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1. Introduction 
 

 Regarding digitalizing the Nuclear Instrumentation 
and Control Systems, the application program 
responsible for the safety functions of Nuclear I&C 
Systems shall ensure the robustness of the safety 
function through development, testing, and validation 
roles for a life cycle process during software 
development. The importance of software in nuclear 
systems increases continuously. The integrated 
engineering tools to develop, test, and validate safety 
application programs require increasingly more 
complex parts among a number of components within 
nuclear digital I&C systems. This paper introduces the 
integrated engineering tool (SafeCASE-PLC) developed 
by our project. The SafeCASE-PLC is a kind of 
software engineering tool to develop, test, and validate 
the nuclear application program performed in an 
automatic controller. 

 
2. The Structure of the integrated engineering tool 

 
In this section, we explain the overview of the 

SafeCASE-PLC. The structure of the SafeCASE-PLC 
consists of four parts. A platform based on the Eclipse 
environment, an FBD-Developer used for developing 
the application of the PLC (Programmable Logic 
Controller) system, an FBD-Tester used for direct 
testing of the software without C language conversion 
and finally the FBD-Verifier which can verify and 
validate the software. We describe the modules briefly. 

 
2.1 The platform 

 
The platform for the SafeCASE-PLC tool is used 

based on the JAVA Eclipse Environments. The Eclipse 
is an open platform and supports any framework to 
merge different individual tools to an integrated 
representative single tool. It includes the user interface 
to connect resources between the one tool and the other 
tools continuously. The Eclipse is able to be used as any 
framework for a specific environment that is able to 
integrate the separated sub-systems in accordance with 
defining the sub-systems as several groups 
hierarchically. These frameworks have some hierarchic 
structures. Due to any frameworks only being able to be 
integrated with unique architectural interfaces, an 
application can be created only when merging the 
frameworks to be requested by the application. The 
reason for selecting the Eclipse platform to integrate 

several tools is because the Eclipse features cover the 
requirements and elements needed to integrate the tools 
effectively. 

 

Fig.1. The perspective view of Eclipse env. 
 
 

2.2 The FBD-Developer 
 

The FBD-Developer is the software that creates a 
new program operated in the SafeCASE-PLC. The 
application software performed in Safety Grade PLC 
systems has to do the same work repeatedly every scan 
time using deterministic methods. The application 
software acquires some data from other equipment, 
calculates outputs with acquired data, and some 
predicted actions are performed using the calculated 
data. The FBD-Developer should have the robustness 
because of generating application programs related to 
the safety features. 
 
2.3 The FBD-Tester 

 
FBD is one of the standard PLC programming 

languages. FBD is widely used because of its graphical 
notations and usefulness in implementing applications 
where a high degree of data flow exists among 
components. FBD defines system behavior in terms of 
flow of signals among function blocks. A collection of 
function blocks is wired together in the manner of a 
circuit diagram. First of all, the FBD program differs 
from previous programs made by well-known structural 
languages such as C++ in regard to structure and formal 
type. Thus, we need to define the distinguishing 
features of the Unit, Module, and System used in FBD 
language. The definitions are suggested in the paper [2]. 



Transactions of the Korean Nuclear Society Spring Meeting 
Jeju, Korea, May  17-18, 2012 

 
The FBD-Tester is implemented using definitions 
regarding system-specific FBD language. 

 

Fig.2. The structure of the FBD-Tester 
 
 
2.4 The FBD-Verifier 
 
The FBD-Verifier is a sub tool which operates the 
verification activity in the SafeCASE-PLC. The 
application developed and tested by specific sub-tools 
of the SafeCASE-PLC is finally verified as using the 
FBD-Verifier. Generally, a formal verification means 
checking whether design specifications satisfy the 
requirement specifications. If the no design 
specifications satisfy the requirement specifications, the 
verification tools make some counter-examples and can 
traces cases of inconsistency between the design and 
requirement [3]. 
The FBD-Verifier translates the FBD program to 
Verilog Program operated with the same means. 
Verilog is a hardware modeling language and can be 
used as an input of previous formal verification tools. 
Thus, it can be efficiently used to perform the formal 
verification activities. After translating the FBD 
programs into the Verilog programs, it performs the 
equivalence check and the model check using a formal 
verification tool like a VIS and SMV. The equivalence 
check of a VIS can prove the equality of the FBD 
programs and Verilog programs. The model checking 
function of an SMV can also prove whether the FBD 
program satisfies the important verification attribute 
mathematically[3]. 

 
 

3. Conclusions 
 

It is essential and meaningful to newly develop an 
integrated engineering tool that can develop application 
software for a man-machine interface system used 
within the nuclear industry. However, this development 
strategy has low efficiency due to time limitation and 
high costs. Instead of undertaking the entire life cycle 
development process, it is more efficient to adopt 
optimized tools after integrating a commercial product 
that is able to develop some safety applications. 

We developed the integrated engineering tool 
(SafeCASE-PLC). The SafeCASE-PLC is a kind of 
software engineering tool to develop, test, and validate 
the nuclear application programs performed by 
automatic controller. The platform for the SafeCASE-
PLC tool is based on the JAVA Eclipse Environments. 
The Eclipse is an open platform and supports any 
framework to merge diverse, separate tools to make an 
integrated representative single tool. Existing 
engineering tools can translate the FBD programs into 
the C-code programs, but there are continuous debates 
about inconsistencies between the original FBD 
program and the translated C program. In order to solve 
these problems, we also researched the methods that 
can test directly the application programs generated by 
using FBDs languages. The newly generated 
application program can be directly tested without 
converting to C language, and it is also possible to test 
the application programs indirectly. The two testing 
results from the C tester and the FBD tester can be 
utilized for ensuring a quality feature of the translator 
which can convert the FBD application to C language 
code. The SafeCASE-PLC includes a utility that can 
verify some applications formally. The utility translates 
the FBD program into the Verilog Program. It performs 
the equivalence check and the model check using 
formal verification tools such as VIS and SMV. The 
equivalence check of a VIS can prove the equality of 
the FBD program and Verilog program. The model 
checking function of an SMV can also prove whether 
the FBD program satisfies the verification attribute 
mathematically. 
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