
Development and Usage of IF Recorders in Range Systems

Item Type text; Proceedings

Authors Salisbury, Jack; Cornelius, Harold E.; Pennington, Gregory A.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © held by the author; distribution rights International
Foundation for Telemetering

Download date 24/05/2023 20:39:41

Link to Item http://hdl.handle.net/10150/577402

http://hdl.handle.net/10150/577402


1 

 

DEVELOPMENT AND USAGE OF IF RECORDERS 

IN RANGE SYSTEMS 

 
Jack Salisbury 

Atlantic Test range, Patuxent River Maryland 

Harold E. Cornelius 
Atlantic Test Range, Patuxent River Maryland 

Gregory A. Pennington 
Atlantic Test Range, Patuxent River, Maryland 

 

ABSTRACT 

Accurate reproduction of RF transmissions for test and development has been out of reach for 

some time. The testing of RF equipment, multipath generation and downstream TM processing 

systems has been done in the past with varying levels of accuracy. In the past the techniques of 

checking TM equipment worked, but lacked realism that real TM transmissions provide. 

This paper describes the development of an IF recorder for range TM. We discuss the usage of a 

recorder with multiple channels, time correlation, channel skew capability, IF over IP 

capabilities and file management will allow repeatable, realistic testing of TM systems. 
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INTRODUCTION 

The primary goal behind writing this paper was to introduce and provide an overview of IF 

Recorders use cases using a ‘non-vendor-specific’ approach. Multiple vendors currently 

manufacture equipment with capabilities discussed in the text.   Hopefully, discussion of 

implementation and use of the IF Record System at Atlantic Test Range (ATR, Patuxent River, 

Maryland) will encourage other test ranges to learn from ATR past experience and explore 

available technology to fulfill their needs.  

 

DEVELOPMENT DESCRIPTION 

Accurate reproduction of real-world RF (radio frequency) transmissions for test and 

development has been out of reach for some time.  The ability to accurately test RF equipment, 

simulate multipath, and verify TM (telemetry) processing systems has been done with varying 

levels of exactitude.  Techniques employed to check proper operation of various components of 

the Test Range’s System of Systems worked well, but lacked repeatability using real-world TM 

transmissions.  

 

Transmitter output signals are becoming more complex, such as SO-QSPK, CPM-h etc. It is 

imperative that real-world signals and conditions be employed for complete receiver testing and 

validation of the signal processing systems.  In order to do this, advanced record-and-playback 

systems are necessary for capturing these real-world signal conditions, for repeatable result 

expectations in the lab and data center. 
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The TM spectrum reallocation and sell-off efforts coupled with a significant increase in the 

number of test flights leads one to be even more diligent in our efforts to make every program 

test a success the first time. This will reduce flight time and save money by providing the 

thorough and applicable preflight check processes and eliminating the majority of unforeseen 

pitfalls experienced during flight test. 

 

Recent advancements in digital IF recording provide a means to accurately test antenna feeds, 

TM receivers, bit synchronizers, TM best source selectors, telecommunication equipment, 

decryptors, decommutators, and TM data processors.   Key IF recorder characteristics developed 

to provide repeatable non-simulated testing of TM systems at ATR include multiple (4) channel 

record and playback, time correlation (below 10 nsec), channel time skew capability during 

playback, IF over IP, remote control, and data file management. 

During development of the IF recorder, special care was taken to make the system easy to setup 

and use.  Some general ATR guidelines provided to the vendor were: see Table 1 below. 

 

Simple GUI interface for operation Main system uses off the shelf components 

Availability of off the shelf removable drive 

storage 

Time coherent recordings 

4 channels of record/reproduce at full 

bandwidth 

Near real-time IF over IP 

Selected data time slice from four 

independent sources can be time aligned and 

replayed  

Irig B time (but can use other time sources) 

Remote control capability Ability to reproduce 70 MHz from local 

storage, remote storage, and Ethernet 

Selectable recording bandwidths with 

resolution selectable up to 16 bits 

Independent channels time skew during 

playback 

True 50MHZ record to accommodate up to 

40MHZ data bandwidth 

 

Table 1: Recorder General Guide Lines 

 

There are possibilities of other enhancements that could be integrated within the architecture of 

the equipment but, as always, funding is not always available. Things such as filters, BER 

generation / reception, noise generation, best source selection, demodulation, IF to RF up- 

converters are examples of capabilities that could be added. 

 

The IF recorder, equipped with the current options designed into the ATR system, enhances 

testing of receivers, best source selectors, TM system components, and end-to-end Telemetry 

Systems from antenna feed to data display by providing controlled repeatable real-world data 

that, in turn, leads to expected results.  In addition, the IF recorder provides a valuable training 

tool  since the recorded  IF  has a majority of the spectral characteristics and data content of the 

RF energy originally captured by the antenna feed.  

 

The IF Recorder can import data from four independent IF recorders located at different 

locations and time align these recordings for playback, even if recordings were started and 
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stopped at different times.  Specified time slices from files in storage can also be retrieved to 

enable operators to move smaller files to other ranges for preflight analysis or to prepare for a 

ferry flight.  

 

Data storage management enables to operator to select Wrapped Storage Area (WSA) recording 

or Managed Storage Areas (MSA) recording.  In WSA recording, WSA automatically deletes 

oldest data when the disk file is full, meaning the next samples are recorded at the beginning of 

the file.  In Managed recording mode, user-managed data deletion occurs once the file storage 

area is full; no additional recording is added to the file. 

 

Since the recorder has four channels and ATR has TM acquisition locations with multiple quad 

receivers, selection of the TM receiver IF output into the recorder is needed (when there are 

more than four IF’s available).  The inclusion of an IF switch to route the selected IF source to 

the appropriate record channel eliminates the need for an external switch..  This is yet another 

addition that could make the unit useful in your organization. 

 

Internally, the recording system could provide the operator the option to have an Automatic Gain 

Control (AGC) of the incoming signal.  Other IF recorders have this capability.  ATR’s 

requirement was to have no AGC control on the signal input, since we wanted to have the true 70 

MHz input.  The idea was to reproduce the actual RF signal levels and characteristics (some 

receivers have both AGC control and non AGC control on the IF output).  It is important to put 

the telemetry receiver in the mode that would provide the expected results for your analysis.  
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Figure 1: Main GUI of the IF recorder 

The recorder provides a graphical display of each input channel.  For actual input levels, 

calibration of the spectral display will be necessary.  In the Non-AGC mode, the display shows 

the IF level being recorded.  The recorder has built-in input and output spectrum analyzer 

capability that shows what is going on. See fig. 2 
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Figure 2: Actual TM from single source on four different receivers connected to four 

different antennas. Notice the differences in signal characteristics. 

 

An important capability of the recorder is the IF Channel to Channel Skew control on Playback 

(±10 ns to ±1 sec).  The skewing works on individual channels or groups of channels.  This 

allows delay testing of devices such as Best Source Selectors and decommutators.  This 

capability could also be used for testing multi-channel TMoIP interfaces. 

 

There are other inputs that can be added to the recording system.  It is actually possible to add 

receiver cards to the system or even receiver demodulators.  Addition of noise generation is 

possible, either in the digital domain or a card that could affect the input channel.  Since the input 

design is based on FPGA technology, personalities can be developed for specific applications.  

With the accurate time tagging in the system, we will have complete control of both input and 

output. The system also has the ability to output over IP.  This capability allows testing of IP 

based demodulators and decommutators system designs.   

 

Additionally, the repeatability of the unit provides operational software verification in the TM 

display centers.  We now have the ability to do a complete time study of a TM processing 

system. (Additional work will need to be done on the systems that are downstream from the 

recorder.) 
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Fig 3: One of Many Test Setups to Verify Time Correlation When Importing IF Recordings From 

Different Locations 
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CONCLUSION 

As has been described, the IF Recorder can be a valuable tool for testing range systems.  It also 

has the ability for development of advanced capabilities, such as IF over IP, IP demodulators and 

decommutation systems.  With new best source selectors coming on line, the capabilities 

described provides ways of testing that would be difficult or impossible today.  Even verification 

testing of TM receivers can now be done with repeatability, providing fair evaluation of TM RF 

processing systems. 

 




