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ABSTRACT

Design engineering process for field programmable gate array (FPGA)-based reactor trip
functions are developed in this work. The process discussed in this work is based on the
systems engineering approach. The overall design process is effectively implemented by
combining with design and implementation processes. It transforms its overall develop-
ment process from traditional V-model to Y-model. This approach gives the benefit of
concurrent engineering of design work with software implementation. As a result, it re-
duces development time and effort. The design engineering process consisted of five ac-
tivities, which are performed and discussed: needs/systems analysis; requirement
analysis; functional analysis; design synthesis; and design verification and validation.
Those activities are used to develop FPGA-based reactor bistable trip functions that trigger
reactor trip when the process input value exceeds the setpoint. To implement design
synthesis effectively, a model-based design technique is implied. The finite-state machine
with data path structural modeling technique together with very high speed integrated
circuit hardware description language and the Aldec Active-HDL tool are used to design,

model, and verify the reactor bistable trip functions for nuclear power plants.
Copyright © 2016, Published by Elsevier Korea LLC on behalf of Korean Nuclear Society. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction

its potentials such as simplicity, testability, long-term sup-
port, and being easier to qualify. The RPS is the most safety-

In the nuclear domain, the field programmable gate array
(FPGA) is the most recent electronic device that is being
considered by stakeholders to replace the software-based
systems in performing the trip functions of the reactor pro-
tection system (RPS) of nuclear power plants (NPPs) because of
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critical instrumentation and control (I&C) system in NPPs. It
safely trips the reactor whenever one or more of the moni-
tored plant processes exceed predefined limits.

Due to criticality of the RPS, the software used in pro-
grammable logic controllers (PLCs) is rated as high-integrity
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Fig. 1 — Design process (DOD MIL-STD-499B [4]). FPGA, field programmable gate array.

software, and therefore assigned the highest software integ-
rity level: 4. The higher the software integrity level the higher
the demand for verification and validation (V&V) activities. As
indicated by IEEE Std. 1012 [1], the high-integrity software
requires a larger set of V&V processes and a more rigorous
application of V&V tasks.

By replacing the PLC-based system with the FPGA-based
system, the use of OS and complex software applications
during plant operation can be minimized if not completely
eliminated. An FPGA is a digital semiconductor device that can
be used as a replacement for the current microprocessor-
based software systems. It is a digital programmable inte-
grated circuit (IC) that contains thousands or millions of logic
gates and interconnections that can be configured to imple-
ment desired functionality. Even though FPGA design process
involves the use of configuration/programing software, the
end product of the design can be regarded as a hardware-
based system [2,3].

However, to replace PLC functionalities with FPGA to
perform the trip functions, the development of FPGA-based
bistable trip algorithms is essential. Without the develop-
ment of proper algorithms for FPGA, the replacement is
completely impossible.

Applying an FPGA to perform RPS functions requires
proper and accurate RPS bistable algorithms development. If a
proper and well-defined design process is applied to FPGA-
based RPS design, the V&V tasks can easily be achieved and
design error can be minimized. Therefore, the main focus area
of this work is to make the V&V of FPGA-based RPS functions
simpler using systems engineering approach in combination
with finite-state machine with data path (FSMD) structural
modeling techniques.

In order to develop an FPGA-based reactor trip functions, the
systems engineering approach defined by DOD MIL-STD-499B
[4] is applied (Fig. 1). The rectangular boxes represent the
stages for the development process. There are alsoinputs to and
outputs from the design process. The inputs are needs from
need/system analysis to the requirement analysis phase, and
the output is the final design outcome from design synthesis.

The development life cycles recommended by IEC 62566 [5]
and EPRI TR1019181 [3] for FPGA development in NPP are based
on the traditional software V-model. The design of FPGA in-
volves both hardware and software design process. However,

the classical software development life cycle is not suitable for
the FPGA design life cycle. The Y-model is known for a hard-
ware—software codesign. The suitability of Y-cycle for safety
critical software for 1&C system in NPP was demonstrated by
Jung et al. [6] using the 3-Step software development process,
and concluded that around 50% of development time savings
is expected to be achieved by adopting Y-Cycle. This indicates
Y-model transformed from the traditional V-model for FPGA-
based trip function design (Fig. 2).

In the design and development of an FPGA system, the
code is compiled and mapped on the target architecture. The
resulting intermediate implementation is then tested and
evaluated with respect to timing, power consumption, cost,
etc., using simulation and analysis. Based on these metrics,
the designer decides about architecture and/or code adapta-
tions. This process is iteratively repeated until a satisfactory
design is found. Therefore, according to Hamann [7], the risk
that is linked to the design flow due to the Y-model is rela-
tively small, since the designer can react in each iterations to
performance problem and solve them.

The design synthesis phase, which comprises design and
implementation stages of FPGA-based RPS functions, is
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Fig. 2 — Y-model transformed from traditional V-model for
field programmable gate array based trip function design.
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