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Preface  
This  preface,  as  wel l  as  a l l  footnotes  and  annexes ,  i s  i ncl uded  for i n formation  purposes  on l y and  
is  not  part of I SA-TR1 01 . 02-201 9.  

Th is  techn ical  report has  been  prepared  as  part  of the  service  of I SA,  the  I n ternational  Society of 
Automation ,  toward  a  goal  of help ing  i n  the  understa nd ing  and  use  of the  ANSI /I SA-1 01 . 01 -201 5  
standard  as  appl i ed  for usabi l i ty and  performance .  To  be  of real  va lue,  th is  document shou ld  not 
be  static bu t  shou ld  be  subj ect to  period ic review.  Toward  th is  end ,  the  Society welcomes  a l l  
comments  and  cri ticisms  and  asks  that they be  addressed  to  the  Secretary,  Standard s  and  
Practices  Board ;  I SA,  67  T.W.  Alexander Drive;  P.O.  Box 1 2277;  Research  Triang le  Park,  NC 
27099;  Un i ted  States  of America;  Telephone  +1 -91 9-549-841 1 ;  Fax +1 -91 9-549-8288;  E-mai l :  
standards@isa. org .  

The  ISA Standards  and  Practices  Department i s  aware  of the  g rowing  need  for attention  to  the  
metric  system  of un i ts  in  general ,  and  the  I n ternational  System  of Un i ts  (S I )  i n  particu lar,  i n  the  
preparation  of i nstrumentation  standards,  recommended  practices,  and  techn ical  reports.  The  
Department i s  further aware  of the  benefi ts  to  USA users  of I SA standards  of i ncorporating  
su i table  references  to  the  SI  (and  the  metric system)  in  thei r bus iness  and  professional  deal i ngs  
wi th  other coun tries .  Toward  th is  end ,  the  Department wi l l  endeavor to  i n troduce  SI  and  
acceptable  metric  un i ts  i n  a l l  new and  revised  standards  to  the  greatest extent poss ible.  The  
Metric  Practice  Gu ide,  wh ich  has  been  publ ished  by the  I nsti tu te  of E lectrical  and  E lectron ics  
Eng ineers  ( I EEE)  as  ANSI /I EEE  Std .  268 -1 992,  and  fu ture  revis ions,  wi l l  be  the  reference gu ide  
for defin i ti ons,  symbols,  abbreviations,  and  conversion  factors .  

I t  i s  the  pol icy of I SA to  encourage and  welcome the  participation  of a l l  concerned  ind ividuals  
and  i n terests  i n  the  development of I SA standards.  Participation  i n  t he  I SA standards-making  
process  by an  i nd ividual  i n  no  way consti tu tes  endorsement by the  employer of that i nd ividual ,  of 
I SA,  or of any of the  standards,  recommended  practices,  and  techn ical  reports  that I SA 
develops.  

Th is  techn ical  report  i s  s tructured  to  fo l l ow the  I SA Style  Gu ide.   

CAUTION  — ISA ADHERES TO THE  POLICY OF  THE  AMERICAN  NATIONAL STANDARDS 
INSTITUTE WITH  REGARD TO PATENTS.  IF  ISA IS  INFORMED OF  AN  EXISTING  PATENT 
THAT IS  REQUIRED FOR USE  OF  THE DOCUMENT,  IT  WILL REQUIRE  THE OWNER OF  THE  
PATENT TO EITHER GRANT A ROYALTY-FREE LICENSE FOR USE OF  THE  PATENT BY 
USERS COMPLYING  WITH  THE DOCUMENT OR A LICENSE ON  REASONABLE TERMS AND  
CONDITIONS THAT ARE FREE FROM  UNFAIR DISCRIM INATION .   

EVEN  IF  ISA IS  UNAWARE OF  ANY PATENT COVERING  TH IS  DOCUMENT,  THE  USER IS  
CAUTIONED  THAT IMPLEMENTATION  OF  THE  DOCUMENT MAY REQUIRE  USE  OF  
TECHNIQUES,  PROCESSES,  OR MATERIALS  COVERED  BY PATENT RIGHTS.  ISA TAKES  
NO POSITION  ON  THE EXISTENCE OR VALIDITY OF  ANY PATENT RIGHTS THAT MAY BE 
INVOLVED IN  IMPLEMENTING  THE  DOCUMENT.  ISA IS  NOT RESPONSIBLE FOR 
IDENTIFYING  ALL PATENTS  THAT MAY REQUIRE  A LICENSE  BEFORE IMPLEMENTATION  
OF  THE  DOCUMENT OR FOR INVESTIGATING  THE VALIDITY OR SCOPE OF  ANY PATENTS 
BROUGHT TO ITS  ATTENTION.  THE  USER SHOULD CAREFULLY INVESTIGATE  RELEVANT 
PATENTS  BEFORE USING  THE DOCUMENT FOR THE USER’S  INTENDED  APPLICATION .  

HOWEVER,  ISA ASKS THAT ANYONE REVIEWING  TH IS  DOCUMENT WHO IS  AWARE OF  
ANY PATENTS THAT MAY IMPACT IMPLEMENTATION  OF  THE DOCUMENT NOTIFY THE  
ISA STANDARDS AND  PRACTICES DEPARTMENT OF  THE PATENT AND  ITS  OWNER.  
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ADDITIONALLY,  THE  USE  OF  THIS  DOCUMENT MAY INVOLVE HAZARDOUS MATERIALS,  
OPERATIONS  OR EQU IPMENT.  THE DOCUMENT CANNOT ANTICIPATE  ALL POSSIBLE  
APPLICATIONS OR ADDRESS ALL POSSIBLE  SAFETY ISSUES  ASSOCIATED WITH  USE IN  
HAZARDOUS CONDITIONS.  THE USER OF  TH IS  DOCUMENT MUST EXERCISE  SOUND 
PROFESSIONAL JUDGMENT CONCERNING  ITS USE  AND  APPLICABILITY UNDER THE  
USER’S  PARTICULAR CIRCUMSTANCES.  THE  USER MUST ALSO CONSIDER THE  
APPLICABILITY OF  ANY GOVERNMENTAL REGULATORY LIM ITATIONS  AND 
ESTABLISHED SAFETY AND HEALTH  PRACTICES BEFORE IMPLEMENTING  THIS  
DOCUMENT.  

THE USER OF  THIS  DOCUMENT SHOULD BE AWARE THAT THIS  DOCUMENT MAY BE  
IMPACTED  BY ELECTRONIC  SECURITY ISSUES.  THE  COMMITTEE  HAS  NOT YET 
ADDRESSED  THE  POTENTIAL ISSUES  IN  TH IS  VERSION .  

I SA (www. isa. org )  i s  a  nonprofi t profess ional  association  that  sets  the  standard  for those  who 
appl y eng ineering  and  technology to  improve  the  management,  safety,  and  cybersecuri ty of 
modern  au tomation  and  con trol  systems used  across  industry and  cri tica l  i n frastructure.  Founded  
i n  1 945,  I SA develops  widel y used  g lobal  standards;  certi fi es  i ndustry professionals ;  provides  
education  and  tra in ing ;  publ ishes  books  and  techn ical  articles ;  hosts  conferences  and  exh ib i ts;  
and  provides  networking  and  career development programs for i ts  40, 000  members  and  400,000  
customers  around  the  world .  

I SA owns  Au tomation . com ,  a  lead ing  on l i ne  publ isher of au tomation -re lated  content,  and  i s  the  
found ing  sponsor of The  Automation  Federation  (www.au tomationfederation . org ) ,  an  association  of 
nonprofi t  organ izations  serving  as  “The  Voice  of Au tomation . ”  Through  a  whol l y owned  
subs id iary,  I SA bridges  the  gap  between  standards  and  thei r implementation  wi th  the  I SA 
Securi ty Compl iance  I nsti tu te  (www. isasecure. org )  and  the  I SA Wireless  Compl iance  I nsti tu te  
(www. isa1 00wci . org ) .  

The  fol l owing  I SA1 01  members  participated  i n  the  development of th is  techn ical  report :  

NAME      AFFILIATION  
R.  Sch iedermayer,  WG2  Co-Chair*  D i l l i ng  Group  
D.  Board ,  WG2  Co-Chair Rockwel l  Au tomation  
G .  Lehmann,  I SA1 01 Co-Chair AECOM  
M.  Wi lkins,  I SA1 01  Co-Chair*  Yokogawa MKHQ  
C.  Monch inski ,  Co-Manag ing  D i rector*  Automated  Control  Concepts  
N .  Sands ,  Co-Manag ing  Di rector*  DuPont Company 
M.  B lankensh ip  Rockwel l  Au tomation  
P.  Brandt  ManMach ine  Eng ineering  ApS  
P.  Brett*  Honeywel l  
A.  Bryan t*  Oxy I nc.  
D.  Cauduro  NLS  Eng ineering  
T.  Chaiket*  Bergen  County U ti l i t ies  Authori ty  
J .  Chow ExxonMobi l  Research  and  Eng ineering   
M .  Chu i  Chevron  
W.  Cohen*  I n te l   
V.  D ’Amore  Talascend/Bechte l  
L.  Dubois  Manage4U  
M.  Espino  PGV 
B.  F i tzpatrick*  Wood  PLC  
W.  Hol l i fi e ld *  PAS G lobal  
A.  J acobs  Better HM I  Panels  
L.  Lang*  Carg i l l  

Full document details: ISA TR101.02-2019

http://www.avadocuments.com/doc/isa-tr101-02-2019
http://www.avadocuments.com/doc/isa-tr101-02-2019


 -  5  -  I SA-TR1 01 .02-201 9  

D.  Lee*  Emerson  Automation  Solu tions  
D.  Lu tz*  Nova  Chem icals  
M .  Medvecky Tempest AS  
C.  M i l ler Techn ipFMC  
L.  Myers*  I LS-Automation  
G .  Nasby*  Ci ty of Guelph  Water Services  
D.  Northrup*  Saud i  Aramco  
U .  Papukch iev  CH2M  H i l l  
G .  Pardee  GE  Power & Water 
K.  Pate l *  S ignature  Automation  
R.  P ikaar ErgoS  Human  Factors  Eng ineering  
B.  Ramey DuPon t  
D.  Reed*  Rockwel l  Au tomation  
M .  Richer*  GCM  Consu l tan ts  
J .  Rich ter ExxonMobi l  Research  and  Eng ineering   
D.  Schwei tzer*  Eastman  Kodak Co.  
L.  S ix  Red i tech  Group  
T.  Terada  Schneider E lectric J apan  Hold ings  
R.  T immermans  VTTI  BV 
B.  Vai l *  AECOM  
D.  Visn ich *  Burns  & McDonnel l  
R.  Weibel *  TiPS  
B.  Zakrajsek  Koch  Modu lar Process  Systems  

*I SA1 01  Voting  Member 

Th is  publ ished  techn ica l  report  was  approved  for publ ication  by the  I SA Standards  and  Practices  
Board  on  24  J une  201 9.  
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Foreword  

The I SA1 01  s tandards  development committee  was  establ ished  by I SA’s  Standards  & Practices  
to  create  standards  and  techn ical  reports  for computer-based  human-mach ine  in terfaces  (HMI )  
for the  process  i ndustries .  I n  201 5,  the  committee’s  fi rst s tandard  was  approved  by the  American  
National  Standards  I n sti tu te  and  publ ished  as  ANSI /I SA-1 01 . 01 -201 5,  Human Machine Interfaces 
for Process Automation  Systems .  S tarting  i n  l ate  201 5,  the  I SA1 01  committee  establ ished  
working  groups  to  produce techn ical  reports  to  augment the  standard  wi th  add i tional  rationale,  
usage  gu ide l i nes,  and  examples  in  d i fferent  areas  of human-mach ine  I n terfaces.  Four techn ical  
reports  are  being  created  by these  working  groups :  

•  WG1  – HMI  Ph i l osophy,  Style  Gu ide  & Design  Gu ide  

•  WG2  – HMI  Usabi l i ty and  Performance  

•  WG3 – HMI  for Mobi l e  P latforms  

•  WG4 – HMI  for On-Mach ine  Appl ications  

Each  techn ical  report i s  i n tended  to  be  a  stand -alone  document.  To  m in im ize  repeti ti on ,  the  
techn ical  reports  have  cross  references.  

Th is  techn ica l  report  (TR),  I SA-TR1 01 . 02-201 9 ,  i s  designed  to  provide  gu idance,  rationale,  and  
examples  for those  wi th  a  need  for understand ing  and  appl ication  of I SA-1 01  for usabi l i ty and  
performance.  

I SA-TR1 01 . 02  i s  organ ized  i n to  two  parts.  The  fi rst four clauses  are  in troductory i n  nature .  The  
main  body (Clauses  5-7)  present i n formation  and  examples  on  how sections  of the  HM I  l i fecycle  
activi ti es  described  i n  the  I SA-1 01  s tandard  apply to  the  usabi l i ty and  performance  of the  HM I .  
To  faci l i tate  use  of th is  TR as  an  extens ion  of the  standard ,  C lauses  5-7  refer to  the  same 
l i fecycle  activi ti es  i n  both  the  standard  and  th is  TR.  

Readers  shou ld  be  aware  that  fo l lowing  the  recommended  gu idance  i n  th is  TR wi l l  not 
necessari l y ensure  that HM I  problems wi l l  be  avoided .  I t  wi l l ,  however,  he lp  to  identi fy and  
address  HM I  speci fication ,  design ,  implementation ,  and  management opportun i ties  important to  
the  usabi l i ty and  performance of the  HM I .  I t  may a lso  help  m in im ize  performance or usabi l i ty 
i ssues  that cou ld  compl icate  and  frustrate  an  operator’s  awareness,  understand ing ,  and  
response to  abnorma l  s i tuations.   

The  gu idance  as  presented  i n  th is  document i s  general  i n  nature  and  shou ld  be  appl ied  to  each  
system  as  appropriate  by those  knowledgeable  in  the  g i ven  manufacturing  processes  and  control  
systems.  Selection  of acti vi ties  and  practices  for a  g i ven  system  is  the  responsibi l i ty of the  users  
and /or support staff of the  system .   

I t  i s  i n tended  that TR wi l l  be  updated  over time,  as  experience  is  ga ined .  As  such ,  wh i l e  the  
general  format of th is  gu idance i s  expected  to  remain  relativel y stable,  the  speci fics  of i ts  
appl ication  and  speci fic  so lu tions  are  expected  to  evolve.  I SA welcomes  and  encourages  readers  
to  send  suggestions  and  i nput to  improve  the  con ten t of th is  document  to  s tandards@isa. org .   
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1  Scope  

1 . 1  General  appl icabi l i ty  

This  I SA techn ical  report  (TR)  addresses  the  speci fication ,  design ,  implementation  detai ls ,  and  
management (recommended  practices)  of an  HM I  (Human-Mach ine  I n terface)  focused  on  
usabi l i ty and  performance.  I t  expla ins  how the  ANSI /I SA-1 01 . 01 -201 5  standard  (cal led  hereafter 
I SA-1 01 )  appl i es  to  determ in ing  the  best so lu tion  i n  order to  ach ieve  the  process  goa ls  using  
examples  that  have  been  shown  to  be  effective .  

The  I SA-1 01  s tandard  covers  the  HM I  l i fecycle,  i ncl ud ing  a l l  general  concepts  un ti l  i ts  
decommission ing ,  appl yi ng  a  practical  and  management approach.   

The  purpose  of having  an  au tomated  process  i s  to  enhance process  operations  based  on  safety,  
performance,  process  improvements,  avai l abi l i ty,  repeatabi l i ty,  and  other re levant factors.  HMIs  
are  the  main  i n terface  for users  to  i n teract wi th  the  process  i tsel f and  they have  the  opportun i ty 
to  faci l i tate  operation  or confuse  users.  Th is  TR was  wri tten  to  provide  gu idance  for the  use  of 
the  I SA-1 01  s tandard  as  i t  appl ies  to  usabi l i ty and  performance,  wi th  due  consideration  to  other 
gu idance  documents  that have  been  developed  throughout  i ndustry .  Refer to  cl ause  2  for 
references  to  these  documents.  

HM I  enhancements  for improved  usabi l i ty and  performance  are  often  associated  wi th  add i tional  
speci fications,  custom  des ign ,  implementation ,  and  management considerations,  i n  add i ti on  to  
vendor-provided  functional i ty and  features .  Th is  techn ical  report  i s  i n tended  to  i nclude  examples  
of these  considerations  wi th in  the  HMI  l i fecycle,  includ ing  the  con tinuous  work processes  of 
aud i t,  va l idation ,  and  management of change  (MOC).   

2  References   

The fol lowing  is  a  l i st  of normative  and  i n formative  documents  referred  to  wi th in  th is  techn ica l  
report.  Users  shou ld  i den ti fy the  normative  referen ces  appl icable  to  the ir  project.  

2. 1  Normative references  

ANSI /I SA-1 01 . 01 -201 5,  Human Machine Interfaces for Process Automation Systems  

ANSI /I SA-1 8.2-201 6,  Management of Alarm Systems for the Process Industries  

ANSI /I SA-88.00. 01 -201 0,  Batch  Control Part 1 :  Models and Terminology   

ANSI /I SA-62443  and  I EC  62443,  Security for Industrial Automation and Control Systems  

ANSI /HFES 1 00-2007,  Human Factors Engineering of Computer Workstations  

ANSI /HFES 200-2008,  Human Factors Engineering of Software User Interfaces  

I SO  1 1 064-1 : 2000 ,  Ergonomic design of control centres --  Part 1 :  Principles for the design of 
control centres 
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I SO 1 1 064-2 :2000,  Ergonomic design of control centres --  Part 2: Principles for the arrangement 
of control suites 

I SO 1 1 064-3: 1 999,  Ergonomic design of control centres --  Part 3: Control room layout  

I SO  1 1 064-4: 201 3,  Ergonomic design  of control centres --  Part 4:  Layout and dimensions of 
workstations 

I SO 1 1 064-5: 2008,  Ergonomic design of control centres --  Part 5:  Displays and controls  

I SO 1 1 064-6: 2005,  Ergonomic design of control centres -- Part 6: Environmental requirements 
for control rooms 

I SO 1 1 064-7: 2006,  Ergonomic design of control centres --  Part 7:  Principles for the evaluation of 
control centres 

2.2  Informative references  

1 .  Bu l lemer,  P .  T. ,  Reis i ng ,  and  D.  V.  Effective Console Operator HMI Design: Second Edition - 
Revised  (ASM  Consortium  Gu idel ines) .  Publ ished  by CreateSpace I ndependent  (201 5).  

2 .  Eng ineering  Equ ipment Materia ls  Users’  Association .  Alarm Systems −  A  Guide to Design,  
Management and Procurement.  EEMUA Publ ication  No.  1 91  (London:  EEMUA,  201 3 ).  

3 .  Eng ineering  Equ ipment Materia ls  Users’  Association .  Alarm Systems – Process Plant Control 
Desks Utilizing Human-Computer Interfaces .  EEMUA Publ ication  No.  201  (London :  EEMUA,  
201 0).  

4 .  Ends ley,  M .  R.  Designing for Situation Awareness: An Approach to User-Centered Design,  
2nd  Ed i tion .  CRC Press  (201 6).  

5.  Hol l i fie ld ,  B . ,  Ol i ver,  D. ,  N immo,  I . ,  and  Habibi ,  E.  The High Performance HMI Handbook.  
Houston ,  PAS  (2008).  

6 .  Hol l i fi e ld ,  B . ,  and  Perez,  H .  High Performance HMI Case Studies,  Recommendations,  and 
Standards,  Part  2  of 2 ,  Wh i te  Paper.  Houston ,  PAS.com  (201 5) .  

7.  Ware,  C.  Information Visualization: Perception for Design .  E lsevier (201 2) .  

8.  GAMP (Good  Automation  Manufacturing  Practices) .  Guide for Validation of Automated 
Systems in  Pharmaceutical Manufacture .  I SPE  ( I n ternational  Society for Pharmaceutical  
Eng ineering )  (J anuary 2008).  

9.  Few,  Stephen .  Information Dashboard Design: Displaying Data for At-a-Glance Monitoring,  
2nd  Ed i ti on .  Anal ytics  Press  (201 3) .  

1 0 .  I SA-TR1 8. 2. 1 -201 8,  Alarm Philosophy  

1 1 .  National  Eye  I nsti tu te .  https://nei. nih. gov/health/color_blindness/facts_about .  (Last  accessed  
October 1 6,  201 8) .  

Full document details: ISA TR101.02-2019

http://www.avadocuments.com/doc/isa-tr101-02-2019
http://www.avadocuments.com/doc/isa-tr101-02-2019


 -  1 5  -  I SA-TR1 01 .02-201 9  

1 2 .  L iptak,  Bela  G .  (Ed i tor) .  Instrument Engineers' Handbook,  Vol.  2: Process Control and 
Optimization ,  4 th  Ed i tion ,  Section  4. 1 1 .  CRC Press  (2006).   

1 3 .  P ikaar,  R.N .  HM I  conven tions  for process  control  graph ics .  Work.  201 2 ,  41 ,  2845-2852.  IOS  
Press   

1 4 .  P ikaar,  R. ,  de  Groot,  N . ,  Mu lder,  E .  and  Rem i j n ,  B.  201 6 .  Human  Factors  i n  Con trol  Room  
Design  and  Effecti ve  Operator Participation .  SPE Intelligent Energy International Conference 
and Exhibition .  September 201 6.  Society of Petroleum  Eng ineers.  

1 5.  F i tzpatrick,  B.  A.  Section  4. 1 1 ,  DCS:  Management of abnormal  cond i tions.  I n  B.  L iptak (Ed . ) ,  
Instrument Engineers' Handbook,  Vol.  2:  Process Control and Optimization ,  4th  Ed i tion .  CRC 
Press  (2006).  706-71 8.  

3 Defin i tion  of terms and  acronyms  

3. 1  Defin i tions  

Un less  noted ,  the  fol l owing  d efin i tions  used  i n  th is  techn ical  report  are  defined  in  I SA-1 01  
Clause  3  and  repeated  here.    

3. 1 . 1   
al arm  
an  aud ib le  and /or vis ib le  means  of ind icating  to  the  operator an  equ ipment mal function ,  process  
deviation ,  or abnormal  cond i tion  requ iri ng  a  timely respons e  [ANSI /I SA-1 8. 2-201 6]  

3. 1 .2   
al ert  
an  aud ib le  and /or vi s ib le  means  of ind icating  to  the  operator an  equ ipment or process  cond i tion  
that  requ i res  awareness  and  wh ich  does  not meet the  cri teria  for an  a larm  [ANSI /I SA-1 8.2-201 6]  

3. 1 .3   
aspect ratio  
the  ratio  between  the  tota l  hori zon tal  and  tota l  vertica l  p ixels  on  a  screen  (e. g . ,  4 : 3  o r 1 6 : 9)  

NOTE  Displ ays  des i gned  for one  aspect rati o  screen  (e. g . ,  4 : 3)  may appear d i storted  when  shown  on  a  screen  wi th  a  
d i fferent aspect  rati o  (e. g . ,  1 6: 9).  

3. 1 .4   
aud i tory signal  
a particu lar,  un ique,  recogn izable  sound  used  to  convey a  particu lar,  un ique  mea n ing  

3. 1 .5   
cal l  up  time  
the  lapsed  time for a l l  d isplay e lements  to  be  refreshed  after a  d isplay change has  been  
requested  

3. 1 .6   
commissioning  
procedures  prior,  or re lated ,  to  hand ing  over a  system  for p lacing  i n to  service.  These  procedures  
often  i nclude  acceptance testing  (FAT,  SAT and  SIT);  hand ing  over of d rawings  and  
documentation ;  del i vering  i nstructions  for operation ,  main tenance,  and  repair;  and  provid ing  
tra in ing  to  personnel .   
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3. 1 .7   
console  
the  hardware,  software,  and  furn i tu re  or enclosure  at  wh ich  users  mon i tor  and/or control  the  
process,  wh ich  may i nclude  mu l tip le  stations,  communication  devices,  and  other devices  (e. g . ,  
cameras,  barcode  devices,  pushbu tton  s tations)  

3. 1 .8   
control  room  
a room  wi th  at  least one  HMI  console  from  wh ich  a  process  i s  mon i tored  and /or con trol led  and  
poss ib l y contain ing  other control  system  equ ipment and/or other faci l i ties  for operators  

3. 1 .9   
control  system  
a system  that responds  to  input  s ignals  from  the  equ ipment under contro l  and/or from  an  
operator and  generates  ou tpu t s ignals  that cause  th e  equ ipment under con trol  to  operate  i n  the  
des ired  manner [ANSI /ISA-1 8. 2-201 6]  

3. 1 . 1 0   
control ler 
the  hardware  wh ich  execu tes  functions  for mon i toring  and  control  of one  or more  process  
variables  

NOTE  I n  some i ndustri es ,  the  primary user of the  HMI  i s  cal l ed  the  control l er.  Wi th i n  th i s  techn ical  report ,  the  term  
con trol l er i s  used  as  defi ned  i n  ANSI /I SA-1 01 . 01 -201 5  Cl ause  3. 1 . 1 2 .  

3. 1 . 1 1   
dashboard  
a graph ical  summary showing  various  p ieces  of important i n formation  typ ical l y used  to  g ive  an  
overview of a  process  or part of a  process  

3. 1 . 1 2   
d isplay (g raph ic,  window)  
a visual  represen tation  of the  process  and  re lated  i n formation  used  by the  operator for 
mon i toring  and  control  

3. 1 . 1 3   
d isplay style  (d isplay format,  g raph ic  l ayout)  
a description  of the  generic  l ayou t of a  d isplay and  i ts  presen tation  of i n formation ,  not referring  to  
any particu lar content  

3. 1 . 1 4   
dri l l -down  
a method  of navigation  i n  wh ich  successive  d isplays  show increas ing  detai l  for smal ler subsets  
of the  system  scope  

3. 1 . 1 5   
faceplate  
a d isp lay,  part of a  d isp lay,  or popup used  for m on i toring  and/or d i rect operation  of a  s i ng le  
con trol  loop,  device,  sequence,  or other en ti ty  

3. 1 . 1 6   
graph ic  element  
a component part of a  graph ic symbol ,  such  as  a  l i ne  or ci rcle  
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3. 1 . 1 7   
graph ic  symbol  
a visual  representation  of a  process  componen t,  i nstrument,  or con d i tion  i n  a  d isplay composed  
of a  combination  of s imple  graph ic e lements  

3. 1 . 1 8   
human  factors  eng ineering  (HFE,  ergonomics)  
a  scienti fic d iscipl i ne  concerned  wi th  the  understand ing  of in teractio ns  between  human  and  other 
e lements  of a  system  that appl i es  theory,  princip les ,  data,  and  methods  to  des ign  i n  order to  
optim ize  human  wel l -being  and  overal l  system  performance  

3. 1 . 1 9   
human  mach ine in terface  (HM I ,  HM I  system)  
the  col l ection  of hardware  and  software  used  by the  operator and  other users  to  mon i tor and  
i n teract wi th  the  con trol  system  and  wi th  the  process  via  the  con trol  system  

3. 1 .20   
keyboard  
an  i npu t device  that a l l ows  the  user to  type  characters,  va lues  or commands  to  affect the  con trol  
system  

3. 1 .21   
marg in  
the  space between  an  object and  surround ing  objects  on  a  d isplay or  between  an  object and  the  
edge  of the  d isplay 

3. 1 .22   
monitor (video  d isplay un i t,  VDU,  computer screen ,  LCD d isplay)  -  noun  
an  electron ic device  for the  d isplay of visual  i n formation  i n  the  form  of text  and/or graph ics  

3. 1 .23   
monitor -  verb  
to  main tain  awareness  of the  state  of a  process,  by observing  variables  or the  change  of 
variables  against  l im i ts  or other variables,  to  keep  track of operations  and  enable  timely and  
appropriate  response  to  abnormal  cond i tions  

3. 1 .24   
navigation  
a function  wh ich  supports  users  i n  l ocatin g  des ired  in formation  i n  an  HMI -based  in formation  
system ,  and  a lso  i n  gu id ing  the  selection  of d isplays,  or the  act of selecti ng  a  d isplay  

3. 1 .25   
operator 
the  primary user of the  HMI ,  the  person  who mon i tors  and  makes  changes  to  the  process  

NOTE  I n  some i ndustri es,  the  primary user of the  HMI  i s  ca l l ed  the  con trol l er.  Wi th i n  th i s  techn ical  report,  the  term  
con trol l er i s  used  as  defi ned  i n  ANSI /I SA-1 01 . 01 -201 5  Cl ause  3. 1 . 1 2 .  

3. 1 .26   
padd ing  
the  space between  the  border of a  d isplay obj ect  and  the  image  or text  ins ide  the  d isp lay obj ect  
border 
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3. 1 .27   
performance  factors  
expectations,  agreed  beforehand ,  that help  define  des ired  work -re lated  behavior,  ski l l s ,  and  
performance  

3. 1 .28   
platform  
a particu lar fam i l y of HMI  products  capable  of us ing  a  common  toolki t  

3. 1 .29   
pointing  device  
an  i nput d evice  wh ich  trans lates  phys ical  movements  to  movements  of a  poin ter,  cursor or other 
i nd icator across  the  screen  (e. g . ,  a  mouse,  trackbal l ,  or touchscreen)  

3. 1 .30   
popup  (popup d isplay,  overlay)  
a d isplay that appears  (pops  up)  i n  the  foreground  of the  screen ,  po ss ib l y obscuring  part or a l l  of 
other d isplays  

3. 1 .31   
resolution  (screen  resolution)  
the  s ize  and  p ixel  densi ty of the  screen ,  usual l y speci fied  by the  number of vertica l  and  
horizon tal  p ixels  (e. g . ,  1 024  horizon tal  x 768  vertical )  and  the  d iagonal  d imension .  Th e  resolu tion  
determ ines  the  fi neness  of detai l  that can  be  d istingu ished  i n  an  image on  a  screen .  Al ternatel y,  
th is  fi neness  of detai l  can  be  speci fi ed  i n  p ixels  per l i near d imension  (e. g . ,  96  DPI  – dots  per 
i nch) .  

3. 1 .32   
remote terminal  un i t  (RTU)  
one  or more  mon i toring  and /or con trol  devices  at a  l ocation  geograph ical l y separate  from ,  bu t 
communicati ng  wi th  the  control  center (e. g . ,  i n  a  Supervisory Control  and  Data  Acqu isi tion  
(SCADA)  system)  

3. 1 .33   
sal i ence  
d isti nctiveness,  prom inence,  obviousness,  or conspicuousne ss  of a  g raph ic  symbol  or other part  
of a  d isplay,  for the  purpose  of qu ickl y d rawing  operator atten tion  

3. 1 .34   
screen  
the  part  of the  mon i tor that shows an  image  

NOTE  1  See  Resol u tion ,  Clause  3 . 1 . 31 ,  for more  i n formation .  

NOTE  2  Some computer operati ng  systems  support  a  software  “screen”  (desktop)  spann i ng  mu l ti pl e  mon i tors,  bu t  for 
the  pu rposes  of th i s  techn ica l  report,  a  screen  i s  the  part  of a  s i ng le  mon i tor on  wh ich  d i splays  are  shown.  

3. 1 .35   
script  
a code  modu le  wh ich  performs tasks  executed  on  the  HMI  p latform  and  usual l y i nvoked  by some  
operator action  or other con trol  system  event  
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3. 1 .36   
s i tuation  awareness  
the  re lationsh ip  between  the  operator's  perception  of the  p lan t's  co nd i ti on  and  i ts  actual  cond i tion  
at  any g iven  time  

3. 1 .37   
station  (workstation )  
the  primary user i n terface  wh ich  i ncludes  one  or more  mon i tors  and  supporting  software,  user 
i nput devices  (e. g . ,  keyboard ,  poin ti ng  device) ,  and  outpu t devices  (e. g . ,  speaker,  prin t er)  

3. 1 .38   
supervisory control  and  data  acqu isi tion  (SCADA)  
a  system  for mon i toring  and  con trol  of processes  wh ich  are  geograph ical l y widespread .  Th is  
i ncludes  al l  equ ipment and  functions  for acqu iring ,  processing ,  transm i tti ng ,  and  d isplaying  the  
necessary process  in formation .  

3. 1 .39   
tag  (point)  
the  un ique  identi fier ass igned  to  a  process  measurement,  s tate,  ca lcu lation ,  device,  or other 
en ti ty wi th in  the  HMI  or con trol ler  

3. 1 .40   
task analysis  
a method  of extracting  a  user’s  requ irements  based  on  a  review of tasks  performed  by the  user 

3. 1 .41   
toolki t  
a col lection  of custom  or pre -defined  HMI  configuration  i tems  that  reduce  time and  effort to  
produce a  control  system  

3. 1 .42   
trend ing  
a  feature  for d isplaying  real -time and /or h istorical  data  in  various  chart  formats ,  usual l y wi th  
respect to  time  

3. 1 .43   
usabi l i ty  
the  exten t to  wh ich  a  system  can  be  used  by speci f ied  users  to  ach ieve  speci fi ed  goals  wi th  
effecti veness,  efficiency,  and  satisfaction  i n  a  speci fi ed  con text of use  

3. 1 .44   
val idation  (qual i fication )   
process  of demonstrati ng  by exam ination ,  te sting ,  or other objecti ve  evidence  that  the  HMI ,  as  
i nsta l led ,  meets  appl icab le  requ i rements  and  speci fications  

NOTE  Requ i rements  and  speci fications  i ncl ude  HMI  ph i l osophy,  HMI  styl e  gu ide,  and  user,  task and  functiona l  
requ i rements.  

3. 1 .45   
veri fication   
process  of demonstrating  by exam ination ,  review,  testing  or other objecti ve  evidence  that the  
ou tpu ts  of an  HMI  l i fecycle  activi ty meet the  objecti ve  and  requ irements  defined  for the  acti vi ty  
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3. 1 .46   
yoking  (spawning ,  l inked  navigation)  
a method  by wh ich  speci fic combin ations  of re lated  d isplays  and  d isplay con ten ts  are  cal led  up  
via  a  s i ng le  navigation  action  (common l y used  wi th  mu l tip le  mon i tors)  

3.2  Acronyms  

Acronyms used  in  th is  techn ical  report  are  defined  i n  I SA-1 01  C lause  3  and  repeated  here .  
Add i tional  acronyms used  but not  previousl y defined  are  found  below as  wel l .   

ANSI :  American  National  Standards  I nsti tu te  

BPCS:  Bas ic Process  Control  System  

CCTV:  C losed  Ci rcu i t Televis ion  

DCS:  D istribu ted  Control  System  

FAT:  Factory Acceptance  Test  

HFE:  Human  Factors  Eng ineering  

HFES:  Human  Factors  and  Ergonom ics  Society  

HM I :  Human  Mach ine  I n terface  

I /O:  I nput /  Ou tpu t  

KPI :  Key Performance  I nd icator  

MOC:  Management of Change  

P&ID:  P ip ing  and  I nstrumentation  D iagram  

PFD:  Process  F low D iagram  

PLC:  Programmable  Log ic Control ler  

RTU:  Remote  Term inal  Un i t  

SAT:  S i te  Acceptance  Test  

SIT:  Si te  I n tegration  Test  

4 HMI  usabi l i ty and  performance  

4.1  The HM I  l i fecycle  

Figu re  1  shows a  d iagram  of the  scope of the  HM I  l i fecycle,  reproduced  from  the  I SA-1 01  
standard .  HM I  enhancements  to  improve  usabi l i ty and  performance  affect the  system  standards,  

Full document details: ISA TR101.02-2019

http://www.avadocuments.com/doc/isa-tr101-02-2019
http://www.avadocuments.com/doc/isa-tr101-02-2019


 -  21  -  I SA-TR1 01 .02-201 9  

des ign ,  implement,  and  operate  stages  of the  l i fecycle.  The  HM I  l i fecycle  is  referenced  
throughou t th is  techn ical  report.  
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Figure 1 - HM I  Li fecycle  

4.2  In troduction  to  usabi l i ty and  performance  

I SA-1 01  i ncludes  content on  HM I  usabi l i ty and  performance.  Th is  techn ica l  report  expands  upon  
that con ten t as  i t  re lates  to  the  HM I  l i fecycle.   

Th is  techn ical  report  i nvestigates  the  effect of human  factors  on  HMI  usabi l i ty and  performance  
and  may a id  i n  d eterm in ing  usabi l i ty cri teria.  

The  effecti veness  of an  HM I  appl ication  depends  on  the  manner in  wh ich  the  d isp lays  are  
des igned  for both  content and  navigation .  Th is  techn ical  rep ort defines  HMI  effectiveness  i n  
terms  of usabi l i ty and  performance and  provides  example  cri teria  and  methodology for evaluating  
HM I  effectiveness.  

4.3  HM I  effectiveness  

4.3. 1  Usabi l i ty  

Usabi l i ty i s  dependent on  the  qual i ty of the  des ign  speci fications,  the  adherenc e  of the  
speci fications  to  I SA-1 01 ,  and  the  degree  to  wh ich  the  fi na l  design  meets  these  speci fications.  

Th is  techn ical  report  provides  example  cri teria  for assessment of project speci fications  and  the  
eng ineered  HMI  so lu tion  to  assess  the  HM I  usabi l i ty.  Example  cri teria  are  a lso  provided  for 
evaluation  of an  operator's  ab i l i ty to  perform  h is  or her i n tended  tasks  on  the  HMI  and  to  assess  
HM I  performance.  These  cri teria  may be  used  to  benchmark an  existi ng  HMI  before  an  upgrade  
as  wel l  as  to  benchmark a  new HMI .  These  cri teria  may a lso  be  used  to  mon i tor usabi l i ty and  
performance th roughou t the  HM I  l i fecycle .  

HM I  usabi l i ty i s  re lated  to  how wel l  the  HMI  ach ieves  des ign  conformance wi th  the  requ irements  
con tained  in  the  speci fication  documents  such  as  the  HMI  ph i l osophy,  HM I  style  gu ide,  any user 
HM I  design  s tandard ,  and  user HM I  toolki t.  
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4.3.2  Performance   

Performance is  how wel l  the  HM I  responds ,  and  how wel l  the  change  management and  
con tinuous  improvement processes  work.  The  HM I  system  shou ld  be  designed  to  al l ow the  
operator to  use  the  system  in  the  best way poss ible .  

Performance can  be  assessed  by how wel l  the  HM I  ach ieves  the  tasks  i t  was  des igned  to  
execu te.   The  HM I  can  be  evaluated  i n  two main  categories:   

a)  HM I  du ty factors  – wh ich  are  re lated  to  d isplay response,  i ncl ud ing  such  metrics  as  cal l  up  
times,  d isplay refresh  times,  and  key cl icks;   

b)  Performance-shaping  factors  – wh ich  are  re lated  to  how fast an  operator i s  able  to  detect,  
d iagnose,  and  take  appropriate  action .  

The  overal l  performance  of the  process  i s  affected  by the  operator’s  span  of responsib i l i ty,  the  
complexi ty of the  process,  the  presence  of advanced  con trol  appl ications,  the  a larm  management 
system ,  and  other factors.  

Performance factors  include  the  operator’s  abi l i ty to  recogn ize  abnormal  process  cond i ti ons  and  
take  the  proper corrective  action .  Performance -shaping  factors  impact how wel l  an  operator 
i denti fies  when  corrective  action  is  needed  and  how often  they are  taking  the  ri ght corrective  
action .   

Al l  of these  factors  impact the  operator’s  abi l i ty to  i den ti fy and  respond  to  abnormal  s i tuations.  

4.4  User roles  

4.4. 1  General  

The primary focus  of th is  techn ical  report i s  on  the  process  operator  responsible  for mon i toring  
and  i n teracting  wi th  the  process.  Other roles/responsibi l i ti es  may be  mentioned  i n  examples  
throughou t the  text.  These  other roles  shou ld  be  revealed  by a  task anal ysis  of a l l  poss ib le  HMI  
users .  

Having  adequate  numbers  of or ded icated  consoles  for eng ineers  and  maintenance can  improve  
the  usabi l i ty of the  HM I  to  the  operator.  Th is  means  the  operator does  not have  to  compete  wi th  
main tenance or eng ineers  for resources  or access.  Competing  for resou rces  does  not  make the  
HM I  less  effective.  I nstead ,  i t  makes  the  HMI  l ess  avai l able.  Having  ded icated  HMI  for the  other 
users  may improve the  des ign  of the  HMI  and  make i t  more  effective  for operators.  

The  ISA-1 01  s tandard  describes  “user types, ”  and  user type  i s  re lated  to  the  user ro le .  

4.4.2  Operations,  maintenance,  and  train ing  

The  operator’s  use  of a  ded icated ,  unshared  console  may be  beneficial  to  avoid  workflow 
i n terruption .  Occasional  or l im i ted  use  of part  o f the  console  for eng ineering  or main tenance 
purposes  may be  acceptable  i n  some cases.  I f such  use  is  frequent,  a  separate  console  for 
eng ineering  and/or main tenance  use  i s  recommended .  

I n  s i tuations  where  a  console  is  not continuous ly staffed ,  i t  i s  impor tant the  console  is  a lways  
avai l able  to  the  operator and  some method  of noti fying  the  operator for a l arms  is  implemented .  

When  the  HM I  i s  i n  operation  or main tenance s tages ,  a  key consideration  is  hand l ing  of changes  
to  the  HM I  and  the  re lated  tra in ing  req u i rements .  
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Usabi l i ty shou ld  a lso  address  train ing  needs.  Ded icated  consoles  for tra in ing  may be  des irable  
so  that operators  can  review and  fam i l iarize  themselves  wi th  HM I  changes  prior to  the i r 
deployment.  Th is  method  may a l so  improve the  abi l i ty to  s i gn  off on  MOC requests  before  the  
production  system  is  updated .  Train ing  shou ld  not imped e the  usabi l i ty of the  on - l i ne  HMI  
system .  Whi le  sometimes  expensive,  having  ded icated  console(s)  for t ra in ing  i s  one  solu tion .  

4.4.3  Example  testing  of HM I  modifications  

Consider a  case  i n  wh ich  several  existing  d isplays  are  to  be  mod i fied  to  incorporate  add i tional  
functional i ty,  for example ,  the  add i ti on  of embedded  trend ing  and  alarm  in formation  retrieval  
e lements.  Under a  management of change  p lan ,  the  o lder vers ions  of d ispl ays  shou l d  be  
arch ived  prior to  being  mod i fied .  Mod i fications  to  the  HM I  shou ld  be  tested  by the  operators  prior 
to  the  replacement of the  orig inal  d isplay versions ,  us ing  one  of the  fol lowing  recommended  
methods.  

Method  1 :  Newly created /mod ified  d isplays  avai l able  on l y on  the  eng ineering  console .  

Operators  are  d i rected  to  fam i l iarize  themselves  wi th  the  mod i fied  d i sp lays  on  the  
eng ineering  console.  After fam i l iarization  and  any corrections  made  based  on  feedback,  
the  mod i fied  d isplays  replace  the  vers ions  on  the  operator’s  console.  

Method  2 :  Newly created /mod ified  and  renamed  version  of d isplays  avai lable  on l y on  the  
operator's  console.  

L im i t access  to  these  by requ i ri ng  that they be  cal led  up  via  d i rect name en try rather than  
i ncorporation  in to  the  HMI  navigation ,  or make them  se lectable  i n  a  secured  access  
"TEST"  section  of the  HMI  navigation .   D i rect the  operators  to  use  these  graph ics  for 
testing  and  fam i l i ari zation .  When  completed ,  dele te  the  ori g ina l  d isplays  and  rename  the  
mod i fied  ones  to  those  orig i na l  names,  thus  ensuring  thei r proper access  i n  the  existing  
HM I  navigation  and  l i nks  to  other d isplays.   

Method  3:  Prior to  deployment,  newly created/mod ified  d isplays  avai l able  on l y on  a  tra in ing  or 
development system .  

I n  some cases,  testi ng ,  fam i l i arization ,  and  operator tra in ing  i s  carried  ou t on  a  system  
completel y separate  and  i solated  from  the  actual  process  to  avoid  any chance of the  
testing  affecting  the  process.  For thorough  testi ng ,  s imu lation  of the  process  is  poss ib le .  

For some HMI  systems,  the  fina l  replacement of the  orig inal  d isplays  wi th  mod i fied  ones  may 
a lso  requ ire  a  reboot or re load  of the  i nd ividual  s tations  making  up  the  console  or a  cl ien t restart.  

5 Usabi l i ty 

5.1  General  

Usabi l i ty i s  impacted  by the  HM I  l i fecycle  stages  of system  standards ,  des ign ,  implement,  and  
operate.  The  HM I  l i fecycle  components  are  shown  i n  F igure  1 .  

The  usabi l i ty of the  HMI  shou ld  be  based  on  the  foundation  of the  recommende d  system  
standards.  The  recommended  HM I  ph i l osophy,  HM I  style  gu ide,  and  HMI  toolki t shou ld  al l  be  
created  wi th  the  goal  of optim izing  the  HMI  usabi l i ty.  
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The  usabi l i ty of the  HM I  shou ld  be  formatted  during  the  des ign  s tage.  Th is  i s  done  by capturing  
su i tab le  console  des ign ;  HM I  system  design ;  d i splay design ;  and  user,  task ,  and  functional  
requ i rements.  

The  usabi l i ty of the  HM I  during  the  implement stage  shou ld  be  sol id i fied .  Th is  i s  ach ieved  during  
d isplay bu i l d ing ,  console  bu i l d ing ,  operator tra in ing ,  comm ission ing ,  and  veri fying .  

The  usabi l i ty of the  HMI  during  the  operate  stage  may be  impacted  by the  p lacing  i n  service.  I t  
may be  more  l i ke l y the  usabi l i ty of the  HM I  cou ld  be  impacted  during  main tain ing  under MOC.  

Stages  of the  HM I  l i fecycle  are  covered  i n  th is  section  as  fol l ows:  

a)  Clause  5. 2  covers  the  system  standards  stage;  

b)  Clauses  5. 3  to  5. 8  cover the  HMI  des ign  stage;  

c)  Clauses  5. 9  and  5. 1 0  cover the  implement stage;  

d )  Clauses  5. 1 1  and  5. 1 2  cover the  operate  stage ;  and  

e)  Clause  5. 1 3  covers  con ti nuous  work processes  s tage.  

5.2  System  standards  stage  

The system  standards  stage  of the  HMI  l i fecycle  includes  the  HMI  ph i losophy.  HMI  usabi l i ty i s  
enhanced  when  the  system  is  designed  to  the  re levan t user speci fication  documents,  such  as  the  
HM I  ph i losophy,  the  HMI  style  gu ide,  and  the  HM I  toolk i t.  

5.3  Console  design  

5.3. 1  Overview of console  design  

Console  design  is  essentia l  for HM I  usabi l i ty.  A recommended  user console  layou t or user 
cri teria  for console  l ayout shou ld  be  documented  i n  the  HMI  ph i losophy.  

Many factors  need  to  be  considered  such  as :  

a)  work practices ;  

b)  con trol  room  layou t;  

c)  mon i tor layou t;  

d )  human  factors  and  ergonom ic cons iderations ;  

e)  workplace  envi ronmental  cond i tions ;  and  

f)  communications  equ ipment.  

Locations  of other equ ipment shou ld  be  cons idered  so  the  operator can  see  a l l  screens  and  
s imu l taneousl y use  the  communications  equ ipment.  

Console  design  recommendati ons  can  be  found  i n  the  I SO  1 1 064-4  and/or HFES  1 00  standard  
and  are  not  included  here.  

5.3.2  Control  room  layout  

Human  factors  issues  associated  wi th  the  con trol  room  layou t shou ld  be  cons idere d .  I SO  1 1 064  
i denti fies  that user participation  is  key to  the  succes s  of a  con trol  room  layou t design .  I ncl ud ing  a  
human  factors  study,  to  sol ici t  user input and  identi fy common  human  factors  issues  associated  
wi th  the  control  room  layou t,  may be  desi rable .  The  preferred  user con trol  room  l ayou t or control  
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