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of i n formation  among  i ts  member countries  on  a l l  matters  relating  to  the  art  and  science  of l i gh ti ng .   I ts  membersh ip  
consi sts  of the  National  Commi ttees  i n  abou t  40  coun tries.  

The  obj ectives  of the  CIE  are:  
1 .  To  provide  an  i n ternational  forum  for the  d i scussion  of a l l  matters  re lating  to  the  science,  technology and  art  i n  the  

fi e l ds  of l i gh t  and  l i gh ti ng  and  for the  i n terchange  of i n formation  i n  these  fi e l ds  between  countries.  
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rang ing  from  fundamental  matters  to  a l l  types  of l i gh ting  appl ications.   The  standards  and  techn ical  reports  developed  by 
these  i n ternational  D ivi s ions  of the  CI E  are  accepted  th roughou t  the  worl d .  
A p l enary sess ion  i s  he l d  every four years  at  wh ich  the  work of the  D ivi s ions  and  Techn ical  Commi ttees  i s  reported  and  
reviewed ,  and  p l ans  are  made  for the  fu ture.   The  CI E  i s  recogn i zed  as  the  au thori ty on  a l l  aspects  of l i gh t  and  l i gh ti ng .   
As  such  i t  occupies  an  important pos i ti on  among  i n ternational  organ i zations.  
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I I  

Th is  Techn ical  Report  has  been  prepared  by CIE  Techn ical  Commi ttee  1 -55  of  D ivi s ion  1  
"Vis ion  and  Colour”  and  has  been  approved  by the  Board  of  Admin istration  as  wel l  as  by 
D ivi s ion  1  of  the  Commission  I n ternationale  de  l 'Eclai rage.  The  document  reports  on  cu rren t  
knowledge  and  experience  wi th in  the  speci fi c  f i e ld  of  l i gh t  and  l i gh ti ng  described ,  and  i s  
i n tended  to  be  used  by the  CIE  membersh ip  and  other  i n terested  parties.  I t  shou ld  be  noted ,  
however,  that  the  status  of  th i s  document  i s  advisory and  not  mandatory.   

Ce  rapport  techn ique  a  été  é laboré  par l e  Comi té  Techn ique  CIE  1 -55  de  l a  D ivi s ion  1  "Vis ion  
et  Cou leur"  et  a  été  approuvé  par l e  Bu reau  et  D ivis ion  1  de  l a  Commission  I n ternati onale  de  
l 'Eclai rage.  Le  document  expose  l es  connaissances  et  l 'expérience  actuel les  dans  l e  domaine  
particu l i er  de  l a  l um ière  et  de  l 'éclai rage  décri t  i ci .  I l  est  destiné  à  être  u ti l i sé  par l es  membres  
de  l a  CIE  et  par  tous  l es  i n téressés.  I l  fau t  cependant  noter que  ce  document  est  i nd icati f  et  
non  obl igatoi re.   

D ieser Techn ische  Berich t  i st  vom  Techn ischen  Komi tee  CIE  1 -55  der  D ivi s ion  1  "Sehen  und  
Farbe"  ausgearbei tet  und  vom  Vorstand  sowie  D ivi s ion  1  der Commission  I n ternationale  de  
l 'Eclai rage  gebi l l i g t  worden .  Das  Dokument  berich tet  über  den  derzei ti gen  Stand  des  Wissens  
und  Erfahrung  i n  dem  behandel ten  Gebiet  von  Lich t  und  Beleuch tung ;  es  i s t  zu r  Verwendung  
durch  CIE-M i tg l i eder und  du rch  andere  I n teressierte  bestimmt.  Es  so l l te  j edoch  beach tet  
werden ,  dass  das  Dokument  e ine  Empfeh lung  und  keine  Vorschri ft  i s t.   

Any men tion  of  organ izations  or  products  does  not  imply  endorsement  by  the  CIE.  Wh i l st  
every care  has  been  taken  i n  the  compi lation  of  any l i s ts ,  up  to  the  t ime  of  go ing  to  press,  
these  may not  be  comprehensive.   

Tou te  men tion  d 'organ isme  ou  de  produ i t  n ' impl i que  pas  une  préférence  de  l a  C IE.  Malgré  l e  
so in  apporté  à  l a  compi lation  de  tous  les  documents  j usqu 'à l a  m ise  sous  presse,  ce  travai l  ne  
saurai t  ê tre  exhausti f.   

D ie  Erwähnung  von  Organ isationen  oder  Erzeugn issen  bedeu tet  keine  Bi l l i gung  durch  d ie  
CIE.  Obg leich  g roße  Sorg fal t  be i  der Erstel l ung  von  Verzeichn issen  bis  zum  Zei tpunkt  der 
Drucklegung  angewendet  wurde,  besteh t  d ie  Mög l i chkei t,  dass  d iese  n ich t  vo l l ständ ig  s i nd .   
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V 

RECOMMENDED METHOD FOR EVALUATING  THE PERFORMANCE OF COLOUR-
DIFFERENCE FORMULAE  

Summary 

A method  is  recommended  to  evaluate  the  strength  of the  relationsh ip  between  visual l y-
perceived  colour d i fferences  in  a  g iven  set of colour pa irs  and  thei r correspond ing  pred ictions  
made by a  colour-d i fference formu la.  Th is  method  is  based  on  the  Standard ized  Residual  
Sum  of Squares  (STRESS)  i ndex used  i n  mu l tid imensional  scal i ng ,  and  tests  i f two colour-
d i fference  formu lae  are  or are  not stati stical l y s i gn i ficantl y d i fferent.  The  same i ndex can  be  
a lso  used  to  compu te  i n tra-  and  i n ter-observer variabi l i ty i n  visual  experiments.  Beside  
important advances  made  i n  the  fi el d  of colour-d i fference  evaluation  using  rel iable  visual  
datasets  currentl y avai lable,  the  resu l ts  ach ieved  from  the  STRESS index ind icate  that i t  i s  
not possible  to  recommend  a  more un i form  colour space wi th  a  Eucl idean  colour-d i fference 
formu la  that i s  statistical l y s i gn i fican tl y better than  CIEDE2000.  

 

METHODE RECOMMENDEE  POUR EVALUATION  DE  FORMULES  DE 
DIFFERENCE DE COULEUR 

Résumé 

Ce rapport techn ique  recommande  une  méthode  pour évaluer l ’ in tensi té  de  l a  re lation  entre  
l es  d i fférences  de  cou leur perçues  visuel lement (pour un  ensemble  donné de  pai res  de  
cou leurs)  et  leurs  préd ictions  correspondantes  réal isées  avec une  formu le  de  d i fférence  de  
cou leur.  Cette  méthode  est basée sur l ’ i nd ice  STRESS (Standard ized  Residual  Sum  of 
Squares)  u ti l i sé  dans  le  posi tionnement mu l tid imensionnel ,  q u i  permet de  tester s i  deux 
formu les  de  d i fférence de  cou leur son t ou  ne  son t pas  statisti quement s ign i ficativement 
d i fférentes.  Le  même ind ice  peu t également être  u ti l i sé  pour calcu ler l a  variabi l i té  i n tra-  et 
i n ter-observateurs  l ors  des  expériences  visuel l es.  Outre  l es  progrès  importants  réal isés  dans  
l e  domaine  de  l 'évaluation  des  d i fférences  de  cou leur en  u ti l isant l es  ensembles  de  données  
visuel l es  fiab les  actuel l ement d ispon ibles,  l es  résu l tats  obtenus  à  parti r de  l ' i nd ice  STRESS 
i nd iquent qu ' i l  est impossible  de  recommander un  espace  de  cou leur p lus  un i forme avec une  
formu le  de  d i fférence de  cou leur Eucl i d ienne  qu i  soi t  s tatistiquement s ign i ficativement 
mei l l eure  que  CIEDE2000.  

 

EMPFOHLENE METHODE ZUR BEWERTUNG  DER LEISTUNGSFÄHIGKEIT VON  
FARBDIFFERENZFORMELN  

Zusammenfassung  

Es wird  e ine  Methode  empfoh len ,  um  für e inen  gegebenen  Satz von  Farbpaaren  d ie  Stärke  
der Beziehung  zwischen  der visuel l  empfundenen  Farbd i fferenz und  dem  korrespond ierenden  
Farbabstand  m i t ei ner Farbabstandsformel  zu  beurtei len .  D ie  Methode  bas iert auf e inem  
I ndex,  der STRESS (Standard ized  Residual  Sum  of Squares)  genannt wi rd .  Er wird  bei  der 
mu l tid imensionalen  Skal ierung  benu tzt und  erlaubt zu  testen ,  ob  zwei  Farbabstandsformeln  
statistisch  s i gn i fikan t un tersch ied l ich  s i nd  oder n ich t.  Der g le iche  I ndex kann  auch  benutzt  
werden ,  um  d ie  Variabi l i tät  e i nes  Beobachters  oder zwischen  Beobachtern  in  visuel len  
Experimenten  zu  berechnen .  Neben  den  wich tigen  Fortschri tten ,  d ie  au f dem  Gebiet der 
Farbd i fferenzbeurtei l ung  m i t  geeigneten  visuel l en  Datensätzen  gemacht wurden ,  zeigen  d ie  
Ergebn isse  m i t dem  STRESS-I ndex an ,  dass  es  n icht mög l ich  i st,  e inen  g le ichförm igeren  
Farbenraum  m i t einer eukl id ischen  Farbabstandsformel  zu  defin ieren ,  d ie  statistisch  
s ign i fikant besser i s t,  a ls  d ie  Farbabstandsformel  CIEDE2000.  
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1  In troduction  

For a  pa ir of colour samples,  the  magn i tude  of the  visual l y-perceived  colour d i fference  
between  such  samples,  usual l y designated  as  ΔV,  can  be  considered  as  much  as  the  
computed  colour d i fference from  objective  i nstrumental  colour measurements  of the  colour 
samples,  usual l y des ignated  as  ΔE.  Wh i le  ΔV i s  the  resu l t  of a  subj ective  answer from  a  
human  observer,  ΔE  i s  an  obj ective  measurement provided  by what i s  known  as  a  “colour-
d i fference formu la” .  A colour-d i fference formu la  can  be  defined  as  a  mathematical  equation  
provid ing  a  non-negative  number ΔE  from  the  numerical  colour speci fications  of two  colour 
samples.  Most recen t colour-d i fference formu lae  a lso  i ncorporate  other parameters  re lated  to  
the  i l l um inating  and  viewing  cond i tions  of the  samples,  wh ich  are  usual l y known  i n  the  
l i terature  as  “parametric  factors”  (CIE,  1 993).  

Obvious l y,  the  resu l t g iven  by the  human  visual  system  (ΔV)  i s  the  most importan t part i n  the  
b inomial  ΔV-ΔE,  and  the  goal  of colour scientists  i s  to  ach ieve  a  colour-d i fference formu la  
provid ing  an  accurate  pred iction  of colour d i fferences  perceived  by average observers,  for any 
pair of colour samples  under any i l l um inating /viewing  cond i tions.  Certain l y,  th is  i s  an  
ambi tious  goal ,  bearing  i n  m ind  that curren tl y the  human  visual  system  is  not fu l l y understood .  
However,  important advances  have  been  made  i n  recent years  (Melgosa et a l . ,  2008;  M .  
Huang  et a l . ,  201 5) ,  as  wi l l  be  described  i n  th is  report.  Note  that we  can  also speak about 
perceived  (ΔV)  and  computed  (ΔE)  colour d i fferences  in  more  complex s i tuations  than  j ust two  
homogeneous  colour samples,  as  i n  the  case of colour d i fferences  between  two complex 
images  (CIE,  201 1 ) .  I n  fact,  colour-d i fference  formu lae  are  currentl y used  as  part of colour-
qual i ty con trol  in  many i ndustries  as  wel l  as  in  appl ications  such  as  texti les  (Kuo,  201 0;  P. -F .  
L i  e t a l . ,  201 4) ,  prin ti ng  (L iu  et a l . ,  201 3;  Z. J .  L i  and  Meng ,  201 4),  au tomobi les  (M irja l i l i  et a l . ,  
201 4;  Melgosa et a l . ,  201 4),  den tistry (Kim  et a l . ,  2009;  Khashayar et a l . ,  201 4) ,  food  (Zhao et  
a l . ,  201 1 ;  Salmerón  et  al . ,  201 2) ,  agricu l ture  (Hauptmann  et a l . ,  201 2;  Gómez-Robledo  et a l . ,  
201 3),  and  med ical  imag ing  ( I noue  et a l . ,  201 0;  J ern igan ,  201 4) .  

Th is  Techn ical  Report main l y deals  wi th  methods  to  assess  the  performance or meri t of 
d i fferent colour-d i fference  formu lae,  proposing  the  use  of the  i ndex known  as  the  
Standard ized  Residual  Sum  of Squares  (STRESS)  index.  Among  the  main  advantages  of the  
STRESS  index is  that  i t  can  be  used  to  test whether two colour-d i fference  formu lae  are  or are  
not s tatistical l y s ign i fican tl y d i fferen t wi th  respect to  a  g i ven  set of visual  data,  and  a lso  that i t  
can  be  used  to  measure  the  i n tra-  and  i n ter-observer variabi l i ty i n  the  resu l ts  from  visual  
experiments  (García  et a l . ,  2007;  Melgosa et  at. ,  201 1 ) .  The  resu l ts  ach ieved  by the  most 
relevant colour-d i fference  formu lae  currentl y employed  i n  i ndustrial  appl ications  are  a lso  
provided ,  considering  d i fferent visual  datasets  of obj ect colours.  Specifical l y,  the  structure  of 
th is  Techn ical  Report i s  as  fol lows:  i n  C lause  2,  some background  on  the  characteristics  of 
visual  colour-d i fference experiments,  avai lable  colour-d i fference  formu lae,  and  rel iable  visual  
datasets  is  provided ;  C lause 3  considers  how to  measure  the  strength  of the  re lationsh ip  
between  perceived  and  computed  colour d i fferences  using  i nd ices  proposed  by d i fferent 
au thors;  C lause 4  proposes  the  use  of the  STRESS i ndex in  colour-d i fference evaluation ;  
Clause 5  provides  STRESS values  for most re levant colour-d i fference formulae  from  the  
visual  datasets  adopted  at the  development of the  l ast  I SO/CIE  recommended  colour-
d i fference formu la,  CIEDE2000  (Luo  et a l .  2001 ;  CIE,  2001 ;  I SO/CIE,  201 4),  and  some other 
recent visual  datasets  proposed  by d i fferent au thors;  and  final l y Clause  6  s tates  the  main  
conclus ions,  recommendations  and  suggestions  for fu ture  work.  

2  Perceived  and  measured  colour d i fferences  

I t  i s  wel l  known  that experimental  i l l um inating  and  viewing  cond i tions  ( the  so-cal led  
“parametric  factors”)  usual l y have an  importan t effect on  the  magn i tude  of perceived  colour 
d i fferences  (CIE,  1 993).  To  avoid  the  spread  of experimental  resu l ts  under many d i fferent  
experimental  cond i tions,  i n  1 995  the  CIE,  accord ing  to  a  paper of Wi tt (1 995),  proposed  to  
anal yse  1 7  “colour cen tres”  wel l -d istribu ted  in  colour space,  under the  set of visual  cond i tions  
l isted  i n  Table  1 .  These are  s im i lar to  those most usual l y found  i n  i ndustrial  practice,  wh ich  
are  usual l y designated  in  the  l i terature  as  “reference cond i tions”  (Witt,  1 995):  
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