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FLEXIBLE DISPLAY DEVICES –  

 
Part 5-2:  Measuring  methods  of optical  characteristics   

from  the vantage point for curved  d isplays  
 

FOREWORD 

1 )  The  I n ternati onal  E l ectrotechn ical  Commissi on  ( I EC)  i s  a  worl dwide  organ izati on  for s tandard i zati on  compri s i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC  Nati onal  Commi ttees).  The  ob ject  of I EC  i s  to  promote  
i n ternati onal  co-operati on  on  a l l  q uesti ons  concern i ng  s tandard 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 ternati onal  S tandards,  Techn ica l  Speci fi cati ons,  
Techn ica l  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC  
Pub l i cati on (s)” ) .  Thei r preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati ona l  Commi ttee  i n terested  
i n  the  subject dea l t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmen tal  and  non -
governmen tal  organ izati ons  l i a i s i ng  wi th  the  I EC  a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y  
wi th  the  I n ternati onal  Organ izati on  for Standard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by 
ag reement  between  the  two  organ izati ons.  

2 )  The  formal  deci s ions  or ag reemen ts  of I EC  on  techn ical  matters  express,  as  nearl y as  possib l e ,  an  i n ternati onal  
consensus  of op i n i on  on  the  re l evan t  subjects  s i nce  each  techn ical  commi ttee  has  represen tati on  from  a l l  
i n terested  I EC  Nati onal  Commi ttees.   

3 )  I EC  Pub l i cati ons  have  the  form  of recommendati ons  for i n ternati onal  u se  and  are  accepted  by I EC  Nati onal  
Commi ttees  i n  that  sense.  Wh i l e  a l l  reasonabl e  efforts  are  made  to  ensu re  that  the  techn ica l  con ten t  of I EC  
Publ i cati ons  i s  accu rate ,  I EC  cannot be  he l d  responsibl e  for the  way i n  wh i ch  they are  used  or for any 
m is i n terpretati on  by any end  u ser.  

4 )  I n  order to  promote  i n ternational  u n i form i ty,  I EC  Nati onal  Commi ttees  undertake  to  app l y I EC  Publ i cati ons  
transparen tl y to  the  maximum  exten t possi b l e  i n  thei r nati ona l  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 ona l  or reg ional  publ i cati on  shal l  be  cl earl y i n d i cated  i n  
the  l a tter.  

5)  I EC  i tsel f d oes  not  provi de  any attestation  of con form i ty.  I ndependen t  certi fi cati on  bod ies  provi de  conform i ty 
assessmen t  services  and ,  i n  some  areas,  access  to  I EC  marks  of conform i ty.  I EC  i s  not  responsib le  for any 
services  carri ed  ou t  by i ndependen t  certi fi cati on  bod i es .  

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

7)  N o  l i abi l i ty shal l  a ttach  to  I EC  or i ts  d i rectors,  employees,  servan ts  or agen ts  i ncl ud i ng  i nd i vi dual  experts  and  
members  of i ts  techn i cal  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property d amage  or 
o ther damage  of any natu re  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 cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cati on .  U se  of the  referenced  publ i cati ons  i s  
i nd i spensabl e  for the  correct appl i cati on  of th i s  pub l i cati on .  

9)  Atten ti on  i s  d rawn  to  the  possib i l i ty that some  of the  e l emen ts  of th i s  I EC  Publ i cati on  may be  the  subj ect  of 
paten t ri gh ts .  I EC  shal l  n ot  be  he l d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t  ri gh ts.  

The  main  task of I EC techn ical  commi ttees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  commi ttee  may propose  the  publ ication  of a  techn ical  
speci fication  when  

•  the  requ i red  support cannot be  obtained  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subject i s  sti l l  under techn ical  development or where,  for any other reason ,  there  i s  the  
fu ture  bu t no  immed iate  possibi l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subject to  review wi th in  th ree  years  of publ ication  to  decide  
whether they can  be  transformed  i n to  I n ternational  Standards.   

I EC  TS  6271 5-5-2 ,  wh ich  i s  a  techn ical  speci fication ,  has  been  prepared  by I EC  techn ical  
commi ttee  1 1 0:  E lectron ic d isplay devices.  
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The  text of th is  standard  i s  based  on  the  fol l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

1 1 0/71 5/DTS  1 1 0/739/RVC 

 
Fu l l  i n formation  on  the  voting  for the  approval  of th is  techn ical  speci fication  can  be  found  in  
the  report on  voting  i nd icated  i n  the  above  table.  

Th is  publ ication  has  been  d rafted  i n  accordance  wi th  the  ISO/IEC Di rectives,  Part 2 .  

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

The  commi ttee  has  decided  that the  con tents  of th is  publ ication  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 publ ication .  At th is  date,  the  publ ication  wi l l  be  

•  transformed  i n to  an  I n ternational  standard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

 

IMPORTANT – The  'colour inside'  logo  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 
understanding  of i ts  contents.  Users  shou ld  therefore print  th is  document using  a  
colour printer.  
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FLEXIBLE DISPLAY DEVICES –  
 

Part 5-2:  Measuring  methods  of optical  characteristics   
from  the vantage point for curved  d isplays  

 
 
 

1  Scope 

Th is  part of I EC  6271 5,  wh ich  i s  a  techn ical  speci fication ,  speci fies  the  general  ru les  and  the  
detai l s  of optical  measuring  methods  from  a  fi xed  poin t ( the  so-cal led  van tage  poin t)  for 
cu rved  emissive  and  transmissive  type  d isplays  such  as  OLED  and  LCD  i n  dark room  
cond i tions.  Th is  document focuses  on  concave  shape  l arge  screen  d isplays  (non-portable)  
around  a  horizon tal  and /or vertical  axis  wi th  fi xed  or variable  curvature  rad ius .  

The  measuring  method  stipu lated  i n  th is  techn ical  speci fication  i s  appl ied  to  the  curved  
d isplay modu les  under the  fol l owing  states:  

•  van tage-poin t l um inance  variation  by viewing  ang les  

•  van tage-poin t con trast ratio  variation  by viewing  ang les  

•  van tage-poin t chromatici ty variation  of wh i te  colour by viewing  ang les  

•  van tage-poin t colour gamut area  variation  by viewing  ang les  

•  van tage-poin t chromatici ty variation  of primary colours  by viewing  ang les  

•  l uminance  un i formi ty and  i ts  un i formi ty variation  by viewing  ang les  

•  ch romatici ty un i formi ty and  i ts  un i formi ty variation  by viewing  ang les  

•  vi ewing  ang le  of ha l f- l uminance  

•  viewing  ang le  of ha l f-contrast 

2  Normative references  

The  fol lowing  documents,  i n  whole  or i n  part,  are  normatively referenced  in  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on ly the  ed i tion  ci ted  appl ies.  For 
undated  references,  the  latest ed i tion  of the  referenced  document ( i nclud ing  any 
amendments)  appl ies.  

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

3  Terms,  defin i tions  and  abbreviations  

3.1  Terms  and  defin i tions  

For the  purposes  of th is  document,  the  terms and  defin i ti ons  g iven  i n  I EC  6271 5-1 -1  as  wel l  
as  the  fol lowing  apply.  

3.1 .1   
curved  d isplay 
d isplay that has  a  s ing le  cu rvature  rad ius  a long  the  screen  horizontal l y and /or vertical l y 

Note  1  to  en try:  The  cu rvature  rad i us  of each  screen  posi ti on  i s  fi xed  by the  manu facturer or u ser con trol l abl e  
cu rvatu re  rad i us .  

Note  2  to  en try:  The  d i recti on  of cu rvatu re  m i gh t  be  concave  or convex from  the  vi ewer’ s  posi ti on .  
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Note  3  to  en try:  The  cu rved  screen  d i spl ay i s  a l so  cal l ed  cu rved  d i sp lay,  as  i n  cu rved  TV and  cu rved  mon i tor.  

3.1 .2   
vantage-point measurement 
test configuration  i n  wh ich  measurements  are  taken  at various  measuring  poin ts  on  the  
d isplay screen  through  a  common  observation  poin t i n  space  in  fron t of the  screen  

Note  1  to  en try:  The  observer (a t  the  vi ewing  d i stance  D)  i s  a t  a  fi xed  poi n t,  the  so-cal l ed  van tage  poi n t  or 
vi ewing  poin t,  and  then  from  that  fi xed  van tage  poin t,  the  ang l e  of vi ew from  the  screen  cen tre  to  the  corners  i s  
changed  accord i ng  to  h uman  vi ewing  d i recti ons  toward  the  screen .  

Note  2  to  en try:  I n  th i s  documen t,  the  van tage  poin t  for the  measurement i s  l ocated  on  the  same  hori zon ta l  p l ane  
as  the  d i spl ay cen tre,  and  on  a  l i n e  between  the  d i sp lay cen tre  and  the  d i sp l ay’ s  axi s  of rotati on .  

3.1 .3   
screen  visual  angle  
maximum  range  of van tage-poin t viewing  d i rections  ƟVA  measured  from  the  van tage  poin t 
towards  the  edges  of the  d isplay 

Note  1  to  en try:  The  hori zon ta l  screen  vi sual  ang le  i s  the  range  of van tage-poi n t  vi ewing  d i recti ons  between  the  
l eft  and  ri gh t  edges  of the  screen .  

Note  2  to  en try:  The  verti cal  screen  vi sua l  ang l e  i s  the  range  of van tage-poi n t  vi ewing  d i recti ons  between  the  top  
and  bottom  edges  of the  screen .  

3.1 .4  
viewing  ang le  
ang le  between  the  normal  d i rection  of the  screen  surface  and  the  measurement or viewing  
d i rection  

Note  1  to  en try:  I f there  i s  no  i nd icati on  abou t  the  screen  posi ti on ,  the  vi ewing  ang l e  i s  based  on  the  screen  
cen tre.  

Note  2  to  en try:  The  hori zon ta l  vi ewing  ang le  i s  the  ang l e  between  the  screen  normal  d i recti on  and  the  van tage  
poi n t,  both  l yi ng  on  the  same  horizon ta l  p l ane.  

Note  3  to  en try:  The  verti cal  vi ewing  ang l e  i s  the  ang l e  between  the  screen  normal  d i recti on  and  the  van tage  
poi n t,  both  l yi ng  on  the  same  verti ca l  p l ane.  

3.1 .5   
l uminance  variation  by viewing  angle  
percent d i fference  of d isplay wh i te  l um inance,  between  normal  i ncidence  (at 0°  viewing  ang le)  
and  a  speci fic viewing  ang le  at each  screen  measuring  poin t or averaged  over the  screen  
measuring  poin ts  

3.1 .6   
contrast ratio  variation  by viewing  angle  
percent d i fference  of con trast ratio  between  normal  i ncidence  (at 0°  viewing  ang le)  and  a  
speci fic viewing  ang le  at each  screen  measuring  poin t or averaged  over the  screen  measuring  
poin ts  

3.1 .7   
chromatici ty variation  by viewing  ang le  
chromatici ty d i fference  between  normal  i ncidence  (at 0°  viewing  ang le)  and  a  speci fic  viewing  
ang le  at  each  screen  measuring  poin t or averaged  over the  screen  measuring  poin ts  

3.1 .8   
luminance  un iformity variation  by viewing  ang le  
percent d i fference  of d i splay wh i te  l uminance  un i formi ty between  normal  i ncidence  (at 0°  
viewing  ang le)  and  a  speci fic viewing  ang le  
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3.1 .9   
chromatici ty un i formity variation  by viewing  ang le  
d i fference  of chromatici ty un i formi ty at normal  i ncidence  (at 0°  viewing  ang le)  to  the  other 
viewing  ang le  

3.1 .1 0   
half-luminance  viewing  ang le  
horizon tal  viewing  ang le  that has  the  hal f value  of the  l um inance  at the  normal  d i rection  

3.1 .1 1   
half-contrast viewing  angle  
horizon tal  viewing  ang le  that has  the  hal f value  of the  con trast at the  normal  d i rection  

3.2  Abbreviations  

For the  purposes  of th is  document,  the  fol l owing  abbreviations  apply.  

APL   average  p ictu re  l evel  

CCT correlated  colour temperature  

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

CIELAB   CIE  1 976  (L*a*b*)  colour space  

DUT  device  under test 

LMD   l i gh t measurement device  

4 Standard  measuring  equipment 

4.1  Video signal  generator 

An  analogue  video s ignal  generator or a  d ig i ta l  vi deo  s ignal  generator i s  used .  The  s ignal  
characteristics  shal l  match  wi th  the  measured  cu rved  d isplay modu le.  I npu t s ignal ,  i n  th is  
document,  means  pre-gamma signal  and  APL  means  post-gamma APL.  

4.2  Non-contact LMD 

For the  purpose  of vantage-poin t measurement,  the  non-contact LMD  shal l  be  used .  When  
using  a  non-contact LMD,  a  spectrorad iometer or a  non-contact colorimeter i s  i nsta l led ,  as  
shown  in  F igure  1 .  The  optical  axis  of the  non-contact LMD  shou ld  be  normal  i n  the  case  of 
measuring  the  cen tre  of the  d isplay surface.  I n  th is  document,  for the  purpose  of van tage-
poin t measurement,  the  measuring  d istance  lM  from  the  LMD  to  the  cen tre  of the  d isplay 
screen  shal l  be  e i ther the  design  viewing  d istance  or 3V where  V i s  the  effective  screen  heigh t  
of the  d isplay and  H i s  the  horizon tal l y effective  screen  wid th  of the  d isplay.  The  design  
viewing  d istance  m igh t be  recommended  based  on  the  d isplay resolu tion  and  curvature  rad ius.  
The  LMD colour measurements  shal l  comply wi th  the  colour match ing  functions  for the  CIE  
1 976  standard  colorimetric observer.  
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Figure  1  – Measuring  layout for non-contact measurement 

5 Standard  measuring  conditions  

5.1  Standard  measuring  environmental  conditions  

Measurements  shal l  be  carried  ou t under the  standard  envi ronmental  cond i tions.  When  
d i fferen t envi ronmental  cond i tions  are  used ,  they shal l  be  noted  i n  the  report.  

Temperature:  25  °C  ± 3  °C  

Relati ve  humid i ty:  25  %  RH  to  85  %  RH  

Atmospheric pressure:  86  kPa  to  1 06  kPa  

5.2  Power supply 

The  power supply for d riving  the  DUT shal l  be  ad justed  to  the  rated  vol tage  ±5 %.  I n  add i tion ,  
the  frequency of the  power supply shal l  provide  the  rated  frequency ±2  %.  

5.3  Warm-up time 

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  i s  defined  as  the  time  e lapsed  from  when  the  supply source  
i s  swi tched  on ,  and  a  1 00  %  g ray level  of i nput s ignal  i s  appl ied  to  the  DUT,  un ti l  repeated  
measurements  of the  d isplay show a  variation  i n  l um inance  of no  more  than  2  %  per m inu te  
and  5  %  per hour.  

5.4 Standard  measuring  dark room  condi tions  

The  l uminance  con tribu tion  from  the  background  i l l um ination  reflected  off the  test d isplay 
shal l  be  ≤  0 ,01  cd /m2 .  I f th is  cond i tion  i s  not satisfied ,  then  background  subtraction  i s  requ i red  
and  i t  shal l  be  noted  in  the  ambien t performance  report.  I n  add i tion ,  i f the  sensi ti vi ty of the  
LMD  i s  i nadequate  to  measure  at these  low levels,  then  the  lower l im i t of the  LMD shal l  be  
noted  i n  the  ambien t performance  report.  The  clothes  of the  observer(s)  and  the  wal l  of the  
room  shal l  be  dark i n  order to  avoid  the  reflection  of the  l i gh t em i tted  from  the  d isplay back 
on to  the  d isplay.  The  measurement for a l l  measuring  poin ts  of the  d isplay screen  and  al l  
measuring  posi tions  shal l  proceed  i n  the  same  dark room.  

5.5  Ad justment of d isplay modules  

Luminance,  contrast and  chromatici ty of the  wh i te  fie ld  and  other relevant parameters  of the  
d isplays  have  to  be  ad justed  to  nominal  status  i n  the  detai l  speci fication  and  they shal l  be  
noted  in  the  measurement report.  When  there  i s  no  l evel  speci fied ,  the  maximum  con trast 
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and /or l um inance  l evel  shal l  be  used .  These  ad justments  shal l  be  held  constan t for a l l  
measurements,  un less  noted  otherwise  i n  the  measurement report.  Add i tional  cond i tions  are  
speci fied  separately for each  measuring  method .  

5.6  Measuring  geometry for vantage  point 

5.6. 1  General  

To measure  i n  vantage-poin t d i rections,  the  d isplay modu le  shou ld  be  i nstal led  on  a  rotatable  
and  ti l table  fi xture  to  enable  the  changes  in  horizontal ,  vertical ,  and /or obl ique  measuring  
d i rections.  I n  5. 6,  i t  i s  assumed  that the  d isplay modu le  shal l  be  general ly i nstal led  i n  the  
vertical  posi tion  to  the  ground .  The  cu rvature  type  of the  examples  i s  concave,  bu t the  convex 
type  i s  a l so  avai lable  for these  appl ications.  The  measuring  d i rection  that i s  the  same as  the  
viewing  d i rection  i s  varied  accord ing  to  each  van tage  poin t and  each  viewing  ang le  of the  
measuring  posi tion .  

5.6.2  Measuring  geometry in  horizontal  vantage point 

Figure  2  shows  the  measuring  geometry of the  top  view i n  the  horizontal  van tage  poin t.  The  
measuring  d istance  lM  at  the  l eft or righ t measuring  poin t of the  screen  may be  unequal  to  
that of the  screen  centre,  wh ich  wi l l  requ i re  the  LMD  to  be  refocused  at these  poin ts.  The  
measuring  d i stance  i s  based  on  the  standard  viewing  d istance  of the  normal  d i rection .  I t  can  
be  measured  between  the  screen  cen tre  of the  d isplay modu le  and  the  optical  l ens  of the  LMD.  

 

Figure  2  – Measuring  geometry in  horizontal  vantage point  (top  view)  

5.6.3  Measuring  geometry in  vertical  vantage  point 

Figure  3  shows  the  measuring  geometry of the  top  view i n  the  vertical  van tage  poin t.  The  
measuring  d istance  lM  a t the  upper or l ower measuring  poin t of the  screen  may be  unequal  to  
that of the  screen  centre,  wh ich  wi l l  requ i re  the  LMD to  be  refocused  at these  poin ts.  When  
using  a  tripod  mount for the  LMD,  the  LMD  might be  rotated  by the  mount poin t.  Because  of 
the  gap  lD  between  the  LMD  lens  and  the  mount poin t,  the  viewing  ang le  of the  upper/lower 

and  l eft/righ t measuring  poin t of the  screen  becomes  s l igh tly smal l ,  bu t i f lD  <  0 , 1  lM ,  i t  can  be  
neg lected .  
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Figure  3  – Measuring  geometry in  vertical  vantage point (s ide  view)  

5.7  Measuring  layout for viewing  position  

5.7.1  General  

When  watch ing  a  d isplay,  accord ing  to  the  viewing  posi tion ,  a  viewing  ang le  shal l  be  set up  
between  the  d isplay’s  perpend icu lar d i rection  and  the  viewing  d i rection .  I n  5 . 7,  for the  
measurement by the  viewing  ang le  wi th  the  actual  watch ing  cond i tions  of customers,  the  

range  of the  viewing  posi tion  of normal  to  ±45°  of the  d isplay wh ich  i s  possib le  i n  the  actual  
usage  shal l  be  appl ied .  The  range  of the  viewing  ang le  m igh t be  determined  from  over 90  %  
of actual  usages  of consumers  when  watch ing  large  screen  d isplays.  

For the  measurement i n  the  viewing  ang le,  as  the  viewing  ang le  i s  main ly changed  i n  the  
horizon tal  d i rection ,  the  LMD  can  be  i nstal led  on  a  movable  tripod  around  the  d i splay to  
enable  to  change  the  horizontal  viewing  ang le.  Al ternatively,  the  d isplay modu le  may rotate  
horizontal l y to  change  the  viewing  ang le  when  the  LMD  i s  fi xed .  Depend ing  on  the  d isplay 
s ize  or the  measurement room  space,  one  of the  a l ternatives  shal l  be  adopted .  

5.7.2  Measuring  layout by moving  LMD 

The  viewing  d i rection  of the  viewer becomes  the  viewing  ang le  of the  d isplay.  I n  th is  case,  the  
measurement d istance  shal l  not change  regard less  of the  viewing  ang les.  The  measuring  
geometry of 0°  to  45°  i s  shown  in  the  figure.  As  the  actual  watch ing  cond i tions,  the  viewing  
ang le  wi l l  be  recommended  to  be  0° ,  1 5° ,  30°  and  45°  i n  F igure  4 .  I n  th i s  case,  the  opposi te  
s ides  of the  viewing  ang les  do  not have  to  be  measured  because  general ly most of the  curved  
d isplays  are  a lmost symmetrical  horizontal l y i n  the  optical  variations  between  the  l eft s ide  and  
righ t s ide  viewing  ang les.  F igure  4  shows  the  measuring  geometry of the  top  view by 
horizon tal  viewing  ang les  from  0°  to  45°  of the  righ t s ide.  
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Figure  4  – Measuring  geometry by horizontal  viewing  angles  (top  view)  

I n  each  viewing  ang le  of the  viewing  posi tion ,  the  measuring  d i rection  i s  changed  by the  
viewing  ang le  at the  same time.  F igure  4  shows the  measuring  d i rection  of the  screen  centre  
by the  horizontal  viewing  ang le  (ƟH )  that i s  caused  by the  viewer’s  posi tion .  I n  any measuring  
posi tion ,  the  measurement d istance  lM  shou ld  not be  changed .  Bu t because  of the  ang le  of 
the  van tage  poin t,  the  viewing  ang les  and  the  measuring  d istances  of the  other poin ts  of the  
screen  are  d i fferen t from  those  of screen  centre.  

5.7.3  Measuring  layout by rotating  the  d isplay modu le  

I nstead  of moving  the  LMD,  the  d isplay modu le  i tsel f can  be  rotated .  The  d isplay modu le  
shou ld  be  i nstal led  on  a  rotatable  fixture  to  enable  changes  i n  the  horizon tal  viewing  ang le  
based  on  the  d isplay screen  cen tre.  F igure  5  shows  the  measuring  geometry of the  top  view 
by the  horizon tal  d i splay d i rections  from  0°  to  45° .  
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Figure  5  – Measuring  geometry by horizontal  d isplay d i rections  (top  view)  

As in  5. 7. 2 ,  because  of the  ang le  of the  van tage  poin t,  the  viewing  ang les  and  the  measuring  
d istances  of the  other poin ts  of the  screen  are  d i fferen t from  those  of the  screen  centre.  

5.8  M in imum  curvature  rad ius  for the  measurement 

When  the  maximum  viewing  ang le  i s  45°  i n  th is  measurement,  the  curvature  rad ius  of the  
concave  type  d isplay modu le  shou ld  be  b igger than  32V/9π  for 1 6: 9  aspect ratio  d isplays  as  
F igure  6  shows.  Aspect ratio  means  the  horizontal  l eng th  versus  the  vertical  l ength  of the  
screen .  I n  case  of a  smal ler curvature  rad ius  than  the  m in imum  curvature  rad ius,  i t  wi l l  not be  
possible  to  measure  the  screen  edge  of the  viewer’s  s ide  or there  wi l l  be  an  i naccurate  
measurement at 45°  ang le  of viewing  d istance  3V.  F igure  6  shows  the  m in imum  curvature  
rad ius  of a  concave  type  curved  d isplay device  in  the  top  view.  I n  F igure  6 ,  i f the  curved  
d isplay i s  smal ler than  the  m in imum  curvature  rad ius,  the  righ t s i de  of the  screen  m igh t be  
i nvisible  and  impossible  to  measure  because  the  righ t s ide  edge  of the  screen  i s  45° ,  that i s ,  
a lmost paral le l  to  the  measuring  d i rection  of ri gh t s ide  measuring  poin ts.  
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Figure  6  – M in imum concave  type curvature   
rad ius  for the  measurement (top  view)  

5.9  Screen  visual  angle  

5.9. 1  Screen  visual  angle  of a  flat  d isplay module  

When  a  complete  flat  d isplay of a  1 6 :9  aspect ratio  d isplays  a  horizon tal /vertical  ratio  k which  
i s  1 , 778,  for example,  the  screen  visual  ang le  at  a  3V viewing  d istance  i s  as  fol lows:  

 ee)33,01 (degr
54

1 6
2tan

3

29

1 6

2tan
3
22tanVAF ==×== −−− 111

V

V

V

V
k
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5.9.2  Screen  visual  ang le  of concave  type d isplay modu le  

I n  case  a  concave  type  curved  d isplay of 1 6 :9  aspect ratio  d isplays  a  horizon tal  /  verti cal  ratio  
k wh ich  i s  1 , 67,  when  the  cu rvature  rad ius  i s  3V,  the  horizon tal  screen  visual  ang le  at a  3V 
vi ewing  d istance  that i s  the  ang le  from  the  viewer to  the  l eft end  and  righ t end  of the  screen  i s  
as  fol lows:  
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F igure  7  shows  the  screen  visual  ang le  of a  concave  type  d isplay device  in  the  top  view.  

 

Figure  7  – Screen  visual  angle  of concave  type d isplay device  (top  view)  

6 Measuring  methods  of optical  characteristics  

6.1  General  

6. 1 . 1  Measuring  i tems  

The  measuring  i tems  for cu rved  d isplay characteristics  are  as  fol lows:  

•  l uminance  variation  of wh i te  box by viewing  ang les  

•  con trast ratio  variation  of wh i te  box by viewing  ang les  

•  ch romatici ty variation  of wh i te  box by viewing  ang les  

•  co lour gamut area  variation  by viewing  ang les  

•  ch romatici ty variation  of colour box by viewing  ang les  

•  l uminance  un i formi ty and  un i formi ty variation  by viewing  ang les  

•  ch romatici ty un i formi ty and  un i formi ty variation  by viewing  ang les  

•  vi ewing  ang le  of ha l f- luminance  

•  vi ewing  ang le  of ha l f-contrast 

6.1 .2  Measuring  point  locations  

For the  vantage-poin t measurement,  the  number of measurement poin ts  i s  general l y 9 .  The  
l ocations  of the  9  poin ts  are  shown  i n  F igure  8.  The  test pattern  shal l  be  speci fied  depend ing  
on  the  measuring  i tems,  bu t the  measuring  posi tion  i s  a lways  the  same.  
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Figure  8  – 9-point  locations  for vantage-point measurement 

6. 1 .3  Test pattern  

The  test pattern  for wh i te  box measurements  i s  showed  in  F igure  9.  The  pattern  shal l  be  
d isplayed  by 9  wh i te  rectangu lar boxes  wi th  black background .  Each  box i s  1  %  of the  area  of 
the  screen  that has  a  s ize  of H/1 0  horizon tal l y and  of V/1 0  vertical l y.  The  tota l  area  of the  
boxes  i s  9  %  of the  screen  area  and  the  APL  shal l  be  9  %.  I t  m igh t be  su i table  for the  APL  to  
get the  maximum  luminance  of the  sel f-emi tti ng  d isplays.  The  measuring  poin ts  are  the  cen tre  
of each  box and  the  measurement fie ld  of the  LMD  i s  suggested  to  con tain  500  pixels  or more.  

 

Figure  9  – N ine  white  boxes  for vantage-point measurement 

For the  measurement of the  con trast ratio,  the  b lack l um inance  can  be  measured  at the  9  
poin ts  of the  cross  dotted  l i nes  i n  F igure  1 0.  
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Figure  1 0  – N ine  measuring  points  for vantage-point black measurement 

The  test patterns  for colour box measurements  are  shown  in  F igure  1 1 .  They shal l  be  
d isplayed  by 9  rectangu lar boxes  of each  R,  G  and  B  that are  the  same type  as  the  wh i te  
boxes.  Depend ing  on  the  CCT of the  wh i te  balance  of the  WRGB type  panel ,  the  optical  
characteristics  of the  wh i te  box such  as  l uminance,  screen  un i formi ty and  APL may not add  
up  to  a  j ust add i tion  of the  colour box characteristics.  

 

Figure  1 1  – N ine-colour boxes  of R,  G  and  B  for vantage-point  measurement 

6.2  Measuring  method  

6.2 .1  Measuring  method  at  the  screen  centre  position  

The  measuring  d i rection  shal l  be  the  van tage-poin t viewing  d i rection  to  s imu late  the  real  
cond i tion  of watch ing  a  d isplay screen .  F igure  1 2  shows  the  measuring  d i rection  of 9  van tage  
poin ts  at a  viewing  ang le  of 0° .  

 

Figure  1 2  – Measuring  d i rections  of 9  vantage  points  
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6.2.2  Measuring  method  at  viewing  ang le  posi tion  

At any measuring  posi tions,  the  measuring  poin ts  shal l  be  the  cen tre  of 9  rectangu lar wh i te  
boxes.  Accord ing  to  the  measuring  posi tions,  the  viewing  ang les  of the  measurements  shal l  
be  0° ,  1 5° ,  30°  and  45°  from  the  perpend icu lar axis  of the  screen  centre.  I n  th is  case,  the  
measuring  d istance  i s  a lways  the  same,  i . e .  3  V.  I n  the  viewing  ang le  d i rection ,  the  l eft-s ide  or 
righ t-side  d i rection  of the  perpend icu lar axis  can  be  selected  a l ternatively.  F igure  1 3  shows  
the  measuring  d i rections  from  the  0°  to  the  45°  viewing  ang le.  The  d i rections  for 1 5°  and  30°  
are  not d rawn  fu l l y and  omi tted  except the  d i rection  of the  cen tre  box.  The  total  number of 

measurements  i s  36  (=  4  ×  9) .  

 

Figure  1 3  – Measuring  d i rections  (right s ide)   
by viewing  ang le  0

o
,  1 5

o
,  30

o  
and  45

o
 

Figure  1 4  shows  the  front upper view of F igure  1 3.  

 

Figure  1 4  – Measuring  d i rections  (right s ide)  by viewing   
angle  0° ,  1 5°,  30°  and  45°  (front upper view)  

6.3  Optical  characteristics  of white  box by viewing  ang le  

6.3.1  Luminance  variation  by viewing  ang le  

LƟ ,  wh ich  i s  the  l uminance  at  Ɵ°  of the  horizon tal  viewing  ang le,  shal l  vary by viewing  ang le.  
The  l uminance  variation  of the  measuring  poin t p  by the  viewing  ang le  i s  as  fol lows:  
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where  

LƟ_p :   l uminance  of wh i te  i n  cd /m 2  of poin t p  at viewing  ang le  Ɵ .  

The  average  (mean)  and  standard  deviations  of the  l um inance  variation  of 9  poin ts  at viewing  
ang le  Ɵ  are  as  fol lows:  
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Atten tion  i s  d rawn  to  the  fact that Equation  (5)  i s  not a  variation  of the  average  l uminance  of 9  
poin ts  by the  viewing  ang le  because  the  changes  in  l uminance  of each  poin t m igh t 
compensate  each  other.  I t  i s  j ust the  9-poin t average  of Equation  (4)  at  each  viewing  ang le.  

6.3.2  Contrast ratio  variation  by viewing  ang le  

CRƟ ,  wh ich  i s  the  con trast ratio  at Ɵ°  of the  horizon tal  viewing  ang le,  shal l  vary by the  viewing  
ang le.  The  con trast ratio  variation  of the  measuring  poin t p  by the  viewing  ang le  i s  as  fo l lows:  
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where  

CRƟ_p :   con trast ratio  of poin t p  at viewing  ang le  Ɵ  

LƟ_p(k) :   l uminance  of b lack i n  cd / m 2  of poin t  p  at viewing  ang le  Ɵ  

The  average  (mean)  and  standard  deviations  of the  contrast ratio  variations  of 9  poin ts  at 
viewing  ang le  Ɵ  are  as  fol lows:  
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Atten tion  i s  d rawn  to  the  fact that Equation  (8)  i s  not a  variation  of the  average  contrast ratio  
of 9  poin ts  by viewing  ang le  because  the  changes  in  con trast ratio  of each  poin t m ight 
compensate  each  other.  I t  i s  s imply the  9-poin t average  of Equation  (7)  at  each  viewing  ang le.  
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6.3.3  Chromatici ty variation  by viewing  angle  

The  chromatici ty of the  wh i te  boxes  i s  a lso  calcu lated  in  the  u’v’  co lour space  by averag ing  
the  colour coord inates  of the  9  poin ts.  u’Ɵ  and  v’Ɵ  are  the  u’  and  v’  colour coord inates  of CIE  
1 976  at  Ɵ°  of the  horizontal  viewing  ang le.  

The  chromatici ty of the  wh i te  boxes  shal l  vary by viewing  ang le.  The  chromatici ty variation  of 
the  measuring  poin t p  by the  viewing  ang le  i n  the  u’v’  colour coord inate  i s  as  fol lows:  

 2 2
w_Θ_p w_Θ_p w_0_p w_Θ_p w_0_p( ' ' ) ( ' ' ) , where 1 5, 30, 45 (degree)C u u v v Θ∆ = − + − = (1 0)  

where  

u’w_Θ_p :   u ’  of the  poin t p  wh i te  box at  viewing  ang le  Ɵ  

v’w_Θ_p :   v’  of the  poin t p  wh i te  box at viewing  ang le  Ɵ  

The  average  (mean)  and  standard  deviations  of the  chromatici ty variation  of the  wh i te  box at 
viewing  ang le  Ɵ  are  as  fol lows:  
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6.4 Optical  characteristics  of colour box by viewing  ang le  

6.4.1  Colour gamut area variation  by viewing  ang le  

The  chromatici ty of the  d isplay shal l  be  measured  at 9  poin ts  described  in  F igure  1 1  from  
each  viewing  d i rection .  From  the  3  primary colour coord inates  of measuring  poin t p ,  the  colour 
gamut area  SΘ_p  a t  viewing  ang le  Ɵ  i s  as  fol lows:  

 
Θ_p r_Θ_p b_Θ_p g_Θ_p b_Θ_p g_Θ_p b_Θ_p r_Θ_p b_Θ_p

1
[( )( )-( )( )] ,

2

where Θ 0, 1 5, 30, 45 (degree)

S  u' - u' v' - v' u' - u' v' - v'=

=
  ( 1 3)  

where  

u’r_Θ_p :   u ’  of the  poin t p  red  box at  viewing  ang le  Ɵ  

v’r_Θ_p :   v’  of the  poin t p  red  box at  viewing  ang le  Ɵ  

u’g_Θ_p :   u’  of the  poin t p  g reen  box at viewing  ang le  Ɵ  

v’g_Θ_p :   v’  of the  poin t p  g reen  box at viewing  ang le  Ɵ  

u’b_Θ_p :   u’  of the  poin t p  b lue  box at viewing  ang le  Ɵ  

v’b_Θ_p :   v’  of the  poin t p  b lue  box at viewing  ang le  Ɵ  

The  colour gamut area  shal l  vary by viewing  ang le.  The  colour gamut area  variation  by the  
viewing  ang le  of the  measuring  poin t p  can  be  calcu lated  as  fol lows:  
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The  average  (mean)  and  standard  deviations  of the  colour gamut area  variation  at viewing  
ang le  Ɵ  are  as  fol lows:  
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6.4.2  Chromatici ty variation  and  ΔE  by viewing  angle  

As wi th  the  case  of the  wh i te  box,  the  chromatici ty of the  colour box a lso  varies  by viewing  
ang le.  I n  the  red  colour box,  the  chromatici ty variation  of the  measuring  poin t p  by viewing  
ang le  i n  the  u’v’  co lour coord inate  i s  as  fol lows:  

 2 2
r_Θ_p r_Θ_p r_0_p r_Θ_p r_0_p( ' ' ) ( ' ' ) , where 1 5, 30, 45 (degree)C u u v v Θ∆ = − + − =   ( 1 7)  

I n  the  same way,  the  chromatici ty variation  ΔCg_Θ_p  for green  and  ΔCb_Θ_p  for b lue  i s  
calcu lated  at each  9-poin t by the  viewing  ang le.  

I n  the  red  colour boxes,  the  average  (mean)  and  standard  deviations  of the  chromatici ty 
variation  at  viewing  ang le  Ɵ  are  as  fol lows:  

 
8

r_Θ r_Θ_p

0

1
, where 1 5, 30, 45 (degree)

9 p

ΔC ΔC Θ

=

= =∑  ( 1 8)  

 

8
2

r_Θ_p r_Θ

0
r_Θ ,

( )

 where 1 5, 30, 45 (degree)
8

p

ΔC ΔC

SΔC Θ
=

−

= =

∑
 ( 1 9)  

I n  the  same way,  for the  g reen  and  b lue  colour boxes,  the  average  and  standard  variation  of 
ΔCg_Θ_p  and  ΔCb_Θ_p  (ΔCg_Θ ,  SΔCg_Θ  and  ΔCb_Θ ,  SΔCb_Θ)  can  be  calcu lated .  

For the  evaluation  of ΔE,  the  CIELAB  colour coord inates  are  used .  L*,  a*  and  b*  are  defined  
as  fol lows:  
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( )

* r
r

* r r
r

w w

* r r
r

w w

1 /3

1 1 6 1 6 ,

500 ,

200 ,

( )                          0, 008856

7, 787 1 6 / 1 1 6      0, 008856

w

Y
L f

Y

X Y
a f f

X Y

Y Z
b f f

Y Z

f s s s

f s s s

 
 = −
 
 

    
    = −

        

    
    = −

        

= >

= + ≤
 

(20)  

 

(21 )  

 

(22)  

where  

Xr,  Yr,  Zr:   CIE  X,  Y,  Z  tri -stimu lus  value  i n  red  colour box 

Xw,  Yw,  Zw:   CIE  X,  Y,  Z  tri -stimu lus  value  i n  wh i te  box 

For an  example  of the  red  colour,  ΔE  of measuring  poin t p  at viewing  ang le  Θ  i s  defined  based  
on  the  0

o
 viewing  ang le  asfol lows:  

 
* * 2 * * 2 * * 2

r_Θ_p r_0_p r_Θ_p r_0_p r_Θ_p r_0_p r_Θ_p( ) ( ) ( ) ,

where 1 5, 30, 45 (degree)

E L L a a b b

Θ

∆ = − + − + −

=
 (23)  

where  

L*r_0_p ,  a*r_0_p ,  b*r_0_p :   L*,  a*  and  b*  
*  of the  measuring  poin t p  at viewing  ang le  0°  

L*r_Θ_p ,  a*r_ Θ  _p ,  b*r_ Θ  _p :   L*,  a*  and  b*  of the  measuring  poin t p  at  viewing  ang le  Ɵ  

I n  the  same way,  ΔEg_Θ_p  for g reen  and  ΔEb_Θ_p  for b l ue  are  calcu lated  at each  9-poin t by 
viewing  ang le.  

I n  the  red  colour boxes,  the  average  (mean)  and  standard  deviations  of ΔEr_Θ_p  a t viewing  
ang le  Ɵ  are  as  fol lows:  

 
8

r_Θ r_Θ_p

0

1
, where 1 5, 30, 45 (degree)

9 p

E E Θ∆ ∆
=

= =∑  (24)  

 

8
2

r_Θ_p r_Θ

0
r_Θ ,

( )

 where 1 5, 30, 45 (degree)
8

p

E E

S E Θ

∆ ∆

∆ =

−

= =

∑
 (25)  

I n  the  same way,  for the  g reen  and  b lue  colour boxes,  the  average  and  standard  variation  of 
ΔEg_Θ_p  and  ΔEb_Θ_p  (ΔEg_Θ ,  SΔEg_Θ  and  ΔEb_Θ ,  SΔEb_Θ)  can  be  measured .  

6.5  Un i formi ty and  un iformity variation  

6.5.1  General  

Uni formi ty and  un i formi ty variation  for l uminance  and  chromatici ty shal l  be  evaluated  using  
the  wh i te  box.  
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6.5.2  Luminance  un iformity and  un iformi ty variation  by viewing  angle  

LUƟ  i s  the  l uminance  un i formi ty at Ɵ°  of viewing  ang le.  Luminance  un i formi ty variation  at  Ɵ°  
of viewing  ang le  i s  obtained  as  fol lows:  

 ( ) (%)1 00
. . . ,max

). . . ,min(

8_,2_,1_,0_

8_,2_,1_,0_
×=

ΘΘΘΘ

ΘΘΘΘ
Θ

LLLL

LLLL
LU  where  )degree(45,30,1 5=Θ  (26)  

 1 00
0

0 ×
−

=
LU

LULU
LUV

Θ
Θ  where  )degree(45,30,1 5=Θ  (27)  

6.5.3  Chromatici ty un i formity and  uni formi ty variation  by viewing  angle  

Chromatici ty un i formi ty at  viewing  ang le  Ɵ  can  be  calcu lated  wi th  the  maximum  Δu’v’  based  
on  the  colour coord inate  of the  cen tre  wh i te  box.  The  chromatici ty un i formi ty variation  ΔCUƟ  
a t  viewing  ang le  Ɵ  i s  obtained  as  fol lows:  

 ( ) ( ) ( ) 









−+−−+−=

2'
0_

'
8_

2'
0_

'
8_

2'
0_

'
1_

2'
0_

'
1_ ~)(max ΘΘΘΘΘΘΘΘΘ vvuuvvuuCU   

where  )degree(45,30,1 5=Θ   (28)  

 (degree)4530,1 5,whereΘ0Θ =−=∆ Θ,CUCUCU  (29)  

6.6  Hal f-luminance and  half-contrast viewing  ang le  

6.6.1  Hal f-luminance viewing  ang le  range 

Each  l uminance  at  the  fron t,  and  l eft s ide  and  ri gh t s ide  i s  ca lcu lated  by averag ing  on ly 3  
l uminances  of wh i te  boxes  number 0,  6 ,  8  i n  a  horizontal  cen tre  l i ne,  as  i n  F igure  1 5.  

 

Figure  1 5  – Measuring  method  for hal f-luminance  viewing  angle  

 _8Θ_6Θ_0Θ0_60_0Θ LHLLHLLHLLHL −−−−
++=++= LLL)LLL(L _80

2

1
 (30)  

where  

L
Θ  H L -L

:   l uminance  at viewing  ang le  Θ
HL-L

 

Left half-luminance 
viewing angle range  

Measuring  3 boxes  

Righ t hal f- l um inance  
vi ewing  ang l e  range  

lM
 

=  3V 

ƟHL-L  ƟHL-R 

IEC  
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 _8Θ_6Θ_0Θ0_80_60_0Θ RHLRHLRHLRHL −−−−
++=++= LLL)LLL(L

2

1
 (31 )  

where  

L
Θ  H L -R:

  l uminance  at viewing  ang le  Θ
HL-R

 

ƟHL-LR  i s  the  viewing  ang le  range  of the  hal f- l uminance  compared  to  the  fron t l um inance.  I t  i s  
calcu lated  by add ing  the  l eft-s ide  and  ri gh t-s ide  hal f- l uminance  viewing  ang les.  

 RHLLHLLRHL −−− += ΘΘΘ  (32)  

where  

Ɵ
HL-L

:   l eft-s ide  hal f- luminance  viewing  ang le  

Ɵ
HL-R

:   ri gh t-side  hal f- l uminance  viewing  ang le  

6.6.2  Hal f-contrast viewing  angle  range 

I n  the  same  way as  for the  hal f- l uminance  viewing  ang le  range,  ƟHCR-LR  i s  the  viewing  ang le  
range  of the  hal f-con trast ratio  compared  to  the  fron t con trast ratio.  I t  i s  obtained  by 
measuring  the  b lack and  wh i te  l um inance  at  measuring  poin ts  0 ,  6  and  8.  

 _8Θ_6Θ_0ΘΘ LHCRLHCRLHCRLHCR −−−−
++=++= CRCRCRCRCRCRCR )(

2

1
8_06_00_0  (33)  

where  

CR
Θ  HCR-L

:   con trast ratio  at viewing  ang le  Θ
HCR-L

 

 _8Θ_6Θ_0Θ RHCRRHCRRHCRRHCR −−−−
++=++=Θ CRCRCRCRCRCRCR )(

2

1
8_06_00_0  (34)  

where  

CRΘ  HCR-R:   con trast ratio  at viewing  ang le  Θ
HCR-R

 

ƟHCR-LR   i s  ca lcu lated  by add ing  the  l eft-s ide  and  righ t-side  hal f-con trast viewing  ang les.  

 RHCRLHCRLRHCR −−− += ΘΘΘ  (35)  

where  

ƟHCR-L :   l eft-s ide  hal f-con trast viewing  ang le  

ƟHCR-R:   ri gh t-side  hal f-contrast viewing  ang le  

7  Reporting  

7.1  Requ irements  of reporting  

The  report shal l  i nclude  the  fol lowing  i tems:  

a)  date  and  time  of the  visual  i nspection  

b)  i den ti fication  of d isplay modu le  

– product name,  type  and  lot  number 

– date  of production  

– company name  of production  
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– curvature  type  (concave  or convex)  

– curvature  rad ius  or curvature  rad i i  for variable  curvature  

– measuring  viewing  ang le  d i rection  (righ t or l eft)  

– measuring  d i stance  lM  (  i f not speci fied ,  3V i s  assumed)  

c)  optical  setti ng  cond i tions  of the  d isplay modu le  such  as  con trast,  brigh tness,  etc.  

d )  measurement resu l ts  of optical  characteristics  

7.2  Recommendations  of measurement resu lts  reporting  

The  measurement resu l ts  shou ld  i nclude  the  fol l owing  i tems:  

a)  l uminance  of wh i te,  b lack and  colour boxes  

b)  chromatici ty of wh i te  box 

c)  l uminance  of wh i te  box at  the  hal f- l uminance  viewing  ang le  

Table  1  i s  an  example  of measurement resu l ts  for the  optical  characteristics.   
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Table  1  – Example  of measurement resu lts  for the  optical  characteristics  

I tems  

poin t  
number 

 
vi ewing   
ang le  

0  1  2  3  4  5  6  7  8  
D i fference  

(max.  – m i n . )  

Wh i te  
(L
Ɵ_p

(W))  
(cd /m 2 )  

0 °  387  371  366  365  362  366  369  360  359  28  

1 5°  380  372  361  367  357  360  359  361  370  23  

30°  345  342  341  330  337  338  337  341  346  1 6  

45°  300  302  299  301  305  308  305  301  293  1 5  

u’  o f wh i te  
(u’

w_Θ_p
)  

0°  0 , 1 97  1  0 , 1 97  0  0 , 1 96  3  0 , 1 97  6  0 , 1 96  7  0 , 1 97  0  0 , 1 97  1  0 , 1 96  5  0 , 1 96  6  0 , 001  3  

1 5°  0 , 1 96  8  0 , 1 96  9  0 , 1 97  0  0 , 1 97  8  0 , 1 97  8  0 , 1 97  2  0 , 1 97  1  0 , 1 97  8  0 , 1 97  7  0 , 001  0  

30°  0 , 1 99  0  0 , 1 96  0  0 , 1 96  2  0 , 1 98  8  0 , 1 98  1  0 , 1 98  9  0 , 1 99  0  0 , 1 97  8  0 , 1 98  0  0 , 0030  

45°  0 , 1 99  1  0 , 1 98  9  0 , 1 98  0  0 , 1 99  1  0 , 1 98  7  0 , 1 99  2  0 , 1 98  9  0 , 1 99  2  0 , 1 99  9  0 , 001  9  

v’  o f wh i te  
(v’

w_Θ_p
)  

0°  0 , 467  1  0 , 464  5  0 , 467  5  0 , 464  3  0 , 466  2  0 , 466  3  0 , 467  1  0 , 467  3  0 , 466  0  0 , 003  2  

1 5°  0 , 469  3  0 , 469  8  0 , 468  8  0 , 468  9  0 , 465  3  0 , 464  3  0 , 465  6  0 , 464  7  0 , 468  0  0 , 005  5  

30°  0 , 478  3  0 , 477  8  0 , 468  9  0 , 470  9  0 , 470  3  0 , 470  6  0 , 470  2  0 , 478  0  0 , 478  8  0 , 009  9  

45°  0 , 483  0  0 , 478  6  0 , 487  0  0 , 480  3  0 , 480  0  0 , 480  2  0 , 483  1  0 , 482  3  0 , 483  1  0 , 008  4  

B l ack 
(L
Ɵ_p

(k))  
(cd /m2 )  

0 °  0 , 001  0 , 002  0 , 002  0 , 002  0 , 002  0 , 002  0 , 002  0 , 001  0 , 002  0 , 001  

1 5°  0 , 001  0 , 002  0 , 001  0 , 001  0 , 001  0 , 002  0 , 002  0 , 001  0 , 002  0 , 001  

30°  0 , 002  0 , 002  0 , 002  0 , 002  0 , 002  0 , 002  0 , 002  0 , 002  0 , 003  0 , 001  

45°  0 , 002  0 , 002  0 , 002  0 , 002  0 , 002  0 , 003  0 , 002  0 , 003  0 , 003  0 , 001  

u’  o f red  
(u’

r_Θ_p
)  

0°  0 , 454  9  0 , 455  5  0 , 455  7  0 , 454  4  0 , 455  3  0 , 455  0  0 , 454  9  0 , 454  6  0 , 455  4  0 , 001  3  

1 5°  0 , 454  1  0 , 455  1  0 , 455  0  0 , 454  2  0 , 454  2  0 , 454  8  0 , 454  9  0 , 454  5  0 , 454  3  0 , 001  0  

30°  0 , 453  0  0 , 453  1  0 , 453  8  0 , 453  2  0 , 453  9  0 , 453  1  0 , 453  0  0 , 453  9  0 , 454  0  0 , 001  0  

45°  0 , 452  5  0 , 452  9  0 , 452  0  0 , 452  9  0 , 453  3  0 , 452  8  0 , 453  1  0 , 452  8  0 , 453  5  0 , 001  5  

v’  o f red  
(v’

r_Θ_p
)  

0°  0 , 537  2  0 , 539  8  0 , 538  9  0 , 540  0  0 , 538  1  0 , 538  0  0 , 537  2  0 , 537  0  0 , 538  3  0 , 003  0  

1 5°  0 , 535  0  0 , 534  5  0 , 535  5  0 , 535  4  0 , 539  0  0 , 540  0  0 , 538  7  0 , 539  6  0 , 536  3  0 , 005  5  

30°  0 , 52  60  0 , 526  5  0 , 535  4  0 , 533  4  0 , 534  0  0 , 533  7  0 , 534  1  0 , 526  3  0 , 525  5  0 , 009  9  
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I tems  

poin t  
number 

 
vi ewing   
ang le  

0  1  2  3  4  5  6  7  8  
D i fference  

(max.  – m i n . )  

45°  0 , 521  3  0 , 525  7  0 , 529  0  0 , 528  8  0 , 524  3  0 , 524  1  0 , 522  9  0 , 522  0  0 , 530  1  0 , 008  8  

u’  o f g reen  
(u’

g_Θ_p
)  

0°  0 , 1 24  9  0 , 1 24  8  0 , 1 24  1  0 , 1 25  4  0 , 1 24  5  0 , 1 24  8  0 , 1 24  9  0 , 1 24  3  0 , 1 24  4  0 , 001  3  

1 5°  0 , 1 24  6  0 , 1 24  0  0 , 1 24  8  0 , 1 25  7  0 , 1 25  6  0 , 1 25  0  0 , 1 25  9  0 , 1 25  4  0 , 1 25  6  0 , 001  9  

30°  0 , 1 26  8  0 , 1 23  8  0 , 1 24  0  0 , 1 26  6  0 , 1 25  9  0 , 1 26  7  0 , 1 26  8  0 , 1 25  6  0 , 1 26  3  0 , 003  0  

45°  0 , 1 26  9  0 , 1 26  2  0 , 1 25  8  0 , 1 25  9  0 , 1 26  1  0 , 1 26  5  0 , 1 26  7  0 , 1 27  0  0 , 1 26  6  0 , 001  2  

v’  o f g reen  
(v’

g_Θ_p
)  

0°  0 , 552  7  0 , 555  3  0 , 552  3  0 , 555  5  0 , 553  6  0 , 553  5  0 , 552  7  0 , 552  5  0 , 553  8  0 , 003  2  

1 5°  0 , 550  5  0 , 554  5  0 , 551  0  0 , 551  9  0 , 554  5  0 , 554  3  0 , 554  2  0 , 543  3  0 , 551  9  0 , 01 1  2  

30°  0 , 541  5  0 , 542  0  0 , 550  9  0 , 548  9  0 , 549  5  0 , 549  2  0 , 549  6  0 , 541  8  0 , 541  0  0 , 009  9  

45°  0 , 54  60  0 , 541  2  0 , 543  8  0 , 539  5  0 , 539  8  0 , 539  6  0 , 543  9  0 , 546  0  0 , 546  6  0 , 007  1  

u’  o f b l ue  
(u’

b_Θ_p
)  

0°  0 , 1 77  5  0 , 1 77  4  0 , 1 76  7  0 , 1 78  0  0 , 1 77  1  0 , 1 77  4  0 , 1 77  5  0 , 1 76  9  0 , 1 77  0  0 , 001  3  

1 5°  0 , 1 77  2  0 , 1 77  3  0 , 1 77  4  0 , 1 78  2  0 , 1 78  2  0 , 1 77  6  0 , 1 77  5  0 , 1 78  2  0 , 1 78  1  0 , 001  0  

30°  0 , 1 78  0  0 , 1 76  4  0 , 1 77  6  0 , 1 79  2  0 , 1 78  5  0 , 1 77  8  0 , 1 77  9  0 , 1 7  82  0 , 1 77  5  0 , 002  8  

45°  0 , 1 78  5  0 , 1 77  6  0 , 1 78  4  0 , 1 79  5  0 , 1 77  9  0 , 1 77  4  0 , 1 77  8  0 , 1 78  9  0 , 1 77  9  0 , 002  1  

v’  o f b l ue  
(v’

b_Θ_p
)  

0°  0 , 1 54  8  0 , 1 52  2  0 , 1 55  2  0 , 1 52  0  0 , 1 53  9  0 , 1 54  0  0 , 1 54  8  0 , 1 55  0  0 , 1 53  7  0 , 003  2  

1 5°  0 , 1 57  0  0 , 1 56  5  0 , 1 56  1  0 , 1 55  0  0 , 1 53  0  0 , 1 52  0  0 , 1 53  3  0 , 1 52  4  0 , 1 55  7  0 , 005  0  

30°  0 , 1 58  8  0 , 1 58  6  0 , 1 56  6  0 , 1 58  6  0 , 1 58  0  0 , 1 58  3  0 , 1 57  9  0 , 1 58  9  0 , 1 60  1  0 , 003  5  

45°  0 , 1 59  5  0 , 1 62  2  0 , 1 59  7  0 , 1 59  3  0 , 1 60  1  0 , 1 59  8  0 , 1 58  9  0 , 1 64  2  0 , 1 58  1  0 , 006  1  

H a l f-
l um inance  
( l eft, cd /m2 )  

79°  1 90 , 0  – – – – –  1 84 , 0  – 1 85, 0  – 

80°  1 88, 0  – – – –  –  1 79, 0  – 1 81 , 0  –  

Ha l f-
l um inance  

(ri gh t, cd /m2 )  

80°  1 88, 0  – –  – – – 1 81 , 0  – 1 81 , 0  – 

81 °  1 87 , 0  –  –  – – – 1 86 , 0  – 1 82 , 0  – 

 

From  the  wh i te  l um inance  average  value  of Table  1  at viewing  ang le  0° ,  the  hal f- l uminance  becomes  1 83,6  cd /m2 .  By selecting  the  nearest value  to  
the  hal f- l uminance,  the  hal f–luminance  viewing  ang les  are  known  to  be  80°  for the  left s i de  and  80°

 
as  wel l

 
for the  righ t s ide.  
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From  the  measurement data  of Table  1 ,  the  calcu lation  resu l ts  shal l  i nclude  the  fol lowing  i tems:  

a)  l uminance  characteristics  

b)  chromatici ty characteristics  

c)  hal f- l uminance  viewing  ang le  

Table  2  shows  the  calcu lation  resu l ts  from  the  data  of Table  1 .  I n  Table  2 ,  the  colour gamut variation  and  un i formi ty re lated  resu l ts  are  l eft ou t  
because  they are  not necessary for typical  formats.  

Table  2  – Calcu lation  resu lts  from the  measurement data  of Table  1  

I tems  

poin t   
number 

 
vi ewing  
ang le  

0  1  2  3  4  5  6  7  8  Average  
Standard  
deviation  

LV
Ɵ_p

 

 (%)  

1 5°  1 , 81  0 , 27  1 , 37  0 , 55  1 , 38  1 , 64  2 , 71  0 , 28  3 , 06  
1 , 5  

(LV
1 5

)  
0 , 996  9  

30°  1 0 , 85  7 , 82  6 , 83  9 , 59  6 , 91  7 , 65  8 , 67  5 , 28  3 , 62  
7 , 5  

(LV
30

)  
2 , 1 75  9  

45°  22 , 48  1 8 , 60  1 8 , 31  1 7 , 53  1 5 , 75  1 5 , 85  1 7 , 34  1 6 , 39  1 8 , 38  
1 7 , 8  
(LV

45
)  

2 , 044  1  

CR
Ɵ_p

 

 (x1  000: 1 )  

0°  387  1 86  1 83  1 83  1 81  1 83  1 85  360  1 80  
225, 1  
(CR

0
)  

84 , 41 7  0  

1 5°  380  1 86  361  367  357  1 80  1 80  361  1 85  
284 , 1  
(CR

1 5
)  

96 , 458  0  

30°  1 73  1 71  1 71  1 65  1 69  1 69  1 69  1 71  1 1 5  
1 63, 4  
 (CR

30
)  

1 8 , 1 58  1  

45°  1 50  1 51  1 50  1 51  1 53  1 03  1 53  1 00  98  
1 34 , 1  
 (CR

45
)  

25, 439  3  

CRV
Ɵ_p

 

 (%)  

1 5°  1 , 8  0 , 3  97 , 3  1 01 , 1  97 , 2  1 , 6  2 , 7  0 , 3  3 , 1  
33 , 9  

 (CRV
1 5

)  
48 , 474  4  

30°  55 , 4  7 , 8  6 , 8  9 , 6  6 , 9  7 , 7  8 , 7  52 , 6  35 , 7  
21 , 3  

 (CRV
30

)  
20 , 726  5  

45°  6 1 , 2  1 8 , 6  1 8 , 3  1 7 , 5  1 5 , 7  43 , 9  1 7 , 3  72 , 1  45, 6  
34 , 5  

 (CRV
45

)  
21 , 769  6  
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I tems  

poin t   
number 

 
vi ewing  
ang le  

0  1  2  3  4  5  6  7  8  Average  
Standard  
deviation  

ΔC
W_Θ_p

 

1 5°  0 , 002  2  0 , 005  3  0 , 001  5  0 , 004  6  0 , 001  4  0 , 002  0  0 , 001  5  0 , 002  9  0 , 002  3  
0 , 0026  

 (ΔC
w_1 5

)  
0 , 001  4  

30 °  0 , 01 1  4  0 , 01 3  3  0 , 001  4  0 , 006  7  0 , 004  3  0 , 004  7  0 , 003  6  0 , 01 0  8  0 , 01 2  9  
0 , 007  7  
 (ΔC

w_30
)  

0 , 004  5  

45°  0 , 01 6  0  0 , 01 4  2  0 , 01 96  0 , 01 6  1  0 , 01 3  9  0 , 01 4  1  0 , 01 6  1  0 , 01 5  2  0 , 01 7  4  
0 , 01 5  9  
 (ΔC

w_45
)  

0 , 001  8  

ΔC
r_Θ_p

 

1 5°  0 , 002  3  0 , 005  3  0 , 0035  0 , 004  6  0 , 001  4  0 , 002  0  0 , 001  5  0 , 002  6  0 , 002  3  
0 , 002  8  
 (ΔC

r_1 5
)  

0 , 001  4  

30°  0 , 01 1  4  0 , 01 3  5  0 , 0040  0 , 006  7  0 , 004  3  0 , 004  7  0 , 003  6  0 , 01 0  7  0 , 01 2  9  
0 , 008  0  
 (ΔC

r_30
)  

0 , 004  1  

45°  0 , 01 6  1  0 , 01 4  3  0 , 01 06  0 , 01 1  3  0 , 01 3  9  0 , 01 4  1  0 , 01 4  4  0 , 01 5  1  0 , 008  4  
0 , 01 3  1  
 (ΔC

r_45
)  

0 , 002  5  

ΔC
g_Θ_p

 

1 5°  0 , 002  2  0 , 001  1  0 , 001 5  0 , 003  6  0 , 001  4  0 , 000  8  0 , 001  8  0 , 009  3  0 , 002  2  
0 , 002  7  
 (ΔC

g_1 5
)  

0 , 002  6  

30°  0 , 01 1  4  0 , 01 3  3  0 , 001 4  0 , 006  7  0 , 004  3  0 , 004  7  0 , 003  6  0 , 01 0  8  0 , 01 2  9  
0 , 007  7  
 (ΔC

g_30
)  

0 , 004  5  

45°  0 , 007  0  0 , 01 4  2  0 , 0087  0 , 01 6  0  0 , 01 3  9  0 , 01 4  0  0 , 009  0  0 , 007  0  0 , 007  5  
0 , 01 0  8  
 (ΔC

g_45
)  

0 , 00  36  

ΔC
b_Θ_p

 

1 5°  0 , 002  2  0 , 004  3  0 , 001 1  0 , 003  0  0 , 001  4  0 , 002  0  0 , 001  5  0 , 002  9  0 , 002  3  
0 , 002  3  
 (ΔC

b_1 5
)  

0 , 001  0  

30°  0 , 004  0  0 , 006  5  0 , 001 7  0 , 006  7  0 , 004  3  0 , 004  3  0 , 003  1  0 , 004  1  0 , 006  4  
0 , 004  6  
 (ΔC

b_30
)  

0 , 001  7  

45°  0 , 004  8  0 , 01 0  0  0 , 0048  0 , 007  5  0 , 006  3  0 , 005  8  0 , 004  1  0 , 009  4  0 , 004  5  
0 , 006  3  
 (ΔC

b_45
)  

0 , 002  2  

Ha l f- l um inance  ang l e  Left  80 °  Ri gh t  80°  Sum  1 60°  –  

Ha l f-con trast  ang l e  Left  70°  Ri gh t  70 °  Sum  1 40 °   
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