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RÉSUMÉ

Un certain nombre de facteurs conduisent au ré-examen de l'équilibre en tic?
le rôle des opérateurs et celui des machines dans le contrôle-commande des
centrales électronucléaires. Certains de ces facteurs sont: la venue de
techniques informatiques nouvelles et avancées; la complexité croissante
des centrales donnant à l'opérateur de la salle de contrôle-commande une
grande quantité de travail et du stress; l'inquiétude croissante au sujet
du rôle de la fiabilité des êtres humains dans les accidents industriels.

À la lumière des aspects du contrôle-commande qui évoluent, nous examinons
la signification de l'automatisation; nous examinons un modèle proposé des
aspects de contrôle-commande, le concept du contrôle-commande dans quelque?
situations de réacteur définies, un ordre de prise de décision; nous iden-
tifions certains points difficiles possibles en mise en oeuvre de techni-
ques de contrôle-commande nouvelles.

De gros avantages devraient découler des techniques de contrôle-commande
nouvelles et il faudrait profiter de ces possibilités dès qu'on pourra le
faire sans risque tout en veillant bien à ce que la sûreté des centrales
soit améliorée.
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ABSTRACT

A number of factors are leading to a re-examination of the balance between the roles of the
operators and the machine in controlling nuclear power plants. Some of these factors are: the
advent of new and advanced computer technologies; increased plant complexity, placing heavy
workloads and stress on the control room operator; and increasing concerns about the role of
human reliability in industrial mishaps.

In light of the changing control aspects, we examine the meaning of automation; we discuss a
proposed model of the control process, the concept of control within a few defined reactor
states, a decision-making sequence; and we identify some possible problem areas in
implementing new control technologies.

Significant benefits should come from the new control methods and these opportunities should
be exploited as soon as prudence allows, taking great care that the safety of the plants is
improved.
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1. INTRODUCTION

In a nuclear power plant the central control room is the focal point of all of the information about
the plant and how it is functioning, and where direct action for plant operation originates. To do
this, the control room is

• A planning centre for operations, maintenance and production,
• A control centre scheduling and dispatching actions for planned operations, maintenance and

production [1],
• A monitoring centre on the status and functioning of all processes and equipment, including

poised safety systems, and
• An action centre for response to unplanned upsets to plant operation.

Over the past 25 years, nuclear power plants have increased in size and improved in production
and safety, while the operator's time has been used increasingly for the planning, scheduling
and dispatching of routine operating and maintenance orders. Consequently, the time spent in
monitoring normal plant conditions and responding to plant upsets has been reduced. This has
been permitted by ongoing improvements in information collection, communication and
processing technology. Another result is that a great deal of data now comes to the control
room that would earlier either not have been collected or would have been left to the observation
of patrolling field operators, partly because the costs were moderate and the technology was
straightforward.

As a general rule, this expansion of information has been good for normal production purposes.
However, a dichotomy has been built into the system. The control room operators are normally
busy with the administration of the plant and are, in many respects, isolated from intimate
contact with its working parts and processes. But, when a plant upset occurs, these same
individuals are frequently confronted with an information avalanche from the plethora of
instruments provided to improve normal operation. It is from all this information that proper,
error-free actions must be determined in a timely fashion.

A considerable potential for human error seems to exist, largely because of the stresses that are
growing on the operators, in particular the control room operates. Paradoxically, the
complexity that is being built into the systems, often in the name of safety, increases the
potential for human error. This human error is frequently attributed to the operator, but other
human involvement can also be the source, in maintenance, design and construction. These
errors are an important problem in plant operation. They can cause major and minor, but
always costly, losses of production. They can be unpredictable event initiators, and they can
unpredictably change the course of an upset or event.

Machine assistance to the control/management functions can be provided to help huinans in
performing their tasks. The objective is to correct the present problems while emphasizing the
human attributes, abilities and strengths and overcoming the human deficiencies. This requires a
good understanding about humans and their behaviour in processing and utilizing information;
e.g., how do they accept information; are there rate limitations and does the format influence
these rates? It also requires an understanding of the influence of stressful conditions on human
behaviour and its variability. Therefore, although the recognition of the human factor is not
new, the importance of careful attention to the human factors of design has never been higher.

No matter how well designed and operated a plant may be, there will always be a remote chance
that an obscure event will occur or that the plant will be damaged by equipment failure. For
these largely unpredictable circumstances we must rely completely on human capabilities for
problem identification and action.



It is important to improve the reliability of the operator and others who can have a direct impact
on plant operation. One way this can be done is via the "mar.-to-information-about-ihe-
machine" interface. (This highlights that we are dealing here with the interaction of the human
with information, not a machine, as will be discussed in section 3.) It is strongly believed, but
remains to be seen, that improving and expanding automation, along with software and
hardware quality, will materially improve the probability that the human will act correctly.

In light of the changing control prospects, we will examine what we mean by automation;
discuss a proposed model of the control process, the concept of control within defined reactor
slates, a decision-making sequence; and identify some possible problem areas in implementing
new control technologies.

2 . ASPECTS OF AUTOMATION

The management and control of the nuclear power station entails the assembly and processing of
data and information about the current state compared to a desired state and correcting any
differences. The desired state is determined by a set of goals and constraints that originate with
a hierarchy of concerned groups, such as the senior management of the utility, the engineering
office and the regulatory bodies, that have expanded and become increasingly complex in recent
years.

This management function involves the "senses, nervous system and brains" of the plant; in
modern plants it is shared between the humans who are in charge and the installed
instrumentation, communication equipment, controllers and computers. Although the words
"automatic" and "automation" are commonly used to describe machine operations, they can also
apply to human behaviour. So, in addressing the question of sharing we will examine the
meaning of "automation" in a more generic form.

First consider the total management domain Of a new plant design. Initially all of the functions
and control actions have to be determined or "invented" by humans, either designers or
operators or in combination, working in a "creative" role. As more is learned about new
processes, or by drawing on past experience, it will be decided that, out of a possible set of
response or control options for some plant condition, there is clearly one best way to proceed.
In such a case, a clearly stated operating procedure will be prepared that predetermines the
operator action for a given set of circumstances and indications. The procedure may contain
some second-level options such as branches that depend on detailed circumstances like resource
distribution or the rate at which events are occurring. When discretionary action is restricted,
the creative role of the human is diminished and the operator's role is to apply their skills to
ensure the procedure is done accurately. Thus, in a manner of speaking, the operator has been
constrained to a predetermined response. We refer to this as "soft automation".

There is another level of activity where it can be determined that there are no options or branches
and that the response to a particular signal or set of signals must be specific and direct. In this
case the operator must act accurately and reliably and is, in a sense, "hard automated" to have a
conditioned reaction.

To hold on to this idea we have adopted the terms, "creativity", "soft automation" and "hard
automation" to apply to the three distinctions, and use them without regard to human or machine
or combined human/machine control.

Rasmussen [2] has proposed a hierarchy of human behaviour based on skill, rules and
knowledge that were derived by observation of operators in a control room situation that



involved mainly manual control. These terms by Rasmussen compare generally with our
distinctions, as shown in Figure 1.

RASMIJSSEN
skill = automatic/conditioned reaction =
rules = predetermined response =
knowledge = creative thought =

TOTAL MANAGEMENT DOMAIN

THIS WORK
hard automation
soft automation
creativity

FIGURE 1 LEVELS OF AUTOMATION

2 .1 Hard Automation

Control does not have to be done manually. When human reliability and performance
characteristics arc inadequate, it may be preferable or essential to design the action or response
into the control system, i.e., "hard automation". This would encompass traditional algorithmic
control, either single or multi-parameter, when the characteristics can all be rigidly defined
mathematically and fully implemented in the machine context. The details of this automation
must be completely understood by the designer and the maintainer. Operators need only a
black-box understanding to employ it usefully.

2.2 Soft Automation

In other circumstances, hard automation may not be the correct choice because it is too
expensive, the technology does not exist or does not significantly exceed the reliability of the
human, or there may be components of judgement required to deal with the circumstances. In
these cases where the human remains in the loop, it is prudent to provide the human with as
much assistance as practical so that the task will be done as accurately and reliably as possible
through predetermined goals, policy, practice, procedures, and advice. Predetermined action or



response, carried out with human involvement, is what v\e have called "soft automation". Soft
automation may or may not have a machine component, but when it does the term Operator Aid
is often applied.

When the human and the machine act in concert it is crucial that the communication link between
them be effective. Commonly in modern nuclear power plants the machine operates and
monitors itself while the human is occupied with other operating tasks. Suddenly the plant
monitoring system identifies a situation that requires human attention. It is essential (hat the
human be quickly briefed in order to focus accurately on the problem at hand but with an
appreciation of the overall plant condition. This requirement is demanding, but necessary, for
the successful implementation of soft automation.

Many new techniques and technologies are emerging now that have the potential for easing the
operator's load and improving reliability, e.g., expert systems, multi-media display, neural
networks, real or faster-than-real-time simulation. This opens opportunities to give the machine
a greater role when implementing soft automation. The boundary between the machine and
human roles will always be difficult to draw. Initially, it will likely be in the form of "advice"
and of "smart" procedures where computers are used to replace paper as the medium and where
the computer implementation can be upgraded by several levels to present key data and
branching options in an integrated display.

As confidence in the capabilities of new techniques and methods is established and grows with
time and experience, the operator's role can be expected to diminish. For some applications the
operator's involvement will become unnecessary and it will be accepted for "hard automation".
In this way, one of the boundaries of automation will shift. From the point of view of relieving
the operator workload, this boundary move is the most effective, provided design and
maintenance reliability can be established.

2 .3 Creativity

We have already noted that a large and important part of the human's role is to plan, organize,
schedule, authorize and keep track of a myriad of detail in the day-by-day functioning of the
plant. We have also pointed out the crucial role of the human in dealing with obscure events.
These both may be considered creative tasks, since they utilize adaptability, experience,
foresight, initiative and common sense while dealing with new situations or variants of previous
ones. These high-level tasks are where the humans excel but they are also constrained by
organizational considerations and regulatory demands. So, there is considerable scope for
machine assistance even in this domain, the main criterion being to assist the creative process,
not to hinder it.

Many of these tasks involve routine duties that may be described as clerical, e.g., auditing
resources, maintaining equipment status records, dispatching manpower and keeping their work
time and radiation dose records, etc., so that many business computer functions can be helpful.

For unusual or obscure events there are decision-making aids like decision trees and data base
searching that would be applicable. Probably the most attractive aid in determining prognosis,
and in testing an action option in advance, would be full-scope, faster-than-real-time simulation.

2 .4 Authority and Responsibility

It is very important to remember that all aspects of control are derived in human minds. The
designer has been given the authority, where appropriate, to exercise control with hard
automation through the machine (often this is incorrectly stated as the machine having
authority). The authority to exercise on-line judgements is clearly held by plant operations.



However, the middle ground occupied by soft automation requires unprecedented sharing of
authority and responsibility among designers, senior operations engineers and other experts.
They must blend the design and operating knowledge and the experience bases for computer
application of procedures.

Since control is synonymous with safety, human control and decision making can ultimately
decide the risk to the public, plant personnel and the investment. Therefore, assurance of error-
free control demands that all of these aspects be subjected to extensive review and qualification.

3 . ASPECTS OF CONTROL

We have started to re-evaluate the area of control to examine the implications of the new
opportunities and to determine how best to implement the changes. To do so, we have
proposed a model of the control process, looked at the concept of reactor states to reduce the
scale of the control range, and examined a decision-making sequence to assist in evaluating
aspects of the implementation of soft automation.

3.1 Model of Control Process

Our control model begins with a distinction between the plant as understood by the designers,
analysts and operators and the real plant, because of the idiosyncrasies of particular equipment
and layout, limitations of the engineering and science, and the errors and omissions of
engineering and construction. A distinction is made between the models of the Intellectual Plant
Set (as designed) and the Analyzed Plant Set (extensively analyzed by PSA, etc.). In both
cases, the term "set" is used to signify that the depiction of the plant could be thought to be a
number of state descriptions, each having a set of values for a number of variables (e.g.,
pressures, temperatures, flows, radiation levels, inventories), along with acceptable sets of
values for transition between states. However, because of analysis limitations or material
attributes or other reasons, a constrained set of allowed states and/or transition sets may be
imposed upon the operator from time to time. The warm-up and cool-down strategies in the
primary systems, put in place to limit differential thermal stresses, would be an example. The
permitted boundaries of operation set by safety analysis and approved by the regulatory body is
another. This can be shown schematically, as in Figure 2, and illustrates an important aspect
for control and management of the station. The plant must not be allowed to operate beyond the
boundaries of the known and understood plant, since all of the procedures, simulation and
automation are based on analysis having the same limits, restrictions and simplification.

HE INTELLECTUAL
LANT SE

FIGURE 2 REPRESENTATION OF THE "PLANTS"



The power station is a hybrid information organism formed by a "cross-breeding" of human ami
machine "species" and it is essential, in the design and operating processes, to recognize trails in
both the parent constituents. This has been emphasized by recent accidents involving a large
contribution from the human component at TMI-2, Chernobyl and Bhopal. Developing
reasonable models, which include the human and the machine in an integrated fashion wiih the
<asks, is seen as a necessary part of providing a suitable basis for the analysis of risk and
reliability 121.

The following notes are offered as a starting point for thinking about including both the machine
and the human as constituents of the information organism.

The basic model, see Figure 3, has linkages between the actual plant, human operator, design
models, control room procedures, and the broad geo-environment within which the facility and
operator perform. The geo-environment encompasses all the features of the open system within

GEOENVIRONMENT

0»TA FROM
MODELS

ACTUAt
PLANT

PROCEDURE

INFORMATIONH HUMAN

FIGURE 3 BASIC MODEL

which the facility exists or will exist. These features include political constituents, regulatory
persuasions, local economic conditions, international financial factors, labour and market
considerations. Information is distinguished as data gathered and arranged in forms which
permit decision processes to effectively operate. This definition is essentially independent of
whether we have a human in the decision loop or a fully automated plant.

This basic model then serves as a platform for examination of the issues related to information
management, the attributes of the components and their interrelationships. Primary and
secondary objectives can then be identified.

For example, Figure 4 is intended to trigger thinking about information, and, more specifically,
thinking about some of the problems in the presentation of information (e.g. too much, too
little, too soon, too late). Identification of a critical parameter set of significance to safety and
procedural decision becomes one objective. Another objective, and perhaps one of the most



important conclusions from the model, is to provide information in an appropriate context. In
the traditional design of a control room, major systems are consolidated on their own panel
sections, a single context. However, the 'new' technologies, with such features as powerful
and graphic CRT displays, now allow thinking about reconfigured control centres with
presentations in a large variety of arrangements and selection of information content for a large
number of contexts. The term context will be used in several circumstances but always with the
sense of weaving together items, features or data which connect or relate in some composition.
For example, in a reconfigured control centre at one instance all the data which relate to the
instrument air system can be pulled together and presented in a composition which readily
enables diagnosis of the health of this system. Thus context-sensitive presentations can include
compilations of data related to plant state, sets of data which are mutually related to a piece of
process equipment, sets of data which relate to a specific system, and a set of data of which the
members relate to each other because of convenience. The set of data representing critical
parameters is an example of the latter and some members of this set may be present on an
arbitrary basis.

n

IDENTIFIED STATES
E.G. critical paranrwtar

PO

ATTRIBUTES OF INFORMATION
E.G.

• too much can ba dysfunctional
• disorganisation = confusion
- inaccurata = possible arror
• oaod = good daclslons

INFORMATION IN APPROPRIATE CONTEXT
E.G. - to match the human 'cognltve process"

- functional, aymptomitic, geographic to
auit the operator's goala _ _ _

PO

FIGURE 4 ATTRIBUTES OF INFORMATION AND PRIMARY OBJECTIVES

The model can be extended to consider the spectrum of characteristics of people and socio-
economic pressures upon humans and leads to the rather obvious objective of reducing
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sensitivity to human factors. This in turn again emphasizes an objective about providing
information in an appropriate context. Minimizing human participation is another solution route
achieved by greater automation.

A question about where the boundary of automation is in this model leads to Figure 5 and the
conclusion that the boundary is within the human and is likely to remain so for some time. We
think this is an interesting perspective. Firstly, this highlights the roles of soft automation and
creative activity. And since there are very few direct linkages to the machine, such as hand
switches, we are talking about the interaction of the human with information. The interface is

HUMAN RESPONSIBILITY

GEOENVIRONMENT

PROCEDURAL

PREDEFINED

"SOFT" CONTROL

BOUNDARY OF AUTOMATION

JUDGMENTAL

NOT PREDEFINED

CREATIVE

FIGURE 5 THE AUTOMATION BOUNDARY IS IN THE HUMAN

not man-to-machine but rather man-to-information-about-the-machine that acquires different
characteristics. Secondly, with a boundary of automation within the human we now have to
think about those well-defined tasks for which we ask the human to behave as a robot (hard
automation) as against other roles having an expectation of use of skill and intelligence
creativity.

An objective for the design of CANDU* plants is "to reserve the human for higher-level
objectives". To achieve this, a short-term objective is to move all robot-like tasks from soft

CANDU - CANada £)euterium Uranium - registered in the U.S Patent and Trademark Office.



automation to hard automation. The longer term objective is to provide computer tools to
support the machine as an effective partner with the human in soft automation.

3.2 Control Simplification Using Plant States

For practical reasons, out of the very large set of operating possibilities, it is necessary to
establish a small number of operating regions where stable control is relatively uncomplicated
and will suit clearly defined and fairly frequent operations requirements. We call these stable
operating regions reactor states.

If the reactor states are determined by the energy or power produced, for example

• normal high power;
• reactor trip;
• shallow shutdown;
• deep shutdown;

the operating requirements of the various plant systems can be quite different between states.
Equipment and information requirements for operation will change so that the importance of an
individual signal may differ, and some equipment may be shutdown. The complexity of control
will also change, so the control strategy and requirements could be altered to match the state.

A plant state does not necessarily have a single set of parameter values or a single configuration
of the plant operating condition. There will be, however, a preferred set and configuration
against which the current conditions are compared. Deviations from the set can be identified as
special conditions of varying importance within the operating state, i.e., a condition within a
reactor state.

Defining the appropriate number of states and the associated conditions will need to be done in
close consultation with operations.

A good transition between plant states would be any acceptable pathway that 1) follows some
predetermined change of the operating parameters, 2) permits the initiation and change of
equipment status for the safe and proper operation of equipment, and 3) does not violate any
operating or regulatory rules or standards for normal operation. Since there may be a number of
perfectly good optional pathways for the operator, depending on the resources available, the
transition between states represents an envelope or zone of change.

Planned transitions may be either manually or automatically executed. It is expected that the
organization of the control tactics will be simplified and more readily understood if they
progress from state to state. Figure 6 illustrates the transition envelopes and some undesirable
trajectories.

However, for any real situation only one pathway can be used which is a plant operating
trajectory, because both the route and the rate of change along the pathway are important. Some
will be planned and operator initiated and controlled. Others will be unplanned plant upsets that
can be self limiting or diverging to unacceptable plant conditions.

If the trajectory is unplanned, then some kind of reaction is required to ensure that the plant
returns to a recognized acceptable condition. Because reaction times can be very short,
automatic action is generally called for. The current requirement of a CANDU plant is that, at
high power, an unplanned trajectory be intercepted by a reactor trip and that operator
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intervention not be required, but is permitted, during the first fifteen minutes. This gives the
operator time to determine the root cause of the trajectory.

FIGURE 6 REACTOR STATES, TRANSITIONS AND TRAJECTORIES

Because of regulatory and public concerns about operator reliability, these kinds of
requirements are growing, where operator action should not be required, or may not be
permitted, for some period after a plant upset or accident while the plant takes a predetermined
trajectory to a safe state and condition. This demands a high degree of automation in one
transition direction, and difficult questions arise about how much manual takeover of controls
should be permitted and how it should be done.

3.3 Decision-making for Control Purposes

To relieve the control room workload, it is desirable to add as much machine assistance as can
be safely and reliably provided. For soft automation, this machine assistance can be introduced
at various places in the information processing and control loop. Communication between the
human and the machine could occur at many places, so there will be new requirements on how
to quickly and efficiently brief the operator on the situation, provide data and information for
decision making and then transfer an action plan back to the machine for execution. Therefore,
we must examine the decision-making sequence to define sensible break and communication
points.

First it is necessary to evaluate how information is used for control decision-making [3, 4]. A
sequence can be deduced if the following questions are asked.

What is the current situation? Is it different than the desired condition?

How are the two different? Why the difference?

What do I do about it?
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Human operators have been used for deducing the basic sequence of activities or generic
functions used to process information and make control decisions, see Figure 7. However,
because they all deal with information processing, these basic activities appear to be
fundamental to machine or hard automatic control, manual control, the combination of machine
and manual control (soft automation) and some aspects of plant management.

TRACK

CURRENT
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COMPARE

FUNCTION
MEASURE PLANT
PARAMETERS
MONITOR EQUIPMENT
STATUS

COMPARE CURRENT
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ROOT
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THE CORRECTIVE
OPTIONS, CHOOSE ONE
FOR IMPLEMENTATION

FIGURE 7 GENERAL SEQUENCE OF STEPS

The basic sequence forms a framework that can provide strategies for combining manual
control, auto control and management functions to treat the full range of control questions from
single parameter control to the complete plant in a hierarchical manner. Figure 8 illustrates
where the necessary goals [5], data and knowledge bases must be provided, where possible
technologies could permit machine operations and how information flow paths can be organized
to attack a problem.
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FIGURE 8 ASSOCIATED TECHNOLOGIES AND INFORMATION BASES

PROBLEM AREAS

New technologies and concepts of control are seldom introduced without initial problems, so
some review of potential problem areas is appropriate.

Operating difficulties increase with plant complexity. Decision support systems must be a
simplifying factor to operations and not an additional complication. These systems must cater to
the human attributes and use techniques that are "user friendly" and "transparent", so that the
operator can assess the value of the support being offered.
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It is not readily obvious when to apply new information technologies, particularly in a closely
regulated, conservative industry. Without offering any solutions, the following issues are
offered for discussion:

• State-of-the-art information processing tools, such as Expert System shells, have to be
verified, validated and qualified before they can be considered for on-line service, even as
an advisor or aid,

• Qualitative reasoning, deriving probabilistic options for diagnosis or action, need to be
compared and tested against quantitative methods, and

• Once provided with computer-based advice from an Operator Aid, will the human abdicate
his control responsibility?

The advance of machine implementation of soft automation, even as an aid to the operator, must
be seen as an expansion of the plant information system, and more automation can be expected
to make the plants more prone to machine error. Therefore, robustness and reliability of the
tools supporting soft automation is as important as the reliability of the hard-automation control
computers.

In large, complex systems, where the combinations and permutations of data sets are enormous,
a large fraction of the possible combinations cannot rationally occur without some type of
misinformation being in the system, most likely by hardware failures. However, the irrational
sets resulting from problems with the information-gathering aivd processing system may
themselves have importance, since the failures may have been caused by damage in a region of
the plant associated with a major event. Thus, there may be advantages and a need for two
separate, parallel parts to the fault detection and analysis system:

• A foreground part, doing the job of monitoring the plant, assuming that the information
system is healthy; and

• A background part, dedicated to monitoring the health and operation of the information
system.

The man-to-information-about-the-machine interface is becoming increasingly important as well
as the man's-instruction-to-the-machine interface. As we move the boundary of soft automation
to include procedures in machine form, then operations skills in producing the procedures are
required for control design. The experience base and the needs of the operators are required
early in the design process and, as a consequence, procedure preparation will have to parallel
design if the best interfaces are to be produced to avoid future communications problems.
Simulation and mock-up appear to be imperative.

The key to soft automation rests partly with the implementation in the computers, but for the
largest part depends upon the quality of the written and tested operating procedures.

5 . CONCLUSIONS

The continued advancement of computer technologies offers new opportunities for machine
assistance to the operator at a time when human error is being increasingly recognized as a key
component in industrial accidents. These opportunities should be exploited as quickly as
prudence allows.

Design and operations must work together from the initial conceptual stages of the project to
produce effective operating procedures and control room displays. This will ensure the best
results from the combined human and machine control for soft automation.
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When applying computer technology in the control centic, it can be expected that:

• To relieve operator workload, the greatest benefit will come from computerized
organizational and administration tools.

• To assist the operator in dealing with information overload during plant upsets, the
greatest benefit will come from increased hard automation and predigestion of data into
context-sensitive information.

• To help the operator accurately implement complex procedures in a crisis situation, the
greatest benefit will come from increasing the machine component of soft automation.

Great care must be taken in the application of these new methods so that the safety of the plants
is actually improved and not impaired in some subtle manner. When transferring an activity
from the man to the machine, it should be clear that the probability of human error for that task
would have been significantly greater than machine failure or design error.
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ADDENDUM

The subject matter of this paper was discussed at considerable length by an Advisory Group
of the International Atomic Energy Agency on the Balance Between Automation and Human
Actions. Much of this work was adopted and formed the conceptual and philosophical
basis for their recommendations. This group had, however, difficulties with some of the
terminology.

The idea was difficult to accept by people working with English as a second language, that
the words "automatic" and "automation" could be applied to an activity that was done
routinely and rigidly by a human without any machine involvement. Since their vocabulary
was primarily used technically, "automatic" and "automation" had a narrow meaning that
machine control had replaced the human. They therefore adopted the following replacement
terms:

• hard manual for our soft automatic
and

• soft manual for our creative.

Some subtlety is lost in the original intent for the parallel meaning of hard automation when
a human operator is acting in a manner that could logically be performed by a machine. We
believe that there are still activities where humans are doing hard automation tasks. In the
IAEA terminology the implication is that all of these tasks have been assigned to machines.

The differences are likely to be unimportant in practice since the category of hard manual
will probably expand to capture the tasks done by humans in a purely reactive role.
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