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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
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Annex A an

ST, alSo take part In the Work. 1SU coltaborates closely with the Internatonal Etectrgtechnical

n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3.

htional Standards adopted by the technical committees are circulated to the member bodies fpr voting.
as an International Standard requires approval by at least 75 % of the member bodies casting & vote.

drawn to the possibility that some of the elements of this part of ISO.11064 may be the dqubject of

5. ISO shall not be held responsible for identifying any or all such patent-rights.

| Standard 1SO 11064-1 was prepared by Technical
ee SC 4, Ergonomics of human-system interaction.

consists of the following parts, under the general title Ergogomic design of control centres:

Principles for the design of control centres
Principles for the arrangement of control suites
Control room layout

Layout and dimensions of workstations

Displays and controls

Environmental requirements for control rooms
Principles for the evaluation of control centres
Ergonomic réquirements for specific applications

d B of this*part of ISO 11064 are for information only.

Committee 1SO/TC 159, Ergonomics,
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Driven by demands for safer, more reliable and efficient operations, innovations in information technology have led
to the increased use of automation and centralized supervisory control in the design of user-system interfaces and
their associated operational environments. Notwithstanding these developments, the operator has retained a
critical role in monitoring and supervising the behaviour of these complex automated systems. As the scale of

automat

a solutions nas grown, so fnave tne consequences or equipment and numan raliures.

The job o¢f the operator can at times be very demanding. The consequences resulting from inapproprijte operator

action in
disastroy
requirem
centres V]

A specifi
should n
Consequ
first sight
need to K

This part
terms of
the elem
planning
with sped

control rooms, such as acts of omission, commission, timing, sequence and so on;, .can bg
s. Accordingly, this part of ISO 11064 has been prepared to set up a generic framework
pnts and recommendations relating to ergonomic and human factors in designing”and evalug
ith the view to eliminating or minimizing the potential for human errors.

L control centre project is often part of a design project for a larger system, The design of the cqg
bt be developed separately from the objectives and goals associated with' the context of this wi
ently, it is necessary to view the ergonomic aspects of a control roomndesign in relation to issu
or by tradition, may seem to fall outside the scope of ergonomic design projects. These judd
e taken on a case by case basis and are not necessarily resolved by a prescriptive approach.

of 1ISO 11064 includes requirements and recommendations for a design project of a contr
philosophy and process, physical design and concluding design evaluation, and it can be apy
ents of a control room project, such as workstations”and overview displays, as well as to
and design of entire projects. Other parts of 1ISO:\11064 deal with more detailed requirements
ific elements of a control centre.

e potentially

or applying
iting control

ntrol centre
der system.
ps which, at
ements will

pl centre in
lied to both
the overall
associated
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Ergonomic design of control centres —

Part 1:

Princ

iples for the design of control centres

1 Scd

This part
design of

It covers
systems

Although
specified

2 Nor

The follo
this part
do not a
possibilit

referencgs, the latest edition of the normative document referred to applies. Members of ISO and IH

registers
ISO 6384
ISO 110¢

3 Ter
For the p

3.1
control g

pe

of 1SO 11064 specifies ergonomic principles, recommendations and requirements to be ap
control centres, as well as in the expansion, refurbishment and technological upgrades of conf

all types of control centres typically employed for process industries, transportation and log
and people deployment services.

this part of ISO 11064 is primarily intended for non-mobile control centres, many of th
in this document could be applicable to mobile control centres, such”as those found on ships &
mative references
ving normative documents contain provisions which, through reference in this text, constitute p
Df ISO 11064. For dated references, subsequent amendments to, or revisions of, any of these

bply. However, parties to agreements based on.this part of ISO 11064 are encouraged to inv|
of applying the most recent editions ofthe normative documents indicated below. H

of currently valid International Standards.
, Ergonomic principles in the design of work systems.

4-3, Ergonomic design of control centres — Part 3: Control room layout.

Mms and definitions

urposes of this part.ef1SO 11064, the following terms and definitions apply.

entre

combination of control rooms, control suites and local control stations which are functionally related an

same sit

[ISO 110p4-3:1999, definition 3.1]

plied in the
rol centres.

istic control

b principles
nd aircraft.

rovisions of
publications
pstigate the
or undated
FC maintain

d all on the

3.2
control r

oom

core functional entity, and its associated physical structure, where operators are stationed to carry out centralized
control, monitoring and administrative responsibilities

[1SO 110

3.3

64-3:1999, definition 3.4]

control suite
group of functionally related rooms, co-located with the control room and including it, which houses the supporting

functions
[ISO 110

to the control room, such as related offices, equipment rooms, rest areas and training rooms
64-3:1999, definition 3.6]
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3.4

design specification
detailed description of features of the control suite, including room arrangements, equipment, workstation displays
and operator controls, which meets the control centre's overall requirements with regard to development,
procurement and construction

3.5

function allocation
distribution of functions between human and machine

3.6

functional
analysis id
operational

3.7
functional
record, put
functions, g
attributes

3.8

human-cer
approach tqg
role of hum

3.9

job design
process of
organized 3

NOTE H
several jobs,

3.10
local contr
operator int

[ISO 11064
3.11
primary us

person eng

EXAMPLES

b

nalysis
tifying those requirements which need to be met by humans or machines in order to ac
goal

Specification
together from functional analysis, of what the control centre is to include in terms of o
upport of users and machines, relationships with external systems, and_physical and envir

tred design approach
interactive system development, focusing specifically on making systems usable, and empha
AN operators as control agents who maintain authority within a working system

determining what the job content should be for\a set of work tasks and how the tasks s
nd interlinked

or the purpose of this part of ISO 11064, a*definition of job design is introduced which indicates the
instead of one job (such as specified in EN'614-1:1995, annex B).

D| station

brface that is located near the,equipment or system being monitored and/or controlled

3:1999, definition 3.15]

er

hged in those job functions normally associated with control centre activities

Opérator, assistant operator, foreman or supervisor.

hieve the

Djectives,
pnmental

5izing the

hould be

design of

3.12

secondary
person that

EXAMPLES

3.13
situational

user
occasionally uses or maintains the control centre

Maintenance engineers, cleaners, managers or visitors.

analysis

task analysis in an existing situation to analyse all the behavioural aspects of the work system, such as revealing
practical experiences, informal communication, expectations and complaints of current users and any other facts
that might be useful for redesign purposes
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3.14

task analysis

analytical process employed to determine the specific behaviours required of people when operating equipment or
doing work

[ISO 9241-5:1998]

3.15

validation

confirmation by examination and tangible evidence that the particular requirements for a specific intended use are
fulfilled

NOTE
user need

[ISO 840

In design and development, validation concerns the process of examining a product to determinecegnformity with

S.
P:1994, definition 2.18]
3.16

verificat
confirma

on

ion by a systematic examination and tangible evidence that specified requirements have been fulfilled

NOTE 1
conformity

In design and development, verification concerns the process of examining the-result of a given activity|to determine

with the stated requirements for that activity.

NOTE 2
observatid

[1SO 840

Tangible evidence is regarded as being information that can be proved to be true, based on facts obtg
n, measurement, test or any other means.

P:1994, definition 2,17]

ined through

4 General considerations and principles of ergonomic design

4.1 Geéneral

Nine prin
4.21t0 4.1

ciples shall be taken into consideration forthe ergonomic design of control centres. They are
0.

bxplained in

4.2 Principle 1: Application of a human-centred design approach

ISO 638"
design a
technolo

specifies ergonomic principles intended as a guide for the design of work systems. The ob
lequate working conditions’ with regard to human safety, health and wellbeing, whilst taking i
ical and economic efficiency. This part of ISO 11064 addresses the specific case of control ce

In a human-centred design approach, the combination of humans and machines, in its organiz
environmental context;)is/considered as an overall system to be optimized. This optimization is
developing solutions;that emphasize and maximize the strengths, features and capabilities of both K
machineg in a complementary fashion. The human component, the machine (hardware and softwarg
environnment, andthe control (operation and management) shall be harmoniously integrated during a

A

g

jective is to
nto account
htres.

ational and
chieved by
umans and
), the work
| phases of

be relevant
raining and

the design process, as shown in Figure 1. Included in those activities where human-centred design mayj
are planhing, conceptual and detailed design, assembly and construction, commissioning, user t
operations.

A human-centred design approach needs to be integrated into the traditional function-orientated design approach.
It is essential that certain human characteristics form part of the basis of the design requirements which underly the
final design specifications. The human characteristics to be considered shall not only include basic physical
capabilities or limitations, but shall also emphasize the unique cognitive strengths of humans (such as perceptual
ability, problem solving and decision making). In addition, knowledge about how operators feel and interact with
operations and management, as well as with designed objects that include machines (both hardware and
software), environments and so on, shall be considered. In addition to the immediate and obvious ergonomic
requirements imposed by highly automated and large-scale systems, more subtle psychological demands may
require special attention. These include self-fulfilment, motivation and cultural considerations.
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If physically challenged people are routinely assigned to work in a control centre, appropriate designs shall be
employed to accommodate their specific needs.

4.3 Principle 2: Integrate ergonomics in engineering practice

Ergonomics and its associated tools should be integrated into the project's management guidelines in order for the
role of ergonomics to be taken into account by all designers and engineers involved in the planning, design,
implementation and operational audit of a control centre. A project should be organized in such a way that an
integration of technical and ergonomic expertise is encouraged.

4.4 Prin

iple 3: Improve design through iteration

Design pro
operators a
individual e
modification
(see ISO 64
changes in

It should be
that such

information
iterative prg

cesses are inherently iterative in practice. Evaluation shall be repeated until the interactions
hd designed objects achieve their functional requirements and objectives. Establishingdthe’vali

, however minor, can cause undesirable side effects even if the modification itself
85). There shall be a formal process that defines and controls mechanisms and_procedures
the design of all aspects of the control centre.

noted that users, either consciously or unconsciously, may adapt their-behaviour to modificat
behavioural changes may not be consistent with good ergonomic_-practice. The incorpg
obtained from operational experiences, that is operational feedback} is of particular importan
cess (see Figure 1).

Phase E: Operational feedback Objectives

Phase D: Detailed design

Phase C: Concept design

Phase B: Analysis and definition

Phase A: Clarification

Machine
Hard
and Soft

between
dity of an

ement of the design in isolation does not guarantee that the assembled system wilkbe  validated. Any

is valid
or scope

ons, and
ration of
ce in this

ﬁppmtinn

Environment and
Management
2
c?’GJ
«0
R o
& 48
SR
O <@
& S

Figure 1 — Ergonomic approach to system designs
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4.5 Principle 4: Conduct situational analysis

For any ergonomic design activity, including refurbishment projects, a situational analysis of existing or similar
situations is recommended. In this way, the functions of the future system can be thoroughly understood and
anticipated beforehand.

The means of performing situational analysis may vary, but include task analysis (see 4.6), operator interviews and
incident analysis.

4.6 Principle 5: Conduct task analysis

The taskp delegated to individual control room operators, and to other significant users of the contrél\¢entre, shall
be fully ynderstood (see ISO 6385). The analysis shall consider all modes of system operation including start-up,
normal operation, shut-down, anticipated emergency scenarios, periods of partial shut-down for maintenance, the
results uged in the design process and the development of staffing plans. Some situations may- require|doubling or
tripling staffing requirements and therefore shall be accounted for in the overall design.

An analykis of operator tasks shall be conducted in designing a plant, a control centreor'any other systgem.

The task|analysis methods may vary according to the scope and content of eaeh individual project. In|the case of
an innovative design project, there may be few opportunities for studies of comparable situations. In gther cases,
for example that of combining several control rooms into one new controlroem, most of the operator tgsks may be
carried forward into the new design. Although inherently different, each of these situations should pllow some
degree of comparable analysis to positively influence the design of a future system.

4.7 Pr|nciple 6: Design error-tolerant systems

Human grror cannot be totally eliminated. It is therefore nécessary to strive for error-tolerant design. An important
tool is th¢ use of risk assessment for obtaining informatioh on human error.

4.8 Principle 7: Ensure user participation

User parficipation is a structured approach(where future users are involved in the design of a control ¢entre. User
participafion throughout the design process is essential to optimize long-term human-machine interaction by
instilling & sense of ownership in the design.

Experienced users can offer valuable empirical contributions to the control centre design. Their practical experience

is not always documented or wellknown by designers. Operational feedback derived from user participation should
be analysed to identify previous design successes and shortcomings.

4.9 Pr|nciple 8: Form an interdisciplinary design team

An interdisciplinary design team should be formed to oversee and influence all phases of the design progject. Actual
ions of disciplines included in the design team may vary depending on the overall project sgopes or the
phase off design. This team may include system and process engineers, ergonomists, architects and industrial

existing-Systemstsers-orusertepresentatt e-tretudetasrembers-of-the-tedm. For new

v C—a v, O

systems, both experienced and future users shall form part of the design team.

The design team, including the users, shall be available at the appropriate time throughout the project’s life cycle.
Plans and accommodations for team participation should be specified in detail at the beginning of the project.

4.10 Principle 9: Document ergonomic design basis
Develop internal documents that reflect the ergonomic design basis for the project, for example fundamental

reasoning or significant task analysis findings. The document should be updated whenever there is a change. An
appropriate procedure should be developed for this process.

© I1SO 2000 — All rights reserved 5
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5 Framework for an ergonomic design process

Figure 2 shows a framework, consisting of five design phases, for the control centre design process (Figure 2 is
simplified with only some of the iterative loops shown). Typically, all phases should be executed with the overall
effort distributed in accordance with the scope of the design project.

The design of a control centre is generally complex, involving, for example, multiple clients, conflicting objectives,
diversity of new technologies and possible solutions, ambitious schedules, first time applications and inexperienced
personnel. The complexities of a design project can often be accommodated by implementing a methodical
sequence of procedures that focus attention on particular topics, on design activities and on iterative reviews.

The framew

— Phase
clarify

into ac

— Phase
analys

allocati

— Phase

develo
necess

— Phase

develo

centre

— Phase

condud

positiv

Each of the

The numer

problems.
reviews sh
encourage

NOTE
Figure 2.

q

q

[«

1

ork listed below and given in Figure 2 involves the following phases:

A: Clarification

he purpose, context, resources and constraints of the project when starting a design proces
count existing situations which could be used as a reference;

B: Analysis and definition

e the control centre's functional and performance requirements culmipating in a preliminary
pn and job design;

C: Conceptual design

D initial room layout, furnishing designs, displays and (controls, and communications i
ary to satisfy the needs identified in phase B;

D: Detailed design

b the detailed design specifications necessary for the construction and/or procurement of th
its content, operational interfaces and environmental facilities;

E: Operational feedback

t a post commissioning review to identify successes and shortcomings in the design in
bly influence subsequent designs.

above phases is discussed in more detail in clauses 6 to 10 respectively.
pus feedback paths shownjin Figure 2 relate to the iterative nature of designing solutions for

|l be recycled back-into the process. Careful project budgeting and scheduling should alloy
his iterative proceéss.

his part of ISO 11064 is primarily concerned with phases A, B, C and E of the project framework

s, taking

functions

nterfaces

e control

order to

complex

New opportunities for(eénhanced solutions and unsatisfactory designs identified by frequemt project

v for and

shown in
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Phase A: CLARIFICATION

1 Clarify goals and background requirements

Phase B: ANALYSIS AND DEFINITION

2 Define system performance
(Function analysis and description)

Huma System teajures
charagteristics — 3 Allocate functions to human and/or machine — and requirements
and requirements

4 Define task requirements

5 Design job and work organization

Simulation — 6 Verify and validate the obtained results

Phase ¢: CONCEPTUAL DESIGN

7 Design conceptual framéwork of the current centre

8 Review and approve the conceptual design

Phase [p: DETAILED DESIGN
9
A B C D E F
Arrapgement Layout of Layout and Design of Environmental || Operationgl and
of coptrol suite_. |{’control room dimensions of || displays and design managemgent
workstation controls system dgsign
Simulation — 10 Verify and validate detailed design proposal
Phase E: OPERATIONAL FEEDBACK
l Apply to

11 Collect operational experiences other project

Figure 2 — Ergonomic design process for control centres
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6 Phase A: Clarification

6.1 General

The purpose of this phase is to clarify operational goals, relevant requirements and constraints associated with the
design of control centre(s) (see annex A).

The role of the control centre and its relationships with other relevant sub-systems shall be identified and
documented. A typical example of this is illustrated in Figure 3. The descriptions and functions of the sub-systems,
for example process units, power systems, communications systems and so on, shall also be identified and
documenteg-

Outside

cdmmunications

Training
room

| Equipment room|

\

~

Control room

-

Control suite

Control centre

Subsystem .

Subsystem

Controlled system

Figure 3 — Control centres and their relationships with other sub-systems
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6.2 Step 1: Clarification of goals and background requirements

Phase A involves one step, which is “the clarification of goals and background requirements”. Experience from
existing or similar control centres can make a valuable contribution to refurbishment or new projects and this
experience shall be given appropriate consideration at the start of project.

Inputs for Step 1 may include the following elements:

— user

requirements;

—  regl
— tech
— oper
— anal
Outputs f
— syst
— varid
— conf
Some of
—  reviq

— cond
mair

— carn
scof

— cond
tech

— cond

Any reqy
documer

In particy

atory quides _standards and other formal documents:

hical information on existing systems and control centres;

ational feedback information;

ysis of any existing or similar situations.

or Step 1 are the following:

em's functions (that is operational goals);

us relevant requirements and constraints (refer to annex B);

icting requirements and solutions of compromise.

the methods commonly used include, amongst others; the following elements:
w of documents, for example project brief, fundiing appropriation, initial designs;

ucting interviews with personnel associated with plant management, operations, plant enging
tenance, as well as collection of otherAarms of verbal information;

ing out audits of control centres,-that is the analysis of any similar installations for the same oV
€,

ucting technological reviews, that is the analysis of the latest operator-system interface m
hiques;

ucting ergonomic and any other trade-off studies.

irements or.constraints to be taken into account in the design of control centres shall be id
ted. Thesetequirements have to include all those listed in annex B.

lar; the following has to be taken into account:

ering, plant

erall project

ethods and

entified and

— functional goals;

— codes and regulations;

— safety and security requirements;

— oper

— ergo

ational and control requirements;

nomic requirements;

— job and organizational requirements;
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— system

S maintenance;

— company policy;

— company standards;

— technical constraints;

— resource constraints;

— operati

anal-exvbarencac:
=4 T

— formali
— aesthe

Operational
detected sh

7 Phas(

7.1 Gene

The analysi
steps to de

The five ste
— Step 2
— Step 3
— Step 4
— Step5
— Step 6
7.2 Step
Based on t

identify the
phase A.

o CAPTTICTTICToT

ving project uncertainties and change management;
ics and architecture.

feedback from other projects shall be incorporated (see 10.2) and conflicting requirements e
all be documented, evaluated and resolved.

e B: Analysis and definition

eral

s and definition phase has multiple objectives, and includes the following prerequisites as sho
elop an integrated design proposal of a control centre«

ps in this phase are as follows:

define system performance (function analysis and description);
allocate functions to human and/or fnachine;

define task requirements;

design job and organization;

verify and validate.the obtained results.

2: Define system performance (functional analysis and description)

he findings,of step 1 in phase A, a functional analysis shall be carried out and documented i
ergonemic needs (involvement, analysis and solutions) required to achieve the objectives @

mpirically

vn in five

order to
efined in

The functional analysis may be undertaken by several methods, that is functional breakdown (IEC 60964), flow
charts, simulations and operational walk-throughs.

The scope of the functional analysis shall include all anticipated operational modes of the controlled system:

a) steady state operation, for example: mode or operational state that can be considered normal or routine, that is
no system transients or process excursions are affecting the controlled system;

10
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b)

c)

d)

Outputs
overall o

Analysis

7.3 St

During tH
and/or mpchines.

NOTE 1
culminate
humans (

NOTE 2
legislation

The allog
designs,
and wellk
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normal transient operation (start-up, shut-down), for example: operation or sequence of operations that change
the process or controlled systems from one major state or condition to another (for example starting or
stopping a process, product grade and/or production rate changes);

emergency/abnormal operation, for example: mode or operational state in which short-term recovery or
mitigating measures are implemented following an anomaly; post-emergency operation, mode or operational
state in which long-term recovery or mitigating measures are implemented, after an emergency/abnormal
operation; such operations may impose temporary function/task allocation changes, special safety
considerations, job redefinition and environmental changes;

maintenance (scheduled or unscheduled), for example: mode or operational state during which some or all of
the systems’ process equipment, machinery, displays and controls, utilities and so on are unavailable due to
maintenance activity; planned maintenance may sometimes call for special procedures, task assighments and
equipment sharing especially if the maintenance involves the control centre and its sub-systems:

NOTE In most cases, these latter operations and conditions require greater operator involvement than for normal
steadly-state ones.

of step 2 are: ergonomically related system performance requirements and_ functions assqciated with

perational goals and sub-goals.
may employ one or more:

1) postulated walk/talk-throughs of operational modes;

2) operational safety and reliability requirements;

3) top-down functional process diagrams;

4) topologies of plant, mill, process and so on.

bp 3: Allocate functions to humans and/or machines

is step, the performance requirements-and functions identified in step 2 shall be allocated|to humans

An accepted technique is to develop initial hypothetical assignments followed by a series of evaluationg. This should
in a functional design that has~all' the required functions satisfied by the appropriate resource, that is|machines or
ee [6] in Bibliography for furtherinformation).

Certain preliminary callecation decisions may be taken on the basis of mandatory requirements |arising from
(for example safety-considerations).

ry machine
productivity

ation process/should take into consideration the strengths and shortcomings of contemporsg
of humans.and of past design experiences and performance and the consequences for safety,
eing.

The varia

Lbility~ of the potential user should be considered in this step. The variability includes such fac

cognitivel

ahllities_aender._exneriences.  hodv_size and task-related _nsvcholoqaical factors such ak
T b 2 T T T 7 T P4 ~J

ors as age,
vigilance,

boredom

and teamwork.

The hypothesized allocation shall be assessed against both human and engineering criteria, making further

revisions

and iterations as necessary.

Outputs of step 3 are:

sets

sets

of functions to be performed by humans;

of interaction between humans and machines.

© 1SO 2000 — All rights reserved
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An overview method is described below; references to other allocation methods are listed in annex B.

a)

b)

c)

12

Performance characteristics

Machines are more suitable for routine monitoring and for high accuracy or repetitious tasks, whereas humans
are better suited to tasks that require adaptation, integration and generalization. Humans are superior strategic
and tactical planners (see also [2] in Bibliography).

Functions should be allocated between humans and machines in such a way that challenging, interesting and
satisfying jobs are created whilst meeting all the safety and other requirements.

NOTE If should be recognized that allocation of functions between humans and machines may need data~dcquired in
verificatlons and validation tests. Therefore, final allocation decisions should not be decided too early in the project:

Cognitivye and affective support
Cognitive support refers to the operators' requirements for information to enable him-~ebher to fulfil [decision-
makingd tasks and so on. Automation increases the risk that an operator can no longer. identify what the system
is doing. It may be that the operator's mental model of the process can be best maintained by permitting him or
her to perform certain functions that might otherwise have been automated. Likewise, certain functions could
be allocated to the operator so that he or she maintains infrequently regtired skills of either a manual or
cognitiye nature. Additionally, such factors as vigilance, boredom and fatigue should be considered and the
findingg documented.
Affectiye support refers to the motivational needs of man. It is important that the operator feels that he or she
has retpined control over the system. Similarly, the operator should feel that he or she is being productive and
fulfilling a useful role. If these needs are not satisfied, then it is likely that the operator’s overall performance
will degline.

The following cognitive and affective support criteria-h@ave to be taken into account when allocating functions to
humang:

— allpw overall authority to be maintained, (forexample, mode selection);

— fagilitate a better understanding of theState of the machine (for example, break point control);
— improve the feeling of usefulness within the overall system;

— maintain a good level of situational awareness;

— support education/and training needs.

The following cognitive and affective support criteria have to be taken into account when allocating fupctions to
the maghine:

— avpid repetitive and boring tasks;

— improve system efficiency and reliability.
Allocation steps

An alternative to the fixed allocation of all functions to humans and/or machines is dynamic allocation, whereby
the system interface enables certain functions to be allocated according to the prevailing workload. Dynamic
allocation enables the operator to maintain his or her operating skills and to take over machine functions in the
case of faults. A consequence of dynamic allocation is that it could be necessary to provide additional
information or support systems for the operator to enable him or her to perform the role of the machine.

The allocation process is essentially iterative and incorporates a number of steps, the final hypothesis being
derived through a process of refinement. The allocation process shall be adequately documented at all stages,
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to provide data to facilitate and support any subsequent designs. A description of the procedures to be
followed within each of the steps is given in Table 1.

Table 1 provides basic procedures for the allocation of functions to humans and/or machines. The primary
objective is to achieve a function allocation for which such ergonomic considerations as human abilities, human
characteristics and human dignity are fully taken into account. Special consideration should be given to the range
of user population including such features as skill levels, differences in cultural background, educational levels
and disabilities. The procedures should be repeated until the function allocation reaches a high degree of integrity

for a

7.4 Step 4: Define task requirements

Il functions.

A task a
step 3. T
duration,
for one o

A record
include
environm

Studies,
tasks an
safety iss
the targe

The task
innovatio

halysis shall be conducted to determine the fundamental elements of the tasks allocated’to
he fundamental task elements to be considered include manual and cognitive activities, task
complexity, communication requirements, environmental conditions and any other unigue fact
' more humans to perform a given task.

shall be drawn up of the task elements based on a systematic breakdown" of tasks. Thes
manual and cognitive demands, task duration and frequencies, task allocation, task

humans in
frequency,
brs required

e elements
complexity,

ental conditions and any other unique factors involved, or required, for people to perform a given task.

valk-throughs, talk-throughs and surveys should be considered as a-means to identify and quallify principal

] associated constraints, timing and frequency requirements,potential control interactions, p
ues, anticipated environmental conditions, and so on. This @lso’takes into account the charac
| application, for example the number of variables, continueus or discrete behaviours, and so o

analysis shall include preliminary engineering solutiofs based on prior experience or on oppq
n and invention that may be identified.

erequisites,
terization of
.

rtunities for
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Table 1 — Basic procedures for the allocation of functions/tasks to humans and/or machines

No. Step Procedure

1 Mandatory allocation. 1.1 For mandatory automatic functions/tasks, allocate to
Allocation to meet safety and/or regulatory machine.
requirements. 1.2 For mandatory manual functions/tasks, allocate to

human.

2 | Attempt at preliminary allocation in terms of 2.1 Re-design system to avoid tasks which cannot be
human traits, abilities and characteristics with carried out satisfactorily by humans and/or
a Vl CVV tU CTrioul ;I Iy thC Qafcty al Id lC:Iabl:lty Uf |||auh;| 1ICO a

the system’s performance. 2.2 Allocate functions/tasks which cannot be.satisfactorily

Allogation according to performance carried out manually P to machines. Treat-as
chafacteristics. mandatory automatic functions/tasks\(s€e 1.1jabove).

2.3 Allocate functions/tasks which cannot be satisfactorily
automated ¢ to humans. Treat 'as mandatory npanual
functions/tasks (see 1.2. above).

2.4 Initially, allocate machine-preference 9 and human-
preference € functionsitasks to machines and/pr
humans respectively:

2.5 Initially, leave:without-preference functions/tagks f

unallocated:
3 | Allogation according to cognitive and 3.1 Consider re-allocation of without-preference,
affetive support criteria. machine-preference 9 and human-preference F
. . fungctions/tasks according to cognitive and affdctive
Complementary or flexible allocation from the criteria

viewpoint of ergonomics and system
effigiency. 312 Consider complementary or flexible allocation] which
gives users the ability to change the allocation|.

4 | Ascertain feasibility of automation. 4.1 Determine whether functions/tasks allocated tp
humans can be implemented effectively using
available automation technology.

5 | Ascertain feasibility of human perfermance. 5.1 Assess whether the functions/tasks allocated {o
Selgct tasks which are to be supported by humans can be implemented effectively, assuming
operator support systems toassist with the availability of operator support systems.
sigrjal detection, informatien acquisition and Determine whether such systems can be
dec|sion making. implemented using the available level of techrjology.

6 Evdluate allocation--Determine need for 6.1 Repeat allocation procedure if the proposed
itergtion and revision. allocation of functions/tasks is impractical or requires

further refinement, or if steps 5 and 6 reveal
unacceptable technical limitations.

&  Functign§itasks linked to neither humans or machines and performed unsatisfactorily by both humans and nfachines.

System shoutdberedesigned-toavoid-suchtasks:

b Functionsftasks linked to machines. They are carried out so badly by humans that they should be assigned to machines
(automated).

€ Functions/tasks linked to humans. They are carried out so badly by machines that they should be assigned to humans
(manual).

d  Machine preference functions/tasks. They are carried out better by machines to which they should be assigned, unless
dictated otherwise by other criteria.

€  Human preference functions/tasks. They are carried out better by humans to whom they should be assigned unless
dictated otherwise by other criteria.

f without preference functions/tasks. They are carried out satisfactorily by both humans and/or machines. Other criteria
may determine assignment.
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Output of step 4 is: tasks to be performed to satisfy functional requirements and associated ergonomic
performance requirements (for example, speed, accuracy, logic).

For references on methodologies for conducting formal task analysis see [11] in Bibliography.

7.5 Step 5: Design job and work organization

Job design shall be carried out and tasks shall be assigned to particular roles according to the planned work
organization.

Inputs of
— outp
— user
— regu
Outputs

— jobs
— work
— requ
— requ
— requ
— requ
Methods
a) defi

b) cong

Job desi
leadersh

uts of step 4 (that is, tasks to be carried out by humans);
requirements (for example, policy for work organization);
atory requirements (for example, requirements for work organization).
pf step 5 are:
assigned to each operator;
organization (structure and number of operators);
rements for communications between operators, betweencontrol room and local control centre
rements for operating procedures;
rements for training;
rements for information and control.
of step 5 are:
e a tentative work organization\that satisfies user and regulatory requirements;
uct job design;
define job assignment criteria,
define jobs toe carried out by each operator.

jns shallkmatch operators' physical characteristics, cognitive and analytical abilities, organiZ
p skills-and social-system factors.

LS,

ational and

Job desi

;n shall cansider not nnl\]l tha farmal tasks allacated to humans in ch:p 4 _bhut alsao tha saocia
H-SHaH HSteelRot—oehRy—tHe1eHa+tass aHocate a1+t RaRSH-—St +—Ht—et 3 et

aspects of

work organizations and the individual's needs for job satisfaction, measurable goals and rewarding growth
opportunities.

Two major considerations shall govern the job design process:

— what and how many particular tasks and jobs are assigned to an individual (role)?

— how

will the organization inter-relate individuals to achieve a balanced operating company?
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A job assignment criteria checklist shall be developed to facilitate the assignment of tasks to particular individuals
(roles). Some checklist items may include the following:

— workload;
— special license requirements;
— job sharing;

— information and data requirements;

— predictpbitity-of-the-eontroted-systert:

— required tools, physical space and facilities;
— conditipns where tasks are to be performed.
Individual gkills related to educational background and work experience, such as process knowledge, stress
managemept, analytical capabilities and so on should also be included in the job critenia checklist. The job design
shall also identify information that operators need to exchange or share in such casgs,where teamwork ig required
to carry out|a task.

A preliminaly work organization shall be defined that groups the designed jobs-to particular roles as presgribed by
the overall project's organization plan. Topics for consideration in grouping-tfiese jobs may include:

— lines off authority and responsibility;
— team sjructures;

— traditiopal psycho-social cultures;
— union/management agreements;
— regulatpry requirements;

— physical proximities;

— intercojnmunication requirements.
The iterative nature of the work asSignments may require repeated modification of the work organization dgsign.
The job aspignment criteriatand work organization shall meet user requirements (for example, policy|for work
organizatiofh) and regulatery_requirements (for example, requirements for work organization) clarified in stgp 1. The

results of job and organization design shall be incorporated into requirements for operating procedured, training
systems anf the functional specifications for the design of control centres.

7.6 Step|6:/Verify and validate the obtained results

An intermediate verification and validation of the resulting function/task allocations, task requirements job
assignments and work organizations developed in steps 3, 4 and 5 shall be performed before beginning phase C,
Conceptual design. During this step, the emphasis shall be on verifying and validating globally all the individual
allocations and assignments made in steps 3, 4 and 5. Particular allocations and assignments, tested and
confirmed during the iterative processes of steps 3, 4, and 5, may nevertheless be in conflict with other
independent classifications and job definitions. All conflicts should be identified and resolved before proceeding to
phase C.

A special form of validation shall be performed in this step to review and confirm the progress to date with the
project's sponsors, owners, and so on, particularly with respect to the allocation and job definition results. The
personnel and automation requirements and associated organizational plans shall be reviewed and endorsed prior
to proceeding with phase C.
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The job assignment developed in step 5 shall be formally verified to ensure that it conforms to the job assignment

criteria.
Inputs of
— outp

— outp

step 6 are:
uts of step 4;

uts of step 5.

Outputs
— eval
— eval
— eval
— endd
Verificati
principles
validation
complexi

typical sq
whether

validation.

8 Ph4g

8.1 Gs

The purf
allocated
concepty
amenitie
operator
establish
subsequ

This pha

— step

bf step 6 are:

ated function/task allocations;

ated task requirements;

Lated job assignments for each operator and work organization;

rsement of project sponsors, owners and so on of planned allocations, staffing plans and orga

bn and validation of job design should include an evaluation of the proposed jobs in relation tg
criteria shall be developed including the job assignment criteria and others, such as those rg

Ly (for example parallel job, need for frequent communication) and overall time constraints ass

enarios. Critical scenarios, for example shut down, emergency, accident scenarios, shall be us
the criteria are met. Computerized simulation (for example time-line analysis) can be a usef

ise C: Conceptual design

neral

ose of this phase is to develop a comprehensive design project of a control centre that 9
functional and task requirements, job descriptions and organizational plans established in ph
al design shall include the physical attributes of the control centre, its furnishings and
5, for example rest roems, libraries, meeting rooms. The conceptual design shall also include t

the context, target-specifications and any constraints necessary to proceed with the detailed d
bnt steps.

be involvesthe following two steps:

7,~design conceptual framework of the control centre;

hization.

ergonomic

and error tolerances. The job assignments shall be collectively validated. Prior to validatipn, a set of

lated to the
bciated with
ed to check
Il means of

atisfies the
ase B. This
hny special
e proposed

interface, that is-displays, controls, communications and multimedia applications. This acfivity should

esign in the

— step

8: approve the conceptual design.

8.2 Step 7: Design conceptual framework of the control centre

The results of the previous steps shall be restructured systematically, from the integrated system performance
viewpoint, into a series of design concepts and preliminary specifications encompassing all intended aspects of the
control centre’s physical and functional characteristics. For instance, the results of the job design process that
include requirements for work organization (that is structure and number of operators) shall form a basis for
determining the work space requirements.
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Inputs of step 7 are:

— outputs of step 6 (for example, work organization);

— user requirements, see step 1;

— regulatory guides, standards and other formal documents.

Outputs of step 7 are:

— applic
— estima
— operati
Methods/ag
— define

— define
require

— develo
Conceptual
— space
— functio
— control

— control

ble regulatory and enterprise related standards, practices, codes and local customs;

e of resource requirements to complete design specifications;
bnal links within functional areas.

tions associated with step 7 are:

esign policy (for example device selection policy);

design criteria that conform to user requirements and regulatory guides, standards and oth
Iments;

h design specifications.

design items for the preliminary specification should include:
hllocations;

hal links;

suite arrangement;

room layout;

— workstation layout afd-dimensions;

— display]

— informa

5 and controls;

ition and data flows;

er formal

— special

security and access controls;

— environmental conditions;

— operation and management systems;

— communications and information links.

This process shall result in several design ideas that can be individually appraised and potentially combined to form
an enhanced conceptual design.
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Any project governing design policies, for example pre-chosen equipment vendors, system designs and so on,
shall be clearly stated and documented during this step. In addition, all applicable user and regulatory guidelines,
standards and building codes shall be considered and included in the preliminary specifications, as necessary.

8.3 Step 8: Review and approve the conceptual design

This critical step shall seek the approval of the conceptual design by the owners, users and maintainers of the
proposed control centre. The step provides a final opportunity to review and verify that the functional requirements
have been accommodated by design ideas and technologies that are feasible, acceptable and in compliance with
all applicable guidelines, standards and policies. This step should be viewed as a major milestone that enables the

subsequ
Output o
Methods
— scer
— scer
— inter|
— com

— stan

NOTE 1
using the

NOTE 2

nt detailed dpcign to lhr‘('\("PPd with a minimum risk of mnjnr functional revisions and Ir\hycir*nl C

step 8 is: approved conceptual design specifications.
actions involved in step 8 may include:

ario “talk-throughs”;

ario “walk-throughs”;

face simulations, for example team working, mock-ups;
buter visualisation and animation studies;

Hards compliance audit.

"Talk-throughs": check on the conceptual design by means, of structured discussions around critical tas
conceptual design specifications.

"Walk-throughs": check on the conceptual design by:Simulating critical task sequences using represen

design, (fgr example, traditional mockups, virtual reality basethmockups, computer models and so on).

NOTE 3
for the tag

The cong
proposed
applicabl

of the co|
to final d

9 Ph4g
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The pury

Usually the end-users participate in both the“activities mentioned above ("talk/walk-throughs"), and wor|
ks are used.

eptual design specifications developed in step 7 shall be formally reviewed and studied to vg
e standards, guidelines and_policies. Special emphasis shall be placed on the usability and mza

hceptual designs. All identified concerns shall be reviewed, documented and reconciled as a
PsSign.

Ise D: Detailed design

neral

ose of this phase is to develop the detailed design specifications for the control centre.

anges.

sequences,

fations of the

k procedures

rify that the

designs continue to satisfy.the project's functional requirements and remain in compliapce with all

nintainability
prerequisite

The design

specifical

fons shatt e of Sufficient detait 1o enabte the estmatng and togisticat pfanmning of the con

rol centre's

construction. The design specifications shall also be suitable for initiating requests for quotations to vendors for all
purchased furnishings, systems, software, special tools and so on.

— step

9: design resource options include:

in-house or contracted engineering;

employment of system integrators;

employment of in-house or contracted ergonomists;

in-house or contracted architectural design.
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— step 9: design methods and actions may include:

— suitability reviews and selection of commercially available systems, for example Distributed Control
System (DCS), Programmable Logical Control (PLC), VDTs and so on;

— rapid prototyping;
— development of style guides.

Appropriate ergonomics data shall be utilized for the design activities conducted in phase D. This phase involves
the followingsteps

a) Step9
— control|suite arrangement;

— control{froom layout;

— workstation layout and dimensions;

— design|of displays and controls;

— envirorymental design;

— operatipnal and managerial requirements.

b) Step 10: verify and validate detailed design proposal.
The listing |of steps 9 and 10 implies no particular order for conducting the designs. Each project should be

individually levaluated for the purpose of establishing a deSign plan that is appropriate for the anticipated|scope of
work, compjexity, available resources, schedule, budget-and so on.

9.2 Step|9A: Control suite arrangement
In order to develop design specifications for a control suite arrangement, the following activities shall be pdrformed:
— confirn] functional areas making up-the control suite;

— estimate the space requirements for each functional area, for example control areas, administration afeas, rest
areas gnd provision for visitors;

— confirm suitability of‘planned site, for example space restrictions, local hazards, environment;

— acquirg current-copies of all pertinent standards, building codes, user building policies and so on;

— verify gvailability of necessary utilities.

Determination of the operational links between the functional area and the development of a preliminary control
suite layout should have been performed during the conceptual design (phase C).

The earlier task requirements and job design process (steps 4 and 5) that influenced the conceptual design shall
be the basis for this step.

In summary, this design step should incorporate all of the special facilities that might be included in the control
suite. Functional entities to be included are:

— control room;

— meeting room;
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Room lay

osed design specifications should facilitate the smooth transition’between all the activities to bg
htrol suite. Area requirements for other supporting functions, Such as equipment room, administ
ing room, shall be specified.

ISO 11064-2 provides specific requirements and guidelines for the design of a control suite arrangemer
bp 9B: Control room layout

ving tasks have to be undertaken in order'to design a layout of a control room properly:

rmine the usable space;

ify the furniture and equipmentto be accommodated within the control room space;

ding personnel;
ify circulation requirements for staff and visitors;

ify maintenance access requirements.

user pop

e conducted
rative office

mine operational links-which need to be provided between items to be housed within the control room,

outs have to be based on the task requirements and job design defined in earlier steps, as wegll as on the

Lilation characteristics. Items that shall be taken into consideration in all layouts include:

— workstations;

— equipment racks;

— storage both on and off the workstation;

— notic

e board;

— entrances and exits;

— shared off-workstation displays;
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desks,

printer

filing cabinets, bookcases and so on;

stands, photocopying machines and so on.

The proposed layout shall support the operating links previously determined, including face-to-face communication,
equipment sharing and team work.

NOTE I

9.4 Step

In order to
shall be cor

analyss
— identifyj
— develo
All ergonon;
display

control

commu
seating

It is recomr]
sizes.

9.5 Step
Design spe
step. It shg
allocated in
Displays an

conven

working space;

SO 11064-3 provides specific requirements and guidelines for the design of layouts of control rooms.

9C: Workstation layout and dimensions

develop design specifications for workstation layout and dimensions, the following enginger
ducted:

e and clarify the tasks to be undertaken at the workstation (operation and maintenance);
the necessary functional elements of the workstation;

D workstation layout and dimensions.

ic requirements associated with workstation layout shall be considered, such as:

P

nication devices;
, armrests and footrests.

nended that all workstations offer €lements of adjustability if it is usually used by operators of

9D: Design of displays;and controls
Cifications for displays-and controls that are to be used within the control room shall be develop
Il be ensured that,'design specifications satisfy the functional specifications and task reqy
step 3.

d controls'may involve a number of hardware and software options, including:

tional\instruments, for example measuring devices, recording devices, annunciators, push butt

ng tasks

different

ed in this
irements

DNS;

and

visual display units, for example monitors, software, touch screens and associated software.

In addition to the basic ergonomic requirements (optimal viewing angle and so on), it is essential that special
attention is given to cognitive characteristics (optimal work-load and so on) of the users. The density, contents and
quality of information and its timely presentation are critical design issues. It is also important to select the device
best suited to the control actions.
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9.6 Step 9E: Environmental design

The proposed design specifications have to meet ergonomic criteria, particularly with regard to a safe and
comfortable working environment. The environmental aspects to be considered in the control centre are as follows:

— thermal environment;
— air distribution;

— air composition;

— lighting environment;
— acoystical environment;

— vibrgtions.

9.7 Step 9F: Operational and management systems design

Detailed [solutions for the operational and management requirements shall be developed in this step. Examples of
topics that might be considered are:

— trainjng organization;

— maintenance organization;

— shift|patterns;

— trainjng and selection regimes;

— user| requirements, including company policiés-and cultural factors, have to be appropriately refl¢cted in the
design;

— contpcts with other groups outside the control room have to be taken into account;

— communication requirements, such as between operators in the control suite and operators in Ipcal control
statipns, have to meet operational requirements;

— secqndary users' requirements and characteristics have to be taken into account as appropriate.

9.8 Step 10: Verifyand validate detailed design proposal

The detgiled design developed in step 9 shall be formally verified to ensure that it conforms to|the design
specifications used in step 9.

Furthermare’_the detailed dpqign dp\/plnppd in step 9 shall be fnrmally validated to ensure that it conforms to the
user needs.

Inputs for step 10 may include:
— detailed design specifications;
— functional specification.

Outputs of step 10 are: approved detailed design specifications, and design fulfilling the user requirements for the
intended use.
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Verification

-1:2000(E)

and validation shall be:

finished;

an iterative process;

solution.

The develo
describing

Compromis

The verificg
ergonomic

10 Phass

10.1 Geng

Upon comp
the validity
operational

A post-com
be perform
studies.

10.2 Step

After startid
interviewing
analysis te
designing &

Inputs of step 11 include:

operati

ition and validation process shall pay special attention to operational safety, human error n
Jesign and environmental factors and job satisfaction.

accidemt reports;

e criteria and methods used in the validation and verification process shall be developed.

es taken during the design process shall be well documented due to their importance fgr|validag

e E: Operational feedback

pral
letion and commissioning of the control centre, operational feedback is used to continue chd

of the design of the control centre during its lifespan¢.This is achieved by collecting and €
feedback information after the start of systems operation.

bd. The resulting record should be a valuable<resource for influencing future projects and €

11: Collect operational experience
g up the operation, any identified ergonomic deficiencies should be collected. Field obsg

Chniques may be used. /The results of such an analysis are a useful source of informat
new control centre or upgrading existing installations.

bnal practice;

— deviati?n reports;

integrated with the design process, that is not a separate activity performed once the design process is

a process which can give feedback to the designer to guide the design work towards the best possible

ocument

ion.

eduction,

cking on
xamining

missioning audit with the primary goal of recording.both the design successes and shortcomings should

valuation

ervations,

or any other systematic methods can be used. To analyse the operational feedback information, task

on when

operational logs.

Methods/Actions in step 11 may include:

24

field observations;
interviewing users;
task analysis;

guestionnaire surveys.
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