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FLEXIBLE DISPLAY DEVICES  –  

 
Part 5-3:  Visual  assessment of image qual i ty and  defects  

 
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  questions  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 cations,  
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 ci pate  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  possibl e,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  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  content  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 i s 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  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  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 cation  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  respons ibl e  for i denti fyi ng  any or a l l  such  patent  ri gh ts.  

I n ternational  Standard  I EC  6271 5-5-3  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  fol lowing  documents :  

FDIS  Report  on  voti ng  

1 1 0/844/FDIS  1 1 0/867/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  voti ng  i nd icated  i n  the  above  table.  

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  i n  the  I EC  6271 5  series ,  publ ished  under the  general  t i tl e  Flexible display 
devices,  can  be  found  on  the  I EC websi te .  
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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 ,  

•  rep laced  by a  revised  ed i ti on ,  or 

•  amended .  

A b i l i ngual  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  i nd 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  developed  i n  response  to  demands  for the  standard ization  of the  
general  ru les  and  deta i l ed  procedures  that are  used  i n  the  visual  assessment of fl exib le  
d isplay devices.  

Visual  assessment i s  an  essentia l  means  for evaluati ng  fl exib le  d isp lay devices  and  i s  
i n tended  to  complement objecti ve  d isp lay measurements  [1 ] 1 .  The  advantages  of visual  
assessment are  as  fo l l ows:  

a)  I t  i s  speedy,  e . g .  defects  are  i nstan tl y recogn ized  by a  human  observer.  

b)  I t  a l lows  the  evaluation  of various  device  shapes  and  a l lows  evaluation  from  various  
d i rections  and  d istances,  wh ich  can  l ead  to  h i gher sensi ti vi ty for detecti ng  defects .  

c)  I t  completel y covers  the  area  of even  the  l argest d isp lay,  a l l owing  i den ti fication  and  
se lection  of reg ions  of in terest for objecti ve  measurements .  

d )  I t  i s  sens i ti ve,  e . g .  for some defects ,  visual  assessment i s  the  most sens i ti ve  means  of 
detection .  

e)  I t  corresponds  to  the  perception  of humans.  

f)  I t  can  detect unexpected  changes  or defects  that can  be  overlooked  by predeterm ined  
measurements  wi th  equ ipment.  

Visual  assessment i s  a  necessary fi rst s tep  for speci fying  types  of measurements  and  the  
reg ions  of in terest for measurements.  

Evaluation  resu l ts  from  visual  assessment depend  on  the  observer,  reg ion  of i n terest  for the  
assessment,  l i gh ting  and  geometrical  cond i tions  of the  assessment,  cri teria  i n  making  
j udgments,  and  various  other factors.  Therefore,  i t  i s  important to  s tandard ize  the  general  
ru les ,  i nclud ing  the  terms,  cond i ti ons,  cri teri a  and  reporting  of resu l ts  from  visual  assessments.  

Regard ing  the  procedures  for visual  assessment of e l ectron ic  d isplay devices,  the  fol l owing  
standards  can  be  consu l ted :  I EC  62341 -6-2  [6 ]  and  I EC  61 747-20-3  [7] .  

Visual  assessment i s  usual l y performed  by comparing  a  test  sample  wi th  a  l im i t  sample  or a  
set  of grade  samples.  Th is  document s ti pu lates  the  framework and  procedures  to  be  used  i n  
the  assessments;  i t  a lso  describes  the  preparation  of a  l im i t sample  or a  set of g rade  samples.  

Th is  document a lso  appl i es  when  a  l im i t  sample  or a  set  of grade  samples  are  not  avai lab le  
for the  same type  of defect.  Concern ing  defects  of flexib le  d isplay devices,  many kinds  of 
defects  can  be  observed .  Even  wi th in  the  same category of defect,  factors,  such  as  the  shape,  
s i ze,  l um inance,  colour,  g radation  of the  edge,  wid th  of the  edge,  sol i tary or repeti ti ve,  
pos i tion  i n  the  d isplay area,  can  d i ffer.  Therefore,  in  most  cases,  i t  i s  practical l y imposs i ble  to  
prepare  the  same type  of l im i t  sample  or comparison  samples  for vi sual  assessment.  

 

___________ 

1   Numbers  i n  square  brackets  refer to  the  B i b l i ography.  
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FLEXIBLE DISPLAY DEVICES  –  
 

Part 5-3:  Visual  assessment of image qual i ty and  defects  
 
 
 

1  Scope 

This  part  of I EC  6271 5  provides  the  framework and  procedures  for perform ing  the  visual  
assessment of fl exib le  d i splay devices.  

Visual  assessment sti pu lated  i n  th is  document i s  appl icable  to  fl exib le  d isp lay modu les  i n  the  
fol lowing  states:  

– i n i tia l  states  and  ageing  states  under s tandard  ambient  cond i tions,  

– mechan ica l l y or envi ronmental l y s tressed  cond i tions,  

– states  after mechan ica l  endurance tes t(s) ,  after environmenta l  endurance test(s)  and  after 
a  combination  of mechan ical  and  envi ronmental  endurance  tests .  

NOTE  Visual  assessment under the  mechan ical  or envi ronmental  s tress  i s  usual l y d i ffi cu l t  to  d o,  bu t  th i s  
document can  be  appl i ed  when  i t  i s  poss ible.  

Visual  assessment i s  performed  by comparing  a  test sample  to  a  l im i t  sample  or to  a  set of 
grade  samples.  Th is  document provides  the  framework and  procedures  for visual  
assessments  that  use  a  l im i t  sample  or a  set  of g rade  samples.  Th is  document describes  the  
framework and  procedure  that are  fol lowed  wh i le  preparing  l im i t  samples  and  a  set of grade  
samples.  Th is  document a lso  describes  visual  assessment when  l im i t  samples  and  grade  
samples  are  not avai lable  for the  same type  of defect.  

Th is  document provides  sets  of test patterns  that can  be  used  i n  visual  assessments .  

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 ies.  

I EC 61 747-30-1 ,  Liquid crystal display devices – Part 30-1 : Measuring methods for liquid 
crystal display modules – Transmissive type 

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

I EC 6271 5-6-1 ,  Flexible  display devices – Part 6-1 :  Mechanical stress test methods 

IEC 6271 5-6-2 2,  Flexible  display devices – Part 6-2:  Environmental testing methods 

3 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  the  
fol l owing  appl y.  

___________ 

2  Under preparati on .  S tage  at  the  time  of publ i cati on :  I EC/AFDI S  6271 5-6-2 : 201 7.  
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ISO  and  I EC main tain  term inolog ical  databases  for use  i n  standard ization  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 l ab le  at h ttp: //www. iso.org/obp  

NOTE  I n  cases  where  the  terms  and  defi n i ti ons  are  dupl i cated  between  th i s  document  and  I EC 6271 5-1 -1 ,  the  
defi n i ti ons  i n  th i s  document take  precedence.    

3. 1   
visual  assessment  
process  i n  wh ich  human  visual  observation  i s  used  to  evaluate  image  qual i ty by detecti ng  and  
classi fying  defects  or by recogn izing  any adverse  changes  in  image qual i ty  

3.2   
grade sample  

sample  that  represents  a  speci fic  l evel  of defect or deterioration  in  image  qual i ty 

Note  1  to  en try:  G rade  samples  are  usual l y prepared  as  g rades  1  to  3  or g rades  1  to  5 ,  rang i ng  from  best  to  
poorest.  

3.3   
l im i t  sample  
sample  that  represents  a  speci fic type  of defect or deterioration  i n  image qual i ty that 
corresponds  to  an  acceptance  l im i t  for a  certa in  product  

Note  1  to  en try:  L im i t  samples  are  appl i cable  to  d efects  that  can  be  to l erated  to  a  certa in  exten t (e. g .  un i form i ty  
defects ,  poin t  defects).  They can  be  e i ther one  sample  provi d i ng  the  maximum  acceptable  defect l evel  or a  set  of 
samples  provid i ng  vari ati ons  i n  defect  l evel .  The  vari ati ons  shou l d  represent a  cl assi fi cation  range  for the  s trength  
or n umber of the  speci fi c  defect,  thus  provid i ng  a  reference  for an  acceptabl e  defect l evel .  

3.4   
ND  fi l ter 
nutral  densi ty fi l ter 
optica l  fi l ter that  reduces  the  i n tens i ty of a l l  waveleng ths  of l i ght  equal l y,  g ivi ng  no  changes  in  
hue  of co lor rend i ti on  

3.5   
pai red  comparison  method  
psychophysica l  method  i nvolving  a  choice  between  two s imu l taneousl y presen ted  stimu l i  that 
exh ib i t  g reater or l esser image  qual i ty,  or an  attribu te  thereof,  i n  accordance wi th  a  set of 
i nstructions  g i ven  to  the  observer 

3.6   
sing le  stimu lus  method  
psychophysica l  evaluation  method  i nspecting  on ly the  objecti ve  sample  wi thout  comparison ,  
i n  accordance  wi th  a  set  of i nstructions  g i ven  to  the  observer 

3.7   
psychophysical  method  

method  for exam in ing  someth ing  re lati ng  to  the  phys ical  stimu l i  and  sensory response  

Note  1  to  en try:  I SO  20462-3: 201 2,  3 . 1 2  [3 ]  defi nes  the  psychophysical  method  as  an  "experimental  techn i que  for 
subjecti ve  eval uati on  of image  qual i ty or attri bu tes  thereof” .   

3.8   
reference  stimulus  
image provided  to  the  observer for the  purpose  of anchoring  or cal i brati ng  the  perceptual  
assessments  of test s timu l i  

Note  1  to  en try:  The  pl u ral  i s  reference  s timu l i .  

http://www.iso.org/obp
https://en.wikipedia.org/wiki/Photographic_filter
https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Hue
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[SOURCE:  I SO  20462-3: 201 2,  3 , 1 5,  mod i fied  – l ast part of defin i tion  de leted ]  [3]  

3.9   
observer 

i nd ividual  perform ing  the  subj ecti ve  evaluation  task in  a  psychophysical  method  

[SOURCE:  I SO 20462-3: 201 2,  3 . 9]  [3]  

4 Procedures  of visual  assessment [2] [3]  

4.1  General  

Procedures  for assessment of image  qual i ty are  described  in  Clause  4.  The  fo l l owing  i tems  
are  covered ;  

•  image defects ,  such  as  subpixel  defects,  clustered  defects ,  l i ne  defects,  and  mura,   

•  phys ical  defects ,  such  as  scratch ,  abrasion ,  dent,  and  change i n  gross  

•  image  qual i ty,  such  as  change  i n  l um inance,  colour,  or d istortion .  

Especia l l y the  changes  of these  i tems  before  and  after the  envi ronmenta l  and /or mechan ical  
stress  tests  are  described .  

NOTE  Classi fi cation  of defects  and  the  nam ing  and  defi n i ti ons  of defects  are  descri bed  i n  I EC 62341 -6-2  [6]  and  
I EC 61 747-20-3  [7 ] .  

4.2  Setup  of d isplays  and  driving  conditions  

Turn  on  the  power suppl y and  pattern  generator and  warm  up  for stabi l i zation .  Supply the  
d ri vi ng  vol tage  and  pattern  to  the  d isp lay modu le  as  speci fied  for each  assessment.  The  
warm-up  time of the  device  under test (DUT)  and  i l l um ination  shal l  be  sufficientl y l ong  to  
obtain  a  stable  s ignal ,  wh ich  is  necessary for visual  assessment.  I t  i s  recommended  that  when  
the  d isplay i s  fi rst tu rned  on ,  i t  shou ld  be  operated  for at  l east 30  m in .  

4.3  Observers  for visual  assessment [4] [5]  

Observers  shal l  be  period ical l y trained  for visual  assessment by a  qual i fied  person  us ing  a  
document of speci fied  procedures  and  g rade  samples.  Qual i fied  persons  are  certi fi ed  by each  
organ ization  based  on  the ir cri teria.  The  cri teria  may be  d iscussed  by the  customer(s)  and  the  
provider(s).  To  ensure  effecti veness,  g rade  samples  shal l  be  main tained  by a  qual i fi ed  person .  

Observers  shou ld  adapt to  l i gh ting  cond i tions  for a  period  of 1 0  m in  or more  before  beg inn ing  
an  assessment session .  

4.4  Ambient conditions  for visual  assessment  

4.4. 1  Standard  envi ronmental  cond i tions  

Visual  assessment shal l  be  carried  ou t  under standard  environmenta l  cond i tions:  a  
temperature  of 23  °C  ±  3  °C,  a  relati ve  hum id i ty of 45  %  to  75  %  and  a  pressure  of 86  kPa  to  
1 06  kPa.  When  other environmental  cond i tions  are  used ,  they shal l  be  noted  i n  the  report.  

4.4.2  Standard  l ighting  condi tions  

4.4.2 . 1  General  

Dark room  cond i tions  shal l  be  used  for the  visual  assessment of the  image  qual i ty of 
em issive-type  d isp lays  i n  operational  states.  Control l ed  external  l i ghti ng  shal l  a lso  be  used  for 
the  visual  assessment of the  em issive-  and  reflecti ve-type  d isp lays  and  for physical  damage  
to  both  the  d isp lay types.  
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4.4.2 .2  Dark room  condi tions  for emissive-type  d isplay modu les  

The l um inance  con tribu tion  from  background  i l l um ination  reflected  off the  test d isplay shal l  be  
smal l  enough  for visual  assessment.  I t  i s  recommended  that the  l um inance  con tribu tion  from  
background  i l l um ination  reflected  off the  test d isp lay be  l ess  than  or equal  to  0 , 01  cd /m 2  or 
l ess  than  1 /20  of the  d isplay’s  fu l l  screen  b lack l um inance.  

I t  shou ld  be  noted  that,  i n  case  of mura  defect  i n  a  b l ack background ,  even  l ow l evel  of 
background  i l l um ination  can  h inder the  detection  of mura.  

To  avoid  the  em i tted  l i gh t from  the  d isplay being  reflected  back onto  the  d isplay,  the  clothes  
of the  observer(s)  and  wal ls  of the  room  shal l  be  sufficientl y dark.  

4.4.2 .3  Lighting  cond itions  for reflective-type  d isplay modu les  

For reflecti ve-type  d isp lays  modu les,  visual  assessment shal l  be  carried  ou t in  a  dark room,  
as  described  in  4 . 4. 2. 2 ,  however the  d isplay shal l  be  i l l um inated  by h igher than  500  lx  of 
d i ffuse  broadband  i l l um ination ,  such  as  hem ispherical  l ighting .  

L ighti ng  cond i tions  for vi sual  assessment have  several  functions:  

1 )  l igh ting  i s  necessary for viewing  reflecti ve  d isplays,  

2)  the  spectral  d istribu tion ,  l ighti ng  geometry and  d isplay surround  have  to  be  speci fied  so  
that  viewing  cond i tions  for visual  assessment are  reproducible,  

3)  l igh ting  geometry has  to  be  designed  carefu l l y so  that l i gh ting  does  not  i n terfere  wi th  the  
assessment of the  d isp lay.  For example,  specu lar reflections  of the  l i gh t source  by the  
d isplay in to  the  fi e ld  of view shou ld  be  avoided  because  they can  create  a  g l are  that can  
h ide  defects  that confound  the  observer.  

4.4.2 .4  Light  cond i tions  for assessment of physical  damages  

Physical  damages  shal l  be  assessed  us ing  external  l i gh ting  for both  em issi ve-type  d isplay 
and  reflecti ve  type  d isplay devices.  

The  average  i l l um inance  on  the  d isp lay area  shal l  be  between  500  l x  and  1  000  lx,  as  
measured  at the  d isplay surface.  The  other i l l um ination  cond i ti on  can  be  selected  based  on  
the  requ i rement of the  customers,  bu t  the  i l l um inance  on  the  d isplay shal l  not  be  l ess  than  
1 00  l x.  Care  shal l  be  taken  to  block d i rect viewing  of the  l igh t source  by the  observer.  E i ther a  
fl uorescent  l igh t wi th  the  i l l um inant of FL1  i l l ustrated  i n  CIE  1 5  or other fl uorescent  l i gh ts  can  
be  used  [8] .  

Physica l  defects  and  changes  i n  the  g loss  of the  surface  of d isplay modu les  shou ld  be  
i nspected  wi th  obl i que  d i rectional  l i gh ti ng  wh i le  chang ing  the  i nciden t and  observation  ang les.  
D i ffuse  i l l um ination  can  a lso  be  used  when  i t  i s  appropriate.  

D i ffuse  i l l um ination  is  best for i nspection  of e l ectro-optica l  properties,  and  d i rectional  l i ghting  
from  an  ob l i que  d i rection  for mechan ical  defects .  

4.5  Viewing  geometry 

4.5. 1  General  

I n  4 . 4,  the  fol lowing  geometries  are  defined  on  the  basis  of the  purpose  of the  evaluation :  

1 )  Des igned  viewing  geometry:  The  pos i tion  wi th  the  des igned  viewing  d istance  and  d i rection  
of the  device  as  defined  by the  manufacturer.  

2)  Standard  usage  viewing  geometry:  The  viewing  pos i ti ons  defined  in  th is  document.  

The  conceptual  image of the  viewing  geometry i s  shown  i n  F igure  1 .  
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a)  convex d i splay 

 

b)  concave  d i splay (top  view)  

Key 

a)  d isplay 

b)  screen  area  of the  d i splay 

c)  viewing  from  the  normal  d i rection  of the  centre  of the  screen  

d)  viewing  from  the  van tage  poin t  

e)  viewing  from  the  normal  d i rection  of a  poin t  on  the  screen  

f)  viewing  from  the  other d i rection  

g)  observer (centre  of the  ri gh t  eye  and  the  l eft  eye)  

NOTE  I n  th i s  fi gu re,  a l l  the  vi ewing  d i rections  are  on  the  same  p lane.  

Figure 1  – I l lustrative  viewing  geometries  of  
flexible  d isplay devices  

The  d isplay modu le  shou ld  be  i nstal l ed  on  a  rotatable  fixture  to  enable  changes  i n  horizon tal ,  
vertica l  and /or obl i que  viewing  d i rections.  Furthermore,  the  d isp lay modu le  can  be  fixed ,  wh i l e  
the  observer moves  around  i t.  For a  mobi l e-type  d isplay,  the  d isp lay modu le  can  be  held  by 
the  observer during  the  assessment  [9] .  
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4.5.2  Designed  viewing  geometry 

For visual  assessment wi th  the  designed  viewing  geometry,  the  viewing  d istance  and  ang le  
that are  defined  by the  manufacturer shal l  be  used .  

I f there  i s  no  i n formation  on  the  des igned  viewing  pos i tion ,  then  the  s tandard  viewing  
geometry described  i n  4 . 5. 3  shal l  be  appl ied .  

4.5.3  Standard  usage viewing  geometry 

I n  the  s tandard  usage  viewing  geometry,  the  viewing  pos i ti on  shal l  be  the  normal  d i rection  
from  the  centre  of the  active  area  of the  d isplay and  the  viewing  d istance  shal l  be  3H from  the  
d isp lay when  the  d isp lay device  i s  flat,  where  H i s  the  vertica l  l eng th  of the  acti ve  area  of the  

d isp lay modu le.  However,  the  viewing  d istance  shal l  be  no  smal ler than  25  cm .  

When  the  d isplay device  i s  not flat,  i . e .  curved  or waved ,  the  d isp lay shal l  be  viewed  normal  
to  the  centre  of the  active  area,  and  the  viewing  d istance  shal l  be  3H.  I n  add i ti on  to  the  

normal  of the  centre  of the  active  area,  the  fol lowing  viewing  geometry shal l  be  appl ied .  

The  s tandard  n ine-poin t  pos i tions  i n  the  acti ve  area  of the  d isplay sti pu lated  i n  
IEC 61 747-30-1  shal l  be  observed ,  from  the  normal  pos i tion  of the  each  poin t,  and /or from  the  
van tage  poin t.  The  selection  of the  viewing  posi ti on ,  normal  pos i tion  or vantage  poin t,  shou ld  
be  speci fied  in  the  speci fication  and  shal l  be  reported .  I t  shou ld  be  determ ined  considering  
the  use  case.  

Actual  viewing  poin ts  are  usual l y variable  and  are  d i fferent from  the  designed  viewing  
posi tions  defined  by the  manufacturer of the  device.  I t  i s  important  to  assess  the  devices  not 
on l y from  the  designed  viewing  pos i ti on  bu t  a lso  from  the  s tandard  usage  viewing  pos i ti ons.   

For visual  assessment wi th  the  standard  usage  viewing  geometry,  the  ranges  of the  viewing  
d istance  and  ang le  that are  speci fi ed  i n  th is  document shal l  be  appl ied .  The  range  shou ld  be  
defined  in  the  speci fication  depend ing  on  the  purpose  of the  assessment and  s tandard  usage  
as  described  in  the  fol lowing  examples.  The  range  shou ld  be  agreed  upon  between  the  
provider and  the  customers.  

I n  case  of assessment of the  image  qual i ty of te levisions  i n  l i ving  rooms,  an  example  of the  
recommended  range  of viewing  ang le  measurement i s  60º  to  the  ri gh t  and  l eft,  and  1 0º up  and  
down ,  from  the  normal  d i rection  of the  cen tre  of the  screen .  

I n  case  of assessment of the  image  qual i ty of mobi le  phones,  an  example  of the  
recommended  range  of viewing  ang le  measurement i s  30º  to  the  ri gh t and  l eft,  and  30º up  and  
down ,  from  the  normal  d i rection  of the  cen tre  of the  screen  [9] .  

Regard ing  the  assessment mechan ical  defects ,  i t  shou ld  be  done  from  al l  the  possib le  
viewing  d i rections.  Some mechan ica l  defects  are  more  clearl y observed  from  the  obl i que  
ang le,  wh ich  can  be  d istu rbing .  

The  geometry of assumed  usage  for mobi l e  d isp lays  shal l  be  determ ined  on  the  basis  of the  
actual  usage  of those  d isplays.  Visual  assessment shal l  be  done  from  the  posi tion  that 
corresponds  to  the  average  d istance  and  d i rection  of the  typical  viewing  geometry.  The  visual  
assessment shal l  be  performed  over the  range  that corresponds  to  presumed  actual  usage.  I t  
i s  recommended  that the  range  of the  ang le  from  the  des igned  viewing  d i rection  for 
assessment shou ld  cover the  90

th
 percen ti l e  of the  usage.  

4.5.4  Geometry for rigorous  assessment 

For ri gorous  assessment,  the  shorter viewing  d istance  shal l  be  used .  The  d isplay shou ld  be  
viewing  at  the  speci fied  viewing  d istance.  I f no  viewing  d istance  is  speci fied ,  then  the  
fol l owing  gu idance i s  recommended :  
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•  The  viewing  d istance  shou ld  be  50  cm  for a  4  K /  30  i nch  (abou t 375  mm  x 665  mm) 
d isplay.  

NOTE  1  Th i s  equal s  a  p i xel  d i s tance  of 0 , 02°  per p i xel ,  wh ich  means  the  human  eye  i s  the  l im i ti ng  factor.  

•  The  viewing  d istance  shou ld  be  25  cm  for a  4 , 5  i nch  cel l  phone  d isplay wi th  a  
55  mm  x 98  mm  s ize.  

NOTE  2  The  maximum  resolu tion  of the  human  eye  wi th  eyesigh t  1 , 0  or over i s  0 , 01 7° .  The  human  eye  can  detect  
p i xel s  that  are  0 , 073  mm  apart  i n  a  250  mm  viewi ng  d i s tance  wh ich  equal s  1 3 , 75  p i xel s  per mm .  Th i s  i s  
approximately  the  resolu ti on  of a  reti na  d i spl ay.  G i ven  a  reti na  d i splay,  the  resol u tion  of the  d i spl ay i tsel f i s  
approximately 1  280  x 720  wh i ch  equa l s  0 , 01 76°  per d i spl ay p i xel ,  the  d i spl ay resol u tion  can  be  neg lected  because  
the  human  eye  i s  the  l im i ti ng  factor.  Th i s  equal s  a  p i xel  d i s tance  of 0 , 02°  per p i xel ,  wh ich  means  the  human  eye  i s  
the  l im i ti ng  factor.  

5 Test charts  (test signals)  

5.1  General  

Test patterns  for visual  assessment shal l  be  speci fied  on  the  bas is  of the  purpose  of the  
evaluation .  Test charts  shal l  be  selected  or sha l l  be  created  on  the  basis  of the  fol l owing  
perspectives:  

•  detection  and  evaluation  of defects  

•  image qual i ty (such  as,  un i form i ty,  resolu tion ,  co lour and  d istortion)  

5.2  Fu l l -screen  patterns  

The fu l l -screen  pattern  i s  the  most fundamental  test s ignal  and  can  be  used  for a l l  evaluations,  
i ncl ud ing  evaluations  of defects .  

The  i npu t s ignal  l evel  may be  0  %,  1 0  % ,  25  % ,  50  %,  75  %  and  1 00  %  grey and  pure  colours ,  
such  as  red ,  green ,  b l ue,  ye l low,  magen ta  and  cyan ,  as  shown  i n  F igure  2 .  An  example  of the  
set  of i npu t s i gnal  l evels  for an  8-b i t  system  is  shown  in  Table  1 .  

The  area  of the  screen  can  be  d i vided  in to  the  centre  part  and  the  peripheral  part  as  shown  i n  
F igure  2b) .  The  rad ius  of the  ci rcle  for the  border shal l  be  speci fi ed  in  the  detai led  
speci fication .  As  an  example,  the  rad ius  of the  ci rcle  can  be  hal f of the  height  of the  d isp lay 
screen  and /or can  be  80  %  of the  wid th  of the  screen .  

Table  1  – Example  of the  set of i nput  s ignal  l evels   
for an  8-bi t  system  

 R G  B  

Whi te  255  255  255  

75  %  g rey 1 91  1 91  1 91  

50  %  g rey 1 27  1 27  1 27  

25  %  g rey 63  63  63  

1 0  %  g rey 25  25  25  

B lack 0  0  0  

Red  255  0  0  

Green  0  255  0  

B l ue  0  0  255  

Yel low 255  255  0  

Magenta  255  0  255  

Cyan  0  255  255  
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When  other l evels  are  appropriate  for the  evaluation ,  the  l evels  shown  i n  Table  2  shou ld  be  
used .  

Table  2  – Other input s ignal  l evels  for an  8-bi t  system  

Number of l evel s  I nput s ignals  for an  8-bi t  system  

3  0 ,  1 27,  255  

5  0 ,  63,  1 27,  1 91 ,  255  

9  0 ,  31 ,  63,  95,  1 27,  1 59,  1 91 ,  223,  255  

1 7  0 ,  1 5,  31 ,  47,  63,  79,  95,  1 1 1 ,  1 27,  1 43,  1 59,  1 75,  1 91 ,  207,  223,  239,  255  

33  0 ,  7 ,  1 5,  23,  31 ,  39,  47,  55,  63,  71 ,  79,  87,  95,  1 03,  1 1 1 ,  1 1 9,  1 27,  1 35,  1 43,  1 51 ,  
1 59,  1 67,  1 75,  1 83,  1 91 ,  1 99,  207,  2 1 5,  223,  231 ,  239,  247,  255  

 

 

a)  fu l l -screen  raster  

IEC  
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b)  fu l l -screen  wi th  borderl ine  

Figure 2  – Example test  patterns  

5.3  Period ic patterns  

Period ic patterns  are  used  to  evaluate  d istortion  or for other purposes.  Some examples  are  
shown  i n  F igure  3.  The  l i neari ty of the  each  l i ne  and  the  regu lari ty of the  gap  between  the  
l i nes  or gri ds  shal l  be  assessed .  These  patterns  can  be  used  for evaluate  the  d istortion  of 
images  when  the  fl exib le  d isplay is  bended  or deformed.  These  patterns  are  a lso  used  for 
evaluation  of the  d is tortion  of images  after the  mechan ical  stress  test  of the  flexib le  d isplay.  

IEC  
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a)  al ignment pattern  

 

b)  grid  box 

 

c)  bal l  pattern  

Figure 3  – Examples  of periodic patterns  

5.4  Tone and  colour gradation  patterns  

Gradation  patterns  are  used  to  evaluate  tone  and  colour reproduction .  Some examples  are  
shown  i n  F igure  4 .  I t  i s  recommended  that th is  evaluation  be  done  for d isp lays  that are  
returned  to  a  flat shape  when  i t  i s  possib le  and  appropriate,  cons idering  the  use  case  of the  
products,  because  deviations  from  the  flat s tate  i n fluence the  evaluation .  For vertica l l y curved  
d isplays,  the  pattern  i n  F igure  4a)  shou ld  be  used .  For horizon tal l y curved  d isplays,  the  
pattern  i n  F igure  4b)  shou ld  be  used .  

I n  each  case,  the  pattern  rotated  1 80º  shou ld  a lso  be  used  to  check the  effect of the  
deformation  of the  d isp lay on  the  assessment.  

IEC  
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a)  main l y for vertical l y deformed  d isplays  

 

b)  main l y for hori zon tal l y deformed  d i splays  

IEC  

IEC  
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c)  test charts  for tone and  colour reproduction  

Figure 4 – Example  test  charts  for tone and  colour reproduction  

These patterns  shou ld  be  d isp layed  on  the  screen  of the  DUT in  an  adequatel y smal l  s i ze  so  
that  the  pattern  wi l l  not be  i n fl uenced  by the  deformation  of the  DUT,  as  shown  i n  F igure  5.  

These  patterns  shal l  be  observed  from  the  normal  pos i tion  of the  cen tre  of the  pattern .  Any 
abnorm ity or mal function  of the  d isplayed  images  shal l  be  assessed  in  respect of l um inance,  
colour,  and  un i form i ty of those  for the  each  patch .  

IEC  
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a)  example  of horizontal l y deformed  DUT 

 

DUT 

b)  example  of verti cal l y deformed  DUT 

Figure 5  – Examples  of a  test chart d isplayed  on   
the  screen  of deformed  DUTs  

5.5  Test chart for cross-talk 

For evaluation  of cross-ta lk,  the  test patterns  i l l ustrated  in  F igure  6  can  be  used .  The  
un i form i ty of the  g rey area  surrounded  the  wh i te  or b lack boxes  shal l  be  observed .  

IEC  

IEC  
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a)  Cross-talk pattern  wi th  4  %  wh i te  window boxes  

 

b)  Cross-talk pattern  wi th  4  %  black window boxes  

Figure 6  – Cross-talk patterns  window boxes   
on  grey background  d iagonal  from  the  posi tion  at  P0  

5.6  Test chart for electro-optical  defects  

A fu l l -screen  b lack test pattern  (0  %  grey l evel ,  d isplay i n  turned -on  state)  i s  appl i ed  to  
i nspect for bright sub-pixel  defects .  

A fu l l -screen  test pattern  of between  1 0  %  and  30  %  grey l evel  i s  appl ied  for mura  defects  
i nspection .  A grey l evel  of 1 0  %  shal l  be  used  un less  otherwise  speci fied  i n  the  deta i l ed  
speci fication .  The  l um inance l evel  sha l l  be  recorded  i n  the  visual  assessment report.  
Observed  defects  shal l  be  compared  against l im i t  samples.  

5.7  Test chart for static  image resolution  

A monoscopic  pattern  such  as  that  shown  i n  F igure  7  can  be  used  for assessment of s tatic  
image  resolu tion .  The  resolu tion  capabi l i ty shal l  be  assessed  by j udg ing  whether the  ad j acen t 
fine  l i nes  are  separated  from  each  other,  and  by observing  the  set of fi ne  l i nes  arranged  
vertica l l y,  horizon tal l y,  and  obl i quel y.  
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(Sou rce:  Astro  4K eval uati on  chart;  VT-7004/VT-7004A)  

Figure 7  – Monoscopic pattern  for assessment of  
u l tra  h igh  defin i tion  screen  

5.8  Natural  and  synthetic  images  

Natura l  and  syn thetic images  shown  i n  I SO 1 2640-2  can  be  used  for practical  evaluations  of 
image qual i ty [1 0] .  

6 Visual  assessment during  and  after stress  tests  

6.1  General  

Visual  assessment may be  done  during  or after a  mechan ical  s tress  test and /or an  
envi ronmenta l  s tress  test.  

NOTE  I t  i s  usual l y not  easy to  perform  a  vi sual  assessment  duri ng  mechan ica l  or envi ronmental  testi ng ,  because  
the  d i splay i s  usual l y i n  an  enclosed  chamber and  may not  be  viewed  d i rectl y,  especial l y for refl ecti ve  d i spl ays,  
wh ich  requ i re  a  d efi ned  i l l um ination  envi ronment.  However,  th i s  document i s  appl i cable  when  the  vi sua l  
assessment i s  possible.  

Mechan ical  s tress  tests  shal l  be  i n  accordance  wi th  I EC 6271 5-6-1 .  Environmenta l  stress  
tests  shal l  be  i n  accordance  wi th  I EC  6271 5-6-2 .  

6.2  Number of dupl icate  and  reference DUTs  

At l east four dupl icates  of the  DUT shal l  be  prepared .  I t  sha l l  be  confi rmed  that the  image  
qual i ty of the  four dupl icates  is  the  same or i s  wi th in  the  requ ired  evaluation  precis ion .  One  of 
the  four dupl icates  shal l  be  chosen  as  the  reference DUT.  The  reference DUT,  wh ich  serves  
as  the  reference s timu lus,  sha l l  be  kept in  standard  ambien t cond i ti ons  or under a  con trol l ed  
cond i ti on ,  where  no  changes  occur i n  the  DUT.  The  remain ing  three  DUTs  shal l  be  exposed  to  
the  envi ronmental  and/or mechan ical  stress.  

IEC  
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6.3  Procedures  of visual  assessment after exposure to  environmental  stress  

The  sample  shal l  be  removed  from  the  envi ronmenta l  chamber and  shal l  be  left  i n  the  
standard  envi ronmenta l  cond i tion  for at  l east 1  h  for accl imatization .  I t  shal l  be  visual l y 
i nspected  for defects,  or i t  shal l  be  visual l y i nspected  for any vi sual  changes  by comparing  i t  
wi th  the  reference sample.  The  reference  sample  shou ld  be  the  vi rg in  sample  that was  not  
exposed  to  the  environmental  stress.  

6.4  Procedures  of visual  assessment  after exposure  to  mechanical  stress  

When  the  product  i s  des igned  to  be  viewed  i n  the  flat s tate  or i n  a  certa in  designed  shape,  the  
sample  shal l  be  retu rned  to  the  fl at or designed  shape  before  visual  assessment.  

When  the  product i s  des igned  to  be  viewed  i n  a  non-flat or other shape,  the  sample  shal l  be  
assessed  wh i l e  the  sample  is  under mechan ical  s tress,  such  as  bent,  ro l led  or in flected .  

The  sample  shal l  be  visual l y i n spected  for defects,  or i t  shal l  be  visual l y i nspected  for visual  
changes  by comparing  i t  wi th  the  reference sample.  The  reference  sample  shou ld  be  the  
vi rg in  sample  that  was  not exposed  to  the  mechan ical  stress.  

7 Cri teria  for j udgments  

7. 1  General  concept  

Judgments  shal l  be  reached  i n  accordance wi th  a  set of instructions  g iven  to  the  observer.  

Visual  assessment i s  usual l y performed  by comparing  a  test sample  wi th  1 )  a  l im i t  sample  or 
2)  a  set of g rade  samples.  The  observer shal l  j udge  whether the  l evel  of defects  or the  l evel  
of image qual i ty i s  better than ,  the  same as ,  or worse  than  a)  the  l im i t  sample  or b)  the  rank of 
the  sample  i n  re lation  to  g rade  samples.  

When  a  l im i t  sample  or a  set  of grade  samples  i s  not avai lable  for a  speci fi c type  of defect or 
a  speci fic  mode  of image  deterioration ,  observers  shal l  make visual  assessments  i n  
accordance  wi th  a  set  of i nstructions  that  are  g i ven  after they have  been  tra ined  using  a  l im i t  
sample  or a  set  of grade  samples  that,  as  far as  poss ib le ,  i s  near to  the  observed  defects  or 
the  observed  image deterioration .  

Cri teria  for visual  assessment shou ld  be  determined  by cons idering  the  true  needs  of the  
product end-users.  The  l im i t sample  or the  set  of grade  samples  shou ld  be  prepared  to  meet 
the  true  needs  of the  end -users.  

The  cri teria  can  be  set for image  qual i ty,  d is tortion  and  other defects  i n  response to  the  
purpose  of the  assessment.  

7.2  Judgment using  a  l im it  sample  

Observers  shal l  compare  the  DUT and  the  l im i t  sample  wi th  double  stimu lations,  i . e .  apples-
to-apples  comparisons,  based  on  i nstructions.  They shal l  then  assess  whether the  DUT is  
better than ,  the  same as,  or worse  than  the  l im i t  sample.  

7.3  Ranking  using  a  set of grade samples  

Observers  shal l  compare  the  DUT wi th  the  set  of grade  samples,  based  on  i nstructions.  
Grade  samples  usual l y have  three  or fi ve  grades,  i . e .  g rades  1  to  3  or grades  1  to  5  from  the  
best l evel  to  the  poorest  level .  The  observers  shal l  rank the  DUT at  the  g rade  i n  wh ich  the  
DUT is  the  nearest.  The  observers  can  a lso  rank a  DUT at  an  i n termed iate  va lue  between  
grades,  such  as  2 , 5  or 3 , 5,  provided  that  the  instructions  a l l ow an  i n termed iate  grade  when  i t  
i s  appropriate.  
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NOTE  Th is  ki nd  of ranki ng  can  be  used  i n  the  fol l owi ng  manner.  

Example  1  G rade  4  or over i s  su i table  for sh ippi ng .  G rade  3 , 5  i s  OK for sh i ppi ng  bu t  improvements  shou l d  
be  made.  Grade  3 , 0  i s  OK for sh ippi ng  bu t  shou ld  be  improved  by the  next  l ot.  Grade  2  or under cannot be  
sh ipped .  

Example  2  Grade  4  or over i s  su i table  for sh i ppi ng .  Grade  3  i s  OK for sh ippi ng  bu t  on l y to  market  X.  
Grade  2  or u nder cannot  be  sh i pped .  

7.4  Preparation  of a  l imi t  sample  or a  set  of grade  samples  

7.4. 1  General  

A l im i t sample  represents  a  speci fic type  of defect or deterioration  i n  image qual i ty that 
corresponds  to  an  acceptable  l im i t  for a  certa in  product.  A set of grade  samples  represents  a  
speci fic type  of defect  or deterioration  i n  image  qual i ty that  corresponds  to  the  certain  g rades.  

The  acceptable  l im i t  sha l l  be  determ ined  by cons idering  the  perspective  of the  product’s  end-
users ,  who  actual l y use  the  products .  I t  i s  preferable  that the  acceptable  l im i t  i s  not  l ower than  
end-user needs.  I n  add i ti on ,  i t  i s  preferable  that the  acceptable  l im i t  not  be  unnecessari l y 
h igher than  the  end-user needs.  Regard ing  defects  or changes  i n  image  qual i ty,  care  shou ld  
be  taken  that the  detection  capabi l i ty of the  observer can  be  enhanced  by experience  and  that 
the  proficiency of the  visual  assessment and  correspond ing  cri teria  do  not become 
unnecessari l y s trict.  

NOTE  The  observers  of the  vi sual  assessments  are  general l y profess ional  and  not  end-users.  The  observers  do  
the  assessment  based  on  the  cri teria  wh ich  correspond  to  the  perspecti ve  of the  end -users.  

7.4.2  Procedures  

The l im i t  sample  or the  g rade  samples  shou ld  be  prepared  by a  professional  or profess ionals  
who  understand  the  true  needs  of end -users.  

I t  i s  common  practice  to  prepare  some samples  at d i fferen t l evels,  preferabl y three  or fi ve  
l evels ,  from  good  to  poor.  Then  a  profess ional  or profess ionals  p ick the  sample  that  
corresponds  to  the  acceptable  l im i t  for a  certa in  product,  taking  in to  accoun t the  true  needs  of 
end-users.  The  se lected  sample  is  then  designated  as  the  l im i t  sample.  

I n  other cases,  the  l im i t sample  is  determ ined  from  d iscussions  between  the  manufacturer and  
the  customer or customers  of the  product,  taking  the  end-user true  needs  i n to  accoun t.  

7.4.3  Affi rmation  of end-user true  needs  

The true  needs  of end-users  can  be  affi rmed  us ing  assessments  by non-expert ( ‘naïve’ )  
observers  who have  no  expertise  i n  image artefacts  that may be  i n troduced  by the  system  
under test.  I n  any case,  non-expert observers  shou ld  not  be,  or have  been ,  d i rectl y i nvolved  
( i . e .  they shou ld  not  have  been  i nvolved  enough  to  acqu i re  speci fic  and  deta i led  knowledge)  
i n  the  development of the  system  under s tudy.  At l east 1 5  non -expert observers  shou ld  be  
used .  

I t  i s  a lso  recommended  that end -user true  needs  be  confi rmed  i n  the  actual  usage  tests,  such  
as  poss ible  actual  ambient l i gh ting ,  poss ib le  actual  image  patterns,  poss ib le  actual  geometry 
of observations.  

For defects ,  non-expert observers  shal l  assess  the  sample  or the  samples  on  the  bas is  of the 
fol l owing  cri teria:  

1 )  imperceptib le  

2)  barel y perceptib le,  bu t not annoying  

3)  perceptib le  and  s l i gh tl y annoying  

4)  cl earl y perceptib le  and  d i stracti ve  
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5)  clearl y perceptib le  and  serious l y d istracti ve  

The  observers  shal l  a lso  be  asked  to  i denti fy the  l evel  they wou ld  accept for a  commercia l  
product.  

Defects  or changes  i n  image qual i ty can  be  evaluated  by pai red  comparisons  wi th  a  reference  
stimu lus .  Th is  method  is  usual l y appl i ed  for the  evaluation  of the  DUT after environmental  
and /or mechan ical  endurance tests.  I n  th is  case,  after an  endurance test,  the  DUTs  are  
compared  wi th  the  vi rg in  DUT that was  not exposed  to  the  s tress.  For image  qual i ty 
deteriorati on  by the  s tress  test,  non-expert observers  shal l  assess  the  sample  or the  samples  
on  the  basis  of the  fo l lowing  cri teria:  

1 )  no  change  is  vis ib le  

2)  changes  are  bare l y vis ib le  bu t  can  be  i gnored  

3)  changes  are  vis ib le  and  s l igh tl y bothersome  

4)  changes  are  clearl y vis ib le  and  d istracti ve   

5)  changes  are  clearl y vis ib le  and  serious l y d istracti ve  

The  observers  shal l  a lso  be  asked  to  i denti fy the  l evel  they wou ld  accept for a  commercia l  
product.  

7.5  Judgments  wi thout a  l imit  sample  or a  set  of grade  samples  

7.5. 1  General  

This  document also  appl i es  when  a  l im i t  sample  or a  set  of grade  samples  i s  not avai l able  for 
the  same kind  of defect  or the  same mode  of image deterioration .  For defects  of flexib le  
d isp lay devices,  many kinds  of defects  can  be  observed .  Even  wi th in  the  same category of 
defect,  the  shape,  s ize,  l um inance,  co lour,  g radation  of the  edge,  wid th  of the  edge,  sol i tary or 
repeti ti ve,  posi tion  in  the  d isplay area  and  various  other factors  can  d i ffer.  Therefore,  in  some 
cases,  i t  i s  practica l l y imposs ible  to  prepare  a  l im i t sample  for visual  assessment.  

7.5.2  Procedures  

Observers  shal l  assess  the  sample  under s ing le  s timu l i  to  determ ine  whether i t  i s  acceptable.  

Observers  shal l  be  period ical l y tra ined  by a  qual i fied  person  wi th  a  set of graded  samples.  
Al though  graded  samples  for the  same kinds  of deterioration  or defects  are  preferred ,  graded  
samples  for other ki nds  of defects  can  be  used  to  ad j ust the  grad ing  cri teria  of observers.  

7.6  Assessment using  an  ND  (neutral  densi ty)  fi l ter 

7.6. 1  General  

For some kinds  of defects,  detection  sens i ti vi ty can  be  changed  by i nserti ng  an  ND  fi l ter i n  
front  of the  DUT.  I n  th is  case,  the  acceptance of defects  can  be  j udged  based  on  whether the  
defect i s  vis ib le  th rough  an  ND  fi l ter having  a  certa in  dens i ty.  Examples  of the  densi ties  of the  
ND  fi l ter are  1  % ,  2  %,  5  %  and  1 0  % .  The  dens i ty of the  ND  fi l ter used  shal l  be  agreed  upon  
by the  manufacturer and  the  customer,  and  i t  shal l  be  s tated  in  the  detai led  speci fications.  

ND  fi l ters  for visual  assessment are  more  general l y used  for extensive  d iagnosis  of the  defect  
once  i t  i s  observed  by the  unaided  eye.  I f the  unaided  eye  cannot observe  the  defect,  then  the  
use  of the  ND  fi l ter i s  not needed .  

7.6.2  Procedures  

When  using  an  ND  fi l ter for j udg ing  mura  defects,  p lace  the  ND  fi l ter near the  mura  defect  and  
get cl ose  to  the  surface  of DUT.  The  d istance  between  the  surface  of the  DUT and  the  ND  
fi l ter shal l  be  l ess  than  5  cm ,  bu t  the  ND  fi l ter shal l  not  touch  the  su rface  of the  DUT.  The  
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defects  shal l  be  assessed  from  straight above  the  posi ti on  of the  defects.  The  assessment 
shal l  be  completed  wi th in  3  s  i n  order to  preven t adaptation  of the  eye  to  the  darker view.  

7.7  Assessment method  for mechan ical  defects  

Mechan ical  defects,  such  as  scratches,  abrasions,  den ts  and  cracks,  shal l  be  observed  wh i l e  
the  DUT is  on  and  off.  L i gh ting  shou ld  be  determ ined  on  the  bas is  of the  usage  and  the  kinds  
of defects.  Some defects  are  clearl y observed  wi th  d i rectional  l i gh ting .  

8 Reporting  

8. 1  Requ irements  for reporting  

The report shal l  i ncl ude  the  fol lowing  i tems:  

a)  i denti fication  of d isplay modu le  

b)  visual  assessment resu l ts  

8.2  Recommendations  for reporting  

The report shou ld  i nclude  the  fo l l owing  i tems:  

a)  date  and  time of  assessment  

b)  i denti fication  of d isplay modu le  

– product name,  type,  l ot  

– date  of production  

– reference  sample(s)  

c)  observer(s)  – number and  type   

d )  ambien t cond i tions  during  assessment  

– environmenta l  cond i tions  

– l igh ting  cond i ti ons  

e)  geometry of assessment 

f)  test patterns  

g)  resu l ts  of assessment 

– grade  

– others  

– other observations  or remarks  

h)  conclus ions  
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Annex A 
(informative)  

 
Ranking  of mura defect using  ND fi l ter 

ND fi l ters  for visual  assessment are  more  general l y used  for extensive  d iagnosis  of the  defect 
once  i t  i s  observed  by the  unaided  eye.  I f the  unaided  eye  cannot observe  the  defect,  then  the  
use  of the  ND  fi l ter i s  not needed .  

An  example  of the  procedures  and  ranking  of mura  defect using  an  ND  fi l ter i s  shown  in  
Table  A. 1 .  

Table  A. 1  – Example  of ranking  of mura defect using  an  ND  fi l ter 

Step  ND  fi l ter Assessment resu l ts  of mura  Rank 

1  No  Not  evident  even  wi thout  ND  fi l ter A 

2  No    1 0  %  Evident  wi thou t ND  fi l ter,  bu t  not  evi den t wi th  1 0  %  ND  fi l ter B  

3  1 0  %    5  %  Evident  wi th  1 0  %  ND  fi l ter,  bu t  not  evi den t wi th  5  %  ND  fi l ter C  

4  5  %    2  %  Evident  wi th  5  %  ND  fi l ter,  bu t  not  eviden t wi th  2  %  ND  fi l ter D  

5  2  %    1  %  Evident  wi th  2  %  ND  fi l ter,  bu t  not  eviden t wi th  1  %  ND  fi l ter E  

6  1  %  Evident  wi th  1  %  ND  fi l ter F  

NOTE  x %  i nd icate  that  the  opti cal  transm i ttance  of the  ND  fi l ter i s  x %  

 

At fi rst,  the  DUT is  assessed  wi thout  fi l ter.  I f mura  is  not evident even  wi thou t an  ND  fi l ter,  the  
DUT is  ranked  A.  

I f mura  i s  eviden t wi thou t an  ND  fi l ter,  i nsert  a  1 0  %  ND  fi l ter.  I f mura  i s  not evident wi th  a  
1 0  %  ND  fi l ter,  the  DUT i s  ranked  B.  

I f mura  i s  eviden t wi th  a  1 0  %  ND  fi l ter,  i nsert a  5  %  ND  fi l ter.  I f mura  is  not evident  wi th  a  
5  %  ND  fi l ter,  the  DUT is  ranked  C.  

I f mura  is  eviden t wi th  a  5  %  ND  fi l ter,  i nsert  a  2  %  ND  fi l ter.  I f mura  i s  not evident  wi th  a  2  %  
ND  fi l ter,  the  DUT is  ranked  D .  

I f mura  is  evident wi th  a  2  %  ND  fi l ter,  i nsert a  1  %  ND  fi l ter.  I f mura  i s  not evident wi th  1  %  
ND  fi l ter,  the  DUT is  ranked  E.  

I f mura  is  eviden t even  wi th  a  1  %  ND  fi l ter,  the  DUT i s  ranked  F .  
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