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ABSTRACT 
 

The Range Commanders Council (RCC) Inter-Range Instrumentation Group (IRIG) 106 Chapter 
10 (CH 10) Solid State recording standard has made the possibility of large scale interoperability 
between ranges, test and operational communities, and maintenance a reality.  The standard 
allows for software and hardware playback/analysis tools to be created that will work seamlessly 
with any IRIG-106 CH 10 compliant recorder. Incorporation of a standard also allows the same 
recorder to record Video, Audio as well as data from MIL-STD-1553 busses and instrumentation 
data (PCM, UART, etc.). The IRIG-106 CH 10 standard provides enormous benefits for its 
users, but without a fully compliant IRIG-106 CH 10 recorder, these benefits cannot be realized.   
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INTRODUCTION 
 
Mission data recorders and test instrumentation data recorders have traditionally consisted of 
analog or digital tape recording devices.  Most of these recording systems have proprietary 
methods for command and control of the recorder and downloading/archiving data.  The 
proprietary data formats created by these recorders require the use of proprietary 
hardware/software for data reconstruction, playback and analysis.  Digital solid state recorders 
are quickly becoming the recording device of choice for data collection on military aircraft.  
Solid state recorders (SSR) have proved to be extremely reliable, even under very extreme 
environmental conditions.  Increased fidelity of recorded data and the possibility to record much 
higher data rates also help make the solid state recorder more attractive than the legacy tape 
recorders.  Without a standard that defines the recorder’s interface for command and control, the 
data format, and the interface and method for downloading data, all of the solid state recorders 
available for procurement would also be completely proprietary.  In the absence of a standard it 
would not be possible to have different recorders from different manufacturers as you lack a 
standard method of recording data.  Major attributes of a standard method of recording data IAW 
IRIG-106 Chapter 10 are: 
             

• Data Download and Interface 
• Operating System Independent File Structure 
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• Data Format Definitions 
• Recorder Control 
• Media Declassification 

 
The IRIG-106 Chapter 10 standard allows the user the flexibility to use Vendor X’s IRIG-106 
Chapter 10 compliant recorder and reconstruct, playback, analyze, and/or archive their data with 
Vendor Y’s software and hardware utility(ies).  The possibility now exists for a pilot, data 
analyst, maintenance technician, etc. to procure or develop Chapter 10 software and/or hardware 
tailored specifically to their mission needs and requirements, and using the same Chapter 10 data 
file, accomplish their mission.   
 
The IRIG-106 Chapter 10 standard provides enormous benefits for its users, but without a fully 
compliant IRIG-106 Chapter 10 recorder, these benefits cannot be realized.  Even a small 
deviation from the standard, such as the need for an adaptor to download and read files from the 
media, could undermine the great benefits offered by the standard.  This paper will focus on 
recommended test procedures to ensure a recorder’s compliance to IRIG-106 Chapter 10. 
 
   

IRIG-106 Chapter 10 Compliance Testing 
 
An Acceptance Test Procedure (ATP) for a solid state recorder should cover all areas specified 
on the requirements document including support for every type of data to be collected, accuracy 
of recorded data, etc.  This paper will touch on some of the standard ATP procedures, but the 
primary focus will be the recommended test procedures to ensure a recorder’s compliance to the 
IRIG-106 Chapter 10 standard.   
 
 

Initial Analysis Testing 
 
This testing uses the vendors Interface Control Document (ICD) to verify that all connections 
made to the recorder are correct and well understood.  This step will also allow the vendor to 
ensure that any last minute changes to the recorder interface have been noted and accounted for 
prior to the beginning of the test.  The purpose here is to ensure that the set of test cables and 
discrete command switches and indicators are correctly wired to the recorder.   
 
TMATS Files 
 
A TMATS file is a setup record that is stored in the recorder.  An IRIG-106 Chapter 10 
Compliant recorder shall be capable of storing 16 (0-15) total TMATS setup records.  The 
TMATS file contains all of the necessary information to completely configure each data channel 
for the expected data type, bit rate, etc. 
   
An IRIG-106 Chapter 10 compliant recorder should be able to accept a generic TMATS file 
containing all of the necessary attributes needed to fully describe each data channel defined in 
IRIG-106 Chapter 9.  Vendor specific attributes are allowed in the TMATS files to allow specific 
attributes, not defined in IRIG-106 Chapter 9, in the recorder to be setup 
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When using a generic TMATS file, the user must take into account, and put attributes into the 
TMATS file, for each available data channel in the recorder.  The channel ID’s given to each 
channel may also be different between vendors, therefore, the user creating the TMATS file must 
accurately identify the channel ID’s.  Due to the complexity of creating generic TMATS files 
and the fact that all of the vendor specific information will not be included in a generic file, it is 
recommended that the TMATS file be generated using a TMATS builder supplied by the vendor 
for the majority of testing so that the recorders full functionality can be tested; unless there is a 
specific requirement to have a recorder that will be using generic TMATS files exclusively. 
 
 

Command and Control Testing 
 
Command and control compliance plays a vital role in interoperability.  Compliance with IRIG-
106 Chapter 10 ensures that any recorder used can be controlled and configured with out 
changing existing software and hardware (switches and indicator lights).  This allows for generic 
tools and interfaces to be built that will support any Chapter 10 recorder.  The electrical 
command and control interface to all IRIG-106 Chapter 10 recorders must be identical; however, 
the physical size, shape, and interface (connectors) on the recorders may differ.  
  
Testing Serial Commands 
 
An IRIG-106 Chapter 10 compliant recorder will have an RS-232 and an RS-422 serial port 
available that will accept, at a minimum, the Chapter 10 serial commands defined in IRIG-106 
Chapter 10, Section 10.7.  This section of the standard refers to the Recorder Command and 
Control Mnemonics defined in IRIG-106 Chapter 6.  Any computer containing a serial port and a 
simple terminal (such as the HyperTerminal program in all Windows operating systems) can be 
used to command/configure a Chapter 10 recorder.  The SSR commands are simple ASCII 
command strings delimited by spaces.   
 
All serial commands shall be issued to the recorder using the following default serial 
communication settings [IRIG106-CH10, section 10.7]:  
 

• 38400 baud 
• One Stop Bit 
• 8 Data Bits 
• No Parity 
• One Stop Bit 

 
Along with serial command testing, it is also important to verify that the recorder responds with 
the correct error codes under various conditions to help ensure that a user application built for an 
IRIG-106 Chapter 10 Compliant recorder will be able to properly operate the recorder.  The 
recorder should respond with an error code when given a command that it cannot execute.  The 
following table is the list of error codes mandated by the IRIG-106 Chapter 6 Standard. 
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TABLE 6-16.   COMMAND ERROR CODES 
Error Description Conditions 
00 INVALID COMMAND Command does not exist 

01 INVALID PARAMETER Parameter is out of range, or wrong alpha-numeric 
type 

02 INVALID MODE Command cannot be executed in the current state 
03 NO MEDIA Recording media is dismounted or not installed 

04 MEDIA FULL Command cannot be executed because there is no free 
space available on the recording media 

05 COMMAND FAILED Command failed to execute for any reason other than 
those listed above 

 
Table 1:  IRIG 106 Chapter 10 TABLE 6-16.  COMMAND ERROR CODES 

 
The easiest way to test the error commands is to intentionally give the recorder a set of 
commands under the conditions stated in the Error Command Codes table.  For example, test for 
an invalid command by issuing a command not supported by Chapter 10 (Chapter 6).   
 
Discrete Controls and Indicators 
 
To ensure interoperability and exchangeability between IRIG-106 Chapter 10 recorders as well 
as replacement of legacy recorders without an entire overhaul of the instrumentation wiring, the 
discrete commands and controls must be in compliance with IRIG-106 Chapter 10, Section 
10.7.10.  The discrete indicators and controls should be tested using wiring similar to the 
diagram in Figure 1. 
 
 

RECORD

BIT
ERASE
DECLASSIFY
ENABLE

DECLASSIFY INDICATION

ERASE IND

BIT IND

FAULT IND

RECORD IND
28 VDC SSR

 
Figure 1:  Discrete and Control Functional diagram. 

 
In order to test the discrete switches and indicators, it is important to know what state the 
recorder is in at all times.  In order to do this, it is best to use the “.STATUS” command via the 
serial port to poll for current status during the discrete switch testing.  Users should also ensure 
that serial commands do not override the discrete commands.  
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Data Download and Interface 

 
Interoperability between different recorders and different ranges cannot be achieved without a 
standard method of accessing the file structure and data.  Having a standard download interface 
is also very helpful when replacing or acquiring more recorders.  If the download and data 
reduction systems do not have to change when the recorders are changed, only the recorder ATP 
is necessary, saving the procuring agency both time and money.  Section 10.3.1 of the IRIG-106 
Chapter 10 standard requires that all compliant recorders have a data download port.  This 
download port must be either Fiber Channel or IEEE-1394b.  Additionally, if the recorder 
contains a removable mass media device (RMM), the RMM must contain an IEEE-1394b 9-pin 
interface [IRIG-106 Chapter 10, Section 10.3.9].  Testing the download ports on the recorder and 
the RMM is best done with the help of third-party software and standard IEEE-1394b and/or 
Fibre-Channel equipment.    
 
Testing RMM interface and File Transfer 
 
After a file has been created on the recorder, the RMM should be removed from the recorder and 
attached to the download station using the “IEEE-1394b bilingual socket” connector.  The RMM 
should be capable of operating with the power from the IEEE-1394b connection and no other 
external power source [IRIG-106 Chapter 10, Section 10.9.5].   
 
 

Data Format and File Structure 
 
The data format and file structure is the heart of the IRIG-106 Chapter 10 standard.  One of the 
biggest benefits of Chapter 10 is that it is open to anyone, allowing any software vendor to create 
applications to playback and analyze the data in any specialized manner.  This leaves the user(s) 
free to choose, or write software that is tailored specifically to his/her needs.  Additionally, since 
the Chapter 10 standard allows for the simultaneous recording of many different types of data, a 
single data file from a single flight can be distributed to a multitude of different users/customers 
that can then use their own specialized tools for their own specific flight data analysis.   
 
Since data is organized according to specific requirements, a single application can be utilized to 
validate data and ensure of interoperability regardless of data source.  Validation software at a 
minimum should verify the file structure, packet structure, packet header, data checksums, 
sequence numbers, etc. that are mandated by the standard.   The data structure and file format 
should be tested under many different scenarios including single stream recording, multiple 
stream recording, multiple streams enabled with some receiving no data, and full capability 
recording (all available channels).  In every scenario the packet structure shall remain within the 
specification.   
 

Data Accuracy Testing 
 
Having a good file format is critical for the software applications that are going to be used to 
playback and analyze the Chapter 10 data files, but unless 100% of the data is collected and 
properly time-tagged, the data is virtually useless. 
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Timing Accuracy  
 
For this test, the recorder should be programmed to accept an external IRIG-B signal on the time 
channel.  Ideally all data streams (PCM, 1553, URAT, etc) should be produced by a state 
machine that is synchronized to GPS and also generates required timing input signals.  Each data 
stream shall contain embedded time and counters. For video channels, a video time inserter 
should be used to overlay time, from the same IRIG-B source, on multiple video channels.  All 
of these signals will be fed to the recorder on multiple channels.  Figure 2 shows a graphical 
representation of this test.   
 

IRIG-106 Chapter 10 RecorderGPS-Synchronized 
Data Creation with 
embedded time in 

data streams.
GPS Signal

Video 
Time 

Inserter

IRIG-B

MIL-STD-1553 channels

PCM Channels

Other Data Channels

Video Channels

Video Source

 
 
Figure 2: Graphical Layout of Time-Alignment Test 
 
After creating files using this test setup, the embedded time in each of the data streams can be 
used as a “truth source” that can be used to calculate the time errors between the time stamp 
produced by the recorder and absolute time related to the GPS referenced IRIG time.  Recording 
for long period of time should be used  to characterize any ‘creep’ as the recorder time tags the 
data.  With an IRIG-B time signal there should be less than 1 millisecond delay between any 
time-tag and its data or between any two channels.  Special consideration also needs to be taken 
into account on the video signals, since the refresh rate of video is generally on the order of 33 
milliseconds.  No two video signals should be off by more than 1 frame, or worst case, the time 
that it takes to flush a video packet 100 milliseconds. 
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CONCLUSION 
 
The Range Commanders Council exists to seek, preserve, and enhance the nation's war fighting 
superiority by ensuring that affordable technical capability and capacity are available to test and 
operate the world’s most effective weapons systems and to train the war fighters who use them 
http://www.jcte.jcs.mil/RCC/index.htm.  The IRIG-106 Chapter 10 standards provides for an 
open architecture that is being widely adopted across multiple users.  IRIG-106 Chapter 10 
addresses media formatting, data formatting, data downloading, and data security.  Use of 
uniform Acceptance Test Procedures for the acquisition of IRIG 106 Chapter 10 data recorders 
ensures that interoperability among Major Range Test Facility Base (MRTFB) partners will be 
achieved and the benefits of the standard realized for the operators.  
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