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Choosing a Real-Time Platform:
FPGAs vs. Real-Time Operating Systems

FPGAs (FIELD-PROGRAMMABLE GATE ARRAYY) are ICs
that contain large numbers of unconnected gates whose function
you determine by downloading to the FPGA a wiring list that deter-
mines how the gates interconnect. The FPGA dynamically turns
semiconductor switches on and off in accordance with the wiring
list, making the connections modifiable in the field.

Because of their moderate cost, software-controlled reconfig-
urability, and high operating speed, FPGAs are the fastest-growing
way to implement digital hardware; they are everywhere—in cell
phones, cars, home-entertainment systems, and PCs.

Even so, classical methods of designing and debugging FPGAs
don't make for quick product development. Unlike microproces-
sors, whose fixed hardware structure performs functions described
in programs, FPGAS’ functions depend on the hardware configura-
tion. Writing a program for an FPGA is like designing hardware that
executes specific functions.

Until now, relatively few engineers have been able to use

FPGA technology due to the extensive knowledge of VHDL-devel-
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opment software or other complex design tools required for pro-
gramming. However, the rapid rise in the use of FPGAs has creat-
ed a need for FPGA-design tools that help designers to quickly
become productive. NI's LabVIEW FPGA lets you use

LabVIEW FPGA and LabVIEW Real-Time
bring the power of graphical programming
to the design and prototyping of
hard-real-time control systems.

LabVIEW’s familiar graphical-programming environment to
develop code for FPGAs and target that code to an FPGA on NI's
reconfigurable PXI-7831R board (Figure 1).

Using LabVIEW to program FPGA:s significantly reduces the
expertise and time required for application development: Using the
LabVIEW FPGA module, you simply create a LabVIEW block dia-
gram and download it to the FPGA. Because this block diagram
executes in hardware, you have direct, immediate control over all of
the I/O signals on the reconfigurable I/O hardware—enabling high-
performance, user-configurable timing and synchronization and
onboard decision making. This special technology provides user-
defined hardware for many applications, such as custom discrete
and analog control, simulation, digital-protocol emulation, and
other applications that require precise timing and control.

What type of platform should you choose?

Prototyping and deploying advanced test or control systems requires
avariety of hardware and software, and you must decide which plat-
form best suits your real-time application needs: an embedded PXI
system, LabVIEW FPGA, or traditional FPGA-development tools.

An embedded real-time PXI system consists of a PXI chassis
with a controller running NI LabVIEW Real-Time (RT), and a
variety of I/O boards, such as data-acquisition, digital-1/O, or even
motion-control and machine-vision boards. Using such hardware,
you develop your application on a host computer and target it to the
LabVIEW RT PXI controller, which easily interacts with various
1/O pieces, such as reflective-memory and LVDT modules.

A system that uses LabVIEW FPGA requires a host comput-
er, a LabVIEW FPGA plug-in board, and the LabVIEW FPGA
development software. You develop your LabVIEW FPGA code on
the host computer and then target it to the FPGA board.
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Figure 1: The NI-PXI 7831R allows you to
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For traditional FPGA development, you usually use a prototype
board with VHDL-development software, with which you target
your VHDL code to the FPGA-prototype board.

As you can see from Table 1, some tasks are well suited to
LabVIEW FPGA and some are better suited to an embedded real-
time PXI system. Sometimes, you're better off using a traditional
FPGA. LabVIEW RT with a PXI controller is an excellent choice
for applications that handle many I/O points of different types,
floating-point calculations, and extensive code. LabVIEW FPGA is
best in situations in which control-loop rate, speed, parallelism, and
reliability are most important. Some applications, for example com-
plex real-time control systems that receive large numbers of sensor
inputs, benefit from combining LabVIEW FPGA (for the sensors)
and LabVIEW RT (for the high-level control problem).

Sometimes you should consider using a traditional FPGA.
The main difference between traditional FPGAs and LabVIEW
FPGA is that the PXI-7831R plug-in module is primarily for pro-
totyping special applications, extending
measurement and control systems’ timing
and synchronization capabilities, and
where time-to-market is critical. You
should choose a traditional FPGA when
you will mass-produce a product that you
have prototyped with LabVIEW FPGA or
when you are incorporating the FPGA into
other hardware.

Application examples

A good example of where you would use
cach of these technologies is in HIL (hard-
ware-in-the-loop) testing. In HIL, an elec-
tronic system simulates a physical system,
such as an engine, brake, or fuel injection
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FPGA in combination with the NI PXI-7831R to create simulated
physical-system signals that are electrically the same as the real sig-
nals. You would also use LabVIEW RT for running the overall con-
trol loop and for doing the supervisory control of the whole system.

An example of when you might want to use LabVIEW FPGA
by itself is in the design of a special motion-control algorithm. You
could use LabVIEW FPGA to prototype and test the algorithm. If
you then need to mass-produce the system, you would base the
VHDL code on what you learned from the prototype. ¥
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