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ABSTRACT 

Northrop Grumman Corporation’s B-2 Flight Test Instrumentation team is revamping its entire 
Data Acquisition System (DAS) to be an Ethernet based network (EBN) system that will provide 
simplified wiring, higher speeds, greater capacity, and control over the data. The old system 
became obsolete in terms of capability and maintainability. New on-board avionic systems also 
demand that the Flight Test Instrumentation group (INSTR) accommodate fiber and high speed 
Ethernet data. In addition, the footprint and location for INSTR systems and components will be 
moved to remote areas. INSTR engineering selected the Teletronics Technology Corporation’s 
Ethernet networked Data Acquisition Units (DAUs), known as MnDAUs, as the core system. 
Prior to the first flight utilization of the new INSTR DAS will undergo extensive lab and field 
testing to assure flight test effectiveness and the accuracy of all necessary data products. The 
goal is to acquire and employ the best system available while avoiding costly lessons. 
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INTRODUCTION 

Instrumentation data acquisition systems have been going through periodic changes as new 
technology has developed and that continues on today with changing out instrumentation 
systems to keep up with the demand for increased capability. Approximately 80 years ago, Flight 
Test consisted of pilots making observations and broadcast measurement (MEAS) readings over 
UHF radio channels and taking notes on knee boards. In the 1940s data acquisition systems were 
comprised of photo panels where the instrument gauges were recorded on film, which were 
replaced by analog systems recording data on magnetic tape in the 1950s followed by 
Proportional Band Width (PBW) in the early 1960s, Constant Band Width (CBW) in the late 
1960s, Pulse Amplitude Modulation (PAM) and Pulse Duration Modulation (PDM) in the 1970s, 
and then widespread use of Pulse Code Modulation (PCM) in the late 1970s. Each development 
increased capacity, versatility, reliability, accuracy and frequency response. Before each new 
methodology was employed it was challenged, in the lab, on the test bench on the ground and 
then during flight to prove that its capabilities would supersede those of the previous type of 
system.  Eventually PCM became the universally adapted standard. Over time, it evolved from 8 
bit to 10 bit, 12 bit and eventually to the 16 bit systems which remained the industry standard, 
with little increase in capability for 35 years, creating a prime opportunity for the most recent 
iteration of data systems, the Ethernet Based Network (EBN) system. The B2 Flight test 
instrumentation system is now preparing to undergo a major revolutionary change 

 

BACKGROUND 
To fulfill increased data requirements the INSTR team for the B-2 began researching the next 
generation of technological advances in data acquisition. Using Pulse Code Modulation (PCM) 
systems to fulfill the increased data requirements forced higher and more Real Time Telemetry 
data streams from one aircraft; while concurrently increasing bandwidths from 256 Kbps to 20 
Mbps. One aircraft test program with several instrumented airplanes could swamp out the entire 
S Band or L Band frequency allocations, imposing numerous restrictions on lower priority test 
programs. With the ongoing challenge of increasing data requirements, the INSTR team adapted 
processes to accommodate the data acquisition, monitoring, recording and telemetering of more 
information. The present B2 instrumentation system is shown in Figure 1. 
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FIGURE 1: PRESENT B2 DATA ACQUISITION SYSTEM IMPLEMENTED IN 2000 

For real time applications with a Mission Control Room (MCR), a second Telemetry (TM) PCM 
data stream was used, which could only telemeter a minimal amount of high sample rate MEAS. 
To accommodate the post test data product requirements, six additional independent PCM 
systems were used to record the required MEAS for analysis, while only a small number of all of 
the high frequency MEAS were available for the Main PCM TM to the MCR. 

Additionally, changing over for different flight disciplines such as Performance, Propulsion, 
Flying Qualities, Flutter, etc., required the INSTR engineering team to re-plan, re-patch and re-
program the on-board instrumentation system. Even on board recorder capability required 
several different recorders to be employed to handle the ever increasing number of PCM systems 
with high bandwidths along with high speed high digital video data recording requirements.  

While the INSTR team found many solutions to keep up with increasing data requirements, it 
became evident that a systematic change was in order. 

A PARADIGM SHIFT 

While PCM systems have been the mainstay for the B-2 project for 25 years, it became 
necessary to consider an Ethernet based data acquisition system. One of the main reasons an 
Ethernet Based Network (EBN) system had been overlooked for so long was its reputation for 
being asynchronous and therefore was dismissed as being incongruous and unworkable in an 
environment where exact time correlation is essential. 
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In order to assure that the Ethernet based system could operate in a time-based environment, the 
INSTR team first needed to understand how data from many various sources could be acquired, 
digitized and then placed in packets and sent through network systems and be distributed to 
cockpit displays, recorders, telemetry data streams and Mission Control Rooms without losing all 
semblance of time for each data product. The research and testing required the INSTR team to 
become familiar with new terms and technology such as: Ethernet, IP protocol and addresses, 
Networks, Switches, and Gateways. The design of the new B2 EBN system schematic is shown 
in Figure 2. 

 

	  
	  

FIGURE 2: NEW INSTR DATA ACQUISITION SYSTEM ETHERNET BASED 
NETWORK SCHEMATIC 

The Ethernet Based Network system provides extensive capability to add Data Acquisition Units 
wherever needed. The amount of wiring is greatly reduced and the selectivity of data products 
programmed for the recording and telemetering of particular ranges of sample rates increased. In 
addition, only one port is needed to program the entire system at increased speeds with a 
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decreased number of airborne recorders. As shown in Figure 3 the initial instrumentation system 
has 11 DAU units identified but as the need arises many more could be simply added because of 
the advantages of having Ethernet as the foundation of the system. 

  

	  

FIGURE 3: THE B2 ETHERNET BASED NETWORK SYSTEM 

Time aligned data products are the gold standard of Instrumentation because data is referenced, 
evaluated and interpreted using essential time-tags inherent in the data acquisition unit. With 
precise data correlation time as their primary concern, INSTR engineers scrutinized how the 
EBN time tagged, aligned and mitigated delays. The study found that the EBN system utilized 
the IEEE-1588 Precision Time Protocol (PTP) and that feature of employing deterministic time 
in the packet network proved that all data was time tagged down to the micro second and delays 
going through network switches and filters were accounted for.  

The INSTR engineering design team examined the Ethernet Networking of all of the DAUs and 
Network Switches and readily saw how they were all synchronized to the same time base and all 
data was time tagged. The INSTR team’s concerns about path delays were completely addressed 
when it was shown that correlation of all data was within100 nano-seconds. 
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With the acquisition and implementation of the EBN, PCM systems are now basically thought of 
simply as just Data Acquisition Units (DAUs) and the whole emphasis is placed on Ethernet 
Based Networking (EBN). But, PCM is still the heart of the system in terms of the acquisition of 
Instrumentation MEAS and Ethernet Based Networking is merely a means of effective and 
efficient data routing.  

 

RESEARCH AND TESTING IS REQUIRED 

Before the acquisition of components for the instrumentation system INSTR design engineers 
conducted a survey to find other users within the company and out in the commercial and 
military applications field to determine lessons learned and best practices for the Ethernet Based 
Network system. With a fundamental obligation to produce accurate, reliable and maintainable 
high quality products there is no option to alpha or beta test an unproven system. The INSTR 
team had to discover, choose and employ the most reliable data acquisition system so as to not 
impact the progress of the Flight Test schedule and subsequent production delivery dates. Similar 
approaches within the company, in the field, and among other commercial and military test 
platforms confirmed the choice of an Ethernet Based Network (EBN) system. 

Fortunately, the INSTR team anticipated the necessary equipment required by the EBN, ordering 
it well in advance of its installation on the B2 Flight Test airplane so that a series of tests could 
be timely performed prior to installation. In order to obtain optimal lab results lab testing 
required thorough planning and meticulous procedures to detect any variations from the original 
instrumentation system that was presently in use. While the technical theory seemed logical on 
paper, the INSTR team challenged the EBN system in the lab on a test bench and during ground 
test.  

A lab type hot bench as shown in Figure 4 was built up with all of the data acquisition and 
Ethernet network units to perform different test case scenarios including a parallel comparison to 
existing on-board data systems to prove that the EBN works as required. 
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FIGURE 4: INSTR LAB HOT BENCH 

	  

Lab testing proved that the EBN could manage the data in all of the various commanded 
scenarios. The next step involved taking the hot bench setup out to the B2 airplane to hook it up 
and run it side by side with the existing on-board INSTR system to verify that the EBN system 
could produce the expected high quality accurate results. Anomalies that were found were 
worked out and were attributed to software programming issues that were part of learning how 
the new system was designed to work. Most of the issues were detected in the lab but some were 
found later on during the ground tests because the lab operations utilized simulated data. 
Refinements to EBN system programming and formatting along with operational procedures 
were made after comparing data products and finding out what had to be changed. 
 

The hot bench setup proved to be an essential tool and its use will continue to be employed as 
additions and modifications are made to equipment and procedures. 

• Hands-on demonstration of the Ethernet Based Network 
• A training platform for INSTR engineers 
• A test bed for new applications and new additions to the INSTR system 
• A validation tool to qualify every unit’s functionality before installation on the airplane 
• A “storage center” of line replaceable units that can be used as a qualified spare if needed  
• A trouble shooting tool to discover why a unit was not functioning as it should on the 

airplane instrumentation data acquisition system 
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CONCLUSION 

The challenge of changing over to an entirely new approach for the instrumentation data 
acquisition system for the B2 was not an easy process. Technology has advanced rapidly and in 
retrospect it is now clear that the paradigm shift away from what was a tested, proven and a 
highly reliable INSTR system that had been on the B2 for many years was in many respects long 
overdue. It took a lot of research, learning new methods, getting familiar with new equipment 
and then performing actual hands-on testing to prove conclusively that the new approach 
satisfies all requirements. The Ethernet Based Network INSTR system does provide the solution 
that the B2 Flight Test Instrumentation Engineering design and operations engineers were 
looking for. It has intrinsic beauty, unique attributes, greatly increased capability, and much 
needed flexibility to change how data is gathered, sampled, distributed, recorded and 
telemetered.  
 




