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FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ 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 preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  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 osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
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  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by  I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con tent  of I EC  
Publ i cations  i s  accu rate,  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  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Pub l i cations  
transparen tl y to  the  maximum  extent  possible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  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 n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cati on  bod i es .  

6)  Al l  users  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 agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Comm i 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 cati on ,  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  poss ibi l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t ri gh ts.  

I n ternational  Standard  I EC  6271 5-5-1  has  been  prepared  by I EC techn ica l  committee  1 1 0:  
E lectron ic d isp lay devices.  

The  text of th is  I n ternational  Standard  i s  based  on  the  fo l lowing  documents :  

FDIS  Report  on  voti ng  

1 1 0/859/FDIS  1 1 0/870/RVD  

 

Fu l l  i n formation  on  the  voting  for the  approval  of th is  I n ternational  Standard  can  be  found  in  
the  report  on  voting  i nd icated  i n  the  above  tab le.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D irecti ves,  Part 2 .  

A l i st of a l l  parts  of the  I EC 6271 5  series ,  publ ished  under the  general  ti tl e  Flexible display 
devices,  can  be  found  on  the  I EC  websi te.  



 – 6  – I EC 6271 5-5-1 : 201 7    I EC 201 7  

The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp : //webstore. iec.ch"  i n  the  data  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l ingual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  l ogo  on  the  cover page  of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore print th is  document using  a  
colour printer.  
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INTRODUCTION  

This  part  of I EC  6271 5  was  designed  for the  standard ization  of measuring  methods  and  
detai l ed  setup  cond i tions  that are  used  to  characterize  the  optical  performance of fl exib le  
d isplay devices.  

The  surface  cond i tions  and  shape  of flexible  d isplays  can  change  depend ing  on  the  
appl ication .  For example,  a  smart watch  may have  a  fixed  convex d isp lay,  a  cel l  phone  or TV 
a  fixed  concave d isplay,  and  a  bendable  d isp lay may have  e i ther a  concave or convex shape 
wi th  a  variable  rad ius  of curvature.  Up  to  now,  a l l  of these  d isplays  wou ld  usual l y be  
characterized  i n  their fl at  state.  However,  s i nce  i t  i s  poss ib le  that mechan ical  stress  induced  
by bend ing  the  d isplay can  change  i ts  optical  characteristics,  the  d isplay shou ld  be  measured  
i n  i ts  des igned  ben t state.  Th is  ensures  that the  d isp lay’s  optica l  performance i s  
representati ve  of i ts  i n tended  appl ication .  Th is  document speci fi es  the  necessary cond i ti ons  
and  methods  to  measure  the  optical  performance of a  d isp lay i n  a  ben t s tate.   
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FLEXIBLE DISPLAY DEVICES  –  
 

Part 5-1 :  Measuring  methods  of optical  performance  
 
 
 

1  Scope 

This  part of I EC  6271 5  speci fies  the  standard  measuring  cond i tions  and  measuring  methods  
for determ in ing  the  opti ca l  performance  of fl exib le  d isplays  i n  the  dark or under ambien t  
i l l um ination .  Th is  document main l y appl i es  to  d isplay modu les  that are  bendable  abou t one  
axis.  The  d isplay i s  measured  in  a  static mechan ical  state.  The  measuring  methods  apply to  
monochrome or colour d i sp lays  wi th  a  s ing le  rad ius  of curvature  of 35  mm  or greater.   

2  Normative references   

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that some or a l l  of their 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 60050-845,  International Electrotechnical Vocabulary – Part 845: Lighting  (avai lab le  at 

<http: //www.electroped ia. org>)  

I EC 61 966-2-1 ,  Multimedia systems and equipment – Colour measurement and management 
– Part 2-1 :  Colour management – Default RGB colour space – sRGB  

I EC  6271 5-1 -1 ,  Flexible  display devices – Part 1 -1 :  Terminology and letter symbols 

IEC 62341 -6-2 : 201 5,  Organic light emitting diode (OLED)  displays – Part 6-2: Measuring 
methods of visual quality and ambient performance 

I EC 62679-3-1 : 201 4,  Electronic paper displays – Part 3-1 : Optical measuring methods 

IEC TR 62728,  Display technologies – LCD,  PDP and OLED – Overview and explanation of 
differences in  terminology 

CIE  1 5: 2004,  Colorimetry 

3 Terms,  defin i tions  and  abbreviated  terms  

3. 1  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g i ven  in  I EC 6271 5-1 -1  and  I EC  
TR 62728  appl y.  

I SO  and  I EC maintain  term inolog ica l  databases  for use  in  s tandard ization  at the  fol lowing  
addresses:  

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

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

http://www.iso.org/obp
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3.2  Abbreviated  terms  

CCT correlated  colour temperature  

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

CI ELAB  CIE  1 976  (L*a*b*)  colour space  

DUT device  under test  

I LU  i n tegrated  l i ghti ng  un i t  (e . g .  a  fron t l i gh t i n  a  reflecti ve  d isplay)  

LMD  l igh t measuring  device  

PL  photolum inescence  

RGB  red ,  green ,  b lue  

sRGB  standard  RGB  colour space  as  defined  i n  I EC  61 966-2-1  

4 Structure of measuring  equipment 

4.1  Measuring  configuration  – D isplay mounting  

4. 1 . 1  General  

The fixture  used  to  mount a  cu rved  d isplay p lays  a  cri tical  ro le  i n  obtain ing  accurate  and  
reproducible  resu l ts . [1 , 2 ] 1  The  d isplay mount shou ld  be  designed  to  accommodate  the  
speci fic bendable,  fo ldable  and /or curved  characteristics  of the  flexib le  d isp lay i n  i ts  i n tended  
use  configuration .  The  mount  shou ld  be  capable  of main tain ing  the  i n tended  shape  of the  
d isplay and  l ocate  i t  i n  the  requ i red  measurement pos i ti on  and  viewing  d i rection .  For cu rved  
d isplays,  these  measuring  methods  on l y appl y for d isplays  that have  a  constant rad ius  of 
curvature  about a  s ing le  axis  (e. g .  cyl i ndrical  shape).  F i gure  1  i l l ustrates  the  coord inate  
system  for a  convex d isp lay that i s  curved  about the  y-axis .  The  orig in  of the  coord inate  

system  is  pos i ti oned  at the  imag ing  surface  of the  d isplay and  centred  on  the  screen .  The  
same coord inate  system  appl ies  for a  concave d isp lay wi th  the  image rendering  surface  
facing  the  posi ti ve  z-axis .  

For flat d isplays,  the  image  rendering  p lane  i s  a l i gned  in  the  x-y  p l ane.  A foldable  d isp lay that 

con tains  fl at  areas  connected  by a  narrow reg ion  wi th  a  short  rad ius  of curvature  shal l  be  
measured  in  the  fl at areas,  and  treated  as  a  fl at d i splay.  

Un less  otherwise  speci fi ed ,  the  opti ca l  axis  of the  LMD shal l  be  a l igned  to  wi th in  1 °  of the  
d isp lay su rface  normal  at the  cen tre  of the  measurement fie ld  i n  order to  m in im ize  the  
a l i gnment error i n troduced  by the  d isp lay curvature.  For spot type  LMDs,  the  retro-reflection  
of the  LMD can  be  used  to  obtain  th is  a l i gnment.  Otherwise,  an  a l ignment l aser can  be  used  
to  ensure  that the  LMD optical  axis  passes  th rough  a  curved  d isplay’s  cen tre  of curvature.  
The  methods  a lso  assume that the  rotation  stages  and  mechan ica l  mounting  have  sufficien t 

accuracy and  s tabi l i ty to  main ta in  a  <  1 °  tolerance  for any rotational  or t i l t  motions.  

___________ 

1   Numbers  i n  square  brackets  refer to  the  B ibl i og raphy.  
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NOTE  The  ori g i n  i s  cen tred  on  the  screen  wh ich  i s  cu rved  wi th  a  constan t rad ius  r  a t  the  surface  of the  imag ing  
pl ane.  

Figure 1  – Example of the  coordinate  system  used  for a  convex d isplay of a   
constant rad ius  of curvature  about the  y-axis   

4. 1 . 2  Display mounting  for un iformity measurements  

For flat d isplays,  the  d isplay un i form i ty i s  general l y measured  by trans lati ng  the  LMD para l l e l  
to  the  screen  and  measuring  the  d isplay characteristics  at  d i fferen t  screen  locations.  
However,  for convex or concave d isplays,  the  d i splay mounting  shal l  a l l ow the  d isplay to  be  
rotated  about i ts  cen tre  of curvature  wh i le  ensuring  that the  imag ing  p lane  a lways  passes  
through  the  y-axis  at the  orig in .  Th is  i s  i l l ustrated  i n  F igure  2  for the  case  of a  convex d isplay.  
The  same motion  shal l  be  used  for concave d isplays.  F igure  2  i l l ustrates  how l ateral  l ocations  
P0 ,  P1 ,  and  P2  can  be  rotated  in to  the  LMD measurement fi e ld .  Th is  d isp lay rotation  a l lows  
the  d isp lay un i form i ty to  be  measured  at a  constant viewing  d i rection .  Al ternative l y,  the  LMD 
can  be  mounted  on  a  gon iometer that rotates  abou t the  d isplay’s  centre  of curvature.  

 

NOTE  F igu re  2  shows  how a  convex d i spl ay wh ich  i s  cu rved  wi th  a  constan t rad ius  r  can  be  rotated  about  i ts  
cen tre  of cu rvatu re  to  a l i gn  d i fferent  d i spl ay l ocations  i n  the  x-z  p l ane  wi th i n  the  measuremen t  fi e l d .  

Figure 2  – Top  view example of how a  convex d isplay  
can  be  rotated  with in  the  measurement fi eld  

4. 1 . 3  Display mounting  for viewing  d i rection  measurements  

Viewing  d i rection  measurements  on  curved  d isplays  requ ire  the  exact a l i gnment of the  LMD  
and  the  d isplay. [1 ]  The  cen tre  of the  LMD measurement fie ld  i s  usual l y a l i gned  perpend icu lar 

to  the  d isp lay surface.  Al i gnment accuracy to  wi th in  ±1 °  i s  recommended  i n  order to  m in im ize  
the  a l i gnment error i n troduced  by the  d isp lay cu rvature.  I t  shou ld  be  the  same wi th  the  fl at  
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cond i ti ons.  For the  coord inate  system  defined  i n  F igure  1 ,  the  LMD optical  axis  wou ld  pass  
through  a  curved  d isplay’ s  cen tre  of curvature.  When  measuring  the  viewing  dependence of a  
curved  d isp lay,  the  d isplay mount wou ld  need  to  rotate  about a  poin t  on  the  d isplay surface  at  
the  centre  of the  measurement fie ld  i n  the  x-z  p lane  (as  shown  i n  F igure  3),  or rotate  i n  the  y-z  
p lane.  The  same motion  wou ld  be  requ i red  for a  flat d isp lay.  Al ternatively,  the  LMD  can  be  
mounted  on  a  gon iometer that rotates  abou t the  same poin t on  the  d isp lay surface  at the  
cen tre  of the  measurement fi e ld  (the  orig in  i n  the  coord inate  system  defined  i n  F igure  1 ) .  

 

NOTE  These  fi gures  show how the  d i splay mount rotates  abou t the  su rface  of a  convex or fl at  d i splay for vi ewing  
d i rection  measurements.  

Figure 3  – Top  view example of d isplay mount that rotates  in  the  x-z  p l ane   
for viewing  d i rection  measurements  

4.2  Light  measuring  device  

I t  i s  general l y assumed  that  the  LMD wi l l  be  a  spot photometer,  colorimeter,  or 
spectrorad iometer.  The  optica l  characteristics  of these  i nstruments  are  i l l u strated  i n  F igure  4 .  
The  LMDs  often  have  a  selectable  measurement-fie l d  ang le  (sometimes  ca l l ed  the  
measurement aperture)  that for a  g iven  measuring  d is tance  defines  the  measuring  fie ld  on  the  
d isp lay surface.  The  measurement-fie ld  ang le  shal l  be  no  greater than  2° .  The  measuring  
d istance from  the  LMD  to  the  d isp lay su rface  i s  nom inal l y 0 , 5  m .  Th is  combination  of 
measuring-fie l d  ang le  and  d istance  usual l y satisfies  the  recommendation  that the  
measurement fie ld  con tain  at l east 500  p ixel s.  However,  for curved  d isplays,  i f the  
measurement fie l d  becomes larger (or the  rad ius  of cu rvature  becomes  smal ler) ,  then  the  

LMD samples  l igh t from  the  d isp lay surface  over a  l arger range  of i ncl i nation  ang les  ∆θd .  The  
range  of i ncl i nation  ang les  sampled  by the  LMD is  g i ven  by:  

 







=

c
d

2
arcsin

r

c
θΔ  (1 )  

where  c  i s  the  d iameter of the  measurement fie ld  and  rc  i s  the  d isplay rad ius  of curvature.   

F igu re  5  provides  an  example  of how the  range  of i ncl i nation  ang les  can  vary for a  g i ven  
measurement fie ld  on  d isplays  wi th  a  35  mm  and  45  mm  rad ius  of curvature.  I n  th is  example,  
the  range  of measurement fie l ds  that con tain  at l east 500  p ixels  i s  i denti fi ed  by the  shaded  
reg ion  under the  curves.  F i gure  5  a lso  includes  an  example  of the  measurement fie l ds  that  
can  be  obta ined  by a  commercia l  spectrorad iometer at a  0 , 5  m  measurement d istance  as  
i denti fied  by i ts  measurement-fie ld  ang les  (LMD aperture) .   

I n  general ,  i t  i s  des irable  to  m in im ize  ∆θd  i n  order to  avoid  averag ing  over a  l arge  range  of 
viewing  d i rections  du ring  the  measurement.  For th is  reason ,  the  range  of incl i nation  ang les  
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shal l  be  ∆θd  <  5 ° .  I n  the  example  i l l ustrated  i n  F igure  5,  the  LMD wi th  the  1 °  measurement-

fie ld  ang le  wou ld  subtend  a  measurement fie l d  that has  ∆θd  <  5°  for the  45  mm  rad ius  of 

curvature  d isplay,  bu t ∆θd  >  5°  for the  35  mm  rad ius  of curvature  d isplay.  However,  i f the  LMD 

measurement d is tance  i s  reduced  to  0 , 4  m  for the  35  mm  rad ius  of curvature  d isplay,  then  ∆θd  
wou ld  also  fa l l  be low 5° .  

Another method  to  reduce the  range  of d isplay i ncl ination  ang les  is  to  reduce  the  
measurement-fie l d  ang le  of the  LMD.  Bu t as  the  example  i n  F igure  5  suggests,  the  smal ler 
measurement-fie l d  ang les  produce measurement fie l ds  that may not  sample  the  

recommended  >  500  d isp lay p ixels.  Th is  may be  m i ti gated  for the  0 , 2°  measurement-fie ld  
ang le  example  i n  F igure  5  by i ncreas ing  the  measuring  d is tance.  However,  the  combination  of 
smal ler measurement-fie l d  ang le  and  l onger measuring  d istance  tends  to  produce nois ier 
data,  and  cou ld  resu l t  i n  reproducibi l i ty problems.  But i f i t  can  be  demonstrated  that the  
smal ler measurement-fie ld  ang les  at shorter measuring  d istances  g ive  the  same resu l ts  as  for 
LMD  configurations  that do  contain  at l east 500  p ixels ,  then  the  smal l er measurement-fie l d  
ang les  are  acceptable.  

 

Figure 4  – Optical  characteristics  of a  spot photometer,  colorimeter,   
or spectroradiometer 
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NOTE  1  F i gu re  5  shows  the  re l ati onsh ip  between  the  measurement fi e l d  d i ameter and  the  range  of i ncl i nations  
ang l es  captu red  wi th i n  the  measurement fi e l d  for a  g i ven  d i spl ay rad i us  of curvatu re.  

NOTE  2  The  shadowed  area  h i gh l i gh ts  the  reg i on  where  > 500  pi xe l s  are  sampled  for a  g i ven  measurement  fi e l d  
ang l e  (dashed  l i ne).  

Figure 5  – Example of the  relationship  between  measurement  
field  d iameter and  incl inations  ang les  

4.3  Light  source  configurations  

4.3. 1  General  

Light sources  wi l l  be  used  to  s imu late  the  d isplay performance under typica l  i ndoor or ou tdoor 
ambien t l igh ti ng  envi ronments.  These  environments  general l y contain  a  combination  of 
d i rected  and  un i form  hem ispherical  d i ffuse  l i ght sources.  Subclauses  4 . 3 . 2  and  4 . 3. 3  define  
how these  sources  wi l l  be  configured  when  evaluating  the  performance  of curved  d isplays  
under s imu lated  indoor and  ou tdoor i l l um ination  cond i ti ons.  F lat d isp lays  wi l l  fo l low the  same 
general  configuration ,  wi thout the  need  to  cons ider the  orien tation  of the  d isp lay’s  bend ing  
axis.  

4.3.2  Un iform  hemispherical  d i ffuse i l l umination  

Un i form  hem ispherical  d i ffuse  i l l um ination  is  general l y real i zed  by us ing  an  i n tegrating  
sphere.  For l arge  d isplays,  and  d isp lays  wi th  a  l arge  rad ius  of curvature,  the  d isplay may be  
p laced  against the  sample  port of a  sampl i ng  sphere  and  the  measurement area  shou ld  be  
wi th in  the  un i form  i l l um ination  area  of the  d isplay (see  F igure  6 ,  configuration  B).  However,  i f 
the  d isplay i s  too  smal l  to  fi l l  the  sample  port of a  sampl ing  sphere,  or the  curvature  of a  
concave d isplay i s  smal l er than  the  curvature  of the  sampl ing  sphere,  then  the  d isplay shal l  
be  p laced  i n  the  centre  of an  i n tegrati ng  sphere  (see  F igure  6 ,  configuration  A) .  I n  e i ther 
configuration ,  the  l ong  axis  of the  curved  d isplay (y-axis)  sha l l  be  i n  the  p lane  of incidence of 
the  LMD and  ti l ted  8°  to  1 0°  from  the  LMD optical  axis.  When  us ing  an  in tegrating  sphere,  the  
reflection  s tandard  shou ld  be  p laced  ad j acent to  the  d isplay and  i n  the  same plane  as  the  
d isplay measurement area.  Best practices  for sphere  des ign  and  measurements  shal l  be  
fol lowed .  [3, 4]  
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Configuration  A ( top  view)  –  
I n tegrating  sphere  

Configuration  B  (s ide  view)  –  
sampl ing  sphere  

Figure  6  – Example of reflection  measurement geometries   
for spherical  i l l umination  

4.3.3  Di rected  source i l lumination  

Directed  source  measurements  are  particu larl y sens i ti ve  to  i l l um ination  area  d istortion  and  
un in tended  beam  focusing  from  curved  d isplays.  Therefore,  d isplay measurements  wi th  
d i rected  i l l um ination  shal l  use  the  configuration  i l l ustrated  in  F igure  7 .  The  LMD and  l i gh t  
source  optical  axis  shal l  l i e  i n  the  y-z  p l ane  cen tred  through  the  orig in .  Al ternativel y,  for a  
smal l  convex d isplay,  a  ri ng  l i gh t cen tred  above and /or below the  measurement fie ld  can  be  
used  to  i l l um inate  the  measurement fi el d  at a  nom inal  45°  i ncl i nation  ang le   
(see  F igure  8). [1 , 2 ]  The  LMD measurement area  shal l  be  cen tred  and  l i e  wi th in  the  
i l l um ination  area.  The  ring  l i gh t i l l um ination  shown  i n  F i gure  8  fu l fi l s  two  cond i ti ons:  the  ri ng  
l i gh t i ncl ination  is  45° ,  and  the  i l l um inance (or spectral  i rrad iance)  does  not change wi th  
orientation  a long  the  ci rcumference  of the  cyl i nder.  

 

Figure 7  – Example  of convex d isplay i l l uminated  by a  d i rected  l ight source  
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Figure 8  – Example of convex d isplay i l l uminated  by a  ring  l ight source  

5 Standard  measuring  condi tions  

5.1  Standard  measuring  environmental  conditions  

Electro-optical  measurements  and  visual  inspection  shal l  be  carried  ou t  under the  standard  
environmenta l  cond i tions  as  fol lows:  

– temperature  of 25  C  ± 3  ºC,   

– re lati ve  hum id i ty of 25  %  to  85  %,   

– pressure  of 86  kPa  to  1 06  kPa.   

When  d i fferen t envi ronmental  cond i ti ons  are  used ,  they shal l  be  noted  i n  the  visual  i nspection  
or test report.  

5.2  Standard  l ighting  condi tions  

5.2. 1  Dark room  condi tions  

The l um inance  contribution  from  the  background  i l l um ination  reflected  off the  test d isplay 

shal l  be  <  0 , 01  cd /m 2  or less  than  1 /20  of the  d isplay’s  b lack state  lum inance,  wh ichever is  
l ower.  I f these  cond i tions  are  not  satisfied ,  then  background  subtraction  i s  requ ired  and  i t  
shal l  be  noted  i n  the  test report.  I n  add i tion ,  i f the  sens i ti vi ty of the  LMD is  i nadequate  to  
measure  at  these  low l evels,  then  the  lower l im i t  of the  LMD  shal l  be  noted  i n  the  test report.  

Un less  s tated  otherwise,  the  s tandard  l i ghting  cond i ti ons  shal l  be  the  dark room  cond i tions.  

5.2.2  Standard  ambient  i l lumination  spectra  

The fol lowing  i l l um ination  cond i ti ons  are  speci fi ed  for the  optica l  measurements  of em issive  
and  reflecti ve  d isplays  under indoor or ou tdoor i l l um ination  cond i ti ons.  A combination  of two  
i l l um ination  geometries  i s  general l y used  to  s imu late  ambient i ndoor i l l um ination ,  or ou tdoor 
dayl i gh t i l l um ination  under a  clear sky. [4 , 5]  Un i form  hem ispherical  d i ffuse  i l l um ination  wi l l  be  
used  to  s imu late  the  background  l igh ti ng  i n  a  room  with  the d irected  l ight source such as a 
luminaire in  a room occluded,  or the  hem ispherical  skyl igh t i ncident on  the  d isplay,  wi th  the  sun  
occluded .  A d i rected  l ight  source  i n  a  dark room  wi l l  s imu late  the  effect of d i rected  i l l um ination  
on  a  d isp lay by a  l um inai re  i n  a  room ,  or from  d i rect sun l i gh t.   

The  fol lowing  i l l um ination  cond i tions ,  wh ich  are  cons isten t wi th  OLED  and  e lectron ic paper 
d isp lays  ( I EC  62341 -6-2  and  I EC  62679-3-1 )  shal l  be  used  to  s imu late  i ndoor and  ou tdoor 
d isp lay viewing  environments:   

a)  I ndoor room  i l l um ination  cond i ti ons:  

1 )  Un i form  hem ispherical  d i ffuse  i l l um ination  

Use  spectra l l y smooth  broadband  l i gh t  source  to  photometrical l y approximate  CIE  
Standard  I l l um inant  A,  CIE  Standard  I l l um inant  D65,  or CIE  I l l um inan t D50  as  defined  
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45°  

LMD  

IEC  
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i n  CI E  1 5: 2004.  Better accuracy can  be  obta ined  by perform ing  spectral  
measurements .  For spectra l  measurements,  i f i t  can  be  demonstrated  that  the  d isplay 

does  not exh ib i t  s i gn i fi can t photolum inescence  (PL)  (<1  %  PL,  see  I EC  62341 -6-
2: 201 5,  Annex A)  for the  selected  reference source  spectra,  then  a  spectral l y smooth  
broadband  source  (such  as  an  approximation  to  CIE  Standard  I l l um inan t A)  may be  
used  to  measure  the  spectral  reflectance.  A measurement of the  spectral  reflectance  
us ing  a  broad  l i gh t source  (such  as  I l l um inant A)  enables  the  indoor photopic and  
colour characteristics  to  be  ca lcu lated  l ater for the  desi red  reference spectra  (for 
example  CIE  I l l um inant  D65).  The  performance characteristics  shal l  be  ca lcu lated  
us ing  60  lx  of un i form  hem ispherical  i l l um ination  (wi th  specu lar i ncluded)  i nciden t on  
the  d isplay surface  for a  typ ical  TV viewing  room ,  and  300  l x  for an  i ndoor read ing  
envi ronment. [6]  The  actual  hem ispherical  d i ffuse  reflectance  measurement may 
requ i re  h i gher i l l um ination  l evels  for better measurement accuracy.  The  resu l ts  are  
then  scaled  to  the  requ ired  i l l um ination  l evels .  

2)  D i rected  i l l um ination  

The  same source  spectra  shal l  be  used  as  wi th  hem ispherica l  d i ffuse  i l l um ination .  The  
i ndoor room  photopic and  colour d isp lay characteristics  shal l  be  ca lcu lated  us ing  
d i rected  i l l um ination  of 200  l x i nciden t on  the  d isplay surface  for an  i ndoor read ing  
environment wi th  the  d isplay i n  the  vertical  orien tation .  The  actual  reflectance  factor 
measurement may requ i re  h i gher i l l um ination  l evels  for better measurement accuracy.  
The results are then scaled to the required  i l lumination levels.  The  d i rected  source  shal l  be  

45°  above  the  surface  normal  (θs  =  45°) .   

Other i l l um ination  levels  may be  used  i n  add i ti on  to  those  defined  above for ca lcu latin g  
the  d isplay characteristics  under indoor i l l um ination  cond i ti ons.   

b)  Outdoor dayl i gh t i l l um ination  cond i ti ons:  

1 )  Un i form  hem ispherical  d i ffuse  i l l um ination  

Use  spectral l y smooth  broadband  l i ght source  to  photometrical l y approximate  skyl ight  
wi th  the  spectra l  d is tribu tion  of CIE  I l l um inant D75. [7]  Add i ti onal  CI E  dayl i gh t  
i l l um inants  (such  as  D65)  may a lso  be  used ,  depend ing  on  the  i n tended  appl ication .  
Better accuracy can  be  obtained  by perform ing  spectral  measurements.  For spectra l  
measurements,  the  spectral  refl ectance  factor measurements  can  be  made us ing  a  
spectral l y smooth  broadband  source  (such  as  an  approximation  to  CIE  Standard  
I l l um inant A) .  Skyl igh t photopic and  colour metrics  can  be  calcu lated  l ater for the  CIE  
D75 I l l um inant  spectra.  The  skyl i ght photopic  and  colou r characteristi cs  shal l  be  
ca lcu lated  us ing  1 5  000  l x of hem ispherica l  d i ffuse  i l l um ination  (wi th  specu lar i ncl uded)  
i nciden t on  a  d isplay su rface  i n  a  vertical  orien tation . [7 , 8]  The  actual  hem ispherical  
d i ffuse  reflectance  factor measurement may be  taken  at l ower i l l um ination  levels.  The  
resu l ts  are  then  scaled  up  to  the  requ i red  i l l um ination  l evels .  

2)  D i rected  i l l um ination  

The  d i rected  l i gh t source  shal l  approximate  CIE  dayl i ght I l l um inan t D50. [6 ]  Add i tional  
CIE  dayl ight i l l um inants  (such  as  D65)  may a lso  be  used ,  depend ing  on  the  i n tended  
appl ication .  A spectral l y smooth  broadband  source  (such  as  an  approximation  to  CI E  
Standard  I l l um inan t A)  may be  used  for the  reflectance  factor measurement.  The  
sun l i gh t photopic and  colour characteristics  can  be  calcu lated  l ater wi th  the  D50  
I l l um inant spectra.  The  dayl i gh t photopic and  colour characteristics  shal l  be  calcu lated  

us ing  65  000  lx  for a  d i rected  source  at an  i ncl i nation  ang le  of θs  =  45°  to  the  d isplay 
surface,  and  the  LMD  shal l  be  a l i gned  normal  to  the  d isplay surface  (θd  =  0° ) . [7 , 8 ]  The  
actual  reflectance  factor measurement may be  taken  at lower i l l um ination  l evels .  The  
resu l ts  are  then  scaled  up  to  the  requ ired  i l l um ination  l evels .  The  con trast ratio  and  
colour are  ca lcu lated  for the  scaled -up  i l l um inance l evels.  The  d i rected  source  shal l  
have  an  angu lar subtense  of approximatel y 0 , 5° .  

For dayl i gh t photopic and  colour calcu lations  from  spectral  refl ectance  factor measurements ,  
the  re lati ve  spectra l  d istribu tions  of CI E  I l l um inants  A,  D50,  D65 and  D75 tabu lated  i n  CI E  
1 5: 2004  shal l  be  used .  Add i ti onal  CIE  dayl i ght  i l l um inants  shal l  be  determ ined  using  the  
appropriate  e igenfunctions,  as  defined  i n  CIE  1 5: 2004.  
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The  UV reg ion  (< 380  nm) of the  l i ght source  shal l  be  cu t off by a  UV b locking  fi l ter.  When  
h igh  l i ght source  i l l um ination  l evels  are  used ,  an  i n frared-blocking  fi l ter i s  recommended  to  
m in im ize  device  heating .  

5.2.3  Standard  i l lumination  geometries  

One or more  of three  types  of i l l um ination  geometries  shal l  be  used  for determ in ing  the  
performance of the  DUT:  d i rectional  i l l um ination ,  ring  l i gh t i l l um ination ,  and  hem ispherical  
i l l um ination .  The  standard  configurations  for implementing  these  i l l um ination  geometries  are  
defined  in  I EC  62679-3-1 : 201 4,  4 . 3 . 4.  Add i tional  i l l um ination  geometries  may a lso  be  used .  
The  detai ls  of the  i l l um ination  geometry used  for a  g i ven  measurement shal l  be  reported .  
Further gu idance on  the  proper implementation  of these  i l l um ination  geometries  i s  g i ven  i n  the  
SID  I n formation  D isplay Measurements  Standard . [3 ]  

5.2.4  Di ffuse reflectance  standard  

Diffuse  wh i te  reflectance  standard  samples  can  be  obta ined  wi th  a  d i ffuse  reflectance  of 98  %  
or more.  They are  a lso  avai l able  i n  d i fferen t shades  of g rey.  A l um inance Lstd  measurement  
from  such  reflectance  s tandards  can  be  used  to  determ ine  the  i l l um inance E  on  the  standard  

for defined  detection  geometry and  i l l um ination  spectra  and  configuration :   

 

std

std

R

L
E

π
=   (2)  

where  Rstd  i s  the  cal i brated  lum inous  reflectance  factor for that measurement configuration .   

When  the  i l l um ination  configuration  i s  a  un i form  hem ispherica l  i l l um ination ,  then  Rstd  i s  

equ ivalent  to  l um inous  hem ispherical  reflectance  ρstd .  The  l um inous  reflectance  value  
associated  wi th  the  standard  i s  on l y val i d  for the  hem ispherica l  i l l um ination  i n  wh ich  i t  was  
cal ibrated .  I f i t  i s  used  wi th  a  d i rected  source  at any ang le ,  there  is  no  reason  to  expect that  
the  lum inous  reflectance  value  wi l l  be  the  correct l um inous  reflectance  factor va lue  for that 
i l l um ination  configuration  or spectrum .  

NOTE  The  term  l um inous  refl ectance  or l um inous  refl ectance  factor wi l l  s imply be  referred  to  as  refl ectance  or 
refl ectance  factor i n  the  remainder of th i s  document.  

5.3  Standard  setup  cond itions  

5.3. 1  Adjustment of d isplay modu les  

Depend ing  on  the  i n tended  appl ication ,  the  d isp lay shal l  be  measured  i n  a  fl at  state,  or held  
ri g id  wi th  a  smooth  and  constan t rad ius  of curvature  over i ts  en ti re  acti ve  area.  The  d isp lay 
shal l  be  measured  at i ts  factory defau l t setti ngs.  I f other setti ngs  are  used ,  they shal l  be  noted  
i n  the  test report.  These  setti ngs  shal l  be  held  constan t for a l l  measurements,  u n less  s tated  
otherwise.  

I f i t  can  be  demonstrated  that the  optical  characteristics  of the  d isplay i n  i ts  flat s tate  are  the  
same as  for i ts  curved  state,  then  the  d isplay may be  measured  i n  the  fl at state.  The  bend ing  
state  of the  d isp lay used  during  the  measurements  shal l  be  reported .  

5.3.2  Starting  cond itions  of measurements  

Measurements  shal l  be  started  after the  d isplay modu les  and  measuring  i nstruments  ach ieve  
stabi l i ty.  Sufficien t warm-up time  has  to  be  a l l owed  for the  d isplay modu les  to  reach  a  

l um inance deviation  level  of l ess  than  ±5 %  over the  enti re  measurement for a  g i ven  d isplay 
image.  
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5.3.3  Cond itions  of measuring  equ ipment 

Cond i tions  of measuring  equ ipment are  g i ven  I EC  62679-3-1 : 201 4,  4 . 4 . 3.  Any deviations  from  
these  cond i tions  shal l  be  noted  in  the  report.  

5.4  Standard  locations  of measurement field  

Lum inance,  spectra l  d istribu tion  and /or tristimu lus  measurements  may be  taken  at several  
speci fied  pos i tions  on  the  DUT surface.  To  th is  end ,  the  acti ve  area  of the  d isplay i s  d i vided  
in to  25  i den tical  imag inary rectang les  (see  F igure  9) .  Un less  otherwise  speci fied ,  
measurements  are  carried  ou t i n  the  cen tre  of each  rectang le.  The  rectang les  are  numbered  
starting  from  the  centre,  and  progress ing  towards  the  edges  i n  a  cl ock-wise  sp ira l  fash ion .  
Care  shal l  be  taken  that the  measuring  fi e lds  on  the  d isplay do  not overlap.  Posi ti on ing  of the  
measuring  fi e ld  at the  prescribed  pos i ti ons  in  the  horizon tal  (H)  and  vertica l  (V)  d i rection  shal l  
be  to  wi th in  7  %  of H and  V,  respectivel y.  The  d i sp lay or detector shal l  be  trans lated  i n  the  
horizon tal  and  vertica l  d i rections  to  perform  measurements  at the  desi red  d isp lay posi tions,  
wi th  a l l  measurements  taken  normal  to  the  screen .  Any deviation  from  the  above  s tandard  
pos i tions  shal l  be  reported .  

 

NOTE  Standard  measuremen t pos i ti ons  are  at  the  cen tres  of a l l  rectang l es  P
0
 to  P

24
.  The  height  and  wi d th  of 

each  rectang le  are  20  %  of d i splay hei gh t  and  wid th  respecti vel y.  

Figure 9  – Standard  measurement  posi tions  

6 Optical  measuring  methods  in  dark room condi tions  

6.1  Luminance and  i ts  un iformity 

6. 1 . 1  General  

The purpose  of th is  method  is  to  determ ine  the  l um inance and  the  l um inance un i form i ty i n  the  
d isplay acti ve  area  under dark room  cond i ti ons.  For reflecti ve  d isplays,  th is  method  on l y 
appl ies  to  d isplays  that have  an  i n tegrated  l i gh ting  un i t  ( I LU)  and  i t  i s  tested  at  the  factory 
standard  settings,  un less  speci fied  otherwise.  Add i ti onal l y,  I LU  levels  may a lso  be  tested ,  bu t  
the  l i gh t l evel  shou ld  be  reported  wi th  the  test resu l ts .   
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6. 1 .2  Measuring  equ ipment 

The apparatus  shal l  be  as  fo l l ows:  

– a  l um inance  meter,  co lorimeter or spectrorad iometer;   

– a  d riving  power source;   

– d rivi ng  s i gnal  equ ipment;   

– a  means  to  trans late  a  flat d isp lay or LMD  in  the  vertical  and  horizon tal  d i rections;   

– a  d isp lay mount that  can  rotate  a  curved  d isp lay about  i ts  centre  of curvature   
(see  F igure  2)  or LMD  that can  be  mounted  on  a  gon iometer that rotates  about the  
d isplay’s  cen tre  of curvature.   

6. 1 .3  Screen  centre  luminance measuring  method  

The measuring  method  shal l  be  as  fo l l ows:  

a)  Mount the  d isp lay i n  i ts  fl at or curved  state  i n  a  fixture  accord ing  to  the  gu idance  provided  
i n  4 . 1 .  

b)  P lace  the  LMD at the  recommended  d istance  from  the  d isp lay and  a l i gn  the  optical  axis  to  
be  normal  to  the  cen tre  of the  d isplay active  area  (posi tion  P0) .  

c)  Set the  d isplay to  a  4  %  area  window (see  F igure  1 0)  at  the  des i red  colour Q  a t  the  
h ighest l um inance  level .  Al low the  d isp lay to  stabi l i ze.  

d )  Measure  the  d isplay l um inance LQ0  for co lour Q  at  pos i tion  P0 .  

e)  Repeat for other d isplay colours  as  needed .  

f)  Report  the  screen  centre  l um inance  LQ0  for co lour Q  in the  test report.   

 

NOTE  A wi ndow of des i red  col ou r Q  i s  posi ti oned  i n  the  cen tre  of the  screen  wi th  a  b l ack background .  

Figure 1 0  – Test pattern  used  for 4  % area  window measurements  

6. 1 .4  Luminance un iformity measuring  method  

The  measuring  method  shal l  be  as  fo l l ows:  

a)  Mount  the  d isplay i n  i ts  fl at or curved  state  i n  a  fixture  that wi l l  a l low the  LMD  to  remain  at 
a  fixed  d istance  from  the  measurement fi e ld ,  and  normal  to  the  d isplay surface  at the  
cen tre  of the  measurement fie ld .  

b)  P lace  the  LMD at the  recommended  d istance  from  the  d isplay and  a l i gn  the  optica l  axis  to  
be  normal  to  the  cen tre  of the  d isplay acti ve  area  (posi tion  P0) .  
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c)  Set the  d isplay to  a  fu l l  screen  at the  des ired  colour Q  a t  the  h ighest l um inance l evel .  A 
fu l l  wh i te  screen  i s  general l y used .  Add i tional  co lour may a lso  be  measured .  Al low the  
d isplay to  stabi l i ze.  

d )  Measure  the  d isplay l um inance LQ0  for co lour Q  a t  pos i tion  P0 .  

e)  Move  the  d isplay (see  4 . 1 . 2  for curved  d isplays)  or LMD  and  take  sequentia l  l um inance 
measurements  at the  fi ve  (posi tions  P0 ,  P1 1 ,  P 1 5 ,  P1 9  and  P23)  or n i ne  (pos i tions  P0 ,  P9 ,  
P1 1 ,  P1 3 ,  P1 5 ,  P1 7 ,  P1 9 ,  P21  and  P23)  l ocations  defined  i n  F igure  9.  

6.1 .5  Luminance un i formity defin i tion  and  evaluation  

The percent l um inance  non-un i form i ty of the  d isplay at  colour Q  i s  g i ven  by:  

 
max Q,

minQ,max  Q,
Q %1 00

L

-LL
NU =  (3)  

where  LQ,max  and  LQ,m in  are  the  maximum  and  m in imum  lum inance va lues,  respectivel y,  of 

the  measured  l ocations.   

Al l  the  lum inance va lues,  the  m in imum  and  maximum  lum inance values,  and  the  l um inance  
non-un i form i ty value  shou ld  be  reported  wi th  a  description  of the  measuring  cond i ti ons.  

6.2  Contrast  ratio  

6.2. 1  General  

The purpose  of th is  method  is  to  measure  the  d isplay contrast  ratio  i n  the  cen tre  of the  active  
area  under dark room  cond i tions.  For reflective  d isplays,  th is  method  on l y appl ies  to  d isp lays  
that  have  an  i n tegrated  l i gh ting  un i t  ( I LU)  and  i t  i s  set  to  i ts  maximum  l igh t l evel .   

6.2.2  Measuring  equ ipment 

The apparatus  shal l  be  as  fol lows:   

–  a  l um inance  meter,  colorimeter or spectrorad iometer;   

– a  d ri ving  power source;   

– d ri ving  s i gnal  equ ipment.   

6.2.3  Measuring  method  

The  measuring  method  shal l  be  as  fo l l ows:  

a)  Mount the  d isplay i n  i ts  fl at or curved  state  i n  a  fixture  accord ing  to  the  gu idance provided  
i n  4 . 1 .  

b)  P lace  the  LMD at the  recommended  d istance  from  the  d isplay and  a l i gn  the  optical  axis  to  
be  normal  to  the  cen tre  of the  d isplay acti ve  area  (pos i tion  P0) .  

c)  Set the  d isp lay to  a  4  %  area  wh i te  window (see  F igu re  1 0)  at  the  h ighest l um inance  l evel  
i n  the  centre  of the  active  area;  the  remain ing  background  i s  b l ack at the  l owest l um inance 
l evel .  Al low the  d isp lay to  stabi l i ze.  

d )  Measure  the  d isplay peak wh i te  l um inance  LW0  a t  pos i ti on  P0 .  

e)  Set the  d isplay to  a  fu l l  b lack screen  at the  l owest l um inance l evel .  Al l ow the  d isplay to  
stabi l i ze.  

f)  Measure  the  d isplay b lack l um inance  LK0  at  pos i ti on  P0 .   

6.2.4  Defin i tion  and  evaluation  

The 4  %  window dark room  contrast  ratio  i s  g iven  by:  
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where  LK0  and  LW0  are  the  b lack and  peak wh i te  l um inance va lues,  respectivel y,  measured  at  

the  centre  of the  screen .   

The  4  %  window dark room  contrast ratio ,  i n  add i ti on  to  the  b l ack and  peak wh i te  lum inance 
values,  shal l  be  reported  wi th  a  description  of the  measuring  cond i ti ons.  

6.3  Chromatici ty,  colour un iformity,  and  colour gamut area  

6.3. 1  General  

The purpose  of th is  method  is  to  measure  the  d isplay chromatici ty for a  desi red  colour Q,  the  

colour un i form i ty,  and  colour gamut area  under dark  room  cond i ti ons.  I t  i s  a lso  poss ib le  to  
express  the  colour gamut area  under ambien t cond i ti ons  us ing  the  ambient chromatici ty 
coord inates  obtained  in  7 . 3.  For reflecti ve  d isplays,  th is  method  on l y app l ies  to  d isplays  that 
have  an  i n tegrated  l i gh ti ng  un i t ( I LU)  and  i t  i s  tested  at the  factory standard  settings,  un less  
speci fied  otherwise.  Add i ti onal l y,  I LU  l evels  may a lso  be  tested ,  bu t the  l i gh t l evel  shou ld  be  
reported  wi th  the  test resu l ts .    

6.3.2  Measuring  equ ipment 

The apparatus  shal l  be  as  fol lows:  

– a  colorimeter or spectrorad iometer;   

–  a  d ri ving  power source;  

– d ri ving  s i gnal  equ ipment.   

The  d isplay shal l  be  mounted  and  a l i gned  accord ing  to  the  gu idance provided  in  4 . 1 .  

6.3.3  Screen  centre  chromatici ty measuring  method  

The  measuring  method  shal l  be  as  fol lows:  

a)  Mount the  d isplay i n  i ts  fl at or curved  state  i n  a  fixture  accord ing  to  the  gu idance provided  
i n  4 . 1 .  

b)  P lace  the  LMD at the  recommended  d istance  from  the  d isplay and  a l i gn  the  optica l  axis  to  
be  normal  to  the  cen tre  of the  d isplay acti ve  area  (pos i tion  P0) .  

c)  Set the  d isp lay to  a  4  %  area  window (see  F igure  1 0)  at the  des i red  colour Q  at  the  
h ighest l um inance  level .  Al low the  d isplay to  stabi l i ze.  

d )  Measure  the  CIE  1 931  chromatici ty coord inates  (x
Q
,  y

Q
)  for colour Q  a t  posi tion  P0 .  

e)  The  fol lowing  transformation  shal l  be  used  to  calcu late  the  CIE  1 976  UCS chromatici ty 

coord inates  (u ′
Q
,  v′

Q
)  for colour Q:  
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f)  Repeat for other d isp lay colours  as  needed .

 

 

g )  Report the  CIE  1 931  chromatici ty coord inates,  the  d isplay settings,  and  the  measurement 
configuration .  
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6.3.4  Screen  centre  colour gamut and  colour gamut area measuring  method  

The measuring  method  shal l  be  as  fo l l ows:  

a)  Use  the  measuring  method  in  6 . 3. 3  to  determ ine  the  CIE  1 931  and  CIE  1 976  UCS  
chromatici ty coord inates  for wh i te,  red ,  g reen ,  and  b l ue  colours  at the  d ig i ta l  i nput  s ignal  
l evels  speci fi ed  in  Table  1 .  

b)  The  colour gamut is  general l y represented  by the  tri ang le  in  the  CIE  1 931  chromatici ty 
d iagram  formed  by the  red  (xR ,  yR) ,  g reen  (xG ,  yG) ,  and  b l ue  (xB ,  yB)  colours  as  corner 
poin ts .  An  example  of measuring  resu l ts  i s  shown  i n  F igure  1 1 .  

c) The  colour gamut area  i s  defi ned  as  the  percent colour space area  enclosed  by the  colour 
gamut re lative  to  the  en ti re  spectrum  locus  i n  the  CIE  1 976  UCS chromatici ty d iagram  
(see  F igure  1 1 ) .  For three-primary d isplays,  th is  i s  ca lcu lated  as :   

 A  =  256, 1  x  | (u ′R-u ′B)(v′G -v′B)-(u ′G-u ′B)(v′R-v′B) | ,   (6)  

where  the  subscripts  R,  G  and  B  refer to  the  red ,  green ,  and  b lue  primaries,  respectivel y.  
The  colour gamut area  for the  sRGB primaries  ( I EC  61 966-2-1 )  having  the  CIE  1 931  (x,  y)  
chromatici ti es  red  (0 , 64 ,  0 , 33),  g reen  (0, 30,  0 , 60) ,  and  b lue  (0 , 1 5,  0 , 06)  wou ld  be  33  %.  

Table  1  – Input  signals  for C IELAB,  C IE  1 931  and  C IE  1 976  UCS  
colour gamut measurements  

Colour Q  8-bi t  d ig i tal  i nput s ignal  l evel  

R G  B  

Red  255  0  0  

Green  0  255  0  

B l ue  0  0  255  

Yel l ow 255  255  0  

Magenta  255  0  255  

Cyan  0  255  255  

Wh i te  255  255  255  
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a)  CIE  1 931  chromati ci ty d i agram  

 

b)  CIE  1 976  UCS  chromatici ty d iagram  

Figure 1 1  – Examples  of the  colour gamut as  represented  in  two common   
chromatici ty d iagrams  

d)  Report the  CIE  1 931  and  CIE  1 976  UCS  chromatici ty coord inates  for wh i te ,  RGB,  the  CIE  
1 976  UCS  colour gamut area,  the  d isp lay setti ngs,  and  the  measurement configuration .  

IEC  
u' 

v
' 

0, 7  

0, 6  

0, 5  

0, 4  

0, 3  

0, 2  

0, 1  

0  
0, 7  0, 6  0, 5  0, 4  0, 3  0, 2  0, 1  0  

CIE1 976  colour space  

IEC  
0, 8  x  

0, 8  

y
 

0, 7  

0, 6  

0, 5  

0, 4  

0, 3  

0, 2  

0, 1  

0  
0, 7  0, 6  0, 5  0, 4  0, 3  0, 2  0, 1  0  

CIE1 931  colour space  
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6.3.5  Colour un i formity measuring  method  

The measuring  method  shal l  be  as  fol l ows:  

a)  Mount  the  d isplay i n  i ts  fl at or curved  state  i n  a  fixture  that wi l l  a l low the  LMD  to  remain  at 
a  fixed  d istance  from  the  measurement fie ld ,  and  normal  to  the  d isp lay surface  at the  
cen tre  of the  measurement fi e ld .  

b)  P lace  the  LMD at the  recommended  d istance  from  the  d isplay and  a l i gn  the  optica l  axis  to  
be  normal  to  the  cen tre  of the  d isplay active  area  (posi tion  P0) .  

c)  Set the  d isp lay to  a  fu l l  screen  at the  desi red  colour Q  a t  the  h ighest l um inance  l evel .  A 
fu l l  wh i te  screen  is  general l y used .  Add i tional  colour may a lso  be  measured .  Al low the  
d isplay to  stabi l i ze.  

d )  Measure  the  d isplay CIE  1 931  chromatici ty coord inates  (xQ ,  yQ)  for colou r Q  a t  posi tion  
P0 .  

e)  Move the  d isplay (see  4 . 1 . 2  for curved  d isplays)  or LMD  and  take  sequentia l  l um inance 
measurements  at the  fi ve  (posi tions  P0 ,  P1 1 ,  P 1 5 ,  P1 9  and  P23)  or n i ne  (pos i tions  P0 ,  P9 ,  
P1 1 ,  P1 3 ,  P1 5 ,  P1 7 ,  P1 9 ,  P21  and  P23)  l ocations  defined  i n  F igure  9.  

f)  Use  Formu la  (5)  to  obta in  the  CIE  1 976  UCS chromatici ty coord inates  (u ′ ,  v′ )  from  the  CIE  
1 931  chromatici ty coord inates  (x ,  y) .  

g )  Use  the  CIE  1 976  UCS chromatici ty coord inates  (u ′ ,  v′ )  at  each  l ocation  P i  to  determ ine  

the  colour d i fference  between  pa irs  of sampled  colours  us ing  the  fol lowing  chromatici ty 
d i fference  formu la:  

 ( ) ( )2j
'
i

2'
j

'
i

'' 'vvuuvu −+−=∆  (7)  

for  i,  j  =  0  to  4  or i,  j  =  0  to  8 ,  and  i  ≠  j.  Colour non-un i form i ty is  defined  as  the  largest 

sampled  chromatici ty d i fference (∆u ’v’)max  between  any two  poin ts.  

h )  Determ ine  the  l argest chromatici ty d i fference.  An  example  of a  n ine-poin t measurement i s  
g iven  i n  Table  2 .  The  l argest colour d i fference can  be  narrowed  down  by p lotti ng  the  n i ne  

(u’,  v’)  coord inates  rather than  ca lcu lating  a l l  (u’,  v’)  pa i rs.  

i )  Report the  l argest CIE  1 976  UCS chromatici ty d i fference  to  no  smal ler uncertain ty than  

±0, 001 .  

Table  2  – Example  of C IE  1 976  UCS chromatici ty non-un iformity 

Mea-
suring  
point  x

i
 y

i
 u ′

i
 v′

i
 

∆u’v’ 

P
0
 P

1
 P

2
 P

3
 P

4
 P

5
 P

6
 P

7
 P

8
 

P
0
 0 , 31 1   0 , 325   0 , 1 98   0 , 466   0 , 000           

P
1
 0 , 330   0 , 320   0 , 21 4   0 , 466   0 , 01 6   0 , 000          

P
2
 0 , 307   0 , 323   0 , 1 96   0 , 464   0 , 003   0 , 01 8   0 , 000         

P
3
 0 , 309   0 , 328   0 , 1 96   0 , 467   0 , 002   0 , 01 8   0 , 003   0 , 000        

P
4
 0 , 31 0   0 , 326   0 , 1 97   0 , 466   0 , 001   0 , 01 7   0 , 002   0 , 001   0 , 000       

P
5
 0 , 303   0 , 31 9   0 , 1 95   0 , 461   0 , 006   0,020   0, 003   0 , 006   0 , 005   0 , 000      

P
6
 0 , 31 1   0 , 324   0 , 1 99   0 , 465   0 , 001   0 , 01 5   0 , 003   0 , 004   0 , 002   0 , 006   0 , 000     

P
7
 0 , 31 5   0 , 320   0 , 203   0 , 464   0 , 005   0 , 01 1   0 , 007   0 , 008   0 , 006   0 , 009   0 , 004   0 , 000    

P
8
 0 , 31 4   0 , 327   0 , 1 99   0 , 467   0 , 001   0 , 01 5   0 , 004   0 , 003   0 , 002   0 , 007   0 , 002   0 , 005   0 , 000   

Max ∆u ′v′  =  0 , 020  
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6.4 Peak white  fi eld  correlated  colour temperature  

6.4. 1  General  

The purpose  of th is  method  i s  to  measure  the  d isp lay peak wh i te  corre lated  colour 
temperature  under dark room  cond i tions.  For reflecti ve  d isp lays,  th is  method  on l y appl ies  to  
d isp lays  that have  an  i n tegrated  l i ghti ng  un i t  ( I LU )  and  i t  i s  set  to  i ts  maximum  l i ght  level .   

6.4.2  Measuring  equ ipment 

The apparatus  shal l  be  as  fo l l ows:  

– a  colorimeter or spectrorad iometer;   

– a  d ri ving  power source;  

– d ri vi ng  s i gnal  equ ipment.   

The  d isplay shal l  be  mounted  and  a l i gned  accord ing  to  the  gu idance provided  in  4 . 1 .  

6.4.3  Measuring  method  

The measuring  method  shal l  be  as  fol l ows:  

a)  Mount the  d isp lay i n  i ts  fl at or curved  state  i n  a  fixture  accord ing  to  the  gu idance provided  
i n  4 . 1 .  

b)  P lace  the  LMD at  the  recommended  d istance  from  the  d isplay and  a l ign  the  optical  axis  to  
be  normal  to  the  cen tre  of the  d isplay acti ve  area  (pos i tion  P0) .  

c)  Set the  d isplay to  a  4  %  area  wh i te  window (see  F igu re  1 0)  at  the  h ighest l um inance l evel .  
Al low the  d isp lay to  stabi l i ze.  

d )  Measure  the  peak wh i te  CIE  1 931  chromatici ty coord inates  (x
W
,  y

W
)  at pos i ti on  P0 .  

e)  Measure  the  CCT d i rectly wi th  the  LMD.  I f the  measurement instrument does  not provide  
the  CCT d i rectl y,  the  CCT can  be  approximated  by McCamy’s  formu la:   

 551 768613601437 23
CCT +++= nnnT  (8)  

where   

 ( ) ( )ww 1 858,0/3320,0 yxn −−=  (9)  

The  CCT is  general l y on ly val i d  for wh i te  colours,  not i nd ividual  primaries.  

f)  Report  the  CCT,  the  d isp lay settings,  and  the  measurement con figuration .  

6.5  Viewing  d i rection  dependence  

6.5. 1  General  

The purpose  of th is  method  i s  to  measure  the  photometric and  colorimetric properties  of the  
d isplay over a  range  of viewing  d i rections  under dark room  cond i tions.  For reflecti ve  d isplays,  
th is  method  on l y appl i es  to  d isplays  that have  an  i n tegrated  l i gh ting  un i t ( I LU)  and  i t  i s  set  to  
i ts  maximum  l i ght  l evel .   

6.5.2  Measuring  equ ipment 

The apparatus  shal l  be  as  fo l l ows:   

–  a  co lorimeter or spectrorad iometer;   

– a  d ri ving  power source;   

– d ri vi ng  s ignal  equ ipment;   
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– a  means  to  p i vot a  fl at or curved  d isplay abou t the  surface  of the  image p lane  at the  cen tre  
of the  measurement area  (see  F igure  3);   

–  an  LMD mounted  on  a  gon iometer that can  p ivot abou t the  same measurement poin t.   

The  d isp lay shal l  be  mounted  and  a l i gned  accord ing  to  the  gu idance provided  in  4 . 1 . 3.  

6.5.3  Measuring  method  

The measuring  method  shal l  be  as  fo l l ows:  

1 )  Mount the  d isplay i n  i ts  fl at or curved  state  i n  a  fixture  accord ing  to  the  gu idance provided  
i n  4 . 1 .  The  cyl i ndrical  axi s  of the  d isplay shou ld  be  paral le l  to  the  vertical  axis.  

2)  P lace  the  LMD at the  recommended  d istance  from  the  d isplay and  a l i gn  the  optical  axis  to  
be  normal  to  the  cen tre  of the  d isplay acti ve  area  (pos i tion  P0) .  

3)  Set  the  d isp lay to  a  fu l l  screen  at the  des ired  colour Q  at  the  h i ghest l um inance l evel .  A 
fu l l  wh i te  screen  is  general l y used .  Add i tional  colour may a lso  be  measured .  Al l ow the  
d isplay to  stabi l i ze.  

4)  Measure  the  chromatici ty and  l um inance LQ,0°  of the  d isplay at normal  i ncidence.  
Calcu late  the  CIE  tris timu lus  values  XQ ,  YQ ,  and  ZQ  for the  desi red  colour Q:  

 
Q

QQ
Q

y

Lx
X =  (1 0)  

 QQ LY =  (1 1 )  

 
Q

QQQ
Q

)-1(

y

Lyx
Z

−
=  (1 2)  

5)  Wh i le  main tain ing  the  d istance  between  the  detector and  the  d isplay,  p i vot the  d isplay,  or 
the  detector,  about the  d isplay surface  i n  the  horizon tal  p lane  to  the  next viewing  
d i rection .  I t  i s  recommended  that viewing  d i rection  measurements  be  taken  at the  

fol l owing  viewing  d i rections:  θd  =  75°  to  – 75°  in  increments  no  g reater than  1 5° .   

6)  At  each  viewing  pos i tion ,  measure  the  chromatici ty and  l um inance  LQ,θd  of the  d isplay and  

calcu late  the  CIE  tristimu lus  va lues.  

7)  At  each  viewing  d i rection ,  the  CIELAB L*,  a*,  and  b*  for that colour can  be  calcu lated  
us ing  the  fo l lowing  formu lae:  

 
* 1 16 ( / ) 1 6Q,θd Q,θd n,0

f Y YL °= × −   ( 1 3)  

 

* 500 [ ( / ) ( / )]Q,θd Q,θd n,0 Q,θd n,0
a f X X f Y Y° °= × −  (1 4)  

 

* 200 [ ( / ) ( / )]Q,θd Q,θd n,0 Q,θd n,0
b f Y Y f Z Z° °= × −  (1 5)  

wi th  

 







+

>
=

otherwise
1 1 6

1 6
)

6

29
(

3

1

)29/6(

)(
2

33/1

t

tt

tf
 (1 6)  
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where  Xn , 0° ,  Yn , 0° ,  and  Zn , 0°  represent the  tris timu lus  values  of the  d isplay’s  peak wh i te  
poin t  a t normal  i ncidence viewing  d i rection ,  and  XQ,θd ,  YQ,θd ,  and  ZQ,θd  represent the 

colour Q  measured  at  a  viewing  d i rection  θd .  

8)  Report the  l um inance,  chromatici ty coord inates,  and  CIELAB L*a*b*  va lues  for a l l  
measurements  in  the  horizon tal  p l ane.   

6.5.4  Defin i tion  and  evaluation  

The photometric viewing  d i rection  dependence  of the  d isp lay can  be  characterized  for a  wh i te  
screen  (or any colour Q)  by a  viewing  d i rection  ratio  that quanti fies  the  change i n  the  

l um inance LW,θd  at  ang le  θd  re lati ve  to  the  value  at normal  i ncidence  LW,0° :  

 
W,θd

W,θd

W,0

L
VDR

L °

=  (1 7)  

or by the  con trast ratio  (wh i te-to-black l um inance  values)  as  a  function  of viewing  d i rection :  

 
W,θd

W,θd

K,θd

L
VDCR

L
=  (1 8)  

 

Figure  1 2  – Example  of contrast  ratio  dependence on  viewing  d i rection  

An  example  p lot of the  d isplay contrast rati o  dependence on  the  viewing  d i rection  i s  g iven  in  

F igure  1 2 .  A s im i lar plot can  be  made  for the  l i gh tness  d i fference ∆L* relati ve  to  the  value  at  
normal  i ncidence.  

The  change of colour wi th  viewing  d i rection  θd  can  be  characterized  as  a  colour sh i ft,  hue  

ang le,  or chroma.  Any colorimetric changes  wi th  the  viewing  d i rection  can  be  summarized  by 

the  colour d i fference  Δu ’v’ in  the  CI E  1 976  UCS colour space  or ∆E*ab  i n  the  CIELAB  colour 
space.  I n  th is  anal ys is ,  the  CIELAB values  at each  viewing  d i rection  (L*Q , θd ,  a*Q , θd ,  and  
b*Q , θd )  are  used  to  ca lcu late  the  CIELAB  colour d i fference re lati ve  to  the  normal  i ncidence  

values:   

1 0  20  30  40  50  60  –1 0  

Viewing  d i recti on  (° )  

V
D
C
R
 

IEC  

0  

1 0  000  

21 0  000  

41 0  000  

61 0  000  

81 0  000  

1  01 0  000  

1  21 0  000  

70  80  88  –20  –30  –40  –50  –60  –70  –80  –88  
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 ( ) ( ) ( )2Q,0θdQ,
2

Q,0θdQ,
2

Q,0θdQ,ab ******* °°° −+−+−= bbaaLLE∆  (1 9)  

I t  may a lso  be  desi rable  to  d istingu ish  between  the  components  of colour d i fference  ∆E*ab  i n  
terms  of correlates  of chroma or hue.  Th is  can  be  ach ieved  by us ing  the  CIE  1 976  chroma C*  
and  CI E  1 976  hue  ang le  h ,  and  expressing  the  colour d i fferences  in  terms  of CIE  1 976  

chroma d i fference ∆C*,  and  CIE  1 976  hue  d i fference ∆H*:  

 ( )°−=∆ Q,0θdQ, *L*L*L  (20)  

 ( ) ( ) ( ) ( )2θdQ,
2

θdQ,
2

Q,0
2

Q,0ab ***** babaC +−+= °°∆

 

(21 )  

 
2

ab
22

ab **** CLEabH ∆∆∆∆ −−=  (22)  

The  viewing  d i rection  dependence shal l  be  summarized  (over at l east  the  θd  =  0°  to  75°  
range)  for the  desi red  performance  characteristics  i n  the  format recommended  i n  Table  3.  

Table  3  – Example  format used  for reporting  viewing  d i rection  performance  

Parameter 
Viewing  d i rection  

0º  1 5º  30º  45º  60º  75º  

L
Q, θd        

VDCR       

∆E*
ab
       

 

6.6  Cross-talk wi th  d isplay in  bent  state  

6.6. 1  General  

The purpose  of th is  method  is  to  determ ine  the  photometric cross-ta lk  of a  curved  d isplay i n  a  
dark room.  The  cross-ta lk  may be  caused  by undes ired  capaci tive,  i nductive,  or conductive  
coupl ing  from  one  ci rcu i t,  part of a  ci rcu i t,  or channel ,  to  another when  the  d isp lay i s  in  a  bent 
or curved  s tate.  For reflecti ve  d isplays,  th is  method  on l y appl i es  to  d isp lays  that have  an  
i n tegrated  l i gh ti ng  un i t  ( I LU)  and  i t  i s  set to  i ts  maximum  l i ght  l evel .  

6.6.2  Measuring  equ ipment  

The apparatus  shal l  be  as  fol l ows:  

– a  l um inance  meter,  co lorimeter or spectrorad iometer;   

– a  d ri ving  power source;  and  

– d ri vi ng  s ignal  equ ipment.   

The  d isplay shal l  be  mounted  and  a l i gned  accord ing  to  the  gu idance provided  in  4 . 1 .  
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6.6.3  Measuring  method  

The measuring  method  shal l  be  as  fo l l ows:  

1 )  Mount the  d isplay i n  i ts  fl at or curved  state  i n  a  fixture  accord ing  to  the  gu idance provided  
i n  4 . 1 .  

2)  P lace  the  LMD at the  recommended  d istance  from  the  d isp lay and  a l i gn  the  optical  axis  to  
be  normal  to  the  cen tre  of the  d isplay acti ve  area  (pos i tion  P0  i n  F i gure  1 3) .  

3)  Establ ish  the  test pattern  i nd icated  on  the  d isp lay screen .  The background  is  at  1 8  %  grey 
l evel .  Each  of the  4  %  wh i te  window boxes  Awi  ( i =  1  to  4)  i s  set  a t  1 00  %  grey,  and  turned  
on  one  at a  t ime.  On l y one  4%  wh i te  window is  present at any time.   

4)  Measure  the  d isplay l um inance LWi  (i  = 1  to  4)  at pos i ti on  P0  as  each  4  %  wh i te  window 
AWi  (i = 1  to  4)  i s  presented  one  at a  time.   

5)  Calcu late  the  average  l um inance  as  fol lows:  

 

4

w4w3w2w1
w_bias

LLLL
L

+++
=  (23)  

6)  Establ ish  the  test pattern  i nd icated  in  F igure  1 4  on  the  d isplay screen .  The  background  is  
at 1 8  %  grey level .  Each  of the  4  %  b lack window boxes  ABi  (i=1  to  4)  are  set at  0  %  g rey 
l evel  and  a  tu rned  on  one  at  a  time.  On l y one  4  %  b lack window is  present  at  any time.  

7)  Measure  the  d isplay l um inance LBi  (i  = 1  to  4)  at pos i ti on  P0  as  each  4  %  black window Abi  
(i = 1  to  4)  i s  presented  one  at  a  t ime.   

8)  Calcu late  the  average  l um inance  as  fo l l ows:  

 

4

B4B3B2B1
B_bias

LLLL
L

+++
=  (24)  

 

NOTE  The  wh i te  boxes  are  d i agonal  to  the  l um inance  measurement posi ti on  at  P0 .  

Figure 1 3  – Cross-talk pattern  wi th  d iagonal  4  %  wh ite  window boxes   
on  grey background  

IEC  

AW1  AW2  

AW3  AW4  

P0  

H/5  H/5  H/5  H/5  

V
/5
 

V
/5
 

V
/5
 

V
/5
 



 – 30  – I EC 6271 5-5-1 : 201 7    I EC 201 7  

 

NOTE  The  b lack boxes  are  d i agonal  to  the  l um inance  measurement posi ti on  at  P
0
.  

Figure 1 4 – Cross-talk pattern  wi th  d iagonal  4  %  black window  
boxes  on  grey background   

9)  Establ ish  the  test pattern  i nd icated  in  F igure  1 5  on  the  d isp lay screen .  The  background  is  
at  1 8  %  grey l evel .  Each  of the  4  %  wh i te  window boxes  AWi  (i =  5  to  8)  i s  set a t 1 00  %  
grey,  and  tu rned  on  one  at  a  t ime.  On l y one  4  %  wh i te  window is  present at  any time.   

1 0)  Measure  the  d isplay l um inance LWi_CT(i  = 5  to  8)  at pos i tion  P0  as  each  4  %  wh i te  window 
AWi  (i = 5  to  8)  i s  presented  one  at a  time.  

1 1 )  Establ ish  the  test pattern  i nd icated  in  F igure  1 6  on  the  d isp lay screen .  The  background  i s  
at  1 8  %  grey l evel .  Each  of the  4  %  b lack window boxes  A  Bi  ( i  =  5  to  8)  are  set at  0  %  
grey l evel  and  a  turned  on  one  at a  t ime.  On l y one  4  %  b lack window is  present at any 
time.   

1 2)  Measure  the  d isplay l um inance LBi_CT(i  = 5 to  8)  at pos i ti on  P0  as  each  4  %  b lack window 
ABi  (i = 5 to  8)  i s  presen ted  one  at a  t ime.  

 

NOTE  Al i gned  i n  the  verti ca l  and  hori zonta l  axi s  from  the  l um inance  measurement  pos i ti on  at  P
0
.  

Figure  1 5  – Cross-talk pattern  wi th  perpendicu lar 4  %  whi te  window boxes   
on  grey background  
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NOTE  Al i gned  i n  the  verti ca l  and  hori zonta l  axi s  from  the  l um inance  measurement  pos i ti on  at  P
0
.  

Figure  1 6  – Cross-talk pattern  wi th  perpendicu lar 4  %  black window boxes  
 on  grey background  

1 3)  The percent wh i te  and  b lack cross-ta lk from  the  d isplay i s  g i ven  by:  
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The  cross-ta lk  values  shal l  be  reported  wi th  a  description  of the  measuring  cond i ti ons.  

7 Optical  measuring  method  under ambient i l lumination  

7. 1  Reflection  measurements  

7. 1 . 1  General  

The purpose  of th is  method  i s  to  measure  the  reflection  properties  of a  flexible  d isplay modu le  
under defined  i l l um ination  cond i ti ons.  The  d isp lay shal l  be  measured  in  i ts  design  or maximum  
ben t state.  I f i t  can  be  demonstrated  that the  reflection  properties  do  not change between  the  
ben t state  and  the  flat state,  then  the  reflection  measurements  can  be  performed  wi th  the  
d isplay i n  i ts  fl at s tate.  

Th is  method  appl ies  to  em issive/transm issive  d isp lays,  as  wel l  as  to  reflective  d isplays.  I f the  
reflecti ve  d isplay i s  to  be  measured  wi th  the  I LU  on ,  then  the  I LU  wi l l  be  set to  i ts  maximum  
l igh t l evel  and  the  d isplay wi l l  be  treated  as  an  em issive  d isplay.  

The  method  speci fi es  how to  measure  the  d isplay spectral  refl ectance  factors  and  the  
l um inous  reflectance  factors .  I t  i s  recommended  that the  spectral  refl ectance  factors  be  
measured .  I f a  l um inance  meter i s  used  to  obtain  the  l um inous  reflectance  factors,  then  the  
measured  l um inous  reflectance  factors  are  on l y val i d  for the  i l l um ination  spectra  used  during  
the  measurement.  These  reflection  factors  shou ld  not be  used  for calcu lati ng  the  reflection  
properties  from  other spectra l  d istributions.  
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7. 1 .2  Measuring  conditions  

7. 1 .2 .1  General  

The  apparatus  shal l  be  as  fol lows:   

– a  d ri ving  power source;   

– d ri vi ng  s ignal  equ ipment;   

– an  i n tegrati ng  sphere,  sampl i ng  sphere,  or hem isphere ;  and  

– a  d i rected  l ight  source.   

For spectral  measurements ,  a  spectrorad iometer that can  measure  l um inance and  spectral  
rad iance  i s  needed ,  as  wel l  as  a  wh i te  d i ffuse  reflectance  standard  wi th  a  known  
hem ispherical  d i ffuse  spectra l  refl ectance  factor and  a  d i rected  spectral  refl ectance  factor 
cal i brated  for the  i n tended  measurement geometry.  For photometric  measurements ,  a  
detector i s  requ i red  that can  measure  l um inance,  and  a  wh i te  d i ffuse  reflectance  standard  i s  
requ i red  wi th  a  known  l um inous  hem ispherica l  d i ffuse  reflectance  factor and  a  l um inous  
d i rected  reflectance  factor cal i brated  for the  in tended  measurement geometry and  source  
spectra.  The  d isp lay shal l  be  mounted  and  al i gned  accord ing  to  the  gu idance  provided  i n  4 . 1 .  

The  i l l um inance cond i tion  shal l  be  as  fo l lows:  

•  The  standard  d i rected ,  ri ng  l i gh t,  or hem ispherical  i l l um ination  cond i tions  shal l  be  used  
(see  5. 2 . 3).  The  i l l um ination  spectra  shou ld  approximate  CIE  I l l um inan t D50  or D65.  
Otherwise,  a  s table  and  spectral l y smooth  broadband  vis ib le  l i gh t  source  (e. g .  
i ncandescent l amp)  shal l  be  used .  The  i l l um ination/detection  geometry used  and  the  l i gh t  
source  CCT shal l  be  reported .  

•  Except for the  standard  ambien t i l l um ination  cond i ti ons,  a l l  other cond i tions  are  the  
standard  cond i tions.  

7. 1 .2 .2  Measuring  the  hemispherical  d i ffuse reflectance  

The measurement shal l  proceed  as  fol l ows:  

a)  P lace  the  d isp lay in  an  i n tegrati ng  sphere  or against the  sample  port of a  sampl ing  sphere  
(see  F igure  6  as  i nd icated  in  4 . 3 . 2 .  The  long  axis  of the  curved  d isplay (y-axis)  sha l l  be  i n  
the  p lane  of i ncidence  of the  LMD.  Turn  ON  the  i n tegrating  sphere  or sampl ing  sphere  
hem ispherical  d i ffuse  i l l um ination  to  the  desi red  CCT.  Al l ow the  l i gh t source  to  stabi l i ze.  

NOTE  1  Any change  i n  sphere  i l l um inance  can  be  mon i tored  by a  photopic detector attached  to  the  sphere.  

b)  Set the  test input s ignal  to  the  d isplay to  generate  a  4  %  window of colour Q  a t  the  h ighest 
l um inance l evel ,  or refl ectance  level  for a  reflecti ve  d isp lay,  wi th  a  b lack background  (see  
F igure  1 0) .   

c)  Al ign  the  LMD through  the  measurement port,  focused  at the  cen tre  of the  d isp lay,  and  at  
an  8°  to  1 0°  ang le  to  the  d isp lay surface  normal .  Turn  room  l i gh ts  OFF.  Measure  the  
spectral  rad iance  LQ,hem i -ON(λ)  or l um inance LQ,hem i -ON  a t  the  cen tre  of the  coloured  
pattern  wi th  the  hem ispherical  surround  ON .  For spectral  measurements,  the  d isplay 
l um inance  LQ,hem i -ON  can  be  calcu lated  us ing  the  fol lowing  re lation :   

 ∫=
λ

λλλ dVLL )()(683  (27)  

where  V(λ)  i s  the  photopic l um inous  efficiency function  as  defined  i n  CIE  1 5: 2004.   

NOTE  2  I n  th i s  d ocument,  spectral  measurements  l i ke  spectral  rad i ance  wi l l  be  speci fi cal l y i d en ti fi ed  by the  
spectral  rad iance's  wavel ength  dependence  (e. g .  L

Q, hemi -ON
(λ ) ) ,  whereas  i ts  photometri c  equ ivalent  l um inance  

wi l l  h ave  no  expl i ci t  wavelength  dependence  (e. g .  L
Q, hemi -ON

) .   

d)  Al ign  the  LMD to  the  cen tre  of the  cal i brated  wh i te  d i ffuse  reflectance  standard  and  
measure  i ts  spectral  rad iance  SQ, hem i -ON(λ)  or l um inance SQ,hem i -ON  wi th  the  hem ispherica l  
surround  ON  and  the  d isp lay i n  i ts  co lou r state  Q.  For the  sampl ing  sphere  case,   SQ,hem i -
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ON(λ)  or SQ,hem i -ON  i s  the  spectra l  rad iance  and  l um inance,  respective l y,  measured  from  
the  sphere  wal l  ad j acent to  the  sample  port.  

e)  Turn  OFF  the  i n tegrating  sphere  or sampl i ng  sphere  hem ispherical  d i ffuse  i l l um ination .  
Th is  may be  accompl ished  by turn ing  off the  l igh t source.  I f the  sphere  l i gh t i s  i npu t by a  
portable  source  ( l ike  an  optical  fibre  bund le),  then  the  l igh t can  be  tu rned  OFF  by 
d isconnecting  at the  l i ght  source  end  so  that the  i n terior cond i tions  and  performance of the  
sphere  are  not changed .  Skip  th is  s tep  for reflective  d isplays  wi th  no  I LU  or I LU  off.  

f)  Measure  the  spectra l  rad iance  SQ,hem i -OFF(λ)  or l um inance SQ,hem i -OFF  of the  reflectance  
standard ,  or sampl ing  sphere  wal l ,  wi th  the  surround  OFF  and  the  d isplay i n  i ts  colour 
state  Q.  Skip  th is  step  for reflecti ve  d isp lays  wi th  no  I LU  or I LU  off.  

g )  Al ign  the  LMD to  the  cen tre  of the  d isplay.  Measure  the  screen  spectral  rad iance  LQ, hem i -

OFF(λ)  or l um inance LQ, hem i -OFF  i n  the  centre  of the  d isplay wi th  the  d i ffuse  surround  OFF.  
Skip  th is  s tep  for reflective  d isplays  wi th  no  I LU  or I LU  off.  

h )  Calcu late  the  hem ispherica l  d i ffuse  spectral  reflectance  ρQ(λ) ,  or l um inous  hem ispherical  

d i ffuse  reflectance  ρQ ,  of the  colour Q  d i splay pattern  for the  measured  

i l l um ination/detection  geometry.  

For spectral  measurements ,  the  fol l owing  re lation  i s  used :  

 ( ) ( )
( ) ( )[ ]
( ) ( )[ ]λλ

λλ
λρλρ

OFF-hemi Q,ON-hemi Q,

OFF-hemi Q,ON-hemi Q,
stdQ

-

-
 

SS

LL
=  (28)  

where  ρstd(λ)  i s  the  known  hem ispherical  spectral  reflectance  for the  wh i te  d i ffuse  

reflectance  standard ,  or sampl i ng  sphere  wal l ,  i n  the  same geometry.  For reflecti ve  
d isplays  wi th  no  I LU  or I LU  off,  the  terms  LQ,hem i -OFF(λ)  and  SQ,hem i -OFF(λ)  wi l l  be  zero.  

The  l um inous  hem ispherical  d i ffuse  reflectance  ρQ  of a  d isplay rendering  colour Q  u nder 
the  des i red  hem ispherical  d i ffuse  i l l um ination  spectra  is  determ ined  us ing  the  spectral  

refl ectance  factor ρQ(λ)  i n  the  fol lowing  formu la:  
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where  ECIE(λ)  i s  the  re lative  spectral  d istribution  of the  des ired  i l l um ination .  The  spectral  

d istribu tions  of CI E  I l l um inants  A,  D65,  D50  and  D75 tabu lated  i n  CIE  1 5: 2004  shal l  be  
used .  I f add i tional  dayl i gh t i l l um inants  are  des ired ,  the  fol l owing  re lation  from  CIE  1 5: 2004  
shal l  be  used :  

 ( ) ( ) ( ) ( )λλλλ 2211 EMVEMEE ++= 0CIE  (30)  

where  the  E0 ,  E1 ,  and  E2  e i genfunctions  are  tabu lated  in  CI E  1 5: 2004,  and  M1  and  M2  are  
e igenvalues  defined  i n  the  same document.  For example,  M1  and  M2  are  g i ven  in  Table  4  
for the  cases  of D50  and  D75.  

Table  4 – E igenvalues  M1  and  M2  for C IE  dayl ight I l luminants  D50  and  D75  

Eigenvalues  

Correlated  colour temperature  

5  000  K 7  500  K 

M
1
 -1 , 040  1  0 , 1 435  8  

M
2
 0 , 366  66  -0 , 759  93  

 

For l um inance  measurements,  the  photometric  equ ivalen t of Formu la  (31 )  i s  used :  
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For reflecti ve  d isplays  wi th  no  I LU  or I LU  off,  the  terms  LQ,hem i -OFF  and  SQ, hem i -OFF  wi l l  be  

zero.  However,  the  hem ispherica l  d i ffuse  reflectance  ρQ  of the  d isp lay wi th  a  screen  

colour Q,  and  the  wh i te  d i ffuse  reflectance  s tandard  ρstd ,  shal l  on ly be  used  for 
hem ispherical  d i ffuse  l i ght  sources  wi th  the  same geometry and  spectral  d istribution  as  
that  used  in  th is  measurement.  Therefore,  any ambient contrast ratio  or colour ca lcu lation  

us ing  the  hem ispherica l  d i ffuse  reflectance  ρQ  that was  determ ined  by the  photometric 
method  i n  Formu la  (30)  i s  on l y va l id  for l i ght  sources  wi th  s im i lar spectra  and  geometry.   

To  ensure  measurement i n tegri ty,  the  reflected  component of the  sphere  i l l um ination  shal l  

be  much  greater than  the  d isplay em iss ion  ( i . e.  LQ,hem i -ON(λ)>>LQ, hem i -OFF(λ) ) .  The  same 
appl ies  for the  photometric equ iva len ts  i n  Formu la  (31 ) .  

i )  Report  the  CCT of the  d isp lay test i l l um ination ,  ρQ ,  the  detector parameters  ( i ncident 
ang le,  measurement fie l d  ang le,  and  d istance  to  sample)  and  i l l um ination  source  geometry 
used  i n  the  measurements  i n  the  test report.  

7. 1 .2 .3  Measuring  the  reflectance  factor for a  d i rected  l igh t source  

The  measuring  method  shal l  be  as  fol lows:  

a)  Mount the  d isplay i n  i ts  fl at or curved  state  i n  a  fixture  accord ing  to  the  gu idance provided  
i n  4 . 1 .  

b)  Set the  test i npu t s i gnal  to  the  d isp lay to  generate  a  4  %  window of colour Q  a t  the  h i ghest 
l um inance  l evel ,  or refl ectance  level  for a  reflective  d isp lay,  wi th  a  b lack background  (see  
F igure  1 0) .  

c)  Measure  the  spectral  rad iance  LQ(λ) ,  or l um inance LQ ,  a t  the  cen tre  of the  colour pattern  
under dark room  cond i ti ons.  For spectral  measurements,  the  d isplay lum inance LQ  can  be  
ca lcu lated  us ing  Formu la  (26) .  Skip  th is  s tep  for reflecti ve  d isplays  wi th  no  I LU  or I LU  off.  

d )  Posi tion  the  d i rected  l i ght source  as  speci fi ed  i n  4 . 3. 3.  I n  general ,  the  d i screte  d i rected  
source  geometry shal l  be  used .  I f the  d isp lay exh ib i ts  strong  matrix (asymmetric)  scatter,  
then  a  ri ng  l igh t i s  recommended . [9]  I f i t  can  been  demonstrated  that  the  reflection  
properties  of the  curved  d isplay under d i rected  i l l um ination  are  the  same for the  d isp lay i n  
i ts  fl at  state,  then  the  ri ng  l i gh t configuration  may a lso  be  used .   Turn  ON  the  l i gh t source  
at the  des ired  CCT,  and  wai t  for the  l i ght source  to  stabi l i ze.  Ad j ust the  source  in tens i ty so  
that  the  l i gh t reflected  off the  d isplay produces  a  s trong  s i gnal  at the  LMD.  

e)  Measure  the  spectral  rad iance  LQ, d i r(λ)  or the  l um inance LQ, d i r  from  the  centre  of the  
d isp lay wi th  the  d i rected  source  i l l um ination  ON .  For spectra l  measurements,  the  
l um inance  LQ,d i r  from  the  d isp lay wi th  d i rected  i l l um ination  can  be  calcu lated  using  
Formu la  (26).   

To  ensure  measurement in tegri ty,  the  d isplay ambient spectral  rad iance  wi th  d i rected  
source  ON  shal l  be  much  greater than  the  d isplay spectral  rad iance  in  a  dark room  ( i . e.  

LQ, d i r(λ)  >>  LQ  (λ) ) .  The  same appl ies  for the  photometric equ ivalents .   

f)  Remove  the  d isplay and  place  the  wh i te  d i ffuse  reflectance  standard  i n  the  same 
measurement p lane  as  the  LMD.  

g )  Measure  the  spectral  rad iance  Sd i r(λ)  or l um inance Sd i r  from  the  cal ibrated  wh i te  d i ffuse  
reflectance  standard .  For spectral  measurements,  the  spectral  i rrad iance  Ed i r(λ)  on  the  
wh i te  d i ffuse  reflectance  standard  (and  consequen tl y the  d isplay)  can  be  determ ined  by 

us ing  the  fol lowing  formu la,  wi th  E(λ)=Ed i r(λ) ,  L(λ)=Sd i r(λ) ,  and  where  R(λ)=Rstd  (λ)  i s  the  

known  spectral  refl ectance  factor for the  wh i te  d i ffuse  reflectance  standard  in  the  same 
geometry:   

 ( ) ( )
( )λ
λπ

λ
R

L
E =  (32)  
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The  i l l um inance  EV  can  be  obtained  from  the  spectra l  i rrad iance  E(λ)  by:  

 ∫=
λ

λλλ d)(V)(EE 683V  (33)  

where  for the  d i rected  source  case,  the  d isplay i l l um inance EV =  Ed i r  i s  obtained  from  
E(λ)  =  Ed i r(λ) .  For photometric measurements ,  an  analogous  re lation  to  Formu la  (32)  i s  
used  to  calcu late  the  i l l um inance  Ed i r.  

h )  Calcu late  the  spectral  reflectance  factor RQ(λ) ,  or l um inous  reflectance  factor RQ ,  of the  

colour d isp lay pattern  wi th  d i rected  i l l um ination  for the  measured  i l l um ination /detection  
geometry.   

For spectral  measurements ,  the  spectral  reflectance  factor RQ(λ)  i s  determ ined  us ing  the  

fol lowing  formu la:  
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For reflective  d isplays  wi th  no  I LU  or I LU  off,  LQ(λ)  wi l l  be  zero.  The  fo l lowing  formu la  shal l  
be  used  to  ca lcu late  the  l um inous  reflectance  factor RQ  for a  colour Q  d isplay pattern  

under d i rected  i l l um ination  having  the  des ired  spectral  d is tribution :  
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where  ECIE(λ)  i s  the  re lati ve  spectral  d is tribu tion  for the  desi red  CIE  i l l um ination  spectra.   

For i ndoor con trast ratio  measurements,  the  same source  spectra  shal l  be  used  in  th is  
calcu lation  as  for the  hem ispherica l  d i ffuse  reflectance  of Formu la  (29) .  When  calcu lating  
the  outdoor ambien t contrast ratio,  CIE  I l l um inant D50  shal l  be  used  for ECIE(λ)  fol l owing  
the  CIE  1 5: 2004  tabu lated  data.    

For photometric measurements,  an  analogous  re lation  to  Formu la  (36)  i s  used :  
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For reflective  d isplays  wi th  no  I LU  or I LU  off,  LQ  wi l l  be  zero.  

The  l um inous  reflectance  factor i n  formu la  (36)  shal l  on l y be  used  to  ca lcu late  the  ambient  
con trast of the  same source  spectra  and  geometry as  that used  i n  the  measurement.  

i )  Report  the  CCT of the  test i l l um ination ,  the  detector parameters  ( i nciden t ang le,  
measurement fie ld  ang le ,  d is tance  to  sample) ,  i l l um ination  source  parameters  ( i ncident 
ang le,  angu lar subtense,  d istance  to  sample,  beam  d ivergence)  used  i n  the  
measurements,  and  RQ  i n  the  test  report.  

7.2  Ambient contrast ratio  

7. 2. 1  General  

The purpose  of th is  method  is  to  determ ine  the  ambien t con trast ratio  of a  fl exib le  d isplay 
modu le  under defined  indoor or dayl i gh t i l l um ination  cond i ti ons.  The  method  uses  the  bas ic 
characteristics  of the  d isplay measured  by the  methods  in  other clauses/subclauses  to  
estimate  the  performance  under typica l  i ndoor or  ou tdoor l i ghting  environments.  

NOTE  I f a  d i splay exh ib i ts  s i gn i fi cant  photolum inescence,  then  the  ambien t con trast  rati o  calcu lation  i s  on l y val i d  
for the  same i l l um inati on  spectra  and  geometry used  to  measure  the  refl ection  coeffi cien ts .  
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7.2.2  Measuring  conditions  

The i l l um inance cond i ti ons  shal l  be  as  fol lows:  

– The  standard  ambient i l l um ination  cond i tions  for an  i ndoor room  and  clear sky dayl i ght  
shal l  be  used .  Add i ti onal  i l l um ination  cond i tions  may a lso  be  used ,  depend ing  on  the  
appl ication .  

– Except for the  standard  ambien t i l l um ination  cond i ti ons,  a l l  other cond i ti ons  are  the  
standard  cond i tions.  

7.2.3  Measuring  method  

The ambien t con trast ratio  i s  determ ined  from  dark  room  measurements  and  reflection  
measurements  of the  d isplay under hem ispherical  d i ffuse  and  d i rected  source  i l l um ination  
cond i ti ons.  The  measuring  method  for hem ispherical  d i ffuse  reflectance  and  d i rected  
reflectance  factor of the  d isplay for the  requ i red  i l l um ination  spectra  is  defined  in  7 . 1 .  These  
reflection  parameters  are  used  to  calcu late  the  combined  (em i tted  and  reflected)  l um inance  of 
a  d isp lay wi th  a  4  %  b lack and  wh i te  window pattern  at  the  requ i red  i l l um inance levels.  The  
ambien t con trast ratio  i s  the  ratio  of the  combined  wh i te  l um inance to  the  combined  b lack 
screen  l um inance.  

The  b lack l um inance  LK  i s  measured  at the  cen tre  and  perpend icu lar to  the  d isplay at a  0  %  

grey l evel  for a  fu l l  b l ack screen  under dark room  cond i ti ons  (fol l owing  6 . 1 ) .  Set the  d isplay to  
a  4  %  area  wh i te  window (see  F igure  1 4)  at  the  h ighest l um inance l evel  i n  the  cen tre  of the  
acti ve  area,  and  the  remain ing  background  i s  b l ack at the  l owest l um inance l evel .  Measure  
the  wh i te  l um inance LW  at  the  centre  and  perpend icu lar to  the  d isp lay under dark room  
cond i tions.  For reflective  d isplays  wi th  no  I LU  or I LU  off,  LK  and  LW  wi l l  be  zero.  Calcu late  the  

i ndoor room  or dayl igh t  con trast ratio  of a  4  %  window,  using  the  fol lowing  formu la:  
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where  the  reference parameters  are  ECIE, hem i  =  60  lx,  θs  =  45° ,  and  ECIE, d i rcos(θs )  =  40  lx  for 
a  TV viewing  room ;  ECIE, hem i  =  300  lx,  θs  =  45° ,  and  ECIE, d i rcosθs  =  200  l x  for an  office;  and   

ECIE, hem i  =  1 5  000  l x,  θs  =  45°,  and  ECIE, d i rcosθs  =  65  000  lx  for the  ou tdoor dayl igh t contrast 
ratio.   

The  hem ispherical  d i ffuse  reflectance  coefficien ts  ρW  and  ρK  for the  d isplay wi th  a  wh i te  or 

b lack 4  %  window pattern ,  respectivel y,  are  calcu lated  from  Formu la  (29)  us ing  CIE  Standard  
I l l um inant A,  CI E  Standard  I l l um inan t D65,  or CI E  I l l um inan t D50  spectrum  for i ndoor 
i l l um ination ,  or the  CI E  I l l um inan t D75  spectrum  for dayl ight i l l um ination .  The  d i rected  source  
reflectance  factor coefficien ts  RW  and  RK  for the  d isplay wi th  a  fu l l  wh i te  or b l ack  screen ,  
respectivel y,  are  calcu lated  from  Formu la  (35)  us ing  the  same CIE  Standard  I l l um inan t A,  CI E  
Standard  I l l um inant D65,  or CI E  I l l um inant D50  spectrum  for i ndoor i l l um ination ,  and  the  CIE  
I l l um inant D50  spectrum  for dayl i ght i l l um ination .  I f add i tional  geometries  or i l l um inance  levels  
are  used ,  they shal l  be  noted  i n  the  test report.  Al l  val ues  used  to  calcu late  the  ambient  
con trast ratio  shal l  be  recorded  i n  the  test  report.  

7.3  Ambient d isplay colour 

7.3. 1  General  

The purpose  of th is  method  is  to  measure  the  ambient colour of a  fl exib le  d isp lay modu le  
under defined  i ndoor or ou tdoor dayl i gh t i l l um ination  cond i tions .  The  method  uses  the  bas ic  
characteristics  of the  d isp lay measured  by the  methods  i n  other cl ause/subclauses  to  estimate  
the  performance under typ ical  i ndoor or ou tdoor l i gh ting  environments.  
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NOTE  I f a  d i splay exh ib i ts  s i gn i fi cant  photolum inescence,  then  the  ambient  d i splay col ou r calcu lation  i s  on l y val i d  
for the  same i l l um inati on  spectra  and  geometry used  to  measure  the  refl ection  coeffi cien ts .  

7.3.2  Measuring  conditions  

The i l l um inance cond i ti ons  shal l  be  as  fol lows:  

– The  standard  ambient i l l um ination  cond i tions  for an  i ndoor room  and  clear sky dayl i ght  
shal l  be  used .  Add i ti onal  i l l um ination  cond i ti ons  may a lso  be  used ,  depend ing  on  the  
appl ication .  

– Except for the  standard  ambien t i l l um ination  cond i ti ons,  a l l  other cond i ti ons  are  the  
standard  cond i tions.  

7.3.3  Measuring  method  

The chromatici ty of a  d i sp lay under hem ispherical  d i ffuse  and  d i rected  ( i nclud ing  the  ri ng  
type)  i l l um ination  cond i ti ons  is  a  combination  of the  d isp lay’s  i n tri ns ic l i gh t em iss ion  and  
reflected  ambien t l i gh t.  The  ambien t chromatici ty of a  d isplay at a  g i ven  colour s tate  (e. g .  
wh i te,  b lack,  red ,  g reen ,  or b l ue  screen)  under i l l um ination  cond i tions  is  determ ined  by i ts  
equ ivalent d isp lay ambient tristimu lus  values.  These  va lues  can  be  ca lcu lated  from  dark room  
measurements  at the  desi red  colour state,  and  reflection  measurements  of the  d isplay under 
hem ispherical  d i ffuse  and  d i rected  source  i l l um ination  cond i ti ons  at  that colour.  The  
measuring  methods  for the  hem ispherical  d i ffuse  spectra l  reflectance  and  d i rected  spectral  
reflectance  factor of the  d isp lay are  described  i n  7. 1 .  

Measure  the  spectra l  rad iance  LQ(λ)  at  the  cen tre  and  perpend icu lar to  the  d isplay for the  
desi red  colour state  Q  ( fo l l owing  6. 3. 3)  under dark room  cond i ti ons.  For reflective  d isp lays  
wi th  no  I LU  or I LU  off,  LQ(λ)  wi l l  be  zero.  The  total  ambien t spectra l  rad iance  LQ, amb(λ)  
measured  by a  detector perpend icu lar to  the  d isplay,  wi th  reflections  from  the  hem ispherical  
d i ffuse  and  d i rected  sources  i ncluded ,  wi l l  be:  
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where  ECIE, hem i(λ)  and  ECIE, d i r(λ)  are  the  i rrad iance  spectra  for the  standard  hem ispherical  

d i ffuse  and  d i rected  sources,  respectivel y.   

The  re lative  i rrad iance  spectra  of I l l um inan t A,  CI E  Standard  I l l um inan t D65,  or CI E  I l l um inant  
D50  for i ndoor i l l um ination  are  tabu lated  i n  CI E  1 5: 2004.  The  re lati ve  i rrad iance  spectra  of 
CIE  I l l um inants  D75 and  D50  are  used  for dayl ight i l l um ination ,  where  CIE  I l l um inan t D75 and  
D50  can  be  determ ined  by Formu la  (29)  and  Table  4.  ECIE, hem i(λ)  and  ECIE, d i r(λ)  are  obtained  
by mu l ti p l ying  the  re lati ve  spectra  by an  appropriate  constan t that wou ld  produce the  
reference i l l um ination  l evels  when  in tegrated  us ing  Formu la  (35) .  The  reference l evels  are  

ECIE, hem i  =  60  lx,  θs  =  45° ,  and  ECIE, d i rcosθs  =  40  lx  for a  TV viewing  room ;  ECIE, hem i  =  300  l x,  

θs  =  45° ,  and  ECIE, d i rcosθs  =  200  lx  for an  office;  and   ECIE, hem i  =  1 5  000  lx,  θs  =  45°,  and  
ECIE, d i rcosθs  =  65  000  lx  for ou tdoor dayl igh t.  I f add i tional  geometries,  spectra,  or i l l um inance  
l evels  are  used ,  they shal l  be  noted  in  the  test report.  The  effective  ambien t tristimu lus  values  
for the  d isplay under these  i l l um ination  cond i tions  are:  

 ∫=
λ

λλλ d)(x)(LX ambQ,ambQ, 683  (39)  

 ∫=
λ

λλλ d)(y)(LY ambQ,ambQ, 683  (40)  
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 ∫=
λ

λλλ d)(z)(LZ ambQ,ambQ, 683  (41 )  

where  x-(λ) ,  Error!  Bookmark not defined. y-(λ) ,  and  z-(λ)  are  the  colour match ing  functions  (see  

CIE  1 5: 2004).   

The  ambien t 1 931  CI E  x  and  y  chromatici ty coord inates  for the  d isplay at  the  des ired  colour 
state  Q  under the  standard  dayl ight i l l um ination  cond i ti ons  are:   
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Report the  effecti ve  tris timu lus  values  and  CIE  1 931  chromatici ty coord inate  for the  rendered  
d isplay colour Q,  the  CIE  i l l um inan ts  and  i l l um inance  values  used  i n  the  calcu l ations,  and  the  

measuring  cond i ti ons.  

7.4  Ambient colour gamut volume  

7.4. 1  General  

The purpose  of th is  method  is  to  measure  the  ambien t colour gamut volume of a  flexible  
d isplay modu le  under defined  ambient  i l l um ination  cond i ti ons.  The  method  uses  the  bas ic 
characteristics  of the  d isplay measured  by the  methods  in  other clauses/subclauses  to  
estimate  the  performance under typ ical  i ndoor or ou tdoor l i gh ting  envi ronments.  The  d isp lay 
chromatici ty coord inates  measured  under dark room  cond i tions  may also  be  used  to  
determ ine  the  dark room  colour gamut volume.  Th is  colour gamut volume  shal l  be  compared  
to  the  I EC sRGB standard  ( I EC 61 966-2-1 )  colour gamut volume wi th  a  D65 wh i te  poin t.  Th is  
method  i s  l im i ted  to  d isplay modu les  wi th  RGB primaries .  

NOTE  I f a  d i splay exh i bi ts  s i gn i fi cant  photo lum inescence,  then  the  ambien t colou r gamut vol ume calcu lation  i s  
on l y val i d  for the  same i l l um ination  spectra  and  geometry used  to  measure  the  refl ecti on  coeffi cien ts .  

7.4.2  Measuring  conditions  

The i l l um inance cond i ti ons  shal l  be  as  fol lows:  

– The  standard  ambient i l l um ination  cond i tions  for an  i ndoor room  and  clear sky dayl ight  
shal l  be  used .  Add i tional  i l l um ination  cond i ti ons  may a lso  be  used ,  depend ing  on  the  
appl ication .  

– Except for the  standard  ambien t i l l um ination  cond i ti ons,  a l l  other cond i ti ons  are  the  
standard  cond i tions.  

7.4.3  Measuring  method  

The ambien t colour gamut volume wi l l  be  calcu lated  from  the  effecti ve  ambien t tristimu lus  
values  determ ined  for each  d isplayed  colou r fol l owing  the  procedures  i n  7. 3.  The  
measurements  and  calcu lations  shal l  be  consistentl y performed  for a  4  %  box window colour 
on  a  0  %  grey l evel  background .  

The  ambien t colour gamut volume wi th  ambien t i l l um ination  wi l l  be  represented  by the  convex 
hu l l  of d isplay colours  measured  wi th in  the  CIELAB colour space for the  defined  i ndoor and  
ou tdoor l igh ting  cond i ti ons.  The  volume of that colour space under standard  ambient d isplay 
i l l um ination  is  determ ined  by the  fol lowing  procedure:   
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a)  Appl y a  4  %  box window pattern ,  for at l east e i gh t defi ned  colours.  The  colours  shal l  
un i form ly sample  the  d i sp lay’s  colour capabi l i ty.  For example,  a  three-primary d isplay 
shal l  be  measured  for at  least red ,  green ,  b l ue,  cyan ,  ye l low,  magenta,  b l ack and  1 00  %  
grey l evel  wh i te  (see  Table  5).  Each  colour (except b lack)  i s  d isp layed  at i ts  maximum  
signal  l evel .   

b)  The  effective  ambient tri stimu lus  va lues  shal l  be  determ ined  fo l lowing  the  procedure  i n  
7. 3.  I f i t  can  be  shown  that the  spectra l  refl ection  coefficients  are  i nvariant to  the  
d isplayed  colour at  maximum  signal  l evel ,  then  a  common  hem ispherical  d i ffuse  spectral  
refl ectance  or d i rected  spectral  refl ectance  factor can  be  used  for a l l  the  colours  at  
maximum  signal  l evel .   

Table  5  – An  example  of min imum  colours  requ ired  for gamut volume   
calcu lation  of a  3-primary 8-bi t  d isplay  

Colour 8-bi t  Dig i tal  s ignal  l evel  

Red  Red  =  255,  Green  =  0 ,  B l ue  =  0  

Green  Red  =  0 ,  Green  =  255,  B l ue  =  0  

B l ue  Red  =  0 ,  Green  =  0 ,  B l ue  =  255  

Yel l ow Red  =  255,  Green  =  255,  B l ue  =  0  

Magenta  Red  =  255,  Green  =  0 ,  B l ue  =  255  

Cyan  Red  =  0 ,  Green  =  255,  B l ue  =  255  

Wh i te  Red  =  255,  Green  =  255,  B l ue  =  255  

B lack Red  =  0 ,  Green  =  0 ,  B l ue  =  0  

 

c)  The  ambien t tristimu lus  values  shal l  be  transformed  i n to  the  three-d imensional  CI ELAB 
colour space  (see  CIE  1 5: 2004).  Add i tional  three-d imensional  un i form  colour spaces  may 
a lso  be  used ,  and  i den ti fi ed  i n  the  test report.  Each  colour poin t can  be  p lotted  on  the  L*,  
a*,  and  b*  axes  of the  CI ELAB colour space by referencing  the  peak wh i te  dayl i gh t 
tristimu lus  va lues  (XW,day,  YW , day  and  ZW ,day)  and  us ing  the  fo l lowing  transformation  
formu lae:  

 161 16 −×= )Y/Y(f*L dayW,dayQ,  (44)  

 [ ])Y/Y(f)X/X(f*a dayW,dayQ,dayW,dayQ, −×= 500  (45)  

 [ ])Z/Z(f)Y/Y(f*b dayW,dayQ,dayW,dayQ, −×= 500  (46)  

where  
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An  example  of the  ambient colour gamut volume i n  the  CI ELAB  un i form  colour space i s  g iven  
i n  F igure  1 7.  
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NOTE  F igu re  1 7  shows  an  example  of the  range  i n  co lou rs  produced  by a  d i splay as  represented  by the  CI ELAB  
colou r space.  

Figure 1 7  – Example  of the  range  in  colours  produced  by a  d isplay 

Calcu late  the  colour gamut volume correspond ing  to  the  poss ib le  range  of ambien t d isplay 
colours  as  represen ted  i n  the  CI ELAB colour space.  See  Annex A for a  deta i led  description  of 
the  anal ysis  recommended  to  calcu late  the  colour gamut volume.  Other gamut calcu lation  
methods  may be  used  i f they yie l d  the  same resu l ts  as  the  reference method  described  in  
Annex A.  

NOTE  Th is  document  evaluates  a  d i spl ay ambien t performance  wi th  the  CIELAB  model .  More  advanced  col ou r 
appearance  models  are  needed  to  evaluate  a  d i splay appearance  when  the  background  i s  considered .  

7.4.4  Reporting  

The CIELAB colour gamut volume shal l  be  reported  i n  the  test report a long  wi th  the  
characteristics  of the  s tandard  ambien t i l l um ination  that  were  used .  I f add i ti onal  colour spaces  
are  used ,  they shal l  be  reported  as  wel l .  Report the  spectral  refl ectance  factors.  The  
measured  ambient tris timu lus  va lues  shal l  a l l  be  reported  as  i l l ustrated  i n  Table  6 .  Table  6  
shal l  i nd icate  the  orig inal  effecti ve  tristimu lus  values,  i . e. ,  the  tris timu lus  va lues  shal l  not be  
normal i zed  to  1 00.  For each  ambient i l l um ination  cond i ti on  a  separate  table  is  requ ired .  The  
CCT and  wh i te  CI E  1 931  chromatici ty coord inates,  in  the  dark room  and  ambient cond i tions,  
sha l l  be  reported  i n  a  form  s im i l ar to  Table  7.  The  percent of colour gamut volume re lati ve  to  
the  I EC sRGB standard  colour space ( I EC  61 966-2-1 )  wi th  a  D65 wh i te  poin t shal l  be  reported  
i n  a  form  described  by Table  8 .  
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Table  6  – Measured  tristimu lus  values  for  
the  min imum  set  of colours   

Colour X
Q,amb

 Y
Q,amb

 Z
Q,amb

 

Red     

Green     

B l ue     

Yel l ow    

Magenta     

Cyan     

Wh i te     

B l ack    

Th i s  i s  requ i red  for the  gamut vol ume  calcu lati on  under the  speci fi ed  ambien t  
i l l um ination  cond i ti on  (see  Tabl e  5) .  

 

Table  7  – Calcu lated  wh ite  point  in  the  dark room  and   
ambient i l lumination  conditions  

Colour Surround  x y CCT 

Whi te  
Dark room     

I ndoor or ou tdoor cond i ti on     

 

Table  8  – Colour gamut volume in  the   
CIELAB  colour space  

Colour Gamut Volume  

Ambient  i l l um ination  
Percent relati ve  to  sRGB  

(8, 21  x1 05)  

Dark room  %  

I ndoor or ou tdoor cond i ti on  %  
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Annex A 
(informative)  

 
Calculation  method  of ambient colour gamut volume 

A.1  Purpose  

The purpose  of th is  method  i s  to  describe  a  procedure  to  ca lcu late  the  colour gamut volume of 
scattered  colour poin ts  i n  the  three-d imensional  CIELAB  colour space.   

A.2  Procedure for calculating  the colour gamut volume 

The procedure  shal l  be  as  fol lows  (see  F igure  A. 1 ) :  

 

Figure  A. 1  – Analysis  flow chart  for calcu lating   
the  colour gamut volume 

1 )  Measure  at l east the  red ,  green ,  b lue,  cyan ,  magenta,  yel low,  b l ack and  wh i te  colours  of 
the  d isp lay under the  standard  i ndoor or ou tdoor i l l um ination  cond i tions  accord ing  to  7. 4.  
Table  A. 1  provides  an  example  us ing  sRGB primaries  under dark room  i l l um ination  
cond i ti ons  and  wi th  the  wh i te  l um inance  (Y)  normal i zed  to  1 00  % :  

Measure the spectral  radiance of colour 

Calculate/measure gradation of colour 

between black and the others 

Convert al l  XYZ to CIELAB 

Define tetrahedrons in  CIELAB hull  

Calculate and sum the volume of 

tetrahedrons 

 

End  

IEC  

Start  
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Table  A. 1  – Tristimu lus  values  of the  sRGB  primary colours  

Colour x
Q
 y

Q
  X

Q,amb
 Y

Q,amb
 Z

Q,amb
 

Red  0 , 640  0 , 330  41 , 239  21 , 264  1 , 933  

Green  0 , 300  0 , 600  35, 758  71 , 51 7  1 1 , 91 9  

B l ue  0 , 1 50  0 , 060  1 8, 048  7 , 21 9  95, 053  

Cyan  0 , 225  0 , 329  53, 806  78, 736  1 06, 973  

Magenta  0 , 321  0 , 1 54  59, 287  28, 483  96, 986  

Yel l ow 0 , 41 9  0 , 505  76, 998  92 , 781  1 3, 853  

B l ack 0 , 000  0 , 000  0 , 000  0 , 000  0 , 000  

Wh i te  0 , 31 3  0 , 329  95, 046  1 00, 000  1 08, 906  

 

2 )  Convert a l l  co lours  poin ts  i n to  the  CIELAB colour space us ing  Formu lae  (43)  to  (46) .  See  
Table  A. 2  and  F igure  A. 2  for an  example  of the  sRGB colour set i n  the  CI ELAB colour 
space.  

 

Table  A.2  – Example  of sRGB colour set represented   
in  the  C IELAB  colour space  

Colour a* b* L* 

Red  80, 1 05  67, 223  53, 233  

Green  -86, 1 88  83, 1 86  87, 737  

B l ue  79, 1 94  -1 07, 854  32, 303  

Cyan  -48, 084  -1 4, 1 28  91 , 1 1 7  

Magenta  98, 250  -60, 833  60, 320  

Yel l ow -21 , 561  94, 488  97, 1 38  

B lack 0  0  0  

Wh i te  0  0  1 00  

 

 

Figure A.2  – Graphical  representation  of the  colour gamut volume for sRGB   
in  the  CIELAB  colour space  

Green  (–86, 2 ;   83, 2 ;   87, 7)  Yel l ow (–21 , 5;   94 , 4 ;   97, 1 )  

Wh i te  (0   0   1 00)  

Red  (80, 1 ;   67, 2 ;   53, 2 )  

Magenta  (98, 2 ;   –60, 8;   60 , 3)  

Cyan  (–48, 1 ;   –1 4 , 1 ;   91 , 1 )  

B lack (0 ;   0 ;   0 )  B lue  (79, 2 ;   –1 07, 8;   32 , 3)  
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3)  Compute  the  colour gamut volume by add ing  up  a l l  the  tetrahedrons  con tained  wi th in  the  
d isplayed  colour poin ts  and  report as  a  percentage  of the  volume compared  wi th  the  
sRGB colour gamut volume.  An  example  of a  d isp lay in  a  dark room  wi th  the  sRGB  colour 
gamut volume calcu lated  i n  the  CIELAB  colour space  i s  provided  i n  Table  A. 3 .  

Table  A.3  – Example  of sRGB colour gamut  
volume in  the  CIELAB colour space  

Colour gamut volume  

Total  8 , 21  x 1 05  

Percent  re lati ve  to  sRGB  1 00  %  

 

A.3  Surface subdivision  method  for CIELAB gamut volume calculation   

A.3. 1  Purpose  

This  al gori thm  accepts  an  arb i trary set of gamut corner cases  speci fied  i n  CI E  1 931  XYZ  tri -

stimu lus  values.  The  m in imum  set of colours  wou ld  be  red ,  g reen ,  b lue,  cyan ,  magenta,  
yel l ow,  b l ack and  wh i te.  For devices  that do  not have  a  wel l -behaved  convex hu l l  shape i n  the 
CI ELAB  colour gamut volume profi le ,  many more  sampled  colours  wi l l  be  needed  to  
accurate l y determ ine  the  colour gamut volume value.  The  XYZ va l ues  are  arranged  i n  the  
rows  of the  i nput variable  P,  wi th  a  m in imum  of e ight colour corner cases  requ ired .  The  output  

value  i s  the  calcu lated  colour gamut volume.  

A.3.2  Assumptions  

I t  i s  assumed  that the  colour gamut i n  the  CI E  XYZ co lour space wi l l  be  defined  as  the  convex 

hu l l  of g iven  corner cases.  The  colour gamut i n  the  CIELAB colour space  wi l l  be  th is  convex 
hu l l ,  normal ised  i n  the  CIE  XYZ space  by the  corner case  wi th  the  maximum  lum inance ( taken  
as  the  wh i te  poin t) ,  and  trans lated  in to  the  CIELAB colour space where  i t  wi l l  no  l onger be  
en ti re l y convex.  

A.3.3  Algori thm  

a)  Obtain  the  convex hu l l  (see  Note  1 )  of the  colour corner poin ts  i n  P.  Store  the  tessel l ation  
of the  surface  of th is  hu l l  i n  T.  I n i ti a l ise  a  tota l  volume v  to  0 .  

b)  Calcu late  the  average  of the  poin ts  P  to  be  used  as  a  gamut m id-poin t  and  store  i n  Pm .  

c)  For each  tri angu lar surface  ti l e  i n  T:  

1 )  Let s  equal  the  number of edges  that have  extents  (see  Note  2)  i n  L*,  a*,  b*  
coord inates  greater than  1 0 .  

2)  I f s  =  0  then  ca lcu late  the  volume defined  between  the  vertices  of the  surface  t i l e  and  
Pm .  Add  th is  volume to  v.  

3)  I f s  =  3  then  ca lcu late  the  m id -poin ts  i n  the  CI E  XYZ space  and  subd ivide  the  triangu lar 
ti l e  i n to  four sub-ti l es  defined  by each  corner vertex wi th  the  two  nearest  m id-poin ts  
and  the  three  m id -poin ts.  Repeat th ree  times  for each  triangu lar sub-ti le .  

4)  I f s =  1  or 2  then  ca lcu late  the  m id-poin t in  the  CIE  XYZ space  of the  edge  wi th  the  

l argest extents  in  CIELAB and  subd ivide  the  tri angu lar ti l e  i n to  two sub-ti l es  a long  the  
l i ne  between  the  m id -poin t and  opposi te  vertex.  Repeat th ree  times  for each  triangu lar 
sub-ti le .  

NOTE  1  Where  the  corner poi n ts  are  the  standard  RGBCMYKW.   

NOTE  2  Exten ts  are  used  rather than  l eng th  as  they are  faster to  calcu l ate.  

d)  Return  the  tota l  volume now con ta ined  i n  v.  
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A.3.4  Software example  execution  

I n  order to  execute  the  Matlab 2  program  below,  the  fol lowing  command  is  execu ted  wi th  the  
correspond ing  sRGB data  l oaded  in to  memory:  

>>  P =  GetGamutCorners('sRGB')  

Defau l t  D65 wh i te  i s  used  

P  =   

         0          0          0  

    0 , 41 2  4     0 , 21 2  6     0 , 01 9  3  

    0 , 770  0     0 , 927  8     0 , 1 38  5  

    0 , 357  6     0 , 71 5  2     0 , 1 1 9  2  

    0 , 538  1     0 , 787  4     1 , 069  7  

    0 , 1 80  5     0 , 072  2     0 , 950  5  

    0 , 592  9     0 , 284  8     0 , 969  9  

    0 , 950  5     1 , 000  0     1 , 089  1  

where  the  data  matrix  corresponds  to  the  fol lowing  tris timu lus  coord inates  as  exempl i fi ed  by 
Table  A. 1 :  

XK YK ZK 

XR YR ZR  

XY YY ZY  

XG YG  ZG  

XC YC ZC  

XB  YB  ZB  

XM  YM  ZM  

XW YW ZW  

The  CIELAB colour gamut volume i s  obtained  by execu ting  the  fol lowing  command:  

>>  C I ELabVol_subd(P)  

ans  =   

   8 , 21 x1 05  

___________ 

2  Matl ab  i s  the  trade  name  of a  product supp l i ed  by MathWorks®.  Th i s  i n formation  i s  g i ven  for the  conven i ence  
of users  of th i s  document  and  does  not  consti tu te  an  endorsement by I EC of the  product  named .  Equ i val en t  
products  may be  used  i f they can  be  shown  to  l ead  to  the  same resu l ts .  
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CIELabVol_subd. m 
 
function  [ v]  =  CI ELabVol_subd( P)  
%Each  row of  P  contains  XYZ  tri-stimulus  values  of  gamut  corner  points .  
%The  3D  gamut  is  defined as  the  convex  hull  of  these  points  in  XYZ  s pace.  
%The  s urface  is  recursively s ubdivided down  to  a  threshold s cale  in  CI ELAB  
%and the  volume  made  by each  s urface  ti le  to  a  central  point  is  s ummed 
 
thresh=1 0 ;  %CI ELab  s ubdivision  threshold 
 
%Get  the  hull  defined by the  points  
T=convhulln( P) ;  
 
%Get  the  white  point  ( taken  as  the  primary with  the  maximum Y)  
[ W, i ] =max( P( : , 2 ) ) ;  
W=P( i , : ) ;  
 
%Normalise  the  gamut  to  the  white  point  
Pn=P. / ( repmat( W, siz e( P, 1 ) , 1 ) ) ;  
 
% get  the  mid-point  
Pm=mean( Pn) ;  
 
% add-on  the  CI ELab  points  
Pn=[ Pn,  XYZ2 Lab( Pn) ] ;  
Pm=[ Pm,  XYZ2 Lab( Pm) ] ;  
 
% calculate  and s um the  Lab  volume  of  each  s urface  ti le  to  the  mid-point  
v=0 ;  
for  n=1 : size( T, 1 ) ,  
    v=v+SubDLabVol( Pn( T( n, : ) , : ) , Pm, thresh) ;  
end 
 
% %  s ub-functions  
%  XYZ2 Lab  converts  XYZ  values  arranged in  columns  to  L*  a*  b*  
    function  [  t  ]  =  XYZ 2 Lab(  t  )  
    i =( t>0 . 0 0 8 8 56 ) ;  
    t ( i ) =t( i ) . ^ ( 1 / 3 ) ;  
    t ( ~i ) =7 . 7 8 7 * t( ~i ) +1 6/ 1 1 6 ;  
    t=[ 1 1 6* t( : , 2 ) - 1 6 ,  5 0 0 * ( t( : , 1 ) - t( : , 2 ) ) ,  2 0 0 * ( t( : , 2 ) - t( : , 3 ) ) ] ;  
    e nd 
 
%Recursive  function  to  devide  up  the  s urface  tile  then  return  the  volume  
    function  [  v  ]  =  SubDLabVol(  vp, c, th  )  
        % Get  the  max  extent  of  each  edge  ( quicker  than  length  calculation)  
        m=max( abs( vp-circshift( vp, 1 ) ) , [ ] , 2 ) ;  
        % Count  how  many edges  have  extents  larger  than  the  threshold 
        s =sum( m>th) ;  
         
        i f  ( s ==0 ) ,  %no  edges  larger:  return  the  volume  
            v=abs( det( vp( : , 4 : 6 )  –  repmat( c( 1 , 4 : 6 ) , 3 , 1 ) ) / 6 ) ;  
  
        e l seif  ( s==3 ) , %all  edges  l arger:  divide  tile  in  four             
            % get  edge  mid-points  
            i p=( vp( : , 1 : 3 ) +circshift( vp( : , 1 : 3 ) , 1 ) ) / 2 ;  
 

% calculate  CI ELab  points  of  the  mid-points  
            i p=[ ip, XYZ2 Lab( ip) ] ;  
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%and call  recurs ively for  each  s ub-tile      
            v=SubDLabVol( [ vp( 1 , : ) ; ip( 1 : 2 , : ) ] , c, th) ;   
            v=v+SubDLabVol( [ vp( 2 , : ) ; ip( 2 : 3 , : ) ] , c, th) ;   
            v=v+SubDLabVol( [ vp( 3 , : ) ; ip( 1 : 2 : 3 , : ) ] , c, th) ;   
            v=v+SubDLabVol( ip, c, th) ;              
             
        e l se  %one  or  two  edges  larger:  s plit  the  tile  on  the  larges t  edge  
            % s hift  the  order  s o  1 - 2  has  the  largest  extent  
            [ m, i ] =max( m) ;  
            vp=circshift( vp, 2 -i ) ;  
             
            % calculate  the  mid-point  of  1 - 2  and the  CI ELab  point  
            i p=( vp( 1 , 1 : 3 ) +vp( 2 , 1 : 3 ) ) / 2 ;  
            i p=[ ip, XYZ2 Lab( ip) ] ;  
 
            % and call  recurs ively for  the  two  s ub-tiles  
            v=SubDLabVol( [ vp( [ 1  3 ] , : ) ; ip] , c, th) ;   
            v=v+SubDLabVol( [ vp( 2 : 3 , : ) ; ip] , c, th) ;   
        e nd 
    end 
end 

GetGamutCorners . m 
 
function  [  P  ]  =  GetGamutCorners(  P  , wh)  
%GET  PRIM returns  a  s et  of  colour  corner  points  based on  a  s tandard gamut  
%    i nput  s tring  must  contain  one  of:  
%        ' s RGB' ,  ' Rec7 0 9 ' ,  ' EBU' ,  ' NTSC'  
%            o ptionally one  of  
%        ' D50 ' ,  ' D5 5 ' ,  ' D65 ' ,  ' D7 5 ' ,  ' I l lA' ,  ' I llE '  
    i f  ischar( P)  
        i f  nargin<2  
            wh=P;  
        end 
        i f  s trfind( P, ' sRGB' )  | |  s trfind( P, ' Rec7 09 ' )  
            prim=[ 0 . 64 , 0 . 3 3 ; 0 . 3 , 0 . 6 ; 0 . 1 5 , 0 . 0 6 ] ;  
        e l seif  s trfind( P, ' EBU' )  
            prim=[ 0 . 64 , 0 . 3 3 ; 0 . 2 9 , 0 . 6 ; 0 . 1 5 , 0 . 0 6 ] ;  
        e l seif  s trfind( P, ' NTSC' )  
            prim=[ 0 . 67 , 0 . 33 ; 0 . 2 1 , 0 . 7 1 ; 0 . 1 4 , 0 . 0 8 ] ;  
        e l se  
            e rror( ' non-valid colour  primary s pecification' ) ;  
        end 
        P=prim;  
    end 
    i f  is char( wh)  
        i f  s trfind( wh, ' D5 0 ' )  
            wh=[ 0 . 34 5 7 , 0 . 358 5 ] ;  
        e l seif  s trfind( wh, ' D55 ' )  
            wh=[ 0 . 332 4 , 0 . 34 7 4 ] ;  
        e l seif  s trfind( wh, ' D65 ' )  
            wh=[ 0 . 31 2 7 , 0 . 32 90 ] ;  
        e l seif  s trfind( wh, ' D7 5 ' )  
            wh=[ 0 . 2 990 , 0 . 31 4 9 ] ;  
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elseif  s trfind( wh, ' I llA' )  
            wh=[ 0 . 4 4 7 57 , 0 . 4 0 7 4 5 ] ;  
        e l seif  s trfind( wh, ' I llE' )  
            wh=[ 0 . 333 3 , 0 . 333 3 ] ;  
        e l se  
            wh=[ 0 . 31 2 7 , 0 . 32 90 ] ;  
            display( ' Default  D65  white  used' ) ;  
        end 
    end 
    wh=[ wh,  1 -sum( wh) ] /wh( 2 ) ;  
    P=[ P,  1 -sum( P, 2 ) ] ;  
    P=P. * repmat( ( wh/P) ' , 1 , 3 ) ;  
    % P=[ KRYGCBMW] '  
    P=[ 0  0  0 ; P( 1 , : ) ; s um( P( 1 : 2 , : ) ) ; P( 2 , : ) ; s um( P( 2 : 3 , : ) ) ; . . .  
        P( 3 , : ) ; s um( P( [ 1  3 ] , : ) ) ;  s um( P) ] ;  
end 
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