
BOEING NW TELEMETRY SYSTEM

Item Type text; Proceedings

Authors Gregoire, William C.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © held by the author; distribution rights International
Foundation for Telemetering

Download date 24/05/2023 21:33:32

Link to Item http://hdl.handle.net/10150/626993

http://hdl.handle.net/10150/626993


1 
 

BOEING NW TELEMETRY SYSTEM 
 
 

William C. Gregoire 
Boeing Test & Evaluation 

Seattle, WA, 98108 
william.c.gregoire@boeing.com 

 
 

 
INTRODUCTION 

 
Most of flight/ground testing of Boeing Commercial airframes, and their military derivatives, are conducted with a full crew of 
analysts required to support the test scenario. This provides a degree of freedom to conduct multiple simultaneous flight tests 
anywhere in the world. 
 
However some tests are high risk that require a minimum flight crew. During these types of tests, flight data is telemetered to ground 
station analysts who monitor test conditions and ensure safety of flight parameters are met. The Boeing NW Telemetry system is 
different from other experimental aircraft test programs as data is telemetered in packets rather than IRIG 106 Chapter 4 PCM format. 
 
This paper will attempt to explain the methods and capabilities used in the NW test ranges. It will also explain the problems and 
limitations faced when flying near a major metropolitan area between two mountain ranges. 
 

Why the Boeing NW Telemetry system differs from other experimental aircraft test programs 
 

The data is telemetered in packets rather than IRIG 106 Chapter 4 PCM format 
 
Using a conventional system based on IRIG-106 Chapter 4 PCM, would be giving up many of the advantages gained from formatting 
data within Ethernet packets used on the DAR (Data Acquisition and Recording) system that Boeing NW uses. An IEEE Std 1588 
Precision Time Protocol (PTP) grand master time code generator is used by to provide a common time-of-day to all Data Acquisition 
Units (DAUs). The DAUs all share this time-of-day to within a microsecond. The Ethernet packet retains the timing information when 
telemetering avionics bus data. This is not practical with IRIG 106 compliant PCM frames which are intended to telemeter the 
synchronous analog data. 
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All of the NW Data Acquisition units output data over Ethernet. Ethernet based data is acquired with time stamping at the source of 
the data and is transmitted over the network in UDP (Universal Datagram Protocol) format. To be efficient and obtain maximum 
bandwidth, the Ethernet packet needs to be as large as possible. Each incoming message is placed in a structure which is referred to as 
a Data Segment. One or more data segments make up an Ethernet packet. DAUs are programmed to output Ethernet packets if they 
reach a predetermined size or exceed a maximum time latency threshold.  
 
Like IRIG-106 Chapter 4 PCM, the telemetry system requires a continuous bit stream. However, unlike Chapter 4 PCM, the data is 
not in a fixed pattern of repeating frames. The continuous bit stream allows word and message synchronization to be obtained on the 
received data using conventional techniques. The onboard data system can have a total data network bandwidth of over 200 Mbps 
while TM is limited to 15 Mbps. To prevent the system from completely filling up all available TM bandwidth and to get as much data 
to the ground as possible, the format described in Figure 1 was developed. 
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Figure 1: Telemetry data Transmission Format and Data Message  
 

Telemetry Transmit Processor checks TM database for Message ID, Source, Label and Words and sends the data 
Only the requested data is transmitted, instead of the whole message. Users identify measurements from the test setup database to be 
transmitted. The Telemetry Transmit Processor (TTP), reads the incoming messages to see if they have data that have been requested 
by the users to be telemetered. Both TTP and Telemetry Receive Processor (TRP) use the same test setup database to locate TM 
Message ID, message source, message label and the requested words to be telemetered. If the system cannot locate data to be 
transmitted, it fills in with sync patterns to maintain a continuous bit stream. Once per second, the TTP transmits airplane data system 
time for use by the TRP. 

 
Receive Processor, synchronizes to incoming data stream, examines each incoming message, looks up its setup information and 
reconstructs the original message. 
Before the TRP can output data on the ground network, it must first synchronize to the incoming TM data. The synchronization 
process is accomplished in two steps: 1) Data Sync; 2) Time Sync. When three valid messages in a row are received the TRP is in 
Data Sync. A single bad message causes loss of Data Sync. Once a valid time message is received, the TRP is in Time Sync and will 
begin to output data on the ground network. Time Sync is lost if more than two sequential time messages are missing. A loss of Data 
Sync forces a loss of Time Sync. The TRP will not output data on the ground network unless both are in sync.  
 
Using the same database as is being used on the test airplane the TM room looks up the data source, message, the number of words 
and which words we requested then compares what is being transmitted to the database. Reconstruction of the message can then take 
place. 
 
Since a minimum amount of data is telemetered, the TRP uses the TM Message ID to reference the test setup database in order to 
reconstruct the data of interest in the original message. When words are not requested for transmission, zeroes are placed where the 
data would have been. Words that are requested retain their position in the message. The TRP appends a mask segment to the output 
Data segment which delineates bits that have been telemetered from those that have not been. 
 
 

Types of telemetry testing are supported in the NW 
Flight Line Gauntlet testing – With a flight emulation test system connected to the aircraft on the ground mimic flight conditions. 
High Speed Taxi – Check systems with aircraft on its own power for the first time.  
First Flight – First flight test conditions can vary dependent on whether this airplane is a new major model or a derivative. 
Initial Airworthiness – Aerodynamic Stability – Clearing a flight envelope of all required speeds and altitudes  



4 
 

Flutter – Structural Stability – Clearing a flight envelope of all required speeds and altitudes.  
 

Problems and limitations faced when flying near a major metropolitan area between two mountain ranges (Seattle area) 
 

Test airplane direct to Seattle Telemetry Analysis Station (TAS) room  
A Line of Site (LOS) is required to provide all data and communications from the airplane RF transmitter to the roof antenna of the 
building collecting and viewing the data (Figure 2). Radio signals can bounce off ground support vehicles, buildings and terrain 
creating multi-path interference problems. 
 

 
Figure 2: Direct Airplane line-of-sight to Telemetry room 

 
Range/altitude limited 
Conducting TM tests originating out of an airport located near a major metropolitan area between two mountain ranges, somewhat 
hampers the otherwise unobstructed signal range that could have been obtained without them. This restriction limits the “Telemetry 
Coverage” area to mostly over the Puget Sound waterways when testing at the lower altitudes. 
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Seattle Area No Flutter Test zone(s) 
In order to protect high density populated areas from potential falling debris, a “No Flutter zone” was established that reduces the risk 
of occurrence.  IAW (Initial Airworthiness), Flutter, and VMCA (Minimum Control Speed in the Air) are examples of testing that are 
not allowed in these zones. This restricted area consists of highly populated areas of western Washington/Oregon. 
 
Telemetry interference issues with Wireless Communications Service (WCS)  
In addition to the normal issues of Multi-Path Interference, WCS can also cause problems. Cell phone service has been deployed 
around the US for 4G service after approval in 1997. The proportion of the wireless service in the 2345-2360 MHz band is causing 
interference with the S Band telemetry system when pointing the telemetry receive antenna toward those sites. If the TM receive 
antenna is pointed away from a WCS antenna there is no interference with the TM signal. If the TM receive antenna is pointed at a 
WCS service antenna there is an overlap causing interference. The telemetry antennas used in the NW have wide bandwidth Low 
Noise Amplifiers (LNA’s) that pull in the WCS signal and oversaturate the amplifier. WCS are operating legally and within FCC rules 
however the NW TM antenna designs do not block the WCS signal. Most of TM signal range locally north-west of the Telemetry 
room site are totally blocked by WCS. Similar issues future 5G wireless services could occur when moving to C-band frequencies.  
 

 
Telemetry interference issues with AeroMACS at larger airports  
AeroMACS (Aeronautical Mobile Airport Communications System) is a wireless system that supports the transmission of safety & 
regulatory flight data at airport surface facilities.  The system is using the (5091-5150 MHz) frequency spectrum that Boeing NW 
plans to use for the C-band telemetry when operating at larger airports. The local large commercial airport (SeaTac) will have these 
systems operational. No problem should occur when using TM away from the larger commercial airports. Inference could occur 
during telemetry testing in takeoff or landing phases of flight. 
 

Factors when operating TM System(s) remotely  
Test airplane direct to Remote Test Station (RTS) Remote Test Station fixed or mobile ground station 
Since direct LOS to Seattle is limited, testing at a remote location is required for most TM testing. Similar to operating locally, data 
must first be sent from the airplane to a ground station LOS, and therefore all other issues previously mentioned are still applicable. 
 
Flutter tracks are utilized to support test airplanes during flutter. In an agreement with the FAA, areas of low population and adequate 
distance (150-200 straight miles) are utilized where flight maneuvers can be conducted without affecting other airline traffic. 
Several Flutter Tracks are located in Eastern Washington which require a RTS. Operating distances are difficult to specify as they 
depend on height of the test aircraft above the ground and how flatness of the terrain. The maximum operating distance from the RTS 
is approximately 150 Miles LOS at 15,000 feet and 200 Miles at 30,000 feet altitude. 
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From the RTS, data and communications are sent one of two ways back to the Seattle ground station monitoring team.  
The first method is an uplink of the data and communications through a satellite in geosynchronous orbit. NW TM is currently 
licensed to operate anywhere within the Continental United States. Rental of satellite time is expensive and scheduling has to be 
coordinated a minimum of 1 week in advance and in blocks of 12 hours. TM over Satellite adds latency to the data that could be 
minimized through other routes. 
 
The second method is to send data over the internet through a “Telemetry over Internet Protocol”, a process called TMoIP. (Figure 3) 
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Figure 3: Telemetry over the Internet 
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The TMoIP transmitter takes the incoming serial bit stream and breaks it up into pieces. Each piece is then placed into the 
payload of a message that will be transmitted over the internet. The TMoIP receiver reassembles those messages to recreate 
the serial bit stream that was transmitted from the airplane. The output of this unit goes to the TRP.  

CONCLUSIONS 
These are a few of the reasons that make up why the Boeing NW Telemetry system is different from other experimental aircraft test 
programs.  

1. Data is telemetered in packets 
2. Only the requested data is transmitted, instead of the whole message.  
3. Most other flight test programs telemeter their data all of the time. 

 
Listing more reasons for differences would be time prohibitive. Some of which could be the amount rain fall in Seattle or the massive 
quantities of coffees that are consumed but you can form your own opinions on those areas. 
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