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European foreword 

This document (EN  61 227:201 6) consists of the text of IEC 61 227:2008 prepared  by SC 45A 
"Instrumentation,  control  and  electrical  systems of nuclear facil i ties" of IEC/TC 45 "Nuclear 
instrumentation".  

The fol lowing dates are fixed:  

•  latest date by which the document has to be implemented  at 
national  level  by publ ication  of an  identical  national  
standard or by endorsement 

(dop) 201 7-03-01  

•  latest date by which the national  standards confl icting  with  
the document have to be withdrawn 

(dow) 201 9-03-01  

 

Attention  is  drawn to the possibi l ity that some of the elements of this document may be the subject of 
patent rights.  CENELEC [and/or CEN]  shall  not be held  responsible for identifying  any or al l  such 
patent rights.  

As stated in  the nuclear safety d irective 2009/71 /EURATOM,  Chapter 1 ,  Article 2,  i tem  2,  Member 
States are not prevented  from taking  more stringent safety measures in  the subject-matter covered by 
the Directive,  in  compliance with  Community law.  In  a similar manner,  this European standard  does 
not prevent Member States from taking  more stringent nuclear safety measures in  the subject-matter 
covered  by th is standard.  

Endorsement notice 

The text of the International  Standard IEC 61 227:2008 was approved by CENELEC as a European 
Standard without any modification.  
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indispensable for i ts appl ication.  For dated  references,  only the edition  cited  applies.  For undated  
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NOTE 1  When an  International  Publ ication  has been  modified  by common modifications,  indicated by (mod),  
the relevant EN/HD applies.  

NOTE 2  Up-to-date information  on  the latest versions of the European Standards l isted  in  this annex is 
available here:  www.cenelec.eu.  
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room - Verification  and  val idation  of 
design  
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IEC 61 772 -   Nuclear power plants - Control  rooms - 
Application  of visual  d isplay units 
(VDUs) 
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IAEA Safety Guide 
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important to safety in  nuclear power 
plants 

- -   
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INTRODUCTION  

a) Techn ical  background,  main  i ssues  and  organ isation  of th is standard  

This IEC standard  speci fi cal l y focuses on  operator controls.

I t  i s  i n tended  that th is  standard  be  used  by operators  of NPPs  (u ti l i t i es), systems evaluators
and  by l icensors.

b) Situation of the  current standard  in the structure  of IEC  SC  45A standard  series  

I EC 61 227 is  the  th i rd level  I EC SC 45A document tackl i ng  the generic i ssue of operator
controls .

IEC 61 227  is  to  be  read  i n  association  wi th  I EC  60964  and  I EC 61 772.  I EC 60964 is the
appropriate  I EC  SC 45A chapeau  document for con trol  rooms  wh ich provides gu idance  on
control room  des ign and wh ich  references  I EC 61 227.  I EC  61 772 establ ishes  requ irements  for
the  appl ication  of VDU  (Visual D isplay Un i ts) .  

For more  deta i l s  on  the  s tructu re  of I EC SC 45A standard  series ,  see i tem  d ) of th is
i n troduction .  

c) Recommendations  and  l im itations  regard ing  the  appl ication  of th is  standard

I t  i s  important to  note  that th is standard  establ i shes  no  add i ti onal functional requ i rements for
safety systems.

To ensure  that th is  standard  wi l l  continue  to  be  re levant i n  fu ture  years ,  the  emphasis has  
been  p laced  on  issues  of princip le, rather than speci fic technolog ies .

d) Description of the  structure of the IEC  SC 45A standard series  and  relationships
with  other IEC  documents and  other bod ies  documents  (IAEA, ISO)  

The top- level  document of the  I EC SC 45A standard  series is  I EC  61 51 3.  I t  provides  general  
requ i rements  for I &C systems and  equ ipment that are  used  to  perform  functions important  to
safety in  NPPs. I EC  61 51 3  s tructures  the I EC SC 45A standard  series.   

I EC 61 51 3  refers d i rectl y to other I EC SC 45A standards  for general  topics  related  to
categorization  of functions  and  class i fication  of systems,  qual i fication ,  separation  of systems,
defence against  common  cause  fa i l u re,  software aspects  of computer-based  systems,
hardware  aspects of computer-based  systems,  and  con trol  room  des ign .  The  s tandards
referenced  d i rectl y at th i s  second  l evel  shou ld be  considered  together wi th IEC 61 51 3 as  a  
consisten t document set.

At a  th i rd  l evel , IEC SC 45A standards not d i rectl y referenced  by I EC 61 51 3 are  standards  
re lated  to  speci fic equ ipment,  techn ica l  methods,  or speci fic  acti vi ti es.  Usual l y these
documents,  wh ich  make reference to  second-level  documents  for general  topics ,  can  be  used  
on  thei r own.

A fourth  level  extend ing  the  I EC SC 45A standard  series ,  corresponds  to  the  Techn ical
Reports  wh ich  are  not normative.

IEC 61 51 3 has adopted  a  presentation  format s im i lar to  the  bas ic safety publ ication  
I EC 61 508  wi th  an  overal l  safety l i fe-cycle  framework and  a  system  l i fe-cycle  framework and  
provides an in terpretation  of the  general  requ i rements of I EC  61 508-1 ,  I EC 61 508-2 and
IEC 61 508-4,  for the nuclear appl ication  sector.  Compl iance wi th  I EC 61 51 3 wi l l  faci l i tate  
cons istency wi th  the  requ irements  of I EC 61 508  as  they have  been  i n terpreted for the  nuclear
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i ndustry.  I n  th is  framework IEC 60880  and  I EC 621 38  correspond  to  I EC 61 508-3  for the
nuclear appl icati on  sector.

I EC 61 51 3  refers  to  I SO  as wel l as  to  I AEA 50-C-QA (now replaced  by IAEA 50-C/SG-Q)  for
topics  re lated  to qual i ty assurance (QA).

The  I EC SC 45A standards  series  consisten tl y implements  and  detai ls  the princip les and
basic safety aspects provided in  the  I AEA code on  the  safety of NPPs and  i n  the  I AEA safety
series ,  i n  particu lar the  Requ i rements  NS-R-1 ,  establ ish i ng  safety requ irements  re lated  to  the  
des ign  of Nuclear Power Plan ts,  and the  Safety Gu ide  NS-G-1 . 3  deal ing  wi th  i nstrumentation
and  con trol  systems importan t to  safety in  Nuclear Power Plan ts.  The  term inology and
defin i tions  used  by SC 45A standards are consisten t wi th  those  used  by the  I AEA.
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NUCLEAR POWER PLANTS –
CONTROL ROOMS –

OPERATOR CONTROLS 

1  Scope 

This  I n ternational  Standard supplements  I EC  60964  wh ich  appl ies  to the  design for control
rooms of nuclear power p lants .  I t  i den ti fies  the  Human-Mach ine I n terface  (HM I ) requ i rements
for d iscrete  con trols ,  mu l ti plexed  conventional  systems,  and  soft con trol  systems.  For the  
main  con trol  room  of a  nuclear power plan t, I EC 60964 includes  general  requ i rements  for
layout,  user needs  and veri fication  and  val idation methods,  and these  aspects  are not
repeated  i n th is standard .  However,  I EC  61 772  on  Visual D isplays Un i t (VDU)  a lso  provides
some gu idance on  d isplays and  i nd ications where  necessary for the  correct appl ication  of the
control  requ irements .

Th is  standard is in tended  for appl icati on to  the  design of new main  control  rooms  in  nuclear
power p lan ts  des igned  to  I EC  60964  where  th i s  i s i n i ti ated  after the  publ ication  of th is
standard . I f i t  i s des ired  to appl y i t to supplementary control  poin ts  or l ocal control  posi tions,
or to  existing  control  rooms  or des igns,  specia l  cau tion  shal l be  exercised  as i t  makes
assumptions such  as  the  au tomation  l evel  that may not apply.

2  Normative references

The fo l l owing  referenced  documents  are  i nd ispensable  for the appl ication  of th is  document.
For dated  references,  on ly the ed i ti on  ci ted  appl i es.  For undated  references,  the  l atest ed i tion
of the  referenced  document ( includ ing  any amendments)  appl ies.

IEC 60073, Basic and safety principles for man-machine interface,  marking and identification
– Coding principles for indicators and actuators

I EC 60964,  Nuclear power plants – Control rooms – Design of main  control room

I EC 61 771 ,  Nuclear power plants – Control rooms – Verification and validation  of design

IEC 61 772,  Nuclear power plants – Control rooms – Application  of visual display units (VDU)

IAEA Safety gu i de  NS-G-1 . 3: 2002, Instrumentation and Control Systems Important to Safety
in Nuclear Power Plants

3 Terms and  defin i tions

For the  purposes  of th is  document,  the  terms and  defin i ti ons  g i ven  i n  I EC 60964  and  the
fol l owing  defin i ti ons  apply:

3. 1
d iscrepancy control  and  ind ication

binary control wi th  s tate and  d iscrepancy ind ication using  a  s ing le  con trol  swi tch

3.2
discrete  ( i nd ividual )  controls
devices  to  support operator con trol  of p l an t components ,  such  as  pumps,  va lves,  control lers ,
wi th one  control  being  assigned to  a  s ing le plan t component or function
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3.3
mul tiplexed  
used  for several  purposes  at  d i fferen t times.  For example,  a  s tart-stop  swi tch  may be se lected  
by another device associated  to  a  number of plan t i tems and  used to  s tart or stop  the  i tem to 
wh ich  i t  i s connected  at the time 

3.4
operator controls

devices  wh ich the  operator uses  to send  demand  s i gnals  to con trol systems and  p lant i tems

3.5
semaphore
electrica l l y dri ven  mechan ical device wh ich  d isp lays  the  p lant cond i tion  (e. g .  open or closed  
swi tch  pos i tion) by the  angu lar posi ti on  of the  vis ib le  surface  

3.6
soft  control  
control  device  for input of operator commands,  that has  connections wi th  the  con trol  system
that are  med iated  by software  rather then  d i rect phys ical  connections.  As a  resu l t,  the  
functions  of a  soft con trol  may be variable  and  con text dependent rather than  s tatical l y
defined .

NOTE Typical l y,  soft  con trol devices  use  VDUs  for d i spl aying  the  i npu t  options,  and  poi n ti ng  devices  such  as
track bal l ,  mouse,  touch  capabi l i ty,  or l i gh t pen  for the  selection  of the  choice.

3.7
touch  panel
soft con trol  wh ich  uses  a  pos i ti on  detector to  detect the  operator's  fi nger poin ting  at  the  l abel
on  the  VDU  (Visual  D isp lay Un i t) .  Al ternative l y,  a l i gh t pen  may be  used  or a  cursor may be  
moved  over the VDU  format to  i den ti fy a label .  The label  may describe  an  i tem  of plan t or a
con trol  action .  

4 Design  principles  

4.1  Basic concepts

An  overal l  systems  des ign  approach  i s  requ i red  for the  des ign  of the  HM I .  I EC 60964  states
the  requ i rements  for overal l  des ign  of the  control  room  system  and  the  establ ishment of the  
princip les  requ ired  for safety,  avai l ab i l i ty and  user cons iderations,  and  the  functional  design  of
the  system as  a  whole.  The  des igner shal l  consider h is  goals ,  and  the re lati ve  importance of
the  various design factors for h is  particu lar appl ication .

Operator controls  shal l  be  des igned  so  that operators  can  perform  the i r tasks  eas i l y and
correctl y.  Cons ideration  shal l  be  g i ven  to  con trol -d isplay in tegration  and  the  type  of operating  
procedure  and i ts  presentation  shal l be  taken  i n to account in  the  choice  of con trols to  be
used . Particu lar attention  shal l  be  g i ven  to  the  needs of the  operator for s imple  error-proof 
systems  that wi l l optim ize  the operator's  performance under a l l  cond i ti ons.  Their des ign  shal l  
be based  on ergonom ic princip les  to  ensure  ease  of operation and  to  m in im ize  operators'
errors,  both  of om ission  and  execu tion . Where  conventional  systems are  used ,  mechan ical  
characteristics  of con trol  e lements,  such  as size,  operati ng  pressure  or force,  tacti le
feedback,  etc. ,  shal l  meet human  capabi l i ti es  and  characteristics  speci fi ed  i n  the
an thropometric data  base.  

The  des ign  of the  con trol  panels and  con trols shal l  be  consisten t wi th  the  overal l  system
design  and  shal l  comply wi th  the  requ i rements  speci fi ed  i n  I EC 60964  and ,  i n  particu lar,  wi th  
the  fol l owing  subclauses of that s tandard :  

a)  Panel l ayou t

b)  Location  a ids
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c) I nformation   and  con trol  systems

d)  Control -d isplay in tegration  

e)  Communication system

f)  Other requ i rements  

Any system  shal l g i ve immed iate  feedback to  the operator that i t has  received  a  control  
command ,  for example,  by l i gh ting  a  device  or a  mark on  a  VDU .  Appropriate  p lan t feedback
shal l  i nd icate when  the  command  has  been  implemented ,  for example  the  valve  has  closed .

4.2 Types  of HM I

The types  of operator i n terface  avai l able for control  may be classi fied  i n to two groups,

a) d iscrete  con trols  compris ing  ded icated  systems  / mu l tip lexed  conventional systems;

b)  soft controls.  

The  groups  have  the  fol l owing  characteristics,  and  the  task analys is described  i n  4 . 3  i s  used  
to  determ ine  the  most appropriate  type  to  use.  

4.2. 1  Discrete  controls  

Ded icated  con trols have  the d isadvantage  of being  present even when  not wanted ,  thus
increas ing  the  s ize  of the  whole  control  desk and  provid ing  "clu tter"  when  other con trols  are  i n
use.

Ded icated  controls are  particu larl y su i table  for controls in  constan t use,  for example  electrica l
ou tpu t,  or those  whose immed iate  access ibi l i ty and rel iabi l i ty are  of prime importance, for
example  an emergency trip  bu tton . Requ i rements for the ir l ayou t are  described in 5. 1 . 1 .  

Mu l tip lexed  con trols ,  a  sub-set of d iscrete  control s,  use  a  s ing le  control  for the  same function  
on  several  equ ipments, thus  reducing  the number of controls  on  the  desk or panel  so  that
they can  be  made smal ler and  the  con trols  can  be  brought closer to  the  operator.  However,
the  operator has to  make  a  selection ,  so  the  number of operations is  i ncreased  and  the  
chances  of error and the  operator response time  may be  increased .

Mu l tip lexed  controls  sha l l  be  designed  wi th  good  feedback to  the  operator for the  function
selected ,  to perm it  error recovery.  They are  particu larl y su i table  for the  con trol  of seldom-
used  systems  that are not requ i red in  a  hurry,  for example,  tank fi l l i ng ,  and  for systems  where
the  consequences  of error are  not serious and  where  time  i s  avai lable  for correction  i n  the
event of error.

4.2.2  Soft controls  

These controls are  a  type  of mu l tip lexed  system where  they can  have  d i fferent functions at
d i fferent times.  Typica l l y,  soft controls  are  implemented  us ing  one  (or two) VDUs together
wi th  a  poin ti ng  device  (such  as  mouse,  track bal l  l i gh t pen  or touch  capabi l i ty) ,  or a  
combination  of a  VDU  wi th  a  set of ded icated  controls.  Control  actions  are  performed  in  the  
fol lowing  way:

– se lection  of the  object to  be  con trol l ed  us ing  the  poin ting  device;

– presentation  of the  command  options  on  the  VDU  as  menu  i tems  or i cons,  e. g .  i n  a  pop-
up-window or on  a separate  VDU ;

– selection  and  acti vation  of the command  option  to  be executed ,  again  us ing the pointing  
device.  

These  systems have  many of the  characteristics  of conventional  mu l tip lexed  systems,  bu t 
make i t  possib le  to  assemble  controls  re lated  to  speci fic tasks  and  not  offer the  operator
con trols that are  i nval id  or i nappropriate  to  that task,  so  gu id ing  the  operator to  correct
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actions.  Al l  i n formation  requ ired  by the  operator to  perform  the  correct control  action  shal l  be
presented  to  h im when  requ i red ,  e i ther on  the  touch  screen  or on a  re lated ad jacent format.  

Selection  error rates  cou ld  be  h i gh  i f the  system is  not wel l -designed  and ,  as  a  h ierarch ical
se lection  of several  formats  may be requ i red  to  recal l  the  control  set requ i red ,  the  process  of
selection of a  con trol  not al ready on  d isplay may be  re lati vel y leng thy. However, i t  may be  
poss ib le  to  use a  s i ng le  format wi th  changed  windows  for several  con trol  actions.

I t  i s  often  d i fficu l t  to  optim ise  the  posi ti on  of the  VDU  for both  mon i toring  and  touch ing  and
two screens  may be requ i red .  Off-screen  poin ting  devices  (e. g .  track ba l l  and  l igh t pen) are  an
al ternative  solu tion .

Soft con trols  can be  parti cu larl y usefu l where  the  task i s  under the  control  of the  operator.  

For us ing  soft con trols,  su i table  consideration  shal l  be  needed  to  satisfy HMI  requ i rements .
For example:  software  swi tch  selection  time,  human  error rate  i n  selecti ng  the  swi tches,  or
system  response time. The VDU  can  d isplay the  m im ic d iagram  of the  system with  the  
i n formation  requ ired  by the  operator,  who wi l l  i den ti fy the  concerned  i tem in  the  computer,  
and  use  a  touch  panel ,  soft control  swi tch ,  or poin ti ng  device  to  ach ieve  the  desired  effect.  

For more information  on the  requ irements  for soft  con trols in terfaces,  see 5.2 .

4.3  Selection  of control system

The process  to  se lect and  speci fy a  control  system  shou ld  start from  the consideration  of the
avai l able technolog ies on  the  market and  of the  avai l able  feed-back from  the plan ts.

Th is  process  shal l  cl earl y d isti ngu ish  between  the  se lection  of the  “main  con trol  system”  and  
the  selection  of the  proper con trol  type  for every plan t component / p lan t function .

I t  i s  a lso  to  be  considered  that,  for common  cause  fa i l u re  reasons,  two  d i fferent control  
systems  cou ld  be  selected to perform  the  same function .  

A task anal ysis is  requ i red  as a  fundamental  part of the  con trol  room  des ign  and  th is  shal l  be
documented  i n  a  manner that ind icates  the  requ irements  for the  controls i n terms  of:

a) frequency of use;  

b) grouping ,  and  re lationsh ip  wi th  other controls;  

c) speed  of access requ i red  (when  not a l ready i n  use);

d)  re l iabi l i ty;

e) acceptabi l i ty of common  cause  fau l ts;

f) importance  of consequences  of erroneous selection ;

g ) complexi ty of system  con trol l ed ;

h) type  of i n formation  d isplay proposed  (VDU or ded icated  i nstruments);  

i ) type of con trol equ ipment proposed ;

j ) categorization  of con trol  functions  by thei r importance  to  safety;

k) operating  procedures  (e. g . , normal ,  testi ng ,  emergency).  

Bearing  i n  m ind  the  characteristics  of the  types  of con trol  system  identi fied  i n  4 . 2,  the
designer shal l  se lect the most appropriate  i n terface  for each  control  and  develop  the  design
fol lowing  the  requ irements  of 5. 1 .  The  proposed  des ign  shal l  then  be  val i dated  i n  accordance  
wi th  the  method  g i ven  i n IEC 60964  and  detai led in  I EC  61 771 .  I n  the design and val i dati on ,  i t
i s  important that a l l  re levant i nputs  to  the  HMI  des ign  are  taken  in to  account.  These  wi l l
i ncl ude  con tribu tions  from  the:
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a)  p lant  designer;

b) con trol  system  equ ipment des igner;   

c) i n formation  system  des igner;   

d ) safety and rel i abi l i ty special is t;  

e) topic specia l ist  (e. g .  rad iation protection  special is t,  chem ist, etc. ) ;

f) operations  staff;  main tenance  staff;

g) existing  des ign  cri teria  ( i n  the  case  of refi ts or extens ion);

h) human  factors  specia l is t.

I n  practice,  detai l ed  i n terface  des ign  depends  upon  thorough  task anal ys is.  

Representati ve  operators  shou ld  be  consu l ted  i n  the  selection  and  development of formats
and control  actions. I t  i s  h igh l y recommended  that l i ve  tests are  conducted  us ing  a simu lator.

Post-commission ing operations  wi l l  a lso  provide much valuable  i n formation  on  design  
adequacy.  However,  the  adaptabi l i ty of the  user popu lation  and  the constrain ts  generated  by
operating  factors wi l l restrict such  feedback to those i tems wh ich  create  s ign i ficant  operating
or main tenance  problems rather than  subjecti ve  deta i l .  

5 Design requirements

5. 1 Individual  controls  and  ind icators

There  are three main  types  of d isplays  and control  e lement combinations  to  be  cons idered :

a) i nd ividual  i nd icators and  con trols ;

b) VDU and  i nd ividual  controls,  and

c)  VDU on l y.

I nd ividual i nd icators and  con trols  sha l l  be la id  ou t as  described  below, and  they shal l be
posi tioned  close  to  VDU  g iving  re lated  in formation .  VDU  layout i s covered in  I EC 61 772  (see  
a lso  5 . 1 . 8).

5.1 . 1 Control  board  l ayout 

Formal ru les  for the  layout of con trol  and  i nd ication  devices  on  desk and  panel surfaces are  
described  i n  I EC  60964  as a  d istributed set of requ i rements  associated  wi th components.  
Layou t of con trol  panels and  desks  wi th ind ividual controls  and  i nd ividual  i nd icators shal l
fol l ow a  cons istent des ign  concept.

I t  i s  not poss ib le  to postu late  un ique  design ru les  wh ich  wi l l  meet every poss ib le  des ign and  
operational  ci rcumstance.  Certain  ru les  wi l l  requ i re  cond i tional  appl ication  depend ing  on  the
exact balance  of objecti ves  for any g i ven  part of the  operator i n terface.  The  priori ty g i ven  to  
the  various princip les wi l l  be  s i tuation  dependent.  The  order g i ven  be low has been  found  to  
cope  wi th  the  majori ty of appl ications.

The  primary class i fication  of control  and  i nd ication  devices  on  a  desk or panel  i s  based  on
who has  responsibi l i ty for use  of the  device.  (Where  more  than  one  user requ i res  a  p iece  of
i nformation ,  cons ideration  shal l  be  g i ven  to  dupl ication  of d isplays. )  Cons idered  i n  con j unction
wi th function  and  frequency of use,  th is  wi l l  determ ine  the  general  location for a  device.

Control  room  l ayout wi l l determ ine  the  controls  and  i nd ication  functions al l ocated  to  the  desk
or panel .  The layou t of devices  shal l  fo l low a log ical  sequence.  The  most genera l  sequence is
that of the  p l ant, i . e.  m im ic d iagram  of the  p lant,  bu t  other sequences  such  as  sequence  of
use  shou ld be  cons idered .  
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With in  a g iven  s tructure  (e i ther desk or panel ) ,  con trol  devices  shal l  be  arranged to  form
functional groups i rrespective  of the  nature  of the  i n formation  presented .  A functional group
shou ld  be  speci fi ed  i n  terms  of the  ach ievement of a  g i ven  function  or process operation .  For
certa in plant i tems, for example  pumps,  the  "functional "  grouping may equate  to  a  group of 
mechan ical plant components.  The  g roupings  shal l  take  account of "systems"  as a  series of
plant components  wh ich  are l i nked  i n  some functional  way e. g . a  p iped  or ducted  flu id  system ,  
e lectrical l y connected  system ,  or a  set of components  wh ich are  i nstal led  to  ach ieve or
mainta in  a  defined  p lant function , for example,  primary and secondary shu t-down devices.
(These two  sets  of plan t devices may be  functional l y i ndependen t bu t are  provided  to  ach ieve
the  same end  resu l t,  i . e .  subcri tical l y. )

Panel  l ayout of one  group shal l  be done consistent wi th  the layou t of ad j acent functional
groups.

The  groups of con trols and  ind ications  so  formed  shal l  normal l y be  l a i d  ou t l og ical l y in  the
sequence of use,  bu t i f superimposed on  a  m im ic, shou ld  be  p laced  in  appropriate  posi tions  i n  
re lation  to  the m im ic.

5. 1 .2 Position ing  of groups  

The posi tion of a  g roup  wi th in  a  desk or panel  shal l  be optim ized taking  in to  account the
fol l owing  factors:

a) the  order of use shou ld  fol l ow some s imple principle , such  as  l eft to  ri gh t i n  s tart-up  or
power ra ise,  or fo l l owing  the  order of energy flow from  source  on  the  l eft  to  s ink on  the
righ t.  I t  shou ld accord wi th accepted  popu lation  stereotypes;  

b) the  order shou ld  not be  b iased  i n  favour of i n frequent operati ng  cond i tions;

c) the  devices  requ i red  for safety and  normal  m inu te-to-m inu te  operation  shou ld  be  close  to
the  operator's mon i toring  pos i tion ,  and  th is factor may be  an exception to  the  overal l  
pattern  derived  from  a);  

d ) there  may be  d isp lays  wh ich  shal l  be  vis ib le  from a number of operati ng  posi ti ons, such  as
an overview,  or wh ich requ ire  to  be easi l y and  re l iabl y l ocated  in a  fau l t s i tuati on .  I f desk
mounted  they shou ld  be  l ocated in  the  near-vertical  surface  i n  preference to  the  near-
horizon tal ;

e) where  more  than  one  functional  g roup contains  s im i l ar plant i tems,  for example  the  main
boi l ers,  the  groups shou ld  be  i dentica l l y l a id ou t and  fo l low i n  an  apha-numeric order.

5.1 .3  Device layout

With in  a  group there  shal l  be  a  detai l ed  anal ys is  of the  re lationsh ips between devices  and  the
sequences  of use,  and  the  l ayou t sha l l  be  optim ized  for the  fol l owing  factors :

a) for those  groups where  there is  a un ique  sequence of use  the  devices  shou ld be arranged
left to  ri gh t in  sequence  of u se,  taking  i n to accoun t the  general  requ i rements  for safety
and  vis ib i l i ty referred  to  i n  5. 1 . 2 ;

b) con trols shou ld  be  p laced  below ind ications,  or where  not practicable,  on  the  righ t of the
ind ication .  Th is does  not  apply to  a  control  common  to many devices,  such  as  " l amp test" ;

c) where there  i s  no un ique sequence  of use,  devices  shou ld be  arranged  l eft  to  ri ght i n
order of p lan t i den ti ficati on  or energy flow.

Component l ayou ts  shal l  not be  "m irror- imaged"  ( 'handed ') un less  th is  i s  j usti fi ed by HFE  
(Human  Factors Eng ineering)  specia l ist.  Also  the  l ayou t shou ld  not be  comprom ised  s impl y to
save  space.  

A m im ic l ayout may not perm i t the appl ication  of a l l  these  requ i rements.  
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5. 1 .4 Uniformity of orientation  

Sim i lar looking  control e lements  or arrangements  shal l be  operated  in a  s im i l ar manner and
provide  s im i l ar choice  selection . Control  movements  shal l  conform  wi th popu lation  
stereotypes,  bu t  typical  examples  are  g i ven  i n  Annex A.

5.1 .5  M imic d iagrams 

I n  cases  where ind ication and  control devices  are arranged  in  a  d iagrammatic or schematic 
d isplay (commonl y referred to as a  m im ic d iagram),  the above l ayou t princip les  appl y to  the  
functional  clusters  of con trols and  d isplays,  bu t there  are  a  number of add i tional
cons iderations.  

The  schematic shou ld  conform  to  a  representational  model  of the plant that can  be  used  by an  
operator.  Th is wi l l  have been  cond i ti oned by the  phys ical appearance and  l ayout of the  p l ant,
by the  l ayou t of control s  and  ind ications in  the  con trol  room  and  l ocal  panels,  and by the  
d rawings  most frequen tl y used .  Al l  three  factors  sha l l  be  cons idered .  As  an  example,  i f on l y
the  phys ical l ayou t of quadranti zed  p lan t around  a  reactor were  taken  in to  accoun t,  i t  wou ld
resu l t  i n  a d iagram  of these quadran ts  conta in ing  m irror- imaged  e lements .  As  a  general  ru le,
m irror imag ing  i s  undesi rable  and shou ld  be  avoided .  Con trols and  ind ications shou ld  be
posi tioned  to  re l ate  to  the  physical  pos i ti on  of the  re lated  p lan t i tem .

Correspond ing information  shou ld  be  p laced in  the  same re lati ve  posi ti on  i n  a l l  s im i l ar
instances.  Th is  i s  the  approach  taken  on  con trol  desks,  and  so  the  elements  showing  the
quadran ts  wou ld  be designed  i den tica l l y,  be ing d i fferen ti ated  by ti tl es  and  l abel l i ng  or colour.
Th is  s tandard ized  layou t,  for example  for a  pump set,  faci l i tates  recogn i tion by the  operator.

Flow paths  shou ld be  arranged  to  be  as s imple  as poss ib le  and  general l y shou ld be  l eft-to-
ri gh t,  and  top-to-bottom .  I n  the  case  of a  cl osed  system ,  the  designer shal l  j udge  whether a
clockwise  or anti -  cl ockwise  fl ow i s appropriate,  a l though the  former i s  recommended .
Direction  of flow shal l  be  consistent between  d iagrams.  Usual l y, the  most i nvolved  part or the  
most s i gn i fican t part of the  flow path  shou ld be  arranged  to  be left-to-righ t.  F low d irection  
shou l d  be main tained  wi th in functional  p lan t areas.

Certain  phys ical  aspects  of a  system  shal l  be  taken  i n to  account.  For instance,  i n  a  system
where gravi ty plays  a  s i gn i fican t part,  for example  a  l ow-pressure water system ,  the d iagram  
shou ld  reflect th is  i n the  pos i tion  of vessels  and  pumps,  etc.  S im i l arl y,  large  physical  objects
such  as  boi lers and  turbo-generators  shou ld  be  represented  i n  a  way wh ich  i s  cons istent wi th
their physical  appearance.

The normal ru les  of graph ic des ign  appl y,  i n that the  d isplay shou ld  l ead the  user's eye
around  the  m im ic i n  a  conti nuous  manner.  Ang led  l i nes  can  l ead  the  user's  eye  to  a  particu lar
poin t on  the  d isplay, bu t i n  general  m im ics  shou ld  be based  on a  recti l i near framework as
used  for s ing le- l i ne  fl ow d iagrams.  J unctions  shou ld be  reduced  to  show fl ow d i recti on and
cross-overs  shou ld  be  m in im ized .  I f flow l ines do not j o i n ,  they shal l  not touch ;  the  m inor fl ow
l ine  shou ld  be  broken  to  g i ve  a  smal l  separation  from  the  major l i ne.  I f both  are  of equal
s ign i ficance, the  vertical l i ne  shou ld  be  broken  to  g i ve the  separation .

The  organ ization of the  d iagram  as  a  whole  shou ld enable  the  user to iden ti fy wi th  the  p l an t
and  qu ickl y re late  the  data  on  the  d iagram to g i ve  h im a clear understand ing  of what i s
happen ing on  the plan t and the location  of touch panels  and  control led i tems. Where  several  
p lant i tems  operate  i n  para l l e l ,  for example  a  set of boi l ers  or pumps,  comparison  of thei r
performance i s faci l i tated  i f key variables from each  are  d isplayed in ad jacent pos i tions  in
l ines  or columns.

5. 1 .5.1  M imic panels  for e lectrical  systems

Al l  ci rcu i t-breaker representations  shou ld  be  p l aced in vertical  representati ons  of ci rcu i ts  and
the  control or i nd ication device  shou ld  be  p laced  close  to  the  relevant swi tchboard  symbol .
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Feeders  i n to  swi tchboards  shou ld  en ter in to  the top of the  swi tchboard  representation .

Ci rcu i ts  fed  from  a  swi tchboard  shou ld  descend  from  the  swi tchboard  symbol .  

Swi tchboard in ter-connectors  shou ld  form  horizon tal l ines,  broken  as necessary to  g i ve
precedence to  vertical representations.  I n ter-connector ci rcu i t breakers  shou ld  obey the
general ru l e  for breakers.  The order of breakers  on a  m im ic panel  need  not fol l ow the physica l  
arrangements  i n  the  e lectrical rooms.  Precedence shou ld  be  g i ven  to considerations  of
d iagram  clari ty.  However,  i t  shou l d be noted that  th is  ru le  cannot be appl ied  for
representations wi th in  the  same room  as  the  actual  swi tchboard .  Adequate  i n ter-ci rcu i t
spacing  is  requ i red  and  th is wi l l  depend  upon  the physical  s i ze of the  l argest component used .  
Th is  cou ld be  a  con trol swi tch  or an in- l i ne  curren t d isp lay for example.  Adequate  space is
requ i red  between  ad jacen t swi tchboards  to provide  the necessary degree of visual  
d iscrim ination  between  non-related  ci rcu i ts .

5. 1 .6  Coding  

Cod ing techn iques  shal l be appl ied  to  the design  of controls and  shal l be  cons isten t for al l  
re lated  systems  and  equ ipment.

The  forms  of visual  cod ing  used in the  control  room  in terface include  ( in order of s ign i ficance
to  the  des igner) :

a)  Text

Device  functions  are  marked  e i ther on  the  device  or ad j acent to  i t  ( the  re lati ve  posi tion  of 
the  text being  s tandard i zed)  us ing  coded  forms  of text.  The  formation and  appl ication of
nomenclature  and  abbreviations l ies  ou ts ide  the  scope of th is  s tandard  bu t the  consequen t
pos i tion ing  ru les  are  d iscussed  below.

b)  Posi tion  

Control  desk and  panel  des igns  may be based  on  the  "dark-board"  ph i losophy, where  
normal  runn ing  cond i ti ons  produce a completel y dark panel . Plan t states are  ind icated  by
the  pos i ti on of devices such  as  the  d iscrepancy i nd icator and semaphore  ind icator.

c)  I l l um ination

The need  to  ach ieve  greater throughpu t of i n formation  across  the  i n terface  and  the  need  
to enhance the  operator's mon i toring  capaci ty have  l ed to  the use  of l i t-board  systems.
General l y l i t-board and dark-board  techn iques  shal l  not be  m ixed  on  the  same panel  or
desk. Li t-board  systems  and the  use  of i ncreased  automation  have led  to increased use  of
i l l um inated  push-bu tton  systems  rather than  rotary swi tch  devices.

Abnormal  cond i tions  may be  i nd icated  by steady l igh ts,  for example  a  change to  manual
by i l l um inati ng the manual  push -button ,  and flash ing  l igh ts  may be  used to  denote  the  
need  for operator attention  to an  a larm  or change of p lant  state.  

d )  Shape cod ing

For ded icated  rotary controls,  shape  cod ing  shou ld be  speci fied  to take advantage  of
feedback to  the  operator that  he  has  i den ti fied  the  correct control .  Selectors  cou ld  have  an  
arrow-shaped  hand le  cl earl y poin ting  to  the  i tem  selected , whereas  ra ise-l ower con trols
cou ld  use  a  T-shaped hand le  and ci rcu i t breakers  a  "p isto l  g rip" .

e)  Colour cod ing

Th is is a usefu l techn ique,  bu t  the use  of colour as a  sole  cod ing  med ium  is  fraught wi th
problems due  to  colou r mod ified  vis ion ,  subjecti ve  i n terpretation  and  the  p lethora  of 
"standards"  re lating  to  colour.  Colour cod ing  shou ld  be  used on ly in a  redundan t mode.
Th is  i s a lmost a lways ach ieved  by the  add i tional  use  of such cod ing  techn iques  as shape,
pattern ,  or s ize  or the  add i tion  of text.  Code shal l  be appl ied consistentl y to  a l l controls
throughou t a  particu lar NPP.

For curren t practice  on  VDU,  see  I EC 61 772  and ,  for hand  controls ,  I EC 60073  may be  
consu l ted .  
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Special  attention  shal l  be  paid  to  the  use  of red  and  green  colour for cod ing  purposes,
especial l y when  red /g reen is  used  for cod ing  swi tch-gear s tatus,  i t  shal l not be  used  for
cod ing  other i n formation  such  as  equ ipment avai labi l i ty/fa i l ure.

f)  S i ze cod ing

Size  may be  used  to  d raw atten tion  to frequentl y requ ired  i tems  or safety i tems  needed  
qu ickl y. However,  for general  use,  s i ze  cod ing  i s  not  as effective  as other methods.  

5. 1 .7 Protection against  mal-operation  of control  devices  

To prevent a human- induced event,  erroneous  acti vation of con trols shal l  be  m in im ized .
Techn iques  used to  guard against acciden tal  se lection  or mal -operation  of con trol  devices  
i nclude  device  posi ti on ing ,  device  protection  and  i nherent device  features,  and  shal l  be  
ach ieved  us ing  the  fol lowing  methods.

a) Proper l ocation :  controls  shal l  be  l ocated  so  that the  operator i s  not l ikel y to  strike  them or
move them  acciden tal l y i n  any sequence of con trol  movements.  Devices such  as  reactor
trip,  tu rbine  trip,  or protection  vetoes  wh ich have an  immed iate and  s i gn i fican t effect on
plant state  shou ld  be  p laced  at the  upper part of a  con trol  desk to  reduce  the  risk of
i nadvertent operation .

Control  devices wh ich  can  have  a  major effect on  p lant operation ,  such  as importan t valve  
con trols or control  rod  controls,  shou ld ,  u n less  posi ti oned  to  prevent i nadvertent operation ,  
be  fi tted  wi th  flap  guards  (h inged  covers) wh ich  have  to  be  l i fted  before  the  device  can  be  
accessed .  Other con trol s  shou ld be  recessed ,  sh ie l ded or otherwise  surrounded  by
physical barri ers.  For unguarded  push-buttons,  to improve the ir resistance to  inadverten t
operation ,  ra ised sleeve  guards shou ld  be  used .  

b) Priori ty of actuation :  safety system  actuation  s ignals  shal l  have priori ty over manual
actuation s ignals .  Any exceptions shal l  be clearl y speci fied .  

c) I n terlocking  con trols :  con trols  may be  provided wi th  i n terlocks,  for example  double  action ,
perm iss ive  log ics, or s imu l taneous use  of two  separate  bu ttons. I f one  of the  bu ttons is
common  for several  separate  con trols ,  as a general  con trol  action  re lease button ,  the
contact acti on  of th is  bu tton shou ld  not be sustained  bu t shou ld  be of the impu lse  type,
thereby preventi ng unauthori zed  control  action  procedures.

Appropriate  choice of device  torque  or force  is necessary to avoid  un in tended  operation
and  to  provide  adequate  tacti l e  feedback.  The  use  of two-action  devices or combination  of
devices  or i n  cri tical  cases  keylock devices  i s  often argued to  reduce  erroneous  
operations.  Devices  such  as the  d iscrepancy swi tch  wi th  i ts  turn-push -turn  action  do  
reduce the  chance  of accidental operation ,  bu t  they can  do  l i ttl e  to  combat the  problem  of 
i ncorrect con trol i denti fication .

Where  there  are  s im i lar controls  for d i fferent systems or tra ins,  they shou ld  be  wel l
separated  or coded , for example  by colour.  

d ) Manual  back-up: upon  fa i lu re of compl icated automatic  systems  responsibi l i ty for con trol
may be transferred  to  the  operator.  Even with  the  presentation  of the  appropriate  con trols
and  i n formation ,  human  error may occur un less  the  requ i red  operations  are  s imple  and  
eas i l y understood ,  and  the  operator has  been  appropriatel y tra ined . Au tomatic back-up or
al ternative  systems g iving  appropriate  i nd ications may then  be  requ i red  to  bri ng  the  task
wi th in  the  operator's  abi l i ti es .

e) I nd ividual  fa i lu res  of the  operator:  system  hardware,  or software  shou ld  not cause
operation  of a  device  con trol l ed  by a  soft con trol .  One  way of accompl ish ing  th is  i s to  
requ i re  the  operator and  the  con trol l er to send  two separate  and  val i d  messages  (e. g . ,
component select and component operate) to  effect operation  of a device  by a  soft con trol .

5. 1 .8 Compatibi l i ty wi th  VDU  formats  

When  design ing a human-system  in terface wh ich  i ncludes  both  computer-based and d iscrete
d isplays,  i t  i s  essen tia l  that the in terface  be  considered as  a  whole.  Consistency between  
VDU d isplays  and d iscrete d isplays  can be cons idered  under four head ings:
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a) Layou t:  the  re lationsh ip  between  controls and ind ications  both on  the desk and  panel
surfaces  and  the  VDU d isplay shal l  be considered .  General l y,  the  VDU  wi l l  host
i nd ications  rather than  acti ve  control  devices  as such ,  bu t i n  systems  contain ing  touch-
sens i ti ve  d isplays,  i t may con tain  con trols  usual l y d i rectl y associated  wi th  one  or more  
i tems  of in formation .  

The  deta i led  layou t of i n formation  on  VDU  screens  l ies ou ts ide  the  scope of th is  standard  
and  reference shou ld  be  made to  I EC 61 772  on  VDU  format des ign . I n  general , the
posi tional  ru les  of th is  s tandard are  va l i d  for both  d iscrete  components, and  VDU d isplay
elements.  

I n  the  case of d iscrete  components,  phys ical  and anthropometric constrain ts  prevai l ,
whereas in  a VDU  d isplay,  detai l s  of text posi tion ing , etc. ,  can be a l im i ting  factor.
Emphasis  shou ld  be  p laced  on  the  use  of schematic and  tabu lar presentation  d isp lays in
computer-based  i n formation  systems,  bu t the  use  of touch  screen  con trols  requ i res
increased  cons ideration  g i ven  to  the  l ayout of control  e l ements wi th in  a  d isplay (see  a lso  
5. 2  on  soft controls).

b) Notation :  s im i lar use  shal l  be  made of agreed  p lant nomenclature  and  abbreviations, etc. ,
on  both  d iscrete  d isplays  and  VDU  d isp lays.  The  space  l im i tations  often  apparen t in  VDU
d isplay systems may resu l t  i n  the  need  to  use  more  concise  forms  in  add i tion  to  those  
used in the  d iscrete  portions  of the  in terface.

c)  Symbology:  where  d iagrammatic representations are used ,  the  symbology used  to
represent plan t components  shou ld be  s im i lar.  I t  cannot be  guaran teed  that  i dentical  forms
wi l l  be  used , due  to  the  d i ffering  nature  of the  two d isp lay med ia, the  d iscrete  presentation
being  usual l y a  reflective  d isp lay wh i lst the  VDU  d isplay is  em iss ive.  These  factors wi l l
affect certa in  symbol  shapes and  l i ne  th ickness  ratios ,  etc.

d ) Colour:  use  shal l  be  made of s im i l ar codes in  both  forms  of the  i n terface.  The  nature  of
d isplay phosphors  can  mean  that certa in  colours are  more  vis ib le  than  others  (e. g .  orange  
can be more  vis ib le than  red )  and th is  may d ictate  a  re laxation  of absolu te  standards.  The  
colours  wh ich  can  be  used  i n  a  d i screte  component i n terface  wi l l  be  determ ined  by
considerations of colour con trast and vis ib i l i ty. The  background  colour for desks  and  
panels  shal l  be  chosen  to provide  adequate  colour con trast wi th  a l l commonl y used
colours,  and  a  l i gh t grey has  often  been  used .  Add i tional  con trast  enhancement, such  as
ou tl in i ng ,  may sometimes  be  found necessary.

5.2  Soft controls  

Soft con trols  provide  HMIs  that are  med iated  by software as opposed  to  d i rect physical
connections. Whi le  des ign  requ i rements  mentioned  i n  5 . 1 . 5  and  5. 1 . 8 apply also  to  the  des ign  
of soft controls, they have  un ique  characteristics  that make them  d i fferen t from  conventional
con trols .  For i nstance, conventional  controls have  a  ded icated  spatia l  l ocation wh i l e  soft
con trols have a vi rtual  l ocation .  Al l  conventional  con trols exist i n  the  same location  at the  
same time.  Soft controls  are  d isplayed  on  VDUs and  often cannot be  viewed  a l l  at  once. The
same set of soft con trols may a lso  be  used  for d i fferen t modes,  each  perform ing  d i fferent
functions.  F i nal l y, soft con trol  i n terfaces are  flexible  and reconfigurable,  g iven  that they are
med iated  by computer software.  Al l  these  un ique  characteristics  represen t expl ici t  des ign  
chal l enges,  requ i ri ng speci fic des ign  gu idance. Th is  gu idance is  provided  i n subclauses  5. 2 . 1  
to  5 . 2 . 5.  

5.2. 1  Display devices  

Al l  visual  d isplays un i ts  have  s ize l im i tations and  therefore,  not a l l  componen ts  of a  con trol
system  may be vis ib le to the  operator at once.  Nonetheless,  soft control  shal l  a l low the
operator to access  i nd ividual  components where  requ i red ,  and in formation  shou ld  be  provided  
on  the  status of each  component and  i ts  control  re lationsh ip  to  other componen ts. Sufficien t
d isplay area  shal l be  provided  to ensure  that short-term  control tasks  can be  performed  
wi thout i n terfering  wi th  l onger-term  ones.  Otherwise,  a  set of several  d isp lay devices  can  be
used  to  support d i fferen t control  tasks.  More  i n formation  on  the  design requ i rements for
d isplay design  can be found  i n  I EC  61 772.
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5.2.2  Selection d isplays  

A selection  d isp lay shows  a  set of components  or variables that may be  chosen  for a  con trol
task.  Components  and  variables presented  on  a  selection  d isplay shal l  be  visual l y d istinct to
ensure  the  selection of the  correct i tem .  One  common  format for presentation  i s to use  a
m im ic d iagram  (see  section  5 . 1 . 5).  Selection  d isplays  shal l  be  cl earl y la id  ou t and  l abel led  to  
ensure operators  can  d i fferen tiate  between  components.  The  gu idance  on layou t and label l i ng  
presented  i n  th is  standard and in  I EC  61 772 shou ld  be  appl i ed  i n order to ensure  that
components  and variables  wi th in  selection  d isp lays  are visual l y d isti nct and  support operators
correctl y se lect i tems.

Concurren t access of operators  to  the  same p lan t componen t has  to  be anal ysed and  
regu lated .  I f the  same se lection  d isp lay is used  at several  work stations,  the  design  shal l
enable  one operator to  fo l low on the  acti vi ties of the others.

5.2.3  Input fields

Fields for provid ing  a control  input shal l be  designed  and  l abel led  to ensure  operators  are  
ab le  to determ ine wh ich plant component is  bei ng  con trol l ed .  I n the  case  of i npu t errors ,  an  
error message  shal l  be  d isplayed  to  the  operator.  I nput may be entered  through  a  designated  
function  on  operati ng  d ia log  or th rough  an  a lphanumeric code  (+/– keys,  arrow keys,
ded icated  keys,  etc. ) .

5.2.4  Input formats

There  are  several  types of i nput formats  to  be  cons idered  when  des ign ing  soft controls,  and
these are  described below. For a l l  of them ,  the  in terface  shal l  clearl y ind icate wh ich  setti ng  or
value  has  been selected .  

a) Discrete-ad justment i n terfaces  shal l  be  used  when  selecti ng  from  a  set of i nd ividual
settings  or va lues.  Each  se lection  option shal l be  clearl y l abel led .  

b) Continuous-ad j ustment i n terfaces shal l be  used  when  se lecting  ad justments  along  a  
con tinuum or when a  very l arge  range  of d iscrete  va lues  are  present. Each  selection  
option  shal l be  clearl y label l ed .

c) Soft “s l i der”  i n terfaces can  be  used  when  the range  of poss ib le  values  and  the  ratio  of a  
value  to  that range  need  to  be  d isplayed . The range  of va lues shal l  be  i nd icated  on  the
sl ider i n  accordance  wi th  the  l abel l i ng  conven tions  described  in  th is standard . The
numerical va lue  represen ting  the  current setti ng  of a  soft s l i der sha l l  be  i nd icated  
numerica l l y on  the s l i der.

d) Arrow bu ttons can  be  used  when setti ngs  or va lues can  be  i ncremental l y i ncreased  or
decreased .  The  numerica l  va lue  representing  the  cu rren t setting  shal l  be  i nd icated
numerical l y.  Each  press  of an  arrow button  shal l  change  the setti ng  or va l ue  in an  eas i l y
pred ictable  way. Appropriate  sal ien t feedback shal l  be  presen ted  when  arrow bu ttons  are  
actuated .  Each  arrow bu tton  shal l  be clearl y l abel l ed .

e) Boxes  se lection  can  be  used  by combin ing  a  checkl ist style  page  and  a lphanumeric codes
for d i rect command  entry (e. g . ,  en tering  the Subject I ndex (SI )  for a  pump d irectl y wi thout 
navigati ng  through  a  page). When  selection  i s  accompl ished  by command  en try, a  
standard  command  en try area  (window)  shou ld  be  provided where  users enter the
selected  code.   

NOTE Operator i n terfaces  requ i ri ng  i npu t  of a l phanumeric codes  shou l d  be  avoided  as  bas i s  sol u ti on ,  and  on l y 
i ncl uded  as  a  complementary sol u ti on  for speci fi c  cases.

5.2.5  User-system  interaction

Mu l tip le modes  occur in  soft con trol  when  a  d isplay or input device  is des igned for more than
one function .  Mu l ti p le  modes are  prone  to  operator errors.  Th is  happens  when  an  operator
in teracts  wi th  a  soft con trol  bel i eving  that the  i n terface  i s  i n  one  mode,  when  i t i s  i n  fact i n  
another mode.  Reducing  the  number of control  modes  can  reduce errors.  The  excessive  use
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of mu l tip le  modes in  soft con trol  shal l  be  avoided .  When  mu l ti p le  modes are  unavoidable,  they
shal l  be  cl earl y ind icated ,  so  that the operator can  eas i l y determ ine  the  curren t mode.

Cursors  are  often  used  to  i n teract wi th  soft con trols .  Cursors shal l  have  d istincti ve  visual
features to  ensure  they are easi l y detectable  by operators . I n  the  case of a  mu l ti -screen  
workstation ,  the  system  shal l  i nd icate on wh ich  screen  the  selection  cu rsor is active.  The  
cursor shal l  be  stable  and  have  the  possib i l i ty to  move from  one  VDU  to  another in  the  case  of
a  mu l ti -screens workstation . Control  actions  appl ied  on  a  control device  (e. g . ,  mouse)  shal l be
compatib le  wi th  cursor movements  observed  on  the  VDU .  The  use  of mu l ti ple  cursors on  a  
s i ng le  d isplay shal l  be  avoided .

Prompting  operators  for en tries  shou ld  be  done  wi th  clear and  speci fic i n formation  or i npu t
window.  Th is  i n formati on  may i nclude  when and  where  to  provide  inpu t as  wel l  as  perm issives  
and  consequences  associated wi th  the  en try. Standard  symbols  shal l  be  used  for inpu t
prompting .  

The HMI  shal l  g i ve operators  feedback for a l l  se lected actions. I t  may also al l ow actions  to be
cancel led  before  they are  executed .  The  HMI  shal l  a lso  i nd icate  the  status of actions in
progress.  More  i n formation  on  feedback and  system  response time  can  be  found  in
IEC 61 772. Warn ing  messages  shal l  a l l ow operators  to  obtain  detai led in formation  describ ing  
what acti on  was  performed ,  how i t  was  performed ,  and  why i t  was  inappropriate.

Sel f-correcti ng  features detect and au tomatical l y correct errors that operators  make  when
provid ing input.  Sel f-corrective  actions  impose  add i tional  mental burdens on operators.  
Therefore,  au tomated ,  se l f-correcting  features  shou ld  not be  employed  for p lant-control
actions.  

When  deal i ng wi th  sequentia l  actions,  HMIs  shal l a l l ow operators  to  rapid l y assess  the  s tatus
of sequential actions  i n progress. Confi rmation  s teps  shal l  requ ire the operator to  respond to
a warn ing  or advisory message (e. g . ,  “Do you  wan t to  proceed?”). When  used ,  confi rmation  
steps  shou ld  g i ve  detai ls  on  the  goal of an  action ,  not j ust the  action . For example, confi rm ing
a deletion action  on  a  speci fic fi l e ,  rather than a deletion action alone.  Undo features  shal l  be  
cons isten tl y avai l able  for a l l  p l ant-control  actions  on  soft control  i n terfaces.  

To  avoid  erroneous  or spurious  control  (e . g . ,  s l i ps  and  m istakes) when  send ing  a  command,
the  fol l owing general  sequence of con trol  may be  fol l owed :

a) selection  of the  control ,  

b) selection  of the  command,  

c) val i dation of the  command.  

Commands  that do  not d i rectl y act on  the  process  do  not requ ire  a  val i dation  step.  Some
controls  may also  need  to be addressed  qu ickl y (e. g . ,  s i l encing alarm  horn ).

5.3 Special  requ i rements  for touch  panels

Touch  panels  may be  used where  the  selection delay is  acceptable.  They shal l  be  l ocated  so
that the  ergonom ic requ i rements  for both  mon i toring  and  control  are  met. Where  appropriate  
mu l tip le  screens,  or the  use  of off-screen  devices (track bal l  or joystick) may be considered .  

The VDU  formats  and  touch  panels  shal l  cover a work area wh ich is  complete  for the  i n tended
task and  gu ides  the  operator to  su i table  actions.  There  shal l  a lso  be  s imple  means  to  move 
on  to  other work areas  l i kel y to  be  requ ired  or to  select new formats. Al though  the vis i b le
areas of touch  pads  may appear to  cover the  whole  screen ,  the  actual  acti ve  areas  and  the  
space between  acti ve  areas  shal l  be  so  chosen  that the  acti ve  areas  are  easy to  select and
the  risk of touch ing an incorrect area  i s very low, particu larl y for cri tical actions.  There  shal l  
be  su i table  arrangements  for setting  up  the  pos i ti ons  of the  fi nger detected  by the  l ocation  
matrix and  the  pads  identi fi ed  on  the  VDU  format.

BS IEC 61227:2008 – 16 –
BS EN 61 227:201 6

IEC 61 227:2008- 1 5 -

http://dx.doi.org/10.3403/30135888
http://dx.doi.org/10.3403/30135888
http://dx.doi.org/10.3403/30135891U


The equ ipment shal l  respond  re l i abl y and  cons istentl y,  and  in form  the  operator immed iatel y of
each  touch detected by a  change of colour or a  symbol or message,  or an  aud ib le  tone.
Alarms  and  i nd ications of i nval id operations  (e. g .  ra is i ng  a  parameter to an  excess ive  l evel )
shal l  be  i n tegrated  i n to  the  format system  in  a  helpfu l  way (e . g .  g iving  curren t value/alarm
level or the  reason  for an  action  being inval i d ).  For importan t i rrecoverable  p l an t operations,
two touch  actions  shou ld  be  requ i red  wi th in  a  speci fied  time.  Also  see  5. 2  for add i ti onal
requ i rements  for soft  con trols .
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Annex A
(informative)

Examples  for the  arrangement of d iscrete controls  

a)  Rotary control swi tches : OFF/ON selections  are  arranged  wi th the  OFF  pos i ti on  at
1 2  o'clock and  the ON  posi ti on  at 3  o'clock.  C lockwise rotation causes  the  device  to  start.  

b) Discrepancy con trol  swi tches : where  these  swi tches  are  not moun ted  as  part of a
schematic d iagram ,  the  normal  OFF/ON posi ti onal  ru le  appl ies. Where  they are  mounted
in  a  d iagram ,  the  OFF posi ti on  i s placed  at ri ght-ang les  to  the  re levant d iagram  l i ne  and  
the  ON posi ti on  i n  l i ne  wi th i t.  S im i lar arrangements  appl y to  d iscrepancy ind icators
whether of the  automatic  semaphore  type  or manual l y d ressed .

c)  Selector swi tches :  b i -state  selections  other than  OFF/ON  are  equal l y d i sposed  abou t a  
vertica l  centre- l ine. Where  a  superior state  can  be  i denti fied ,  that i s  one  i n  wh ich  the  
system is more  acti ve  or more au tomated ,  th is  i s  p l aced  to  the righ t of the  pai r:

For example: Lower – Raise  

Low-range – H igh-range

Tri -state selections are  equal l y d isposed  about a  vertical centre- l i ne. Where  a superior
state  can  be  i den ti fi ed , th is is  p l aced  to the  righ t of the  cen tre-l i ne:

For example: Down  – Off – Up

Slow – Off – Fast

Mu l ti -pos i ti on selector swi tches  are  arranged  wi th the posi ti ons  equal l y d isposed around  
the  1 2  o'clock posi ti on .  Un less  there  i s  a  definable “home" or "normal "  pos i tion , other
arrangements  shou ld  be  avoided .

d) Push-button  and  push-bu tton/i nd icators :  b i -state  con trol  se lections or i nd icators are  
arranged  to  form  a  horizonta l pai r.  The  superior state  i s  p laced  to  the  righ t of the  pai r:  

For example: Open  – C lose  (ci rcu i t  breaker)

Close  – Open  (va lve)

OFF  – ON

Reset – Normal

Hold  – Engage

Manual  – Auto

Fai led  – Complete

Tri -state  selections  or ind ications  are  occasional l y requ ired  and  these  form an  extension  of
the  above ru le. I n  such  cases,  the  three  devices  shou ld  be  a l igned  in  re lation  to
associated  components.

e) Regu lating  functions wh ich ,  for example,  ach ieve  damper or va lve  i nch ing  are  arranged  to  
form  a vertica l  pai r wi th  the  superior s tate  above:

For example: Raise Open Raise  desi red  value  

Lower  Close  Lower desired  va lue  

Where  a  regu lati ng device is latched in  the operating  pos i ti on  fol l owing  operation  of a
push-button ,  and  a  stop  function  i s  provided ,  the  vertical  pai r arrangement above  i s  used
and  the  stop  push-bu tton  i s  p laced  to  the  left of the  pa i r and  on  the  horizon tal  cen tre- l i ne
between  them .

f) Where  push-bu ttons  are  arranged  in  arrays of four,  fi ve  or s ix,  the  stated  princip les of 
superior state  and  p lant  i den ti fication  are  employed  to  derive  the  l ayou t.  Selection  and  
i nd ication  of "manual "  and  "au tomatic"  con trol  s tates occupy the  top  horizon ta l pai r of
pos i tions.  Below these  there  are  two vertical  pai rs  of devices.  The  l eft-hand  pai r is
ass igned to  manual  control wh i le  the  righ t-hand pair is  reserved  for manual  ad j ustmen t of
the  con trol  l oop  desi red  va lue.  I n  both  of these  cases the  superior s tate  i s  p laced  at the  
top of the pai r (see  fi gure  below for example).
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Manual  Auto 

Raise

Lower 

Raise desired  value 

Lower desired  value 

IEC   574/08 

g) I n  cases  where plant provis ions  requ i re add i ti onal  actuators  to  be  con trol l ed  or where  
cascade control  l oops  are  provided ,  these concepts  are  retained  and  add i ti onal
devices  are  provided in consisten t pos i ti ons. Space constrain ts  shou ld not be  a l l owed  
to  corrupt the  arrangement described .  S ing le  isolated  i nd ication  or con trol devices  are
placed  on an  appropriate  cen tre- l i ne of an associated  component or group of
components .  Where  one  or more  devices  are  om i tted  from  an  array, the  standard
posi tion ing  i s  reta ined  and  the  space vacated  i s  not used .  Th is is  to  main tain  the
posi tion cod ing  wh ich  i s  i nheren t i n  the  above ru les.

___________ 
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