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n all matters of electrotechnical standardization.
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This part
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account
adopted

ISO 1104

Requirements for the design of workstations, displays and controls and the physical working environm

sented in

ISO 1106
service g
ISO 1106
ISO 1106

The ultimn
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it is unlik
provide t
ational d¢

For detemining design dimensions, the practice of\providing formulae, into which appropriate user pop|

is inserte)

of ISO 11064 establishes ergonomic requirements, recommendations and guidelines for centr

lirements are a central theme of this part of ISO 11064 and the processes described are desig
bf needs of users at all stages. The overall strategy for dealing with the user requirenients as st
or control room design is presented in ISO 11064-1.

4-2 provides guidance on the design and planning of the control room in réelation to its suppd

ISO 11064-4 to ISO 11064-6. Evaluation principles are dealt with in IS©711064-7.

4-1 to 1SO 11064-7 cover general principles of ergonomic design appropriate to a range of ing
roviders. The specific requirements appropriate to particular sectors or applications areas arg
4-8. The requirements presented in ISO 11064-8 are to bewread in conjunction with 1SO
4-7.

ate beneficiaries of this part of ISO 11064 will be the control room operator and other users. It i
Isers that provide the ergonomic requirements used.py~the developers of International Standarg
bly that the end user will read this part of ISO 11064, or even know of its existence, its applica
he user with interfaces that are more usable and-a*working environment which is more consiste
emands. It should result in a solution which will'minimize error and enhance productivity.

d, is adopted. A table of anthropometric;data is presented in annex B.

bl room lay-

ned to take
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ent are pre-

ustries and
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Ergonomic design of control centres —

Part 3:
Contrpl room layout

1 Scope

This part
recomme
visual dig

It covers
the emer
of the pri

2 Norr

The follo
this part
publicatiq
investigal
undated
maintain

ISO 725(

ISO 9241
display r

ISO 9241
Workstat

ISO 1142

ndations and guidelines on control room layouts, workstation arrangements, the use of off
plays and control room maintenance.

all types of control centres, including those for the process industry, transport and dispatching
pency services. Although this part of ISO 11064 is primatrily-intended for non-mobile control ce
nciples could be relevant/applicable to mobile centres,-such as those found on ships and aircral

hative references

ving normative documents contain provisions which, through reference in this text, constitute p
of 1SO ISO 11064. For dated references; subsequent amendments to, or revisions of, a
ns do not apply. However, parties te-agreements based on this part of ISO 11064 are en
le the possibility of applying the mast recent editions of the normative documents indicated
references, the latest edition of.-the normative document referred to applies. Members of IS
registers of currently valid International Standards.

:1996, Basic human body nreasurements for technological design.

-3:1992, Ergonomic-requirements for office work with visual display terminals (VDTs) — P4
bquirements.

-5:1998, Ergonemic requirements for office work with visual display terminals (VDTs)
jon layout and-postural requirements.

8:19965-Ergonomics — Visual danger signals — General requirements, design and testing.

3 Ternmps:and definitions

of ISO 11064 establishes ergonomic principles for the layout of control rooms. It includes reguirements,

workstation

systems in
ntres, many
ft.

rovisions of
ny of these
ouraged to
below. For
O and IEC

rt 3: Visual

— Part 5:

For the p

urposes of this part of ISO 11064, the following terms amd definitions apply.

NOTE To assist with the interpretation of these definitions, descriptive Figures 1 and 2 are included in this clause.

3.1

control centre
combination of control rooms, control suites and local control stations which are functionally related and all on the
same site (see Figure 1)
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3.2

control console
structural framework which supports equipment, worksurfaces and storage and which together comprise a control

workstation

3.3

control panel
discrete surface on which groups of displays and controls are mounted; control panels may be mounted on the
control workstation or on walls (see Figure 2)

3.4
control roon

,1

core functio
centralized

3.5
control roon
individual W
workstation

3.6
control suitq

nal entity, and its associated physical structure, where control room operators are stationed(o
control, monitoring and administrative responsibilities

N operator
hose primary duties relate to the conduct of monitoring and control functions, usually at

group of fupctionally related rooms, co-located with the control room, and including it, which house the s

functions to

3.7
control worl
single or m
furniture at

3.8
direct operg
supervision

3.9

display
device for g
tactile or pr

3.10
functional g
grouping of

the control room, such as related offices, equipment rooms, rest@reas and training rooms (see

station
ultiple working position, including all equipment such _as.computers and communication term
which control and monitoring functions are conducted-\(see Figure 2)

tor supervision
of control room operators, and other staff, by direct observation and/or via direct speech links

resenting information that can change with the aim of making things visible, audible or discrim
pprioceptive perception

foups

therefore benefit from proximity)to one another

3.11
functional I3
layout in wh

3.12

yout
ich thegeneral location of differing control functions in a control room are indicated

gross area

either on their own or in conjunction with other personnel both within the contrel'room or outsigle

carry out

@ control

Lipporting
Figure 1)

nals and

inable by

control workstations“where the operational duties are such that close, direct liaison is required and

overall num

3.13
disability

ber of square metres designated for a control room

any reduction in normal capacity due to mental or physical factors which prevents an individual from experiencing or
performing a full complement of activities [8]

3.14

intimate zone
distance at which the presence of another person is unmistakable through such factors as sight, olfaction, heat and

sound
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3.15
local control station
operator interface that is located near the equipment or system being monitored and/or controlled

3.16

off-workstation display

displays which are not mounted on the control workstation; such displays, often visual, may be display panels, mimic
diagrams and observation windows (see Figure 2)

3.17
primary information

informatien-which-is-essentialfor-the e:mef:mfnr\ll oxercise of control functions

3.18
primary Workstation
control wrkstation that is usually staffed and is in the main control area

3.19
secondaly information
informatipn which is either of secondary importance to the control function or which does not need to be immediately
available|to the control room operator

3.20
secondaly workstation
workstatipn on which supportive tasks are undertaken, or on which an<overload of tasks can be carriedl out during
periods df peak workloads

3.21
shared visual display device
on-workstation visual display which needs to be used by more*than one control room operator while they are at their
control wrkstations

3.22
stature (Qody height)

vertical djstance from the floor to the highest paint of the head (vertex)
[ISO 725D:1996]

3.23
supervisor
individual whose primary responsibilities relate to the satisfactory conduct of control functions by the control room,
the supefvision of staff and equipment and, when necessary, the conduct of control tasks

3.24
task analysis
analytical process employed to determine the specific behaviours required of people when operating efluipment or
doing wofk
[ISO 924[1-5:1998]

3.25
usable alea
gross area less deduction for unusable spaces, such as around pillars, awkward corners and nearby entrances/exits

© 1SO 1999 — All rights reserved 3
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Figure 1 — Schematic illustrations of control room, control suite and control centre
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4 Ergd

4.1 Prd

The follo
have besg

For the ¢
largely fi
job desc
projects,
order to

agree up
finalized

The flow
the numi
on functi

Off-workstation visual display 3
Wall-mounted control panel \
Control console
\Visual display
Control panel

Control workstation 6
consists of 3, 4, and 5)

igure 2 — lllustration of definitions associated with control workstation and off-workstation
visual displays

nomic design of control centres

pcess for control room layout

ving flowchart summarizes a general procedure for the control room layout, where only the m4d
n noted (see Figure 3).

urposes of this part of ISO 11064, it is assumed that a number of control room characteristics

iptions, staffing profiles, equipment specifications and overall operating procedures. For many d
at the stage where layputsheed to be undertaken, not all of the ergonomic features have been
broceed with the ergohomic design process in accordance with this part of ISO 11064, it is n

ergonomic featdres are recorded in an Operational Specification or Functional Specification.

Chart refers to-information input during the preparation of “functional layouts”. This information
er of control workstations as well as any required arrangements of workstations. Grouping shou
bnal linkages, for example, equipment sharing, direct lines of sight and requirements for direct s

N activities

have been

alized and act as an input te.the process summarized in the flowchart. These ergonomic featlires include

ontrol room
finalized. In
pcessary to

bn working assumptions for those aspects where final information is not available. This information and the

will include
Id be based
peech.

ised on the

The deve¢lopment of a preferred control room layout will, typically, include the following activities. Ba
operationtr—ﬁ_hhﬂ_hv—rﬂ—w_ta requirements summariZzed In a tuncuonal Nk analysis, workstation arrangement and layouts should be
prepared within the available space. These layouts should take account of such functional links, as face to face

communications and sightlines to shared off-workstation overview displays, as noted in the functional link analysis.
Functional layout need only be approximately to scale. A number of different functional layout options are prepared

which meet, to varying degrees, the requirements in the Operational Specification.

Translating these functional

layouts to possible room layouts is achieved by replacing functional groups with approximate workstation footprint
sizes and adjusting the layouts to maintain required circulation and maintenance access. A similar process can be
used for room layouts where no space has been decided for the control room, under which circumstances the
functional layouts/room layouts can be used to specify the space to be provided for these functions.

© 1SO 1999 — All rights reserved
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Once having determined alternative control room layouts, these shall be tested by control room operators/users
against the requirements contained within the Operational Specification. Through a process of iteration, the best
control room layout should be sought.

The final control room layout selected should be validated against documented performance criteria, and a record
made of the performance of the room against these criteria and any compromises made (see 4.2.6).

4.2 General considerations for control room layout

This subclause summarizes some general considerations for the planning and layout of control rooms. A fuller
account of these is presented later in this part of ISO 11064 together with other requirements concerned with control

room layou

4.2.1 Arch
4211 En

Main entra
operators h

Entrances §
4212 Pe

Features, s
4.3.2) wher

42.1.3 Fu

Control roo

tectural considerations
frances/exits

ces and exits should not form part of the working visual fields of the control roam-operator, u
Ave some specific responsibility for checking on the entry/exit of staff (see 4.4,1).

nd exits should not be positioned behind the control room operator (see 4:3.3).
Fsonnel safety

Lich as guard-rails and handrails, should be provided to minimizé safety hazards in control ro
b various floor levels are found.

ure expansion

s should allow for expansion: provision for expansiofr,will be influenced by such factors as th

nless the

bms (see

e built-in

life-span of|the control room and predicted changes in workload. or logistics: typically allowance for apprpximately
25 % increpse in working positions and equipment has been found from practical experience to bg prudent
(see 4.3.2).

4.2.2 Opefational considerations

4.2.2.1 Tagk analysis

Room layouts should be based on an agreed.set of principles derived from operational feedback (if available), task
analysis arjd an understanding of thesworker population including workers with disabilities: these underlying
principles should be fully documented-(see 4.1).

4.2.2.2 Tegam working

The layout|of control rooms~where many of the control room operators work, should facilitate team working
opportunitigs and social interaction for operators where this factor is deemed important for the primary tagks to be
performed (see 4.4.1).

4.2.23 Or

The control

janizational factors

room layout should reflect the allocation of responsibilities and the requirements for supervisio

n.

4.2.2.4 Operational links

Optimizing key operational links, including sightlines, or direct speech communication should be a goal in control
room layouts (see 4.4.1).

4.2.3 Workstation arrangements

4.2.3.1 Ro

om layout

Control rooms which exhibit either overcrowding of workpositions, or widely dispersed workpositions, are not
recommended. Layouts should allow, wherever practical, direct verbal communication between the control room
operators and avoid excessively short separations between adjacent operators (see 4.4.1).

© 1SO 1999 — All rights reserved
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Principles for

Existing space:
identify usable and non-usable
areas and mark up

control-suite layout

Recommendations

"Greenfield” site: Allocate approximate
space for control room and supporting
functions

See 4.3
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Requirements and

[=—————recommendations

See 4.3

Task pnalysis

Prepare functional

Appropriately scaled

layout diagrams

[+—————0perational feedback

worksfation layout

Matri of functional links

within] control room

Generate initial layouts for primary
workstations and main off-workstation
shared display

Requifements and
[.e———recommendations
See 4.4, 4.3, 45 and 4.6

Introduce secondary workstations,
job aids and equipement

Requirements and
|a—————recommendations
See 4.4

Selectled users

Test layout versbs
operational_reqtirements

Operafional specification

Requirements and
recommendations

Document results
of appraisal

Select layout(s) for trials

Test layouts at full-scale

Users|

with users

Select preferred

See 4.6

Requirements and
recommendations
See 4.6

/Key Results of

previous actiops

! "
roomtayott

Document ergonomic
criteria/compromise
adopted

NOTE Feedback loops can occur at any stage of the process.
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Figure 3 — General procedure for control room layout
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4.2.3.2 Co

nsistency

Control rooms with similar functions and in the same plant or facility, such as occur in a control complex, should
adopt the same ergonomic principles of room layout to facilitate decision-making and teamwork.

4.2.3.3 Physically disadvantaged

Where physically disadvantaged control room operators or visitors (those exhibiting a disability) are expected to use
the control room, adequate facilities should be provided (see 4.4.5).

NOTE National regulations may take precedence over the requirements in this part of ISO 11064.

4.2.3.4 Po

fure variation

There are 4
that control
workstation
should this

NOTE This
4.2.3.5 Bo

Room dime
seated view

rgonomic benefits in varying postures during periods of work. Wherever practicable, it is recor
workstation layouts and work regimes allow control room operators to change their posture’at t

nterfere with primary control duties or be undertaken as part of a time-critical activity:
may be achieved by locating some off-workstation equipment at a distance from the main‘operating positi
dy size

hsions and control workstation layout dimensions and features for which‘peoples’ sizes are rele
over workstations, shall take account of the range of control room-Qperators for which these

being proviged (see 4.5.1).

4.2.3.6 Wi

Control roo
information
since this n
whilst using

4.2.4 Off-y

The layout
operators’ t

ndows

source. The location of control workstations where windows are behind the operator should bg
hay give rise to reflections on the display screen.f\control room operators do have to face

orkstation shared visual displays

pf the control room shall ensure that all.off-workstation visual displays, necessary for the con
hsk, are visible from all relevant contrel-workstations (see 4.5.1).

4.2.5 Circdlation of personnel and maintenance access

visual display terminals, the differences in luminances should not lead to glare. See clause A 4.

nmended
e control

and to move from their workstations from time to time (see ISO 9241-5:1998). Underno circumstances

pns.

vant, e.g.
tems are

M operators using visual displays should not be facingcwindows unless these windows are @ primary

b avoided
windows,

trol room

Circulation ¢f control room staff, maintehance staff and all visitors should be achieved with minimum disrupgjon to the
work of confrol room operators (see 4.6.1).

Where it is |[anticipated that the supervisory positions will give rise to additional circulation from outside the control
room, it is reccommended that'these positions be located close to main entrances (see 4.6.1).

Operational areas should have a means of restricting thoroughfare access (see 4.6.1).

All aspects pf contral\room layout shall take account of the requirements for maintenance access (see 4.6.p).

4.2.6 Veriflcation{and validation of control room layout

Verification is-the-process-of-determining-that-semething-has-been-desighed-and-constructed-according-te-a defined

specification. Validation is the process of determining that the object, which has been built/developed, is able to
carry out the task for which it is intended.

Verification and validation should be integrated with the design process and should be performed in parallel with top
level design, detailed design and during the development of prototypes. Verification and validation should be an
iterative process during the development of the design. It should give feedback to the designer in moving towards
the best possible solution. It may include a number of different methods and techniques.

Examples of these are

— guideline evaluations (or use of checklists), i.e., using human factor guidelines and standards to check the
design;

© 1SO 1999 — All rights reserved
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— different task analysis techniques like link analysis or time-line analysis, where communication and co-ordination
can be tested;

— the use of “walk and talk through” techniques, where the idea is to work through scenarios/sequences in the new
design.

These techniques need appropriate representations of the new design which could be

— repre

sentations based on drawings and photographs,

— traditional full-scale mock-ups or small models, or

— computer models, as produced by computer-aided design tools.

Finally, a
427 D

Evaluatid
stored sd

4.3 Ard
The reco
43.1 PI
4311

In particy
— The 3

— Obst
area,

A he
minin
room
spac
is ba
NOTH
based
contrd

In son
50 m9

If ad
spac

Temg
addit

5 an advanced tool, mock-ups based on virtual reality technology could also be used.

pcumentation

that future modifications can take proper account of these factors (see Figure 3);

hitectural/building recommendations

mmendations in this subclause relate to the provision of space within baildings for control room
AN space provision

Selection of space

lar the following factors have to be taken into account.
election of a space for a control room should be basedon the usable area, not the gross area.

uctions and structural features, such as pillars and-awkward corners, within a proposed/plarn
will severely reduce the available space and could result in sub-optimal work layouts.

iristic value for planning floor-space allocation is to allow for 9 m? to 15 m? per working pog
num of not less than 9 m2. This has been_found to be satisfactory for rooms with more than
operator and which are permanently staffed, and takes account of typical equipment volum
e and maintenance access. Precisesrequirements shall be based on a task analysis. This spa
bed on the use of “usable” area.

1 The figures presented are based on a survey of spaces actually used in operational rooms which wer
on an ergonomic design process. These figures, of 9 m? to 15 m2 per working position, are typically as
| rooms comprising single workstations (or clusters of workstations) and no large, off-workstation shared V
he control rooms, where (arge, shared overview displays are a dominant operational feature, space alloca
have been measured!

b should be allewed for these additional staff to be housed.

orary positions should be provided alongside permanent control room operator positions, Vv
onal staff.are expected to be present during shift changes.

Squ
offer

n criteria, compromises and decisions based on ergonomic principles should be documented gnd securely

ned control

ition with a
one control
es, seating
Ce provision

e themselves
sociated with
isual display.
tions of up to

litional staff needt0 be accommodated during off-normal operations, within the control room, sufficient

here these

re,circular and hexagonal spaces are preferred for the arrangement of functional groups, bgcause they

he-potential of maximizing the number of links (see Figure 4); long narrow spaces should be ay

oided since

they camunduly Teduce options.

NOTE 2

It is recognized that certain shapes of room are more likely to concentrate noise, which can sometimes lead to

problems: such room shapes include hexagonal and circular configurations. Curved walls are sometimes restrictive as far as

future

control workstation rearrangement is concerned.

4.3.1.2 Future expansion

In particular, the following has to be taken into account.

— Space provision should consider requirements over the full planned life-span of the control room and account
should be taken of future increases in workloads, staffing and equipment. Where planned, life-spans can be in
the order of 10 years to 20 years; it is prudent to allow for up to 25 % additional space to allow for such
expansion.
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4.3.2 Vertital space provision

In particulan the following has to be taken into account.

10

Key

° ¢ 916§

1 Fungtional groups
2 Room envelope

Figure 4 — Room shape and functional layouts

Controlfrooms with a single finished floor height offer-greater flexibility for future change and for the moy
equipment and personnel, especially those with disabilities.

For a given control area, single height ceilings are preferred.

ement of

As a “rdle of thumb”, slab-to-slab heights 'should preferably be a minimum of 4 m, to include false floprs, false

ceilings| indirect lighting systems and the ‘accommodation of shared off-workstation visual displays. In
such a ¢lesign would result in finishgd,floor to finished ceiling heights of at least 3 m.

practice,

NOTE In Figure 5 the dimensions_are’based on a P99 male for illustrative purposes. The appropriate user population data

should b used.

Uncluttgred ceilings are referred to avoid any distractions or stray reflections from luminaires; spich plain

finishes|are also recommended for walls and any structural elements.

Differing finished flgpr'heights can sometimes offer advantages for viewing areas, supervisory overviews and a
means pf keepifg/)‘public area” segregated. To avoid various safety hazards, including trip hazards, ramps
should Ipe considered for movement of equipment and personnel.
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NOTE The dimensions are given as an example.

4.3.

In particd

ISO 11064-3:1999(E)

Dimensions i

1

n millimetres

)
v d

Ceiling slab

C )

Upligiter fitting
Finished ceiling
FinisHed floor
Floor slab

. ©
Ceillir]
1 000Jto 1 250 : L
500 H clearance under the ‘ /
lumingire, including clothing =

allowance

2 000

lumingire, including clothing
allowance

500 =

3 E

The Ipcation and number of the-exits and entrances should take account of such factors as the numb

room

A sinpgle main entrance ahd)exit offers the best solution for security and staff control. However, other|
exits may need to be proyided.

Entrg
such

The §
and

whicly ©an sometimes be required to be used in the control room. Entrances that are sized fof
pass!‘gmmﬁW.

w ]

C « )

g void

= clearance under the

Floor void

Figure 5 — Vertical space provision

its, entrances and walkways

lar, the following has to be takén into account.

operators and the functional links to areas outside the control room.

nce location<should be considered in relation to supporting functions situated around the cq
as toilets,refaxation areas, supervisors, offices.

izes ofsentrances/exits should allow for the passage of trolleys, and accommodate control roo
isiters{with disabilities, movement of equipment and the introduction of any other maintenancs

er of control

emergency

ntrol room,

n operators
equipment

equipment

Where access into the control room is required for, say, the collection of “permits to work”, keys or documents,
adequate account should be taken of circulation routes and temporary waiting areas.

Where counters are used for the receipt or collection of documents, such as “permits to work”, these often need

to be

near entrances or easily accessible from certain operating positions.

Where changes of floor level are introduced in conjunction with entrances or exits, proper physical “aids” should
be provided (such as guard rails, handrails, anti-slip surfaces) to minimize potential hazards.

NOTE National regulations may take precedence over the requirements in this part of ISO 11064.

© 1SO 1999 — All rights reserved
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4.3.4 Windows

Windows are provided in control rooms for operational, psychological and physiological reasons, not necessarily for
Large luminance differences between the visual displays, used at a workstation, and areas around
them, shall be avoided. The ratio of luminances for task areas that are frequently viewed in sequence (e.g. screen,
document and windows) should be lower than 10:1. Within a static visual field a significantly higher ratio of
luminances can be tolerated between the task area and its surrounds (e.g. display housing and walls) and should
not have any adverse effect. However, a luminance ratio of 100:1 between two areas would be expected to produce
a small but significant drop in performance (see ISO 9241-3).

illumination.

A glare-free usage of displays shall be guaranteed.

The provisi
from the co
information
situations a

window!
window!
window!

window!

When wind

workstal
window!
window!

window!
to the W

for thos
establis

window!

bn of windows often gives rise to contlicting demands sometimes leading to the exclusion of
ntrol room (i.e. for security or safety reasons). The control room operator’s task can include)di
from outside the control room, thus requiring windows within the operator’s visual field-The
re discussed within this subclause:

5 are a given fact in the (existing) control room;
5 are not needed for information purposes;
5 are needed for information purposes;

5 can be introduced after the control room layout has been established:

pws are included in control rooms, the following shall be taken into account:

tions shall not be facing windows unless they are a primary information source;

5 shall not be located behind the operator in order to avoid.glare or disturbing reflections on dis
5 shall have user-operable blinds;

5, which are located on the left and/or right side of the workstation, shall have a minimum distan
orkstation,

P cases where operational information is obtained via windows, the nature of this informatior]
ned;

5 shall be included in meeting and relaxation areas and offer an alternative visual environment

the confrol room;

primary
suite;

window
accepta

4.3.5 Visit

In particula

12

Visitors
and tak
unobstr

control workstations shall be\shielded from windows present in non-operational areas of th

size shall allow the cantrol room user to get a glimpse of the environment; a light neut
ble to reduce sky brightness, but dark tints can make the outside world look too gloomy.

DI'S

the following-has to be taken into account.

should-not be able to see “informal activities” undertaken by control room operators, such a
ng refreshments which sometimes occur during quiet periods. This may be achieved by m
Licted* sight of the control workstation worksurfaces from all areas where visitors are likely

access.

windows
pCt visual
following

blays;

ceof 3 m

shall be

to that in

e control

al tint is

5 reading
inimizing
to have

The design of facilities for visitors should be taken into consideration from the beginning of the project and
treated as a normal function to be accommodated by the control suite.

Where confidential information is presented, it should not be possible to see this from the public viewing areas.

Public viewing areas should be designed so that control room operators do not feel that they are there for

“enterta

inment” of the visitors.

When raised viewing galleries are to be included in the control room, the impact these might have on natural and

artificial

lighting in the control room should be considered.
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The requirements and recommendations presented in this subclause concern the horizontal and vertical
arrangements of control workstations within the control room.

4.4.1 Plan arrangements

In particu

lar the following has to be taken into account:

— Operational links between control room operators, such as speech, sightlines or direct voice communication,
should be documented, by using link association tables prior to developing control workstation layouts, and
should prowde a benchmark agamst which alternative Iayouts can be assessed (see Figure 3) In these tables,

prlm ry—at ol :-CL,U||ua|y upclauullal means—ate :-pcu ott; |||L,|uuu|g direct-vistrat; message pClDDIIIU O equment
sharipg requirements.
— When considering alternative ways of laying out a number of control workstations the following, factofs should be

taker
a)
b)

c)

W
W

W
n

NOTH
rangej

shou
anot

Cont
syste
elect

work

Socid
conv
indivi
such
Cont

maximum and minimum staffing levels.

Cont
docu
be re

Whelle a number of control rooms, operating on the same systemg{are located on various sites or co

Wheile ventilation systems,

into consideration:
hether control workstations are dedicated to individual operators or are shared,;
hether each control workstation is identical;

hether all operations can be carried out from a single control workstation ‘or tasks are spread
Lmber.

Where clusters of control workstations are grouped together to form a single unit, the way in which ope|
d around the workstation can offer different advantages (see annex A).

amongst a

rators are ar-

d adopt similar layouts. Adopting this approach facilitates:the transfer of control personnel fro
er and can reduce training time and errors.

ol workstation arrangements shall take into accouht operations under normal and abnorma
m operation; for example, fall-back arrangements for information transmission by paper or
onic means.

light fittings and (windows have already been installed, positioning
stations should take account of these te_avoid draughts, glare and reflections on visual display §

| contact within the control room\should be allowed for by grouping operators so th
brsations (those which have nothing to do with the operation of the control room) can ocg
duals without compromising aperator efficiency. In larger control rooms, particular care should b
informal links can be maintained when staffing levels are reduced during quieter periods.

ol workstation layouts-should provide an operationally satisfactory working environment

ol workstation layouts should provide for the convenient storage and display of all necessal
mentation whiech.control room operators require to access as part of their duties as well as item
(uired in emergencies.

al consideration should be given to the requirements of the standing control room operator for
nce Sterage, display and use.

ntries, they
one site to

il modes of
other non-

of control

pcreens.

at informal
ur between
e taken that

under both

y reference
5 which can

appropriate

5 should not

© 1SO 1999 — All rights reserved

IISt_occasional close working may be

in_individuals Sitting wi
acceptable, working positions adopted for extended periods should avoid control room operators having to
intrude within each other’s intimate zones.

Spacing between control room operators should take account of shared equipment, where consideration of
common reach zones or potential problems of interference due to noise need to be applied.

Approximate control workstation sizing for initial room layout purposes should take account of such factors as
equipment sizes, flat worktop provision and the requirements for on-workstation storage and accommodation for
workers with disabilities: any such layouts should be fully checked through workstation and room trials prior to
being finalized.
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4.4.2 Supervisory control workstations

When selecting room layouts, attention should be paid to training requirements for control room operators, for
example, additional space for equipment adjacent to a normal operator's position or a separate, discrete training
workstation.

Layouts should take account of maintenance requirements and access space for technicians and equipment
removal, particularly where this involves bulky items.

The general arrangement of control workstations should be such that flow from general circulation areas is
inhibited. However, the use of actual physical barriers to do this is not advocated.

Control workstations should be positioned such that views of entrances and exits are minimized, to reduce visual
distraction, from the normal operating position unless operational requirements demand this.

In some cqgntrol rooms, certain control workstations are designated as supervisory and some ,0f/the |following

additional r¢équirements can be associated with their location in the control room.

4.4.3 Vertigal arrangements

Supervigory control workstations should take full account of the additional reference materialwhich is sometimes
required to be stored, displayed and used at these positions.

In arrarjging supervisory control workstation layouts, an early decision needs to be taken as to whether the
primary|duties of the supervisors are to supervise the systems, the control room‘operators or both. Fgr system
monitor|ng, layouts will place greater priority on equipment positioning; whereas-for direct operator supervision,
workstation positioning in the room and workstation profiles are more important.

Layouty should allow for additional circulation around supervisoty positions and for the temporary
accomnpodation of visitors.

Where ajor incidents are handled from the supervisory area, the provision of extra vertical display|surfaces
needs tp be considered for the presentation of maps, charts or,procedures. Consideration should also[be given
to the additional space required by extra staff who sometimes 'need to be accommodated in this ared. Where
such major incident facilities are not immediately within the supervisory workstation area, the size and location
should e considered during control-suite layout.

Where major incidents are not handled in the supervisory area in the control room, provisions for a|separate
major irjcident area need to be considered in the control-suite layout.

The use of|varying floor levels in a contfel room can offer some advantages in viewing shared overview visual
displays anfl improving sightlines between control room operators. These benefits can also be achieved| by other
means, such as the careful layout of(the"control room or the duplication of overview equipment. When considering
adopting a polution based on varying:floor levels in a control room, the following are some of the drawbagks which

should be tTken into account:

can restrict direct visualverbal and social links;
can creqite obstacles to the movement of people;
movement of larger items of equipment can be restricted;

future changes in room layout can be more difficult and flexibillty can be reduced;

variatiop_in-control workstation heights. and location of control room rator, can r ir rticular attention to
be paid to lighting and heating control;

wheelchair access will need to be provided by ramps, which will require additional floorspace, or wheelchair lifts.

4.4.4 Secondary workstations

Where it is impractical to store all equipment or reference material at the control workstation (or a position included
which can deal with an overflow of tasks during peak workloads), the provision of a secondary workstation should be
considered. The layout and design of any such workstations should adhere to the same ergonomic principles as laid
out for primary positions and their layout based on a task analysis.

14
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4.4.5 Additional considerations on workstation layout

In particular, the following has to be taken into account.

— The layout of control workstations should take account of future requirements. Control room workstation layout
should take account of the initial operation as well as the requirements likely to be in place at the end of the
planned life span. Such considerations should include the most likely upgrades in terms of
additional working positions and changes in operational procedures.

equipment,

— The needs of those with disabilities should be considered during the layout of the control room by, for example,
allowing additional circulation spaces and introducing ramps for wheelchair access (see clause A.5).

NOTE National regulations may take precedence over the requirements in this part of ISO 11064.

— Hardicopy information storage should be classified such that the most appropriate provisions‘cg
within the control room. An appropriate classification is suggested in Table 1.

— Adequate provision should be made for the storage of items of a personal nature, both in thie,control
contrpl workstation (briefcases, purses) or outside the control area in locker rooms (for clothing etc.)

— The
work
of su
such

4.5 Sh

The requ
Many diff

(CCTV) monitors,¢projected displays, hard-wired mimics and static maps/diagrams. When designing d

layouts f
Such cor

equirements of secondary users, such as field operators and auxiliary operators; wWho sometin

table worktops to lay out paperwork, appropriate seating and accommodation for coats and H
requirements should be fully determined by the conduct of an appropriate task analysis.

Table 1 — Control room storage — Classification of types

Storage requirement Typical location Example
Immediate access Primary control Operational procedures
workstation High-priority telephone numbers
Emergency procedures
Diagnostics
Large charts and tables
Secondary access Secondary control Internal telephone directory
workstation Secondary operating procedures
Adjacent workstation | architectural/engineering drawings
Occasional access Library Non-critical equipment failure
procedures

hred visual displays;off-workstation

rements presefted in this subclause concern the location of shared visual displays within the ¢
ering technaolagies can be used for overview visual displays, including banks of closed circu

br these-differing solutions, the constraints imposed by the various solutions will need to be
straintstinclude limitations on viewing angle, contrast ratios and image construction.

As an alt
smaller s

n be made

foom, at the

hes need to

in the control room on a temporary basis should be considered. This can sometimes involve the provision

elmets. All

bntrol room.
it television
ontrol room
considered.

ars ad
chematics, should be considered.

4.5.1 Horizontal and vertical viewing distances

In particular, the following has to be taken into account.

kitation, with

— Where off-workstation visual displays need to be used on a regular or continuous basis, the preferred position is
directly in front of the control room operator such that they can easily be seen when looking over the control
workstation or can be scanned by eye-movement alone (see 1ISO 11428 and Figure 6).

© 1SO 1999 — All rights reserved
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Key
1 Ope

2 Horigontal visual field

3 Off-

NOTE

Where
operatin
of the @

read, frgm the control room operator’s normal position, by a.simple rotation of the control chair.

For very
recomni
effective

Where the information on an off-workstation overview visual display needs to be regularly used by con

operato
informa
both thq

Necess

applicable 5th to 95th percentilelbody dimensions of the user population, from their normal working

(see ar
circums

Operati
percent
measur

This plan view is intended to show general principles.

ator

vorkstation visual display

Figure 6 — Preferred location of off-workstation visual displays

he information presented on an off-workstation shared visual display does not have to be reg
g the console, or provides secondary information, the displays can sometimes be mounted to
ontrol workstation. Such displays should be positioned so that all information required can b

large off-workstation visual displays, which needito be monitored on a continual or regular b
ended that control room operators be allogated sections of the common display which
ly and conveniently monitor.

s, the design of the visual display.and the layout of the control room should ensure that
ion which needs to be used by a coptrol room operator can be seen from the normal working pd
vertical and horizontal planes:

bry information presented (on* shared overview visual displays shall be visible by person
nex B). There can(be' a requirement for safety critical information to be seen. Und
fances, the user percentile range to be accommodated may need to be greater.

bnal informationpresented on the lowest part of an off-workstation visual display shall be visibl

le, seated, non-Upright control room operator. The following formula may be used to deter
bment:

| o He _ Hc

= Hep(D +d) S/

ad whilst
one side
e reliably

asis, it is
they can

trol room
all of the
sition for

nel, with
positions
er these

P to a 5th
mine this

)

=

SN

is the lowest height at which the visual display can be seen;

is the design-eye-position, measured from the floor to the outer corner of the eye; 5th percentile shall

be applied;

NOTE H, is a combination of the adjusted seat height and the anthropometric data of “eye height, si
annex B).

is the height of the console;

tting” (see

is the horizontal distance between the front edge of the console and the surface of the wall panel;

is the depth of the console;
horizontal distance between the design-eye-position and the front edge of the console.
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For an explanation of the dimensions, see Figure 7.

Key

1 Panel

2 Line offsight
3 Designteye-position

NOTE The appropriate data for the expected user population should be applied; sample anthropometric data are

annex B.

4.5.2 Re¢lationship of shared visual displays to other featurés

In particylar, the following has to be taken into account;

4.6

Wind

Artifig
displays.

Finis
the v

Entrgnces and exits should not be located within the same field of view as major off-workstation visu

Pe

The requ
general ¢

4.6.1 Pe¢rsonneleirculation

In particy

Figure 7 — Control workstation height and view over

pws should not be located adjacent to off-warkstation visual displays or within the same field of

hes around off-workstation, shared visual displays should be carefully controlled so as not to i
sibility of parts of the shared-visual display.

sonnel circulation.and maintenance access

irculation, maintenance and cleaning.

lar;the following has to be taken into account.

presented in

view.

ial room lighting should not interfere with the visibility of any sections of the off-workstation, shared visual

terfere with

al displays.

rements and récommendations presented in this subclause concern the provision of appropriate space for

Ade

% e 1 [P (D " [ L ol o | b
alt PruvisiulT souia U TTiauc 10U Ui yTricialr CITCUTAUUTT, SULTT UTat CUTTUHUT UPTTAUUTS At 11U

by either visual or auditory distraction.

interrupted

Particular care should be taken to provide adequate circulation areas where shift changeover is protracted and

two s

hifts are present at the same time.

The layout of the control room shall allow for the orderly evacuation of the room.

Control room circulation routes should be arranged to avoid cross-circulation.

Restricted ceiling heights should be indicated: the use of ceiling-mounted warning signs can be considered for
these purposes.

© 1SO 1999 — All rights reserved
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— The following formula should be used for the minimum dimensions of circulation spaces where a single
individual needs to pass with forward movement and in an upright posture (see Figure 8). Additional space
should be allowed if tool boxes or other items are to be carried.

For non-em
A= h(
B = qa(
For emerge
Ao =

ergency exits:
P95) + x
P95) + vy

ncy exits:
h(P99) + x

2
3

4

Bem =

s
=
(9]
@
D

©
3
»

TR 8 2 o
3
%

P95 is
P99 is

Concerning

is|the opening height for emergency exits;

is|the opening width for emergency exits;

a(P99) 4 y

the opening height;

the opening width;

the stature (body height);

the elbow-to-elbow breadth;

the height allowance (to allow adequate clearances for suchiitems as helmets, caps and shoe
the width allowance (to allow adequate clearances for bulky clothing);

the percentile;

the 95th percentile of the expected user population;

the 99th percentile of the expected user population.

the definitions of human body measurements, see ISO 7250.

NOTE Furt|

— Emerggncy exits shall use the appropriate P99 value whereas those for non-emergency may
approprjate P95 value; these values te\be derived for the user population. The distinction between the]
the P99|value can become blurred \Wwhen clearances take account of the dynamics of walking moveme

— The sp
doubled

— Fixed it¢ms should be placed far enough from the swept area of hinged doors in order to avoid pinch po

possibil

such that the likelihded of an unconscious individual obstructing the door is eliminated.

— For wh
clearan

ermore, National Regulations may take ‘precedence over the requirements in this part of ISO 11064.

®)

height);

use the
P95 and

t
ce provision for two-person circulation should be based on Formulae 2 to 5 presented anve and

with the appropriate-allowances made for tool boxes or other items being carried.
ty of individuals_being overcome by fire, smoke or gas should be considered in the design of do

belchair-tsers, allowances need to be made for the maximum width of the largest wheelg
Ces for’elbows to propel the chair (see Figure 9).

nts. The
DI Swings

hair and

— Wheelc

hair’users will require additional space for turning and these should be provided at appropriate

locations

in the control room. Clause A provides some guideline dimensions.

18
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Figure 8 — Minimum circulation space for personnel

{ -
( N
Full length of ‘
wheelchair 1 1Y
Width of \J
wheelchair and
elbow clearance £

NOTE See clause A.5 for dimensions concerning wheelchair users.

© 1SO 1999 — All rights reserved

Figure 9 — Wheelchair clearance
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4.6.2 Maintenance access

In particular the following has to be taken into account.

— Space shall be allowed for maintenance such that inadvertent activation of equipment or systems is avoided.

— Experience shows that items of equipment housed on mimic panels should be mounted at least 700 mm above
the finished floor height for reasons of visibility and access for maintenance.

— Rear access to control workstations is recommended, since it allows control staff to continue their operations.
Adequate clearance behind the control workstation should be allowed for a kneeling maintenance engineer to
work. Some suggested space provisions based on world populations are presented as guidelines in Figure 10.

— Off-workstation panels and displays sometimes require maintenance access to the rear. For (Such units,
adequate space shall be allowed for the larger maintenance technician from the user population, 95th percentile
(see anpex B) and consideration given to the use of ladders and carrying of tool boxes.

— Where heavy or bulky items of equipment need to be removed, the appropriate manual_handling guidelines
should Ibe consulted. It is sometimes necessary to provide mechanical assistance or hoistpoints.

Access to service ducts and serviced equipment should, wherever practical, be from outside the control ropm.

1

2
>
<
Q

B C

3 A
Key w T
1 [Standing worksposition
2 [Stoopingwork position
3 Kneeling-work position -
4 Squatting work position £ &

See Table 2 and annex B for further details on dimensions.

Figure 10 — Minimum space requirements for maintenance of control panels
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Table 2 — Minimum space requirements and allowances that need to be taken
into consideration
. LA Minimum space Allowances to be taken into
Dimension requirements . .
consideration
mm
A 1910 for largest maintenance techniclan p95P
30 for shoes
B 700 for largest maintenance technician P95
C 760 for largest maintenance technician P95
D 1500 for largest maintenance technician P95
E 760 for largest maintenance technician P95
. 1370 for largest maintenance technician,P95
30 for shoes
G 760 for largest maintenance technician P95
H 1220 for largest maintenance technician P95
@ These dimensions relate to alternative postures adopted for maintenance and areillustrated in Figure 10.
b pos: 95th percentile of the expected user population.
NOTE The table above covers the whole world population. Where available, equivalent user population data
should be used.
eaning
lar the following has to be taken into account.
ertent activation of any safety-critical controls:shall not be possible during cleaning.
— An aglequate number of power outlets should be-provided which will enable cleaning appliances to be used, and
enance to be undertaken, without causing“electrical interference or disturbing control room opgrations.
— Whele gaps occur between items of equipment or furniture, adequate clearances should be allowed [for cleaning
undertaken.
uld be possible for all necessary cleaning to be undertaken without interruption to control room|activities.
al provision is sometimes required where food and other refreshments are permitted to be consumed in the
Dl room.
ontrol room layout should not give rise to unsuitable working postures or working movements ffor cleaning
21
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Annex A
(informative)

Examples of control room layout

A.1 General

The tables pnd—a ) v v . :
arranged. $ome of the factors considered include views to shared off- Workstatlon visual displays, operatipnal links
between cgntrol room operators’ and contact between supervisors and operators. The diagrams, are“intended to
highlight some of the advantages and disadvantages of alternative groupings of control workstations; thely are not
intended to|be exhaustive or prescriptive.

The tables,| associated with the figures, summarize the likely performance of these layouts”against a number of
operational|features. The tables illustrate the wide range of alternative workstation arrangements which can be
possible. The most suitable form of layout should be determined through the conductof a task analysis.

A.2 Gengral workstation groupings

22 © 1SO 1999 — All rights reserved
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Workstation groupings

Linear one-sided

Arc, one-sided,
operators inside

Arc, one-sided,
operators outside

Linear or arc,

two-sided (1 A)

Linear
two-side|

I arc,
(1 B)

Linear or arc,
two-sided (1 C)

Key
Control workstation: |:| : : . . . . . . )
Viewing direction: - ‘I:I |:|_, |:|_7 ‘I:I ‘I:I _I:I
Further control . : : : : : :
workstations: . : S "

Features Between operators Between groupq of operators
Sharing workstation equipment 0 + - - _f -
Sharing off-workstation display + + 0 - - +b
Direct eye contact - - 0 + . —
Verbal communication 0 - 0 + —f -a
Noise interference 0 + 0 - 4 0
Message passing 0 + 4 - oft _a
Collection and delivery of paperwo + + + + . -
Teamwork support 0 0 0 + - -
Separation of groups - - - + 4 +
Equipment accesss for maintenand + + 0 —d 4 0

Key

Better +
Average 0
Worse -

a

Operators shall turn around or move.

Careful positioning of workstations required for groups to share off-workstation displays.

Each group may share a separate display.

Depend on precise layout; better for arcs with operators outside; worse for arcs with operators-inside.
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(continued)

Workstation groupings

Linear one-sided

Arc, one-sided,
operators inside

Arc, one-sided,
operators outside

Linear or arc,
two-sided (1 A)

Linear
two-side|

I arc,
i (1 B)

Linear or arc,
two-sided (1 C)

Linear examples

l:ll;ll:l

Bl
[ [
[

Arc: operators inside

=&

AN
S

Arc: operators outside

PN

-

PN
PSS

Key
Control operator .

Off-workstation display E

Control Workstation |]
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Supervisor locations

Linear or arc,
one-sided (2 A)

Linear or arc,
one-sided (2 B)

Linear or arc,
one-sided (2 C)

Linear or arc,
one-sided (2 D)

Linear
one-side

r arc,
d (2 E)

Linear or arc,
one-sided (2 F)

Key

Control workstation: —-I:I
Supervisor
workstation:

Continuation: :
Features Between supervisors and operators

Sharing workstation equipment +a p - - ] _a
Sharing off-workstation display + - 0 _b _b +b
Direct eye contact - oc¢ +C _ +t _
Verbal communication -a +C oc — +F _d
Noise interference 0 - 0 - d +
Message passing + + 0 0 i -
Collection and delivery of paperwofk + + + - 4 0
Standing in for supervisor +€ - 0¢ _e . —
Operator training by supervisor +€ 0e 0e 0e . -
Equipment access for maintenance + + + - 4 0

Key

Better +
Average 0
Worse —

o

o

Depends on precise layout; better for arcs with operators inside; worse for arcs-with operators outside.

Careful positioning of workstations required to view or share off-workstation displays.

Depends on precise layout; better for arcs with operators outside; worse for arcs with’operators inside.

Operators shall turn around or move.

Better for operator adjacent to supervisor.
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Supervisor locations

(continued)
timearorarc, timearorarc, timearorarc, tinear or arc, timeargr arc,
one-sided (2 A) one-sided (2 B) one-sided (2 C) one-sided (2 D) one-siddd (2 E)

Linear or arc,
one-sided (2 F)

Linear examples

5 | | | =

!

& a2

SIS

\
/

Arc: operators inside

Arc: operators outside

Key
User °

Off-workstation E
display
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