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CIE  248:2022  

i i  

Th is  Techn ical  Report  has  been  prepared  by CIE  Jo in t  Techn ical  Comm i ttee  ( JTC)  1 0  of  
D ivis ion  8  " Image  Technology"  and  D ivis i on  1  "Vi s i on  and  Colour”  and  has  been  approved  by 
the  Board  of  Adm in istrati on ,  D i vis ion  8  and  D ivis ion  1  of  the  Comm ission  I n ternati onale  de  
l 'Eclai rage.  The  document reports  on  current  knowledge  and  experience  wi th i n  the  speci f ic  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  part ies.  I t  shou ld  be  noted ,  however,  that  the  s tatus  of  th is  document  i s  advisory and  
not  mandatory.   

Ce  rapport  techn ique  a été  élaboré  par  l e  Com i té  Techn ique  m ixte  (JTC)  1 0  de  l a  C IE  D ivis ion  
8  "Technolog ie  des  images"  et  D i vis ion  1  "Vis ion  et  Cou leur"  e t  a  été  approuvé  par l e  Bureau ,  
D ivis ion  8  et  D i vis i on  1  de  l a  Comm ission  I n ternationale  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 c i .  I l  est  destiné  à  être  u t i l i sé  par  l es  membres  d e  l a  CIE  et  par tous  les  
i n téressés.  I l  fau t  cependant  noter que  ce  document  est  i nd icati f  e t  non  obl i gatoi re.   

D ieser Techn ische  Berich t  i s t  vom  gemeinschaftl i chen  Techn ischen  Kom i tee  ( JTC)  1 0  der CIE  
D ivis ion  8  "Bi ldverarbei tung "  und  D ivis ion  1  "Sehen  und  Farbe"  ausgearbei tet  und  vom  Vorstand  
sowie  D ivis ion  8  und  D ivi s i on  1  der Comm ission  I n ternationale  de  l 'Eclai rage  gebi l l i g t  worden .  
Das  Dokument berich tet  über  den  derzei t i gen  Stand  des  W issens  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  durch  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  impl y endorsement  by the  CIE.  Wh i lst  every 
care  has  been  taken  in  the  compi lat ion  of  any l i sts ,  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  la  C IE.  Malgré  l e  
so in  apporté  à la  compi lation  de  tous  les  documents  j usqu 'à l a  m ise  sous  presse,  ce  travai l  ne  
saurai t  être  exhausti f.   

D ie  Erwähnung  von  Organ isationen  oder Erzeugn issen  bedeu tet  keine  B i l l i gung  durch  d i e  CIE.  
Obg le ich  g roße  Sorg fal t  be i  der  Erste l lung  von  Verzeichn issen  bis  zum  Zei tpunkt  der 
Drucklegung  angewendet  wurde,  besteh t  d i e  Mög l i chkei t,  dass  d i ese  n ic h t  vo l l s tänd ig  s ind .   
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v  

THE CIE 201 6 COLOUR APPEARANCE MODEL FOR COLOUR MANAGEMENT 
SYSTEMS:  CIECAM1 6  

Summary 

A colour  appearance  model  provides  a  viewing -cond i t i on -speci f ic  method  for  the  transformation  
of  the  tri s timu lus  values,  X,  Y,  Z,  to  or  from  perceptual  attribu te  corre lates .  Th is  document  
describes  a speci f ic  co lour  appearance  model ,  CIECAM1 6,  wh ich  may be  usefu l  for  co lour  
managemen t systems  that  i nvolve  re lated  co lours .  Th is  model  i s  based  on  the  CAM1 6 co lour 
appearance  model  and  cons is ts  of  a  chromatic  adaptation  transform  and  equati ons  to  calcu late  
a set  of  perceptual  attri bu te  correlates  us ing  the  CIE  1 931  standard  colorimetric  observer .  I t  
main tains  the  same s impl ici ty and  pred ict ion  performance  for visual  data  as  the  previous  model ,  
CIECAM02.  The  evolu ti on  and  appl icat ion  of  th is  co lour appearance  model  are  presen ted ,  as  
i s  add i t i onal  i n formation  about  the  use  of  the  model  i n  practical  appl ications .  Th is  Techn ical  
Report repl aces  CI E  1 59: 2 004  “A col ou r appearan ce  m od el  for col ou r m an ag em en t s ystem s:  
CI ECAM 02 ”.  

 

LE MODÈLE D'APPARENCE COULEUR CIE 201 6 POUR LES SYSTÈMES DE 
GESTION DE LA COULEUR:  CIECAM1 6  

Résumé 

Un  modèle  d 'apparence  cou leur fourn i t  une  méthode  spéci f ique,  en  foncti on  des  cond i ti ons  de  
visual i sation ,  pour  transformer des  valeurs  tri chromatiques ,  X,  Y,  Z,  en  ou  à parti r  des  attribu ts  
perceptu el s  corrél és  à  ces  val eu rs.  Ce  d ocu m en t d écri t  u n  m od èl e  d ’ apparen ce  d es  cou l eu rs  
spéci f ique,  CIECAM1 6,  qu i  peu t  être  u t i l e  pour  l es  systèmes  de  gestion  des  cou leurs.  Ce  
m od èl e  est  basé  su r l e  m od èl e  d ’ apparen ce  cou l eu r CAM1 6  qu i  comprend  une  transformation  
d ’adaptation  chromati que  et  des  équations  permettan t  de  calcu ler un  ensemble  de  corrélats  
d ’attri bu ts  perceptuels  en  u t i l i sant  observateur  de  référence  colorimétri que  CIE  1 931 .  I l  
conserve  la même s impl ic i té  et  l es  mêmes  performances  de  préd ict ion  pour  l es  données  
visuel l es  que  l e  modèle  précéden t,  C IECAM02.  L’ évol u ti on  et l ’ appl i cati on  d e  ce  m od èl e  
d ’ apparen ce  d es  cou l eu rs  son t présen tées,  a i n s i  q u e  d es  i n form ati on s  su ppl ém en ta i res  su r son  
uti l i sation  dans  des  appl icati ons  prati ques.  Ce  rapport  techn ique  remplace  l a norme 
CIE  1 59:2004 i n ti tu lée  «A co lour  appearance  model  for  co lour  management  systems:  
CIECAM02»  (« M od èl e  d ’ apparen ce  d es  cou l eu rs  pou r l es  s ystèm es  d e  g esti on  d e  l a  cou l eu r:  
CIECAM02» ) .  

 

DAS CIE 201 6 FARBERSCHEINUNGSMODELL FÜR 
FARBMANAGEMENTSYSTEME:  CIECAM1 6  

Zusammenfassung  

Ein  Farberscheinungsmodel l  b i etet  e ine  fü r  d i e  Betrachtungsbed ingung  spezi f i sche  Methode  
fü r d i e  Transformation  der Farbwerte,  X,  Y,  Z,  i n  oder  aus  Korrelationen  von  Wahr-
nehmungsattri bu ten .  I n  d iesem  Dokument  wi rd  ei n  spezi f i sches  Farberscheinungsmodel l ,  
CIECAM1 6,  beschrieben ,  das  fü r  Farbmanagementsysteme m i t  verwandten  Farben  nü tzl i ch  
se in  kann .  D ieses  Model l  bas iert  au f  dem  CAM1 6 -Farberscheinungsmodel l  und  besteht  aus  
e iner chromatischen  Anpassungstransformation  und  G le ichungen  zu r Berechnung  e ines  Satzes  
von  Wahrnehmungsattribu tkorrelaten  un ter Berücksichti gung  des  CIE  1 931  farbmetrischen  
Normalbeobachters .  Es  i st  genauso  e i n fach  und  l e istungsfäh ig  bei  der  Vorhersage  visuel l er 
Daten  wie  das  Vorgängermodel l  C IECAM02 .  D ie  Entwicklung  und  Anwendung  d ieses  Model ls  
fü r  das  farbl i che  Erscheinungsbi l d  werden  vorgestel l t ,  ebenso  wie  zusätzl i che  I n formationen  
über  d ie  Verwendung  des  Model ls  i n  praktischen  Anwendungen .  D ieser Techn ische  Berich t  
ersetzt  C IE  1 59:2004  “A col ou r appearan ce m od el  for col ou r m an ag em en t system s:  CI ECAM 02”  
("Ein  Farberscheinungsmodel l  für  Farbmanagementsysteme:  CIECAM02" ) .  
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1  Introduction  

1 . 1  Overview 

This  document provides  revis i ons  to  the  CIE  co lou r appearance  model  for  co lou r management  
systems  that  i nvolve  related  co lours ,  C IECAM02  (CIE,  2004a) .  The  new model ,  C IECAM1 6,  i s  
main l y based  on  the  CAM1 6  co lour appearance  model  described  by Li  e t  al .  (201 7) ,  wi th  smal l  
changes  based  on  (Wang  et  al . ,  201 9 )  and  (Gao  et  al . ,  2020) .  I t  provides  forward  and  reverse  
transformations .  Relevan t  term inology i s  presen ted  as  wel l  as  the  evolu tion  and  appl icati on  of  
the  model .  The  speci fic  revis i ons  are  described ,  and  some gu idel ines  and  examples  are  
presented  to  aid  i n  sett i ng  the  model  parameters  and  to  veri fy the  forward  and  reverse  
transformations  (wi th  a worked  example ) .  

1 .2  Purpose  

The obj ecti ve  of  th is  document  i s  to  recommend  a new co lour  appearance  model ,  C IECAM1 6,  
to  replace  CIECAM02  (CIE,  2004a) .  I t  also  provides  add i t ional  i n formation  abou t  the  deri vation  
and  use  of  th is  model  for  practical  appl ications  to  re lated  co lours ,  i . e .  co lours  perceived  to  
belong  to  an  area seen  i n  relati on  to  other  co lours .  Th is  document  provides  the  necessary l eve l  
of  detai l  for  speci f i c  implementations  of  the  forward  and  reverse  transformations  as  appropriate.  

1 .3  Scope 

This  document provides  a co lour  appearance  model  wh ich  i s  appl icable  for co lour management  
systems,  used  in  the  imag ing  i ndustries,  that  i nvolve  related  co lours .  The  main  appl ications  of  
the  model  are  the  evaluation  of  photograph ic  pri n ts  (wh ich  requ i res  a  l i gh t  source  for  viewing )  
and  sel f- l um inous  d isplays,  where  the  co lours  wi l l  be  perceived  as  re lated  co lours.  Background  
i n formation  i s  provided  wi th  respect  to  bas ic  term ino logy and  the  evo lu tion  of  the  model ,  bu t  i t  
i s  assumed  that  the  reader i s  fam i l i ar wi th  the  bas ics  of  co lour science  (Hun t  and  Po in ter,  201 1 ;  
Berns ,  201 9)  and  co lour  management  (Green ,  201 0) .  For  add i t i onal  i n formation  regard ing  the  
complexi t i es  of  gamut  mapping  and  co lour  encod ing ,  i n terested  readers  shou ld  refer  to  CIE  
publ ication  1 56:2004 (CIE,  2004b) .   

There  are  a number of  poss ible  appl icati ons  for  th is  model ,  and  i t  i s  i n formative  to  provide  a 
partial  l i s t  of  potential  u ses.  Gamut  visual i zati on  i s  a  cri t i cal  aspect  i n  the  evaluation  of  the  
co lour  capabi l i t i es  of  a  g i ven  imag ing  device,  med ium  or  process.  CIECAM1 6  can  be  usefu l  for  
the  comparison  of  device  gamuts  based  on  a  set  of  perceptual  attribu te  correlates .  I t  i s  also  
poss ible  to  use  CIECAM1 6  to  provide  a  co lour space  for  gamut  mapping .  Use  of  CIECAM1 6  
does  not  def ine  the  domain ,  range  or  methodology for the  mapping  bu t  i t  does  provide  
perceptual  attri bu te  correlates  to  aid  the  understand ing  of  the  process .  As  wi th  C IELAB,  i t  i s  
also  possible  to  use  CIECAM1 6 for i n terpo lati on ,  quanti zati on ,  compress ion  and  other image-
based  appl icati ons .  Use  of  CIECAM1 6  for these  appl ications ,  however,  wi l l  requ i re  a  fu l l  
understand ing  of  the  process ing  requ i remen ts,  such  as  the  processing  speed ,  memory 
requ i rements,  etc.  CIECAM1 6  has  been  shown  to  be  as  good  as  CIECAM02 (Li  et  al . ,  201 7)  i n  
terms  of  processing  speed ,  and  at  the  same t ime  i t  overcomes  the  problems  that  have  been  
shown  to  exis t  wi th  CIECAM02  (Bri l l ,  2006;  G i l l ,  2008) .  

I t  shou ld  be  noted  that  the  ori g i nal  co lour  appearance  m odel ,  C IECAM02,  and  the  new model ,  
CIECAM1 6,  have  not  been  shown  to  be  appl icable  to  the  co lour appearance  of  unre lated  co lours,  
for  example  l i gh t  sources  seen  i n  i solation .  CIECAM02 and  CIECAM1 6  are  also  on l y appl icable  
to  photopic  l evels  where  the  eye  i s  adapted  to  an  average  lum inance  g reater than  5  cd · m −2 .  
CIE  TC  1 -96  i s  curren tl y working  on  the  extens ion  of  th is  range  down  to  mesopic  and  scotopic  
l evels . 1  

2 Terminology 

A colou r appearance  model  provides  methodolog ies  and  equations  to  transform  phys ical l y 
measurable  quanti ti es  to  and  from  viewing -cond i t i on -speci f ic  perceptual  attr ibu te  correlates .  As  
a m in imum ,  the  model  shou ld  consis t  of  a  chromatic  adaptation  transform  and  equations  to  

—————————  
1  The  work of  TC  1 -96  "A Comprehensive  Model  of  Colour Vi s i on"  i s  s t i l l  i n  prog ress.  P lease  check the  CIE  webs i te  

regu larl y for  updates  regard i ng  the  publ i cati on  of  th i s  TC.  
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derive  the  perceptual  attri bu te  correlates  (Fai rch i l d ,  201 3) .  Th is  document speci f i es  how the  
CIE  1 931  tri s timu lus  values ,  X,  Y,  Z ( I SO/CIE,  201 9a) ,  can  be  transformed  to  and  from  
perceptual  attribu te  correlates.  A perceptual  attribu te  correlate  i s  a  fundamental  un ivariate  
co lour  descript ion  or  metric.  CIELAB ( ISO/CIE ,  201 9b)  and  CIELUV ( I SO/CIE,  201 6)  i nclude  
formu lae  that  provide  correlates  for  l i gh tness,  chroma and  hue.  C IECAM1 6  also  provides  
formu lae  for  these  three  correlates ,  as  wel l  as  for  saturati on  and  for  the  absolu te  correlates  of  
brigh tness  and  colourfu l ness .   

I t  i s  usefu l  to  defi ne  the  d i fference  between  the  adopted  and  the  adapted  wh i te  po in ts .  An  
adopted  wh i te  po in t  i s  the  compu tational  reference  wh i te  po in t  used  by a  co lour  appearance  
model  (CIE,  2020,  1 7-32-033) ,  wh i l e  an  adapted  wh i te  po in t  relates  to  the  observer  or  i n ternal  
human  visual  system  wh i te  that  resu l ts  from  adaptation  i n  a  g i ven  viewing  cond i t i on  that  
i ncl udes  the  test  i l l um inant .  Note  that  the  adopted  wh i te  po in t  may or  may not  be  the  same as  
the  adapted  wh i te  po in t .  One  of  the  most  common  appl ications  of  an  adopted  wh i te  po in t  i s  to  
ach ieve  an  optimal l y reproduced  device  wh i te.  For  example,  an  adopted  wh i te  po in t  
correspond ing  to  a g i ven  medium  may be  used  i n  p lace  of  an  adapted  wh i te  po in t  when  no  
co lorants  are  used  to  create  a wh i te .  An  adapted  wh i te  po in t  can  be  determ ined  us ing  
psychophys ics,  may be  estimated  based  on  a model  or  o therwise  derived .  Further compl ications  
arise  when  there  are  mu l tiple  wh i te  po in ts ,  as  d iscussed  i n  C IE  1 62:201 0  (CIE,  201 0) .   

An  example  for  calcu lati ng  the  adaptation  l um inance,  for the  evaluation  of  refl ecti on  pri n t s ,  
d i splays  and  projected  images,  i s  provided  i n  Clause  4  and  i s  appl icable  for s imple  st imu l i  as  
presented  i n  F igure  1 .  Th is  s imple  approximation  for  the  adaptati on  l um inance  may not  be  
appl icable  to  other  cond i t i ons  and  confi gurations.  

There  are  also  terms  (Hunt  and  Poin ter,  201 1 ;  CIE ,  2004a)  related  to  the  vi sual  f i e l d  that  must  
be  defi ned ,  and  wh ich  are  i l l ustrated  i n  F i gure  1 .  The  st imu lus  i s  general l y  a  colour subtend ing  
approximatel y two  degrees  i n  the  cen tre  of  the  f ie l d  of  vi ew.  The  proximal  f i e ld  i s  the  immediate  
envi ronment  of  the  s t imu lus ,  extend ing  typical l y for  abou t  two  degrees  from  the  edge  of  that  
stimu lus  i n  al l  or  most  d i rections .  I n  F igure  1 ,  the  proximal  f i e ld  reg ion  i s  represented  by a  
d i fferent  g rey (achromati c)  l evel ,  bu t  i n  practice  the  proximal  f i e ld  can  be  part  of  a  un i form  
background  surround ing  the  st imu lus,  where  t he  background  i s  the  approximatel y ten-degree  
reg ion  that  immediatel y surrounds  the  stimu lus.  A usefu l  gu idel i ne  is  that a  thumb at  arm ’s  
l eng th  subtends  approximatel y two  degrees,  and  a  cl enched  fist  at  arm ’s  l eng th  subtends  
approximatel y ten  degrees.  The  adapting  f ie l d  i s  cons idered  as  everyth i ng  ou ts ide  of  the  
stimu lus .  The  surround  i s  the  f i e l d  ou ts i de  the  background  and  i s  a  categorical  term .  I ts  effect  
can  be  determ ined  by calcu lating  the  surround  rat io ,  wh ich  i s  defi ned  as  the  rati o  of  the  average  
l um inance  of  th e  surround  wh i te ,  LSW ,  d i vided  by the  l um inance  of  the  device  wh i te ,  LDW .  Both  
these  lum inance  values  shou ld  be  expressed  i n  cd · m −2  and  can  be  determ ined  by 
measurements  of  the  speci fi c  device  for  the  vi ewing  cond i t ions  under cons iderati on .  Add i t ional  
d iscuss ion  on  the  surround  i s  provided  i n  C lause  4.  As  noted  by Hun t  and  Poin ter  (201 1 ) ,  the  
visual  patterns  of  scenes  viewed  i n  practice  are  i n f i n i te l y variable .  The  reg ime of  f i e lds  
described  above  i s  an  attempt  to  s impl i fy the  s i tuation  su ffi cientl y to  make i t  feas ible  for  
model l i ng ,  wh i le  making  i t  poss ible  to  i nclude  the  most  important  fa ctors  that  affect  the  co lour 
appearance  under these  s impl i f i ed  vi ewing  cond i t i ons .  

 

Figure  1  –  I l lustration  of  components  of  the viewing  fi eld  
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The  proximal  f i e ld  i s  not  used  at  presen t  bu t  i s  i ncluded  to  faci l i tate  fu ture  model l i ng  of  the  
effect  of  s imu l taneous  con trast.  The  s timu lus  i s  cons idered  to  subtend  a  two -degree  viewing  
ang le.  Thus,  the  co lour  appearance  model  i s  cons idered  to  transform  the  CIE  1 931  tri st imu lus  
values,  X,  Y,  Z,  to  perceptual  attribu tes.  I t  i s  a  fact  that  the  CIECAM97s  (predecessor  of  
CIECAM02) ,  CIECAM02  and  CIECAM1 6  co lour  appearance  models ,  and  i ndeed  al l  earl i er  
models  such  as  those  proposed  by Hunt  ( 1 982)  and  Hunt  and  Poin ter ( 1 985) ,  were  optim ized  
us ing  datasets  that  were  def ined  in  terms  of  tri s t imu lus  values  calcu lated  us ing  the  CIE  1 931  
standard  co lorimetric  observer.  Al though  i n  practice  the  CIE  co lour  appearance  models  
CIECAM97s  and  CIECAM02  have  also  been  used  to  pred ict  co lour  appearance  from  tr is timu lus  
values  calcu lated  us ing  the  CIE  1 964  standard  co lorimetric  observer,  X1 0 ,  Y1 0 ,  Z1 0 ,  there  i s  no  
experimental  research  to  support  th is  practice.     

CIECAM1 6,  l i ke  i ts  predecessors  CIECAM02  and  CIECAM97s,  i s  referred  to  as  a s imple  co lour 
appearance  model  i n  that  i t  pred icts  the  co lour appearance  of  re lated  co lours .  CIE  Tech n ical  
Comm ittee  1 -96  A  Comprehensive Model of Colour Vision  i s  developing  a  comprehens ive  co lour 
appearance  model ,  wh ich  wi l l  i nclude  the  s i ze  effect  for samples  that  are  ten  degrees  or larger,  
as  wel l  as  the  appearance  of  unrelated  co lours.  Much  relevan t  research  work has  been  
publ i shed,  i nclud ing  research  for the  s i ze  effect  (Xiao  et  al . ,  201 0;  201 1 ;  201 2;  C IE,  201 4;  Li  e t  
al . ,  201 8a) ,  for  un related  co lour appearance  (Fu  et  al . ,  201 2;  Wi thouck et  al . ,  201 5)  and  for 
comprehensive  colour appearance  (Wei  et  al . ,  201 7) .   

3 Evolution  of  the model  

CIECAM1 6  i s  based  d i rectl y on  CIECAM02  and  was  developed  to  f i t  al l  the  visual  datasets  that  
were  used  i n  the  development of  that  model .  These  visual  datasets  i ncluded  colour appearance  
datasets  (Luo  et  al . ,  1 991 a;  1 991 b;  Luo  1 993a;  1 993b;  Luo  and  Hun t,  1 998b;  J uan  and  Luo,  
2000;  2002)  and  correspond ing -co lour datasets  (Helson  et  al . ,  1 952;  Lam ,  1 985;  Breneman ,  
1 987;  Mori  e t  al . ,  1 991 ;  Kuo  et  al . ,  1 995;  Braun  and  Fai rch i l d ,  1 996,  Luo  and  Hun t,  1 998b ) .   

I n  summary,  the  CIECAM02  model  has  the  fo l l owing  steps:   

i .  the  i npu t  CIE  1 931  tris t imu lus  values ,  X,  Y,  Z,  are  converted  i n to  i l l um inant  colour  
adaptati on  s i gnals  via a  l i near  chromatic  adaptation  transform ,  referred  to  as  CAT02;  

i i .  the  model  maps  the  i l l um inant  co lour  adaptation  s ignals  i n to  cone- l ike  responses  us i ng  
the  HPE  (Hun t-Poin ter-Estévez)  matrix  (Hunt  and  Poin ter,  1 985) ;  

i i i .  the  model  appl i es  a  non - l i near  post-adaptation  response  compress ion  functi on  to  the  
cone- l ike  responses;  

i v.  the  model  pred icts  the  perceptual  attribu te  corre lates  from  the  post-adaptati on  cone- l ike  
s i gnals .  

I t  was  found  that  the  CIECAM02 model  had  the  so-cal led  “yel l ow-blue”  and  “purple ”  problems  
(Bri l l ,  2006;  Süsstrunk and  Bri l l ,  2006;  Bri l l  and  Süsstrunk,  2008) ,  wh ich  caused  unexpected  
computational  fai l u res  i n  certain  real  appl icati ons .  I n  add i t i on ,  the  h yperbol ic  non - l i near  post-
adaptati on  response  compression  function  in  CIECAM02 had  an  i n fi n i te  s lope  at  i ts  orig i n ,  wh ich  
caused  an  i nstabi l i ty problem  for both  the  forward  and  reverse  transformations ,  when  appl i ed  
i n  image  processing  appl i cati ons .  Various  so lu tions  have  been  proposed  to  these  two  problems  
(G i l l ,  2008;  Li  et  al . ,  2009;  201 2a;  201 2b;  201 3 ;  201 4;  J iang  et  al . ,  201 5;  Li  et  al . ,  201 5a;  201 7;  
Wang  et  al . ,  201 9) .  The  decis i on  on  wh ich  so lu t ion s  to  choose  for the  CIECAM1 6  model  (Li  et  
al . ,  201 7;  Wang  et  al . ,  201 9)  was  made based  on  both  the  performance  of  the  revised  model  i n  
pred ict i ng  the  visual  data,  and  the  requ i rement  of  computati onal  s impl ic i ty.  Quanti fying  the  
performance  i s  non - tri vial  bu t,  i n  general ,  emphas is  was  g i ven  to  at  l east  match  the  performance  
of  C IECAM02 (Li  e t  al . ,  201 7) ,  wh i le  overcom ing  the  problems  of  th is  model .  Un less  otherwise  
noted ,  i n  th is  Techn ical  Report  al l  terms,  parameter names  and  abbreviat ions  used  i n  
CIECAM02  are  also  used  for CIECAM1 6.  

Al though  CIECAM1 6  replaces  CIECAM02,  wh ich  had  replaced  CIECAM97s,  the  o lder models  
wi l l  s t i l l  co-exis t  for  a  peri od  of  t ime .  Therefore,  i t  i s  suggested  that  parameters  deri ved  us ing  
the  earl i er  models  are  des ignated  us ing  the  subs cript “02” ,  for example  l igh tness  J02 ,  for  
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CIECAM02,  and  “97s” ,  for example  l i ghtness  J97s ,  for  C IECAM97s,  wh i le  for  C IECAM1 6  
unsubscripted  variables  are  used .  

3.1  Colour and  luminance adaptation  

Orig inal l y,  i n  the  CIECAM02  model ,  the  co lour and  l um inance  adaptation  took place  i n  d i fferen t  
spaces.  The  co lour  adaptati on  process  took place  i n  a  CAT02  sharp-sensor  space  and  the  
l um inance  adaptation  process  took place  i n  an  HPE  cone- l ike  space.  I n  the  new model  the  two  
adaptati on  processes  take  place  in  the  same space,  wh ich  i s  a  new cone- l ike  space.  Th is  cone-
l ike  space  i s  defi ned  by the  matrix  M1 6  (Li  et  al . ,  201 7)   

1 6

0, 401 288 0, 650 1 73 0, 051 461
0, 250 268 1, 204 41 4 0, 045 854
0,002 079 0,048 952 0, 953 1 27

 
 
 



 


M  .  (3 . 1 )  

Thus,  the  CAT02 matrix  and  the  HPE  matrix  i n  the  ori g inal  CIECAM02 model  are  replaced  by 
th is  new matrix  M1 6 ,  wh ich  was  deri ved  such  that:   

a)  the  cone- l ike  response  s i gnals  (see  Equation  (5. 1 4)  i n  Clause  5)  are  non -negative  for al l  
i npu t  CIE  1 931  tr ist imu lus  values,  X,  Y,  Z,  wi th  thei r  correspond ing  chromati ci ty coord inates  
wi th i n  the  domain  enclosed  by the  spectrum  l ocus  and  the  purple  boundary;   

b)  the  associated  chromatic  adaptati on  transform  (named  CAT1 6)  f i ts  the  correspond ing -colour 
datasets;  and   

c)  the  resu l t i ng  colour appearance  model  f i ts  the  co lour  appearance  datasets  as  best  as  
poss ible.  

I n  general ,  chromatic  adaptation  transforms (CATs)  are  used  for pred icti ng  ‘correspond ing  
colours ’ ,  defined  as  pairs  of colour s timu l i  that have  the  same  colour appearance  when  one  is  
seen  i n  one  set  of  viewing  cond i t ions  (e . g .  a  f i rst  i l l um inan t)  and  the  other  i s  seen  i n  another 
d i fferent  set  (e. g .  a  second  i l l um inant) .  C IECAM02 and  the  now in troduced  CIECAM1 6 i ncl ude  
two  one-step CATs  (CAT02  and  CAT1 6  respecti vel y) :  a  forward  (one-step)  transform  to  convert  
data from  a  f i rs t  i l l um inan t  to  C IE  i l l um inan t  E  (CIE,  2020,  1 7-23-023) ,  p l us  a  reverse  (one-step)  
transform  to  convert  the  resu l ts  from  CIE  i l l um inant  E  to  a  second  i l l um inant.  I l l um inan t  E  was  
chosen  for  two  reasons:  Fi rs t,  i t  represents  a m id -range  co lour temperature  that  corresponds  
to  average  dayl i gh t,  and  second,  i ts  spectral  power d istribu t ion  has  the  same energy for  each  
wavelength  and  hence  the  re lat i ve  power has  no  i n f l uence  on  the  co lour  of  an  object.  
Sometimes  one-step  chromatic  adaptation  models,  that  avoid  the  use  of  the  in termediate  
i l l um inant,  have  been  used .  Th is  practice,  however,  i s  deprecated  (Li  et  al . ,  201 8b) ,  because  
tests  us ing  the  one-step  CAT1 6  i nd icate  fai l u res  o f  both  the  symmetry and  trans i t i vi ty propert ies ,  
except  i n  the  case  where  the  degree  of  adaptation ,  D,  (defi ned  in  Clause  4)  i s  equal  to  un i ty.  
The  magn i tude  of  these  fai l u res  depends  on  the  speci f ic  i l l um inants  selected  and  i ncreases  as  
the  degree  of  adaptati on  decreases.   

From  fou r poss ible  two-step  CAT1 6  models ,  two  were  identi f i ed  that  obey the  symmetry and  
trans i t i vi ty properti es,  and  one  of  these  g i ves  s l i gh t l y better pred ict ions  of  the  experimental  
correspond ing -colou r datasets  avai lable  i n  the  l i terature  (Li  e t  al . ,  201 8b) .  Furthermore,  wi th  
the  two-step CAT1 6 (Li  e t  al . ,  201 8b) ,  the  scal i ng  factors  DR ,  DG  and  DB  for  each  channel  (see  
step 3  i n  the  appendix  of  Li  e t  al . ,  201 8b)  are  functions  of  the  Y tr ist imu lus  values  of  the  test  
and  reference  i l l um inan t ,  Yw  and  Ywr,  respective l y.  The  resu l ts  of  an  i nvesti gation  by Gao  et  al .  
(2020)  however,  have  shown  that  i t  i s  better to  set  both  Yw  and  Ywr  equal  to  1 00  when  calcu lating  
the  scal i ng  factors  DR ,  DG  and  DB .  Hence  a two-step  CAT1 6  (Li  e t  al . ,  201 8b) ,  wi th  the  scal ing  
factors  DR ,  DG  and  DB ,  suggested  by Gao  et  al .  ( 2020) ,  i s  recommended  to  calcu late  
correspond ing  co lours.  The  fu l l  procedure  i s  described  i n  Annex  A.  

3.2  Modi fied  hyperbol ic  post-adaptation  response compression  function  

The use  of  a  h yperbol ic  function  (strictl y,  a  modi f i ed  h yperbol ic  function)  i n  CIECAM02 seemed  
reasonable,  based  on  phys io log ical  evi dence .  Such  a  function ,  however,  has  an  i n f i n i te  s l ope  
at  the  ori g i n  (Bri l l ,  2006) ,  wh ich  causes  instabi l i ty  i n  both  the  forward  and  reverse  
transformations  of  C IECAM02.  Various  proposals  (G i l l ,  2008;  Bri l l  and  Mahy,  201 3;  Li  e t  al . ,  
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