence and cycle that is determined by the user, but is exactly 
synchronous with the CAIS bus cycle. 
 
The controller has the task of synchronizing both cards to ensure they start their cycles 
at the same instant, and of transferring the data from the CAIS RAM to the Ethernet 
RAM in a precisely deterministic fashion.  
 
Consider now the time co-relation of samples. Figure 4 shows the timelines of each of 
the cycles that are in operation here. 
 
Assuming that the CAIS DAUs are operating in Synchronous mode and that X and Y 
are sampled twice per CIAS cycle, then we know they are sampled at time 0 and time 
T/2.  
 
At some point after this, the CAIS controller demands the sample and receives it for X 
and Y.  
 
Once in the RAM of the CAIS Controller, the KAM-500 backplane controller can transfer 
it to the Ethernet Packet builder.  



 
The Ethernet card has a built in microsecond counter that resets at the start of each 
acquisition cycle. So we can include this value to the packet that contains the sample 
instances of X and Y. Note that adding just one time tag tags all data in the packet due 
to the deterministic and cyclic nature of the acquisition cycle. Alternatively (or 
additionally) we can include IRIG time directly in the payload of the packet.  
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Figure 4: Time line for data i/o 

 
An important aspect of this system is the distribution digitally over the backplane. This 
allows us to expand the concept to include several CAIS busses. Additionally we can 
add several sinks of the data and transmit the same instances of CAIS samples on 
different protocols. 
 
When the commercial standards move on (as they inevitably will) we need to add a new 
module to implement the latest flavor of commercial network. Our underlying 
architecture is not affected, we do not need to strip out our tried and tested equipment, 
and we do not need to return to a blank drawing board to leverage the new technology.  
 



 

Figure 5: Multiple protocols in a single chassis 

 
CONCLUSION 

 
This paper has demonstrated how a rugged and simple gateway device can be 
constructed to integrate traditional flight test instrumentation systems with commercial 
standards and interfaces.  
 
The features of such a device are: 
 

Simplicity – built form off-the-shelf components 
Synchronosity – all acquisition driven by a cycle 
Ability to accept and distribute IRIG time 
Independent RAM stores for both data sinks and data sources 
A digital backplane for data distribution. 

 
It achieves our four goals by: 
 

- Let the FTI equipment do what it does well – we use our existing FTI equipment 



- Let the commercial word do what it does well – by using commercial interfaces 
and standards exactly as is 

- Perform the exchange in a rigorous and well-defined way – using an acquisition 
cycle concept taken straight form traditional flight test configuration 

- Maintain flexibility so that new developments in the commercial world can be 
quickly adapted. By using a digital backplane the unit is just one module away 
from the next commercial standard.  

 
 
 
 
 
 




