


System Overview 
Each of these impairments are implemented with a computa-
tionally-intensive mathematical model, making them imprac-
tical for real-time implementation on a PC.  Even if they can 
be performed in real-time, the load on a modern microproces-
sor is too great to support multiple types of impairments or 
complementary applications such as test data management 
software running in parallel.  The most efficient approach is 
to offload the processing to an FPGA, such as one provided 
by National Instruments and programmed with the LabVIEW 
FPGA Module. NI FPGA hardware and software provides the 
advantages of a COTS solution, a reduction in programming 
time, high-performance input and output, and greatly simpli-
fied test system integration.

 
Methods of Channel Emulation 
There are two main ways to perform channel emulation:  
digitize – impair – generate and stream – impair – generate. 
In the first method, the channel emulator downconverts the 
RF input channel, digitizes it, then delivers it to an FPGA for 
impairment. The channel emulator then sends the processed 
data to a digital-to-analog converter and upconverts it back 
to RF. This approach has an advantage in that virtually any RF 
signal can be used as long as it falls within the input fre-
quency and bandwidth range. In the stream – impair – gener-
ate method, the channel emulator reads existing baseband 
data from a hard disk before the FPGA adds impairments. It 
then performs the same digital-to-analog and upconversion 

process to produce an impaired RF signal from the original 
baseband data. The benefit of this approach is that exactly 
the same signal may be repeatedly transmitted with vary-
ing degrees of impairment, which is very useful for thorough 
receiver characterization. 

 
System Architecture 
The heart of the Averna channel emulator is the NI PXIe-
5641R RIO IF Transceiver and its FPGA code.  Since the PXIe-
5641R has both analog input and output capabilities coupled 
with dedicated, configurable digital upconverters and down-
converters, and since its entire Xilinx Virtex-5 SX95T FPGA is 
devoted to baseband signal processing, it is an ideal platform 
for implementing a hardware-based channel emulator.  We 
programmed the FPGA with both the LabVIEW FPGA Module 
and VHDL, the latter used for integrating existing IP.    

 
Successful Development of a Complete 
Channel Emulator 
With the PXIe-5641R and the NI LabVIEW FPGA Module, we 
were able to implement a complete channel emulator which 
can add a wide variety of configurable impairments, includ-
ing phase noise, multipath and fading (static, Rayleigh, and 
Rician), Additive White Gaussian Noise (AWGN), and burst/
impulse noise. The advantages of the NI platform enabled us 
to build a channel emulator faster and more cost-effectively 
than current solutions in the market.  
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The NI PXIe-5641R has analog input and output capabilities 
coupled with dedicated, configurable digital upconverters and 
downconverters; the entire Xilinx Virtex-5 SX95T FPGA is de-
voted to baseband signal processing.

The channel emulator enables fully-custom fading profiles with 
user-configurable fading type, delay, loss, and Doppler shift.




