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ABSTRACT 

 
As more aircraft are fitted with solid state memory recording systems, the need for a large data 
archival storage system becomes increasingly important. In addition, there is a need to keep 
classified and unclassified data separate but available to the aircrews for training and debriefing 
along with some type of system for cataloging and searching for specific missions. This paper 
will present a novel approach along with a reference design for using commercially available 
hardware and software and a minimal amount of custom programming to help address these 
issues.  
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INTRODUCTION 
 
 “We’re drowning in data.” This frequently used quote vividly describes the current test data 
volume situation for many test programs. As IRIG 106 Chapter 10 recorders are fielded, the 
question of what to do with all the data becomes all the more pressing. Many organizations that 
have acquired or are planning to acquire these recorders have yet to deal with issues that need 
addressing.  
 
Questions to be answered include:  How much of the data that we collect needs to be saved? 
What are some realistic long term archival strategies for keeping the data? How much storage 
would be needed for a typical flight test squadron? 
 
This paper will attempt to address these questions from lessons learned on existing programs and 
by looking at available commercial technology. Recommendations are made for a typical 
configuration and take into account both cost and long term maintainability.  
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CURRENT STATE OF AFFAIRS 

 
The current A-10 Precision Engagement (PE) test program is operating in both a developmental 
test (DT) and operational test (OT) environment. The typical testing cycle for each release of 
aircraft operational software involves a number of DT sorties to verify specific objectives have 
been met followed by a larger number of OT sorties. All A-10 test aircraft have been 
instrumented with IRIG 106 Chapter 10 recorders configured to record four channels of video 
and four channels of Mil Std 1553 data. 
 
Storage capacity for these recorders is currently 20 GB utilizing solid state memory technology. 
This makes it possible for the pilots to start recording data as the aircraft is powered up and stop 
at the end of the mission. Typical recording times are around two hours and come close to filling 
up the available memory. 
 
During OT testing the operations tempo is typically two aircraft flying twice a day five days a 
week. That equates to 80 GB / day, 200 GB / week and 800 GB per month. It’s not uncommon to 
test a particular software release for up to two months, equating to 1.6 TB of data. 
 
Current storage solutions used by both DT and OT organizations utilize external hard drives with 
IEEE 1394-B interfaces. These disks provide between 1.0 and 2.0 TB of storage in a single box 
at a cost of between $800 and $1800. While this does provide a good portable solution, it’s not 
without drawbacks. Operational use has found that these drives will only support a single aircraft 
video playback (4 video streams) while most OT sorties involve two aircraft. While the drives 
could be shared across a network in practice, access to the data on the drive is limited to the 
attached computer.  
 
 

DEBRIEFING TOOLS 
 

One of the great advantages provided by the IRIG 106 Chapter 10 data format to the aircrew is 
the time synchronized nature of the data and video. In previous test programs the data was 
typically recorded on some type of airborne recorder using digital or analog tape while the video 
was recorded on either 8mm or VHS video tape. Multiple video sources meant multiple tapes 
that were tedious to synchronize at best and not tied to the data apart from IRIG time inserted 
into the video frame. 
 
The Common Mission Debrief Program (CMDP) was developed with IRIG 106 Chapter 10 data 
as the source and aircrew debriefing as the target audience. CMDP has been adopted by the Air 
Force as their primary aircrew debriefing tool for IRIG 106 Chapter 10 data at Edwards, Eglin 
and Nellis Air Force Bases. 
 
CMDP allows for simultaneous playback of up to four video streams from any of four different 
aircraft. It also makes it possible to display aircraft data in a variety of formats including strip 
charts, scrolling text and other typical test display forms. A 3-D modeling tool coupled with the 
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appropriate terrain maps and driven by aircraft position information will show the aircrew where 
they were at any point in time. 
 
CMDP facilitates sub-setting and exporting of data in multiple formats including IRIG 106 
Chapter 10, MPEG and Windows Media Format (WMF) for video and Comma Separated Values 
(CSV) for raw data and Engineering Unit (EU) data. 
 
While CMDP provides a powerful capability for presenting information to the aircrew, it also 
requires a high level of data throughput to keep the videos and data moving in real time. Most 
modern high-end PC workstations will support CMDP without problems until you start using 
external hard drives or try to access the data over a slow network connection. 
 
 

TYPICAL SQUADRON OPERATIONS 
 

Another unique capability provided by the IRIG 106 Chapter 10 standard is the ability to time 
synchronize multiple Removable Memory Modules (RMMs). This makes it possible to precisely 
link data between aircraft down to the millisecond level and better in some cases. 
 
Typical test squadron operations involve a number of common activities. Prior to flying a 
mission the pilot will obtain an RMM from support personnel and perform both a built-in-test 
(BIT) and time jam before stepping to the aircraft. After the mission the data from the RMM will 
be copied to a storage device for archival, and the RMM will be zeroized and returned for later 
use on another mission. 
 
Mission debrief usually occurs within an hour of landing and can be accomplished using CMDP 
either from the external disk or directly from the RMM. The pilots will then review the mission 
video and provide comments and a mission summary to the analysts. Further analysis of 
anomalies or mission objectives is accomplished later using the same data. If more detailed 
analysis is required, an analyst will typically produce a small subset of the data archived to DVD 
for shipping offsite. 
 
The A-10 program office awarded a contract in FY06 to replace the operational Airborne Video 
Tape Recorders (AVTRs) with digital video recorders based on the IRIG 106 Chapter 10 format. 
Initial installation of these recorders has begun at a number of operational A-10 bases including 
both active and reserve units. At the present time these recorders are collecting only video data 
but do have the capability of recording aircraft data as well. 
 
From a pilot’s perspective, both operational and test squadron procedures are the same as they 
have both adopted the CMDP program for mission debrief. Each pilot is responsible for 
obtaining an RMM and performing BIT and a time jam prior to the mission. The difference is 
they don’t typically save any data other than small video clips for training purposes. 
 
 

REFERENCE ARCHITECTURE 
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The best solution for a typical test squadron is to host all data on a server over a gigabit Ethernet 
network. Multiple off-the-shelf options exist from a variety of vendors offering storage 
capacities up to 50 TB and access speeds to support multiple simultaneous aircraft video 
playback. 
 

 
 
Figure 1. Typical Workgroup Reference Design 
 
Figure 1 shows Microsoft’s Windows Storage Server 2003 R2 as the foundation for this 
reference architecture. Windows Storage Server 2003 R2 is a part of the Microsoft Windows 
Server family and comes with a number of features including Windows Sharepoint Services for 
collaboration and file indexing capabilities. 
 
Key features of interest to government organizations include the ability to purchase directly off 
established requirements contracts, presence on the “approved software” list, availability from 
existing vendors including Dell, HP and IBM, and the option for direct support from most base 
IT organizations. 
 
Windows Sharepoint Services (WSS) provides a number of new capabilities integrated directly 
with the operating system. WSS was created as a document indexing and group collaboration 
solution. It is based on Microsoft’s Internet Information Server (IIS) web server and Active 
Server Pages (ASP) technologies. WSS makes it possible to rapidly put in place a collaboration 
web site to help keep track of the myriad of documents and data files used by every test 
organization. It also serves as a key component of the Enterprise Test Data Management System 
(E-TDMS) developed by EMC Corporation in use at multiple sites. 
 
 

DEALING WITH DATA 
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Searching for information, whether it is flight test documentation or test data, consumes a 
significant amount of any test engineer’s time. Commercial Internet search engine sites such as 
Google and Yahoo have made it possible to find all kinds of information with a few keystrokes. 
There’s no reason why searching for flight test data should be any different. 
 
When you look at the job of a typical flight test engineer, the types of information they need to 
search through fit into two basic categories: programmatic (information about the testing such as 
test plans, safety plans, test reports, etc.) and the actual test data. E-TDMS is one effort under 
way to try to marry these two disparate data sources using a Web portal (Microsoft Sharepoint) 
approach. E-TDMS implementations are currently under way at both Air Force and Army testing 
sites. 
 
Searching through programmatic information is most common during the test preparation phase 
of a project. Here you want to look through old test plans to find out how a specific test point 
was accomplished in earlier test programs. Other similar searches perform basically the same 
task and either help bring perspective to the current test or provide a starting point for generating 
the documentation needed. 
 
One area of search that has seen a tremendous amount of progress in the last few years is 
combing through raw data. Several vendors now have search tools that accomplish essentially 
the same job of making raw data searchable. Both use a similar technique of building an XML-
based summary of a specified number of parameters that is saved off for later queries. Once the 
summary data (typically minimum, maximum and average over a specified time period) has been 
created, a query can be executed for single or multiple test events. 
 
Finding data for a specific mission or date has become much easier with IRIG 106 Chapter 10 
data. The latest version of the standard mandates a file naming convention that includes the 
date/time the file was created. The raw data also has embedded time that can be decoded with 
any number of available programs. 
 
One of the key data items currently not mandated by any IRIG standard is metadata describing 
the test data. The term metadata means literally data about data. Typical metadata contents would 
include things like aircraft tail number or test article serial number, test event number, pilot 
name, flight software release, etc. These data items would provide critical links between the raw 
test data and virtually all other test information. While the IRIG 106 chapter 8 TMATS standard 
does make provision for most of these items, they are not commonly used by all test 
organizations. 
 
The process of transferring data from a recorder memory module (RMM) to some other storage 
system offers the perfect opportunity to tag this data with the appropriate metadata. What’s 
needed is a standard format or at least a minimum number of required fields to make the data 
linking more practical.  
 
Data management based on metadata will become more important as the volume of raw data 
increases. Keeping track of what missions have been flown, where the raw data is located and 
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what data has been archived to other media cannot be accomplished manually. Automated tools 
are essential to maintain data integrity and to provide the linkage needed by the search tools. 
 
Data distribution of large volumes of test data is an issue today. The A-10 program has used 
external hard drives and overnight shipping to accomplish their mission. Upcoming test 
programs with significantly more data won’t have that option. Intelligent data slicing based on 
either specific test events or anomalies will help the situation but isn’t the final answer. 
 
Many flight test programs will generate classified data at some point during the testing process. 
This mandates additional protection measures including the need to lock any classified media 
inside an approved storage container. For most organizations this means some type of multi-
drawer safe. The physical size of safe drawers limits what can be locked up to something smaller 
than a typical PC. 
 
 

SHORT / LONG TERM STORAGE 
 
Once the data has been recorded it must be moved from an RMM to some type of storage. In the 
short term this will probably be some type of direct attached or network attached storage (NAS). 
A NAS solution offers a number of benefits for the short term problem including access speed, 
low cost, availability off standard contracts and maintenance support. 
 
Several vendors including Dell, HP and IBM offer NAS solutions targeted at small workgroups. 
The current Dell offering provides up to 16 TB of storage for under $20K. IBM’s eServer 
xSeries utilizes SATA drives for high performance at moderate cost. Other potential vendors 
include Buffalo Technologies and Tandberg Data. 
 
Archiving test data has long been the purview of tape media. In most cases the actual tape used 
on-board the aircraft or in the control room is saved as the “original data.” With the advent of 
solid-state memory based recorders this is no longer the case. Some organizations have taken the 
approach of archiving their data onto tape media as a part of their transfer process. 
 
Potential tape technologies that offer large capacity include AIT-3, LTO Ultrium and Super 
DLT. Costs for these tapes range from $.27 / GB (Super DLT) to $.55 / GB (AIT-3). Other 
possibilities include HD-DVD or BluRay DVD disks. These devices are just coming onto the 
commercial market and haven’t been used for any data storage as of the date of this paper. 
External USB or IEEE-1394 drives offer another option and are currently being used by several 
active test programs. 
 
 

CONCLUSIONS 
 
One of the most pressing needs for the data management community is for a test data metadata 
standard to be established. This will make it possible to link raw data and programmatic data in a 
common way without relying on some proprietary solution. Developing this standard in 
cooperation with the operational flying community is key to ensuring that the result is 
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achievable. To have the greatest effect and widest adoption this standard would need to come out 
of one of the Range Commander’s Council committees. 




