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FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  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 cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati 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  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

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

8)  Attention  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 .  

The  main  task of I EC  techn ica l  comm ittees  is  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose  the  publ ication  of a  techn ical  report  when  i t  has  col l ected  
data  of a  d i fferent ki nd  from  that wh ich  i s  normal l y publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

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

The  text of th is  techn ica l  report i s  based  on  the  fol l owing  documents :  

Enqu i ry d raft  Report  on  voti ng  

1 1 0/674A/DTR 1 1 0/701 A/RVC  

 

Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  report can  be  found  in  the  
report on  voti ng  ind icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/IEC  D irecti ves,  Part 2 .  
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A l i s t  of a l l  parts  i n  the  I EC  62977  series ,  publ ished  under the  general  ti tl e  Electronic display 
devices,  can  be  found  on  the  I EC websi te .  

The  committee  has  decided  that  the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  ind 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   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

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

 

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

Electron ic d isplays,  for example  l i qu id  crysta l  d isplays  (LCDs),  p l asma d isp lay panels  (PDPs) ,  
organ ic l i gh t  em iss ion  d isplays  (OLEDs),  and  so  on ,  have  grown  popu lar as  d isp lays  for h igh -
qual i ty images.  I t  i s  therefore  increasing l y importan t to  measure  the  image  qual i ty of 
e lectron ic d isplays.  One  factor degrad ing  the  image qual i ty i s  non -un i form i ty,  known  as  ‘mura’ .  
The  mura  i s  cl ass i fied  i n to  th ree  types.  The  fi rst  i s  l um inance  mura,  the  second  is  co lour mura.  
The  th i rd  i s  ca l l ed  merel y “mura”  and  i ncludes  l um inance mura  and  colour mura  
s imu l taneousl y.  I t  i s  imposs ib le  to  recogn ize  l um inance mura  and  colour mura  as  complete l y 
separate  objects.  

Various  measurement methods  about  l um inance  mura  and  colour mura  have  been  reported  i n  
various  academ ic conferences.  There  are  also  some standards  for these  mura.  For example ,  
un i form i ty of l um inance  and  chromatici ty are  speci fi ed  i n  I EC  IEC 61 747-30-1 ,  SEMU  (SEMI  
mura)  i s  speci fied  i n  SEMI  D31 -021 3  and  un i form i ty measurement i s  speci fied  i n  IDMS  
ver. 1 . 03  sec.  8 .  However there  i s  no  report  wh ich  clearl y provides  the  quan ti tati ve  method  for 
the  mura  that i s  ca l led  merel y “mura”  (see  Annex D).  

Therefore  the  majori ty of e l ectron ic d isplay manufacturers  are  sti l l  us ing  the  l im i t  sample  for 
visual  i nspection .  

Th is  Techn ical  Report,  wh ich  i n tends  to  veri fy one  mura  measurement method ,  shows  the  
detai l ed  mura  measurement method  and  i ts  i nspection  experiment resu l ts .  

The  I n ternational  E lectrotechn ical  Commission  ( IEC)  d raws  attention  to  the  fact that  i t  i s  
cl aimed  that  compl iance  wi th  th is  document may i nvolve  the  use  of a  paten t.  

I EC takes  no  pos i ti on  concern ing  the  evidence,  va l i d i ty and  scope  of th is  paten t ri gh t.  

The  holder of th is  paten t ri gh t has  assured  the  I EC that he/she  i s  wi l l i ng  to  negotiate  l icences  
e i ther free  of charge  or under reasonable  and  non-d iscrim inatory terms  and  cond i ti ons  wi th  
appl ican ts  throughout  the  world .  I n  th is  respect,  the  statement of the  holder of th is  paten t  righ t  
i s  reg istered  wi th  I EC.  I n formation  may be  obtained  from :  

Sony Corporation  

1 -7-1  Konan ,  M inato-ku ,  Tokyo,  1 08-0075  J apan  

Atten tion  i s  d rawn  to  the  poss ibi l i ty that some of the  e lements  of th is  document may be  the  
subj ect of patent  ri gh ts  other than  those  i den ti fied  above.  I EC shal l  not be  held  responsible  for 
i denti fying  any or a l l  such  paten t ri ghts.  

I SO  (www. iso. org/paten ts)  and  I EC (h ttp: //paten ts . i ec.ch)  main tain  on- l ine  database of paten ts  
re levant to  thei r s tandards.  Users  are  encouraged  to  consu l t the  databases  for the  most up  to  
date  i n formation  concern ing  paten ts.  
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ELECTRONIC DISPLAY DEVICES –  
 

Part 3-2:  Evaluation  of optical  characteristics  – Mura  
 
 
 

1  Scope 

This  part  of I EC  62977,  wh ich  is  a  Techn ica l  Report,  provides  an  optica l  measuring  method  of 
mura  for e l ectron ic d isplays.  I t  defi nes  general  measuring  procedures  for mura  measurement 
and  an  evaluation  method  of el ectron ic d isplays.  

2  Normative references  

The  fo l l owing   documents,   i n   whole   or  i n   part,   are   referenced   i n   th is  document and  are  
i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es.   For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .   

Void .  

3 Terms and  defin i tions   

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

3. 1   
l ightness  mura  
l um inance unevenness  whose l i gh tness  d i ffers  partia l l y from  the  background  l i gh tness  of a  
d isplay screen  wi th  the  exception  of p ixel  defects  

3.2   
chroma mura  
colour unevenness  whose  chroma d i ffers  partia l l y from  the  background  of a  d isplay screen  
wi th  the  exception  of p ixel  defects  

3.3   
mura  
both  l um inance and  colour unevenness  whose l i ghtness  and  chroma d i ffer partia l l y from  the  
background  of a  d isp lay screen  wi th  the  exception  of pixel  defects  

Note  1  to  en try:  I n  general ,  l i gh tness  mura  and  chroma mura  exi st  s imu l taneous l y.  Mu ra  eval uati on  shows  the  
deg ree  of screen  un i form i ty considering  how both  l i g h tness  mura  and  ch roma  mura  affect  human  percepti on .  

3.4   
l ightness  edge  area  

ratio  of l i ghtness  grad ient  area  that  i s  rapid l y changed  l i gh tness  to  whole  screen  area   

3.5   
l ightness  mura  area  
area  of uneven  l i ghtness  that i s  bri gh t or dark reg ions  against the  background  of a  d isplay 
screen  

3.6   
maximum  l ightness  d i fference  
maximum  l igh tness  d i fference  from  the  average  L*  of a  whole  d isp lay screen  
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3.7   
chroma edge  area  
ratio  of the  chroma g rad ien t area  that i s  rapid l y changed  from  the  ch roma to  the  whole  screen  
area  

3.8   
chroma mura area  

area  of uneven  chroma that i s  co loured  reg ions  against  the  background  of a  d isplay screen   

3.9   
maximum  chroma 
maximum  C*  va l ue  i n  a  whole  d isplay screen  

3. 1 0   
opponent colour space  
three  d imensions  that are  described  as  w/k,  r/g,  and  b/y  channels   

Note  1  to  en try:  The  w/k  channel  i s  a  l um inance  component.  The  r/g  and  b/y  channels  are  a  ch romatici ty 
component  of red  to  g reen ,  b l ue  to  ye l l ow,  respecti vely.  

4 Standard  measuring  condi tions  

4.1  Standard  measuring  conditions  

4. 1 . 1  Standard  measuring  environmental  condi tions   

The standard  measuring  envi ronmenta l  cond i tions  specified  in  IEC 62341 -6-1 :2009,  5.1 ,  shou ld  
be  appl ied .  [1 ] 1  

4.1 .2  Standard  measuring  darkroom  cond itions  

The standard  measuring  darkroom  cond i ti ons  speci fi ed  i n  I EC 62341 -6-1 : 2009,  5. 2,  shou ld  be  
appl ied .  [1 ]  

4.2  Light  measuring  device  (LMD)   

The LMD  used  for measurements  of the  d isp lays  shou ld  be  checked  for the  fol lowing  cri teria  
and  speci fi ed  accord ing l y:  

•  sens i ti vi ty of the  measured  quanti ty;  

•  errors  caused  by vei l ing  g lare  and  l ens  fl are  ( i . e .  stray l i ght  in  optica l  system);  

•  errors  caused  by camera  noise  ( i . e.  dark charge  noise  of a  charge  coupled  device  (CCD)) ;  

•  tim ing  of data-acqu is i ti on  and  a l ias ing-effects;  

•  l i neari ty of detection  and  data  convers ion ;  

•  resolu tion  when  us ing  a  two-d imensional  LMD.  

A two-d imensional  LMD  such  as  a  CCD  area  detector shou ld  be  used  for these  measurements.  
When  us ing  a  two-d imensional  LMD,  i t  shou ld  be  ca l i brated ,  so  that  the  measurement resu l ts  
correspond  to  those  by the  poin t-measurement LMD.  

A two-d imensional  LMD  measures  a  map  of l um inance and/or colour coord inate  values  over 
the  measurement area  of the  screen .  The  speci fi cation  of the  LMD  used  shou ld  be  noted  i n  
the  report  as  shown  in  Table  1  for example.  

___________ 

1   Numbers  i n  square  brackets  refer to  the  B i b l i ography.  
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I t  i s  important  to  avoid  moi ré  and  fl icker effect when  us ing  a  two-d imensional  LMD.  I f a  moiré  
pattern  appears  in  the  image,  the  measuring  cond i tions  speci fi ed  i n  I DMS  vers ion  1 . 03  Sec.  
8. 2  shou ld  be  appl ied .  The  measuring  cond i tion  speci fied  i n  I DMS  ver.  1 . 03  A4. 2 . 1  shou ld  be  
appl ied  to  avoid  the  fl i cker effect.  [3 ]  

NOTE  1  The  poin t-measurement LMD  measures  the  l um inance  and /or colou r coord i nate  at  each  measurement  
poin t  on  the  screen .  A two-d imensional  LMD  measures  the  map  of l um inance  and /or col our coord i nate  over the  
measurement  area  of the  screen .  

NOTE  2  A poi n t-measuremen t  LMD  usual l y has  h i gher sensi ti vi ty than  a  two-d imensional  LMD.  A two-d imensional  
LMD  measures  the  un i form i ty of the  measuring  area  more  easi l y than  a  poin t-measurement  LMD.   

Table  1  – Example  of reported  cri teria  of two-d imensional  LMD 

CCD resol u tion  (measurement  poin ts)  980  ×  980  

Lum inance  range  0 , 05  cd /m 2  to  1 00  000  cd /m 2  (wi th  ND  fi l ter)  

Wavelength  range  380  nm  to  780  nm  

System  accuracy Lum inance  variati on  ±3  %  

Colour coord inates  (x,  y)  ±0, 005  

Colorimetri c  fi l ters  CIE1 931  matched  colour fi l ters  

 

4.3  Measuring  setup  

The measuring  layou t i s  shown  i n  F igure  1 .  

The  LMD shou ld  be  set at a  proper fi e ld  ang le  and  d istance  to  be  able  to  take  the  whole  
screen  area.  

 

Figure 1  – Measuring  l ayout  

4.4  Test signal   

A fu l l  wh i te  or gray s i gnal  i s  i npu t i n to  a  d isplay.  The  i npu t s i gnal  l evel  i s  determ ined  by an  
evaluator and  i t  shou ld  be  noted  in  the  measurement report.  

The  s ignal  l evel  shou ld  be  speci fied  at 0  %,  20  % ,  50  %,  1 00  %  of fu l l  wh i te  (see  F igure  2).  

(a)  S i de  view (b)  Top  view 

Measuri ng  d i stance  

Centre  l i ne  

Screen  
centre  

LMD  

Measuri ng  d i s tance  

D isplay screen  

 

 

Display screen  

 

 

LMD  
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Figure 2  – Example of i nput signal  

4.5  Measuring  conditions  

The measuring  cond i ti ons  are  as  fo l l ows:  

a)  The  shu tter speed  (exposure  time)  of the  LMD shou ld  be  determ ined  so  as  to  be  
synchron ized  wi th  the  d isplay (or backl i gh t)  scan  tim ing .  

b)  The  d iaphragm  stop  of the  LMD  shou ld  be  determ ined  so  as  to  obtain  the  proper 
saturation  l evel  of the  charged  capaci ty of the  image  sensor (CCD,  complementary meta l   
oxide  sem iconductor (CMOS)) .   

The  evaluator shou ld  speci fy the  factors  of noise  i n  the  measuring  cond i ti ons  and  s tri ve  to  
m in im ize  those  effects  on  the  measurement data.  

5 Standard  evaluation  method  

5.1  Measurement data  processing  method  

The measurement data  shou ld  be  ou tputted  as  three  maps  of CI E  tristimulus values (X,  Y,  Z)  

us ing  the  two-d imensional  LMD constructed  i n  a  CCD area  detector and  wi th  CIE  1 931  
matched  colour fi l ters .  

5.2  Measurement data  processing  flow 

5.2. 1  General  

The measurement data  process ing  fl ow i s  shown  i n  F igure  3 .  The  data  is  processed  based  on  
the  S-CIELAB model  (see  Annex A).  

(a)  1 00  %  of 
   fu l l  wh i te  

(b)  50  %  of 
   fu l l  wh i te  

(c)  20  %  of 
   fu l l  wh i te  

(d )  0  %  of 
   fu l l  wh i te  
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Figure 3  – Measurement data  processing  flow adopting  the  S-CIELAB  model  

5.2.2  Median  fi l ter process  

The measurement data  shou ld  be  processed  wi th  a  med ian  fi l ter to  e l im inate  the  noise  of the  
LMD or the  measuring  cond i tions  or any other factors.   

I t  i s  recommended  to  cons ider wh ich  fi l ter s i ze  shou ld  be  used  i n  accordance  wi th  the  noise  
l evel .  The  amount of med ian  fi l tering  wi l l  affect the  spatial  frequency anal ysis.  To  m in im ize  i ts  

impact,  a  smal l  window s i ze  shou ld  be  se lected .  For example,  a  (3  ×  3)  p ixe ls  or (5  ×  5)  p ixe ls  
window s i ze  m in im izes  th is  impact.  By selecti ng  these  s i zes,  the  e l im ination  of the  
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background  sensor noise  of the  LMD is  s i gn i fican t.  A mu l ti p le  measurement or l ong  exposure  
time i s  effecti ve  for e l im ination  of th is  background  noise.  

5.2.3  Transformation  to  opponent colour space from  CIE  XYZ  

The fol l owing  determ inan t shou ld  be  appl ied  to  convert CIE  XYZ to  w/k,  r/g,  and  b /y.  

  (1 )  

5.2.4  Convolution  wi th  the  contrast sensi tivi ty function  (CSF)  of the  human  visual  
system  

Each  of the  opponent colour data  was  convolved  wi th  the  visual  spatial  sens i ti vi ty function  
fi l ter to  that colour d imension .   

A screen  image  is  perceived  through  human  eyes.  Therefore,  i t  i s  importan t  to  cons ider the  
characteristics  of the  human  visual  system  for the  evaluation .  The  spatia l  con trast sens i ti vi ty 
function  i s  one  usefu l  characteristic for the  evaluation  of screen  image  qual i ty (see  Annex A) .  

NOTE  The  CSF  of the  human  vi sual  system  does  not  have  i sotropic properties ,  i nsofar as  the  CSF  i n  the  verti cal  
and  hori zontal  d i rections  i s  superior to  the  CSF  i n  the  d iagonal  d i rection .  Therefore,  i t  i s  better to  consi der us ing  a  
mod i fi ed  S-CI LEAB  model .  

5.2.5  Transformation  to  CIE  XYZ from  the  opponent  colour space   

The fo l l owing  determ inan t shou ld  be  appl ied  to  convert w/k,  r/g,  and  b/y  to  CIE  XYZ.  

  (2)  

5.2.6  Transformation  to  CIELAB  from  CIE  XYZ  

The measurement data  shou ld  be  converted  to  CI ELAB  colour space as  speci fied  i n  CI E  1 5.  
[2 ] .  

 L*  =  1 1 6  f(Y/Yn)  – 1 6  

 a*  =  500  [f(X/Xn)  – f(Y/Yn) ]  

 b*  =  200  [f(Y/Yn)  – f(Z/Zn) ]  

where  

 f(X/Xn)  =  (X/Xn )
1 /3  i f (X/Xn )  >  (24/1 1 6)

3  

 f(X/Xn)  =  (841 /1 08)(X/Xn)  +  1 6/1 1 6  i f (X/Xn )  ≤  (24/1 1 6)
3  

and  

 f(Y/Yn)  =  (Y/Yn)
1 /3  i f (Y/Yn)  >  (24/1 1 6)

3  

 f(Y/Yn)  =  (841 /1 08)(Y/Yn )  +  1 6/1 1 6  i f (Y/Yn)  ≤  (24/1 1 6)
3  

and  

 f(Z/Zn)  =  (Z/Zn)
1 /3  i f (Z/Zn)  >  (24/1 1 6)

3  

w/k  
r/g  
b/y  

X 
Y 
Z 

=  

0 , 279   0 , 720   -0, 1 07  
-0, 449  0, 290   -0, 077  
0, 086   -0, 590  0, 501  

w/k  
r/g  
b/y  

X 
Y 
Z 

=  

0 , 279   0 , 720   -0, 1 07  
-0, 449  0, 290   -0, 077  
0 , 086   -0 , 590  0, 501  

-1  

(3)  

(4)  

(5)  

(6)  
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 f(Z/Zn)  =  (841 /1 08)(Z/Zn )  +  1 6/1 1 6  i f (Z/Zn)  ≤  (24/1 1 6)
3  

Here  Xn ,  Yn ,  and  Zn  are  determ ined  as  fol l ows.   

  (7)  

where  

Ymax  i s  the  h ighest va lue  of Y i n  the  measurement data  

X0  i s  the  most frequen t value  of X i n  the  measurement data   

Y0  i s  the  most frequent value  of Y i n  the  measurement data  

Z0  i s  the  most frequent value  of Z i n  the  measurement data  

The  s l i gh t  sh i ft of the  wh i te  poin t  depend ing  on  the  i npu t  s ignal  l evel  shou ld  not  be  j udged  as  
mura.  However,  i f (Xn ,  Yn ,  Zn)  are  defined  as  the  measurement data  at  1 00  %  of fu l l  wh i te  i nput,  
the  whole  screen  may be  j udged  as  a  whole  colour mura  at another i npu t l evel .  To  avoid  th is  
error,  (Xn ,  Yn ,  Zn )  are  defined  i n  the  above  formu la  using  the  most  frequent value  in  each  

measurement data.  

CIE  1 976  a, b  (CIELAB)  chroma,  C*ab ,  speci fied  i n  CI E  1 5  is  ca lcu lated  i n  the  formu la  below.  

[2 ]  

 C*ab  =  (a*
2  +  b*2)1 /2  (8)  

5.2.7  a* correction  

The a*  va lue  shou ld  be  expanded  by mu l ti p l ying  by 1 , 4  i f i t  i s  a  pos i ti ve  va lue.  Th is  a*  

correction  is  described  in  detai l  i n  [5] .  I n  the  human  visual  system ,  a  redd ish  uneven  colour i s  
perceived  as  a  worse  degree  of mura  than  other colours.  I n  order to  correct th is  human  
perception  wh ich  is  reflected  i n  the  Helmhol tz–Koh lrausch  effect,  expansion  of a*  shou ld  be  

used  for chroma mura  evaluation .  

5.3  Mura evaluation  method  

5.3. 1  General  

The L*  val ue  shou ld  be  used  for l ightness  mura  analys is ,  and  the  C*  va lue  shou ld  be  used  for 

chroma mura  anal ysis .  Th is  mura  evaluation  method  provides  a  degree  of perceived  mura.  
The  h igher the  evaluation  va lue,  the  worse  the  perception  of mura  is .  

5.3.2  Lightness  mura  evaluation  

5.3.2 .1  General  

The purpose  of th is  measurement i s  to  evaluate  the  l igh tness  mura  of the  d isplay screen .  The  
fol l owing  formu la  described  i n  [6]  shou ld  be  appl i ed  to  compute  a  l i gh tness  mura  evaluation  
va lue.   

 LEV =  1 , 90  Lma  +0, 1 86  Lml  +  1 9 , 9  Lea  (9)  

where  

LEV i s  the  l i ghtness  mura  evaluation  value  

Xo  

Yo  

Zo  

Xn  

Yn  

Zn  

=  (Ymax /Yo)  
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Lma  i s  the  l i ghtness  mura  area  (see  5. 3. 2 .3)  

Lml  i s  the  maximum  l i ghtness  d i fference (see  5. 3 . 2 .4)  

Lea  i s  the  l i ghtness  edge  area  (see  5. 3. 2 . 2)  

5.3.2 .2  Lightness  edge area  

Lightness  grad ien t i s  calcu lated  by a  sobel  operation .  I n  order to  support various  d isp lay s i zes,  
viewing  d istances  and  resolu tions  of LMD,  the  l i gh tness  edge  shou ld  be  defined  as  a  l i ghtness  
grad ien t per degree  of the  observer's  viewing  ang le,  cons idering  the  human  visual  system  
described  in  [7] .  S ince  the  sobel  va lue  i s  the  amoun t of change per CCD pixel ,  the  calcu lation  
method  of the  l i gh tness  edge  i s  represented  by the  fol l owing  formu la  and  i ts  concept i s  shown  
i n  F igu re  4 .  

 Ed  =  So  ×  GF  (1 0)  

 GF  =  HR  ×  2  ×  VD  ×  tan  (0 , 5)  /  WL  [CCD  pixe l /degree]  (1 1 )  

where  

Ed  i s  the  edge  value  

So  i s  the  sobel  va lue  

GF  i s  the  geometric factor re lati ng  the  measured  screen  image wi th  real -space  i n formation  

HR  i s  the  horizon tal  pixel  number of the  measured  screen  image  by the  LMD  (CCD pixe l )  

VD  i s  the  viewing  d istance  ( i n  mm) 

WL  i s  the  wid th  of the  d isplay screen  ( i n  mm) 

HR  i s  not the  d isplay p ixel  of the  DUT.  I t  shou ld  be  provided  by coun ting  the  number of dots  of 

the  measured  screen  image.  

 

Figure 4  – Concept d iagram  of real -space information  in tegration  

The threshold  of the  l i ghtness  edge  shou ld  a lso  be  defined  as  a  l i gh tness  grad ien t per degree  
of the  observer's  viewing  ang le .  A l i ghtness  grad ien t of more  than  1 3  per degree  on  a  d isp lay 
screen  i s  determ ined  as  the  l i ghtness  edge  as  described  i n  detai l  i n  [7 ] .  

The l i gh tness  edge  area  i s  compu ted  as  the  p ixel  coun t ratio  of the  l i gh tness  edge  to  the  p ixel  
coun t of the  whole  screen  area.  

A sobel  operation  i s  conducted  to  extract the  major edge  of the  image.  The  fo l lowing  
determ inan t shou ld  be  appl i ed  for the  calcu lation .  

So  i s  for p ixel  “E”  i n  F i gure  5.  

IEC  
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WL  [mm ]  

1  degree  

Measured  screen  Image  

HR  [CCD  pi xe l ]  
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 So  =  (Ex
2  +  Ey

2)1 /2  (1 2)  

where  

Ex  =  (C +  2F +  I)  – (A  +  2D  +  G)  

Ey  =  (A  +  2B  +  C)  – (G  +  2H +  I)  

NOTE  A to  H  are  the  L*  va l ue  of each  p i xe l  i n  the  3  ×  3  ne ighbourhood  domain  (see  F i gu re  5).  

 

Figure 5  – 3  ×  3  neighbourhood  domain  

5.3.2 .3  Lightness  mura  area  

The  l i gh tness  mura  area  is  compu ted  as  the  p ixel  coun t  ratio  of the  area  whose  l i gh tness  
d i fference  is  more  than  0 , 3  from  the  average  L*  va l ue  on  a  d isp lay screen  to  the  p ixel  coun t of 

the  whole  screen  area.  

5.3.2 .4  Maximum l ightness  d i fference  

The maximum  L*  d i fference i s  defined  as  the  value  of the  maximum  l i ghtness  d i fference  from  
the  average  L*  va l ue  of the  whole  d isplay screen .  

5.3.3  Chroma mura  evaluation   

5. 3.3 .1  General  

The  purpose  of th is  measurement i s  to  evaluate  the  chroma mura  of the  d isplay screen .  
Formu la  (1 4) ,  described  in  detai l  i n  [6] ,  shou ld  be  appl ied  to  compute  a  chroma mura  
evaluation  va lue.   

 CEV =  3 , 97  Cma  +  0 , 01 60  Cmc  +  1 2 , 8  Cea  (1 4)  

where  

CEV  i s  the  chroma mura  evaluation  value  

Cma  i s  the  chroma mura  area  (see  5. 3. 3. 3)  

Cmc  i s  the  maximum  chroma (see  5. 3. 3. 4)  

Cea  i s  the  chroma edge  area  (see  5. 3. 3. 2)  

5.3.3.2  Chroma edge  area  

The chroma grad ien t i s  ca lcu lated  by a  sobel  operation  and  the  same calcu lation  method  as  
the  l i ghtness  edge  shown  i n  F igure  4.  The  threshold  of chroma  edge  shou ld  a lso  be  defined  
as  a  chroma grad ient  per degree  of the  observer's  viewing  ang le.  The  chroma grad ient of 
more  than  52  per degree  on  a  d isplay screen  i s  defi ned  as  a  chroma edge  described  i n  detai l  
i n  [7] .  

The  chroma edge  area  i s  computed  as  the  pixe l  coun t ratio  of the  chroma  edge  to  the  p ixel  
coun t of the  whole  screen  area.  
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5.3.3.3  Chroma mura  area  

The  chroma mura  area  is  computed  as  the  pixel  coun t ratio  of the  area  whose  chroma value  i s  
more  than  2  on  a  d isp lay screen  to  the  p ixel  coun t of the  whole  screen  area.  

5.3.3.4  Maximum chroma 

The maximum  C*  va l ue  i n  the  whole  d isplay screen  i s  defined  as  maximum  chroma.  

5.3.4  Mura evaluation   

The purpose  of th is  measurement i s  to  evaluate  the  mura  of the  d isplay screen .  Formu la  (1 5),  
described  in  detai l  i n  [6] ,  shou ld  be  appl ied  to  compute  a  mura  evaluation  value.   

MEV =  0 , 705  LEV +  0 , 634  CEV 

where  

MEV i s  the  mura  evaluation  va lue  

5.3.5  Measurement report  

The measured  resu l t shou ld  be  reported  i n  a  table.  Table  2  shows an  example.  

Table  2  – Example  of measurement resu l ts  for a  d isplay screen  un i formi ty 

Measuri ng  i tem  Evaluation  val ue   S i gnal  l evel  50  %  of fu l l  wh i te  

Mu ra  evaluation  val ue  3 , 80   Class i fi cation  of mura  (see  Annex B )  Frame mura  

Li gh tness  mura  evaluation  val ue  3 , 61     

Chroma mura  evaluati on  val ue  1 , 98     

 

Mura evaluation  i ndex Value  of i ndex Mura image  

Ligh tness  mura  area  0 , 671  

   

B ri gh t  area               Dark area  

Maximum  l i gh tness  d i fference  3 , 01   

L i gh tness  edge  area  0 , 089  

 

Chroma  mura  area  0 , 31 2  

 

Maximum  chroma 5, 65   

Chroma  edge  area  0 , 051  

 

 

(1 5)  
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6 Actual  example  

6.1  General  

The fol l owing  i s  an  actual  example  of mura  evaluation  values  computed  wi th  the  above 
measurement method  and  of the  corre lation  of these  va lues  and  subjecti ve  evaluation  va lues.  
Al l  the  data  i n  C lause  6  i s  reported  i n  [8 ] .  

6.2  Evaluation  objects  

The evaluation  objects  were  three  commercia l l y avai lab le  55- inch  TVs  and  one  25-inch  
professional  master mon i tor i nsta l l ed  i n  a  dark room  as  shown  in  F igure  6.  Three  i nput s i gnal  
l evels  (1 00  %,  50  %  and  20  %  of fu l l  wh i te  described  in  4 . 4)  were  used .  Therefore,  the  
evaluation  subjects  i ncluded  1 2  cond i tions.   

 

Figure 6  – Evaluation  objects  in  a  dark room  

6.3  Subjective  evaluation  

A subjective  evaluation  was  conducted  us ing  the  five-grade  impairmen t scale  based  on  [1 3]  
and  shown  i n  Table  3 .  The  visual  i nspection  cri teria  column  i n  Table  3  shows  the  cri teria  that 
are  general l y used  by a  manufacturer i nspector.  These  cri teria  shou ld  be  noted  because  they 
are  affected  by the  appl ication  of the  d isplays:  commercia l  model  TVs,  PC mon i tors,  
broadcast reference  mon i tors ,  med ica l  mon i tors  and  so  on  (see  Annex C) .  I n  th is  experimen t,  
participants  were  instructed  to  evaluate  a  commercial  model  TV.  There  is  one  more  poin t  to  
be  carefu l  about  when  perform ing  a  subj ecti ve  evaluation .  Because  i t  i s  imposs ib le  to  
recogn ize  l i gh tness  mura  and  chroma mura  as  complete l y separated  objects ,  the  subjective  
evaluation  va lue  corresponds  to  MEV (mura  evaluation  value).  There  were  8  participants  who  
evaluated  the  degree  of mura  by watch ing  each  d isplay screen  at a  d istance  of th ree  times  
the  d isplay heigh t from  the  d isplay screen .  

Table  3  – ITU-R qual i ty and  impairment scales  

Grade  Qual i ty Impai rment  Visual  i nspection  cri teria  

5  Excel l en t  I mperceptibl e  Almost no  effect 

4  Good  Percepti b le,  bu t  not  annoyi ng  Can  be  seen ,  bu t  no  effect  on  the  customer 

3  Fai r S l i gh tl y annoying  Acceptable  l evel  

2  Poor Annoying  Can  be  seen ,  and  not  an  acceptable  l evel  

1  Bad  Very annoying  Very bad  
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The  resu l ts  of the  subj ecti ve  evaluation  are  shown  i n  Table  4 .  The  bottom  row i n  Table  4  
shows the  average  value  of each  stimu lus  to  compare  wi th  the  mura  evaluation  value.  

Table  4 – Subjective  evaluation  resu l ts  

 

55-inch  

TV no.  1  

55-inch  

TV no.  2  

55-inch  

TV no.  3  

25-inch  

Master moni tor 

Signal  
l evel  

(%)  

20  50  1 00  20  50  1 00  20  50  1 00  20  50  1 00  

A 1  3  3  2 , 5  4  4  4  4 , 5  5  5  5  5  

B  1 , 5  3  3  3  4  4  4  4  5  5  5  5  

C  1  2  2  2  3  3  4  4  5  5  5  5  

D  1  2  1  2  3  4  2  3  4  3  4  3  

E  2 , 3  2 , 8  2 , 8  2 , 8  3 , 2  3  4  4 , 2  4  4 , 5  4 , 8  4 , 5  

F  2  3  3  2 , 5  2 , 5  3  3  4  4  5  5  5  

G  2  3 , 5  4  3 , 5  4 , 5  4 . 5  4  4 , 5  5  5  5  5  

H  1 , 5  3  3  3  4  4  3  4  4  5  5  5  

Average  1 , 5  2 , 8  2 , 7  2 , 7  3, 5  3 , 7  3, 5  4  4,5  4,7  4, 9  4,7  

NOTE  The  l etters  A to  H  i n d icate  each  parti cipan t.  

 

6.4  Evaluation  by the  method  i nd icated  in th is  document using  apparatus  

Accord ing  to  Clause  4,  the  measurement wi th  the  apparatus  was  performed.  A 2D  colorimeter 
was  used  to  obtain  an  XYZ 2D  d istribution  data  of 1 2  cond i tions  wh ich  were  same as  the  
subj ecti ve  evaluation  i n  the  dark room .  The  evaluation  was  performed  accord ing  to  Clause  5.  
To  calcu late  MEV,  an  anal ys is  software   that implemented  th is  evaluation  method  was  
prepared .  F igure  7  shows  the  example  of CSF  fi l ter images  for each  axis  of the  opponent 
colour space  computed  based  on  Annex A.  A CSF  fi l ter set  shou ld  be  computed  for each  
measurement image,  based  upon  d isplay s i ze,  viewing  d istance,  and  measured  XYZ image.  

 

Figure 7  – CSF  fi l ter images  in  opponent colour space  

The evaluation  resu l ts  are  shown  i n  Table  5.  The  comparison  wi th  the  subjecti ve  evaluation  
value  is  imposs ible  for l i gh tness  mura  and  chroma mura,  bu t  the  evaluation  values  for these  
are  l i sted  for reference.  

(a)  CSF  for w/k  (b)  CSF  for r/g  (c)  CSF  for b/y  
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Table  5  – Evaluation  resu l ts  by apparatus  

 

55-inch  

TV no. 1  

55-inch  

TV no.2  

55-inch  

TV no.  3  

25-inch  

Master moni tor 

Signal  l evel  (% )  20  50  1 00  20  50  1 00  20  50  1 00  20  50  1 00  

MEV 

(mura  eval uation  
value)  

1 5,7  6,7  6, 7  1 0, 7  5, 6  3 ,6  4,5  2 , 8  1 , 5  1 , 6  1 , 3  1 , 1  

Ligh tness  mura  
evaluation  val ue  

1 3  4 , 8  4 , 5  9 , 9  4 , 1  3 , 6  2 , 1  1 , 6  0 , 6  0 , 6  0 , 4  0 , 3  

Chroma  mura  
evaluation  val ue  

9, 9  4 , 7  5, 5  6  1 , 5  1 , 6  4 , 7  2 , 7  1 , 8  1 , 8  1 , 5  1 , 5  

 

6.5  Correlation  between  subjective  evaluation  and  mura  evaluation  value  

The corre lation  between  the  subj ecti ve  evaluation  value  ( i n  Table  4)  and  the  mura  evaluation  
value  ( in  Table  5)  i s  shown  in  F igure  8.  The  resu l ts  show a  h igh  correlation  (R2  =  0 , 90) .  These 
resu l ts  l ead  to  the  conclusion  that a  visual  i nspection  can  be  replaced  wi th  the  mura  
measurement method  described  i n  th is  document.  

 

Figure  8  – Correlation  of mura evaluation  value  and   
ITU-R subjective  evaluation  values  

IEC  

0  1  2  3  4  5  6  

0  

2  

4  

6  

8  

1 0  

1 2  

1 4  

1 6  

1 8  

I TU-R subjecti ve  eva luati on  g rade  

M
u
ra
 e
v
a
lu
a
ti
o
n
 v
a
lu
e
 

R2  =  0 , 90  

International  Electrotechnical  Commission

 



 – 20  – I EC TR 62977-3-2: 201 6  © I EC  201 6  

Annex A 
(informative)  

 
S-CIELAB model  

A.1  General  

A screen  image  is  perceived  through  human  eyes.  Therefore,  i t  i s  importan t to  cons ider the  
characteristics  of the  human  visual  system  for the  evaluation .  The  spatia l  con trast  sens i ti vi ty 
function  is  one  of the  usefu l  characteristics  for the  evaluation  of screen  image qual i ty.  The  
CSF  (con trast sens i ti vi ty function)  i s  defined  as  the  re lationsh ip  between  the  spatia l  frequency 
and  the  contrast sensi ti vi ty of a  human  visual  system .  I n  th is  document,  the  CSF  of the  human  
visual  system  is  i n troduced  for measurement data  process ing  to  match  the  evaluation  resu l t  to  
the  human  perception .  

A.2  S-CIELAB model  

The S-CIELAB model  was  proposed  for the  measurement of the  colou r reproduction  error i n  
d ig i ta l  image  by Zhang  and  Wandel l  i n  1 997.  [9 ]  F i gure  A. 1  shows  how to  calcu late  the  S-
CIELAB  representation .  The  image data  is  transformed  i n to  an  opponent colour space.  Each  
opponent colour image  i s  convolved  wi th  a  kernel  whose shape  is  determ ined  by the  visual  
spatia l  sens i ti vi ty to  that  colour d imension .  The  fi l tered  represen tation  i s  transformed  in to  a  
CI E  XYZ representation ,  and  th is  representation  is  transformed  us ing  the  CIELAB  formu lae.  

 

Figure A. 1  – Flowchart  of S-CIELAB calcu lation  

A.3  Spatial  sensi tivi ty function  model  (two-dimensional  CSF model )  

The dependence  of d i recti vi ty in  the  spatia l  frequency characteristics  of the  human  eye  was  
measured .  The  resu l t  shows  the  an isotrop ic properties  of con trast sensi ti vi ti es  i n  spatia l  
frequency.  The  con trast sens i ti vi ty of the  vertical  and  horizon tal  d i rections  is  superior to  that 
of the  d iagonal  d i rection  (see  F igure  A. 2).  Based  on  th is  resu l t,  a  two-d imensional  CSF  model  
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of the  human  eye  was  proposed  by M i yake.  [1 0] ,  [1 1 ] ,  [1 2 ]  I t  i s  therefore  th is  two-d imensional  
CSF  model  of the  human  eye  cons idered  wi th  an isotropic properties  wh ich  is  in tended  to  
reflect more  accurate  characteristics  of the  human  visual  system  for the  evaluation .  

NOTE  1  I n  references  [9]  to  [1 2] ,  the  au thors  have  used  the  word  “MTF  (modu l ation  transfer function)  of the  eye”  
i nstead  of “CSF”.  To  avoid  any confus ion ,  “CSF”  i s  used  to  represent  the  spatial  frequency characteri sti cs  of the  
human  eye.  

 

NOTE  ∆E94  i s  a  colour d i fference  defi ned  i n  CI E  1 1 4 -1 994.  [1 4 ]  

Figure  A.2  – Two-dimensional  CSF  model  

The  dependence of d i recti vi ty i n  the  two-d imensional  CSF  model  of the  human  eye  is  
ca lcu lated  wi th  the  fol l owing  formu la  speci fi ed  i n  [1 0]  and  g i ven  i n  more  detai l  i n  [1 2 ] .  

Meye(u ,  v)  =  M0(ω) [1  – {1  – γ  (ω )}  | s in2  (2  φ) |  ]  

where  

ω  =  (u2  +  v2)1 /2   

φ  =  tan -1 (u/v)  

(u ,  v)  i s  the  spatia l  frequency coord inate  i n  (cycle  per degree)  

M0(ω )  i s  the  spatia l  frequency characteristics  of the  horizon tal  d i rection  

M0(ω )  =   

β(O) ⋅exp{-2π2 ⋅σp
2 ⋅ (ω  – mp)

2}  -  

ε⋅ [β(O) ⋅exp{-2π2 ⋅σp
2 ⋅ (mc  –  mp)

2}  – b i as ] ⋅exp{-2π  
2 ⋅σc  

2 ⋅ (ω  – mc)
2}  

NOTE  2  M
0
(ω )  i s  expressed  for each  opponent  col ou r space  us ing  d i fferent  parameters  (see  Tabl e  A. 1 ) .  

Table  A. 1  – Parameters  for each  axis  of the  opponent colour space  

Opponent  colou r space  β(O)  γ(ω )  m
p
 σ

p
 ε  m

c
 σ

c
 b

i as
 

w/k  β
w
(w

k
)  γ

w
(ω )  5 , 5  1 /40  1  0  1 /1 2  55  

r/g  β
r
(r

g
)  γ

r
(ω )  1 , 5  1 /70  0  NA NA NA 

b /y  β
b
(b

y
)  γ

b
(ω )  1 , 5  1 /45  1 /4  7 , 5  1 /20  0  

NOTE  For the  colour space  of r/g,  “m
c
” ,  “σ

c
”  and  “b

i as
”  are  not  defi ned  s i nce  ε  =0.  
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β(O)  i s  the  maximum  sensi ti vi ty coefficient  defi ned  in  each  opponent colour space.   The  
va lues  of wk,  rg  and  by  are  the  average  of each  value  of the  opponent colour space  i n  the  

whole  d isplay screen .  

 βw(wk)  =  0 , 003  626  6  wk
3  –  0 , 428  34  wk

2  +  1 7 , 342  wk  –  50, 764  

 βr(rg)  =  -0 , 075  70  rg
2  +  8 , 731  rg  – 1 , 839  

 βb(by)  =  0 , 000  777  26  by
3  – 0 , 099  832  by

2  +  5 , 090  7  by  +  1 , 3  

γ  (ω )  i s  the  correction  factor of the  spatial  frequency characteristics  of the  45°  d i rection .  γ  (ω)  

i s  expressed  by a  d i fferent  formu la  for each  opponen t colour space:  

 γw(ω )  =  0 , 003  1 00  ω2  –  0 , 1 06  80  ω  +1 , 396;  

 γr(ω)  =  0 , 001  531  ω2  –  0 , 061  49  ω  +1 , 1 40;  

 γb(ω)  =  0 , 001  91 9  ω2  –  0 , 064  27  ω  +1 , 090.  

Therefore,  Meye(u ,  v)  i s  ca lcu lated  for each  opponen t colour space  as  shown  i n  F igure  7 .  Each  

of the  opponent colour data  was  convolved  wi th  the  visual  spatia l  sens i ti vi ty function  
calcu lated  us ing  formu lae  (A. 1 )  to  (A. 5).  I t  i s  necessary to  match  a  un i t of the  visual  spatia l  
sens i ti vi ty function  fi l ter to  that of the  Fourier transformed  data.  Because  the  measured  image  
data  does  not have  a  un i t  such  as  length  and  ang le  on  real  space,  the  un i t  of the  Fourier 
transformed  data  i s  “cycle  per CCD  pixe l ” .  To  make  the  Fourier transformed  data  have  the  
same un i t  as  the  CSF  fi l ter,  “GF”  i s  a  usefu l  factor to  transform  the  un i t  (see  5. 3 . 2 . 2).  

GF  =  HR  ×  2  ×  VD  ×  tan  (0 , 5)  /  WL  [CCD  pixe l /degree]  

where  

GF  i s  the  geometric  factor relati ng  the  measured  screen  image  wi th  the  rea l -space 
i n formation  

HR  i s  the  horizon tal  pixel  number of the  measured  screen  image  (CCD  pixe l )  

VD  i s  the  viewing  d istance  ( i n  mm) 

WL  i s  wide  l eng th  of D isplay screen  ( in  mm) 

The two-d imensional  CSF  model  of the  human  eye  is  one  of the  usefu l  characteristics  for 
converti ng  a  measured  image  wi th  an  apparatus  to  a  recogn ized  image  by the  human  visual  
system .  F igure  A.3  shows two examples.  These  examples  show that  some visual  i l l us ion  is  
computable  by adapting  the  two-d imensional  CSF  fi l ters .  

(A.4)  

(A.5)  

(A.6)  
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Figure  A.3  – Examples  of the  convolution  of a  two-dimensional  CSF  fi l ter for i l lusion  

Orig i nal  image  

CSF  fi l tered  image  

Hori zontal  profi l e  

“Mach  effect”  “Harman  g ri d  effect”  

Orig i nal  image  

CSF  fi l tered  image  Hori zontal  profi l e  

Hori zontal  profi l e  
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Annex B  
(informative)  

 
Type of mura  

B.1  General  

Mura  cou ld  be  class i fi ed  depend ing  on  i ts  form  and/or causes.  I t  i s  usefu l  to  class i fy mura  for 
defect  anal ysis .  Various  types  of mura  classi fication ,  i ncl ud ing  a  speci fic cause  for LCDs,  
were  shown  by Mr.  Kai  Ch ieh  Chang  i n  the  meeting  of I EC TC  1 1 0  i n  2009.  The  class i fication  
of mura  is  shown  in  C lause  B .2 .  

B.2  Classification  of mura 

The class i fication  of mura  by forms  and/or causes,  i nclud ing  a  cause  pecu l iar to  LCDs,  i s  
shown  i n  F igure  B. 1 .   

Classi fi cation  Appearance  Classi fi cation  Appearance  

Bright  spot  

 

 

Wh i te  spot 

 

 

Spacer cl uster 

 

 

B l ack spot 

 

 

Dark spot  

 

 

V-l i ne  

 

 

Backl i gh t   

wh i te  spot  

 

 

H - l i ne  

 

 

Backl i gh t  

dust  b l ack spot  

 

 

Rubbing  mura  

 

 

Polari zer 

wh i te  spot  

 

 

Backl i gh t  

scratch  
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Classi fi cation  Appearance  Classi fi cation  Appearance  

Polari zer 

b lack /  wh i te  spot  

 

 

Polari zer  

scratch  

 

 

Cel l   

dust  wh i te  spot  

 

 

Backl i gh t  l eakage  

 

 

H -band  

 

 

F i l l  port  mura  

  

 

 

V-band  

 

 

CF  mura  

  

 

F i l e  wavi ng  

 

 

Gap  mura  

  

 

Shot  mura  Bubbl e  mura  

  

 

F rame  mura  

 

 

Gravi ty mura  
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V-l i ne  cl uster 

  

 

Around  mura  

 

 

Cl oud  mura  

 

 

 

 

Classi fication  Appearance  Classi fication  Appearance  

Butterfl y mura  
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Figure B. 1  – Classification  of mura  by forms  and/or causes  
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Annex C  
(informative)  

 
Use  case of a  mura evaluation  value 

C.1  General  

The I TU-R five-grade  impairment scale  is  wel l  known  as  a  method  for subjective  assessment 
of image qual i ty.  The  I TU-R fi ve-grade  visual  i nspection  class  i s  often  used  for mura  
evaluation .  Therefore,  knowing  the  relation  between  the  mura  evaluation  va lue  and  the  I TU-R 
five-grade  visual  i nspection  class  i s  usefu l  for the  assessment of a  mura  qual i ty l evel .  

C.2  Example of a  use  case of a  mura evaluation  value  

An  example  of a  use  case  of a  mura  evaluation  va lue  i s  shown  i n  Table  C. 1 ,  and  an  example  
of subj ects  to  evaluate  is  shown  i n  Table  C. 2.   

Table  C . 1  – Example  of a  use case  of a  mura evaluation  value  

ITU -R fi ve-class  vi sual  
i nspection  

Case  1  Case 2  Case  3  

5  0  to  5  0  to  3  0  to  1  

4  5  to1 0  3  to  6  1  to  2  

3  1 0  to  1 5  6  to  9  2  to  3  

2  1 5  to  20  9  to  1 2  3  to  4  

1  20  to  25  1 2  to  1 5  4  to  5  

 

Table  C .2  – Example  of subjects  to  evaluate  

Subject (devi ce)  S ignal  i nput l evel  

TV 

20  %  

50  %  

1 00  %  

Mon i tor 

20  %  

50  %  

1 00  %  

Mon i tor for med ical  

20  %  

50  %  

1 00  %  
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Annex D  
(informative)  

 
Various  mura measurement methods  

D.1  General  

Various  measurement methods  for l um inance  mura  and  colour mura  have  been  used  in  
various  countries.  However,  there  are  hard l y any methods  that  can  be  suggested  for 
standard ization .  I n  th is  document,  a  mura  measurement method  using  a  2D  colorimeter is  
i n troduced ,  wi th  the  exception  of the  legacy method  such  as  n ine-poin t measurement.  

D.2  Comparison  of mura evaluation  standards  

The comparison  chart of a  mura  measurement method  us ing  a  2D  colorimeter is  shown  in  
Table  D . 1 .   

I n  I DMS the  con trast sens i ti vi ty function  (CSF)  i s  appl ied  to  the  human  visual  system .  
However,  there  are  few descriptions  of co lour mura  such  as  the  fol l owing ,  “Color non-
un i form i ties  can  optional l y be  measured  by appl yi ng  an  appropriate  CSF  to  ch romatici ty data  
and  calcu lating  the  same  defects. ”  [3]  

As  i n  I DMS,  SEMI  D31 -021 3  does  not support mura,  i nclud ing  l um inance and  colour mura  
s imu l taneousl y.  The  scope  of SEMI  D31 -021 3  i s  on l y about the  l um inance  mura. [4]  The  
threshold  va lue  is  necessary to  extract mura  obj ects  appl ying  D31 -021 3,  however,  there  i s  no  
description  i n  the  standard  document of how to  extract the  mura  area.  Therefore  the  extract 
va lue  cannot become common,  because  i t  i s  up  to  the  user to  define  the  threshold  value.  

The  second  column  i n  Table  D . 1  i s  the  method  used  in  th is  document.  I t  i s  su i table  to  the  
human  visual  system  and  has  a  h i gh  accuracy and  avai lab i l i ty.  

Table  D . 1  – Comparison  chart of various  mura measurement standards  

Comparison  i tems  IEC  TC1 1 0  ICDM  SEM I  

Project/document number I EC TR 62977-3-2,  Ed i ti on 1  
I DMS  vers i on  1 . 03  Sec.  8 . 2 :  

AREA UN IFORMITY 

SEMI   

D31 -021 3  

Li gh tness  mura  ava i l abl e  ava i l able  ava i l able  

Chroma mura  ava i l abl e  ava i l able  not  avai l abl e  

Mu ra  ( l i gh tness  and  chroma  
mura  exi st  s imu l taneously)  

ava i l abl e  not  avai l abl e  not  avai l abl e  

Human  vi s ion  factor:   

Con trast  spatia l  frequency 
supported  supported  not  supported  

Human  vi s ion  factor:  

Helmhol tz–Koh l rausch  
effect  

supported  not  supported  not  supported  

Di splay s i ze  factor supported  l im i ted  not  supported  

Viewing  d i stance  factor supported  l im i ted  supported  

Concept,  common  ava i l abl e  ava i l able  ava i l able  

Accuracy wi th  actual  sample  ava i l abl e  not  avai l abl e  not  avai l abl e  

Avai l abi l i ty  ava i l abl e  l im i ted  l im i ted  
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