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Abstract : The wireless acquisition system LISA has been designed for mechanical 
phenomenon analysis onboard aircrafts. It has been in use for more than one year now. This 
paper describes the organization of this equipment and the experiences related by first users.  
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1. Introduction 

An in-flight acquisition system with less or even no wiring is a most common requirement 
among test engineers. Firstly, because cabling an aircraft is a long and expensive task, but 
also because experiments must often be made at a short notice, on standard and unprepared 
aircrafts. In such cases, test engineers are looking for acquisition equipment which is fast to 
install, fast to remove, and which easily connects to any existing flight test installation. In 
some cases, such as helicopter rotors, but also rotating machines in ground installations, 
wiring is simply impossible and real time acquisition and data processing requires a wireless 
link toward central FTI. 

 

2. Initial requirements 

The device described below was a request from a Dassault Aviation flight test team. The 
purpose of the system was temperatures, vibrations, acoustic levels and strain-gages 
measurements on aircraft structures. Experiments on the most remote parts of the aircraft such 
as wings or empennage would necessitate a complex wiring crossing many internal structures.  
It was thus a good occasion to experience a wireless system. A reflection was conducted on 
the best technical choices for the acquisition part and the transmission link. Such acquisitions 
require a relatively high sampling frequency (several kHz) and also a good synchronism 
between different acquisition channels in order to correlate physical phenomena. 

The radio link is one of the major choices of such equipments. It must comply with a complex 
set of requirements : data throughput, distance, synchronism, frequency band… WIFI  was a 
possibility but was finally abandoned for at least two reasons : the presence in the FTI of 
powerful  telemetry emitters using frequency bands very close to  WIFI 2.4GHz and a 
complexity of the protocol which requires important hardware resources. ZigBee, a simpler 
and more controllable standard was chosen. ZigBee has been originally designed for WPAN : 
Wireless Personal Area Network but has extended its usage to more industrial applications. Its 
transmission range (more than 100 meters) covers the needs of aircraft instrumentation. A 
proprietary variant of IEEE standard 802.15.4 designed by ATMEL, O-QPSK,  was chosen in 
order to increase data throughput up to 550 kbit/s instead of 250 kbit/s. The transmission 
frequency is 868 MHz, one of the possible bands in the standard.  
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A last requirement was related to the size and the modularity of the equipment which is 
installed in remote parts of the aircraft structure, often in relatively small compartments. It 
was preferred to reduce the size of the equipment and to separate functions in various smaller 
and flexible modules rather than mixing all functions into a bigger enclosure. 

 

 

Figure 1: a MACQ-862 module and an ER-800 transmitter 

 

3. The equipment 

Based on these requirements, LISA was designed as a set of modules : 

• MACQ-862 : 8 channels (2 PT100 + 6 multipurpose) acquisition module. The MACQ-
862 transmits its measures on a PCM link, being the first level of a distributed 
acquisition system. General purpose channels can support and power a large choice of 
sensors. Sampling rates are 5 ksample/s for general purpose channels and 1 ksample/s 
for temperatures. Other acquisition rates are possible on demand. Resolution is 12 bits. 
The MACQ-862 features 3 simultaneous outputs : local SD-card, USB and a 12 bit 
PCM output. When fitted with the local SD-card memory, the MACQ-862 can be used 
as a stand-alone data logger. 

• ER-800 : is a wireless emitter/receiver. It receives the PCM output of the acquisition 
module and forwards it toward another ER-800 module which, in turn, reproduces the 
original PCM stream. Antennas can be separated from the module in order to be 
installed in the most convenient place. Emission power is less than 0.25 Watts. 

• Other modules exist such as batteries and battery chargers. 

 

Figure 2: a typical configuration 
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A typical wireless configuration is made of one MACQ-862 and two ER-800 modules. The 
receiving ER-800 will be installed in aircraft body. Its output can be processed by an existing 
FTI or directly on a PC through an USB port. 

Several sets can be used simultaneously, using different transmission frequencies. These sets 
can be managed independently but can also be synchronized in order to form a unique 
acquisition system with a true synchronism of all data acquisition even over separate MACQ-
862 modules. 

Due to frequency band limitations (see below) between 4 and 8 sets can be used 
simultaneously.  

4. Synchronization and control 

MACQ-862 modules can be remotely operated through the RF network. One of the ER-800 
receivers is elected as the system master and synchronizes all acquisition modules. During 
initialization phase, remote modules are configured by the master. An initial date is 
transmitted.  Then, every 10 milliseconds a re-sync pulse is generated toward all ER-800 
emitters which, in turn, transmits the pulse to the MACQ-862 module. This pulse re-
synchronizes acquisition clocks. The result is a true synchronism of measures over the entire 
LISA installation : 

• Channels are sampled at the same time 

• PCM frames are time stamped with the same time reference 

The master ER-800 can receive an IRIG B input: all measures will be time stamped in 
accordance with the entire FTI. 
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Figure 3: The master receiver synchronizes all acquisitions 
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5. Experimentations 

LISA has been tested in various conditions, both on-ground and in-flight.  

The on-ground experiments have shown that effective distance range was greater than 
expected. An error-free communication is easily established at a distance of 500 meters or 
more in the open and more than 150 meters in a closed place (aircraft hangar). On-ground use 
may be an interesting application, even for aircraft tests : landing gears tests, wing 
deformation, are examples of such uses.  

The first in-flight applications have been conducted by Dassault Aviation. Sensors and remote 
acquisition modules where installed in wings and empennage of a Falcon jet. The receiving 
ER-800 was in the aircraft body. Antennas were not in direct view. 

Other experiments are on the way, including strain gage and acceleration onboard a helicopter 
rotor. This kind of application is a perfect illustration of LISA's ability for rotating 
equipments. These techniques can also apply to many ground applications such as cranes, 
rotor of turbo-alternators in power plants etc. 

 

 

Figure 4: Typical experiment 

6. Feed-backs 

6.1 Transmission efficiency 

These first experiments of LISA have brought interesting feed-backs. One of them is a rather 
surprising robustness of radio communications. It is often heard that setting a radio 
communication link is a tricky task.  Our users' experience show that in most cases 
communication was trouble less, even when antennas were not in direct view. The worst 
obstacle in communication seems to be the human body : a person standing near-by the 
emitter or receiver may disturb the data flow. This is, fortunately, not an issue for in-flight 
applications. Even communications inside a metallic hangar were undisturbed. 

6.2 Radio Frequency Issues 

When speaking of LISA to test engineers from various origins it becomes very clear that 
frequency choice is an important issue. Local regulations vary a lot and frequency band 
attribution will be very different in different countries. Keeping the possibility to change the 
ER-800 frequency band is thus an important feature. Various models of ER-800 will be 

Receivers
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available for unlicensed 2.4 GHz band, 915 MHz for Americas and Australia and 868 MHz 
for Europe.   

6.3 Stand-alone use 

It is not useless to mention that LISA, initially chosen by users for its wireless features, is also 
widely used as a stand-alone data recorder.  A small box which can be easily and quickly 
installed in any part of an aircraft (a few sensors, a battery, a MAC-862 and that's all) is 
appreciated by users. 

6.4 Multi-sensors needs 

The first systems with LISA have been designed for vibrations and strain gages 
measurements, which need a fast acquisition rate. They use all the bandwidth of the radio link 
(550 kbit/s). The counterpart is a small number of channels. There are many other 
applications which need many more sensors, even if used at a slower rate. Typically, testing 
an engine will require thousands of measures, many of which (temperatures, pressures…) can 
be scanned at a very low speed.  

A new module is currently designed which is able to collect data of multiple sensors on a 
local network. This network can be a mix of several instrumentation or industrial field busses: 
1-wire, Profibus, CAN, asynchronous  RS485, Ethercat etc…  Again, this is a limitation to 
individual channel performance but one can federate hundreds of sensors into a single MAC 
acquisition module. 

 

Figure 5: Mixing data sources 

6.4 Confusions with wireless sensors 

To speak true the expression "wireless" attracts many users looking for wireless sensors. This 
is not the aim of LISA and the design and use of wireless sensors is another topic. But the 
wireless gateway to a wired sensor network as seen above can be a very attractive solution, 
which at least, solves the problem of the power supply of these sensors and gives much more 
choice to the user when choosing his sensors. 
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8. Conclusion 

This experiment of a WPAN for local wireless transmission in an aircraft has shown effective 
solutions. Many things remain to be done for applications of local wireless transmission. The 
speed limit remains the most important issue. 
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11. Glossary 

FTI Flight Test Installation 

IRIG-B IRIG (Inter-Range Instrumentation Group) timecode mod B. 

WPAN  Wireless Personal Area Network 




