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ABSTRACT 
 
Because modern data acquisition systems use digital backplanes, it is logical for more 
and more data processing to be done in each Data Acquisition Unit (DAU) or even in 
each module.  The processing related to an analog acquisition module typically takes the 
form of digital signal conditioning for range adjust, linearization and filtering.  Some of 
the advantages of this are discussed in this paper. The next stage is powerful processing 
boards within DAUs for data reduction and third-party algorithm development. Once data 
is being written to and from powerful processing modules an obvious next step is 
networking and decom-less access to data. This paper discusses some of the issues related 
to these types of processing. 
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INTRODUCTION 
 

As next generation Flight Test Instrumentation (FTI) systems move toward digital 
technology, they are increasingly required to process data in the Data Acquisition Unit 
(DAU). This paper looks at the trade-offs to be evaluated in implementing these 
capabilities.  Some examples of the types of processing tasks that are common in FTI and 
ideally suited to digital processing are: 
 

• Digital signal conditioning 
Provide programmable, accurate filtering, offset, and scaling of incoming analog 
signals 

 
• Program-specific algorithms 

Derive new parameters from direct measurements 
 

• Fatigue monitoring 



Reduce large quantities of data to a small dataset, which summarizes the current 
state of the structure 

 
• Networks and cockpit displays 

Format data into packets for real-time transfer and limit check for alarms and 
displays for pilot and crew 

 
• Data Compression 

Bandwidth for extravehicular transmission may be limited so store all raw data 
onboard, but only transmit a subset of the information for real-time monitoring 

  
This paper argues that there is no single simple solution to these needs. Sometimes a 
general-purpose microprocessor or digital signal processor (DSP) is required, and 
sometimes a simpler state-machine lookup is sufficient. Whichever solution is required, a 
fully bidirectional digital backplane is essential. 
 
 

DEFINITION OF PROCESSING HARDWARE 
 
A DAU often has the primary task of repetitively sampling sensors which transform 
various physical measurements of the test platform into a form that can be transmitted 
and recorded, and also monitoring the various buses used for digital communication 
throughout. 
 
The result of this data acquisition is that digital representations of the monitored channels 
exist for formatting into an output.  Some of this data is in raw form, however, and it may 
be advantageous to perform some sort of calculation or transformation involving the data 
to produce another form that is easier to understand first. 
 
Many things may be done to transform the data including scaling into engineering units, 
compression (e.g. only transmit the difference between the current sample and the last), 
and derived parameter creation where multiple raw parameters are combined in some 
way to form a quantity that is not directly measured.  An example of a derived parameter 
is calculating velocity from changes in position measurements. 
 
Each of the examples above are numeric in nature and are benefited by processing 
hardware that is fast and efficient at these sorts of numeric calculations. 
 
Another aspect of DAU hardware is that it is sometimes desirable for it to interact with 
the test platform.  For example, in order to obtain measurements from an avionics device 
that is connected to the DAU via a MIL-STD-1553 interface, it may be necessary for the 
DAU to temporarily act as a bus controller.  This application calls for a processor that can 
both process logical conditions quickly, and one which has well-supported software 
development resources.  This second aspect is often overlooked and may be the more 
important of the two. 



GENERIC VERSUS SPECIALIZED PROCESSING 
 
A designer has many choices for implementation of processing hardware.  These choices 
include generic solutions which use microprocessors that run programs written for the 
task at hand, and also hardware whose architecture is tailored to perform a particular 
calculation (for example, a Fast Fourier Transform (FFT)).  Most of the calculations 
performed by the processing hardware are repetitive and are aimed at either reducing 
transmission bandwidth or providing real-time information in a special format in addition 
to the raw data being collected. 
 
In general it is possible to design a generic microprocessor-based solution that is more 
flexible than the special-purpose hardware approach, but the dedicated hardware is 
usually simpler and faster.  The simplicity of the special purpose hardware also makes it 
typically more robust. 
 
A good compromise between a general purpose CPU and a specialized circuit design (for 
example a multiplier) is a lookup table implemented in RAM or ROM.  This technique 
allows the sometimes lengthy calculations to be performed once in a non-realtime 
environment and then to be accessed quickly and consistently during a flight. 
 
 

DIGITAL SIGNAL CONDITIONING 
 
A key principle of digital signal conditioning is to digitize the data efficiently.  In other 
words, have as few components as possible between the incoming signal and the A/D. 
Each analog component in the chain adds additional error, especially over the operating 
temperature range. 
 
Older technology A/D devices were simply too large to dedicate a separate A/D for each 
channel of an analog module and still get a reasonable channel density in a system small 
enough to be usable for FTI.  The alternative was to host the instrumentation amplifier 
and pre-sample filtering for each channel (using analog filters) on the module, and then 
pass all signals through a multiplexer prior to a single system-wide A/D.   Figure 1 shows 
this old way of sampling analog signals. Offset adjust is carried out before the A/D, as is 
all the filtering (therefore 6th order+) and this followed by noisy multiplexers. 
 

 
 
 



 
Figure 1 – Two approaches to analog signal acquisition 

 
Figure 1 also shows the modern digital approach which takes advantage of the compact, 
fast 16-bit A/Ds available today, where the digital filtering and offset adjust is carried out 
after an A/D device per channel. The multiplexer(s), and offset adjust circuitry are 
removed and the fixed anti-aliasing filter is much simplified because the A/D samples at 
many times the desired sample rate and filters the signal digitally. 
 
Some of the significant advantages of digital signal conditioning are: fewer analog 
components, better pass-band response, less quantization noise, and less drift with time.  
A detailed treatment of digital filtering is beyond the scope of this paper, but it is 
interesting to note that the processing required for filtering must be on the module itself 
and must be scalable to accommodate more/faster channels.  
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PROGRAM-SPECIFIC ALGORITHMS 
 
There are many simple algorithms that involve taking a few parameters to produce a 
single output. 
 
One popular example is Center of Gravity calculations that involve, for example, fuel 
level readings from several tanks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 – Center of gravity calculations 
 
Another illustrative example is Engine Thrust. This may involve readings from sensors as 
diverse as: fuel flow, airspeed, throttle-position and air pressure. 
 
While these algorithms may be required as part of data reduction they may also be useful 
with respect to onboard real-time display or use. 
 
For the purposes of this paper it is sufficient to note that this type of processing is usually 
more suited to a generic processor with numeric capability and access to data from many 
modules. It is also more likely to be suited to microprocessors or signal processors 
because of the evolving (changing) nature of the algorithms. 
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FATIGUE 
 
Fatigue calculations may not, strictly speaking, be a common request for FTI equipment 
yet. However the issues involved may be interesting with respect to this paper. 
 
Typically many strain gage readings are taken at high sample rates. The data is then 
passed (several times!) through a "filter" as illustrated below.  
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Figure 3 – data passed through a filter 

 
Monotonic points are totally discarded (i.e. not binned or logged). Cycles of amplitude 
less than a user-programmable constant (Amin) are used to increment a count in one of a 
large number of bins as shown below. 
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64 x 64 = 4096 bins each up to 4 Gsample high  
Figure 4 - Bins 

 
The remaining points and their time tags are logged.  
 
For the purposes of this paper (centralized vs. distributed, and logic vs. processors) the 
following observations can be made:- 
 
The algorithm essentially compares points and cycles with previous points and cycles. 
While this is second nature to processors they can only do one comparison at a time. A 
lookup table implementation can do tens or even hundreds at a time. As for centralized 
vs. distributed, again the answer is probably straightforward. Fatigue analysis involves a 
lot of data reduction, which can be carried out on each channel individually. To avoid 
choking the backplane this is best done on the module. 



 
 

NETWORKED DATA ACQUISTION 
 
An emerging trend in FTI is onboard data networks. This is mainly due to the 
proliferation of networks in the commercial world and the spread of that technology into 
the FTI marketplace. 
 
In order to participate in this new scheme, a reformatting of data from the common IRIG 
Chapter 4 PCM into CCSDS or other packetized structures is required.  There are also 
high-level transfer protocols involved that are widely available in commercial software 
and ruggedized hardware.  This is a case where there is definitely no reason to try and re-
invent the wheel.  There are even special purpose LAN processors that are capable of 
surviving the demanding environments of flight test. 
 
One attendant requirement of this type of data conduit is the need to buffer sizable 
amounts of data.  Again, this is not unique to FTI and the problem has been solved in the 
commercial world and is there for the taking. 
 
As for the program-specific algorithms discussed above, this type of processing is usually 
more suited to a central unit with access to data from many modules. It is also more likely 
to be better suited to microprocessors than dedicated logic because of the complexity of 
the many layers of formatting and flexibility of response required to communicate with 
other network participants and protocols. 
 
 

COCKPIT DISPLAYS 
 
Onboard display of data on a Cockpit Display Unit (CDU) is often much more useful 
when it is simplified to a “go/no-go” level.  Crew tasking is too extensive to require 
interpretation of raw data to decide when a problem exists.  This sort of calculation and 
alarm/limit checking is another ideally suited application for a processor.   
 
In addition to being able to readily digest the data, many contemporary processors have 
inbuilt communications interfaces including common parallel busses (e.g. PCI) that allow 
easy integration with virtually any type of display from the simplest LED indicators to 
sophisticated 3-D graphics.   
 
The elegance of a digital backplane architecture is highlighted here because there is no 
impact on the core data collection by the CDU processing.  Backplane traffic is simply 
monitored by the CDU process and data of interest are captured and converted while 
other data are unimpeded on the journey to onboard bulk storage or encoder modules that 
format it into packets, PCM, or any other format of interest.  Command/response systems 
are archaic by comparison. 
 



 
DATA COMPRESSION 

 
As signal lists and sample rates increase and RF bandwidths do not, the need to evolve 
data compression algorithms grows.  
 
Solutions such as Continuously Variable Sigma Delta (CVSD) modulation appear to have 
applications only in audio data. The loss of d.c. accuracy is hardly worthwhile for a 12:1 
reduction in data. 
 
Another extreme is to take a large number of samples in an acquisition cycle and then 
transmit only the maximum and minimum. While this has the advantage of large and 
constant data reduction, there may well be many “babies thrown out with the bath water”. 
 
A radical approach (only in that it is non-traditional) based on Shannon, involves only 
transmitting enough data to be able to reconstruct the original signal to within some 
tolerable error.  A typical example of this type of reasoning is shown in Figure 5, where 
4096 points (8Kbytes) are passed through an FFT, only those components with amplitude 
above some (perhaps changing) level are transmitted.  
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Figure 5 – FFT of signal 

 
In this case six points (6 x 12-bits x amplitude and frequency) were all that was required 
to reproduce the signal as shown - a 50:1 compression rate. 
 
One problem is that the reduction rate varies unless a rule such as "give me the x largest 
frequencies" is followed. Another problem is the delay introduced in order to calculate 
and gather the samples and carry out the FFT. 
 



Rather than an FFT it may be possible to use predictive filters (even an FIR might do). 
This would have smaller delays but would also be variable in the compression rate 
obtained. 
 
The type of algorithms discussed above can be implemented in a distributed system with 
a compression engine in each module of each DAU. However, a central processor would 
have the advantage of being able to adjust rejection thresholds based on the information 
levels of other more "important" signals. In other words, signals could be weighted for 
importance and filtered accordingly. For example, multiple strain gauges on a beam 
would have one designated as being more "important", so if information is "lost" it is less 
likely that all information from that structure is lost. 
 
This type of adaptive data reduction would require access to all parameters and would 
therefore be centralized. Due to the evolving nature of the compression algorithm it is 
likely that a signal processor would be required, especially for FFTs. 
 
 

CONCLUSION 
 
There is no single simple solution to the processing power of the next generation FTI 
systems. There are issues with respect to brown-outs and coherency. Sometimes a 
"central" microprocessor or signal processor is required, and sometimes distributed logic 
cores are needed. 
 
Whichever solution is required a fully bidirectional digital backplane is essential. 
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