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Figure 1 - The NetMedia BasicX24p 



 2

Abstract 

Light detection is an important part of optoelectronics, as well as automation. While light 

detection systems are currently reliable, their accuracy leaves something to be desired. 

One of the most accurate light detection systems is a single photon detector. Using a 

single photon detector, light radiated from a body (luminescent or not) can be very finely 

determined. This project provides the brains of an inexpensive data collection/processing 

system that utilizes a single photon detector and an FPGA for processing. 
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Section 1: Goals 

This project is based firmly in the realm of optoelectronics, which is a fascinating field 

involving, of course, optics and electronics. The task to be performed is to observe the 

decaying levels of photonic emission from a subject body. This is shown in a simplistic 

fashion and explained below. 

 

 

Figure 2 - Simplified model of the system 

Without going into great detail, it suffices to say that the number of photons emitted is 

detected by a single photon detector, which, in real time, sends data to an FPGA (Field 

Programmable Grid Array). The FPGA, in turn, calculates the number of photons 

between two time intervals. This enables a good approximation of the emission of the 

subject body. The FPGA, by itself, has little to no memory for performing advanced 

calculations, and this is where an external microcontroller comes into play.  
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For this project, it is sufficient to perform a simple running average on two incoming 

numbers. There were dozens of microcontrollers suitable for the job, but the NetMedia 

BasicX was chosen after the successful implementation using the Parallax BASIC Stamp 

2. The goal is to provide a quick, inexpensive method to read this photon count from the 

FPGA over many iterations and perform an averaging equation, after which the result is 

shown on an LCD display. 

Section 2: Background 

2.1 Survey 

Professor Gouzman holds a patent on single photon detection-based photonic emission 

decay systems. This planned system has been realized in the past, using pure FPGA 

processing power. The FPGA, however, has no memory to speak of, and can therefore 

not perform any mathematical functions, such as the required averaging function. Such a 

modification on the project (by adding a microcontroller into the mix), therefore, brings 

its own challenges. 

This project was attempted by in ESE 440 in the fall of 2006 with great success, and is 

being revamped as part of ESE 441 in the spring of 2007. Hence, there will be many 

similarities and assumptions throughout this report. 

2.2 Project Planning 

Since the NetMedia BasicX was chosen as the desired microcontroller, it is imperative 

that the programmer possesses solid programming skills, specifically in BASIC and C 

(NetMedia’s version of BASIC is more akin to Visual BASIC). Interfacing with the 

FPGA involves serial data transfer through the RS-232 protocol. Additionally, some 
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rudimentary wiring skills will be required to interface the BasicX with the FPGA and 

some external control buttons, as well as the LCD. 

Section 3: System Design 

3.1 Design Considerations 

Financially, the system, not including the single photon detector (which runs in the 

thousands of dollars) or the FPGA (which runs in the hundreds) must not be too 

expensive. The desired result would be a sub-$100 device. NetMedia offers just such a 

device with the BasicX, at $49.95 + s/h. In the previous design, the necessary external 

floating point processor cost $15 + s/h. The BasicX is internally capable of floating-point 

arithmetic; this eliminates the need for an external floating point processor, thereby 

saving space and expense. 

Spatially, the system could not be much larger than the FPGA, since that was the largest 

component to be placed in the final casing. The BasicX meets this requirement, since it is 

only 1.2"x0.6"x0.4", and is the same footprint as the Parallax BASIC Stamp 2, so that 

previous circuits need not be modified to accommodate the BasicX. 

Technically, the system had to be decently fast, with a wait time of less than 5 minutes 

for a result, since this was the second prototype. With an Atmel ATS8535 processor 

capable of executing ~8,000 instructions/sec, the BasicX supersedes the Parallax BASIC 

Stamp 2 in processing power and speed. Additionally, the power consumption must be 

low. Again, the BasicX meets this requirement with 20 mA run power consumption. The 

system must be able to display the results on an LCD screen, which was accomplished 

via a Parallax 2x16 LCD display (leftover from the last project). 
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Logically, a floating-point arithmetic was required, and, as mentioned before, this 

functionality was provided by the BasicX. The standards involved are CMOS voltage 

levels for powering the Stamp and the FPGA, and data transfer using the RS-232 single-

wire protocol. 

3.2 Designs 

Programming the BasicX 

The learning curve is relatively sharp, since the programming language used is not purely 

BASIC, but a proprietary variant of it, involving 

structures and object oriented programming. It 

incorporates several elements of Visual Basic, as 

well. Programming the foundational code was very 

easy, and the well-written documentation, as well as a little 

reference to the myriad of online resources dedicated to the BasicX definitely helped. 

Programming the serial communication was much trickier, given the variety of 

parameters to be set to achieve just a simple link. The interpreter is user-friendly, and 

transferring the program to the BasicX takes less than ten seconds. 

There is a rich library of mathematical functions available for dealing with floating-point 

mathematical operations.  

Figure 3 - BasicX 




