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Field programmable gate arrays (FPGAs) present an opportunity for use in treaty 
applications where trust is needed by both the host (certification) and the inspector 
(authentication). Once the FPGA has been programmed, functional testing must be 

performed in order to test the program loaded onto the FPGA. This functional testing can 
be difficult to perform with conventional testing, as radioactive sources and radiation 

detectors can complicate the testing process. The goal of this project is to replace required 
conventional radiation test equipment with a simple, cheap, embedded solution.

The focus of this part of the project deals 
with a functional test of the FPGA 
detection system by utilizing simulated 
inputs. 

Neutron detectors are expensive, fragile, 
and bulky. Neutron detectors also require 
an large amount of equipment to operate. 

Radioactive sources require additional 
considerations for safety and handling 
which add complications to testing.

Functionally testing the system with real 
inputs would require: two complete 
detector setups and additional equipment 
to utilize them, as well as radioactive 
source.

Digital signals are easily created on many 
embedded devices. Additionally, these 
signals can be controlled from software 
allowing for a fine granularity of control 
over the generated signal. As a result a 
signal can be made to match the output to 
that of a neutron detector.

Liquid Scintillation Detector system.
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Detector layout.
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The BeagleBone Black (BBB) is a simple 
single board computer. It is inexpensive 
and has a large number of General Purpose 
Input/Outputs (GPIOs).

Calculating activity of a radioactive source 
on a BBB significantly simplifies a functional 
test of the FPGA detection system. The 
radioactive source, detectors, and pre-
amplifiers can all be replaced with a single 
BBB.

Configurable simulation parameters:
• Point of radioactive source activity
• Location of both neutron detectors
• Distance of the source from wall
• Velocity of the source
• Path through the detection zone

The simulation calculates the behavior of 
the radioactive source as it moves through 
the virtual world. The calculated values are 
divided into slices of 100ms and output to 
GPIOs on the BBB which are connected to 
the FPGA detection system.

The simulator allows for simple, 
configurable, and flexible functional testing 
for the correctness FPGA detection system. 
Moreover, a simulator can easily test for 
strange operating conditions, such as a 
radioactive source moving with large 
changes in the Z-axis. Other physically 
difficult to test events can easily be 
simulated and therefore tested.
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Configuration of the radioactive source and detectors in the  
simulator

Counts per second output of simulator prior to being sent to 
GPIO

BeagleBone Black the replacement for a detector system


