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COMPANY BACKGROUND  
GIRD Systems, Inc. is an Ohio based R&D 
company founded in 2000.  Staffed with highly 
qualified engineers, the company specializes in 
research and development of communications 
and digital signal processing software/hardware 
systems and components.   
 

 

CLIENTS/PARTNERS 

• US Navy SPAWAR 
• US Navy NAVAIR 
• US Army RDECOM 
• US Air Force Wright-Patterson 
• US Air Force Hanscom 
• US Air Force Rome 
• L-3 Communications Nova Engineering 
• Northrop Grumman Xetron Corporation 
• Pole/Zero Corporation 
• Concurrent Technologies Corporation 
• University of Cincinnati 
• SUNY Binghamton 
 

 

AREAS OF EXPERTISE 
GIRD Systems specializes in the development of innovative solutions in the areas of: 

• Interference Mitigation 
• Array Signal Processing 
• Location and Navigation 
• Wireless Network Security 
 

 
GIRD Systems Headquarters  

in Cincinnati, OH 

COMPANY INFORMATION 
 
Corporate Structure: Small Business 
ORCA Registration: Completed 
 

NAICS CODES 
 

541330 Engineering Services 
541511 Custom Computer Programming 

Services 
541690 Other Scientific and Technical 

Consulting Services 
541712 Research and Development in the 

Physical, Engineering, and Life 
Sciences 

CONTACT INFORMATION 
GIRD Systems, Inc. 

310 Terrace Ave. 
Cincinnati, OH 45220 
Phone: (513) 281-2900 
Fax: (513) 281-3494 

Website: www.girdsystems.com 
 

Contact: info@girdsystems.com 
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RF Solution to Narrow In-Band Interference 

in UHF SATCOM Channels 
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Technology in Development: 
• SPAWAR Phase I SBIR awarded June 2004 
• SPAWAR Phase II SBIR awarded February 2006 
• Hardware demonstration using captured signal data – Fall 2007 
• Real-time over-the-air hardware demonstration – early 2008 

General Description: 
GIRD Systems, in collaboration with Northrop 
Grumman Xetron, is developing a novel 
Interference Mitigation System (IMS) for 
mitigation of narrowband interference from 
UHF SATCOM channels.  Operating as a stand-
alone processor, the IMS can be quickly 
integrated into virtually any SATCOM platform.   

By exploiting a priori knowledge of the nominal 
Signal-Of-Interest (SOI) characteristics, GIRD’s 
signal processing algorithms can better 
separate the interference and SOI, relative to 
conventional linear prediction and linear 
equalization approaches.  Low algorithmic and 
hardware latencies ensure operation of the IMS 
is transparent to the receiver. 

When the DAMA terminal’s IF signal is not 
available, the IMS is augmented with a Radio 
Frequency Front End (RFFE) which performs 
downconversion to IF.  Following digitization 
and processing, the signal is regenerated at the 
RF frequency specified by the terminal’s tune 
word. 

In some applications, the SATCOM receiver’s 
70 MHz IF signal is available for direct 
processing.  In this case, the IF is digitized by the 
IMS, the mitigation performed, and the 
processed signal regenerated at IF.  Operating 
in this manner, the IMS requires no side 
information about the SOI.   

Example Scenario:
Figure 2 illustrates one potential interference 
scenario.  Two narrowband interferers are 
corrupting a 9600 bps BPSK transmission over a 
25 kHz SATCOM channel.  Without interference 
mitigation, the receiver BER is very nearly 50% 
because the interference energy causes 
complete failure of the receiver’s carrier 
tracking and equalization loops. 

Figure 3 illustrates the effectiveness of GIRD’s 
interference mitigation algorithm.  Following 
mitigation, the receiver BER is <1% at -10.3 dB 
SINR. 

 
 

 
Figure 3 – Narrowband interference (incidental or 
intentional) often corrupts DAMA SATCOM signals 
because of the satellites’ wide beams.  Terrestrial 
emitters’ signals couple into the satellite uplink and 
are downlinked along with the signals of interest. 
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Figure 3 – 25 kHz DAMA SATCOM SOI corrupted by 
two CW interferers.  The Signal to Interference power 
Ratio (SIR) is -10 dB, and the Signal to Noise power 
Ratio (SNR) is 2 dB.  Pre-FEC BER = 5×10-1. 
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Figure 3 – Power spectrum of the burst following 
mitigation.  The interference has been almost 
completely removed.  Pre-FEC BER = 2×10-3. 
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Hardware Mitigation Approach: 
At the heart of the Interference Mitigation System lies the digital processor.  GIRD’s proprietary 
algorithms use signal processing to achieve improved rejection of the interferer prior to the signal 
reaching the receiver’s carrier tracking and equalization algorithms.  In this way, the IMS can offer 
improved performance relative to post-detection algorithms, which rely on successful carrier 
acquisition.  By utilizing reconfigurable logic to perform the signal processing, the GIRD interference 
mitigation system will also allow rapid prototyping and evaluation of other interference mitigation 
algorithms. 
 
While the ultimate implementation depends upon the target SATCOM radio, normally an RF front 
end will be used to downconvert to IF.  This downconversion can be accomplished with a 
conventional receiver (i.e. WSC-3), a COTS UHF Receiver, or a custom RFFE.  In the prototype 
hardware platform, a COTS receiver is used in conjunction with custom RF low-noise amplifiers and 
filters.  Following downconversion, the signal is filtered, digitized, and processed so that the 
sanitized signal (without interference) is regenerated at the output of the digital processor, 
upconverted to RF and fed into the receiver as shown in Figure 4. 
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Where an IF input to the IMS is directly available, as in the case where an external modem is 
employed, or can be made available by tapping into the radio circuitry itself, an IF system 
configuration such as shown in Figure 5 would save the added size, weight, and expense of the 
RFFE and RF upconverter. 
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Figure 5 - IMS in IF configuration

 
 
A hardware platform for a prototype 
implementation is shown in Fig. 6 to the right. 
 
Software Mitigation Approach: 
Since the mitigation algorithm relies on digital 
signal processing techniques, the technology is 
also applicable to software-based radio 
platforms that can be upgraded to 
accommodate new processing techniques.  
The interference mitigation algorithm 
developed for this program can easily be 
integrated into most software-defined radio 
without requiring excessive memory or 
processor usage. 
 

       Figure 6 – Hardware platform 
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Technology in Development: 
• NAVAIR Phase I SBIR awarded Feb. 

2007 
• NAVAIR Phase II SBIR selection takes 

place Fall 2007 

General Description: 
GIRD Systems, in collaboration with Pole/Zero 
Corporation, a subsidiary of Dover 
Corporation, is developing a novel 
Interference Mitigation System (IMS) for 
mitigation of atmospheric impulsive type 
interference for LF and VLF communications 
channels.  Operating as a stand-alone 
processor, the IMS can be quickly integrated 
into virtually any LF/VLF platform.   

By exploiting a priori knowledge of the 
nominal Signal-Of-Interest (SOI) as well as 
interference characteristics, GIRD’s signal 
processing algorithms can better separate 
the interference and SOI.   

The all-digital IMS directly samples the LF/VLF 
RF signal, and performs digital 
downconversion to baseband.  Following 
digital signal processing, the sanitized signal is 
regenerated at the original RF frequency.  
Therefore the IMS system is completely stand-
alone and can be easily plugged-into any 
existing LF/VLF receiver. 

Example Scenario:
Figure 1 illustrates one potential interference 
scenario.  Strong impulsive interference 
corrupts a BPSK transmission over an LF 
channel.  With interference mitigation, the  
impulsive noise is largely reduced (Fig. 2). 

All-Digital Hardware:
Figure 3 illustrates the all-digital approach of the IMS hardware structure for LF/VLF communications 
applications. 
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Figure 3 – An all-digital stand-alone system architecture. BB represents baseband frequency. 

 
Figure 1 – Impulsive interference often corrupts 
LF/VLF signals due to lightning of the atmosphere.  
Shown here are a BPSK signal corrupted by strong 
impulsive noise. 

 
Figure 2 – After GIRD Systems’ proprietary mitigation 
processing, the impulses are largely reduced. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Array Signal Processing 
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Technology in Development: 
• Army Phase I SBIR awarded November 2006 
• Army Phase II SBIR award selected June 2007 
• Real-time demo 18 months into Phase II 

General Description: 
GIRD Systems, in collaboration with 
Pole/Zero Corporation, a subsidiary 
of Dover Corporation, is 
developing a novel antenna array 
subsystem for mitigation of strong 
interference while allowing a 
sensitive receiver to receive very 
weak signals.   

By using an antenna array and 
GIRD Systems’ proprietary signal 
processing methods, the 
subsystem is capable of rejecting 
strong multiple interference while 
allowing very weak signals to pass 
though to a subsequent sensitive 
receiver simultaneously, provided 
that the directions of the interferers 
are different from that of the weak 
signal source.   

Example Application:
Figure 1 illustrates one potential application – an Army convoy.  Strong intentional or unintentional 
interference, which could be wideband, hampers a sensitive receiver to receive very weak signals 

of interest.  Application of WIRAS mitigates 
such strong interference and allows the 
sensitive receiver to receive the very weak 
signals of interest.  Other applications 
include communications in interference-
rich environments, and air, land, or sea 
based electronic warfare. 

Principle of Operation:
Figure 2 illustrates the antenna array 
subsystem’s general principle of operation.  
The multiple antennas and their 
subsequent signal processing place 
multiple notches towards the strong 
interferers, whereas maintains a desired 
gain in a “look” direction, allowing very 
weak signals of interest to pass though. 

Simulation Example: 
Figures 3 to 5 illustrate an example of Phase 
I simulation results.  Shown in Figure 3 is a 
very weak signal of interest (SOI) that is  
 

 
Figure 2 – An antenna array subsystem can 
maintain receiver gain in a desired direction while 
rejecting multiple strong interference from other 
directions.  

Figure 1 – A possible application scenario of WIRAS for an Army 
convoy.  However, WIRAS is also equally applicable to other 
application scenarios in an interference rich environment or in 
electronic warfare. 
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completely submerged in very strong wideband interference without processing.  A sensitive 
receiver is unable to receive the weak SOI.  After processing by WIRAS, the weak signal of interest is 
recovered (Figure 4) so a subsequent receiver can now receive the weak SOI. 
 

  
Figure 3 – A simulation example: SOI alone (left) and SOI plus interference (right) before processing. Note 
the different scales of the two plots – the SOI is completely submerged in the strong interference. 

Figure 4 – Simulation example 
continued: After WIRAS 
processing, the SOI is 
recovered from the wideband 
strong interference of Figure 3 
(right). 

Figure 5 – Pseudo-color plot of spatial-
frequency response of the WIRAS 
mitigation.  The gain in the look 
direction (0 radian) is kept at unity 
from 0 to 100 MHz, while a wideband 
interferer at about 0.5 radians with 
frequency span of 10 – 100 MHz is 
notched out, also two strong 
narrowband interferers at - 0.8 radian 
with center frequency of 60 MHz and 
1.15 radian with center frequency of 
30 MHz are notched out. 


