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SUMMARY 

An international group of human factors specialists and engineers of elec
tricity suppliers set up a cooperative research project. The project consisted 
of a study in which information was elicited from electricity suppliers 
regarding their experiences in introducing new systems to support Human
Machine Interaction. 

The information was acquired by using a questionnaire which was structured 
according to the three phases representing the chronological introduction of 
new systems for Human-Machine Interaction. This study was related to the 
use of systems during refurbishment as well as in the design of new sys
tems. The processes of interest were electricity production and distribution. 

The countries (organizations) that participated were Norway (EFI) , Sweden 
(Vattenfall, in the beginning), Denmark (Elkraft), the United Kingdom 
(National Power), Belgium (Tractebel), France (EDF), Portugal (EDP), 
Italy (ENEL) and the Netherlands (KEMA). Each organization applied the 
questionnaire to one Human-Machine Interaction project within its country. 
This document presents the summary results. 
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INTRODUCTION 

The introduction of new technologies for operation of complex systems, 
especially new systems for Human-Machine Interaction (HMI), tends to 
change the position and role of man. Examples of new HMI systems in this 
context are computerized operating and maintenance procedures and oper
ator tools for monitoring, decision making and control. In order to obtain a 
better understanding of the use of advanced HMI systems, a study group 
was set up by the Coordination of Research Study Committee (CORECH) of 
the International Union of Producers and Distributors of Electrical Energy 
(UNIPEDE). 

The study group consisted of the following members: 
A. Ferreira da Costa from EDP, Portugal; EDP is the Portuguese 
electricity utility (production and distribution). 
M. Herbert and E. Marshall from National Power, United Kingdom. 
National Power is one of the two conventional electricity utilities. Both 
members have recently moved to SYNERGY, a consultancy specializ
ing in human factors studies. 
G. Heslinga and W. Oxenaar from KEMA, The Netherlands; KEMA is 
an independent institute performing research, engineering and 
consultancy on a project basis, mainly for the electricity utilities. 
R. Montmayeul from EDF, France; EDF is the French electricity utility 
(production and distribution), 
S. Miicke from Elkraft; Elkraft represents the producers and distribu
tors of utilities in the eastern part of Denmark. 
J.C. Naisse from Tractebel Energy Engineering (TEE), Belgium; TEE 
is the architect engineer for the Belgian Electrabel utilities. 
A. Scianna from ENEL, Italy; ENEL is the Italian electricity utility 
(production and distribution). 
P. SMa from EFI, Norway; EFI is an independent research institute 
conducting research on power systems and related areas, on a project 
basis, for power utilities/industry and government agencies. 

The group started in 1990, proposing a study with the objective to system
atically collect experience regarding the process of introduction of new HMI 
systems and their use. International cooperation was regarded as a key 
feature in this study as it could provide knowledge about differences 
between countries in the way they deal with the introduction of new HMI 
systems. Interest was also focused on the effective use of the system, 
especially workplace environment and aspects such as job design, organiz
ation and training. 

It took the group some time to reach a consensus to satisfy the objective, 
partly as a result of the large size of the group. As a first step towards this 
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objective a questionnaire was set up which is included in the UNIPEDE 
document [1]. The goal of the questionnaire was to elicit information 
regarding the process of introduction and the use of HMI systems. It 
considered the introduction methodologies adopted and the resulting effec
tiveness of the HMI systems with respect to operator and system perform
ance. 

The systems on which the study concentrated included completely new or 
refurbished systems both at power stations and transmission/distribution 
control centres. The questionnaire focused on individual case studies within 
each utility. The questionnaire sought information about the selected project 
regarding: 
a The social, organizational and technical background of the process and 

the purpose of the HMI enhancement, 
b The methodology adopted for the introduction of the HMI system 

related to company practices. 
c The result in terms of experience in the use of the HMI by operators, 

as well as the social, ergonomic, organizational, training and other 
human factors problems encountered or solved. 

The group worked enthusiastically in setting up the questionnaire and in 
carrying out the interviews. It met approximately four times a year, each 
meeting being attended by the majority or all of the participants. Despite the 
vagueness of the original objectives, the group was able rapidly to achieve a 
consensus on a goal (i.e. carrying out an inquiry, setting up the question
naire and doing the interviews) within a time frame that can be viewed as 
short, considering the large size of the group and the problems that exist in 
international cooperation. 

The group initially discussed the possibility of EC funding which was one of 
the implicit objectives for setting up the group. However, it was felt that 
three issues that were present at the time terminated this possibility: 

the setting up of an inquiry would take a short time compared with the 
time needed to apply for funding. 
the results of an inquiry might be regarded as confidential by some of 
the member countries, making the acquisition of funds more difficult, 
EC funding is usually intended for producing a product, sometimes in 
association with a vendor; the results of an inquiry were not seen as a 
fulfilment of suchan objective. 

Each member of the group was therefore fully supported by its own organ
ization to perform the research. 
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This report highlights the summary results of the inquiry. It presents the 
way in which HMI projects were handled and arrives at conclusions about 
problems that were identified. It does not discuss possible causes of the 
problems. This will be done in a later document that will contain detailed 
results of the inquiries. 

The report starts with a chapter providing summaries of the results related 
to each of the HMI projects. The chapter that follows discusses the results 
and draws some general conclusions from the results of the HMI inquiries. 
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SUMMARY RESULTS 

2.1 Introduction 

The questionnaire was divided into four sections, one general section and 
three sections which correspond to the three phases of introducing new 
systems for Human-Machine Interaction: (requirements) specification. 
design/development and operation. 

Four types of questionnaire items were used: 
yes/no (only one of the two possibilities could be chosen). 
open (the interviewee could supply information freely), 
scale (a five point bipolar linear scale was provided. which was marked 
by the interviewee to indicate his attitude to the statement), 
category (the interviewee was asked to indicate one or more items). 

Four categories of interviewees have been distinguished and it was indicated 
at each question to whom that question should be addressed: 
Design Manager 
User Manager 
Designer 
User 

The following sections contain the summary results of each project (One 
section per project). Each section is structured in the same manner: a 
subsection on requirements/design/development and a subsection on oper
ational experience. This is related to the structure of the introduction of 
HMI systems, as was assumed in setting up the inquiry. 
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2.2 HMI results of project A 

2.2.1 Background information 

The project was to build a new control centre for a large city distribution 
system. The maximum distribution system load is 1,900 MW, supplying 
8,000 GWh on a yearly basis. The centre controlled 55 substations, remote
ly operated 2,500 breakers, and processed approximately 20,000 manual 
and automatic updates of status indicators and alarms. 

The distribution control centre (commissioned in 1987) is located in the 
same room as the utilities' production and transmission control centre 
(commissioned in 1982). Both control centres are VDU-based, and it was 
required that the HMI of the distribution control centre was made compat
ible to that on the already established production and transmission control 
centre. The new distribution control centre centralized SCADA and control 
functions for the whole distribution system. The possibility to remotely 
operate the system was greatly expanded. The system had previously been 
run from three separate stations based on dial instruments and controls 
mounted on a wall-board displaying the network configuration. Communica
tion among the three centres was by public telephone. 

There was to be no change in staffing but, if needed, the operators would 
be given additional training to cope with the new system. The centre's main 
function is as a SCADA system, to provide information on the status of 
operations. In addition it was used for taking components in and out of 
service (maintenance etc.), and for analyzing and restoring the network in 
case of disturbances. The main reasons for undertaking the project were to 
centralize control, save manpower, get better information about system 
operation, and reduce outage times. 

A human factors specialist (architect) from the vendor was involved in 
control room and desk lay-out. The users took part in implementing the 
screen lay-out, thus greatly influencing the selection of colours, shape of 
icons, mode of interaction, sound of buzzers etc. 

2.2.2 The interviews 

Five persons were interviewed, one Design Manager, two User Managers 
and two Users. The interviews took from 2-6 hours, and the interviewees' 
experience ranged from 6-27 years. All interviewees had a positive attitude 
towards being questioned. The utility had just started planning their next 
control centre, so the interviewees seemed to have a personal interest in the 
topic and had an opinion about good and bad things in the existing system. 
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An open attitude between managers and operators contributed to the oper
ators speaking freely about negative experiences. The questions seemed 
sufficient to extract conclusions concerning the control centre and the 
process of its creation. 

2.2.3 Requirements, design & development 

The key requirements were to centralize distribution system operation; the 
HMI should be similar to the HMI of the production and transmission 
control centre, it should provide a good overview of the process, aid 
decision-making under disturbed operations, support off-line system simula
tions, and no staff should be forced to leave. 

The project was run by a project team consisting of a senior manager, plus� 
members from the different sections in the utility that relate to the distribu�
tion control centre. The users were involved from the start and through all� 
the project phases. A user representative participated in the project team,� 
and the users were involved in implementing the system diagrams on the� 
VDUs. The main ergonomic topics were control room lay-out and lighting,� 
selection of graphics (shape, colour etc.) for the mimic board and VDUs,� 
sound and volume of alarms, and operators' desk lay-out (position of� 

. keyboard, colours etc.). The operators were trained in how to use the new� 
distribution control centre and in the basics of system operations (mainly� 
theoretical) . 

Probably due to a close cooperation between vendor, managers, unions and 
operators in the project team, no large modifications were made, and no 
conflicts mentioned by the interviewees. Due to problems with implement
ing the power system state estimator, the simulator part of the distribution 
control centre was initially postponed, and later dropped. 

2.2.4 Operational experience 

The distribution control centre gave good support for normal operational 
tasks (observing system state, maintenance scheduling etc.), and for minor 
disturbances. For major disturbances the alarm filtering mechanism was not 
sufficient and information overload occurred. The system provided state 
information and the possibility to operate load breakers as a support for 
system rebuilding after a major shutdown. There was no backup if the 
distribution control centre broke down, but it was operated with a "hot" 
standby computer and a battery backup in case of power failure. There had 
been no failures so far. 
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The operators were trained in using the new HMI. They participated in 
implementing the screen lay-outs and mode of interaction, and the part of 
the system controlled from the distribution control centre was increased 
incrementally over a period of one year. In parallel, the operators were 
given basic education in system theory, because many of the "old" operators 
had "learned" only by experience and had no theoretical education. The 
requirement to use the same HMI as the production and transmission control 
centre was viewed satisfactorily and made it easy for operators to switch 
from one to the other if needed. 

Software maintenance (including regular updates) was done by a group in 
the utility recruited among the operations staff. Initially they worked on the 
standby computer (reducing system availability!), but this was viewed as 
reducing security too much, so they later installed a separate computer and 
VDU for this purpose, thus avoiding interference with the distribution 
control centre. The user functions did not change much from the three old 
control centres to the new distribution control centre, but the size and the 
complexity of the system controlled increased drastically. Also, the new 
system provided better aids for interaction under disturbances. Probably 
because of the heavy emphasis on user involvement, the system has not 
been modified since commissioning except for the heating and ventilation 
system. The lighting arrangement turned out to produce more heat than 
anticipated, which caused an unacceptably high temperature in the summer 
season. 

The operators were not fully satisfied with the existing system, but they felt 
they had got what they wanted within the constraints of what could be 
realized in the existing HMI. The main features they felt lacking were full 
graphics, execution speed of screen updates and applications, simulators, an 
alarm filtering function, and analysis programmes to aid strategic operation 
planning. But these expectations were primarily tied to the next generation 
HMI, which they had just started working with. 
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2.3 HMI results of project B 

2.3.1 Background infonnation 

The focus of this project was to move the national control centre, system 
operation, from its location near a transfonner station to a recently con
structed building attached to the head office. The goal was economic 
optimization of power as well as heat generation, taking into consideration 
the safety of supply in a power system with a maximum load of 2,600 MW 
and a capacity of 4,000 MW and a heat system with a maximum load of 
approximately 2,500 MJ/s. 

The management wanted to purchase standard products whenever possible. 
The users had considerable influence in the specification phase. The oper
ations manager was responsible for the HMI being satisfactory. Once the 
specification phase was over, the project manager had to ·refer directly to 
the managing director (not to the system operation department). If standard 
products were not available, the system would be developed by in-house 
staff and maintained by the control centre's own staff. Participation of HF 
specialists was not required because such expertise had not been applied 
previously. 

The control room has a total staff of eight engineers working in shifts. In 
the office hours during week-days two engineers are on duty and in the re
maining time only one engineer. A home watch duty has been established 
with three planning engineers and an operations manager, who can be called 
in 24 hours a day. The control room is in principle designed for use in all 
operational situations. Primary purpose is the normal operational situation. 
Back-up is performed by returning to the old method based on actual data. 

The new control centre would have full graphic presentation of all data 
collected from all stand-alone systems through one HMI with access to 
general purpose systems. A new control room was necessary in order to 
unite the system operation planning and the daily operation in the new 
control centre. In this way a new HMI could be introduced by presenting 
data in a graphic form. A new design was required in order to be able to 
operate/use the new possibilities as a first step towards a paperless control 
room. 

2.3.2 The interviews 

Five people were interviewed (one Design Manager, one User Manager, 
one Designer, two Users). The duration of the interview for these four 
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groups was respectively: 1.30, 2.30, 2.00 and 1.45-2.00 hours. The 
experience was respectively: 15, 24, 12 and 6-29 years. 

There was a good cooperation from interviewees. All interviewees had some 
problems understanding and answering the questions. Some questions were 
too simple and some too difficult, resulting in answers that were· too simple 
and did not give sufficient details. There was ample time to fill in the ques
tionnaires. It was difficult to bring about an understanding of the three 
phases on the part of the interviewees. 

2.3.3 Requirements, design & development 

The key requirements were:� 
- Introduce a higher degree of automation.� 
- Reduce manual work and thereby save resources.� 
- Test new HMI design before buying new SCADA system.� 
- Acquire a standard HMI system.� 

Human factors were considered important for the whole project (new 
control centre) but no analyses were performed. The project organization 
was established with very experienced specialists from the computer depart
ment and one employee representing the end-users, who had previously 
worked as an operator and planner. 

The group's knowledge was collected from studies of other similar projects, 
information given by suppliers and studies of literature, but no analyses 
were performed before the project started. 

In the specification phase the communication between the project organiza
tion and the end-users was fine, and this induced the end-users to forward 
some very relevant HF demands. There was no request to involve HF spe
cialists. Subsequently, the communication between the users and the project 
diminished. The stipulated status meetings were not held. 

Considerations of ergonomic aspects primarily dealt with all other matters in 
the comprehensive project. There were considerations of involving HMI. 
Plans regarding forthcoming retirement of certain members of the staff were 
abandoned. 

A planned training programme had been included in the time schedule for 
introduction and training on the job. No courses had been planned for the 
maintenance staff. Owing to limitations on the part of the supplier modifica
tions were made in the development phase which were not communicated to 
the users. 
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2.3.4 Operational experience 

The chosen standard solution turned out less flexible than specified by the 
end-users. This information was not available in the design phase, and the 
result was therefore judged by the users during operation as being poor, 
since this unavailability of information overshadowed everything else. 

Subsequent training - and thereby understanding of the system - helped to 
tone down this criticism. The training was not given until after the project 
had been handed over to the users. In the handing-over phase both end-users 
and maintenance staff were complaining about missing data, erroneous data 
and - not least - problems with operating the system. 

The system has subsequently resulted in improved and faster access to gra
phic presentation with purpose system applications. This, together with the 
training, has ensured a better work situation so that more time can be 
devoted to strategic considerations than previously. 

The new system was evaluated by the users and the management. From this 
evaluation it appeared that it was necessary to change a number of things, 
e.g. response times and colours of the individual displays/diagrams. In addi
tion, intensive training of both maintenance and system operation staff was 
carried through. It also appeared that a few criticizable aspects, such as the 
lack of free choice of scale and time graduation, cannot be remedied since 
standard products have been purchased. The system now complies with the 
majority of the originally stipuLated and modified specifications. Improv
ements are still being made. 
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2.4 8MI results of project C 

2.4.1 Background information 

The plant is a gas-fired station consisting of three units for electricity 
production (200 MW electrical) and heat production and distribution for 
district heating (400 MW thermal). At the start of the project there were 
two existing combined cycle units and a new combined cycle unit had to be 
added. The goal of the project was to make a control room in which control 
of the electricity and heat production of the three units as well as control of 
heat distribution were integrated. There was a need for a new control room 
for the new unit and this opened the possibility to make a combined control 
room for the three units (the new one with the two existing ones), including 
a control desk for heat distribution. 

The corporate policy was to automate as much as possible, to reduce 
personnel, increase efficiency for the three units and to apply modem 
technologies for that. It was a turn-key project. Management had no explicit 
policy about HMI knowledge although they were aware of the importance of 
the subject. 

The tasks of the operators are to monitor the process for electricity and heat 
production, to control the quantity of electricity and heat production, to 
control heat distribution. to initiate starts and stops of the units, to monitor 
alarms and to manage disturbances. The control room has a control desk for 
each unit and a control desk for heat distribution. 

The project team was multidisciplinary and consisted of the Design Man
ager, production personnel (these were not the real end users), people from 
the vendor, a process engineer and an external human factors specialist 
(part-time). No specific method was followed for setting up the require
ments and the detailed design specification. There was no real user involve
ment: only production personnel with much operator experience who were 
supposed to consult the end-users. 

2.4.2 The interviews 

Eleven people were interviewed (one Design Manager, two User Managers, 
three Designers, five Users). The duration of the interview for these four 
groups was respectively: 3.30, 3.30, 1.45-2.00 and 2-3.30 hours. The 
experience was respectively: 22, 2, 4-7 and 3-20 years. 

Interview cooperation was very good. The three phases were very often 
mixed by the interviewees; especially the answers to the scaled questions 
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were mixed for the different phases. The interviewees had enough time 
available to do the interview. 

2.4.3 Requirements, design & development 

The key requirements were to minimize personnel, to introduce a high level 
of automation, and to realize that the HMI system was useable for all tasks. 
All operational modes were implicitly considered during the design. Not 
much was done to facilitate introduction (a very simple mock-up and a 
simple simulator were made). Operators had visited a YOU-operated plant 
to give them an impression of the technology to come. No training of end 
users was applied. 

The human factors aspects that were taken into account during the require
ments and development phases were job design (e.g. responsibility) and 
physical ergonomics. The display development was done in"house by an HF 
consultant and commissioning was partly done on conventional desks. 

During the development phase there were conflicts with the vendor about 
keyboard design, the use of track balls, the presentation aspects of YDUs 
and the realization of computer redundancy. Some conflicts occurred with 
the time schedule since some items were incomplete when delivered by the 
vendor and some were completed too soon. During development some 
modifications were applied. 

2.4.4 Operational experience 

Although the HMI was intended to support all operational modes, in 
practice it provided only a good support for normal operation, start
up/shutdown and optimization. During disturbances the system does not 
always function well due to limited computer capacity and long rebooting 
times. The response time is sometimes too long, not all functions are usable 
yet and the operators use the conventional desks that are still available for 
each of the three units, in particular during emergencies, although they were 
only intended for use during the commissioning phase. For simple actions 
sometimes too many actions are needed (such as for starting a pump). 

Due to the high level of automation there is not much work left for the 
operator, the remaining tasks have become less interesting and their control 
experience has decreased. Their alertness and their work satisfaction have 
decreased and workload during emergencies has increased due to sy'stem 
and organizational shortcomings. It is felt that a proper match between tasks 
and responsibilities is lacking; the operators feel responsible without having 
the right equipment. The HMI is not completed yet and there are many rest 
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points that need to be solved. The process was well known by the operators 
but it took the operators about six months to get familiar with the new HMI. 
Now there is some organized training. 

On average, process performance (efficiency) is similar to what it was 
before with less personnel, which satisfies the main HMI project goal. The 
start-up is done more smoothly but it is slower for the two older units than 
before. The automation easily holds and sometimes trips on less reliable 
limit switches present at the older units, leading to a lower availability at 
these units. In the previous, less-automated situation the operators were 
sometimes able to prevent trips, such as in the case of the automatic start
up. It is expected that this situation will become worse with the ageing of 
the process. 

No structural evaluation has been done after using the HMI. After the new 
HMI started to be used, modifications were made to displays and these are 
still taking place. The operators would like to have a better overview, a 
separate alarm screen, faster operation and some operators would like to be 
able to choose the level of automation in accordance with the actual process 
conditions. Some operators felt that more tasks should be given to the 
operators, automation should have a more advisory role and more decision 
points in the sequence of automatic control actions should be added. 
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2.5 HMI results of project D 

2.5.1 Background infonnation 

The analyzed plant is a combined-cycle plant composed of a steam turbine 
originally commissioned in the fifties as part of a coal-fired power unit and 
reutilized in the seventies in association with a gas turbine and a heat 
recovery steam generator. 

Instrumentation and control systems and HMI systems implemented in the 
seventies relied on old technology. The plant was and is still intended for 
production of peak consumption of the nearby town. This necessitates high 
reliability on the starting demand and fast starting features. These require
ments together with the aim of reducing the operational manpower needed 
could no longer be reached with existing systems. Those systems provided 
only a low automatization grade and no incidental/emergency operational 
support. 

The decision was taken to refurbish these systems entirely in order to 
provide more general automation features and user-friendly HMI. All oper
ational modes had to be considered and the decision was taken not to imple
ment a backup system. 

2.5.2 The interviews 

Seven persons were interviewed (two User Managers, one Design Manager, 
two Designers, two Users). The duration of the interviews ranged from four 
hours to one hour. Interviews occurred in two phases: the first phase took 
place at the end of 1992, while the second phase was in mid 1993. Time 
that users could spend on the interview was reduced to one hour. As the 
control room was moved to another location between the two interview 
phases, interpreting users' answers was sometimes difficult. 

Very good co-operation of the interviewees was observed; some questions 
were found too general and the distinctions made between the three phases 
were confusing for interviewees. 

2.5.3 Requirements, design & development 

A major requirement was to improve the reliability of the plant for starting 
demands. This was achieved by relying on implementing a highly automated 
instrumentation and control system in parallel with switching the role of the 
operator from "sequencer" of various manual actions to "supervisor" of 
overall automated control sequences. Another concern was also to imple
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ment in the system the guidance needed for operators in case of an emerg
ency situation. 

The design team included no HF specialists but feedback of experience from 
other in-house projects was taken into account. It must be noticed that HMI 
design occurred in parallel with the instrumentation and control design and 
that this was done by the same team. Users (both operators and maintenance 
people) were involved in all stages of the project. 

The 20 years of operational experience which the users had gained with the 
process could be incorporated fully into the requirements and design phases 
of the project. Users' involvement made it possible to reduce the training to 
a very short period (training occurred on the spot). This way of tackling the 
project also resulted in the fact that no conflict arose about the implemented 
functionalities. Environmental conditions in the control room were also 
improved. 

During development only hardware modifications to the system occurred in 
order to succeed in matching the required response time as specified at the 
beginning of the project. 

2.5.4 Operational experience 

It is felt that the system is a valuable tool for the operator in normal 
operation of the plant, but it is especially during start-up, shutdown, 
incidental and emergency situations that the system fully demonstrates its 
effectiveness towards improvement of operator performance. 

HMI evaluation occurred in an informal way along with the commissioning 
and during the first operational months of the system. Hardware modifica
tions were again needed in order to improve response times. Functional 
modifications related to alarm grouping and filtering have been identified 
and are still to be implemented. 

The users continued to be involved in the commissioning phase of the 
project and this resulted in very easy familiarization with the new HMI 
system and promoted acceptance of the system. Integration of the new HMI 
system within the associated instrumentation and control systems was 
straightforward: this was normal since the two systems were designed in 
parallel. No specific maintenance problems were identified. 
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2.6 HMI results of project E 

2.6.1 Background information 

This system is a knowledge-based operator aid prototype for disturbance 
analysis and maintenance preparation of power sources. It was implemented 
on a production unit for evaluation purposes. There is a corporate policy to 
test the use of new information technology techniques for operator aids. 

The reasons for this project were mainly to test the use of artificial intelli
gence techniques in plant operations. The goal was to help operators during 
normal and incident situations, and also to demonstrate the feasibility of a 
system based on artificial intelligence techniques. 

The tasks of the operators are to start up and shut down the plant, monitor 
electricity production with the control-room instrumentation and manage 
disturbances. The operational modes supported by the system were normal 
operation, disturbed conditions and maintenance. The only additional tasks 
or functions generated by the system concerned the maintenance of the 
system and the updating of the data and knowledge bases. 

2.6.2 The interviews 

Two persons of about 15 years experience each were interviewed, including 
as "designer" the group leader who piloted the project (specialist in expert 
systems, he had developed another system already) and as "users' represen
tative" an engineer ergonomist (with experience in man-machine dialogue 
and software ergonomics) who evaluated the system use after its implemen
tation at the plant. The interviews lasted for 3 hours. The interviewees were 
very cooperative and answered in great detail. 

2.6.3 Requirements, design & development 

The key requirements of the project were to demonstrate the feasibility of 
the system, its performance and the quality of the information provided. 
The system requirements were set up by a working group including the 
company group of designers and engineers from the plant. No requirement 
on the use of human factors expertise was made. The most severe constraint 
was that the system had to be implemented before the lO-year maintenance 
outage. 

The design team consisted of experienced engineers. Most of the work was� 
. in-house development. Engineers from the plant were involved through a� 

constant and useful exchange of information with the design team. In� 
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addition, formal meetings with plant engineers took place every two or three 
months. Plant operators had information on the project and training 
sessions. 

Human factors aspects were taken into account by the designers but there 
was no work analysis prior to the project. The ergonomist was supposed to 
have the expertise on human factors and human machine dialogues. 

The specifications took into account the fact that the system would be used 
occasionally and by various types of plant personnel. Various human factors 
aspects on dialogues, information display and VDU location were con
sidered when the issue was raised in a pragmatic way. A specific training 
programme was planned for system computer operations, functional aspects 
and the updating and management of data. 

During the development technical modifications were made {In the computer 
power, human-machine dialogues, service functions and information 
display. Additional needs were satisfied only when compatible with the time 
constraints. Software modifications were very limited after plant implemen
tation. 

2.6.4 Operational experience 

The system operated well, but the real operator tasks were poorly supported 
for various reasons. Firstly, the system did not provide a proper integration 
of its functions with operator tasks. This was partly due to the lack of a 
proper work analysis before the specification of the system and partly 
because the system was added to an existing control room where operators 
had already developed work habits. 

Secondly, its status as a prototype made it difficult to integrate the informa
tion provided by the system with other information sourceS and also to 
integrate its use and maintenance in the existing work organization. Hence, 
difficulties to maintain data and the lack of qualification of the system led to 
a problem of credibility that contributed to make its use less than fully 
effective. 

A specific trammg programme validated by the users' management was 
carried out; it included basics on expert systems, power sources, use and 
maintenance of the system. Training was done on another computer through 
the use of simulation functions. The scheduling of the training was difficult 
due to time constraints imposed by shift work. The familiarization time with 
the system was about three or four days. 
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A formal evaluation was carried out by two ergonomists. The technical and 
organizational aspects were evaluated separately. The ergonomic evaluation 
did not show any difficulties with usability. However, a thorough work 
analysis before the requirement phase could have helped to identify the real 
operator needs and actual work conditions (task chaining, sources of 
information, etc.) and then specify more task-oriented supporting functions. 
This was not done due to the status of the prototype. 
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2.7 HMI results of project F 

2.7. 1 Background information 

The attention in this project was focused on a control room of a combined
cycle plant with a totally computerized Man-Machine Interface (MMI). The 
plant is composed of two Units of 320 MW each. Each Unit is composed of 
two gas turbines and a steam turbine that exploits the waste heat of the gas 
turbine. The new HMI was previously studied by external consultants. The 
standards they had to consider were internal standards, the EEC standards 
and the NATO Human Factor Standards. 

2.7.2 The interviews 

Eight people involved in this HMI project have been interviewed: two 
Design Managers, one Designer, two User Managers and three Users. The 
users pretended to answer together because of an evaluation scare, and it 
was not so easy to obtain detailed information from them. The duration per 
interviewee was about one hour and a half for the users and "two hours and 
a half for all others. 

The experience of the interviewees was about twenty years for the Design 
Managers, the User Managers and one User, and about ten years for the 
Designer and the other two Users. The Design Managers are project 
leaders, the Designer is a senior engineer, the User Managers are the plant 
director and the plant operation director, while the users are two operators 
and an operator chief. 

Once an appointment had been made there were no time/work constraints to 
realize the interviews. The questionnaire was considered too long by the 
interviewees and some open questions were considered vague and 
unfounded. The main advantages that the managers think they will obtain 
are greater safety, better plant productivity and personnel reduction. 

2.7.3 Requirements, design & development 

The users were involved, being tested on the simulator and observing their 
performances in a first project stage and then studying their plant operation 
feedback for any eventual tuning. The mock-up was useful either to test the 
technical solutions adopted or to study and then realize a good MMI 
considering all possible human factors involved in any type of operation. A 
set of visual pages was designed which allow the main tasks to be carried 
out, such as load modification and connection/disconnection of gas turbines, 
according to a set of criteria previously defmed. 
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Expert staff verified whether the operator himself was in a pOSItiOn to 
control the plant without losing sight of the part of the plant under consider
ation and to request all information connected with this part, if required, 
from surrounding pages. 

Each unit has a control room with an operator and an operator chief. ft is 
scheduled to have three shifts (eight hours per shift) per day. The personnel 
has been trained at a company school. A member of personnel worked in 
some other plant with a mixed traditional and new HMI control room. 

During the project stage a training programme was studied and it was 
observed that the learning scheduling times were very acceptable. The 
displays were organized in a hierarchical multilayer tree which appeared to 
be easy in use as revealed by studies from HF specialists. 

The control room consists of two keyboards, three VDUs and a little 
traditional desk for the critical alarm situations. The desk was introduced in 
a second stage after carrying out some tests in which users expressed a 
desire for such a desk. All operational modes were tested and it was 
observed that during some particularly critical situation the operator was not 
able to obtain the same performances as obtained with the use of the tradi
tional desk. At the beginning of the project a field operator per unit had 
been scheduled; now there is a conflict to decide if all operations performed 
by this operator could be managed by remote control, while maintaining 
safe plant operation. 

2.7.4 Operational experience 

The main target was to realize a control room that could be controlled by a 
single operator who could achieve better plant operation, improving plant 
performance. The MMI was tested in all operational modes and the users 
were able to operate the plant, even if they, especially at the beginning, felt 
the possibility of losing the knowledge of the exact operation working point. 
In some particular condition the information seems to be too summarized 
and the users have to swap too much to reach the details. 
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2.8 HMI results of project G 

2.8.1 Background information 

The project involved the central control room of a new 4 x 300 MW coal
fired power station. Corporate policy requires a high automation level and 
the use of new HMI technologies, with the general objective of having more 
on-line information and better response times, leading to better operation 
and management of the unit. No use of HF specialists was considered and 
international standards were followed in the project. 

The control room is common to two units and general services of the 
Station. The main desk has six VDUs and two keyboards for each unit and 
one VDU and two keyboards for general services. Conventional pushbuttons 
for functional groups were implemented. The secondary desk with mimics 
includes pushbuttons for 60% individual drives. A vertical panel with 
mimics, conventional recorders, alarms and indicators was also considered. 

The staffing consists of one control room operator per U11it. One shift 
supervisor for two units assists in start-up, shut-down and disturbed condi
tions. Three field operators are included in each shift. The station operates 
with three shifts, 24 hours a day. 

2.8.2 The interviews 

Seven interviewees were considered - one User Manager, one Design Man
ager, two Designers and four Users. The interviews took between 2 and 2V2 
hours, and the interviewees' experience ranged from 3-20 years. 

The interviewees showed good cooperation during questioning and were 
interested in participating in the study. Difficulties in understanding some 
questions and/or concepts were reported, as well as some difficulty in 
differentiating between the project phases or recognizing which phase the 
questioning referred to. No impact on the operating role was reported 
during the interview. 

2.8.3 Requirements, design & development 

The key requirements of the project were ease of operation, more on-line 
information with a clear definition of information presentation and hierarchi
cal structure, better response times, user friendliness, safety and easier 
handling. No risk analysis techniques, failure mode, human reliability 
analyses or task analyses were used. 
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For HMI System integration, two engineers from the Operation Division 
participated in the project. Consequences of HF aspects were discussed in 
this phase but there was no consensus in opinions about the extent to which 
they were finally taken into account. 

A user training programme was specified, including courses in the vendor 
training centre, specific on-site courses and on-the-job training for operation 
staff during commissioning. Introduction of the new system was facilitated 
by these courses. 

During design, the only difficulties were related to the time schedule but the 
initial planning was kept, with a 15% budget increase. During development 
additional requirements were set up concerning user features, without 
modifications of the tasks and without alterations to the initial design. 

2.8.4 Operational experience 

The HMI is considered well integrated. Support during nonnal and start-up 
operation is considered good, but in disturbed and emergency operation it is 
considered moderate and requiring improvement. The quantity of infonna
tion is sometimes considered too high in the disturbed and emergency 
operation. It is jUdged that these questions are not related to the system 
introduced and to the tasks involved but are related to the vendor's hard
ware characteristics. 

A training programme was provided, including basic and advanced process 
knowledge and plant infonnation, with the use of a simulator and function
training. Users participated in setting the programme, the timing was 
appropriate, suiting the needs. Operators took 1-3 months to become 
familiar with the new HMI. 

User perfonnance is considered to be positively influenced, as well as 
process perfonnance. System functions to be added include passwords 
restricting access, aids and procedures to optimize the existing tasks and 
functions. Work for users was reported to have changed due to ease of 
operation, reduced operation action and better access to infonnation. 
Working conditions changed since the introduction of the new HMI, and 
were considered by all to be better with reference to operation, importance 
of work, work satisfaction and ease of use of HMI. 

The new HMI system was evaluated by users and management. It complies 
with the original demands set up in the requirement analysis but needs 
improvement in alarm handling. HF aspects were not the cause of the 
modifications carried out after installation. From the evaluation made the 
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HMI project introduced an increase in available information, resulting in 
better operation and management of the unit. 

Lastly. a reduction in staffing was achieved, with redistribution of personnel 
between the main control room and plant. 
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2.9 OMI results of project H 

2.9.1 Background infonnation 

The plant is a coal-fired power station comprising 4 X 500 MW generating 
units. The existing control room was completely refurbished with touch
screen computerized HMIs in 1987-90. 

Corporate policy was to automate as much as possible, to improve effi
ciency and reduce staff numbers. HF specialists were used very occasional
ly, e.g. a university department in this case. No-one is currently responsible 
for keeping the HMI knowledge up-to-date. 

The prime objective was to replace obsolescent interface and control 
equipment, and to support "two-shifting" operation, i.e. each unit will 
typically start and shut down twice a day (weekdays) to .meet fluctuating 
grid demands. Each unit averages 600 starts per annum. 

The task of the operator is to monitor the control room instrumentation, to 
initiate control actions and manage any disturbances. The assistant operator 
carries out back panel operations, particularly during unit start-up and shut
down, and local-to-plant operations. 

The operational modes supported by the new HMI are start-up, shutdown, 
disturbed or emergency operation and optimization. There are no new 
operational tasks involved. The number of sequence controls, e.g. for valve 
manipulation, has been greatly increased. For backup to the new HMI, the 
pre-existing conventional back panel has been retained. 

2.9.2 The interviews 

Twelve staff members were interviewed (two Design Managers, three 
Designers, two User Managers and five Users) and their plant experience 
ranged between 11 and 25 years. The duration of the interviews ranged 
from 50 - 100 minutes, and time restrictions due to work demands did not 
appear to reduce the quality of infonnation obtained. Interviewee cooper
ation was very good, the operators being particularly pleased to be asked 
their views. The interviewees found the subtle differences between some 
questions difficult, particularly 2.9, 3.7 and 4.24, where similar questions 
referred to different phases of the project. 
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2.9.3 Requirements, design & development 

The key requirements were to increase the speed of response to system 
requirements and to achieve more efficient two-shifting operation, with the 
eventual goal of one-man unit control. 

The design team included engineers supported by in-house and University 
HF specialists. There was regular liaison with industrial staff (potential 
users). A prototype mock-up of the interface, made available prior to 
implementation, was used as a basis for design evolution. 

Liaison with users was established after the decision had been taken to use 
touch-screens. They appreciated involvement in the design process but felt 
that their views were often ignored. 

A task analysis was carried out to investigate the demands of two-shifting 
operation. The application of touch-screens was favoured from the start. In 
order to maintain the user knowledge-base and minimize training, the design 
assumed operator experience, utilized standard colours and symbols together 
with displays which emulated the original hard-wired implementation. A 
training programme was specified by the design team. 

Principal conflicts were between engineering feasibility and operational 
requirements. An important issue was the handling of emergencies. A hard
wired conventional desk incorporating essential emergency functions was 
incorporated at the suggestion of the operators. Some modifications were 
made to the initial design because of foreseen usability problems with 
accessing plant data, and due to slow display build times. Some touch
screen functions were replaced by dedicated function keys to enhance 
hierarchical data access. 

2.9.4 Operational experience 

The new HMI provides effective support for normal operation. The 
improved availability of information saves time and, in particular, data on 
the progress of sequence operation enhances plant monitoring. More 
specifically, load control is much more effective and this is now an import
ant commercial feature. The response time of the system is too slow for 
handling emergencies. As the emergency panel was designed for fast 
shutdown only, it was not useful for manipulating the plant during disturbed 
conditions. The majority of users admitted using the back panels instead of 
the new HMI during most fault and some routine situations. It was con
cluded that the new screen-based alarm system was inferior to the existing 
facias due to the cumbersome hierarchical touch-screen dialogues. The pre
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existing hard-wired facia alanns have since been refurbished, which has 
further enhanced their usability. 

Operator performance has improved considerably: they can operate faster, 
with less physical movement, and the task involves much more central desk 
operation. The principal advantage is due to enhanced information plus the 
installation of automatic sequencers. 

In terms of process performance, the new HMI has led to improved thermal 
efficiency and to a dramatic improvement in load/frequency control and 
regulation. 

It was felt that the HMI could be improved by further automation and by 
the installation of a plant overview display, this important function being 
currently provided by the back panel. Users would also prefer more ana
logue trends instead of digital values. 

The HMI mock-up which had two active workstations was used successfully 
for initial basic training. Operators required 1-2 months to achieve 
familiarization with the new HMI. 

The new HMI was well integrated with good task support. However, 
documentation was not user-friendly and, therefore, little used. The touch 
screens readily became de-calibrated, resulting in operational problems 
when rapid response was required. Redundant touch-screen workstations 
meant that HMI maintenance need not interfere with plant operation. 

Operators felt that generally there was an improvement in working condi
tions, although continuous viewing of VDUs could be unpleasant. Glare 
from control room lighting was reflected in touch screens. The workload 
reduced after training and familiarization. 
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DISCUSSION AND CONCLUSIONS 

The intention was that responses should systematically reveal Human 
Factors (HF) problems in applying new systems for Human-Machine 
Interaction (HMI) and permit identification of those key human factors 
issues that must be addressed in any project where new HMI systems are 
introduced. International collaboration was regarded as a key feature in the 
study, as it should provide knowledge about differences and similarities in 
countries in the way in which they deal with the introduction of new HMI 
systems. 

This chapter will start with a discussion on the experiences in using the 
questionnaire. Since the inquiry was particularly focused on problems that 
occurred in introducing HMI systems, either during refurbishment or during 
the development of a new plant, a discussion of these problems follows. 
The interest will particularly be directed to differences/similarities in 
problems that occurred in the HMI projects in the different countries. An 
attempt will be made to identify causes of the problems. The chapter closes 
with the drawing of some conclusions. 

3. 1 The inquiry 

Nearly all participants reported that cooperation during the interview was 
good. The impression was that in most interviews the time restrictions due 
to work demands did not reduce the quality of the answers given. In a 
number of cases it appeared that interviewees had difficulties in understand
ing questions. For some of the projects, interviewees gave answers although 
they were not totally familiar with the situation. This was particularly the 
case for the scaled questions. 

An important aspect was that the interviewees sometimes had difficulties in 
differentiating among the three project phases: requirements, 
design/development and operation. They usually answered questions relating 
to all phases on the basis of their current operational experience. Con
clusions can therefore not be based on the inquiry responses for the three 
project phases, but merely on the three phases taken together, with a bias 
towards the operational experience phase. 

3.2 General problems identified 

A number of inquiries reported that the HMI system was good for normal 
operation but unsatisfactory for handling emergencies. The causes were 
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system shortcomings (in particular, too long computer response times), 
previously developed work habits or information overload. Excessive 
computer response times were reported in projects C, D and H (C also 
mentioned low computer reliability in combination with this). Projects A 
and D reported that for major disturbances the alarm filtering mechanism 
was inadequate, leading to information overload. 

It was found generally that introducing a new HMI in an existing situation 
where both the old and the new system are available leads to a situation 
where the old system continues to be used. This occurs particularly in 
incident situations where, partly because of time pressure, operators tend to 
return to well-known information sources. This happened in the HMI 
projects C, E and H. In a project in which first a totally VDU-based control 
room was considered (project F), a conventional desk was introduced later 
on since users required this. 

It is observed that the use of VDUs on the one hand, and conventional 
desks on the other hand, may lead to entirely different mental models with 
the operator. In case of a conventional panel the operator knows where to 
find specific information and knows where the devices are geographically 
located since it is organized functionally according to the process; the 
information is organized in a parallel way. In VDU displays the information 
is currently mostly presented in relation to certain systems, the so-called 
system-based displays. In using such displays the operator has to know the 
display organization - which is usually hierarchical at the moment - in order 
to find a relevant information source or the location of particular control; 
the information is organized in a serial way. The display organization and 
the new mental model that has to be developed to use the displays may be 
the reason that, in a number of HMI projects (C, E and G), operators 
reported having problems in accessing information during non-routine 
situations (such as incidents and start-ups). 

From most HMI projects it was considered that a more thorough work/task 
analysis might have helped to identify the real operator needs and enable 
improved specification of the more task-oriented supporting information (B, 
C, E and H). In particular, it could well lead to the explicit identification of 
needs in non-routine situations. The establishment of so-called task-oriented 
VDU displays, in which a display is dedicated to a certain task (such as 
shutdown) instead of the currently-used system-based displays, could be a 
valuable alternative. Such displays were already used in projects E and F (in 
the latter project the operators explicitly asked for them). The use of task
oriented displays in addition to the current displays could facilitate the 
operators' work significantly, in particular in non-routine situations. 
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It was generally felt that the installation of a plant overview panel or a large 
screen display would improve the HMI. Usually such a function is provided 
by the back panel, but it can also be VDU-based. A desire for overview 
information was expressed by interviewees for projects A, C, F and H. In 
project C it was reported that the conventional desk was used because of its 
overview. In project H there was an explicit desire for a VDU type over
view picture as the top level in the hierarchy of the VDU displays was 
missing. 

In nearly all projects it appeared that a reduction of staff (control room 
personnel and field operators) was achieved. This was usually the reason for 
carrying out most HMI projects, from which a need for increased automa
tion, the use of advanced technologies and the need to renew interfaces 
consequently followed (these aspects are coupled, e.g. the use of VDUs 
demands more automation since you cannot use the VDU displays quickly 
like a conventional desk in most cases). This led to the operators becoming 
supervisors outside of the control loop instead of controllers inside the loop 
which seems to be a trend in most of the current systems. The implications 
that this had on operator performance were reported differently. In projects 
G and H an increased user performance was reported, but the opposite was 
reported in project C. It is noted that user performance should be regarded 
here as user performance as perceived by the operators during the inter
views since real measurements of performance did not take place; accept
ance of the system and user satisfaction might have played a role in this. 

In project C, automation was considered by the operators to be so excessive 
that they expressed the desire to break the automatic sequence down into 
smaller parts separated by holds, leaving the decision to continue to the 
operator. This might be satisfied by providing the operator with more 
information about the progress of sequences, and that breaking of the 
sequences should be limited to crucial points. Flexibility enabling the 
operator to set the mode of automation is an important option. Depending 
on the kind of work (such as work occupation, quality of the product), he 
may wish to select a certain mode, e.g. to bypass the automation, in which 
his wish to remain in charge of the process should play an important role. 

It was found that user participation during all phases of the HMI introduc
tion was not always present in each project. In general, users can take part 
in an HMI project to varying degrees, ranging from just joining meetings 
without having real influence, to a participation in which the user is able to 
express his demands and in which he is taking part in the development, for 
instance in developing the displays. The latter is defmed here as user 
participation and the fact that such participation was sometimes lacking 
might have been the cause for reduced user performance and the need for 
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modifications later on. This statement is supported by the reduced user 
performance in project C, where low user participation was reported, and 
by the high user performance in projects D, G and H, where user participa
tion explicitly took place. Almost no modifications were reported in the 
HMI projects A, D and F, where user participation was high. 

The experiences obtained from the questionnaires depended somewhat on 
the kind of HMI project, Le. whether it was part of a new plant or part of a 
refurbishment. The general impression was that in the case of a new 
development the HMI could be introduced with fewer problems than in the 
case of (partial) refurbishment. (Partial) refurbishment could often lead to a 
situation where there would be many limitations, so that less than optimal 
operator performance would be achieved. Automation of older units may be 
problematic since, where old HMI equipment was still present, it uninten
tionally remained available for use. 

In using the HMI, training and the availability of good documentation is 
essential. Training was shown to be very effective in achieving rapid 
familiarization with an advanced HMI system. If structured training pro
grammes or training courses were provided during commissioning, 
familiarisation was significantly faster (projects E, G and H) than if there 
were no training programmes or courses (project C). Documentation 
appeared to be present in all projects but was never used in a number of 
projects (A, C, G and H), e.g. because of the different language that was 
used by the vendor. 

3.3 Conclusions 

- It was found that almost each country handled the HMI in a similar way 
although some differences occurred in handling certain HMI aspects (e.g. 
user participation, training, etc.). It was striking to see that the problems 
in the introduction of HMI systems were similar amongst the countries. 

- In control rooms where conventional HMI equipment is still available 
operators tend to return to these well-known information sources, such as 
a conventional desk because of its overview and its direct access. Oper
ators tend to develop a strategy to find information quickly in this way. 
This is more difficult with the currently used hierarchical system-based 
VDU displays. 

- System-based VDU displays usually do not provide the information 
required by the operator during non-routine situations, where there is 
insufficient time to search for information and controls within a hier
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archy of displays. Hence, task-oriented displays, which show the oper
ator information relevant to a particular task only, should be applied in 
addition to the commonly used system-based displays. 

The current advanced HMI systems do not always have an overview 
panel or overview display with the most essential information. Such an 
overview feature was seen as an important aspect of the new HMI by the 
users. It is expected that this feature will be part of the future control 
room concept. 

- Despite embedded constraints linked to user participation (all operators 
are not always immediately present due to the existence of shifts), a 
structured user participation in all phases of the HMI project was shown 
to be very effective and led to increased user performance and accept
anc:;e of advanced HMI systems. A project team in which users partici
pate throughout the project is highly desirable for use- and acceptance 
when introducing advanced HMI systems. 

- Relating to the preceding conclusion it is deduced that acquiring experi
ence-related information from the user during all three phases of the 
design is essential for an ergonomic HMI system. This implies that 
making an HMI project simply a tum-key project in which a vendor 
introduces one of his formal designs, is not sufficient to achieve proper 
use. 

- Whatever the level of automation is, the information should be such that 
the operator is aware of the status of the automatic sequences at all times 
and that the sequences are provided with hold/pause possibilities at points 
where crucial decisions are to be made. An operator should preferably be 
able to set the mode of automation of the process. 

- Well-established training programmes and training courses are required 
for rapid familiarization with new HMI systems. This is more important 
for situations where there is little user participation during the specifica
tion and development of the system, as in tum-key projects. 
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4 FURTHER RESEARCH 

This report has highlighted the results of inquiries of a number of HMI 
projects. The report has only considered the resulting problems; the causes 
of these problems have not been identified here. Identification of possible 
causes of the problems is the subject of current research and these causes 
will be described in another UNIPEDE report [2]. This report will contain 
detailed data of the inquiries as well as analyses performed with the data. 
Recommendations on how to tackle the problems as identified in this report 
will then also be presented. 

During the project on gathering experiences of introducing advanced 
systems for HMI, the CORECH-HMI study group has encountered issues 
that need to be studied in the coming years. The study group is setting up a 
proposal of possible research projects on HMI that could be performed in 
international cooperation in the coming three years (1994.1996) [3]. The 
goal of this research is to formulate requirements for the control room of 
the near future having optimal interaction between human and machine. 
Three projects have been proposed that could be studied by the CORECH
HMI study group to achieve this goal. They have been defmed in such a 
way that each of them can be performed separately, each having its own 
product: 
I a study towards the most efficient procedure on how to set up or refur

bish a control room, 
2 the set-up of an inquiry for making a survey of all types of advanced 

HMI systems that are used or going to be used in control rooms in 
electricity installations, 

3 a study on what the control room of the near future should look like, in 
which the interaction between human and machine is optimal regarding 
social, ergonomical, technical and organizational aspects. 

The proposal is currently being written and will discuss these projects in 
much more detail, including a planning in time [3]. 
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