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ABSTRACT 

An Integrated Test Facility(ITF) is a human factors experimental environment comprised ofa nuclear 
power plant junction simulator, man-machine interfacesfMMI), human performance recording 
systems, and signal control and data analysis systems. In this study, we are going to describe how the 
functional requirements are developed by identification of both the characteristics of generic 
advanced control rooms and the research topics ofworld-wide research interest in human factors 
community. The functional requirements of user interface developed in this paper together with those 
of the other elements will be usedfor the design and implementation of the ITF which will serve as 
the basis for experimental research on a line of human factors topics. 

1. INTRODUCTION 

The application of digital technology on the design of a man-machine interface system(MMIS) of a 
nuclear power plant raises many technical problems due to the change from the hardware oriented 
design attitude to the software oriented one. Also, the emphasis on the human factors evaluation during 
the various design stage of an MMIS requires a test facility through which we can confirm the man-in-
the-loop design concept, and the effectiveness and safety of the proposed MMIS. 

Although we will confront many problems on the transition from the conventional control room to an 
advanced control room, the fbllowings are the main issues from the point of view of human factors 
research fields; 

- Information Navigation 
As the information exchanges between operator and MMI are accomplished by sequential 

means compared to the parallel one of the conventional control room, the information navigation 
becomes the important issue for the proper operation of a nuclear power plant during normal and at 
accident conditions. Thus the information structure of the top level of MMIS must be determined by 
thorough functional analysis and be evaluated its effectiveness by experiments. 

- Information Presentation and Control 
By the application of software engineering it is possible to flexibly represent the plant status. 

The plant control can also be accomplished by soft control instead of the traditional push-buttons or 
knobs. The graphical representation of the plant status may vary from the high level of plant status 
abstraction to the lower level of element signals. Thus the design of an advanced control room must 
focus on how to structurize the information to be compatible with operators and how to navigate to get 
the proper information during plant transient and at accident conditions. 

- Operator Guidance 
Many operator support systems are currently developed to assist operator for grasping the 

plant status or for diagnosing the occurred event. Also the correctness of the operator actions may be 
identified by the comparison with the operation procedure. The knowledge-based expert system may be 



- 1 4 6 — 

used for relieving the operator s workload. Although they are not mature enough for the application to a 
nuclear field, they show the promising feature for the decision aid or fault diagnosis fields. 

- Alarm Processing 
Alarm avalanche associated with accidents makes the diagnosis work difficult to identify the 

initiating events or delay the detection of an induced failures. To overcome this difficulty alarm 
suppression on prioritization techniques are under study at various countries[12]. How to present and 
process the alarm including the formats and structures aie the open issues to be solved for the design of 
an advanced control room. 

To solve the raised issues from the human factors point of view, it is necessary to operate the integrated 
test facility(ITF) -which has a capability to simulate the proposed MMIS as real as possible. Also it 
must be flexible enough to accommodate the design options for a comparative experimental study. Thus 
ITF should be based on the generic control room concept together with supporting hardware and 
software. In order to keep the flexibility, we do need to develop tools or libraries to accommodate the 
various types of information presentation, structures, formats and so on. 

In this paper we will describe the functional requirements of an ITF which has been developed by 
KAERI and HRA. The requirements for user interface is only presented because they are the most 
important area of human factors research. The requirements of the other systems can be found in 
KAERI report[9]. From the functional requirements we are going to construct/operate the ITF by mid-
1997. The overview of the ITF system is briefly described in section 2 showing the interactions used for 
real experiment and for the analysis of data. In section 3 we will classify the types of interface and 
describe the general consideration what the requirements for ITF should be by review of the research 
topics. In section 4 we will describe the functional requirements for each sub-systems of user interface. 

2. FUNCTIONAL DESCRIPTION OF ITF 

The overall structure of the ITF(refer to figure 1) basically consists of the following main elements: 
- The function simulator which includes nuclear power plant neutronics, thermal-hydraulics 

model with various malfunctions, supervisory control functions and scenario construction function. In 
order to evaluate the effectiveness of the function allocation, the simulator must have a capability to 
absorb the change in the control mode between automatic and manual. 

- The supervisory control and data acquisition(SCADA) system which is the master controller 
for a specific experiment. It also synchronizes the various sequential data gathering/storing devices. 

- The ITF-MCR(main control room) which includes all sorts of interface with experimental 
subjects such as display panels, VDU monitors, operator guidance system, and communication 
facilities between subjects. 

- The ITF-SCR(supporting control room) for pre- and post-experiment facilities. 
- The performance measurement equipment which gathers the physiological data from subjects. 
- The data base and storage of experimental data 

The function simulator and ITF-MCR are heavily used for data capturing during the experimental 
phase, but the analysis of the data can be done with close link between stored data base and analysis 
tools at the ITF-SCR. If necessary, the analyst can reproduce specific sequences or investigate details 
of scenario by the function simulator. The links in figure 1 are explained as follows; 

- Link a : shows that calibrations of the performance measurement equipment are carried out 
prior to the start of the main experiment in the MCR by the experimenters. 

-1,ink c : shows that control of the function simulator is achieved through the SCADA system 
for selecting and running various testing scenarios. 

- Link d: shows that SCADA gives the appropriate commands to the function simulator. 
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- Link e : show that SCADA would drive the control panels in the MCR. 
- Links y : show that the experimenters may have to control experiments that have previously 

allocated to the MCR or SCR- They also indicate that the experimenters will have to collect verbal 
protocols from the subjects and observe aspects of team communications. 

- Link h: shows that SCADA will log all system data (e.g. state of process parameters, 
violations of critical parameters, operator interactions, etc.) which will be automatically synchronized 
and registered in the experiment data base. 

- Links k,l ; show that physiological measurements may be needed to be taken form the subjects 
during experiments 

- Link x: shows that recordings of physiological data and audio-visual data are synchronized 
through a synchronization signal from SCADA. 

- Link y: shows that physiological data are stored in a data storage. 

Figure 1: Functional 1TF diagram for the experimentation phase 

3. RESEARCH TOPICS FOR USER INTERFACE REQUIREMENTS 

In order to develop the functional requirements of user interface, we have classified the user interface 
into 3 broad categories and identified the research topics. It becomes apparent that an essential 
component of an ITF would be its capability to simulate the various information interface available to 
the operators so that experimental tests could be performed on all aspects of operator interaction with 
advanced control room technology. 

Direct Interfaces With The Process 
This corresponds to the more classical use of man-machine interfaces, that is, interfaces through which 
the operators interact directly with the process. These interfaces refer to elements such as switches, 
push-buttons, hard-wired instruments, and alarms. In the context of more recent technologies, they 
include screen touch-buttons, visual and audio alarms, VDU pages of information, and so forth. 

Interfaces With Computerized Control Elements 
In modern control rooms, operators have to collaborate with an increasing number of computerized 
elements which can control the process on their own or from instructions received by the operators. 
Examples include: safeguards, computerized procedures, decision support, and expert systems. The 
interfaces with these systems - i.e., dialogue boxes, transparency of automation etc. - should be 
specified and incorporated within an ITF. 

Interfaces Between Human Elements 
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This is an aspect of user interface which has not received adequate attention in many human factors 
studies. The human interface includes communication links between fellow operators and supervisors in 
the control room as well as site operators and maintenance workers. In the context of a major 
emergency, communication links with other personnel from the Technical Support Center can be 
another form of human interfaces. 

It is conceivable that each interface category can be further broken down into more specific items in 
order to develop appropriate requirements for the ITF user interface. 

3.1 Direct Interfaces With The Process 

The most commonly studied operator interface has been the control panels through which operators 
interact with the process. Displays and controls on the operator panels or on VDU-based workstations 
have been the focus of many experimental studies in the past. In general, three characteristics of these 
direct interfaces are of particular importance in the context of an experimental facility: 

Process Intervention 
Process intervention refers to the controls available to the operators in order to adjust the process. 
These can take various formats ranging from switches, push-buttons, and knobs to more advanced 
formats such as screen touch-buttons, menu-driven commands, and window-based dialogues. 
An interesting line of research, which is still pursued, concerns the issue of compatibility between older 
generation and more advanced technologies. Various experimental designs for examining stimulus-
response compatibility have been specified in the literature[l4]. This is still an important issue in 
human reliability because of the high likelihood of execution errors due to display-controls 
incompatibilities, particularly when managing stressful emergencies. 

Another research issue, which will continue to attract experimental studies, is the comparison between 
menu and fiuiction-key driven systems. Menu driven systems offer relatively greater flexibility in 
adjusting the number and format of menu commands, however, the depth of menu hierarchies can 
significantly slow the response time in controlling the interface. Function-key driven systems aim to 
overcome some of these problems by assigning specific commands to certain keys on the operator's 
keyboard. Of course, a combination of both systems can be developed as an optimum solution but more 
studies are needed to develop such guidelines. It is likely that this issue will continue to be the focus of 
research in many user interface studies. 

Finally, the integration of monitoring and control functions of advanced display are likely to encourage 
more studies of the design of screen touch-buttons and their layout in a VDU page containing various 
types of process information. 

Process Information And Alarms on Workstation 
With the introduction of computer-controlled systems, the presentation of process information and 
alarms on the VDU monitors becomes a key issue in the design of operator-process interfaces. An 
experimental facility, such as an ITF, should be equipped with a flexible operator interface in order to 
enable experimenters to test various formats of presenting and structuring process information. 

Sophisticated interface systems are likely to encourage system designers to develop systems for 
presenting information as signs or symbols. It is conceivable that similar types of experiments would be 
needed to test new ideas about navigating in a complex information system. The ITF should be able to 
model these operator interfaces and provide the basis for running such experiments. 

Although considerable research effort has been put into comparing conventional hard-wired panels with 
computerized VDU systems[l], the issue of parallel versus serial presentation of information will 
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probably continue to be among the research topics of many human factors studies. ACR developments 
by various organizations are likely to use conventional control rooms as a reference for comparing their 
design ideas. To this extent, an ITF should be able to provide a basis for such reference comparisons. If 
a complete conventional control panel is difficult to include in an experimental facility, at least a static 
mock up of the panel should be available as part of an ITF. Static panels are still useful for testing 
fault-diagnostic strategies along the research lines proposed by Shepherd et al.[13] and Marshall et al. 
[11]. 

Research into the presentation of alarms[8] suggests that the interface of an ITF should be able to 
model integrated alarms which correspond to a whole sub-system as opposed to one signal one alarm 
older designs. 

Navigation through the vast number of VDU pages has posed researchers with a dilemma, that is, 
density of information versus number of VDU pages required to control the plant. The implications for 
running experiments along these research lines would be for an ITF to have a flexible interface which 
could adjust the density of information. One way to achieve this, for instance, would be the application 
of object oriented software languages in order to compile different types of VDU pages. 

The problem of information navigation has been made easier by the development of operator interfaces 
which use the concept of safety critical parameters (e.g. CFMS, SPDS). Again the implications are that 
the ITF should be able to model these types of parameters and provide a basis for experimenting with 
different display formats - e.g. bar-graphs, star formats, polygons, meters[5]. 

Direct manipulation interfaces[2] is another form of operator interfaces which represent plant 
conditions as process icons - e.g. the Rankine cycle for the heat engine cycle of a PWR plant. Finally, 
the operator interface of an ITF should have the capability to represent the process in terms of concepts 
of mass and energy flows as well as in terms of process symbols along the lines of the Multi-level Flow 
Modeling approach[10]. Therefore, the use of process icons should be possible in the ITF. 

Process Information And Alarms On Large scale Display Panels 
A feature of many Advanced Control Rooms is the design of Large Scale Display Panels (LSDP) which 
present an overview of the status of the process which is updated dynamically. The LSDP provides a 
basis for collective decision making since the overview process information is shared by the whole 
operating team. Different organizations have proposed or designed different types of LSDP and it 
becomes increasingly difficult to incorporate them all in an experimental facility. There are, however, a 
few interesting design features of the LSDP which are worth considering in an ITF. 

The general plant mimic diagram is a common feature of most LSDP and should be represented as part 
of the ITF interface. Some ACRs have assigned a separate area of the LSDP to the representation of 
safety critical parameters in the form of bar-graphs and trend-diagrams. These configurations of the 
LSDP may pose interesting research issues about the optimal structure of information on the LSDP. 

Another interesting feature of LSDP is their ability to present hierarchies of safety and productivity 
goals as well as warnings about deviations in the state of these goals. It is conceivable that future 
research will focus on experimental tests of these hierarchies because of their importance in structuring 
the problem space for the operating teams. It is attractive, therefore, if the ITF interface is able to 
model this type of information at least on separate VDU monitors, if it is difficult to include them in a 
LSDP. 

3.2 Interfaces With Computerized Control Elements 
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With the introduction of information technology, operators were supplied with a variety of 
computerized control elements which are able to control the process on their own or on instructions 
given by the operators. A research problem posed to many designers of such systems is the design of 
the interface between operators and such control systems. The following are some of the research issues 
involved in the design of operator-control elements interfaces: 

- The way that operators may issue instructions to the control elements (e.g. dialogue boxes, 
clicking the pointer onto a decision tree etc.) 

- The way of handling operator instructions which are not in" agreement with the logic of 
control elements 

- The way that feedback about the performance of safety systems and other control elements is 
presented to the operators 

- The location of dialogue windows with control elements within the VDU pages 
- The way that the various control elements are integrated with each other 

These interface issues are examined below in relation to three major central elements, namely: safety , 
systems, computerized procedures, and decision support and expert systems. 

Safety Systems 
A key issue in the introduction of automated safety systems is how to design the operator-safety system 
interface so that automated logic becomes transparent to operators. Human-centered automation has 
become an important research topic both in the aviation industry[4][15] and in the process and nuclear 
industries[7]. It is advisable, therefore, that an ITF system should have the ability to manipulate these 
interface types. A description follows of some features of operator-safeguards interfaces which have 
been developed in the context of ACRs and have implications for the design of flexible ITF user 
interfaces. 

An important aspect of the automation transparency issue is the design of operator feedback about the 
performance of safety systems. When the ECCS actuation signal occurs, for instance, operators may be 
provided with appropriate text or tables which describe the status of equipment actuated by the safety 
injection sequence so that they inspect how well an automatic sequence has been executed. Another 
feature of transparency includes the presentation of the pre-conditions required in order to operate 
equipment. For instance, information about pump seal flow rate and oil pressure may be presented to 
the operator as pre-conditions for starting the reactor coolant pumps. This facilitates verification 
necessary before and after control actions, thereby reducing the chances of overlooking important 
symptoms. 

The format of dialogue and feedback between operators and safety systems can include: text windows, 
tables, dialogue boxes and so forth. It is very likely that research issues in this area will be concerned 
with the types of automation transparency that becomes available to the operators as well as the format 
of communication channels between operators and safety systems. The interface of an ITF, therefore, 
should be able to model these types of interfaces with the safety systems. 

Computerized Procedures 
The application of information technology to the development of computerized procedures has been 
recognized by many research institutes. The pioneering applied research of EdF in this area is likely to 
prompt further research in the interaction of operators with computer-based operating procedures. 
Drawing upon this work, it is possible to specify a number of requirements for the ITF interface in 
order to enable experimenters to test alternative types and formats of presenting operating procedures 
on VDU displays. 

There is a tendency to move towards the development of symptom-based procedures now that computer 
systems are capable of monitoring the process and selecting appropriate procedures for recovering 
various initiating events. However, the ITF interface should be able to present VDU-based information 
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in terms of both symptoms-based procedures and event-based procedures which are likely to be used as 
a reference standard of performance. 

The format of computerized procedures is another issue for research. For instance, procedural guidance 
can take the format of a flow-chart, hierarchical task diagram or event tree. On the other hand, 
procedural action steps may have to be integrated with displays of plant mimics which present the state 
of the plant at different stages in the course of a transient It follows, therefore, that the ITF interface 
should be able to model these different ways of presenting procedural guidance and provide the basis 
for various types of experimentation. 

The issues of system transparency can also be applied in the context of computerized procedures. The 
logic of procedures must be accessible to the operators in the form of explanations about the 
recommended actions. Also the pre-conditions for entering various branches in the procedures and the 
post-conditions of the application of safeguards (e.g. interlocks, inoperable equipment by the 
safeguards) should be transparent to operators. On-line window messages, help menus, and matrices of 
key process parameters are possible formats of presenting this type of information. Consequently, 
another aspect of the ITF user interface will be concerned with the way that operators are presented 
with this form of assistance. 

Handling points of disagreement between operator strategies and the logic of computerized procedures 
has been a very important issue in the development of such procedures. Disagreement points are logged 
by the computer for later discussions and analysis of operational problems. Other organizations may 
have different preferences for handling these conflicts and these need to be modeled by the ITF 
interface. 

A final issue in the interface design of computerized procedures concerns the linkages between daughter 
and mother procedures and the level of detail in procedural steps for less complex tasks. An elaborate 
ITF interface should allow these research issues to be put into experimental tests. There is a need 
therefore to model these alternative interface features in an ITF system. 

Decision Support And Expert Systems 
Another application of information technology and artificial intelligence in the area of operator support 
systems concerns the development of intelligent decision support and expert systems in fault diagnosis 
and synthesis of procedures for novel initiating events. 
In the past many research studies have proposed various paper versions of decision support tools which 
take the form of fault-symptom matrices, decision flow charts, lists of heuristics or rules of thumb and 
so forth [6] [13]. It is conceivable that these decision support can be presented in a computerized version 
with the increasing application of information technology to operator control rooms. Different types of 
decision support imply different types of interfaces with the control room operators. This makes the 
specification of possible interfaces rather difficult. However, we can select a particular type of decision 
aid and draw some conclusions about the required interfaces. 

Expert systems is another form of operator guidance which is based on sophisticated rule-based and 
other artificial intelligence languages. The ISACS system at Halden are examples of such systems 
which have incorporated expert systems in the operator workstations. Most of the previous comments 
on the issues of computerized procedures and decision support can be applied in this case for expert 
system support as well. 

However, there is an additional problem in this case for the integration of multiple expert systems 
which enable various functions, such as state identification, fault diagnosis, and procedures synthesis. 
Studies of the ISACS system at Halden have tried to cope precisely with this type of interfacing the 
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multiple support systems. The implications for the ITF interface, therefore, are that different ways of 
combining these support systems must be explored. 

3.3 Interfaces Between Human Elements 

It has been widely recognized that collective decision making is an important element in managing 
complex process transients. The communication links between fellow operators, maintenance workers, 
their supervisors, and personnel from the Technical Support Center is a key issue in this respect. 
Another type of human interface concerns the communications links between control room personnel 
and emergency services(e.g. fire brigade, ambulances, etc.). A comprehensive ITF interface should be 
able to model these various communication links and allow experimentation of different coping 
strategies. 

4. REQUIREMENTS OF ITF 

4.1 Large Scale Control Panel (LSDP) 

(1) The LSDP shall be able to present the following types and formats of process information: 
- Plant mimic diagrams 
- Safety Critical Parameters embedded in plant mimic diagrams or displayed as trends in a 

separate area of he LSDP. 
- Different textual and graphical forms of process information, e.g. hierarchies or trends of 

safety and production goals. 
(2) The LSDP shall present information in four simultaneous colors. This will be in addition to black 
and white colors. 
(3) The visibility characteristics of the LSDP shall be adjusted as follows: 

- The size of LSDP must be so big that, if a typical plant mimic is displayed, the subjects shall 
be able to distinguish or recognize the smallest symbols or values at a distance of 50 feet. (This is 
assumed to be the maximum distance of a subject from the LSDP in the control room) 

- The LSDP horizontal viewing angle shall be large enough to enable subjects seated or 
standing-up at the side of the control room to identify reliably display elements. 

- The LSDP resolution shall be not less than 2048 X 2048 pixels. This will allow the 
experimental subjects to reliably identify display elements such as symbols, values etc. 
(4) Glare at the LSDP shall be avoided by adjusting the ambient lighting of the control room. 
(5) The scan rate or refresh rate of the LSDP shall be so high that it does not cause flicker under the 
ambient lighting in the control room. 

4.2 Conventional Panels 

(1) The ITF shall enable the use of conventional panels either as the only means of information 
presentation or as an additional means to other process information sources - e.g. VDU monitors, 
LSDP etc. 
(2) The conventional panels shall be linked to the simulator to provide dynamic presentation of 
information 

4.3 Operator Workplaces 

(1) The ITF shall include the following workplaces: 
i. The reactor operator workplace, 
ii. The turbine operator workplace, 
iii. The shift supervisor workplace, and 
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iv. A redundant workplace to be used by additional personnel at the control room during 
severe accident scenarios. 

4.4 VDU Monitors 

(1) The ITF shall be able to support an unlimited number of VDU monitors to the operator and shift 
supervisor workplaces. 
(2) The software for the VDU monitors shall be able to configure process information in the following 
types and formats: 

i. Plant mimic diagrams, 
ii. Safety Critical Parameters embedded in plant mimic diagrams or displayed as trends, 
iii. Different textual and graphical forms of process information. 

(3) The software for the display presentation shall provide a library of symbols, control functions for 
symbols, and connection links between symbols and parameters. It shall also provide a number of 
possible ways in navigating through the VDU pages. 
(4) The VDU monitors shall present information in 16 simultaneous colors. 
(5) The VDU resolution shall be not less than 1024 X 1024 pixels to allow the experimental subjects to 
see clearly display symbols from a distance of 2 feet without forcing them to adopt awkward postures. 
(6) The size of the VDU monitors shall be at least 24 inches to enable subjects to identify display 
elements reliably. 
(7) Glare at the VDU monitors shall be avoided by adjusting the ambient lighting of the control room. 
(S) The scan rate or refresh rate of the VDUs shall be so high that it does not cause flicker under the 
ambient lighting in the control room. 

4.5 Annunciators 

(1) The ITF shall be able to present annunciators in the following forms: 
i. Conventional alarm tiles 
ii. Alarms presented in the LSDP 
iii. Alarms presented in the VDU monitors 

(2) The ITF shall be able to provide alarms both embedded within plant mimic diagrams and as 
dedicated textual alarm pages on VDU monitors. 
(3) The ITF shall be able to provide alarms in the forms of both visual and audible warnings. The latter 
shall include both simple sound warnings (e.g. horns, klaxons, etc.) and synthesized voice alarms 
(verbal messages about process deviations) 

4.6 Operator Command Facilities 

(1) The ITF shall enable the subjects to control the information on the VDU monitors and LSDP 
through a variety of command devices which include: keyboards, mice and thumb-wheels, and touch-
screen sensitive buttons. 
(2) The ITF shall enable the subjects to control the information on the VDU monitors both through 
specialized functional keyboards (e.g. command functions assigned to keys) and through menu-driven 
displays (e.g. pointers to select and change process values) 

5. CONCLUSION 

The work in this paper was concerned with the development of requirements for the ITF user interface. 
From the systems perspective, we have classified the sources of information on an ITF interface into 
three groups, namely: (1) direct interfaces with the process, (2) interfaces with computerized control 
elements, and (3) human interfaces. However, in order to become more concrete in the spécification of 
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the ITF user interfaces, we have described a number of important research issues which can be 
explored in the context of the ITF interface. The functional requirements of user interface developed in 
this paper together with those of the other elements will be used for the design and implementation of 
the ITF which will serve as the basis for experimental research on a line of human factors topics. 
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