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Abstract 
 

Digital oscilloscopes are adopted in several 

areas of knowledge, in particular in electrical 

engineering, since they are fundamental for 

measuring and classifying electrical signals. Thanks 

to the proliferation of Field Programmable Gate 

Arrays (FPGAs), embedded instruments are 

currently an alternative solution to stand-alone and 

modular instruments, traditionally available in the 

laboratories. High performance, low cost and the 

huge flexibility to change functional characteristics, 

make embedded instruments an emerging solution 

for conducting electrical experiments. This paper 

describes the project and the implementation of a 

digital oscilloscope embedded in a FPGA. In order 

to facilitate their control, an innovative architecture 

is defined according to the IEEE1451.0 Std., which 

is typically used to develop the denominated smart 

transducers.  
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1. Introduction 
 

In the last decades technology evolution has been 

changing the adopted instrumentation in electrical 

engineering laboratories. At the beginning analogue 

instruments were the only available solutions to 

measure or generate electrical signals. These 

instruments were typically large and heavy, 

providing a reduced number of features, which 

difficult a more detailed analysis of the electrical 

signals. It was difficult to observe particular 

phenomena and to get specific signals’ 

characteristics, e.g. overshoots, average or rout mean 

square values, etc. Visual observations supported, 

when possible, with pen-and paper calculations were 

required.  

Since the appearance of digital processors, new 

digital processing techniques emerged. The old 

analogue instruments are being replaced by digital 

ones, with all the signals defined in the digital 

domain. Nowadays, digital instrumentation allows 

gathering measurements in digital formats, 

facilitating, this way, the use of personal computers 

to characterize the measured signals. 

Instrumentation is a reality in every laboratory. 

Besides a division in analogue or digital instruments, 

these last can be divided in the three main groups 

represented in figure 1, namely: i) stand-alone; ii) 

modular and iii) embedded. 

Stand-alone instruments can accommodate both 

digital and analogue instruments, and have the entire 

architecture in a unique chassis that provides buttons 

and interfaces to control or observe the signals. 

Modular instruments are digital and they are mainly 

supported by a computer that controls dedicated 

hardware. The well none PXI system
1
 can be 

integrated in this group, since the instruments (also 

named as virtual instruments) are provided by slot 

cards controlled by a computer, sometimes available 

in the same chassis. Embedded instruments also 

accommodate digital instruments and they can be 

seen as an alternative solution to stand-alone or 

modular. They comprise circuits implemented 

within chips for performing specific validation, test 

and debug functions of other electronic circuits in 

the same chip or circuit boards [1]. They are 

classified as a most cost-effective and flexible 

solution, since they are essentially supported by 

small devices such as µC, µP, FPAAs or FPGAs
2
, 

this last well implemented in the market (Xilinx, 

Altera, etc.) and able to be easily reconfigured 

according to the measurement requirements of a 

particular circuit.  
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Figure 1: A possible classification of instruments. 

 

It is precisely the enumerated advantages of 

embedded instrumentation with the flexibility 

provided by FPGAs, proved by the many projects 

                                                           
1 PCI eXtensions for Instrumentation (PXI) is a modular 
instrumentation platform supported by the PXI Systems Alliance 

(http://www.pxisa.org/) 
2 µC (µController); µP (µProcessor); FPAA (Field Programmable 
Analog Array); FPGA (Field Programmable Gate Arrays). 

http://www.pxisa.org/



