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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
ELECTRONIC DISPLAYS –  

 
Part 1 -31 :  Generic –  

Practical  i nformation  on  the  use  of l ight measuring  devices  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for s tandard ization  compris i ng  
a l l  national  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  object  of I EC  i s  to  promote  i n ternationa l  
co-operation  on  a l l  q uestions  concern ing  standard izati on  i n  the  e l ectri cal  and  e l ectron ic fi e l d s.  To  th i s  end  and  
i n  add i ti on  to  other acti vi ti es,  I EC pub l i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  Techn ical  Reports,  
Publ i cl y  Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC Publ i cation(s)”) .  Thei r 
preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  i n  the  subject  deal t  wi th  
may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-governmental  organ izati ons  l i a i s i ng  
wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osely wi th  the  I n ternational  Organ ization  for 
S tandard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by ag reement  between  the  two organ izati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  poss ible,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Commi ttees.   

3)  I EC Publ i cations  have  the  form  of recommendati ons  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any  
m is i n terpretation  by  any end  user.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  u ndertake  to  app ly I EC Publ i cations  
transparentl y  to  the  maximum  extent  poss ible  i n  thei r nati onal  and  reg i ona l  pub l i cations.  Any d i vergence  between  
any I EC Publ i cation  and  the  correspond ing  national  or reg iona l  publ i cati on  shal l  be  cl earl y  i n d icated  i n  the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I ndependent certi fi cati on  bod ies  provide  conform i ty  
assessment services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  respons i ble  for any 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es.  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  possib i l i ty  that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subj ect  of patent  
ri gh ts.  I EC shal l  not  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t ri gh ts .  

This  consol idated  version  of the  official  IEC  Standard  and  i ts  amendment has  been  
prepared  for user convenience.  

IEC  TR 62977-1 -31  ed i tion  1 . 1  contains  the  fi rst  ed i tion  (2021 -04)  [documents  
1 1 0/1 258/DTR and  1 1 0/1 281 A/RVDTR]  and  i ts  amendment 1  (2022-03)  [documents  
1 1 0/1 380/DTR and  1 1 0/1 404A/DVDTR] .  

In  th is  Redl ine version ,  a  vertical  l i ne  i n  the  marg in  shows  where  the  techn ical  content  i s  
modified  by amendment 1 .  Additions  are  in  green  text,  deletions  are  i n  strikethrough  red  
text.  A separate  F inal  version  wi th  al l  changes  accepted  i s  avai lable  in  th is  publ ication .  
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IEC TR 62977-1 -31  has  been  prepared  by I EC techn ical  committee  1 1 0:  E lectron ic d isplays.  I t  
i s  a  Techn ica l  Report.  

Th is  document was  drafted  in  accordance wi th  I SO/I EC D irectives,  Part 2 ,  and  developed  in  
accordance wi th  I SO/IEC  D irectives,  Part  1  and  I SO/I EC D i rectives,  I EC  Supplement,  avai lable  
at  www. iec. ch/members_experts/refdocs.  The  main  document types  developed  by I EC are  
described  in  g reater deta i l  at  www. iec. ch/standardsdev/publ ications.  

A l i s t  of a l l  parts  i n  the  I EC 62977  series,  publ ished  under the  general  t i t l e  Electronic displays,  
can  be  found  on  the  I EC websi te.  

The  commi ttee  has  decided  that  the  con ten ts  of the  base  publ ication  and  i ts  amendment wi l l  
remain  unchanged  unti l  the  stabi l i ty date  i nd icated  on  the  I EC  web s i te  under webstore. iec.ch  
i n  the  data  re lated  to  the  speci fic publ ication .  At th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

 

IMPORTANT – The 'colour inside' logo on  the cover page of this publication indicates that it 
contains colours which are considered to be useful  for the correct understanding of its 
contents.  Users should therefore print this document using a colour printer.  
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INTRODUCTION  

Measurements  of the  opti ca l  characteristics  of e lectron ic d isplays  are  primari ly affected  by three  
factors:  measuring  procedures,  d isp lays  (devices  under test:  DUTs),  and  l i ght  measuring  
devices  (LMDs),  for wh ich  there  are  many in ternational  s tandards  supporting  consisten t and  
comparable  measurements.  Most of them,  however,  provide  on ly  l im i ted  i n formation  on  LMDs,  
making  i t  d i fficu l t  to  appropriate ly  select and  use  the  LMD  for the  measurement objective.  The  
purpose  of th is  document i s  to  provide  best practices  and  suggestions  wh ich  are  m iss ing  i n  the  
standards.  

Th is  document addresses  how the  major properties  of a  typ ical  LMD  affect the  measurement 
resu l ts.  I t  i s  often  impractical  and  unnecessary to  cons ider the  i n fluences  of a l l  properties  of 
LMDs and  a l l  characteristics  of DUTs  as  wel l  as  thei r i n teractions  and  i n fl uences  on  the  
measurement resu l ts.  Therefore,  the  mu l ti p le  i n teraction  effects  that  exist  are  beyond  the  scope 
of th is  document.  Due  to  the  rapid  innovation  and  abundance  of LMDs,  covering  a l l  types  of 
LMDs is  a lso  ou ts ide  the  objectives  of th is  document.  

INTRODUCTION  to  Amendment 1  

Th is  document provides  add i ti onal  i n formation  to  I EC TR 62977-1 -31 : 2021  regard ing  the  
i n fl uence  of spectral  stray l i ght  and  spectra l  bandwid th  of a  spectrorad iometer on  chromatici ty  
measurements .  I t  i s  described  i n  Annex E.   

Th is  document also  provides  the  corrections  of ed i toria l  errors  of I EC TR 62977-1 -31 : 2021 .  The  
corrections  are:  

– Typos  are  fixed :  

•  “ fi ber”  and  “x(λ) ,  y(λ) ,  z(λ)”  i s  replaced  wi th  “fi bre”  and  “�(�) , �(�) , �(�) ” ,  respective ly  i n  
F i gu re  2 ,  

•  “ (%)”  i n  the  l abel  of vertica l  axis  i s  removed  i n  F igure  9,  F igure  1 0,  and  F igure  1 2 ,   

•  “0”  l abel  of the  tick mark of vertica l  axis  i s  replaced  wi th  “1 ”  i n  F igure  C. 4.  

– The  l i sts  for Formu la  (A. 1 )  and  Formu la  (B. 1 )  are  a l igned .  
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ELECTRONIC DISPLAYS –  
 

Part 1 -31 :  Generic –  
Practical  i nformation  on  the  use of l ight measuring  devices  

 
 
 

1  Scope 

Th is  part of I EC  62977  provides  practical  i n formation  on  l i gh t measuring  devices  ( l um inance  
meters,  colorimeters ,  and  spectrorad iometers)  wi th  l um inance  measuring  optics  for the  
characterization  of e l ectron ic d isp lays.  

2  Normative references  

There  are  no  normative  references  i n  th is  document.  

3 Terms,  defin i tions,  and  abbreviated  terms  

3. 1  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol lowing  terms  and  defin i ti ons  apply.  

I SO and  I EC main tain  terminolog ical  databases  for use  i n  standard ization  at  the  fol l owing  
addresses:  

•  I SO  On l ine  browsing  p latform:  avai l able  at h ttp : //www. iso. org/obp  

•  I EC  E lectroped ia:  avai lab le  at  h ttp : //www.electroped ia .org /  

NOTE  CIE  E lectron ic i n ternati onal  l i gh ti ng  vocabu l ary (e-I LV)  i s  a l so  avai l abl e  at  h ttp: //cie. co. at/e-i l v.  

3. 1 . 1   
repeatabi l i ty  
<of an  LMD>  closeness  of agreement between  ind ications  or measured  quan ti ty values  
obtained  by repl icated  measurements  over a  short period  of t ime us ing  a  speci fic LMD  under 
cond i tions  speci fied  by  the  LMD  manufacturer 

Note  1  to  en try:  Repeatabi l i ty  of an  LMD  i s  usua l l y  expressed  numerical l y  by stati sti cal  quan ti ti es,  such  as  standard  
deviation ,  variance,  or coeffi cien t  of variati on  ( re lati ve  s tandard  devi ation )  u nder the  speci fi ed  cond i ti ons  of 
measurement.  

Note  2  to  en try:  The  i n fl uence  on  measurement  repeatab i l i ty  caused  by fl uctuations  of the  measured  l i gh t  source  and  
by  the  measurement  procedu re  i s  assumed  to  be  neg l i g ibl e  when  the  manufactu rer speci fi es  the  repeatabi l i ty  of an  
LMD.  Manufacturers  often  speci fy  the  type  of l i gh t  source  and  measu rement  cond i ti ons  used  for d eterm in ing  the  
repeatabi l i ty  of an  LMD.  

Note  3  to  en try:  Measu rement  precis ion  i s  the  cl oseness  of agreement between  i n d ications  or measured  q uan ti ty 
val ues  obta ined  by  repl i cate  measurements  on  the  same or s im i l ar objects  under speci fi ed  cond i ti ons.  Measu rement 
repeatabi l i ty  i s  measu rement  precis ion  under a  set  of repeatabi l i ty  cond i ti ons  of measu rement that  i ncl udes  the  same  
measurement  procedu res,  same operators,  same measuring  system,  same operati ng  cond i ti ons,  same l ocation ,  and  
rep l i cate  measu rements  on  the  same or s im i l ar obj ects  over a  short  peri od  of t ime.  Measurement  reproduci bi l i ty  i s  
measurement  precis ion  under a  set  of reproducibi l i ty  cond i ti ons  of measu rement  that  i ncl udes  d i fferen t l ocations,  

operators,  measu ring  systems,  and  repl i cate  measurements  on  the  same  or s im i l ar ob jects  [1 ] ,  [2 ] 1 .  

____________ 

1   Numbers  i n  square  brackets  refer to  the  B i bl i ography.  
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3. 1 .2   
accuracy 
<of an  LMD>  d i fference  between  a  measured  quanti ty value  and  an  accepted  reference  value  
when  us ing  a  speci fic  LMD  under cond i tions  speci fi ed  by  the  LMD  manufacturer 

Note  1  to  en try:  Th i s  term  i s  a  quan ti ty  wi th  a  n umerical  va l ue  and  i s  usual l y  expressed  as  a  range  speci fi cation .  

Note  2  to  en try:  The  accepted  reference  value  i s  a  va l ue  that  serves  as  an  ag reed-upon  reference  for compari son ,  
and  wh ich  i s  d eri ved  as :   

a)  a  theoreti ca l  or establ i shed  val ue,  based  on  scienti fi c  pri ncip l es;  

b)  an  ass igned  or certi fi ed  val ue,  based  on  experimenta l  work of some national  or i n ternati ona l  organ izati on ;  

c)  a  consensus  or certi fi ed  val ue ,  based  on  col l aborati ve  experimental  work u nder the  auspices  of a  scien ti fi c  or 
eng i neeri ng  g roup;  

d )  (when  a),  b)  and  c)  are  not  avai l able)  the  expectati on  of the  (measu rable)  q uan ti ty,  i . e.  the  mean  of a  speci fi ed  
popu lati on  of measurements  [3 ] .  

Note  3  to  en try:  The  i n fl uence  on  measurement  accuracy caused  by fl uctuati ons  of the  measured  l i g h t  sou rce  and  by  
the  measurement  procedure  i s  assumed  to  be  neg l i g ibl e  when  the  manufacturer speci fi es  the  accu racy of an  LMD.  
Manufactu rers  often  speci fy  the  type  of l i gh t  source  and  other measurement cond i ti ons  used  for d eterm in ing  the  
accuracy of an  LMD.  

Note  4  to  en try:  Measu rement accuracy i s  the  cl oseness  of agreement  between  a  measured  quan ti ty  val ue  and  the  
true  q uanti ty  val ue  of a  measurand  [1 ] ,  [2 ] .  The  accuracy of measurement i s  not  a  quanti ty  val ue  wh i l e  the  accu racy 
of an  LMD  i s  a  quan ti ty  val ue;  thus ,  the  term  "accuracy"  conventional l y  used  for the  speci fi cation  of LMDs  means  
someth ing  d i fferent  than  that  u sed  for measurement.  

3.2  Abbreviated  terms  

CIE  Commission  I n ternationale  de  l ’Écla i rage  ( I n ternational  Commiss ion  on  I l l um ination)  

CMF  colour-match ing  function  

DUT device  under test  

EOTF  e lectro-optical  transfer function  

LCD  l i qu id  crystal  d isplay 

LED  l igh t em i tti ng  d iode  

LMD  l igh t measuring  device  

ND  neu tral  densi ty  

OLED  organ ic l i gh t emi tti ng  d iode  

PWM  pu lse  wid th  modu lation  

RGB  red ,  g reen ,  and  b lue  

RGBW red ,  g reen ,  b lue,  and  wh i te  

Vsync vertica l  synchron izing  s ignal  

4 General  information  on  LMDs for photometry and  colorimetry 

4.1  General  

Clause  4  describes  the  pri ncip les  of photometry and  colorimetry,  configuration ,  ca l ibration ,  and  
maintenance  of LMDs,  as  wel l  as  setup  cond i tions  for measurement.  

4.2  Photometry and  colorimetry for electronic d isplays  

Photometry i s  the  measurement of quanti ti es  referri ng  to  rad iation  as  evaluated  accord ing  to  a  
g iven  spectral  l uminous  efficiency (see  I EV 845-25-01 3).  Colorimetry is  the  measurement of 
colour stimu l i  based  on  a  set  of conventions  (see  IEV 845-25-01 4).  Detai l s  on  the  calcu lation  
formu lae  and  speci fic cond i ti ons  appl ied  to  e lectron ic d isplay measurement are  shown  i n  
Annex A.  
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4.3  LMDs  for luminance  and  chromatici ty measurements  

4.3. 1  Configuration  of LMDs  

The con figurations  of three  types  of LMDs  are  described  as  fo l lows:  

1 )  Luminance meter 

A l um inance  meter i s  an  i nstrument for measuring  l um inance (see  I EV 845-25-021 ).  A b lock 
d iagram  of the  setup  of a  typical  l um inance  meter i s  shown  i n  F igure  1 a):  i t  cons ists  of i npu t 
optics,  a  detector un i t for measuring  the  l um inance,  Lv,  and  an  e lectron ic  system.  An  

example  of the  configuration  of the  i npu t optics  and  the  detector un i t  i s  shown  in  F igu re  2a) ,  
where  a  l ens  i s  used  for the  input  optics .  The  i npu t  optics  col l ects  the  l i gh t  em i tted  from  the 
DUT and  converges  i t  on to  the  detector.  An  optica l  compensation  fi l ter i s  arranged  in  front  
of the  detector.  The  combination  of the  spectral  characteristics  of the  fi l ter,  i npu t optics,  and  
detector approximates  the  spectral  l um inous  efficiency function ,  V(λ) .  A neu tral  dens i ty (ND)  
fi l ter can  be  i nserted  i n to  the  optical  path ,  for example  when  the  LMD's  dynamic range  i s  
i nsu fficien t and  resu l ts  in  detector saturation .  The  detector receives  the  l i ght  and  converts  
the  optica l  s ignal  to  an  e lectron ic  one,  from  wh ich  the  e lectron ic system  ca lcu lates  the  
l um inance,  Lv,  as  i n  [4] ,  i nd icates  i t  on  an  i nstrument d isp lay,  and/or sends  the  resu l t to  an  

external  system.  

2)  Colorimeter 

A colorimeter i s  an  instrument for measuring  colorimetric  quanti ties,  such  as  the  tris timu lus  
values  of a  colour s timu lus  (see  I EV 845-25-022) .  A b lock d iagram  of the  most common  
setup  for a  colorimeter is  shown  in  F igure  1 b):  i t  i s  conceptual ly s im i lar to  a  l um inance meter.  
A colorimeter has  a  detector un i t for measuring  the  tristimu lus  values  i nstead  of one  for the  
l um inance.  A colorimeter for both  l um inance  and  chromatici ty measurements  employs  the  
same  type  of input  optics  as  the  l uminance  meter,  as  described  in  4 . 3 . 1  1 ) .  An  example  of 
the  configuration  of the  i npu t optics  and  the  detector un i t  i s  shown  in  F igure  2b),  where  the  
detector un i t has  three  pai rs  of optical  compensation  fi l ters  and  detectors.  The  i nput  optics  
is  connected  to  the  detector un i t  by a  three-branch  optical  fi bre.  The  combined  spectra l  
characteristics  of those  components  approximates  the  CIE  colour-match ing  functions  
(CMFs).  The  e lectron ic  system  calcu lates  the  tris timu lus  values,  X,  Y,  and  Z,  where  Y i s  
practical ly  identical  to  Lv  (see  Annex A) .  

3)  Spectrorad iometer 

A spectrorad iometer is  an  i nstrument for measuring  rad iometric quanti ti es  i n  narrow 
wavelength  i n tervals  over a  g iven  spectra l  reg ion  (see  I EV 845-25-007).  A b lock d iagram  of 
the  general  setup  of a  spectrorad iometer is  shown  i n  F igure  1 c).  A spectrorad iometer for 
spectral  rad iance  measurements ,  and  lum inance  and  chromatici ty ca lcu lations  therefrom,  
employs  the  same type  of i npu t optics  as  the  l um inance meter,  as  described  in  4 . 3 . 1  1 ) .  An  
example  of the  configuration  of the  i npu t optics  and  the  spectrometer i s  shown  in  F igure  2c),  
where  the  i npu t optics  i s  connected  to  the  spectrometer by an  optical  fi bre.  The  example  
spectrometer cons ists  of an  i nput s l i t,  a  g rating ,  for example  a  concave  g rati ng  [5] ,  and  an  
array detector,  where  the  ou tpu t of the  detector i s  re lated  to  the  spectral  rad iance  of the  
DUT.  The  obtained  spectral  rad iance,  Le(λ) ,  i s  converted  to  the  l um inance,  Lv ,  or tristimu lus,  

va lues,  X,  Y,  and  Z,  us ing  V(λ)  or CMFs  data,  wh ich  are  often  stored  i n  l ook-up  tables  [6] ,  
[7 ] .  
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a)  Luminance  meter b)  Colorimeter 

 

c)  Spectrorad iometer 

 

Figure 1  – Block d iagrams  of th ree types  of LMDs  
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a)  Luminance meter b)  Colorimeter 

 

c)  Spectrorad iometer wi th  spectrometer using  g rating  and  array detector 

 

 
 

a)  Luminance meter b)  Colorimeter 

 

c)  Spectrorad iometer wi th  spectrometer using  g rating  and  array detector 

Figure 2  – Example  of configurations  for the  input optics  and  detector 
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4.3.2  Input  optics  of LMDs  

An  LMD has  an  i npu t optics  system  wh ich  col lects  the  l i gh t em i tted  or reflected  from  a  DUT.  
There  are  various  types  of imag ing  as  wel l  as  non- imag ing  input  optics ,  for example  fixed-focus  
l ens,  variable-focus  l ens,  and  optical  fi bre.  For l um inance  measurements ,  imag ing  optics  is  
often  used .  F i gure  3  shows  an  example  of the  i npu t optics  wi th  an  imag ing  l ens,  an  aperture  
stop  (aperture) ,  a  fi e ld  stop,  and  a  detector beh ind  the  fie l d  stop,  together wi th  the  DUT and  
detector.  Related  optical  properties  are  described  i n  the  fol lowing  sen tences.  The  aperture  stop  
is  an  open ing  that defines  the  area  over wh ich  the  average  optica l  emiss ion  is  measured  (see  
IEV 845-25-086).  The  en trance  pupi l  i s  a  vi rtual  image  of the  aperture  stop  as  viewed  from  the  
obj ect  space,  and  i ts  posi ti on  and  s ize  depend  on  the  measurement d is tance.  The  angu lar 
aperture  is  the  ang le  subtended  by the  en trance  pupi l .  The  fie ld  stop  wh ich  i s  pos i ti oned  on  the  
image  p lane  l im i ts  the  measurement fie l d  of the  DUT.  The  measurement fi e ld  ang le  i s  the  ang le  
subtended  by the  measurement fi e ld  at the  en trance  pupi l .  

 

 

Figure 3  – Example  of i nput optics  for the  luminance meters  

4.3.3  Electron ic  system  of LMDs  

An  LMD  has  an  e lectron ic system  for processing  the  e lectron ic s i gnal  from  the  detector [8 ]  i n  
order to  del iver the  measured  va lues.  Among  the  various  types  of systems,  F igure  4  shows a  
typical  one  consisting  of an  analogue  ci rcu i t  ampl i fying  the  s i gnal  from  the  detector,  an  A/D  
converter converti ng  the  ampl i fied  s ignal  i n to  a  d i g i ta l  s ignal ,  a  data  processor converti ng  the  
d ig i ta l  s i gnal  to  the  measurement value,  and  a  system  con trol ler control l i ng  the  whole  system  
i nclud ing  the  memory,  d i splay,  and  in terface  of the  external  devices.   

 

 

Figure 4 – Block d iagram  of a  typical  electronic system  
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4.3.4  Cal ibration  of LMDs  

Luminance meters  and  colorimeters  are  usual ly ca l i brated  to  a  reference  source  wi th  a  l i gh t 
source  and  a  p lane  d i ffuser,  wh ich  are  traceable  to  a  national  standard  recogn ized  by a  national  
au thori ty as  the  bas is  for ass ign ing  quanti ty  values  to  other measurement standards  [1 ] ,  [2 ] .  
These  l i gh t  sources  are  often  i ncandescent l amps,  for example  tungsten-halogen  lamps,  
des igned  to  approximate  the  CIE  standard  I l l um inan t A.  I t  i s  sometimes  possible  to  use  other 
types  of l i gh t  sources,  for example  LEDs,  for LMDs speci fical ly  designed  for d isplay 
measurement.  For a  spectrorad iometer,  the  waveleng ths  are  usual ly ca l i brated  to  a  l i gh t source  
em i tti ng  one  or more  l i ne  spectra,  and  the  spectral  rad iance  i s  ca l ibrated  to  the  reference source  
described  above  [9] .  The  temporal  s tabi l i ty of these  l i gh t sou rces  i s  strictly  managed  by 
manufacturers  to  meet the ir speci fications .  

4.3.5  Maintenance  of LMDs  

The performance of LMDs depends  on  ambient cond i tions,  especia l ly  temperature  and  humid i ty.  
Carefu l  s torage,  hand l ing ,  and  operation  of LMDs are  recommended  i n  accordance wi th  
i nstructions  provided  by the  manu facturer.  S ince  deterioration  caused  by ageing  is  i nevi table,  
period ic i nspections,  ad justments ,  and  cal i bration  by the  manufacturer are  recommended .  

4.4 Setup  cond itions  for measurement  

4.4. 1  LMDs  

Most LMDs  are  unstable  immed iate ly after swi tch ing  the  power on ,  and  they therefore  need  
some  warm-up  time to  ach ieve  thei r speci fied  accuracy and  repeatabi l i ty.  Most optica l  
i nstabi l i ti es  are  due  to  thermal  effects  and  thus  have  a  l ong  time  constant.  Checking  the  
measurement stabi l i ty before  regu lar measurements  is  recommended  i n  order to  veri fy the  
appropriate  warm-up  time.  

4.4.2  DUTs  

Short-term  instabi l i ti es  i n  the  optica l  ou tput of DUTs  are  often  caused  by the i r e lectron ic  system  
wh i l e  l ong-term  i nstabi l i ti es  are  mostly caused  by  thermal  effects  wh ich  can  have  l ong  time  
constan ts.  Measured  i nstabi l i ti es  of DUTs  are  exempl i fied  i n  Annex D .  Checking  for such  DUT 
instabi l i ti es  is  recommended  in  order to  adapt  the  measurement procedure  accord ing ly.  The  
combined  l ong-term  stabi l i ty of the  LMD  and  DUT can  be  confi rmed  by comparing  the  resu l ts  
measured  wi th  the  same settings  at the  beg inn ing  and  at the  end  of the  measurement session .  

4.4.3  Envi ronment 

For cons istent and  comparable  measurements,  envi ronmenta l  cond i ti ons  shou ld  meet the  
requ i rements  of the  LMDs  and  DUTs.  Carefu l ly  checking  the  envi ronmenta l  cond i ti ons  
described  in  the  respective  i nstruction  manuals  before  measurement  i s  recommended .  

5 Influence of LMD properties  on  luminance and  chromatici ty measurements  

5.1  General  

Clause  5  describes  the  LMD  properties  d isclosed  by the  manufacturer or requ i red  by the  d isplay 
measurement standards,  and  thei r i n fl uence  on  the  l uminance  and  chromatici ty measurement 
resu l ts.  Th is  i n formation  is  he lpfu l  for the  selection  and  use  of the  LMD su i table  for the  
measurement obj ectives  [1 0] .  Some  input  data  for calcu lations  are  shown  in  Annex C.  
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5.2  Repeatabi l i ty  

5.2. 1  General  

Repeatabi l i ty  of an  LMD  as  defined  i n  3 . 1 . 1  i s  one  of the  dominan t performance factors  of an  
LMD.  I t  i s  usual ly g iven  as  the  re lative  standard  deviation ,  σR,  for l um inance,  Lv ,  and  standard  

deviation ,  σ,  for CIE  1 931  chromatici ty coord inates,  x,  y,  wi th  a  coverage  factor,  K,  i . e. ,  K σR  

and  K σ,  respective ly,  where  σR  =  σ  /  VL ,  VL  i s  the  average  lum inance,  and  K =  1  or 2  i n  most 

cases.  For both ,  the  smal ler the  value,  the  h igher the  repeatabi l i ty  of the  LMD.  Those  values  
are  essentia l ly  posi tive.  

The  cond i ti ons  for evaluati ng  the  repeatabi l i ty of an  LMD  wi th  respect to  the  speci fications  g iven  
by the  manu facturer,  for example  the  l i gh t source,  l um inance,  number of measurements,  and  
statistical  evaluation  method  used ,  are  often  defined  by the  manufacturer speci fica l ly  for each  
LMD  model  and  often  documented  i n  the  data  sheet.  They are  often  speci fic  to  each  model  
even  by the  same  manufacturer.  Checking  such  cond i ti ons  is  recommended  when  comparing  
the  performance of d i fferen t models.  

I n  actual  measurements ,  experimental ly checking  whether the  measurement repeatabi l i ty,  
wh ich  is  affected  not on ly by the  repeatabi l i ty of the  LMD bu t a lso  the  instabi l i ti es  of the  DUT 
and  others ,  meets  the  requ i rements  of the  measurement obj ectives  i s  recommended ,  and  i f not,  
improving  the  measurement system  and  procedure  to  meet such  requ i rements  i s  recommended .   

NOTE  The  number of s i gn i fi cant  d i g i ts  i s  d eterm i ned  by the  i n ternal  numerical  cal cu lati on ,  and  the  round ing  strategy  
us ing  measurement  precis ion  for tri stimu l us  val ues  i s  shown  i n  A. 3. 3.  The  number of d i g i ts  i nd icated  on  the  d i splay 
and  transmi tted  to  the  externa l  devices  i s  usual l y  speci fi c  to  each  LMD  and  i s  often  determ ined  i n  re lati on  to  the  
number of s i gn i fi can t d i g i ts  and  by considering  the  repeatabi l i ty  of the  LMD.  

5.2.2  Example  of the  repeatabi l i ty of an  LMD  

Figure  5  exempl i fi es  the  repeatabi l i ty of an  LMD  for l uminance and  chromatici ty at d i fferent  
l um inance  levels  for two  LMD  models  by  the  same  manufacturer under the  same  cond i ti ons  
speci fied  by  the  manufacturer.  The  d i fference  between  the  two  models  i ncreases  from  a  
neg l ig ib le  l evel  i n  the  h igh  l um inance  range  to  a  s i gn i ficant  level  i n  the  low l um inance  range.  

  

a)  Luminance,  Lv b)  Chromatici ty coord inates ,  x,  y  

 

Figure 5  – Examples  of the  repeatabi l i ty of an  LMD  as  a  function  of luminance  
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5.3  Accuracy 

5.3. 1  General  

Accuracy of an  LMD  as  defined  i n  3 . 1 . 2  i s  one  of the  dominan t  LMD  performance  factors  of an  
LMD.  I t  i s  usual ly  speci fi ed  as  a  range:  ±  maximum  d i fference  or ±  standard  deviation  wi th  a  
coverage factor of K,  where  K i s  1  or 2  in  most cases.  I t  i s  usual ly  expressed  as  a  re lative  value  
(%)  for l um inance and  a  nonrelative  va lue  for the  chromatici ty coord inates.  The  smal l er the  
absolu te  value,  the  more  accurate  the  LMD.  

The  cond i ti ons  for evaluating  the  accuracy of an  LMD wi th  respect to  the  speci fication  g iven  by 
the  manufacturer,  for example  the  l i gh t source,  l um inance,  and  statis tical  method  used ,  are  
often  defined  by the  manufacturer speci fical ly  for each  LMD  model  and  documented  i n  the  data  
sheet.  They are  often  speci fic  to  each  model  even  for the  same manufacturer.  Checking  such  
cond i ti ons  is  recommended  when  comparing  the  performance of d i fferent  models.  Note  that  the  
defin i tion  of accuracy includes  systematic  errors  that remain  when  the  measured  value  i s  
obtained  by averag ing  mu l ti ple  measurements.  

5.3.2  Example  of the  accuracy of an  LMD  

Figure  6  exempl i fi es  the  accuracy of an  LMD  for l um inance,  ΔLv ,  and  for chromatici ty 

coord inates,  Δx,  Δy,  at  d i fferent  l um inance l evels  for two  LMD  models  by the  same  manufacturer 
under the  same cond i ti ons  speci fied  by the  manufacturer.  Note  that F igure  6  shows  the  pos i tive  
value  on ly.  The  d i fference between  the  two  models  i ncreases  from  a  neg l i g ible  l evel  i n  the  h i gh  
l um inance range  to  a  s i gn i fican t l evel  i n  the  l ow lum inance  range.  

  

a)  Luminance,  Lv b)  Chromatici ty coord inates ,  x,  y  

 

Figure 6  – Examples  of the  accuracy of an  LMD  as  a  function  of luminance  

5.3.3  Lineari ty  

Lineari ty i s  the  degree  to  wh ich  the  change i n  the  ou tpu t quan ti ty of the  LMD is  proportional  to  
the  change  in  the  i npu t quanti ty,  i . e. ,  the  responsivi ty  i s  constant  over a  speci fi ed  range  of 
i npu ts  [1 0] .  The  measured  values  of Lv,  X,  Y,  Z,  and  Le(λ)  have  an  i nheren t l i neari ty error due  

to  factors  mostly i n  the  detector and  e lectron ic system.  For most LMDs,  the  l i neari ty  i s  not  
speci fied  separately.  I t  i s  i ncl uded  i n  the  accuracy of an  LMD  speci fied  over a  l um inance range.  
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5.3.4  Range  change  

The deviation  due  to  range  change  is  the  systematic deviation  aris ing  when  the  LMD is  swi tched  
from  one  range  to  an  ad j acen t range  [1 0 ] .  The  LMD changes  the  i n tegration  time,  the  ampl i fier 
ga in ,  and /or i nserts  the  neu tral  dens i ty (ND)  fi l ter i n  order to  expand  the  lum inance range,  wh ich  
usual ly l eads  to  i n ter-range  d iscontinu i ties .  Note  that th is  range  swi tch ing  error i s  l i ke ly  to  occur 
i ndependently i n  the  i nd ividual  X,  Y,  and  Z  detectors  of the  colorimeter,  and  that the  range-
swi tch ing  l um inance level  i s  l ikely to  be  d i fferent between  i ncreas ing  and  decreasing  l um inance.  
The  errors  associated  wi th  range  change are  not  necessari ly d isclosed  i n  the  speci fications  of 
LMDs.  They are  usual ly i ncluded  in  the  accuracy speci fied  over the  lum inance  range.  

I n  actual  measurements ,  fixing  the  measurement sequence  i s  often  taken  i n to  cons ideration ,  
i . e . ,  from  low to  h i gh  l um inance,  from  h igh  to  low l um inance,  or both ,  to  average  the  two  values  
of the  same lum inance i n  opposi te  sequences.  Th is  i s  to  m in im ize  tota l  measurement time  or 
to  ach ieve  h i gher precis ion  in  measurements  such  as  tone-rendering  (a lso  known  as  e lectro-
optica l  transfer function :  EOTF),  co lour gamut volume,  and  colour accuracy [1 1 ] .  

5.4 Luminance range  

Luminance range  i s  usual ly speci fi ed  by LMD  manufacturers  i n  terms  of a  l ower and  an  upper 
l im i t for a  guaranteed  range  and/or an  i nd icated  range.  Al l  measured  values  wi th in  the  
guaran teed  range  are  guaran teed  to  meet speci fications  of the  LMD  whereas  measured  values  
wi th in  the  i nd icated  range  are  obtainable  and  do  not necessari ly meet the  speci fications.  Both  
l um inance  ranges  are  typical ly  speci fic  to  a  particu lar LMD.  

Measured  values  beyond  the  upper l im i t of the  guaran teed  range  are  l ikely  to  be  unobtainable  
or inaccurate  due  to  satu ration  or poor l i neari ty of the  detector and /or analogue  ci rcu i t,  wh i l e  
measured  values  below the  l ower l im i t  of the  guaran teed  range  are  l ikely to  be  i naccurate  due  
to  poor repeatabi l i ty  and /or poor l i neari ty.  Checking  that the  operation  cond i tions  of the  LMD  
are  properly met for measurement near the  l ower l im i t i s  recommended .  For some colorimeters,  
the  lower lum inance  l im i t  i n  chromatici ty measurements  i s  h i gher than  that i n  l um inance  
measurements .  When  measuring  be low the  guaran teed  l ower l im i t,  i t  i s  he lpfu l  to  consu l t  wi th  
the  manu factu rer.  

The  dynamic range  of an  LMD  is  usual ly  defined  as  the  ratio  of the  upper and  lower l im i t.  I t  i s  
a  major fi gure  of meri t  when  se lecting  LMDs for measurement of the  con trast  ratio  of a  DUT.  

5.5  Spectral  properties  of the  spectrorad iometer 

5.5. 1  General  

A spectrorad iometer measures  the  spectral  rad iance  of a  DUT.  Subclause  5. 5  addresses  the  
i n fl uence  of the  major spectral  properties  of spectrorad iometers  on  the  measured  va lues  for the  
array spectrorad iometers  shown  i n  F igure  2c) .  

5.5.2  Wavelength  accuracy and  spectral  bandwidth  

5.5.2 . 1  General  

Wavelength  accuracy and  spectral  bandwid th  are  two of the  major spectral  properties  of a  
spectrorad iometer.  Some  wavelength  error i s  i nevi table  and  usual ly varies  by wavelength .  I ts  
perm issible  va lue  is  the  waveleng th  accuracy speci fi ed  by  the  manufacturer.  Spectral  bandwid th  
characterizes  the  spectra l  bandwid th  of the  measured  s ignal  for monochromatic i npu ts.  I t  
usual ly  varies  by wavelength ,  and  i ts  permiss ib le  value  i s  speci fi ed  by the  manufacturer.  These  
spectral  properties  of the  spectrorad iometer affect  the  measured  spectral  rad iance  as  wel l  as  
the  l um inance and  ch romatici ty calcu lated  therefrom.  The  in fluence  of these  spectral  properties  
on  the  measured  values  a lso  depends  on  the  spectral  rad iance  of DUTs,  as  shown  below by 
simu lated  measurements .  
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NOTE  1  I n  actual  LMDs,  the  spectral  properti es  of the  spectrorad iometer are  not  as  s imple  as  those  i n  the  
calcu lations,  and  the  DUTs  are  not  on l y  those  used  i n  the  calcu lati ons.  The  actua l  resu l ts  are  l i kel y  to  be  d i fferen t  
from  the  calcu lations.  

NOTE  2  S tray l i g h t  i n  a  spectral  measurement system  i s  l i gh t  that  reaches  the  detector wh ich  i s  at  a  wavel ength  
other than  the  wavelength  i n tended  to  be  measu red  (see  I EV 845-25-1 1 6).  Th i s  spectral  s tray l i gh t  i n  the  array 
spectrometer (see  4 . 3 . 1 )  i s  described  i n  d etai l  i n  [9]  and  i ts  i n fl uence  on  the  measu red  val ues  of l um inance  and  
chromatici ty  can  be  usua l l y  m i ti gated  by various  technolog ies.  When  spectral  s tray l i gh t  affects  the  measured  val ues  
of l um inance  and  chromatici ty,  spectral  s tray l i gh t  correction  can  be  appl i ed .  Experimental  data  demonstrati ng  the  
i n fl uence  of spectral  s tray l i gh t  i n  a  speci fi c  appl i cation  are  shown  i n  Annex E  [1 2 ] .  The  LMD  property  for th i s  spectral  
s tray l i gh t  i s  often  speci fi ed  by  the  manufacturer wi th  eva luati on  cond i ti ons  speci fi c  to  each  LMD model .  

NOTE  3  The  i n fl uence  of spectral  bandwid th  on  chromatici ty  measurements  of narrow spectral  l i newid th  l i gh t  i s  
shown  i n  Annex E .  

5.5.2 .2  Calcu lation  method  and  DUT/LMD parameters  

1 )  Spectral  rad iance  of DUTs:  Calcu lations  are  performed  for three  types  of DUTs  whose  
spectral  rad iances,  Le(λ) ,  of red ,  green ,  b lue,  and  wh i te  test patterns  are  shown  i n  C. 2 . 1 .  

They are  taken  as  the  reference spectra l  rad iances,  Le,  ref(λ) .  

2)  Wavelength  error and  spectral  bandwid th :  For s impl ici ty,  the  waveleng th  error,  δλ ,  i s  
assumed  to  be  the  same  over the  wavelength  range,  and  s ix  wavelength  errors:  ±0, 2  nm,  
±0, 5  nm,  and  ±1  nm ,  are  chosen  for ca lcu lation .  The  respective  measured  spectral  rad iances  
are  obtained  by Le(λ  – δλ)  .  For s impl ici ty,  spectral  response  to  the  monochromatic i npu t i s  

assumed  to  be  Gauss ian  wi th  a  bandwid th ,  bw,  wh ich  i s  the  same  over the  wavelength  
range.  F ive  bandwid ths:  2  nm,  4  nm,  6  nm,  8  nm ,  and  1 0  nm  are  chosen  for the  ca lcu lation .  
The  respective  measured  spectral  rad iances  are  obta ined  by the  convolu tion  of the  
reference spectra l  rad iance,  Le,  ref(λ) ,  and  the  s imu lated  Gauss ian  spectral  responses.  The  

i n fl uence of the  wavelength  error and  spectral  bandwid th  i s  ca lcu lated  i ndependently.  

3)  Calcu lation  of l um inance  and  chromatici ty:  The  tristimu lus  va lues ,  X,  Y,  and  Z,  and  the  
chromatici ty,  (x,  y) ,  are  calcu lated  by Formu lae  (A.2)  to  (A.7),  wh i l e  Y i s  practical ly i den tical  
to  Lv  (see  Annex A) .  The  measured  va lues,  Lv,  meas ,  xmeas ,  and  ymeas ,  are  obtained  by 

substi tu ti ng  the  measured  spectral  rad iance  of the  DUT in  the  formu lae.  Their references,  
Lv,  ref,  xref,  and  yref,  are  obta ined  by substi tu ti ng  the  reference  spectra l  rad iances  i n  the  

formu lae.  The  d i fferences  of the  measured  values  from  the  reference va lues  ind icate  the  
i n fl uence of the  wavelength  error and  spectral  bandwid th  of the  spectrorad iometer on  the  
measured  va lues.  

5.5.2 .3  Calcu lation  resu l ts  

5.5.2 .3. 1  Luminance  

Figure  7  shows the  calcu lated  re lative  lum inance  d i fference,  ΔLv,  δλ  (%),  as  a  function  of the  

wavelength  error,  δλ ,  for the  four d isp layed  colours :  red ,  g reen ,  b lue,  and  wh i te.  As  shown,  the  
l arger the  wavelength  error,  the  l arger the  d i fference.  The  d i fference  depends  on  the  d isplayed  
colour,  where  the  d i fference  i n  red ,  g reen ,  and  b l ue  is  l arger than  i n  wh i te.  I t  a lso  depends  on  
the  spectra l  rad iance  of the  DUT,  however,  the  trends  of the  d i fference  are  not  so  d i fferen t 
among  these  DUTs.  
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a)  DUT-1  b)  DUT-2  

 

c)  DUT-3  

 

Figure 7  – Calcu lated  relative  luminance d i fference as  a  function  of wavelength  error 

Figure  8  shows the  calcu lated  re lative  l uminance  d i fference,  ΔLv, bw,  as  a  function  of the  

bandwid th ,  bw,  for the  four d isp layed  colours:  red ,  green ,  b l ue,  and  wh i te.  As  shown,  the  l arger 
the  bandwid th ,  the  l arger the  d i fference,  and  the  d i fference  a lso  depends  on  the  d isplayed  
colour.  The  d i fference  i n  red ,  green ,  and  b lue  is  l arger than  i n  wh i te.  I t  depends  a lso  on  the  
spectral  rad iance  of the  DUT;  the  trends  of the  d i fference are  l arger i n  DUT-3  than  i n  the  others.  
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a)  DUT-1  b)  DUT-2  

 

c)  DUT-3  

 

Figure 8  – Calcu lated  relative  luminance d i fference as  a  function  of spectral  bandwidth  

5.5.2 .3.2  Chromatici ty 

Figure  9  shows  the  ca lcu lated  chromatici ty coord inate  d i fferences,  Δxδλ ,  Δyδλ,  as  a  function  of 

the  wavelength  error,  δλ .  The  d i fferences  depend  on  the  d isp layed  colour and  the  spectra l  
rad iance  of the  DUTs.  
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a)  DUT-1  (ch romati ci ty coord inate,  x)  b)  DUT-1  (chromatici ty coord inate,  y)  

  

c)  DUT-2  (ch romati ci ty coord inate,  x)  d )  DUT-2  (chromatici ty coord inate,  y)  

  

e)  DUT-3  (ch romati ci ty coord inate,  x)  f)  DUT-3  (chromati ci ty coord inate,  y)  
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a)  DUT-1  (ch romati ci ty coord inate,  x)  b)  DUT-1  (chromatici ty coord inate,  y)  

  

c)  DUT-2  (ch romati ci ty coord inate,  x)  d )  DUT-2  (chromatici ty coord inate,  y)  

  

e)  DUT-3  (ch romati ci ty coord inate,  x)  f)  DUT-3  (chromati ci ty coord inate,  y)  

Figure 9  – Calcu lated  chromatici ty d i fferences  as  a  function  of wavelength  error 

Figure  1 0  shows  the  ca lcu lated  chromatici ty  coord inate  d i fferences,  Δxbw,  Δybw,  as  a  function  

of the  bandwid th ,  bw.  The  d i fferences  depend  on  the  d isp layed  colour and  the  spectra l  rad iance  
of the  DUTs.  
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a)  DUT-1  (ch romati ci ty coord inate,  x)  b)  DUT-1  (chromatici ty coord inate,  y)  

  

c)  DUT-2  (ch romati ci ty coord inate,  x)  d )  DUT-2  (chromatici ty coord inate,  y)  

  

e)  DUT-3  (ch romati ci ty coord inate,  x)  f)  DUT-3  (chromati ci ty coord inate,  y)  
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a)  DUT-1  (chromati ci ty coord inate,  x)  b)  DUT-1  (chromatici ty coord inate,  y)  

  

c)  DUT-2  (chromati ci ty coord inate,  x)  d )  DUT-2  (chromatici ty coord inate,  y)  

  

e)  DUT-3  (ch romati ci ty coord inate,  x)  f)  DUT-3  (chromati ci ty coord inate,  y)  

Figure 1 0  – Calcu lated  chromatici ty d i fferences  as  a  function  of spectral  bandwidth  

These  resu l ts  show that spectrorad iometers  wi th  reasonably  smal l  wavelength  error and  
spectral  bandwid th  can  perform  accurate  measurements  of l um inance and  chromatici ty of these  
DUTs.  

5.6  Spectral  properties  of the  fi l ter-type luminance  meter and  colorimeter 

5.6. 1  General  

A lum inance  meter and  a  colorimeter measure  the  l um inance and  chromatici ty  of a  DUT,  
respective ly.  Subclause  5. 6  addresses  the  i n fl uence of the  spectral  properties  of these  LMDs  
on  the  measured  values  for the  fi l ter-type  lum inance meters  and  colorimeters  shown  in  
F igu re  2a)  and  F igure  2b).  
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5.6.2  Spectral  responsivi ty 

5.6.2 . 1  General  

The major property of fi l ter-type  LMDs i s  the ir relative  spectral  responsivi ty wh ich  is  expected  
to  match  the  spectra l  l um inous  efficiency function ,  V(λ) ,  for a  l um inance meter or the  colour-
match ing  functions  (CMFs)  for a  colorimeter.  As  described  i n  4 . 3,  the  spectral  responsivi ti es  
are  general ly  a  combination  of the  spectral  characteristics  of the  fi l ters,  detectors ,  and  other 
optica l  e l ements.  Despi te  the  progress  of technology,  there  s ti l l  remains  a  m ismatch ,  wh ich  
resu l ts  i n  d i fferences  i n  the  measured  l um inance and  chromatici ty  from  thei r references  g iven  
by the  i deal  V(λ)  or CMFs.  

I n  order to  quan ti fy  the  m ismatch ,  the  i ndex,  f1
' ,  i s  i n troduced  for l uminance  meters  (see  C.3 . 1 ).  

S ince  f1
'  i s  the  lum inance  d i fference i n  the  measurement of CI E  I l l um inan t A,  i t  i s  unsu i table  to  

pred ict  the  d i fference i n  measured  values  for DUTs  wi th  complete ly  d i fferen t spectral  rad iances,  
for example  LCDs,  OLED  d isplays,  and  l aser d isp lays.  Subclause  5. 6 . 2  shows  the  s imu lated  
l um inance d i fferences  of DUTs  for the  d i fferen t spectral  responsivi ti es  of fi l ter-type  LMDs.  

For colorimeters,  s im i lar i nd ices,  f1
'
,  x,  f1

'
,  y,  and  f1

'
,  z ,   for CMFs,  ( ), ( )x yλ λ ,  and  ( )z λ ,  

respectively,  are  i n troduced  (see  C. 3 . 1 ) .  These  are  the  d i fferences  of X,  Y,  and  Z i n  the  
measurement of CIE  I l l um inant  A,  and  therefore  unsu i table  to  pred ict  the  measured  d i fference 
for DUTs  wi th  completely  d i fferent spectra l  rad iances.  The  calcu lation  resu l ts  of the  chromatici ty 
d i fferences  are  shown  us ing  the  average  value,  f1

'
,  xyz ,  as  a  parameter.  

5.6.2 .2  Calcu lation  method  and  DUT/LMD parameters  

1 )  Spectral  rad iance  of DUTs:  Calcu lations  are  performed  for fou r colours:  R,  G ,  B ,  and  W,  
d isp layed  on  the  same th ree  types  of DUTs  as  described  i n  5 . 5 . 2. 2.  

2)  Relative  spectral  responsivi ty  of LMDs:  LMDs  wi th  m ismatch  i nd ices  from  around  1  to  
around  6  for ten  LMDs  are  used  (see  C.3 . 1 ) .  

3)  Calcu lation  of l um inance  and  chromatici ty:  LMDs  are  assumed  to  be  cal i brated  to  a  l i gh t 
source  wi th  the  same d istribution  as  CIE  i l l um inant A.  The  tristimu lus  values,  X,  Y,  and  Z,  
and  the  chromatici ty,  (x,  y) ,  are  calcu lated  by Formu lae  (A.2)  to  (A.6) ;  Y i s  practical ly  
i dentica l  to  Lv  (see  Annex A) .  The  measured  va lues  are  obtained  by substi tu ting  the  relative  

spectral  responsivi ty  of the  LMDs  i n  the  formu lae,  and  thei r references  are  obtained  by 
substi tu ti ng  the  i deal  CMFs.  The  d i fference  i n  the  measured  value  from  the  reference value  
i nd icates  the  i n fl uence  of the  spectra l  properties  of fi l ter-type  LMDs.  The  d i fference  is  
expressed  as  ΔLv, fl t  for l um inance,  and  Δxfl t  and  Δyfl t  for chromatici ty,  where  ΔLv, fl t  i s  a  

re lative  value  to  the  reference.   

5.6.2 .3  Calcu lation  resu l ts  

5.6.2 .3.1  Luminance  

Figure  1 1  exempl i fies  the  re lative  d i fferences,  ΔLv,  fl t,  of the  l um inance  by s imu lated  

measurements  of ten  LMDs  wi th  d i fferent  f1
'  i n  the  fou r d isplayed  colours:  red ,  g reen ,  b l ue,  and  

wh i te.  The  d i fferences  depend  on  the  spectral  rad iance  of the  DUTs  and  the  d isp layed  colour,  
and  some of them  are  several  times  l arger than  the  f1

'  d i fference  for CI E  I l l um inan t A.  Con trary 

to  expectations,  the  d i fferences  do  not a lways  increase  wi th  an  i ncrease  i n  f1
'  and  are  often  

s i gn i ficantly  d i fferen t even  between  the  va lues  of two  LMDs  wi th  close  f1
'  values.  
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a)  DUT-1  b)  DUT-2  

 

c)  DUT-3  

 

Figure 1 1  – Calcu lated  relative luminance  d i fference  as  a  function  of f1
'   

5.6.2 .3.2  Chromatici ty  

Figu re  1 2  shows,  as  an  example  the  s im i l arly calcu lated  chromatici ty coord inate  d i fferences,  
Δxfl t  and  Δyfl t,  as  a  function  of f1

'
,  xyz .  The  d i fferences  a lso  depend  on  the  spectral  rad iance  of 

the  DUTs  and  d isp layed  colour.  The  tendency i s  s imi l ar to  that of the  l um inance  d i fferences.  
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a)  DUT-1  (ch romati ci ty coord inate,  x)  b)  DUT-1  (chromatici ty coord inate,  y)  

  

c)  DUT-2  (ch romati ci ty coord inate,  x)  d )  DUT-2  (chromatici ty coord inate,  y)  

  

e)  DUT-3  (ch romati ci ty coord inate,  x)  f)  DUT-3  (chromati ci ty coord inate,  y)  

 

Full document details: IEC TR 62977-1-31-2022

http://www.avadocuments.com/doc/iec-tr-62977-1-31-2022
http://www.avadocuments.com/doc/iec-tr-62977-1-31-2022


 – 30  – I EC TR 62977-1 -31 : 2021 +AMD1 : 2022  CSV 
  © I EC  2022  

  

a)  DUT-1  (ch romati ci ty coord inate,  x)  b)  DUT-1  (chromatici ty coord inate,  y)  

  

c)  DUT-2  (ch romati ci ty coord inate,  x)  d )  DUT-2  (chromatici ty coord inate,  y)  

  

e)  DUT-3  (ch romati ci ty coord inate,  x)  f)  DUT-3  (chromati ci ty coord inate,  y)  

Figure 1 2  – Calcu lated  chromatici ty d i fferences  as  a  function  of f1
'
,  xyz  

These  resu l ts  show poss ible  measurement d i fferences  for actual  DUTs,  where  f1
'  and  f1

'
,  xyz  

are  i nadequate  for pred icting  d i fferences.  

5.6.3  Methods  to  reduce the  measurement d i fference  

The  d i fferences  of each  measured  va lue  from  i ts  reference  value  can  be  reduced  by cal ibration  
wi th  spectrorad iometers  [1 3 ] .  I n  th is  case,  the  d i fferences  obtained  by the  cal i brated  colorimeter 
are  the  same as  the  d i fferences  obtained  by the  spectrorad iometer for the  colours  shown  on  a  
d isp lay wi th  spectral  rad iances  s im i l ar to  the  colour at  the  cal ibration .   

There  are  some methods  to  reduce  the  d i fferences  of the  mu l ti ple  measurement va lues  from  
thei r references  i n  fi l ter-type  LMDs [1 4] ,  [1 5] ,  some of wh ich  are  employed  i n  commercial  
products .  One  method  i s  exempl i fi ed  i n  Annex B .  
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5.7  Angu lar response of LMDs  

5.7. 1  General  

Angu lar response is  one  of the  geometrica l  properties  of LMDs  wi th  potentia l  i n fluence on  the  
measured  values.  Subclause  5 . 7  addresses  i ts  i n fl uence on  the  lum inance and  chromatici ty  
measurements .  

5.7.2  Subtended  ang les   

5. 7.2 .1  General  

The  i npu t  optics  of LMDs  have  i nheren t geometrica l  properties,  where  the  LMD  receives  l ight  
rays  em i tted  from  the  measurement fi e ld  to  various  d i rections  depend ing  on  the  ang le  
subtended  by the  entrance  pupi l ,  i . e . ,  the  angu lar aperture,  and  the  ang le  subtended  by the  
measurement fi el d ,  i . e . ,  the  measurement fie l d  ang le,  as  exempl i fi ed  i n  F i gure  3.  Thus,  the  LMD 
obtains  measured  values  angu larly averaged  around  the  optica l  axis .  Even  i f the  optical  axis  of 
the  LMD  coincides  wi th  the  DUT normal ,  the  d i rectional  characteristics  of the  speci fic  DUT a lso  
affect the  measured  values.  The  s imu lated  in fl uence of the  angu lar response of an  LMD on  the  
measured  values  is  shown  below.  

5.7.2 .2  Calcu lation  method  and  DUT/LMD parameters  

1 )  D i rection  characteristics  of the  DUT:  F igure  C. 2  exempl i fi es  the  dependence  of l um inance  
and  chromatici ty on  the  i ncl i nation  ang le ,  θ:  Lv(θ) ,  x(θ) ,  and  y(θ) ,  where  the  i ncl i nation  ang le  

dependence  of the  tri stimu lus  values,  X(θ) ,  Y(θ) ,  and  Z(θ) ,  i s  obtained  from  the  
measurements  a l though  i t  i s  not shown  i n  the  fi gu res.  For s impl ici ty,  these  characteristics  
are  assumed  to  be  the  same  in  any azimuthal  ang le  at  any pos i ti on  i n  the  measurement  
fie l d .  The  va lues  of θ =  0  are  taken  as  the  reference va lues  for th is  calcu lation .  

2)  The  angu lar properties  of the  LMD:  F igure  1 3  conceptual ly  shows  the  l i gh t  rays  em i tted  from  
the  DUT and  received  by the  LMD,  shown  as  a  b l ue  l i ne,  wi th  the  angu lar aperture,  α ,  and  
the  measurement fi el d  ang le ,  β,  both  shown  wi th  a  g reen  arrow.  For s impl ici ty,  the  fol lowing  
assumptions  are  made  i n  order to  calcu late  the  in fl uence  of the  angu lar aperture,  α ,  and  the  
measurement fi e ld  ang le,  β:  a)  the  measured  va lues  do  not depend  on  the  d i rection  wi th in  
the  angu lar aperture  or measurement fi e l d  ang le;  b)  in  the  case  of the  angu lar aperture,  the 
l i gh t rays  are  em i tted  from  the  cen tre  of the  measurement fie ld  and  received  by the  en trance  
pupi l ;  and  c)  i n  the  case  of the  measurement fie l d  ang le,  the  l igh t rays  are  em i tted  from  the  
measurement fi e ld  and  received  at  the  cen tre  of the  en trance  pupi l .  

3)  Calcu lation  method :  The  i n fl uences  of the  angu lar aperture  and  the  measurement fi el d  ang le  
are  calcu lated  independently  under the  cond i ti ons  described  above.  For the  angu lar 
aperture,  the  tris timu lus  va lues  measured  by the  LMD wi th  the  angu lar aperture,  α ,  are  
calcu lated  by i n tegrating  the  X(θ) ,  Y(θ) ,  and  Z(θ)  of l i ght  rays  be low the  incl i nation  ang les  of 

α  /  2  and  over a l l  azimuthal  ang les ,  respectively.  Based  on  th is ,  the  chromatici ty  coord inates  

are  ca lcu lated  by Formu lae  (A. 5)  and  (A.6) .  The  d i fferences  of the  measured  values  from 
the  reference va lues,  ΔLv, ang(α)  (=  ΔYang(α)) ,  Δxang(α) ,  and  Δyang(α) ,  where  ΔLv, ang(α)  i s  

re lative  to  Lv(0 ) ,  i nd icate  the  in fluence  of the  angu lar aperture  of the  LMD.  The  d i fferences  

are  ca lcu lated  up  to  α  of 30° .  For the  measurement fi el d  ang le,  the  i n fl uence  of the  
measurement fie l d  ang le,  β,  i s  s im i larly  calcu lated  by using  β i nstead  of α  accord ing  to  the  
s impl i fi ed  cond i ti ons  described  above.  
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a)  Angu lar apertu re  b)  Measurement fi eld  ang le  

 

Figure 1 3  – Angu lar aperture and  measurement field  angle  

5.7.2 .3  Calculation  resu l ts  

Figure  1 4  shows the  calcu lated  d i fferences  of the  l um inance  (%)  and  of the  chromatici ty  from  
the  respective  reference  as  a  function  of the  angu lar aperture.  The  re lative  l um inance  d i fference 
i ncreases  wi th  an  i ncrease  i n  the  angu lar aperture  s i nce  the  Lv(θ)  o f the  DUT decreases  more  

rapid ly than  the  near Lambertian  source  used  to  cal i brate  the  LMD.  As  for the  chromatici ty,  the  
d i fferences  of the  coord inates  increase  d i fferen tly wi th  an  i ncrease  in  the  angu lar aperture  due  
to  the  d i fferent characteri stics  of X(θ) ,  Y(θ) ,  and  Z(θ)  of the  DUT.  The  ca lcu lated  d i fferences  as  
a  function  of the  measurement fi e ld  ang le  are  not shown  s ince  they are  i den tical  to  the  case  of 
the  angu lar apertu re  due  to  the  assumption  of horizon tal  symmetry (see  F igure  1 3)  and  in -plane  
DUT un i form i ty.  Note  that measurements  by  LMDs wi th  smal l  subtended  ang les  are  most  l ikely 
to  be  l east  affected  by the  d i rection  characteristics  of the  DUTs.  

  

a)  Luminance,  Lv b)  Chromatici ty coord inate,  x,  y  

 

Figure 1 4 – Calcu lated  relative luminance  d i fference  and  chromatici ty  
d i fference as  a  function  of the  angu lar aperture  

5.7.3  Consideration  of the  input optics  

Figure  1 5  shows  the  l i ght  rays  em i tted  from  the  DUT and  received  by the  LMD of example  optics:  
an  obj ect-space telecen tric optica l  des ign  i n  F igure  1 5a)  and  a  non-te lecentric optica l  des ign  i n  
F igu re  1 5b).  
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I n  F igure  1 5b) ,  the  angu lar aperture  i ncreases  wi th  a  decrease  in  the  measurement d istance.  
The  maximum  poss ib le  angu lar aperture  can  be  estimated  from  the  lens  d iameter and  the  
measurement d istance  i f the  angu lar aperture  is  not d isclosed  i n  the  speci fi cations  of the  LMD  
as  is  often  the  case.  The  measurement fi el d  ang le  at  a  fi n i te  d istance,  β fi n i te  (β  i n  F i gure  1 3b)) ,  

i s  usual ly smal l er than  that at an  i n fi n i te  d istance,  βi n f,  thus,  the  measurement fie l d  ang le  i s  

sufficien t to  check βi n f  wh ich  is  usual ly  d isclosed  by the  manufacturer.  

NOTE  The  measu rement  fi e l d  ang l e  at  an  i n fi n i te  d i stance,  βi n f,  can  be  calcu lated  as  2 · arctan  (d  /  2f) ,  where  d  i s  

the  d i ameter of the  fi e l d  s top  and  f i s  the  focal  l ength  of the  i npu t  opti cs .  

I n  the  obj ect-space te lecentric optical  des ign  shown  in  F igure  1 5a),  the  principa l  rays  from  the  
off-axis  object poin ts  are  para l l el  to  the  optical  axi s  i n  the  object space,  and  the  measurement 
fi e l d  ang le  i s  zero.  The  angu lar aperture  i s  then  usual ly  fixed  and  d isclosed  by the  manufacturer.  
Thus,  i t  i s  enough  to  con fi rm  on ly  the  angu lar aperture.  Th is  optical  des ign  i s  sometimes  
employed  in  order to  rea l ize  a  l arge  measurement fi e ld  in  a  short  measurement d istance  wi th  
the  smal l  i n fluence  of the  d i rection  characteristics  of the  DUT,  a l though  the  optics  is  usual ly  b ig  
and  heavy.  

  

NOTE  Principal  rays  are  shown  by dashed  l i nes  

a)  Object-space  telecentric  optics  b)  Non-tel ecen tri c  optics   

 

Figure 1 5 – Diagram  of l igh t rays  in  object space  telecentric  
and  non-telecentric  optical  design  

Stray l i gh t i s  l i ght  that reaches  the  detector from  d i rections  other than  the  d i rect path  from  the  
source  to  the  detector,  for example  l i gh t  scattered  from  wal ls ,  ce i l i ngs  or optical  components  
wi th in  the  measuring  system  (see  I EV 845-25-1 1 6).  Note  that th is  s tray l i gh t i s  d i fferent from  
the  spectral  s tray l i gh t described  i n  5. 5 . 2 . 1 .  An  LMD  property  for the  stray l i ght  caused  in  the  
i nput  optics  is  often  speci fi ed  by the  manufacturer wi th  evaluation  cond i ti ons  speci fic to  each  
LMD model .  The  stray l i gh t orig inati ng  from  outs ide  of the  measurement fi e l d  often  affects  the  
measured  values  of the  l um inance and  ch romatici ty,  especia l ly  i n  the  measurement of a  test 
pattern  of dark surrounded  by brigh t portions.  The  i n fl uence  can  be  m i tigated  by us ing  a  frustum  
or a  s tray l i gh t e l im inati ng  tube  [1 6] ,  and/or possib ly redes ign ing  the  test  pattern .  

5.8  Measurement field  

5.8. 1  General  

The measurement fie l d  determined  by the  optics  (see  4 . 3. 2)  i s  one  of the  geometrica l  properties  
of LMDs.  I n  the  measurement of a  matrix  d isplay,  the  measured  values  can  be  affected  by the  
s ize  of the  measurement fie ld ,  especial ly  in  smal l  measurement  fie lds.  Subclause  5. 8  addresses  
the  i n fl uence of the  measurement fie ld  on  the  ch romatici ty  measurements.  

Full document details: IEC TR 62977-1-31-2022

http://www.avadocuments.com/doc/iec-tr-62977-1-31-2022
http://www.avadocuments.com/doc/iec-tr-62977-1-31-2022


 – 34  – I EC TR 62977-1 -31 : 2021 +AMD1 : 2022  CSV 
  © I EC  2022  

5.8.2  Number of pixels  wi th in  the  measurement field  

5.8.2 . 1  General  

Tristimu lus  va lues  measured  by LMDs are  values  spatia l ly  averaged  over the  measurement 
fie l d .  I n  the  case  of a  d isplay where  each  p ixel  cons ists  of subpixels ,  the  measured  values  are  
the  sum  of the  contribu tions  from  a l l  subpixels  wi th in  the  measurement fi e l d .  S ince  i t  i s  d i fficu l t  
to  i denti fy  the  measured  subpixels  and  a l ign  the  measurement fi e ld  at the  subpixel  l evel ,  the  
number of RGB  subpixels  inevi tably  fl uctuates  depend ing  on  a l i gnment,  thus,  spatia l  variations  
of the  al i gnment cause  a  d i fference  of the  measured  tristimu lus  values  and  the  chromatici ty  
coord inates  derived  therefrom.  

5.8.2 .2  Calcu lation  method  and  DUT/LMD parameters  

1 )  The  array type  and  spectral  rad iance  of the  DUT:  RGB stripe  and  Type-1  shown  i n  C. 2. 1 .  

2)  Measurement fi e ld  of the  LMD:  C ircu lar.  

3)  Calcu lation  method :  shown  i n  C lause  C. 4.  Calcu lations  are  performed  for the  number of 
p ixe ls  wi th in  the  measurement fie l d  of around  1 00,  200,  500,  1  000,  2  000,  and  5  000.  The  
i n fl uence on  chromatici ty  due  to  the  variations  i n  the  number of subpixels  i s  expressed  as  
Δxnum  and  Δynum .  

5.8.2 .3  Calcu lation  resu l ts  

Figu re  1 6  shows  the  ca lcu lated  resu l ts  of the  i n fluence of the  variations  i n  the  number of pixels.  
The  d i fference of chromatici ty coord inates  i ncreases  wi th  the  decreasing  number of p ixels  up  
to  a  l evel  possib ly  unacceptable  for some  measurement purposes.  

 

 

Figure 1 6  – Calcu lated  chromatici ty d i fference as  a  function  of the  number of pixels  

For the  smal l  measurement fi e l d ,  confi rm ing  that the  number of p ixe ls  wi th in  the  measurement 
fi e ld  exceeds  500  is  recommended  because  th is  cond i ti on  is  often  requ ired  by the  measurement 
standards.  The  maximum  d i fference  of the  values  can  be  examined  by repeated  measurements  
wh i le  moving  the  LMD in  smal l  steps  us ing  a  precise  mechan ical  l i near stage.  

5.9  Polarization  

5.9. 1  General  

The optical  em iss ion  of e l ectron ic  d isplays  i s  often  polarized .  Al though  LMDs  are  usual ly 
designed  to  be  polarization  i nsens i tive,  the  ou tpu t of an  LMD  is  l ikely  to  be  affected  by the  
polarization  state  of the  measured  l i gh t.  Subclause  5. 9  addresses  the  polarization  dependence 
of l um inance measurements .  
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5.9.2  Polarization  dependence of LMDs  

5.9.2 . 1  General  

The spectrorad iometers  shown  i n  F igure  2c)  us ing  d i ffraction  grati ngs  are  i n tri nsical ly  
polarization  sens i tive,  however,  the  effect  i s  usual ly  m i tigated  by various  technolog ies.  The  
fi l ter-type  l uminance  meters  and  colorimeters  shown  in  F igure  2a)  and  b)  are  usual ly  l ess  
polarization  sensi tive.  The  polarization  dependences  of LMDs  are  g iven  i n  the ir speci fications  
mostly as  a  "polarization  error"  of the  l uminance  or spectral  rad iance  under speci fic  evaluation  
cond i ti ons  usual ly detai led  i n  the  data  sheet.  

5.9.2 .2  Evaluation  method  

The polarization  dependence  of l um inance  measurements  is  evaluated  as  fol l ows:  

1 )  Setup:  A non-polarized  l i gh t source  consisting  of a  l i gh t source  and  d i ffusers  is  pl aced  on  
the  optical  axis  of the  LMD.  A l i near polarizer rotatable  around  the  d i rection  of incidence  is  
p laced  i n  fron t of the  LMD.  

2)  Measurement:  The  l um inance i s  repeated ly measured  and  recorded  wh i le  rotating  the  
polarizer.  

3)  Calcu lation :  From  the  maximum  and  m in imum  l um inance,  Lv,max  and  Lv,m in ,  respective ly,  

among  recorded  data,  the  polarization  dependence,  ΔLv, pol ,  i s  ca lcu lated  as  [1 0 ] :  

 ( ) / ( )L L L L L∆ = − +v,pol v,max v,min v,max v,min  (1 )   

5.9.2 .3  Calcu lation  resu l ts  

The measured  l um inance  as  a  function  of the  rotation  ang le  of polarization  is  shown  i n  F igure  1 7 ,  
where  each  l um inance  i s  normal ized  by the  average  l um inance.  The  polari zation  dependence,  
ΔLv,  pol ,  i s  ca lcu lated  as  0, 55  % .  

 

 

Figure 1 7  – Measured  l uminance variation  as  a  function  
of the  rotation  angle  of the  polarizer 

The polarization  dependence i s  not as  l arge  as  shown  above  when  measuring  DUTs  emi tti ng  
ci rcu larly or e l l i ptical ly polarized  l i gh t.  The  polarization  dependence  i n  e lectron ic d isp lay 
measurements  can  be  checked  by measuring  repeated ly  wh i l e  rotati ng  the  LMD  or DUT around  
the  optica l  axis  of the  LMD between  measurements .  I t  i s  preferable  to  measure  at the  same  
re lative  rotation  ang le  between  the  LMD and  DUT for the  same  measurement cond i ti on .  
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5.1 0  Temporal  synchron ization  

5. 1 0. 1  General  

The l i ght l evel  of e lectron ic d isplays  can  be  modu lated  due  to  some i n tegrated  technolog ies ,  for 
example  frame du ty d riving  and  a  pu lse-wid th  modu lated  LED backl i gh t.  On  the  other hand ,  an  
LMD  measures  the  l i gh t temporal ly  averaged  during  a  sampl ing  period .  Subclause  5 . 1 0  
addresses  the  i n fl uence  of the  temporal  relation  between  the  DUT modu lation  and  the  LMD  
sampl i ng .  

5. 1 0.2  Temporal  synchron ization  of the  LMD and  DUT 

5. 1 0.2. 1  General  

The in fluence i s  m in im ized  by match ing  the  LMD sampl ing  period  wi th  the  DUT frame period  or 
i ts  in teger mu l ti p les ,  wh ich  i s  ca l l ed  “synchron ization” ,  regard less  of the  re lative  phase  between  
them.  The  synchron ization  i s  widely used  in  e l ectron ic d isplay measurement.  The  i n fl uence  of 
the  temporal  re lation  between  the  DUT modu lation  and  the  LMD sampl i ng  and  the  effect of 
synchron ization  i s  shown  by numerica l  ca lcu lation .  

5. 1 0.2.2  Calcu lation  method  and  DUT/LMD parameters  

1 )  Characteristics  of the  DUT:  Frame duty d riven  at a  60  Hz frame rate,  wh ich  causes  the  
temporal  l um inance modu lation  shown  in  F igure  C. 3.  The  du ty cycles  are  30  %  and  70  %,  
and  the  peak l uminance i s  500  cd · m−2 .  Thus,  the  l um inances  averaged  during  one  frame  
are  equal  to  500  ×  0 , 3  =  1 50  cd · m−2  and  500  ×  0 , 7  =  350  cd · m−2 ,  respectively,  wh ich  are  
taken  as  the  reference  l um inances.  

2)  Sampl ing  cond i tions  of the  LMD:  The  sampl i ng  period  varies  from  1  ms  to  40  ms  at 1  ms  
i n tervals  p lus  two  i n teger mu l ti p les  of the  frame  periods:  1 /60  s  and  2 /60  s .  The  re lative  
phase  of the  sampl ing  varies  from  0  ms  to  1 9  ms  at 1  ms  i n tervals  of the  1 /60  s  Vsync period .  

NOTE  Some DUTs  have  a  bu i l t- i n  frame buffer,  wh ich  a l l ows  a  d i fferen t read -out  rate  from  the  wri te  rate,  Vsync.  
I n  th i s  case,  the  opti ca l  frame rate  measu red  i n  advance  can  replace  the  Vsync.  

3)  Calcu lation  method :  The  l um inance  measured  by the  LMD is  obta ined  by i n tegrati ng  the  
temporal  l um inance  data  during  the  sampl ing  period  wh i le  varying  both  the  sampl ing  period  
and  the  re lative  phase  i n  their respective  ranges.  The  d i fference,  ΔLv, sync,  i s  the  relative  

d i fference of each  measured  l uminance from  the  reference  l um inance  and  is  further 
normal ized  by the  reference  l um inance.  Then ,  for each  sampl i ng  period ,  the  maximum  and  
m in imum  values  among  those  wi th  d i fferen t de lays  are  selected  and  p lotted  as  a  function  of 
the  sampl i ng  period .  

5. 1 0.2.3  Calcu lation  resu l ts  

Figu re  1 8  shows  the  calcu lation  resu l ts  i n  the  case  of the  frame du ty cycle  of 30  %  and  70  % .  
For the  sampl i ng  periods  of 1 /60  s  and  2 /60  s  wh ich  are  i n teger mu l tiples  of the  frame  period  
(magenta  l ines) ,  the  measured  l uminance has  no  d i fference from  the  reference value  regard less  
of the  relative  phase.  For other sampl ing  periods,  the  measured  l um inance has  large  phase-
dependent d i fferences,  especia l ly  i n  cases  of short sampl ing  periods.  The  d i fference  i ncreases  
wi th  a  decrease  i n  the  du ty cycle,  i . e. ,  l um inance.  
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Figure 1 8  – Calcu lated  relative luminance  d i fferences  as  a  function  of sampl ing  period  

No matter what  causes  the  modu lation ,  i ts  i n fl uence  on  the  measurement can  be  m in im ized  by 
synchron ization  between  the  sampl ing  and  modu lation  periods.  I f synchron ization  i s  imposs ib le ,  
applying  a  su fficien tly  l ong  sampl i ng  period ,  for example  200  cycles  of the  dominant modu lation ,  
i s  recommended .  I n  th is  case,  the  error due  to  the  modu lation  does  not exceed  0 , 5  % .  

The  detection  analogue  ci rcu i t  i s  l ikely to  be  saturated  instan taneously  by  a  temporal  h igh  peak 
si gnal  even  though  the  ou tpu t l um inance  averaged  during  sampl i ng  i s  wi th in  the  upper l im i t  of 
the  LMD.  Th is  can  be  veri fi ed  us ing  neu tra l  densi ty fi l ters,  as  shown  i n  [1 3] .  

6 Influence of LMD properties  on  measurements  of the optical  characteristics  
of electronic d isplays  

6.1  General  

Various  measurements  characterizing  d isplays  are  affected  by the  properties  of the  LMDs  i n  
use.  Clause  6  presents  the  dominant LMD  properties  affecti ng  measurement resu l ts  for each  
measurement.  Some  input  data  for ca lcu lations  are  shown  i n  Annex C.  

6.2  Contrast  ratio  

6.2. 1  General  

Contrast ratio,  CR ,  i s  the  ratio  of a  wh i te  l um inance  to  a  b lack l uminance [1 3] .  The  b lack 
l um inance  of some d isp lays  can  be  close  or even  be low the  lower l im i t of the  l um inance range  
(see  5. 4)  of many LMDs.  Therefore,  the  performance  of LMDs  i n  b l ack l um inance  
measurements  can  d i ffer s i gn i ficantly  among  d i fferen t models .  Subclause  6. 2  addresses  the  
i n fl uence of repeatabi l i ty and  the  l ower l im i t of the  l um inance range  of LMDs  on  measurements  
of b l ack l uminance.  

6.2.2  Calcu lated  influence  of LMD properties  on  the  contrast  ratio  measurements  

6.2.2 .1  General  

The con trast ratio  i s  defi ned  as  [1 3] :  

 /CR L L= V,  W V,  K   (2) 
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where  

CR   i s  the  con trast ratio,  

LV,  W   i s  the  wh i te  l um inance  (wh i te  at  the  maximum  i npu t s i gnal  l evel ) ,  

LV,  K  i s  the  b lack l um inance  (black at  the  m in imum  input  s ignal  level ) .  

6.2.2.2  Calcu lation  method  and  DUT/LMD parameters  

1 )  DUTs:  Table  1  shows  the  characteristics  of DUT-A and  DUT-B  wi th  contrast ratios  of 26  666  
and  1  667,  respectively.  These  va lues  are  taken  as  reference  values.  

Table  1  – DUT characteristics  for the  calcu lations  

DUT L
V,  W,  ref

 (cd ·m −2)  L
V,  K,  ref

 (cd ·m −2)  CR
ref
 

DUT-A 400  0 , 01 5  26  666  

DUT-B  500  0 , 300  1  667  

LV,  W,  re f  i s  the  reference  wh i te  l um inance,  

LV,  K,  ref  i s  the  reference  bl ack l um inance,  

CRref  i s  the  reference  con trast  rati o.  

 

2)  LMDs:  Table  C. 3  shows the  speci fications  of three  models  of fi l ter-type  LMDs for l um inance  
measurement d isclosed  by the  LMD manu facturer,  where  LMD-1  can  measure  the  lowest  
l um inance among  those  models.  

3)  Calcu lation  method :  the  maximum  and  m in imum  measured  values  of l um inance  are  
assumed  to  be  d i fferent  from  the  reference by as  l arge  as  ±3σR  ( relative  standard  deviation) ,  

i . e . ,  a  coverage of 99, 7  %,  for the  repeatabi l i ty  of an  LMD.  The  re lative  standard  deviation  
d isclosed  i n  the  speci fication  of LMDs  under speci fic  cond i ti ons  i s  used  here  despi te  the  
d i fference  in  cond i ti ons.  

6.2.2 .3  Calcu lation  resu l ts  

Table  2  shows  the  calcu lation  resu l ts .  I n  the  case  of DUT-A,  the  con trast ratio  has  a  deviation  
of ±1  %  and  ±31  %  for LMD-1  and  LMD-2 ,  respectively.  On  the  other hand ,  the  contrast ratio  
cannot be  determ ined  from  measurements  wi th  LMD-3  due  to  i ts  l ower l im i t  (see  Table  C.3)  
be ing  h igher than  the  b lack l um inance  (see  Table  1 ) .  I n  the  case  of DUT-B,  the  contrast  ratio  i s  
ca lcu lated  by the  three  LMDs  wi th  deviations  of 0 , 4  % ,  1 , 8  %,  and  5, 3  %,  respectively.  These  
resu l ts  i nd icate  that the  repeatabi l i ty of an  LMD  at b lack l um inance  s i gn i ficantly affects  contrast  
ratio  measurements .  

NOTE  The  measured  val ues  of the  b l ack l um i nance  are  not  guaran teed  i f they are  bel ow the  l ower l im i t  of the  LMD,  
parti cu larl y  due  to  the  poor repeatabi l i ty  and /or l i neari ty  i n  that  range.  

The dynamic range  of the  LMD is  often  usefu l  for qu ickly  checking  the  LMD performance  for 
con trast  ratio  measurements .  Th is  can  be  performed  by comparing  the  dynamic ranges  of LMDs  
and  the  con trast ratios  of DUTs.  The  dynamic ranges  of LMD-1 ,  LMD-2,  and  LMD-3  are  
3  000  000,  200  000,  and  1 0  000,  respectively,  therefore,  the  dynamic range  of LMD-3  is  not 
sufficient to  measure  DUT-A wh ich  has  a  con trast  ratio  of 26  666.  
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Table  2  – Calcu lated  resu l ts  of the  contrast  ratio  by th ree  LMDs  

DUT LMD 
L
V,  W

 (cd ·m−2 )  a  L
V,  K

 (cd ·m−2 )  b  CR  c  

M in .  Max.  M in .  Max.  M in .  Max.  

DUT-A 

LMD-1  399, 40  400, 60  0 , 01 4  8  0 , 01 5  2  26  384  26  950  

LMD-2  399, 40  400, 60  0 , 01 0  3  0 , 01 9  7  1 8  267  35  067  

LMD-3  399, 39  400, 62  N /A d  N /A d  N /A d  N /A d  

DUT-B  

LMD-1  499, 25  500, 75  0 , 298  9  0 , 301  1  1  660  1  673  

LMD-2  499, 25  500, 75  0 , 294  6  0 , 305  4  1  637  1  697  

LMD-3  499, 24  500, 77  0 , 284  1  0 , 31 5  9  1  578  1  755  

a  σ( )V,W V,W,ref R,W1 3L L= × ±  

b  σ( )V,K V,K,ref R,K1 3L L= × ±  

c  ( ) ( )σ σ( )CR CR= × ± +
2 2

ref R,W R,K1 3 3  

where  

 σR,W ,  σR,K  are  the  re l ati ve  standard  deviation  of the  measu red  l um inance  at  the  wh i te  l um inance  and  the  b l ack 

l um inance,  respecti vely.  

d  The  b l ack l um inance  of DUT-A (see  Table  1 )  i s  below the  l ower l im i t  of LMD-3  (see  Tabl e  C. 3),  therefore,  the  
b l ack l um inance  and  contrast  rati o  cannot be  determ ined .  

 

6.2.2 .4  Averaging  to  improve  repeatabi l i ty  

The measurement repeatabi l i ty for the  l um inance  and  tristimu lus  values  can  be  improved  by 
averag ing  a  set  of measurement resu l ts  wi th  random  variations.  I n  such  a  case,  averag ing  of N 
measurements  improves  the  measurement repeatabi l i ty,  R ,  (a lso  denoted  as  σ  or σR)  as  fol l ows:  

 /avr sglR R N=   (3)  

where  

Ravr  i s  the  repeatabi l i ty  of average  of N measurements,  

Rsg l  i s  the  repeatabi l i ty  of a  s i ng le  measurement.  

To  evaluate  the  i n fluence  of the  repeatabi l i ty of an  LMD,  the  repeatabi l i ty of an  LMD  is  assumed  
to  be  the  dominant  factor affecting  the  measurement repeatabi l i ty.  Therefore,  the  measurement 
repeatabi l i ty due  to  improvement of the  repeatabi l i ty of the  LMD can  be  pred icted  by Formu la  
(3).  I n  the  case  of measuring  the  b lack lum inance  of DUT-B  by LMD-3,  the  measurement 
repeatabi l i ty becomes  equ ivalen t to  that of LMD-1  by averag ing  1 96  measurements .  Th is  
number i s  obtained  by solving  Formu la  (3)  for N wi th  Ravr  =  0 , 25  %  and  Rsg l  =  3 , 5  % ,  wh ich  are  

the  repeatabi l i ty  of LMD-1  and  LMD-3,  respectively  (see  F igure  C. 6) .  On  the  other hand ,  the  
measurement time i ncreases  from  200  ms  to  around  40  s  (39, 2  s  =  200  ms  ×  1 96).  Note  that 
Formu la  (3)  i s  true  on ly  for random  variations  i n  the  measurements.  For example,  l ong-term  
i nstabi l i ty  can  pu t a  l im i t  on  ach ievable  repeatabi l i ty improvement.  
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6.3  Electro-optical  transfer function  (EOTF)  

6.3. 1  General  

The EOTF  of e lectron ic d isplays  i s  the  re lationsh ip  between  the  i nput e l ectri cal  s ignal  level  and  
the  l um inance  output.  S ince  an  EOTF  measurement covers  l um inances  rang ing  from  the  b lack 
state  to  the  s tate  correspond ing  to  maximum  input,  an  LMD  needs  to  have  a  l um inance range  
wide  enough  to  cover them,  preferably during  a  short measurement time.  Subclause  6 . 3  shows  
the  calcu lation  resu l ts  for the  relationsh ip  between  repeatabi l i ty  and  measurement time  i n  EOTF  
measurements .  

NOTE  1  The  EOTF,  sometimes  cal l ed  a  tone-rendering  curve,  i s  measured  for the  ( r,  g ,  b )  i npu ts,  (n ,  0 ,  0) ,  (0 ,  n ,  
0),  (0 ,  0 ,  n ) ,  and  (n ,  n ,  n ) ,  respecti vely,  where  n : {0 , 1 ,…N},  and  N i s  the  number of quan ti zation  l evel s .  I f the  EOTF  
fol l ows  a  power l aw,  i ts  exponent  i s  denoted  by gamma,  (γ) ,  and  the  EOTF  i s  s imply referred  to  as  "gamma" .  

NOTE  2  The  EOTF  can  be  optional l y  measu red  for secondari es  CMY g iven  by RGB  i nputs  (0 ,  n ,  n ),  (n ,  0 ,  n ) ,  and  
(n ,  n ,  0 ) ,  respecti vely.  

6.3.2  Calcu lated  influence  of the  LMD properties  on  the  EOTF measurements  

6.3.2 . 1  Calcu lation  method  and  DUT/LMD parameters  

1 )  DUTs:  The  EOTF characteristics  of two  DUTs  are  shown  i n  F igure  C. 4,  where  twenty-five  
example  input l evels:  0 ,  3 ,  5 ,  1 0 ,  1 2 ,  1 6,  20 ,  31 ,  46,  61 ,  76,  91 ,  1 06,  1 21 ,  1 36,  1 50 ,  1 65,  
1 80,  1 95,  21 0 ,  225,  235,  240,  254,  and  255,  are  appl i ed  for wh i te  and  primary colours  
(RGB).  

2)  LMDs:  Table  C. 3  shows  the  speci fications  re lated  to  EOTF  measurement of three  fi l ter-type  
LMDs,  wh ich  d i ffer from  each  other.   

3)  Calcu lation  method :  To  compare  the  in fl uence  of the  above-described  three  LMDs  on  the  
EOTF measurement,  the  input  l evel  range  for each  DUT and  the  perm issib le  repeatabi l i ty 
are  appl ied  to  a l l  LMDs,  as  fo l lows:  

I npu t l evel  range:  F igure  C. 4  shows  the  l um inance  of DUT-1  and  DUT-2  correspond ing  to  
the  twenty-five  i npu t l evels  together wi th  the  l ower l im i ts  of the  l uminance  range  of the  three  
LMDs.  From  Figure  C. 4,  the  common  permissib le  range  is  from  0  to  255  for DUT-1 .  For 
DUT-2,  i t  i s  from  1  to  255  for W,  from  1 6  to  255  for R,  from  1 0  to  255  for G ,  and  from  1 2  to  
255  for B ,  exclud ing  LMD-3.  

Permiss ib le  repeatabi l i ty:  I n  a l l  l um inance measurements,  measurement repeatabi l i ty  below 
0, 3  %  (F igure  C. 6)  i s  one  example  of the  cond i tions  to  satisfy.  I f the  repeatabi l i ty of an  LMD  
exceeds  0 , 3  %,  the  cond i ti on  i s  satisfied  by averag ing  at  l east N measurements ,  where  N i s  
g iven  from  Formu la  (3)  by substi tu ting  Rsg l  of a  s i ng le  measurement and  Ravr  of 0 , 3  % .  Note  

that,  for s impl ici ty,  the  i n fl uence  of factors  other than  the  LMD  on  measurement repeatabi l i ty 
i s  not taken  in to  cons ideration .  

The  tota l  measurement time at each  l um inance l evel  i s  ca lcu lated  as  a  product of the  
measurement time  and  the  number of averages  requ i red  to  reach  the  permissib le  
repeatabi l i ty.  The  summation  of the  resu l ti ng  measurement times  over al l  DUT i npu t l evels  
g ives  the  duration  to  measure  the  EOTF  for each  of the  colours ,  R,  G ,  B ,  and  W,  exclud ing  
any wai ti ng  time  to  cope  wi th  s i gnal l i ng  l atency and  DUT ou tpu t s tabi l i zation .  

6.3.2 .2  Calcu lation  resu l ts  

Figu re  1 9  shows  the  tota l  measurement time as  a  function  of the  wh i te  l uminance  for the  
example  permissib le  measurement repeatabi l i ty of 0 , 3  % .  The  tota l  measurement times  of the  
three  LMDs  are  short  and  do  not d i ffer from  each  other at  h igh  lum inances,  whereas  they 
i ncrease  and  d i ffer s i gn i fi can tly at  l ower l um inances.  

NOTE  1  The  gaps  i n  the  tota l  t imes  at  speci fi c  l um inance  l evel s  seen  i n  F i gure  1 9  are  caused  by the  stepped  
d i fferences  of repeatabi l i ty  d i sclosed  i n  the  LMD  speci fi cations.  See  F igure  C. 6.  

Table  3  shows  the  ca lcu lated  du rations  of EOTF  measurement by three  LMDs  for R,  G ,  B ,  W,  
and  the ir tota l .  As  shown  i n  Table  3 ,  the  duration  of an  EOTF measurement l argely depends  on  
the  properties  of the  LMDs.  
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NOTE  2  For EOTF  measu rement,  fi l ter-type  LMDs  are  often  used  i nstead  of spectrorad i ometers  because  of the  
l arge  amount of time  they take  for measu rement.  

 

Figure 1 9  – Total  measurement  times  for 0 ,3  %  repeatabi l i ty (2σ)  i n  three  LMDs  

Table  3  – Calcu lated  durations  of the  EOTF measurements  

DUT LMD 
Duration  of an  EOTF  measurement (s)  

Red  Green  Blue  Whi te  Total  

DUT-1  a  

LMD-1  2  2  3  2  9  

LMD-2  46  35  57  34  1 72  

LMD-3  90  58  1 1 1  55  31 4  

DUT-2  b  

LMD-1  1 2  23  34  25  94  

LMD-2  1 1 1  798  1  556  553  3  01 8  

LMD-3  N /A N /A N /A N /A N /A 

NOTE  These  d urations  do  not  i ncl ude  wai ti ng  t imes.  

a   The  m in imum  i nput  l evel  i s  0  for a l l  d i splayed  colour.  

b   The  m in imum  i nput  l evel  i s  1 6,  1 0 ,  1 2 ,  and  1 ,  for red ,  g reen ,  b l ue,  and  wh i te,  respecti vely.  

 

6.4  Chromatici ty  gamut area  

6.4. 1  General  

The chromatici ty gamut area  estimates  the  range  of chromatici ty wh ich  the  d isp lay i s  capable  
of producing  in  CIE  1 931  chromatici ty d iagrams.  Subclause  6. 4  shows  how the  spectral  
properties  of LMDs  affect  the  measured  chromatici ty gamut area  calcu lated  us ing  the  CIE  1 931  
(x,  y)  chromatici ty  coord inates.  

6.4.2  Calcu lated  influence  of LMD properties  on  the  chromatici ty gamut area 
measurements  

6.4.2 .1  General  

The chromatici ty  gamut area  i s  expressed  as  the  percen tage  of the  area  enclosed  by the  RGB 
triang le  re lative  to  the  en ti re  spectrum  l ocus  i n  the  CIE  1 931  chromatici ty d iagram.  The  
chromatici ty gamut area  i s  ca lcu lated  as  [1 3] :  
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 ( )( ) ( )( )xy R B G B G B R B1 49,6GA x x y y x x y y= − − − − −   (4)  

where  the  subscripts  R,  G  and  B  refer to  the  red ,  g reen ,  and  b lue  primaries,  respective ly.  

6.4.2 .2  Calcu lation  method  and  DUT/LMD parameters  

1 )  DUTs:  DUT-1 ,  DUT-2,  and  DUT-3,  are  used  for calcu lations.  F igure  C. 1  shows  the  spectra l  
rad iance  of thei r primaries.  Table  4  shows the  GAxy  of each  DUT,  wh ich  i s  ca lcu lated  wi th  

the  CMFs  and  taken  as  the  reference va lue,  GAxy,  ref.  

Table  4 – Chromatici ty gamut area of three DUTs  

DUT GA
xy,  ref

 (%)  

DUT-1  33, 56  

DUT-2  47, 52  

DUT-3  63, 76  

 

2)  LMDs:  Both  spectrorad iometers  and  fi l ter-type  colorimeters  are  used  in  the  calcu lations.  For 
the  spectrorad iometers,  the  same parameters  as  i n  5. 5. 2 . 2  2) ,  i . e . ,  wavelength  errors  from  
−1 , 0  nm  to  1 , 0  nm  and  Gauss ian  spectral  bandwid th  profi les  wi th  wid ths  from  0  nm  to  1 0  nm,  
are  appl ied .  For fi l ter-type  colorimeters,  the  same  spectra l  cond i ti ons  as  i n  5 . 6 . 2 . 2  2),  i . e. ,  
ten  spectra l  responsivi ti es  characterized  by thei r f1

'
,  xyz  values,  are  appl i ed .  

3)  Calcu lation  method :  The  tris timu lus  values,  X,  Y,  and  Z,  are  calcu lated  in  the  same  way as  
i n  5. 5. 2. 2  3)  or 5. 6. 2 . 2  3)  for each  DUT to  derive  chromatici ty,  (x,  y) ,  and  subsequently  GAxy  

i s  ca lcu lated  by Formu la  (4) .  The  d i fference,  ΔGAxy,  i s  the  re lative  d i fference  of the  

calcu lated  GAxy  from  the  reference  value,  fu rther normal ized  by the  reference  value.  

6.4.2 .3  Calcu lation  resu l ts  

1 )  Spectrorad iometer:  F i gure  20a)  and  F igure  20b)  show the  calcu lated  re lative  d i fference,  
ΔGAxy,  as  a  function  of wavelength  error and  spectral  bandwid th ,  respectively.  The  

magn i tude  of ΔGAxy  i ncreases  wi th  wavelength  error or the  bandwid th ,  wi th  rates  depend ing  

on  the  type  of DUT.  

  

a)  Wavelength  error b)  Bandwid th  

 

Figure 20  – Calcu lated  relative d i fference,  ΔGAxy,  by spectroradiometers  
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2)  F i l ter-type  colorimeter:  F igure  21  shows  the  calcu lated  re lative  d i fference,  ΔGAxy,  as  a  

function  of f1
'
,  xyz .  There  i s  no  clear correlation  between  ΔGAxy and  f1

'
,  xyz .  As  described  in  

5. 6,  f1
'
,  xyz  i s  defined  wi th  respect to  CI E  I l l um inan t A,  and  thus,  unsu i table  to  pred ict  

measurement d i fferences  for these  DUTs  wi th  spectra l  rad iances  complete ly d i fferent from  
CIE  I l l um inant A.   

 

 

Figure 21  – Calcu lated  relative  d i fference,  ΔGAxy,  by colorimeters  

As  mentioned  above,  spectrorad iometers  wi th  reasonably  smal l  waveleng th  errors  and  spectra l  
bandwid ths  a l l ow accurate  measurements  wi th  errors  rough ly pred ictable  from  the  wavelength  
accuracies  and  spectral  bandwid ths  d isclosed  i n  the  LMD  speci fications.  For fi l ter-type  
colorimeters,  the  d i fferences  can  be  reduced  by the  methods  shown  in  5 . 6. 3.  

The  chromatici ty  gamut area  i s  sometimes  measured  not on ly at  h igh  l um inance  bu t  a lso  at  
l ower l um inance [1 7 ] .  When  measuring  GAxy  a t  l ow l um inance,  checking  the  accuracy and  

repeatabi l i ty of the  measurement i s  recommended .  

6.5  Viewing  d i rection  characteristics  

6.5. 1  General  

The viewing  d i rection  characteristics  of a  d isp lay are  variations  i n  the  l um inance  and  
chromatici ty of a  d isp lay over a  range  of i ncl i nation  ang les  and  azimu th  ang les.  The  angu lar 
response of an  LMD affects  the  measured  va lues  of the  l um inance  and  chromatici ty,  as  shown  
i n  5 . 7 ,  wh ich  is  the  measurement i n  the  normal  d i rection  to  the  surface  of the  DUT.  The  angu lar 
response a lso  affects  the  measured  va lues  of the  l um inance  and  chromatici ty  at  various  viewing  
d i rections.  Subclause  6 . 5  shows  the  i n fl uence  of the  angu lar properties  of LMDs  on  the  
measured  viewing  d i rection  characteristics  of the  l um inance  and  chromatici ty.  

6.5.2  Calcu lated  influence  of the  LMD properties  on  the  viewing  d irection  
characteristics  measurements  

6.5.2 .1  Calcu lation  method  and  DUT/LMD parameters  

1 )  DUTs:  DUT characteristi cs  are  s impl i fied  as  described  in  5. 7. 2 . 2 :  The  dependence  of the  
l um inance  and  chromatici ty  on  the  i ncl i nation  ang le,  θ:  Lv(θ) ,  x(θ) ,  and  y(θ) ,  i s  shown  i n  

F igu re  C.2 ,  where  the  i ncl ination  ang le  dependence of the  tris timu lus  values,  X(θ) ,  Y(θ) ,  and  
Z(θ) ,  i s  obtained  from  the  measurements  a l though  the  measurements  are  not shown  i n  the  
fi gures.  For s impl ici ty,  these  characteristics  are  assumed  to  be  i ndependent of the  azimuthal  
ang le  at  any pos i tion  i n  the  measurement fi el d ,  and  are  taken  as  the  reference  values.  
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2)  LMDs:  The  LMD  properties  are  s impl i fied  accord ing  to  5 . 7 . 2 . 2,  i . e. ,  the  LMD wi th  the  angu lar 
aperture,  α ,  i s  assumed  to  receive  l i ght  rays  wh ich  d iverge  from  the  centre  of the  
measurement fie l d  and  en ter the  en trance  pupi l  of the  LMD.  The  LMD wi th  the  measurement 
fie ld  ang le,  β,  i s  assumed  to  receive  l i gh t rays  wh ich  are  em i tted  from  the  measurement fi e l d  
and  converge  at the  centre  of the  entrance  pupi l .  For s impl ici ty,  the  measured  values  are  
assumed  not  to  depend  on  the  d i rection  wi th in  the  angu lar aperture  or measurement fi el d  
ang le  (see  F igure  1 3) .  

3)  Calcu lation  method :  The  i n fl uences  of the  angu lar aperture  and  the  measurement fi el d  ang le  
are  calcu lated ,  respective ly.  For the  angu lar aperture,  the  tristimu lus  values,  Xang(θLMD ,  α) ,  

Yang(θLMD ,  α) ,  and  Zang(θLMD ,  α) ,  measured  at  the  i ncl i nation  ang le ,  θLMD ,  by the  LMD wi th  

the  angu lar aperture,  α ,  are  approximated  by i n tegrating  the  X(θ) ,  Y(θ) ,  and  Z(θ)  on ly for the  
rays  on  the  merid ional  p lane  (θLMD  –  α / 2  =  <  θray  =<  θLMD  +  α  / 2)  (see  F igu re  22) .  The 

i n fl uence  of th is  approximation  i s  con fi rmed  to  be  neg l i g ib le  (see  Clause  C. 5) .  The  
chromatici ty  coord inates,  xang(θLMD ,  α) ,  yang(θLMD ,  α)  ,  are  ca lcu lated  therefrom  by Formu la  

(A. 5)  and  Formu la  (A. 6) .  The  d i fferences  of the  measured  va lues  from  the  reference  values,  
ΔLv,  ang (θLMD ,  α)  (=  ΔYang(θLMD ,  α)) ,  Δxang(θLMD ,  α) ,  and  Δyang(θLMD ,  α) ,  where  ΔLv,  

ang(θLMD ,  α)  i s  fu rther normal ized  by the  reference va lue,  are  calcu lated  up  to  α  =  1 0°  and  

θLMD  =  60° .  These  d i fferences  i nd icate  the  i n fluence  of the  angu lar aperture  of the  LMD.  

The  in fluence of the  measurement fi el d  ang le  on  the  ca lcu lation  resu l ts  i s  s imi l arly 
ca lcu lated  us ing  β  i nstead  of α .  

 

 

Figure 22  – Cone of l ight rays  for calcu lating  the  tristimulus  values  measured  by an  
LMD with  the  angu lar aperture,  α,  and  an  optical  axis  at  an  incl ination  ang le,  θLMD  

6. 5.2 .2  Calcu lation  resu l ts  

Figure  23  shows  the  calcu lation  resu l ts  of the  variations  of l um inance,  re lative  l um inance 
d i fference,  and  chromatici ty  coord inates  as  a  function  of the  i ncl ination  ang le.  The  values  of the  
chromatici ty coord inates  weakly osci l l ate  and  the  ampl i tudes  of the  osci l lations  decrease  wi th  
an  i ncrease  i n  the  angu lar aperture.  These  ch romatici ty osci l l ations  can  be  observed  as  
period ica l  chromatici ty  changes  when  chang ing  the  i ncl i nation  ang le  gradual ly.  The  variations  
i n  l um inance are  not so  dependent on  the  angu lar aperture.  The  re lative  lum inance  d i fferences  
wh ich  a lso  osci l late  i n  the  fi gure  are  d i fficu l t  to  observe  visual ly.  The  ca lcu lated  dependence on  
the  measurement fi e ld  ang le  is  i den tical  to  F igure  23,  where  the  horizontal  axes  are  replaced  
wi th  the  measurement fi e ld  ang le  because  the  DUT characteristics  and  LMD  properties  are  
omn id i rectional  and  spatia l ly  i nd i fferen t,  as  described  in  6. 5. 2 . 1 .  Therefore,  an  LMD  wi th  smal l  
angu lar response  can  be  used  for more  accurate  measurement of chromatici ty  changes  by the  
viewing  d i rection .  
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a)  Luminance  b)  Relative  l uminance  d i fference  

  

c)  Chromatici ty coord inate,  x  d )  Chromatici ty coord inate,  y  

 

Figure 23  – Calcu lated  l uminance and  chromatici ty dependence  as  a  function  
of the  incl ination  ang le  for the  2° ,  6°,  and  1 0°  angu lar apertures  

6.5.3  Measurement field  at an  obl ique  d i rection  

A measurement fi e ld  on  a  DUT is  en larged  when  an  LMD is  a imed  at an  obl i que  d i rection .  I n  
the  case  of an  LMD wi th  a  ci rcu lar measurement fi e ld  of d iameter,  D  i s  a imed  at the  DUT at an  
i ncl i nation  ang le,  θLMD ,  and  the  measurement fie l d  of the  LMD  proj ected  on to  the  DUT surface  

i s  approximated  by an  e l l i pse  wi th  a  longer axis  of D  /  cos(θLMD)  and  shorter axis  of D.  F igure  24  

shows  a  DUT wi th  a)  a  l arge  and  b)  smal l  test  pattern ,  and  the  measurement fi el d  at an  
i ncl i nation  ang le  of 0°  and  θLMD ,  respective ly.  As  i s  observed ,  the  projected  measurement fie l d  

exceeds  the  smal l  test  pattern  at  an  i ncl ination  ang le,  θLMD .  Checking  that the  projected  

measurement fie ld  does  not exceed  the  test pattern  d isp layed  on  the  DUT is  recommended .  
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