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ABSTRACT 
 
For the last 30 years Magnetic Tape Systems have been the primary means of recording data 
from airborne instrumentation systems.  Increasing data rates and harsh environmental 
requirements have often exceeded the ability of tape-based systems to keep pace with 
technology.  This paper examines operational and data reduction benefits when employing the 
IRIG 106 Chapter 10 Solid State Recorder Standard introduced by the Range Commanders 
Council (RCC) Telemetry Group (TG). This paper provides method of installation and retrofit of 
legacy recorders in F16, F15, A-10, and B-52 aircraft. 
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INTRODUCTION 

 
Traditionally instrumentation recording systems have consisted of vendor unique recorders 
requiring proprietary software and hardware to reconstruct and analyze data. In the late 90’s the 
46 Test Wing Flight Test Division found itself no longer able to support its customers with 
traditional tape based recorder systems. Increasing data rates and harsh environmental 
requirements exceeded the ability of tape systems to keep pace with technology. Finding it no 
longer acceptable to risk missions due to limitations of commercial off the shelf devices, the 46 
TW Instrumentation Division abruptly changed the method by which data was collected and 
adopted a Solid State Recorder as a means of providing on board aircraft data recording. With a 
critical need to support test programs at Eglin AFB and Edwards AFB, a new Solid State 
Recorder Standard was drafted resulting in the IRIG-106 Chapter 10 standard. This paper 
describes the benefits of the standard as it applies to T-2 modifications.  
 



IRIG-106 Chapter 10 Impact on T-2 Modifications  
 
 
Temporary 2 (T-2) modifications are configuration changes that support research and 
development and Developmental Test and Evaluation programs or in-service testing of systems 
or equipment. The T-2 modifications are temporary hardware or software changes or alterations 
to aerospace vehicles (aircraft, guided weapons, drones, Remotely Piloted Vehicles (RPV), 
Unmanned Aerial Vehicle (UAV), and missiles other than strategic). Truth in testing consists of 
data recorded from the aerospace vehicle under test. 
 
Traditional instrumentation recording systems have consisted of analog or digital tape based 
recorders. The types of recorders utilized in support of instrumentation requirements often 
dictated how an aircraft installation was to be accomplished. Due to proprietary and unique 
methods of decoding data it was simply not economically feasible or practical to have multiple 
recorders for different requirements. In the absence of a standard it was also not 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 
• One or more multiplexed Data Streams 
• One or more single Data Streams 
• Read after Write and Read while Write Options 
• Data Format Definitions 
• Recorder Control 
• Solid State Media Declassification 

 
  
Adoption of a standard method of recording has meant that traditional divisions between an 
instrumentation recorder and that of a mission data recorder have been blurred. The adoption of a 
standard allows for any data type to be recorded (Video, PCM, etc). Traditional mission data 
recorders have only collected audio and video data. Incorporation of a standard allows the same 
recorder to record Video, Audio as well as data from MIL-STD-1553 busses and instrumentation 
data. This means that aircraft no longer need a special place to install an instrumentation 
recorder, the same mission data IRIG-106 CH 10 recorder can be utilized for both mission 
requirements as well as instrumentation requirements. Conversely, a non test coded aircraft can 
quickly be turned into a data collection platform. Huge benefits can be observed as now you 
have bus data and video data that can be utilized for training, maintenance and surveillance.   
 
The IRIG-106 CH 10 standard allows the use of common set of playback/data reduction 
software. The standard, by its use of an internal 10 MHZ counter, allows for all data to be time 
aligned from the same or different recorder. Benefits can be seen as now you have the capability 
of distributing multiplexers on a platform, recording data from different recorder types (Different 
Vendors) and yet be able to time align and synchronize data from same or different platforms.  
Main features of the standard are provided by figure 1, for details of the standard consult with 
http://jcs.mil/RCC/manuals  



Figure 1 Functional Layout of IRIG-106 Chapter 10 Standard 
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Agility…Our Leverage 

Enriching the Customer:  Means continually providing products and services that 
deliver value that the customer will pay for.  We must strive to constantly be 
responsive, flexible and creative in meeting all of our customer needs  

The philosophy employed by the 46 TW Flight Test Division is to focus on quickly and 
inexpensively providing data to our customers.  As long as the recorder being installed conforms 
to IRIG-106 Chapter 10, different vendors and different recorder types can be utilized on various 
T-2 modifications. In addition, the design strategy adopted by the 46 TW Flight Test Division 
has been to replace the existing mission data recorders (8mm based) with equivalent 
data/mission recorders.  Aircraft can now be modified in days instead on months providing quick 
reaction T-2 instrumentation capability at a tenth of the cost. 

  
 
B-52 T-2 Modification 
To improve and maintain mission effectiveness, present data recording capabilities on the B-52H 
were upgraded with the installation and integration of a pallet configured to accept either a 
Calculex 2300 SSR or a HEIM recorder as depicted below. 
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B-1. 
 
In order to the enhance mission effectiveness and aid in the production of improved mission 
debrief software the 46TW palletized the installation of a 2300 Solid State Recorder to collect 
eight MIL-STD 1553 busses and an audio channel as depicted below. 
 
 
 
 

2300 SSR Pallet 
installed in the Central 
Equipment Bay 

 

 
 
 
 
 
 
 
 
 
 



F15-E 
 
The F-15E aircraft are undergoing a major avionics upgrade to the Suite 5E level.  The major 
part of this improvement is the replacement of the Very High Speed Central Computer (VHSCC) 
And Multi Purpose Display Processor (MPDP) with the Avionics Display Central Processor 
(ADCP).  The VHSCC location in panel 6 L was left available for future growth.  The 46 
TW/TSI has taken advantage of the available space by installing a Solid State Video Recorder 
pallet.  The uniqueness of this design and installation is that the T-2 modification does not 
require anything beyond adapter harnesses to tap locally available Avionics busses originally 
used to connect to the VHSCC, and to video from the ADCP.  This modification records all the 
avionics busses save one and 4 video channels.  The record function is controlled through the 
standard Multi Purpose Display (MPD) recorder page.  A separate Calculex MMUX 6101 Solid 
State Recorder (SSR) was installed in the place of the Electronics Warfare (EWWS) unit in door 
3R to record High Speed Radar data.  A second pallet containing a Solid State Recorder Interface 
Controller (SSRIC) and Time Code Generator was installed in door 3R in the location previously 
occupied by the Air Data Processor (ADP).  A prefabricated harness routes radar signals from 
the Radar System in door 3L to the SSR in 3R (see photograph below).  The majority of the cost 
for the instrumentation described above is contained in the Group B.  Installation and checkout 
time is in the range one week down versus many months for a full standard instrumentation 
system modification.  Granted this level of modification does not provide for real time telemetry 
on its own, but it shines as a data source for post mission data processing.   
 



 
 
F-16 Block 40/50 
 
IRIG-106 Chapter 10 based Solid State Video Recorders (SSVRs) have been successfully 
integrated on F-16 Block 15, 30, 40 and 50 models. They’ve demonstrated recording video, 
audio, 1553 Bus Data, and PCM Data while installed in place of the standard aircraft video 
recorders.  A series of pallets have been built that conform to the standard aircraft power, control 
and signal connectors.  No aircraft modification wiring is required to record the video and audio 
on the SSVRs.  To make this a viable instrumentation data recorder an inexpensive and relatively 
simple method to acquire 1553 bus data was needed.   The one location on block 40 and 50 
aircraft where all but one avionics 1553 mux busses converge is the Memory Loader Verifier 
(MLV) Port.  This port is normally used by maintainers to reprogram avionics LRUs.  The A, B, 
D, C Left, C Right, EW, and F mux busses are transformer isolated at jack 9476 J13.  By 
building and installing a simple harness from this port to the Aft Equipment Bay the SSVR can 
monitor and record the bus traffic.  In the past, a standard instrumentation installation would 
require installing mux bus couplers to isolate the instrumentation system from the avionics.  This 
installation does not require further isolation.  This T-2 modification provides comparable video, 
audio and 1553 mux data recordings that a fully instrumented jet would, but at a fraction of the 
modification cost and installation time.  This capability can be added to a standard combat coded 
jet in 5 days with an installation cost of $15,000.00.  A fully instrumented jet using legacy data 
and video recorders have cost in the past more than 20 times that, have taken up to 3 to 4 month 
to modify, and have occupied large areas of standard aircraft real estate.  This recorder supplants 
the standard video recorder.  Once this relatively non invasive modification has been installed 
the user will see no change to cockpit operation of the recorder.  The standard AVTR panel can 
be retained to set the recorder to record 1553 bus data, video, and audio just as the video recorder 
would record just the video and audio.  Recorder cost is comparable with the original equipment 
triple deck video recorder.  Though this level of instrumentation lacks the real-time telemetry 
capability of fully instrumented jets one style of pallet incorporated a video encoder and a 1553 
multiplexer.  A PCM stream output from this pallet has been sent over standard unused wire to 
air to air weapon stations.  A Joint Range Instrumentation Pod (JRIP) has demonstrated receiving 
the PCM stream from the pallet encrypting and transmitting the stream to ground telemetry 
stations.  
 



 Recorders 
– Heim 
– Enertec 
– Calculex 
– Teletronics 

 Wire Run from MLV port to Aft Equipment Bay  

– Provides A, B, D, C Left, C Right , EW, & F  

– 5 days installation; approximately $15K  

 
 
Joint Range Instrumentation Pod (JRIP) 
 
JRIP is an instrumentation pod with a form and fit of an AIM-120 A/B missile that can serve as a 
standalone data and TSPI collection and recording platform.  It collects 1553 and 16PP194 
Weapon bus data and its receivers can collect S-Band data streams for recording on a Calculex 
5000 Solid State Recorder.  It also has a G-Band Beacon transponder.  In its latest form it will 
also receive PCM streams and multiplex them with its own internal data; generate a PCM stream, 
encrypt the stream, and transmit all the data to ground telemetry stations.  When loaded on an air 
to air station on an F-16 modified with the Solid State Video recorder Pallet it can receive a PCM 
stream from the pallet that includes all the 1553 busses less the W MUX and Multiplex that 
stream with its TSPI and WMUX /16PP194 data.  Paired together the JRIP and an F-16 modified 
as described in the paragraph above labelled F-16 block 40 and 50, can provide a the basic 
instrumentation capability that only a fully instrumented test jet could provide and for a fraction 
of the cost.  With the modification of the aircraft being very minor and the bulk of the capability 
built into the pod, any plane could be modified in a week, used for the test program, and 
demodified in less than a week if it had to return to combat service.  The JRIP could be shared 
between test aircraft thus saving the cost of Group-B assets.  The JRIP can also function 
independently as it has collecting weapon data and S-Band PCM streams as it has for the AIM-
9X program for the last six months. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

JRIP 

AIM-9X 

••  AAIIMM--112200  AA//BB  IInnssttrruummeennttaattiioonn  PPoodd  
••  RReecceeiivveess,,  ddeeccrryyppttss  aanndd  rreeccoorrddss  wweeaappoonn  ((AAIIMM--99XX))  

– Calculex 5000 Solid State Recorder  
• Receives, encrypts, transmits PCM streams 

 
 
A-10 
 
The A-10 aircraft are going through an avionics upgrade called Suite 3A.  An Enertec 1500 Solid 
State Video Recorder, GPS Time Code Generator, and Video Scan Converter has been installed 
on previously unmodified aircraft to provide a quick and cost effective modification to record up 
to 4 video, audio, and 4 1553 Mux bus streams.  The installation cost was again a fraction the 
cost of a full instrumentation package because the recorder pallet can be installed near the data 
that it’s intending to collect, saving costly man-hours.  Previously modified A-10s at Eglin AFB 
also were instrumented with the Enertec 1500 SSVR and Scan Converter, but in addition 
received the capability to record the data listed above (4 Videos, 4 1553 Mux Busses, Audio, and 
Time) and 4 Data  PCM streams on either a Calculex 6101 Solid State Recorder or a Calculex 
2300 Solid State Video Recorder. 

 



Air National Guard Block 30 Pylons 
 
The Air National Guard has a requirement to gather 1553 and 16PP194 Weapon Bus data on 
unmodified aircraft.  They also want to record GPS based IRIG B time to correlate the data.  In 
response we have provided them two pylons that contain a Teletronics Multiplexer with a GPS 
receiver, a GPS antenna and a Teletronics Solid State Recorder.   The pylons also are fitted with 
Teletronics analog and discrete cards that we’ve optically coupled to important power and logic 
functions of the pylon.  These pylons have flown test missions capturing not only commands to 
the pylon and smart weapons but also the logic signals resultant to these commands.  The 46TW 
TSID provided not only the data download capability, but also a hardware and software decom 
and evaluation system.    
    

 

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. 
In support of that vision, the 46 TW/ Flight Test Division has implemented the IRIG-106 CH 10 
Standard allowing for cross platform interoperability as well as interoperability with its Major 
Range Test Facility Base (MRTFB) partners. 
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