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Title A Study on Real-Time Control System with FPGA

Programmable logic controllers (PLCs) are widely adopted for sequence control of indus-
trial machinery. However, the performance limitation of PLC is recently becoming a serious
problem, where higher precision and larger scale control are required. Another problem is that
PLC program is rather easy to duplicate and to analyze. This often results in the leakage of
valuable trade secrets and the rise of clone products in market.

Recently, it has been proposed to implement control programs in hard-wired logic by
using reconfigurable devices such as FPGA (Field Programmable Gate Array), which can be
arbitrarily re-programmed in actual application fields. An FPGA chip contains maximally
ten million logic gates, and thus can contain a very large control system in a small chip. This
may lead to reducing the number of components, which may lower the cost. Therefore, the
application of FPGA technology is not limited to a large-scale applications that require high
performance, but it is also applicable to small systems. It should be also noted that FPGA
technology is better than PLC in protecting intellectual properties and trade secrets, because
it is more difficult to analyze an FPGA hardware than to analyze a PLC software.

This study describes the implementation of control logic library, which is required to
integrate a whole control system in a FPGA chip. A sample implementation of FPGA control
system is also presented.

PLC programs are often described in ladder diagram, which originated from relay circuit
and thus can be implemented in logic circuit. However, a modern PLC is a kind of computer,
and it is not so easy to implement an actual PLC program in hardware. Even if PLC pro-
gram could be implemented in an FPGA, it does not work without other peripheral devices.
Hence, it is practically essential to prepare a library of peripheral devices and popular control
primitives for FPGA implementation. The author implemented several functions for control
library, but only one device is introduced here.

Ichikawa laboratory developed an experimental winder in a joint research project with
Yashima Netsugaku Co. Ltd. In this study, the author implemented the simplified control
logic of this experimental winder on an FPGA board. The abovementioned logic was de-
scribed in VHDL and implemented on an FPGA by using Altera Quartusll 4.0 software for
an EP20K200E device. The derived circuit costs 430 LE (logic elements) in logic scale, which
is only 5% of an EP20K200 device. The maximal operational frequency was 50.38 MHz, which
was higher than the on-board system clock (33.3 MHz).

An example of FPGA control logic was actually implemented and successfully operated.
This would be the first step to the application of FPGA to control circuits. Since the functions
of control logic library are not yet satisfactory, they have to be extended still more. Though
this study examined a small control system, larger systems should be examined and evaluated
on FPGA chips.
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