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ABSTRACT 
 

The iNET project was launched to foster network based instrumentation and telemetry.  The 
program is currently implementing an operational demonstration.  The operational demonstration 
will involve installing and using a network based instrumentation system on an H-60, helicopter.  
This demonstration will be used as a learning exercise for the implementation of network 
technologies.  Specifically this paper will explore the operational challenges that are expected to 
be encountered while performing the installation and in the use of the network based 
instrumentation and telemetry system. 
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PROGRAM BACKGROUND 

 

The Central Test and Evaluation Investment Program (CTEIP) has launched the integrated 
Network Enhanced Telemetry (iNET) project to foster advances in networking and telemetry 
technology to meet emerging needs of major test programs. The iNET architecture has been 
developed to establish a framework that will enable standards development and allow the system 
to evolve as new technologies are introduced.  The architecture defines a Telemetry Network 
System (TmNS) that would utilize traditional telemetry links in conjunction with a network-
based telemetry link.  The basic approach allows for the integration of network-based systems 
without significantly affecting traditional telemetry systems.  The TmNS (Figure 1) architecture 
is divided into several levels and contains three key elemental areas: the Radio Frequency 
Network (rfNET) element, the test Vehicle Network (vNET) element, and the Ground Network 
Interface (gNET) element.  To gain insight into existing technologies relative to the Telemetry 
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Network System architecture, demonstrations utilizing Commercial Off The Self (COTS) 
equipment are being implemented.  Earlier demonstrations have been conducted to demonstrate a 
baseline of existing technologies to show potential users the validity and benefits of adding a 
two-way data connection to the test vehicle, which included a legacy serial streaming telemetry 
link.  The current operational demonstrations are meant to expand on the previous demonstration 
and to be used as a test bed for standards development.  Additionally the operational 
demonstration will allow for operational procedures to be developed and validated. 

 

 
Figure 1:  Telemetry Network System 

 

 
INTRODUCTION 

 
One of the primary objectives of this operational demonstration is to give flight test engineers, 
instrumentation engineers, and range engineers the opportunity to get hands on experience with 
some of the advantages of using network enhanced telemetry.  This experience will help foster 
community use of network based telemetry systems.  It will also allow for the discovery of 
challenges that are associated with network based telemetry.  With this experience, operation 
procedures will be developed to mitigate some of the risk involved with moving to networks.   
 
For this operation demonstration a legacy PCM based telemetry system and a network based 
telemetry system are going to be installed into a Test Pilot School (TPS) H-60 helicopter as seen 
in figure 2.  This dual system approach was done to give TPS piece of mind that they would have 
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uninterrupted flight test even if issues arose with the network technologies.  The dual systems 
also allow the iNET team to push the limits of the network based telemetry system.  This will 
allow the iNET team to test things such as network throughput and the distance at which the RF 
network can maintain consistent connectivity.   
 
 
 

 
 

Figure 2: Operational Demonstration System 
 
 
At the heart of the Vehicle Network (vNET) is a multiplexer with a built in digital recorder.  The 
multiplexer is set up to collect PCM data from the legacy instrumentation and video data.  This 
unit also performs the data mining task.  Via the network, it receives request for time slices of 
data, fetches them from the recorder and sends them to the ground station.  This can be seen in 
figure 3.   
 
The RF Network (rfNET) consists of a RF power splitter, phase shifter, serial streaming 
transmitter, and a serial streaming receiver. It also has two of each of the following, one on the 
aircraft and one at the ground station; wireless bridge/router, transverter, diplexer, and phase 
shift processor.  The wireless router/bridge serves as the link between rfNET and vNET or gNET.  
The transverter shifts the frequency of the 802.11 wireless router/bridge to the telemetry L-Band.  
The serial streaming transmitter, serial streaming receiver, and RF power splitter are parts of the 
legacy PCM based telemetry system.  It is planned to work in partnership with a science and 
technology effort to perform testing, using the phase shifter and phase shift processor for the 
future capability of steering the serial steaming telemetry pattern.  The airborne phase shift 
processor receives feed back from the ground phase shift processor about the serial streaming 
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telemetry signal strength through the network and uses the phase shifter to add a delay to the 
aircraft’s upper serial streaming telemetry signal.  The diplexer is used to combine the aircraft’s 
lower serial streaming telemetry signal with the RF network signal.  This can be seen in figure 3.     
 
The Ground Network (gNET) is built around a telemetry processing unit.  This unit receives both 
a network link and a serial streaming telemetry feed.  The processing unit decodes the traditional 
PCM and fills in drop outs by making a request for time slices of data from the onboard recorder 
through the network.  Also part of gNET is another phase shift processor that is used to send 
feedback to the onboard phase shift processor for beam steering.  This can be seen in figure 3.   
 

 
Figure 3: Operational Demonstration Setup 

 
 

 
 

 4



GAPLESS TELEMETRY 
 

Data will be transmitted over the serial telemetry link with each PCM major frame time tagged 
with IRIG time prior to transmission. The format of the serial streaming link will be classical IRIG 
PCM with an embedded major frame number and a 16 or 32-bit cyclic redundancy check (CRC) 
for each major frame.  A frame synchronization pattern will be used to maintain frame sync and to 
determine the individual frame boundaries.  A running log of frames will be kept at the receive 
node along with the IRIG time for each start of a frame transmission.  The ground station receiving 
this serial link will utilize the CRC to determine if there was an error within the major frame.  If a 
missing or corrupt frame is detected, the network link will request the vNET subsystem (through 
the rfNET subsystem) for frame retransmission based upon the start and stop times of the dropout 
interval.  Consecutive dropped or corrupt frames will be collapsed into a single interval to reduce 
the number of requests that need to be sent to the on-board recorder.  The requested frame(s) 
contained within that time slice will be accessed on the vNET solid-state recorder and sent to the 
rfNET data link for transmission to the ground.  The rfNET link will handle error detection and 
retransmissions will occur until the data is received.  Once the ground station receives the error free 
retransmitted frame(s), this information is saved and merged near real-time back into the recorded 
data and presented as gapless or error-free data. 

Thus, the operational demonstration provides for the implementation of the three iNET specific 
needs; data mining, error free data delivery, and gapless telemetry. Loss of PCM frames over the 
telemetry link triggers a request for data to the on-board media (Data Mining) which results in 
transmission of frames over rfNET (Error Free Data Delivery) and the replacement of missing 
frames at the ground station (Gapless Telemetry). 

 
 

EXPECTED CHALLENGES AND BENEFITS 
 

With the added capabilities that network based telemetry gives instrumentation, range and flight 
test engineers; it also leads to new flight test challenges.  Some of the advantages that will lead to 
challenges are the capability to control instrumentation, data mine, gapless telemetry, and to 
make changes to instrumentation during flight.  
 
While making flight test faster and cheaper, most of the capabilities listed will give flight test 
engineers and instrumentation engineers one more thing to worry about while at the ground 
station.  During flight test the ground station can be a very busy place with many things such as 
safety of flight parameters for the engineers to devote attention to.  With network based 
telemetry the engineers at the ground station will also have to be concerned with controlling 
instrumentation, making possible changes to instrumentation, and mining data from the onboard 
recorder.  With all of these added responsibilities, procedures will need to be put into place to 
help mitigate the risk involved.    
 
While performing flight test the aircraft pilot has many things going on.  If instrumentation 
control can be taken away from the pilot to make their life easier it is an obvious advantage.  
Once control is implemented on the ground it brings new challenges.  One of such challenges is 
who at the ground station is responsible for and who has permission for making these changes.  
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Another problem that could arise is what happens when there is an RF network dropout.  Once 
this happens the instrumentation will be stuck in its current state.  This could mean the recorder 
missing data or prematurely filling the recorder causing an early end to the flight.  Also when, 
instrumentation problems occur, one of the first trouble shooting steps is to cycle power.  If the 
RF network is out this would not be an option.  One path around these issues would be to give 
both the ground station and the pilot control of the instrumentation.  This would once again put 
the responsibility of controlling the instrumentation at least partially in the pilot’s hands.  It 
would also raise the question of whose control commands would have priority.  It is the goal of 
the iNET team to use this operational demonstration to discover what other issues could arise 
from ground station control of instrumentation, dual control of instrumentation and also to 
discover and develop procedures to ensure safe and efficient flight test.      
 
The ability to mine segments of data that are not part of the preset telemetry stream and to fill in 
telemetry dropouts is going to give future flight test engineers a powerful tool.  One inherent 
problem with lossless telemetry is delay, because a serial streaming PCM dropout needs to be 
detected and the data is then resent via the RF network.  The operational demonstration will be 
used to determine what length delay is appropriate and safe for given types of data.  With data 
mining there will be a need to verify that the data received is the same as the data that was 
requested.  Flight test engineers will need to be confident in the maturity and robustness of this 
function for them to be able to use the received data.  Some of this confidence can be gained 
through the success of this operational demonstration.  
 
Flight test engineers will be able to use test assets much more efficiently with the ability to make 
changes to instrumentation during flight.  This will also put a large responsibility on the team of 
engineers at the ground station.  They will need to be able to understand the instrumentation 
installed in the aircraft and is capabilities.  Procedures will need to be put into place to ensure 
that the change that is requested is valid for the installed instrumentation.  Once the request is 
validated there needs to be a validation to ensure that the change was made properly.  Also 
procedures need to be developed that dictate which members of the flight test team have the 
rights to request the changes and which members of the team are responsible for validating these 
changes.  The operational demonstration will help sort out who is best suited for each of these 
responsibilities.          
 
   

CONCLUSION 
 

As the iNET program moves forward, it is understood that there will be many hurdles to 
overcome.  It is our goal to use operational demonstrations, like the one described above to not 
only give users hands on experience but to also discover and find solutions to future issues.  It is 
also believed that as these operational demonstrations are conducted, and the community uses 
network based telemetry, they will find more advantages of networks.   
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