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INTRODUCTION 
 
The U.S. Army's Yuma Proving Ground (YPG) is a subordinate command of the Army Test and 
Evaluation Command, and is one of the largest military installations in the world.  Located in 
southwestern Arizona, it encompasses 1,308 square miles.  YPG personnel conduct tests on 
nearly every weapon system or piece of military equipment in the ground combat arsenal.  With 
a mission to provide premier test services to the U.S. Government and her allies, YPG conducts, 
reports, and supports developmental tests, experiments, production tests, integrated 
developmental/operational tests, as well as provides training support.  In 2011, YPG fired over 
384,000 artillery, mortar, and missile rounds, more than 415,000 miles were driven on military 
vehicles, over 1,900 airdrops were conducted and over 2,100 aircraft sorties were flown.  These 
numbers more than double when events conducted in support of training are counted, making 
YPG the busiest Army proving ground. 
 
The Aviation Systems and Electronic Test Division at YPG is responsible for testing of aviation 
ballistic weapons and missiles, unmanned aerial systems, aircraft systems, precision guided and 
unguided air delivered systems, personnel parachutes, sensors and surveillance systems, and 
electronic warfare systems.  As a developmental test activity, the goal is to help the developer 
field their systems and provide the Soldier with the safest, most lethal equipment.  
Instrumentation is a critical part of meeting this goal, and is used to either capture the reported 
information from the item under test or capture the “true” performance of the system.  In either 
case, it is critical that the instrumentation accurately capture the necessary data. 
 
 

IMPLEMENTATION AT YPG 
 
YPG has fully adopted the use of the IRIG 106 Chapter 10 Recording Standard in its test mission 
for the last two years; however, the course of action to get to this point began in earnest in 2008 
with the search to replace our legacy analog airborne recorders with new units.  These analog 
recorders were the backbone of our airborne instrumentation suites and had been in continuous 
use since the early 1990s.  When originally purchased, these units were very capable and gave 
YPG the ability to record full avionics bus traffic, video, and intercom onboard the test aircraft 
for the first time.  The units were rugged, and no one could question their longevity; 
nevertheless, by 2008 they were well past their prime.  Although these legacy recorders were still 
useable, by this time many additional processes had to be put into place to verify functionality 
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and be reasonably confident that the necessary data would be recorded.  These processes were 
time consuming, costly, and still did not always ensure the necessary data would be captured. 
Similarly, much of the airborne instrumentation that YPG utilized to conduct its aviation test 
mission was aged.  In 2005, a survey of airborne instrumentation showed that the average 
component age was nearly 10 years old!  At the same time, YPG workload was dramatically 
increasing and timeliness of testing was the foremost requirement from our customers.  
Modernization of YPG’s airborne instrumentation, especially the airborne recorders, was a 
priority; nonetheless, a conservative approach had to be taken for replacing these recorders.  
Although the recorders were a key component, they only represented a single element of the 
process flow that was utilized to collect, reduce, verify, and analyze data.  Time, money, and 
workload mandated that only a change to the recorder and not the entire process flow was 
possible, hence the conservative approach. 
 
After all was said and done, YPG’s legacy airborne recorder would only record an analog video 
format regardless of the source of the data.  Video had to be the National Television System 
Committee (NTSC) format, which sometimes required signal conditioning to be performed prior 
to recording.  Wide band video commonly used in legacy Army helicopter multi-function 
displays had to be down converted, MIL-STD-1553 bus data had to be encoded into a video 
format before it could be recorded, and PCM data could not be recorded at all.  Although it was 
typical that the data streams input into the airborne recorder were also transmitted to a ground 
station, the primary purpose of these streams were to support test execution and real-time 
analysis; consequently, the onboard recorded data was the primary source of data for detailed 
analysis and post-mission reporting. 
 
Post-processing of data was time-consuming and cumbersome since 1553 bus data had to be 
played back through an encoder to reconstitute the 1553 messages.  Furthermore, virtually all of 
the post-flight data reduction and analysis processing was based on a Pulse Code Modulation 
(PCM) format, which resulted in test personnel having to route the reconstituted 1553 bus data 
through a PCM encoder and then log it on a decommutator.  Fortunately, all these steps could be 
daisy chained together, but the playback still had to be done at a 1:1 ratio.  The typical two-hour 
flight took two hours to playback and log.  When the time to physically transport the tapes from 
the airfield to the data processing facility was factored in, the minimum time to complete this 
first step in the data reduction/analysis process was 3 hours!  The previously mentioned 
processes to verify recorder functionality included a comprehensive pre-flight checkout, which 
required a programmer to process a sample of data from the test aircraft.  This had to be done by 
driving the analog recordings from the airfield to the data processing facility, which was required 
at least 2 hours prior to takeoff.  Test personnel were working around these circumstances and 
challenges in order to process data at the start of the search for a replacement recorder. 
 
At this time, digital recorders capable of utilizing the Chapter 10 standard were becoming more 
readily available.  These new digital recorders had a number of very appealing capabilities but 
there were also a fair number of concerns as well.  From a test center perspective, the function of 
these recorders is critical as they represent the source of data that will be used to determine the 
performance of the item under test.  Since this YPG’s primary objective, it is not an 
understatement to say that how these new airborne recorders would be used would greatly impact 
the range’s technical reputation. 
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Oddly enough, as modern and capable as these new recorders were, there were still some 
apparent benefits to the legacy analog recorders.  The biggest benefit to analog recordings was 
how quickly video could be viewed right after a mission—playing a tape was easy.  YPG’s test 
engineers and customers often viewed the video immediately after the flight even as the post-
flight mission brief was being conducted.  However, there were still limitations.  Two videos 
could not be synchronized together, and many aircraft have pilot and copilot video, which if 
recorded had to be viewed independently.  Video could not be synchronized with 1553 bus 
messages.  Furthermore, the onboard video tape was the master copy, and, until dubbed, it was 
the only copy.  Part of the necessity in viewing the video immediately after the mission was to 
investigate a possible anomaly during the flight.  The value of reviewing the incident 
immediately had to always be weighed against damaging the master tape.  Other issues with all 
analog tapes were that they degrade over time, take up space, and need to be climate controlled 
to be stored effectively.  With a normal mission requiring a minimum of 3 tapes, effective 
storage was not a trivial matter. 
 
As the search for a new recorder began, YPG had a real-world list of requirements refined by 
years of aviation test experience.  A flight worthy recorder that could handle video, audio, PCM, 
1553 and Ethernet data without the need for format conversion were the primary component 
requirements.  Speeding up data post-processing time while maintaining quick access to flight 
video were also major factors considered.  At the same time, workload demanded that the 
process flow associated with data processing and the impacts any changes in the recording 
format would require be carefully considered.  Resources available to change the various 
elements in the process flow were in short supply and the flow of processed data could not be 
interrupted at all—even to gain future efficiencies. 
 
Since minimal impact to the process flow was a critical requirement in acquiring a new airborne 
recorder, a local working group was formed at YPG to perform market research and evaluate 
potential systems.  YPG decided to follow an evaluation strategy that included a vendor 
demonstration followed by an on-site independent assessment of the hardware’s capabilities.  
The International Telemetry Conference (ITC) was used to as a way to learn more about the 
Chapter 10 standard through classes and informal discussions with a variety of vendors.  In 
retrospect, the initial work done at ITC and the independent assessment were the key elements in 
YPG’s successful transition to Chapter 10, and this practice has since been used for all of YPG’s 
airborne instrumentation purchases. 
 
 

CURRENT UTILIZATION 
 
Currently all Telemetry and Real-Time data is recorded in Chapter 10 format, regardless of 
whether the data is recorded on the aircraft or on the ground.  Data is also recorded in its native 
format, forgoing the need to encode or reformat it.  During a typical YPG mission, video, audio, 
1553, and PCM data are recorded.  The PCM stream typically has 1553 and RS422 messages as 
well as equipment status messages in it; sometimes sensors or other data are also included in the 
stream. 
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Data processing is typically conducted using the airborne recording.  After a mission is complete, 
the data canister is removed from the airborne recorder and data is downloaded to a Data 
Collection Network.  This network is accessible throughout YPG but is segregated from the 
Installation Campus Area Network.  FireWire download of a typical two-hour mission takes 15 
minutes and is 10-15 gigabytes in size. 
 
Once on the network server, programmers can start processing data immediately—data does not 
need to be played back.  The PCM data is extracted from the Chapter 10 file using Chapter 10 
input component tool and then read into the decommutator.  Data is processed in as little as 60 
minutes.  Depending on mission requirements, verification and applying engineering unit 
conversions can take longer. 
 
Computers with access to the Data Collection Network have been strategically located around 
YPG for test officers to access the data.  This was vital so they could still quickly access video 
for their customer.  Using Common Mission Debrief Program software, test officers extract all or 
part of a mission video and burn it to a DVD.  Although burning a DVD is an extra step that was 
not required with the analog tape, the process change was incorporated into operations and 
nobody has complained.  The slight increase in time to view mission video is outweighed by the 
other benefits of Chapter 10.  Aircraft video can now be synchronized to other videos, whether 
on the aircraft or on the ground, as well as to other data sources. 
 
Pre-flight checkouts are now done without the need for a programmer to process the data.  The 
instrumentation technician assigned to the aircraft records a few minutes of data and then takes 
the recording to their download station for viewing.  Using the Common Mission Debrief 
Program software, the technician can play the recording to verify if video is present and select 
1553 messages are present.  If he does encounter a problem, a programmer can access the pre-
flight checkout over the network and remotely diagnose the issue further. 
 
 

LESSONS LEARNED 
 
Using Chapter 10 has provided many challenges at YPG.  Foremost of those has been the fact 
that the Chapter 10 standard is constantly evolving.  Vendors interpret the standard differently or 
comply with different versions of the standard.  This has affected how third-party Chapter 10 
software programs extract the data as well.  The other big challenge has been cost—Chapter 10 
recorders are more expensive than their commercial counterparts, especially when it comes to 
video. 
 
In order to minimize version conflicts of Chapter 10, YPG has standardized hardware and 
software tools that all new hardware must be in compliance with.  When YPG looked at 
purchasing new high definition capable Chapter 10 recorders in 2011, compatibility with existing 
software and procedures was part of the evaluation process.  This compatibility was looked at 
during the vendor demonstration as well as the independent YPG assessment. 
 
High Definition Recorder vendors were invited to YPG to demonstrate their hardware using 
YPG’s existing software and methods.  All but one of the vendors was able to extract HD video 
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from the Chapter 10 file.  That vendor was able to determine the problem and implement a fix to 
the recorder firmware.  Ironically, there was a Chapter 10 problem with the HD video on a 
different recorder after it was purchased and delivered, even though it worked during the 
demonstration.  It was later determined that the root cause of this issue was Telemetry Attributes 
Standard (TMATS) related.  The TMATS file is used by Chapter 10 to configure the recorder 
and document the data being stored on it. 
 
Based on these events, YPG decided to keep track of the current version of TMATS on all 
recorders.  This highlights the effects of multiple versions of the same standard and how it 
impacts acquiring and utilizing Chapter 10 hardware.  Chapter 10 versions do provide a common 
frame of reference for all involved to discuss the problem.  Still, this recent evaluation of HD 
recorders shows that YPG must be vigilant in its assessment to ensure that the equipment is 
compatible and efficient. 
 
Another issue with the Chapter 10 HD recorders was format of the downloaded video file.  The 
video is formatted in Advanced Video Coding High Definition (AVCHD) and can only be 
played on Windows 7 or newer.  The Army has only recently begun transitioning to Windows 7 
as its standard operating system.  Unfortunately, there are large numbers of computers at YPG 
that do not yet have Windows 7 installed, which means many of the current users of the Chapter 
10 video cannot view the HD video files.  There are freeware media players available that will 
play the AVCHD files, but freeware programs are not typically allowed to be installed on 
Department of Defense (DoD) computers.  This issue will continue to be a challenge until 
Windows 7 is fully deployed at YPG. 
 
 

ADDITIONAL USES 
 
YPG has worked through the challenges of deploying Chapter 10 capabilities on the range and 
has benefitted greatly from it.  The flexibility and versatility allows test officers to view data on 
demand.  They can synchronize video from different sources or with other data sets; they can 
quickly pull up video from different missions for quick comparison.  Another benefit of Chapter 
10 is that time is saved performing checkouts and processing data.  This cost savings is passed on 
to the test customer.  The hard work of deploying Chapter 10 is now paying dividends.   
Since the first purchase of Chapter 10 capable recorders, YPG’s use of Chapter 10 has rapidly 
expanded.  Originally, the focus was to capture data from the test item, but that vision has 
expanded to include instruments that provide truth data. 
 
In support of YPG’s aerial delivery test mission, different types of parachutes and delivery 
systems are evaluated.  One of the requirements for the new HD video Chapter 10 recorders was 
to record video and other types of data onboard cargo drop aircraft.  Instrumentation is installed 
on pallets to facilitate easy installation on the cargo deck.  These pallets can record four HD 
video signals from cameras that are mounted around the cargo deck, 1553 bus traffic like GPS 
and IMU information, and analog sensor data.  The pallet will also have transmitters and a PCM 
encoder to downlink mission critical parameters, including recorder status for display in mission 
control. 
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One of the key range instruments used to support airdrop testing is the Kineto Tracking Mount 
(KTM) System.  A KTM is a ground based platform that has four cameras of different types that 
provide video coverage of the drop aircraft and/or payload.  The KTM also outputs azimuth and 
elevation position information relative to the mount in an Internet Protocol packet.  This data is 
time stamped and recorded on conventional recorders; position data from multiple KTMs is used 
to derive Time Space Position Information (TSPI) for the item under test.  YPG plans to install a 
Chapter 10 recorder that will record all four video signals and the IP traffic at each KTM.  Given 
the inherent quality of Chapter-10 recorders to time-tag and synchronize various data streams in 
a digital format, there is tremendous potential for YPG to significantly streamline the TSPI 
solution process. 
 
The immediate benefit of using Chapter 10 recorders on KTMs and the aircraft is that it will give 
YPG test officers an impressive array of software tools to analyze the data.  Video from different 
sources can be synchronized together.  Video can also be synchronized to other data, like 1553 
bus messages or TSPI data.  The YPG test officer will have the capability to quickly analyze 
anomalies observed during the test.  For example, the exit from the aircraft of an air delivered 
load is often one of the most critical parts of the entire delivery process.  Aircraft heading, 
attitude and release point are common parameters analyzed by test officers when evaluating test 
results.  Video on-board the aircraft is reviewed to evaluate the extraction process, so a narrow 
field-of-view is used to provide the highest resolution.  The KTM operators will track the aircraft 
prior to the release of the load and will capture the load as it separate from the aircraft; however, 
since they are ground based, the video quality at the time of release is affected.  The test officer 
would have to review each of the video views individually, doing the same for 1553 bus data if 
recorded.  Clearly, the ability to synchronize multiple video and data streams will vastly improve 
the test officer’s ability to analyze the results. 
 
Another benefit of Chapter 10 is that the storing of data has been simplified by retaining all of 
the recorded information in one file.  Test personnel are able to store the data file along with all 
pertinent documentation regarding that particular test together.  YPG has setup a network folder 
structure to do this, which is shown in figure 1. 
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Figure 1.  Network Folder Structure 

 
Test officer access to the flight data files is controlled using an Active Directory managed 
domain.  Most test officers only have read privileges, which only allows them to open a file 
and/or copy it to their computer for additional analysis.  Collected data is centrally stored by 
YPG’s Network Operations Center.  The data is backed up at regular intervals for safekeeping. 
 
 

CONCLUSION 
 
Adopting the Chapter 10 standard at YPG has provided many benefits as well as a number of 
challenges.  The use of an open standard that allows the commonly used data streams to be time 
tagged and recorded on a single device provides a tremendous instrumentation capability.  These 
benefits increase dramatically when data for test events recorded on different recorders can be 
easily synchronized together.  These capabilities coupled with strong industry support have 
helped YPG to greatly improve its data processing capabilities.  As our experience grows, use of 
Chapter 10 technologies has expanded into other non-traditional areas on the range where the 
benefits can be exploited to improve out-test services. 
 
For all the benefits we have realized using Chapter 10, there have been some challenges as well.  
Foremost of those has been the fact that the Chapter 10 standard is constantly evolving.  Vendors 
interpret the standard differently or comply with different versions of the standard.  This has 
affected how third-party Chapter 10 software programs extract the data as well.  The other big 
challenge has been cost—Chapter 10 recorders are more expensive than their commercial 
counterparts, especially when it comes to video.  Finally, the playback of data recorded on a 
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Chapter 10 device in the native format is an often forgotten capability.  It is understood that 
Chapter 10 is a recording standard and once recorded the data file can be easily accessed; 
however, it is often a case where the recording vendors do not provide the capability to replay 
the data in its native format.  Experience shows that this type of playback can greatly aid the 
user, especially when trouble shooting or preparing for a upcoming test program.  Although not a 
day to day requirement, there is no substitute for an actual playback. 
 
In closing, the future at YPG definitely includes more and more use of Chapter 10 devices and 
software.  As always, what type of test support we’ll be asked to provide is always subject to 
change, but the flexibility that comes with Chapter 10 will allows us to adapt as necessary to 
continue to provide our customers the best test services possible. 




