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ABSTRACT 
 

The Commercial derivative aircraft Based Instrumentation Telemetry System 
(CBITS) project will provide an advanced airborne telemetry system and capability 
to support the test and evaluation (T&E) of current and future military weapons and 
defensive systems.  In conjunction with the Range Support Aircraft (RSA) 
contracts, the CBITS project will provide an autonomous airborne T&E asset 
capable of supporting Major Range and Test Facility Base (MRTFB) government 
ranges and open-ocean testing worldwide. The project will develop an improved 
S-Band airborne telemetry (TM) capability and a new L- and C-Band telemetry 
capability as a result of frequency spectrum selloff issues. These improved 
telemetry capabilities, along with the existing airborne Flight Termination 
System/Command Destruct (FTS/CD) capability, existing radar for Range 
Surveillance (RS) and Range Clearance (RC), and range unique augmenting 
communication systems will be integrated into a Gulfstream G550 Airborne Early 
Warning (AEW) RSA which will be replacing the current NP-3D Remote Area 
Safety Aircraft (RASA).  This paper will discuss the latest developmental status of 
the CBITS project. 
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BACKGROUND 
 
In previous year’s papers, the Telemetry Range Support Aircraft (TRSA) was 
discussed.  CBITS is the only developmental system that will be installed onto the 
TRSA and thus is the sole focus of this paper.  As such, it is a Central Test and 
Evaluation Investment Program (CTEIP) funded by the Test Resource 
Management Center (TRMC). 
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Currently, the main aircraft used to support Navy Range operations is the NP-3D.  
It currently operates only in the S-Band frequency range.  The telemetry antenna 
system on this aircraft is over 30 years old and has been degrading to the point 
from which it will soon become unsupportable.  Frequency spectrum sell-off by the 
Federal Communications Commission (FCC) and the increased complexity and 
scope in testing require a significant growth in telemetry capability over the current 
limited S-band system.  Thus, the use of the L-Band and C-Band frequency ranges 
are needed to support the growing demand for telemetry range support. 
 
 

CBITS OVERVIEW 
 
Figure 1 is an overall view of all of the subsystems comprising the CBITS system.  
The Antenna, Frequency Converter, and Digital Beam Forming subsystems are 
developmental and will be discussed in more detail.  The following items are non-
developmental Commercial Off The Shelf (COTS) items and thus will not be 
discussed any further:  Telemetry Processing (which includes Demodulators, 
Decommutators, and Decryptors); Wideband Recorders; Retransmission 
Transmitters; and the Control and Monitoring Software Program. 
 

Figure 1:  CBITS Overview 

 
 
 

ANTENNA SUBSYSTEM 
 
Currently the faring on the port side of the aircraft can support the three-frequency 
band (L-, S-, and C-Band) antenna arrays with a total area of 125 square feet.  
Nominally L-Band will be used to track Target Drone TM operations, S-Band for 
Missile and Planes, with future expansion to C-Band (as well as Retransmission 
capabilities).  The Antennas are shielded from the external environmental 
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conditions with the use of a protective Radome.  In addition, there is an Array 
Support Plate that encapsulates the antenna systems and is used to attach the 
entire Antenna Structure onto the port side of the Gulfstream 550 aircraft.  Each of 
the three antenna arrays are composed of several tiles.  For L-Band, one tile 
comprises a two by two (2 x 2) element array; for S-Band a 4 x 4 element array; 
and for C-Band an 8 x 8 element array.  This tile which contains the antenna 
elements is just the first layer of each Antenna Tile Module (ATM).  The next board 
is the antenna element feed network for the two orthogonal polarizations.  In order 
to provide cross polarization isolation, a metallic lattice is placed between each of 
these two layers.  On the third layer board, the combiner network is found along 
with surface mount amplifiers and filters to support the further digital beam forming 
of the array elements.  In between the second and third boards is another metallic 
lattice which is used to electrically isolate the antenna elements from each other 
(and thus cut down on the mutual coupling between elements).  These five layers 
are combined together to form one ATM unit.  These ATMs are then used to build 
up an entire antenna array for each frequency band.  This concept was created to 
ease the maintenance of the entire antenna system.   
 
 

FREQUENCY CONVERTERS 
 
In this section, the signals from each of the ATMs are routed through the 
Frequency Converters.  They are the interface modules between the Antenna 
System and the Digital Beamforming (DBF) Section.  It should be noted that each 
frequency band has different converter modules.  The Frequency Converters have 
the following requirements.  The first function is to downconvert the RF antenna 
signal frequencies to lower intermediate frequencies (IF) levels for processing in 
the DBF section.  This is accomplished by taking the RF signals from each of the 
ATMs which are then mixed with a Local Oscillator (LO) to generate the output IF 
signals.  The Frequency Converter section also distributes the antenna power and 
calibration signals to each ATMs.  They provide the digital control of the Calibration 
Switches used in each ATMs, and they provide status information to the antenna 
control software.  Finally, they provide for Electromagnetic Interference (EMI) 
filtering and lightning protection for CBITS. 
 
 

DIGITAL BEAMFORMING (DBF) 
 

The Digital Beamforming section takes the IF signals generated by the Frequency 
Converter section and frequency multiplexes them to conserve on the Analog to 
Digital Converters (ADCs).  It should be noted that it has to handle RF signals with 
two polarizations and three different frequency bands (L, S and C).  This allows for 
low IF analog outputs of formed beams to external modems.  This is all 
accomplished using VHDL for the FPGA firmware design using Linux Servers.  
This provides for the capabilities to track thirteen (13) dual-polarized beams 
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simultaneously.  After all of the signals from a single antenna array have been 
beamformed, they are used for target acquisition, tracking and multipath mitigation.   

 
 

Figure 2:  Gulfsteam 550 in Hangar 

 
 
 

SUMMARY 
 

Figure 2 shows a picture of the completed host aircraft.  This paper explained the 
subsystems that comprise CBITS which will eventually be installed on the 
Telemetry Range Support Aircraft (TRSA).  The entire development project is 
scheduled to be completed and delivered to the Navy at Pt. Mugu, CA in the 
Calendar Year of 2022.  


