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ELECTRONIC DISPLAY DEVICES –  

 
Part  2-3:  Measurem ents of optical  properties –  

Mul ti -col our test  patterns  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  com pri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  prom ote  
i n ternati onal  co-operat i on  on  al l  quest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cati ons ,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  m ay part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governm ental  and  non -
governm ental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i c i pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reem ent  between  the  two  organ i zati ons.  

2)  The  form al  deci s i ons  or  ag reem ents  of  I EC  on  techn i cal  m atters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evant  subjects  s i nce  each  techn i cal  com m i ttee  has  representat i on  from  al l  
i n terested  I EC  N ati onal  Com m ittees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recomm endati ons  for  i n ternati onal  use  and  are  accepted  by I EC  Nati onal  
Com m i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  m ade  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or fo r  any  
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  prom ote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Com m i ttees  undertake  to  apply I EC Publ i cati ons  
transparentl y  to  the  m axim um  extent  poss ible  i n  the i r  nat i onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  c l earl y i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependent  cert i f i cat i on  bod ies  provi de  con form i ty  
assessm ent  servi ces  and ,  i n  som e  areas,  access  to  I EC m arks  of  con form i ty.  I EC i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es.  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i 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,  em ployees,  servants  o r  ag en ts  i ncl u d i ng  i n d i vi dual  experts  and  
m em bers  of  i ts  techn i cal  com m i ttees  and  I EC  Nati onal  Com m i ttees  for any personal  i n j u ry,  property  dam age  or  
other dam age  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l eg al  fees )  and  
expenses  ari s i ng  ou t  of  the  publ i cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any other I EC  
Publ i cat i ons .   

8)  Atten ti on  i s  d rawn  to  the  N orm ati ve  references  ci ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for the  correct  appl i cati on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  som e  of  the  e l em ents  of  th i s  I EC  Publ i cati on  m ay be  the  su bject  of  
paten t  ri g h ts .  I EC  shal l  not  be  held  respons ibl e  for  i den t i fyi ng  any or  a l l  such  paten t  ri gh ts .  

The  m ain  task of  I EC  techn ical  com m i ttees  i s  to  prepare  I n ternational  Standards.  However,  a  
techn ical  comm i ttee  m ay propose  the  publ ication  of  a  techn ical  report  when  i t  has  col l ected  
data of  a  d i fferent  ki nd  from  that  wh ich  i s  norm al l y publ ished  as  an  I n ternati onal  Standard,  for  
exam ple  "state  of  the  art" .  

I EC  TR 62977-2-3,  wh ich  i s  a  techn ical  report,  has  been  prepared  by I EC  techn ical  com m i ttee  
1 1 0:  E lectron ic  d isplay devices.  

The  text  of  th is  techn ical  report  i s  based  on  the  fo l l owing  docum ents :  

Enqu i ry d raft  Report  on  vot i ng  

1 1 0/781 A/DTR  1 1 0/800A/RVDTR 

 
Fu l l  i n form ation  on  the  voti ng  for the  approval  of  th is  techn ical  report  can  be  found  i n  th e  
report  on  vot i ng  ind icated  i n  the  above  table.  
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Th is  docum ent  has  been  drafted  i n  accordance  wi th  the  I SO/I EC  D i recti ves,  Part  2 .  

A l i s t  of  al l  parts  i n  the  I EC  62977  seri es ,  publ i shed  under the  general  t i t l e  Electronic display 
devices,  can  be  found  on  the  I EC  webs i te.  

The  com m ittee  has  decided  that  the  con ten ts  of  th is  docum ent wi l l  rem ain  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 f ic  docum ent.  At  th is  date,  the  docum ent  wi l l  be   

•  reconfi rm ed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  am ended.  

A bi l i ngual  vers ion  of  th is  publ icati on  m ay be  i ssued  at  a  l ater date.   

 

IM PORTANT – Th e 'col ou r i n si d e'  l og o  on  th e  cover pag e  of  th i s  pu bl i cati on  i n d i cates  
th at  i t  con tai n s  col ou rs  wh i ch  are  con si d ered  to  be  u sefu l  for  th e  correct  
u n d erstan d i n g  of  i ts  con ten ts.  U sers sh ou l d  th erefore pri n t  th i s  d ocu m en t  u si n g  a  
col ou r pri n ter.  
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INTRODUCTION  

Current  d isplay m easurem ent  s tandards  m ain l y use  s im ple  test  patterns  to  est im ate  the  
d isplay perform ance.  These  test  patterns  wou ld  typical l y contain  on l y one  co lou r,  or  a  co lour  
wi th  a  b lack background.  However,  as  recent  research  has  shown,  m odern  d isplay electron ics  
can  be  conten t-aware,  and  ad j ust  the  d isplay renderi ng  based  on  the  i npu t  im age  con ten t.  
Therefore,  m u l ti -co lou r test  patterns  that  m ore  cl osel y s im u late  real is t i c  im age  con tent  are  
recom m ended  i n  order  to  better represent  the  d isplay perform ance.  

Th is  Techn ical  Report  d i scusses  the  im pact  of  the  d isplay d ri ve  electron ics  and  im age  
processing  on  the  d isplay renderi ng  behaviou r,  and  reviews  research  resu l ts  that  dem onstrate  
the  need  for m u l t i -co lour test  patterns  and  average  picture  l evel  l oad ing  cons iderati ons .  
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ELECTRONIC DISPLAY DEVICES –  
 

Part  2-3:  Measurem ents  of optical  properties –  
Mul ti -col our test  patterns  

 
 
 

1  Scope 

This  part  of  IEC  62977,  wh ich  i s  a  Techn ical  Report,  reviews  the  im pact  of  test  pattern  co lour  
con ten t  and  im age  l oad ing  on  the  m easured  d isplay's  photom etric  and  co lorim etric  
perform ance.  Experim ental  data for several  d i splay technolog ies  i s  presented  to  dem onstrate  
the  need  for us ing  a broader range  of  co lou rs  i n  the  test  patterns ,  and  m easuri ng  the  d isplay 
at  an  im age  l oad ing  l evel  appropriate  for the  i n tended  appl icati on .  

2 Normati ve referen ces  

There  are  no  norm ati ve  references  i n  th is  docum ent.  

3 Terms,  defi n i ti on s an d  abbrevi ated  term s 

For the  purposes  of  th is  docum ent,  the  fo l l owi ng  term s  and  defi n i t i ons  apply.  

ISO and  I EC  m ain tain  term ino log ical  databases  for  use  i n  s tandard i zat i on  at  the  fo l l owing  
addresses:  

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

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

3. 1  Term s an d  d efi n i t i on s  

3. 1 . 1   
si g n al  pi xel  
sm al lest  encoded  picture  e lem ent  i n  the  i npu t  im age  

3. 1 . 2   
pre-g am m a averag e  pi ctu re l evel  
average  i npu t  l eve l  of  al l  s i gnal  p ixels  re lati ve  to  an  equ ivalen t  wh i te  p ixel  d ri ven  by a d i g i tal  
RGB i npu t  

Note  1  to  en try:  Un l ess  otherwise  s tated ,  the  pre-g amm a averag e  p i ctu re  l evel  (APL)  wi l l  s im ply be  referred  to  as  
average  pi ctu re  l evel  i n  th i s  docum ent.  

Note  2  to  en try:  the  APL  wi l l  n orm al l y  be  expressed  as  a  percentag e,  where  a  fu l l  wh i te  screen  at  m axim um  dri ve  
l evel  wou l d  be  1 00  %  APL .  

3. 2  Abbrevi ated  term s 

APL average  picture  leve l  

CI E   Com m ission  I n ternationale  de  L’Eclai rage  ( I n ternati onal  Com m ission  on  I l l um inati on)  

LUT  l ook-up  tables  

OLED    organ ic  l i gh t  em i tt i ng  d iode  

RGB   red ,  g reen ,  and  bl ue  

sRGB   s tandard  RGB colou r space  as  defi ned  i n  I EC  61 966-2-1  

WRGB   wh i te,  red ,  g reen ,  and  blue  

http://www.iso.org/obp
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4 Col our-manag ed  d i spl ays  

4. 1  Leg acy d i spl ays  

Earl y d isplays  had  dri ven  e lectron ics  that  d i rectl y contro l led  the  p ixel  e l em ents.  As  i l l ustrated  
i n  F igu re  1 ,  the  independen t  dri ve  e lectron ics  in  these  l egacy d isplays  resu l ted  i n  a  d i rect  
correlati on  between  the  i npu t  s i gnal  and  the  primary co lour  em i tters.  The  d i rect  l i nk between  
i npu t  s i gnals  to  p ixel  ou tpu t  m eant  that  there  was  on l y one  un ique  com binati on  of  R ,  G ,  and  B  
that  gave  the  des i red  co lour.  Th is  s im pl i f i ed  that  cal ibrati on  process  wh ich  ensured  that  the  
d isplay had  proper colorim etric  add i t i ve  m ixi ng .  For exam ple,  equal  i npu t  s i gnal  l evels  to  the  
red ,  g reen ,  and  bl ue  channels  wou ld  have  created  a  proporti onal  g rey l evel .  Standard  co lour  
spaces,  such  as  the  sRGB co lour  space  ( I EC  61 966-2-1 ) ,  u t i l i ze  th is  add i t i vi ty property.  
Current  d i splays  that  stri ve  to  accuratel y reproduce  the  encoded  co lour  i n form ation  i n  th is  
co lour space  also  need  to  exh ibi t  the  add i ti ve  m ixi ng  property.  

 

Fi g u re 1  – Leg acy m od el  

4. 2  M od ern  d i spl ays  

As co lour d isplay technolog y has  advanced  over the  years,  so  has  the  co lour  m anagem ent of  
d i splay devices.  D isplay des igners  have  i n troduced  m u l t i -prim ary pixel  form ats,  and  can  appl y 
real - t im e  im age  processing  based  on  speci f i c  pixel  values  con tained  i n  the  fram e to  
dynam ical l y change  how the  im age  i s  rendered .  Modern  d isplay e lectron ics  often  i ncl ude  look-
up  tables  (LUTs)  as  a  program m able  convers ion  i n terface  between  the  i npu t  s i gnal  and  pixel  
ou tpu t  (see  top  schem ati c  i n  F i gure  2) .  The  use  of  LUTs  al l ows  the  ph ys ical  prim ary co lours  to  
be  abstracted  to  conceptual  prim ary co loran ts,  where  these  colorants  cou ld  be  tai l ored  to  
ach ieve  the  des i red  co lour gam ut.  Bu t  the  co lorim etry of  these  system s  m ay not  necessari l y 
fo l l ow co lorim etric  add i t i ve  m ixi ng .  I n  add i t i on ,  as  the  processing  power  of  the  electron ics  has  
i ncreased ,  the  im age  process ing  can  also  anal yse  the  upcom ing  im age  fram e and  dynam ical l y 
change  the  LUT for  the  des i red  appearance.  

The  use  of  LUTs  has  enabled  an  i npu t  s i gnal  from  on l y one  RGB com ponen t  to  act i vate  m ore  
than  one  prim ary em i tter (see  for exam ple  the  bottom  schem atic  i n  F igure  2) .  For  m u l t i -
prim ary d isplays,  there  m ay be  several  com binations  of  prim ary em i tters  that  can  produce  the  
des i red  co lour.  The  cal ibration  of  the  LUT defi nes  how the  i npu t  s i gnal  wi l l  be  rendered,  wh ich  
wi l l  not  necessari l y resu l t  i n  the  expected  co lorim etric  add i t i ve  m ixi ng  based  on  the  i npu t  
s i gnals.  Th is  l ack of  add i t i vi ty can  have  an  im pact  on  how accuratel y the  in tended  im age  
con ten t  i s  rendered.  I n  add i t ion ,  the  l ack of  add i t i vi ty also  m eans  that  the  co lour gam ut  area 
m ay not  be  accu rate l y represented  by j ust  m easu ring  the  response  of  the  R,  G ,  and  B  i npu ts  
i n  tu rn .  The  co lour  gam ut  area m ay no  l onger  be  bounded  by the  triang le  connecti ng  the  RGB 
chrom atici ty coord inates  i n  the  CI E  1 931  or  1 976  chrom atici ty d iagram  (see  CI E  1 5) .  

G i ven  th is  am bigu i ty,  i t  i s  im portan t  to  test  how wel l  the  d isplay renders  l um inance  and  co lour  
re lati ve  to  the  i n ten t  of  the  i npu t  conten t.  I f  the  con ten t  i s  i n tended  for  v i ewing  on  sRGB  
d isplays,  then  the  co lour  m anagem ent  shou ld  be  tested  to  veri fy that  the  co lours  are  rendered  

IEC  

3  com ponen t  
i npu t  s i g nal  

I ndependent  
dri ve  e l ectron i cs  

D i splay color  
prim aries  
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P2  (G)  
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correctl y.  I n  add i t i on ,  i f  the  d isplay also  em ploys  dynam ic  co lour m anagem en t,  then  the  
perform ance  of  the  d isplay can  depend  on  the  type  of  test  pattern  used .  A set  of  co lour test  
patterns  have  been  developed  to  address  these  i ssues,  and  serve  as  the  recom m ended  
patterns  that  shou ld  be  used  to  evaluate  d isplays.  These  patterns  are  a  best  effort  attem pt  to  
create  a technolog y-neutral  i npu t  s ignal  that  un i form ly sam ples  the  co lou r gam ut  and  queries  
the  colour-m anaged  response  of  the  d isplay i n  a  fai r  m anner.  The  value  o f  these  co lour test  
patterns  i s  i l l ustrated  by com paring  them  to  trad i ti onal  s i ng le-co lour  box  patterns .  

 

Fi g u re 2  – Exam pl e of  m od ern  d ri ve m od el s  

5 Resul ts  

Prior research  on  m u l t i -prim ary proj ectors  dem onstrated  that  som e co lour-m anaged  system s  
adapted  to  the  rendered  test  pattern .  The  co lou r m anagem ent  system  i n  som e d isplays  wou ld  
preferen tial l y boost  the  wh i te  l um inance/i l l um inance  ou tpu t  on  wh i te  im ages.  H owever,  th is  
wh i te  l um inance  cou ld  not  be  ach ieved  i n  m ore  natural  co lour im ages.  Th is  was  dem onstrated  
for a  projector  by Kel ley et al u s i ng  the  set  of  th ree  RGB test  patterns  shown  i n  F igure  3 .  [1 ] 1  
Each  co loured  box  was  scaled  to  1 /3  the  d im ension  of  the  screen .  The  red ,  g reen ,  and  blue  
boxes  were  rendered  by appl yi ng  a m axim um  input  s i gnal  to  the  respecti ve  RGB channel .  As  
each  pattern  was  rendered  i n  tu rn ,  the  red ,  g reen ,  and  bl ue  i l l um inance  was  m easured  for  

___________ 

1   F i gu res  i n  squ are  brackets  refer to  the  b i bl i og raphy.  
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each  co lour  at  al l  of  the  n ine  equal l y-spaced  l ocations  at  the  im age  plane.  An  average  
i l l um inance  for  each  co lour  was  then  determ ined  from  the  n ine  l ocations.  By us ing  these  
patterns  on  several  WRGB projectors ,  Kel ley showed  that  the  average  add i t i ve  co lour  wh i te  
i l l um inance  (ER+G+B  =ER+EG+EB ) ,  or  co lour-s ignal  wh i te  i l l um inance,  was  up to  2, 3  t im es  
sm al ler  than  the  average  fu l l  screen  wh i te  i l l um inance. [1 ]  Therefore,  the  i l l um inance  of  the  
wh i te  pattern  d id  not  equal  the  sum  of  the  i l l um inance  values  for the  R,  G ,  and  B  prim ary 
co lours.  Th is  l ack of  co lour  add i ti vi ty i nd icates  that  the  d isplay cannot  render  a  s tandard  
co lour space,  and  m ay suggest  a potential  problem  in  the  co lour m anagem ent.  The  benefi t  of  
the  colour-s ignal  wh i te  pattern  (Fi gure  3)  has  been  recogn i zed  by the  d i splay i ndustry,  and  
i ncl uded  as  an  im portan t  m easurem ent i n  an  i ndustry standard. [2 ]  For these  patterns,  the  R,  
G ,  and  B  prim ary co lours  are  rendered  as  n i ne  equal  s i zed  boxes  i n  the  screen  area.  
Measurem ents  are  taken  at  the  cen tres  of  each  box.  

 

Fi g u re 3  – Exam pl e of  RG B ch eckerboard  pattern s  

I n  a  separate  experim ent,  the  i n troduction  of  even  a sm al l  am ount  of  co lour i n  an  o therwise  
fu l l  wh i te  screen  also  showed  a dram atic  im pact.  F i gu re  4  i l l ustrates  the  exam ple  where  each  
co loured  box was  0 , 3  %  of  the  acti ve  area.  I n  th is  exam ple,  the  average  wh i te  i l l um inance  of  a  
l aser  phosphor  h ybri d  projector  m easured  at  the  n i ne  l ocati ons  was  found  to  drop  by 60  % 
when  the  sm al l  am oun ts  of  co lour  were  added  between  the  m easurem ent l ocati ons  (see  
Fi gu re  4) .  

IEC  Pattern  NTSR  

EB23  

E23  

E1 1  

Pattern  NTSG  

ER23  

Pattern  NTSB  

EG 23  

EB1 1  

EG 1 1  

ER1 1  
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Fi g u re 4  – Exam pl e of  test  pattern  wi th  l ow col ou r con ten t,   
wh ere m easu rem en t  l ocati on s  are  i d en ti fi ed  by th e ci rcl es  

An  add i t i onal  experim ent  wi th  the  h ybrid  projector com pared  the  spatial l y averaged  wh i te  
i l l um inance  of  a  fu l l  wh i te  screen  to  the  RGB checkerboard  (see  Figure  3) ,  and  an  RGB and  
wh i te  checkerboard  pattern  (see  F igure  5) .  I n  these  patterns,  the  R,  G ,  and  B  prim ary co lours  
and  wh i te  are  rendered  as  n i ne  equal -s i zed  boxes  f i l l i ng  the  screen  area.  Each  co lour  i s  
rendered  at  i ts  m axim um  si gnal  l evel .  Measu rem ents  were  taken  at  the  centres  of  each  box.  
The  co lour-s ignal  wh i te  i l l um inance  (ER+G+B)  of  the  RGB checkerboard  was  69  % l ower  than  
the  fu l l  screen  wh i te  i l l um inance.  When  a wh i te  co lour was  added  to  the  RGB checkerboard ,  
the  co lour-s i gnal  wh i te  i l l um inance  of  the  RGB and  wh i te  checkerboard  (see  Figure  5)  
dropped  to  72  % of  the  fu l l  screen  wh i te  i l l um inance.  The  co lou r-si gnal  wh i te  i l l um inance  of  
the  RGB and  wh i te  checkerboard  pattern  d i d  not  equal  the  i l l um inance  of  the  wh i te  box  in  the  
RGB and  wh i te  pattern ,  nor the  fu l l  screen  wh i te.  Therefore,  due  to  the  lack of  co lour add i t i vi ty  

of  th is  d isplay (EW  ≠  ER+EG+EB) ,  the  m ost  represen tati ve  wh i te  value  for natural  im ages  

wou ld  be  that  m easured  from  the  RGB and  wh i te  checkerboard  pattern .  

 

Fi g u re 5  – Exam pl e of  RG B an d  wh i te  test  pattern  
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I n  add i t ion  to  the  test  pattern  co lour dependence  observed  for  som e co lou r-m anaged  d isplay 
system s,  there  are  also  d isplay technolog ies  ( l iked  PDPs,  OLEDs,  and  l ocal  d imm ing  LCDs)  
that  are  affected  by the  pattern  s i ze.  I n  the  case  of  OLEDs,  the  l um inance  m ay be  subj ect  to  
dri ve  e lectron ic  l im i tati ons,  where  there  i s  l ess  dri ve  cu rrent  avai lable  to  each  p ixel  for  im ages  
requ i ri ng  a  l arge  num ber  of  em i tti ng  pixels .  Therefore,  the  d isplay i s  sensi ti ve  to  the  am oun t  
of  im age  l oad ing  requ i red  by the  i npu t  s i gnal .  The  boxes  of  the  RGB and  wh i te  checkerboard  
pattern  are  scaled  (see  Fi gu re  6)  to  address  the  APL  l oad ing  effect.  The  area scal ing  of  the  
co loured  rectang les  i s  ad justed  to  m an ipu late  the  APL  l oad ing  on  the  d i splay.  For  F i gure  6 ,  
the  R,  G ,  and  B  prim ary co lours  and  wh i te  boxes  are  centred  about  the  m easurem ent  
l ocations  shown  in  F i gu re  4,  bu t  the  boxes  are  scaled  to  1 /9  the  verti cal  and  hori zon tal  
d im ension  of  the  screen .  The  am oun t  of  APL  l oad ing  i s  i npu t-referred,  assum ing  i t  i s  an  RGB 
d ig i tal  i npu t.  The  percent  APL  i s  defi ned  as :  

 
N

PL

APL

N

i

∑
=×= 1100(%)

i

 ( 1 )  

where  the  summ ation  i s  over  al l  s i gnal  p ixels  i n  the  act i ve  area,  PL i  i s  the  norm al i zed  s i gnal  
p ixe l  l evel  of  each  p ixel  re lati ve  to  the  m axim um  wh i te  l evel ,  and  N i s  the  total  num ber of  
s i gnal  p ixels.  A 5  %  to  6  %  APL  l oad ing  l eve l  i s  a  practical  l ower  l im i t  for  the  pattern  i n   
Fi gu re  6 ,  and  i t  i s  presum ed  that  the  d isplay has  ach ieved  i ts  h ighest  l um inance  l evels.  An  
exam ple  calcu lat i on  of  the  top  l eft  pattern  in  F i gure  6  i s  g i ven  by:  

[(7  prim ary co lours  x  1 /3  of  wh i te) + (2  wh i te  boxes  x 3/3  of  wh i te) ]  

 x  [( 1 /9) 2  f racti onal  area of  boxes ]  =  5 , 3  %  APL  (2)  

A 1 00  % APL  l oad ing  l eve l  corresponds  to  a m axim um  wh i te  s ignal  i npu t  for al l  s i gnal  p ixels  i n  
the  acti ve  area.  Table  1  shows  an  exam ple  of  m easured  l um inance  data  for a  com m ercial l y 
avai lable  RGB and  WRGB OLED d isplay us ing  the  co lour  pattern  i n  F igure  6 .  I n  th is  exam ple,  
the  percen t  d i fference  between  the  co lour-s i gnal  wh i te  l um inance  (LR+G+B  =  LR  +  LG  +  LB )  
and  the  average  l um inance  of  the  wh i te  box  LW  was  actual l y h igher  for  the  RGB d isplay.  Th is  
suggests  that  the  colour m anagem ent was  better  for th is  WRGB d isplay than  the  RGB d isplay.  
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Fi g u re 6  – Low APL  l oad i n g  seri es of  red,  g reen ,  bl u e,  an d  wh i te  test  pattern s  

Tabl e  1  – Exam pl e  l u m i n an ce d ata for  an  RG B  an d  WRG B OLED d i spl ay 

Di spl ay tech n ol og y 

Averag e l u m i n an ce  (cd/m 2 )  ( )

BGR

BGR

++

++−

L

LL
w

 
(%)

 
Red  G reen  Bl u e  Wh i te  

WRGB OLED  d i splay  78, 4  268, 2  38, 2  393, 9  2  

RGB  OLED d i splay  88, 7  21 8, 7  28, 6  380, 4  1 3  

 

The response  of  the  OLED  d isplay to  the  i npu t  s i gnal  can  be  i nvesti gated  fu rther  by 
m easuring  the  APL  l oad ing  behaviour  of  the  d isplay.  Fi gure  7  i l l ustrates  d i fferen t  l oad ing  
behaviours  between  the  trad i t i onal  s i ng le  wh i te  cen tre  4  % box  com pared  to  the  m u l t i -co lour  
pattern  shown  i n  F igure  8.  The  APL  l oad ing  of  each  test  pattern  was  i ncreased  by un i form l y 
en larg ing  the  s i ze  of  the  i nd i vi dual  boxes,  where  the  APL  l oad ing  levels  for  F igure  8  are  g i ven  
i n  Table  2 .  The  load ing  behaviour  i s  observed  to  be  d i fferen t  for the  com m ercial  RGB versus  
the  WRGB OLED  d isplay.  The  APL  l oad ing  response  of  the  RGB d isplay d i d  not  seem  to  
depend  on  the  presence  of  the  background  co lour con ten t.  However,  the  presence  of  co lour  
d id  im pact  the  l oad ing  behaviour  of  the  WRGB OLED,  especial l y at  the  h i gher  load  l evels.  
Therefore,  s i nce  real ist i c  im ages  wi l l  typi cal l y con tain  a variety of  co l ours,  the  sam pl i ng  of  red,  
g reen ,  b lue,  cyan ,  m agen ta,  ye l l ow,  and  wh i te  boxes  used  i n  F igure  8  wou ld  be  a  m ore  
appropriate  test  pattern  for APL  l oad ing  and  co lou r m easurem ents .  
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NOTE  Measu red  resu l ts  us i e  the  test  pattern  i n  Fi g u re  8  wi th  a  cen tre  wh i te  box com pared  to  a  s i ng l e  cen tre  
wh i te  4  %  box.  

Fi g u re 7  – Exam pl e si g n al  l oad i n g  beh avi ou r for an  WRG B  (top)   
an d  RG B  (bottom )  OLED d i spl ay 

When  evaluating  the  APL  l oad ing  response  of  the  d isplay,  the  shape  of  the  l oad ing  prof i le  i s  
not  as  im portant  as  how consis ten tl y the  d isplay can  m ain tain  that  shape  for al l  co lours.  Th is  
i ssue  i s  i l l ustrated  i n  F igure  9.  I n  th is  evaluation ,  the  l um inance  and  co lour  i n  the  pattern  (see  
Figu re  8)  was  m easured  at  i ncreasing  l evels  of  APL  l oad ing .  The  l oad ing  m easurem ents  were  
repeated  i n  tu rn  for  the  red ,  g reen ,  bl ue,  cyan ,  m agenta,  and  ye l l ow boxes  i n  the  pattern .  The  
top g raph  i n  F i gu re  9  shows  that  each  of  the  co lours  m easured  on  the  WRGB d i splay had  
vi rtual l y the  sam e load ing  prof i l e .  Th is  confi rm ed  that  the  l um inance  ratio  between  the  co lou rs  
was  m ain tained .  S ince  the  l um inance  rat io  between  co lou rs  determ ines  what  co lour  i s  
rendered  by the  d isplay,  a  cons istent  l um inance  rat io  m eans  that  the  co lour gam ut  wi l l  be  
stable  th rough  the  range  of  l oad ing  l evels .  Th i s  i s  dem onstrated  by the  re lat i vel y f l at  (brown)  
co lour  gam ut  area l i ne  shown  i n  the  top g raph  i n  F igure  9 .  The  gam ut  area i s  the  area 
enclosed  by the  RGB triang le  i n  the  CI E  1 976  chrom atici ty d iagram  and  i s  calcu lated  as:  

 ( )( ) ( )( )BRBGBGBRv'u' ''''''''1,256 vvuuvvuuA −−−−−×=  (3 )  
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where  the  subscripts  R,  G  and  B  refer to  the  red ,  g reen  and  b lue  prim aries,  respecti vel y.   I n  
con trast,  the  bottom  g raph  i n  F igure  9  shows  som e variat ion  i n  the  APL  l oad ing  profi l es  for  
each  of  the  co lours  m easured  on  the  RGB d isplay.  Th is  variation  i nduced  the  l arger  change  i n  
the  co lour  gam ut  area for  the  RGB d isplay wi th  APL  l oad ing .  

 

Fi g u re 8  – Exam pl e of  a  l ow APL  l oad i n g  test  pattern  wi th  sm al l  box si ze  

Tabl e  2  – Scal i n g  th e  si ze of  th e col ou r boxes  i n  th e APL  l oad i n g   
pattern  rel ati ve to  th e  screen  d i m en si on s  

Box d i m en si on al  scal i n g  
(rel ati ve to  screen  d i m en si on )  

Percen tag e of  col ou red  screen  
area  

% 

Percen t  APL  
(eq u i val en t  wh i te  area)  

% 

1 /9  1 1  6 , 3  

1 /8  1 4  8 , 0  

1 /7  1 8  1 0  

1 /6  25  1 4  

1 /5  36  21  

1 /4  56  32  

1 /3  1 00  57  
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Fi g u re 9  – Exam pl e of  APL  l oad i n g  profi l es  of  a  WRG B  OLED d i spl ay (top)   
com pared  to  an  RG B  OLED d i spl ay 

6 Con cl usi on  

These  resu l ts  dem onstrate  the  value  of  us ing  m u l t i -co lour test  patterns  i n  characteri zi ng  the  
photom etric  and  co lorim etric  perform ance  of  m u l t i -prim ary and  s tandard  RGB d isplays.  I t  was  
shown  that  the  l um inance/i l l um inance  values,  and  APL  l oad ing  profi l es,  can  be  d i fferent  wi th  
m u l t i -co lour patterns  than  for s i ng le  co lour patterns .  S i nce  the  m u l t i -co lour patterns  m ore  
cl osel y resem ble  natural  co lour im agery,  they are  m ore  l i ke l y to  represent  the  resu l ts  i n  actual  
appl ications .  I n  add i t i on ,  for  d isplay technolog ies  that  have  a  s ign i f ican t  dependence  on  the  
am oun t  of  im age  APL  l oad ing ,  the  best  estim ate  of  how the  d isplay wi l l  perform  when  
rendering  real i s t ic  im ages  i s  to  use  test  patterns  wi th  APL  l oad ing  leve ls  com parable  to  the  
i n tended  appl ication .  
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