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Abstract: The advanced human-machine interface (HMI) in nuclear power plants 
provides an information environment that supports the operators’ burdensome cognitive 
tasks. Safety function status check (SFSC), one of such tasks, can benefit from well-
designed information aid. This paper describes an interface design for supporting the 
operator’s SFSC task as an element of HMI for Korean next generation reactor 
(KNGR). 
Based on the task analysis to KNGR HMI and several defects found from an evaluation 
to existing plants, a prototype interface scheme for the SFSC task was developed. The 
interface consists of three hierarchical levels of information: the goal tree including 
safety functions and their success paths, flow structure of the success path, and 
system’s topological structures related to the success path. The new designed interface 
is expected to have advantages in terms of cognitive information processing. The 
effectiveness of the interface is being verified through systematic evaluations under 
diverse contexts and will be accordingly improved. Copyright ©  2001 IFAC 
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1. INTRODUCTION 

 
One of lessons from the TMI accident is that the 
human-machine interface (HMI) in nuclear power 
plants (NPPs) should help operators effectively 
monitor the critical variables affecting the plant 
safety. Safety parameter display system (SPDS) 
was developed for the purpose (Woods, et al., 
1982). The underlying principle of the SPDS design 
is as follows (USNRC, 1982, 1996): “The SPDS 
should provide a concise display of critical plant 
parameters to the operators to help them determine 
the safety status of the plant reliably and rapidly. It 

should be convenient for the operator to access 
these parameters”. 
 
Critical safety function (CSF) is the most 
significant design concept for the SPDS. CSF has a 
hierarchical information structure that organizes the 
system variables affecting the plant safety in terms 
of goal-means relations. It is important that the 
operator should be aware of various success paths 
associated with each CSF in order to respond to 
unanticipated system failures quickly. When an 
emergency occurs in NPPs, the operator should 
monitor CSFs periodically (every about 10 



minutes) and identify possible success paths as 
necessary, and try to stabilize or safely shut down 
the plant using emergency operating procedure 
(EOP) that includes steps to check the CSFs (safety 
function status check: SFSC). This implies that 
SFSC may become a cognitively burdensome task 
that needs to be supported by proper information 
display. The advanced HMI in NPPs can provide 
the information environment that supports the 
operator’s SFSC tasks. 
 
There have been efforts to support the SFSC task in  
Korean NPPs. Critical Function Monitoring System 
(CFMS) is a representative system of such support. 
However, the results of thorough evaluation to the 
existing CFMS in the plants showed several defects 
such as inappropriate information organization, 
deficient operator supporting functions and 
insufficient integration with operating procedures. 
 
Therefore, a new CFMS, which provides timely 
and usable information reflecting the operator’s 
problem-solving strategy in a suitable form (Kim, 
et al., 1999), needs to be designed. In the new 
system, goal-means relations for the plant safety 
should be explicitly presented, and information 
should be grouped to support information 
integration along system’s decomposition structure 
(Ham and Yoon, 2000). 
  
The design teams for Korean next generation 
reactor (KNGR) have tried to overcome the 
aforementioned drawbacks of the existing CFMS 
through the human engineering point of view. As an 
intermediate outcome of such an effort, this paper 
describes an interface design for supporting the 
operator’s SFSC task as an element of HMI for 
KNGR (it is also called Advanced Power Reactor 
1400 (APR1400) as a commercial product name): 
First, this paper will describe the support that is 
currently provided for the SFSC task in the 
conventional NPPs and discuss its weaknesses . 
Second, it will introduce the new CFMS interface 
that is being developed in KNGR to cope with the 
weaknesses . At last, it will explain how the 
interface is coupled with other main elements (e.g., 
computerized procedure system, alarm) in HMI. 
 
 

2. THE SUPPORT FOR SFSC TASK IN KOREAN 
NUCLEAR POWER PLANTS 

 
To help the operator monitor CSFs, Korean NPPs 
designed before 1980s (Kori #1~4 and 
Youngkwang #1&2) have provided Operation 
Aided Computer System (OACS). As shown in Fig. 

1, the system presents the state of seven CSFs in a 
direct perceptible form such as polygon display in 
Woods, et al. (1982). The color and length of each 
bar represent the state of each CSF. 
 
In the case of plants designed after 1980s 
(Youngkwang #3~6 and Ulchin #3~6), Critical 
Function Monitoring System (CFMS) within plant 
monitoring system (PMS) has been provided (Fig. 
2). CFMS aims at helping the operator acquire 
information about the critical variables related to 
the safety easily and thereby analyze the status of 
the plant safety rapidly. 
 
The information provided by OACS and CFMS, 
however, is not highly connected with plant 
operations. Thus, the information has been used 
only as a referential point. In more detail, there are 
three defects of the CFMS in conventional Korean 
NPPs (Lee, 1996). The first is inappropriate 
information organization. As shown in Fig. 2, the 
CFMS’s directory page consists of nine essential 
CSFs (bold boxes in Fig. 2). In the CFMS, however, 
there are only seven screens to show the success 
paths corresponded to each CSF (refer Arabic  

Fig. 1. Operation Aided Computer System (OACS) 

Fig. 2. Directory page of CFMS involved in 
PMS in the Korean Ulchin #3 & 4 NPPs 



numerals within the boxes of Fig. 2). In other 
words, the operator has a difficulty in integrating 
information about the success paths related to a 
certain CSF because it is scattered throughout 
several screens. 
The second is deficient operator supporting 
functions. Emergency operating procedures consist 
of EOP itself, safety function status checks and 
resource assessment trees (RATs). The existing 
CFMS interface, however, does not display the 
RAT to diagnose the CSFs and provide their 
success paths. The absence of the supporting 
function makes it difficult to diagnose and recover 
accidents using EOPs. 
 
The last is that the existing CFMS is not 
sufficiently integrated with the operating procedure. 
From the standpoint of the operator, CFMS should 
have a well-integrated form with the operating 
procedure prescribing operator’s task. There exist, 
however, differences between the CFMS and EOPs 
in decision criteria and elements of the CSFs. In 
short, these problems have hindered the use of 
CFMS.  
 
The drawbacks of the CFMS in conventional plants 
have been reflected in designing the new CFMS 
interface for KNGR through human engineering 
point of view. The new designed interface will be 
described in the following section. 
 

3. INTERFACE DESIGN FOR CFM IN KNGR HMI 
 
In KNGR, there are nine CSFs: Reactivity Control, 
Vital Auxiliary, RCS Inventory Control, RCS 
Pressure Control, Core Heat Removal, RCS Heat 
Removal, Containment Isolation, Containment 
Temperature and Pressure Control, and 
Containment Combustible Gas Control. Each CSF 
has several means, called success paths, to achieve 
its goal related to the plant safety. For instance, 
Reactivity Control can be achieved by inserting 
control rods or by injecting poison. The latter can 
be done in several methods for increasing boron 
concentration. During emergent situations, the 
operator should monitor the CSFs periodically, and 
identify possible success paths as necessary. This 
safety function status check (SFSC) task can be 
facilitated by a well-designed interface. 
 
Based on the task analysis to KNGR HMI and 
several defects explained in Section 2, a prototype 
interface scheme for the SFSC tasks was developed. 
The new designed CFMS consists of three types’ 
displays having functionally different levels of 
information as laid out in Fig. 3. This section will 
explain minutely about each level of information. 
 
 
3.1 The first-level display 
 
The first level provides goal tree, which is called 

Fig. 3. The location and hierarchical structure of the displays for aiding SFSC task in 
KNGR HMI. Information showed in WSD ( i.e., alarm list, computerized procedure 
system, system mimic, etc.) is  not always fixed on a CRT screen like this figure. 



CFM directory page (Fig. 4). The goal tree consists 
of the CSFs and their success paths (we called it 
goal tree because the critical safety functions 
represent the plant’s safety goal, and their success 
paths represent means for achieving the goal). 
Besides, buttons for presenting a resource 
assessment tree (when pressing the buttons, 
corresponded second-level display is shown in 
WSD) and selectors of CFM alarm logic are 
displayed in this level. 
 
The first-level display is always shown in large 
display panel (LDP) according to the SPDS 
requirement and can be also displayed in the 
workstation display (WSD) by operator’s selection. 
When an anomaly occurs, this display alarms the 
operator for the CSFs that are problematic (to 
support the operator’s critical function monitoring). 
Then, information necessary to perform the SFSC 
task is provided in a summarized form to WSD 
when a CFM button in the first-level display (Fig. 4 
(a)) is selected. Similarly, the first-level display 
indicates the success paths that are available for 
recovering the functions (to support the operator’s 
success path monitoring (SPM)). Thus, operators 
can recognize quickly the success paths that are 
currently available and choice the favorite one 
rapidly. Additionally, system mimic information 
related to the success paths (this corresponds to the 

third-level display) is provided in WSD when the 
operator selects a SPM button in the first-level 
display (Fig. 4 (b)). Moreover, the operator can 
obtain flowchart-like information (this corresponds 
to the second-level display, as shown in Fig. 5) 
representing the success paths with selecting the 
corresponding RAT button (Fig. 4 (c)) provided in 
the first-level display. The information may help 
the operator select appropriate success paths more 
easily and rapidly.  
 
Finally, in the conventional plants, because the 
CFM alarm logic is identical regardless of the kinds 
of EOPs, reliability of the alarm is low. For the 
purpose of complementing the flaw, the CFM alarm 
selectors in KNGR HMI are looked to the first-
level display (Fig. 4 (d)), and the CFM alarm is 
planed to happen by the acceptance criteria of 
EOP-SFSC that is achieving. For example, if 
operators were judged from EOP's accident 
diagnosis to LOCA (loss of coolant accident), he or 
she selects LOCA -CPS in computerized procedure 
system (CPS) and, simultaneously, the CFM alarm 
logic is automatically converted into LOCA-SFSC 
acceptance criteria, and is marked automatically to 
the CFM alarm selector in the first-level display (d 
in Fig. 4) and also the selection is available by hand. 
 
 

Fig. 4. The first-level display presenting the critical safety functions (CSFs) and their 
success paths. a: CSFs, b: success paths, c: buttons to resource assessment tree 
(RAT), d: selectors of CFM alarm logic. 



3.2 The second and third-level display 
 
While the goal tree is always shown in LDP and/or 
in WSD selectively, information in the second and 
third levels is shown only in WSD. This enables 
operators to acquire the information in the three 
different levels  at the same time. Such simultaneous 
view is important considering that information 
masking can induce several cognitive difficulties 
such as constrained search strategy, frequency of 
redundant information acquisition, and drifting of 
the search (Kim, et al., 1999).  
 
Selecting a RAT button corresponding to an 
alarmed CSF in the first-level display, the operator 
can obtain the second-level information in WSD 
(Fig. 5). This level provides the status and flow 
structure of the success paths required for restoring 
the alarmed function. The status of the success 
paths consists of its operating state (active/inactive) 
and the state’s controllability representing the 
possibility to be controlled by either the operator or 
the system (controllable/uncontrollable). This 
information is important to the operator in finding 
the success paths that are currently in use or that 
are relevant to recover the problematic CSFs. As 
mentioned above, this second-level display is also 
called resource assessment tree, in which the 
operating status and availability of the resources 
needed for recovering the lost CSFs are represented 
by means of a tree format. 
 

The third level information showing the system’s 
topological structure is also displayed in WSD, 
when the operator selects a SPM button in the first-
level display. This level shows the system mimic 
information related to the success path chosen in 
the second level. The operator can perform all 
control actions at this level to recover the alarmed 
critical function. 
 
 
3.3 Expected advantages of the new designed 
CFMS 
 
The new designed CFMS interface has two 
expected advantages in terms of cognitive 
information processing. One is that the interface 
provides the operator with goal-means structure of 
the plant safety. This corresponds to the goal space 
organized hierarchically over several levels, which 
is one of the generic operator’s knowledge 
suggested by Furuta and Furuhama (1999). Such a 
multi-level view of the plant safety would help the 
operator understand those functions in the plant 
more accurately, and support his/her goal-directed 
adaptive problem solving. This is the point that has 
been emphasized by the advanced HMI design 
frameworks such as ecological interface design 
(Vicente and Rasmussen, 1992; Ham and Yoon, 
2000) and multilevel flow modeling (Lind, 1991). 
 
The other expected advantage is that the 
information organization in the interface may help 

Fig. 5. The second-level display presenting the resource assessment tree (RAT). 



the operator perform complex tasks more 
efficiently with enhanced situation awareness. 
Critical factors limiting the operator from acquiring 
and interpreting information from NPPs’ HMI to 
form situation awareness are his/her attention and 
working memory, and his/her mental models and 
goal-directed behavior is worked as important 
mechanisms for overcoming these limits (Endsley, 
1995). Hence, using the designed CFMS, the 
operator can reduce his/her search time and mental 
workload for finding information relevant to the 
critical safety functions, and so his or her situation 
awareness can be enhanced because information is 
grouped according to the goal-means relations of 
the plant safety. 
 
 

4. COUPLING OF NEW DESIGNED CFMS 
WITH OTHER FACILITIES IN KNGR HMI 

 
The CFMS in the conventional NPPs can tell the 
operator only whether the CSFs fulfill their goals. 
When their goals are not achieved, the CFMS do 
not indicate the operating procedure that the 
operator can use to recover the problematic CSFs. 
Thus, it has hindered the use of the CFMS. Here, 
we will describe how the new designed CFMS 
interface, as described in the previous section, is 
associated with other elements of KNGR HMI to 
support the operator’s tasks. In particular, 
computerized procedure system (CPS) is closely 
connected with the new designed CFMS as 
described below.  
As soon as reactor trip occurs, the standard post trip 
actions (SPTA) procedure appears automatically in 
CPS. Then, the operator performs the SPTA using 
CPS. When going through the needed SPTA steps, 
the operator can perform them efficiently by using 
the summary information presented on a left CRT 
of CPS, which summarizes information required to 
accomplish SPTA (refer Fig. 6). Then, the operator 
identifies the types of emergency by referring the 
diagnosis action (DA) procedure. If the identified 
type is, for example, loss of coolant accident 
(LOCA), the LOCA procedure, which is included 
in the optimal recovery procedure (ORP), appears 
in CPS. This type is also used as an input to the 
CFM alarm logic process, so it is transformed to 
the alarm logic pertinent to the LOCA-SFSC 
acceptance criteria. Then the operator judges 
whether it is necessary to implement the functional 
recovery procedure (FRP). If the symptoms do not 
react to the treatment as being anticipated, the ORP 
should be quitted and the FRP be implemented. 
 
Each EOP contains a unique SFSC. To support  the 

operator, SFSC is performed continuously by 
plant’s computer system,  and the CFM alarm in the 
first-level display notifies the operator of any 
deviation from the acceptance criteria. Also, SFSC 
is structured to aid the operator in selecting the 
appropriate treatment actions to restore the risky  
CSFs. Eventually during the emergency it will 
become necessary for the operator to specify the 
available resources to recover the CSFs. This is 
because operators must identify  the equipments and 
systems that are available either during continual 
operation or in safely shutting down the plant. The 
designed CFMS will make the operator get the 
information better because of being highly 
connected with other facilities in KNGR HMI. 
 

 
5. CONCLUSIONS 

 
The safety function status check is a burdensome 
task demanding an efficient support because it 
requires operators to monitor the critical safety 
functions and their success paths continuously 
(such activities are called critical function 
monitoring (CFM) and success path monitoring 
(SPM), respectively). This paper explained a way 
of efficiently integrating CFM-related information 
that was distributed in conventional control room. 
Expected benefits from the new designed CFMS 
interface are as follows. It enables the operator to 
effectively monitor and recover the critical safety 
functions in emergency situations. When some of 
the critical safety functions are wrong, it makes 
corresponding computerized procedure appear 

Fig. 6. Coupling of the new designed CFMS 
with EOP (ORP+ FRP) in KNGR HMI 



automatically on workstation display, and it 
provides information to support the operator’s 
recovery actions. From the operator’s viewpoint, 
the new CFMS can effectually reduce his/her 
mental workload and error thereby enhancing task 
performance. 
 
Currently, a series of experiments are being 
conducted to validate the advantages previously 
described. Typical emergency scenarios (e.g., 
LOCA, SGTR, and ESDE) are adopted in these 
experiments. Experimental results are used to 
identify design deficiencies and develop solutions 
to deal with them. More cognitively engineered 
CFM/SPM will be realized through such an 
iterative design process. 
 
 

6. NOMENCLATURE  
 
CFM(S) Critical Function Monitoring (System) 
CPS Computerized Procedure System 
CSF Critical Safety Function 
EOP Emergency Operation Procedure 
ESDE Excessive Steam Departure Event 
FRP Functional Recovery Procedure 
LDP Large Display Panel 
LOCA Loss of Coolant Accident 
ORP Optimal Recovery Procedure 
SFSC Safety Function Status Check 
SGTR Steam Generator Tube Rupture 
SPDS Safety Parameter Display System 
SPM Success Path Monitoring 
SPTA Standard Post Trip Action 
WSD Workstation Display 
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