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INTRODUCTION 
With the increase of NPP unit capacity there is a 

substantial growth of information and, as a consequence, 
information loading of operators in emergency operation 
and the necessity of perfection of their activity has 
increased.  The decision of this task in many respects 
depends on accounting for human factor at the creation of 
the control room system (CRS).  The accident on Three 
Mile Island (TMI-2) NPP revealed an essential lack of 
communication between the operator and the control 
system.  Methods of granting of the information did not 
give the operator an exact picture of general condition of 
the NPP during the accident.  This accident has laid the 
foundation for intensive research in different countries on 
the creation of automatic systems, information 
maintenance, and informational support of operators. 

At present Russia has a problem of new NPPs 
construction, which have to replace old one. The main 
goal here is provision of safety operation. Communication 
provision between operational personnel and variety of 
plant systems is one of the aspects of it. The aim of this 
paper is research of foreign experience in communication 
and operator support systems development, consideration 
of several modern projects based on these systems, 
definition drifts of development. 

PROVISIONS OF COMUNICATION 
Basic element of NPP control system and thus the most 

important in terms of communication provision efficiency is 
main control room. At the beginning of commercial 
utilization of nuclear energy main control room systems 
consisted entirely of fixed, discrete components (hand 
switches, indicator lights, strip chart, recorder, annunciator 
windows, etc.). In case of accident or transient big number 
of this components led to communication overload of 
operation personnel. Later on systems incorporated video 
display units and keyboards in the control panels. There was 
systematic application of human factors through ergonomic 
and anthropometric standards.  

Modern control room systems differ in high 
computerization degree and exploit the dramatic 
performance/cost improvements in computer, electronic 
display and communication technologies of the 1990s. 

Consequently problem of human-machine interfaces 
development is getting notably important. Decision of this 
problem have to come to live (materialize) with human 
factor accounting and use of cumulate normal and 
abnormal operational experience. 

Reduction of the display messages 
The central problem regarding the perfection of 

operative personnel activity is the reduction of 
information provided to an operator, granting to him only 
that information which is necessary for safety monitoring, 
and control and management of technological process. 
Value of granted information don't must prevent from 
concentration of personnel attention on most important 
messages and as a consequence decreasing speed of 
reaction. Therefore one method to perfect the operator-
system interaction is the conventional reduction of 
information volume on display screens in abnormal 
situations, so that the operator has an opportunity to 
concentrate their attention on the most important safety 
messages. 

The following algorithms can be applied to the 
reduction of the display messages volume: algorithm 
using a time delay; algorithm of association of the 
equivalent messages; number reduction algorithms of 
interdependent event messages. 

Basic principles 
When organising information concerning the 

operative personnel, the following principles are fixed:  
1. Hierarchical performance of the information 

about NPP technological process and safety. Operation 
personnel is provided with structured information. At the 
heart of hierarchy is continuous multilevel assessment of 
safety and operation parameters. 

2. Provision of fast access to a required format or 
automatic performance of a required format in 
emergencies. 

3. Hierarchical organisation of the signal system. 
Priority of any emergency signal (message) based on it 
importance and urgency of reciprocations. Importance and 
urgency is determined on basis of information about 
equipment, systems and whole NPP. Unnecessary 



 

 

emergency signals riddance under nonfatal failures allows 
to operator concentrate attention on most fateful 
messages.  

4. A uniform format of display organisation. 
5. Information support of the operative personnel at 

normal operation and in accident conditions. 
It's important to reduce an information volume as 

well as improve a mode of its presentation. 

Colour displays 
In modern control room systems colour displays have 

prevalence. In contrast to the traditional panel, the 
advantage of such display consists in granting to the 
operator a flexible format with the integrated information, 
with graphic, generalized, etc., representation of the data. 
However access to information is getting harder due to 
necessity to pick needful window. So under 
communication system development  special attention is 
paid to avoid “tunnel effect” and “effect of keyhole”. 

Large-scale display 
A idea of “having a common information source” can 

now be upgraded by utilizing computer-driven large-scale 
displays which allow fully dynamic graphic presentations.  

There are several problems that need to be resolved 
before the large-scale displays can be fully applied. These 
include the following: 

• Display visibility still requires further 
improvements 

• Higher density displays are desired. Currently 
available large-scale displays cannot present 
elaborate overviews because of insufficient 
information density. 

OPERATOR SUPPORT SYSTEMS (OSS) 
Operator support systems (OSS) is very important for 

provision of communication. OSS implements functions 
that support mental processing tasks assigned to the 
operator. Applications are mostly “real-time” and “on-
line”, so the off-line systems, such as work planning, were 
excluded. 

The following application areas of OSSs can be 
foreseen as particularly important: 

• Plant state diagnosis and root cause 
determination in disturbances and accidents. 

• Alarm diagnosis/analysis, new alarm sources. 
• Model-based and knowledge-based systems for 

fault detection and diagnosis. 
• Assistance to the operator for operational 

planning and for enhanced safety. 
• Advisory systems: model-based and knowledge-

based systems for planning of control strategies 
and corrective actions for improved productivity, 
e.g. testing of planned actions using predictive 
simulation. 

• Computerised procedures in order to decrease 
the errors in the utilisation of operating 
procedures and to increase their usability. 

The availability of advisory systems to the operator is 
changing its basis for making decisions and  performing 
actions. It is essential that the OSS is not limiting the 
operator's ability to use his own creativity and knowledge 
when faced with problem solving tasks. Rather, the OSS 
should support him in using his knowledge and also 
extending it. The success or failure of this depends very 
much on the way the OSS is designed, and the background 
the operator has in utilising this technology.  

Introduction of OSS also changes the type of 
information available to the operator. The operator may 
change his role from performing detailed actions like 
control actions to making more high-level decisions. Will 
this change the operator's role and also present new 
requirements to the operator with respect to basic 
education and training. 

Extensive use of OSS may make the operator 
dependent on the system, and reduce his ability to handle 
the situation correctly if the OSS is unavailable or gives 
wrong or incomplete information. Especially in the case of 
diagnostic systems for the handling of unexpected events, 
this may have a negative effect on operator performance. 

Safety Parameters Display Systems (SPDS) 
In modern NPP Safety Parameters Display Systems 

(SPDS) is basic communication system. The main SPDS 
function is continuous concise display of critical 
parameters to enable operators quickly and correctly 
estimate safety status of NPP and control the reactor in 
such a way as to prevent core damage and radioactive 
release. SPDS should operate in both normal and 
abnormal conditions. 

SPDS provide: 
• limits and conditions of safety exploitation 

control; 
• integrity of safety barriers control; 
• synonymous identification of critical situation 

and its reasons. 

Expert systems (knowledge-based systems) 
Many of currently available expert system shells have 

the ability to represent knowledge in many forms (e.g. 
rules, networks, frames, objects). It is widely accepted that 
expert system shells, together with a powerful graphics 
support environment, have established a highly flexible 
and productive programming environment. They will 
continue to be refined in the future. 

There are several other potentially useful expert 
system capabilities still remaining in the research stage. 
These include the handling of time-dependent data and 
real-time inference and parallel processing.  It is expected 
that these will facilitate handling more dynamic and large-
scale applications. 



 

 

CONCLUSIONS 
1. Control systems enhancement is provided with 

control automation, use of perspective interactions means 
between operator and controlled system. 

2. Decrease of operation personnel Information 
loading is basic way of communication system 
development. Unobstructed and fast information access is 
provided. Provision of communication base is hierarchical 
performance of the information about NPP technological 
process and safety and hierarchical organisation of the 

signal system. Human-machine interfaces is developed the 
same for all systems. 

3. The main operator support system is SPDS. It is 
widely accepted that expert system shells, together with a 
powerful graphics support environment, have established 
a highly flexible and productive programming 
environment. They will continue to be refined in the 
future. 

4. An operation personnel role changes. Basic 
functions of operators is operation watch and diagnostics. 
They reply for NPPs' safety and performance. 

 


