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THE  INTERNATIONAL COMMISSION  ON  ILLUMINATION  

The  I n ternational  Commission  on  I l l um inati on  (CI E)  i s  an  organ izati on  devoted  to  i n ternationa l  co -operati on  and  exchange  
of i n formation  among  i ts  member coun tri es  on  a l l  matters  re l ati ng  to  the  art  and  sci ence  of l i gh ti ng .   I ts  membersh ip  consi sts  
of the  National  Commi ttees  i n  abou t 40  coun tri es .  

The  ob jecti ves  of the  CI E  are :  
1 .  To  provide  an  i n ternational  forum  for the  d i scuss ion  of a l l  matters  re l a ti ng  to  the  science,  technology and  art  i n  t he  

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  coun tri es .  
2 .  To  deve lop  basic  standards  and  procedures  of metrology i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
3 .  To  provi de  gu i dance  i n  the  app l i cati on  of pri ncip l es  and  p rocedures  i n  the  devel opmen t of i n ternational  and  nati onal  

s tandards  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
4 .  To  prepare  and  publ i sh  standards,  reports  and  other publ i cati ons  concerned  wi th  a l l  matters  re l a ti ng  to  the  science,  

techno logy and  art  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
5 .  To  main ta i n  l i a i son  and  techn ica l  i n teracti on  wi th  other i n ternationa l  organ izati ons  concerned  wi th  matters  re l a ted  to  

the  science,  technology,  s tandard i zati on  and  art  i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  

The  work of the  CI E  i s  carri ed  ou t  by Techn i ca l  Commi ttees,  organ ized  i n  s i x  D i vi s ions.   Th i s  work covers  sub jects  rang ing  
from  fundamenta l  matters  to  a l l  types  of l i g h ti ng  appl i cati ons.   The  s tandards  and  techn ica l  reports  deve loped  by these  
i n ternationa l  D i vi s i ons  of the  CI E  are  accepted  th roughou t  the  worl d .  
A p l enary session  i s  h e l d  every fou r years  at  wh ich  the  work of the  D i vi s i ons  and  Techn ica l  Commi ttees  i s  reported  and  
revi ewed ,  and  p l ans  are  made  for the  fu tu re.   The  CI E  i s  recogn ized  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  occup ies  an  importan t  pos i ti on  among  i n ternationa l  organ i zati ons.  
 
LA COMMISSION  INTERNATIONALE  DE  L'ECLAIRAGE  

La  Commission  I n ternationa le  de  l 'Ecla i rage  (CIE)  est  u ne  organ i sati on  qu i  se  donne  pou r bu t  l a  coopérati on  i n ternationa le  
e t  l 'échange  d ' i n formations  en tre  l es  Pays  membres  su r tou tes  l es  questi ons  re l ati ves  à  l 'art  e t  à  l a  science  de  l 'écl a i rage.   
E l l e  est  composée  de  Com i tés  Nationaux représen tan t  envi ron  40  pays.  

Les  ob jecti fs  de  l a  CI E  son t  :  
1 .  De  consti tuer un  cen tre  d 'é tude  i n ternationa l  pou r tou te  mati ère  re l evan t de  l a  science,  de  l a  technolog ie  e t  de  l 'art  

de  l a  l um ière  et  de  l 'écl a i rage  et  pou r l 'échange  en tre  pays  d ' i n formations  d ans  ces  domaines.  
2 .  D 'é laborer des  normes  et  d es  méthodes  de  base  pou r l a  métro log i e  dans  l es  d oma ines  de  l a  l um ière  et  de  l 'écl a i rage.  
3 .  De  donner des  d i recti ves  pou r l 'app l i cati on  des  pri ncipes  et  des  méthodes  d 'é l aborati on  de  normes  i n ternationa les  et  

na ti onales  dans  l es  d omaines  de  l a  l um ière  e t  d e  l ' écl a i rage.  
4 .  De  préparer et  publ i er des  n ormes,  rapports  et  au tres  textes ,  concernan t  tou tes  matières  re l ati ves  à  l a  science ,  l a  

techno log ie  e t  l 'art  d ans  l es  domaines  de  l a  l um ière  e t  d e  l 'écl a i rage.  
5 .  De  main ten i r u ne  l i a i son  et  u ne  co l l aborati on  techn ique  avec  l es  au tres  organ i sati o ns  i n ternati ona les  concernées  par 

des  su jets  re l ati fs  à  l a  science,  l a  technolog i e ,  l a  normal i sati on  et  l 'art  dans  l es  domaines  de  l a  l um ière  et  de  
l 'écl a i rage.  

Les  travaux de  l a  CI E  son t  effectués  par Comi tés  Techn iques,  organ i sés  en  s i x  D i vi s i ons.   Les  su jets  d 'é tudes  s 'étenden t 
des  questi ons  fondamenta les,  à  tous  l es  types  d 'app l i cati ons  de  l 'écl a i rage.   Les  normes  et  l es  rapports  techn iques  é l aborés  
par ces  D i vi s i ons  I n ternationales  de  l a  C I E  son t  reconnus  d ans  l e  monde  en ti er.  
Tous  l es  quatre  ans,  u ne  Session  p l én i ère  passe  en  revue  l e  trava i l  d es  D i vi s i ons  et  d es  Com i tés  Techn iques,  en  fa i t  rapport  
e t  é tab l i t  l es  proj ets  de  travaux pou r l 'aven i r.   La  CI E  est  reconnue  comme  l a  p l us  hau te  au tori té  en  ce  qu i  concerne  tous  
l es  aspects  de  l a  l um ière  et  de  l 'écl a i rage.   E l l e  occupe  comme  te l l e  une  posi ti on  importan te  parmi  l es  organ i sati ons  
i n ternationa les.  
 
DIE  INTERNATIONALE  BELEUCHTUNGSKOMMISSION  

Die  I n ternational e  Be leuch tungskommission  (CIE)  i s t  e i ne  Organ i sati on ,  d i e  s i ch  der i n ternationa len  Zusammenarb ei t  u nd  
dem  Austausch  von  I n formationen  zwischen  i h ren  M i tg l i edsl ändern  bezüg l i ch  der Kunst  u nd  Wissenschaft  der L i ch ttechn ik 
wi dmet.   D i e  M i tg l i edschaft  besteh t  aus  den  Nationalen  Komi tees  i n  rund  40  Ländern .  

D i e  Zi e l e  der CI E  s i nd :  
1 .  E i n  i n ternationales  Fo rum  fü r D i skuss ionen  a l l er Fragen  au f dem  Gebiet  der Wi ssenschaft,  Techn ik  und  Kunst  der 

L i ch ttechn ik  und  fü r den  I n formationsaustausch  au f d i esen  Geb ieten  zwi schen  den  e i nzel nen  Ländern  zu  se i n .  
2 .  G rundnormen  und  Verfahren  der Messtechn ik au f dem  Gebiet  der  L i ch ttechn ik  zu  en twicke ln .  
3 .  Ri ch tl i n i en  fü r d i e  Anwendung  von  Pri nzip ien  u nd  Vorgängen  i n  der En twickl ung  i n ternationa ler und  nati onaler Normen  

au f d em  Gebi et  der L i ch ttechn ik zu  erste l l en .  
4 .  N ormen ,  Beri ch te  und  andere  Pub l i kati onen  zu  erste l l en  und  zu  veröffen tl i chen ,  d i e  a l l e  Fragen  au f dem  Gebiet  d er 

Wissenschaft,  Techn ik  und  Kunst  der L i ch ttechn ik betreffen .  
5 .  L i a i son  und  techn i sche  Zusammenarbei t  m i t  anderen  i n ternationalen  Organ i sati onen  zu  un terha l ten ,  d i e  m i t  Fragen  

der Wissenschaft,  Techn ik,  Normung  und  Kunst au f dem  Gebiet  der L i ch ttechn ik zu  tun  haben .  

D i e  Arbei t  der CI E  wi rd  du rch  Techn i sche  Kom i tees  ge le i stet,  d i e  i n  sechs  D i vi s i onen  organ i s i ert  s i nd .   D i ese  Arbe i t  betri fft  
Geb iete  m i t  g rund legendem  I nha l t  b i s  zu  a l l en  Arten  der L i ch tanwendung .   D i e  Normen  und  Techn i schen  Beri ch te,  d i e  von  
d i esen  i n ternational  zusammengesetzten  D i vi s i onen  ausgearbei tet  werden ,  s i nd  au f der ganzen  Wel t  anerkann t.  
Al l e  vi er J ahre  fi ndet  e i ne  Sess ion  s tatt,  i n  der d i e  Arbe i ten  der D i vi s i onen  beri ch tet  u nd  überprü ft  werden ,  sowie  neue  
P l äne  fü r d i e  Zukun ft  ausgearbe i tet  werden .   D i e  CI E  wi rd  a l s  höchste  Au tori tät  fü r a l l e  Aspekte  des  L i ch tes  und  der 
Be leuch tung  angesehen .   Au f d i ese  Weise  un terhä l t  s ie  e i ne  bedeu tende  Ste l l ung  un ter d en  i n ternationalen  Organ i sati onen .  
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Th is  Techn ical  Report has  been  prepared  by CIE  Join t Techn ical  Commi ttee  JTC 2  (CIE-CCPR)  
of CIE  D ivis ion  2  "Physical  Measurement of Ligh t and  Rad iation ”  i n  cooperation  wi th  the  
Consu l tati ve  Commi ttee  for Photometry and  Rad iometry (CCPR)  and  has  been  approved  by the  
Board  of Admin istration  and  by D ivision  2  of the  Commission  I n ternationale  de  l 'Eclai rage .  A 
harmon ized  document,  Rapport B IPM-201 9/05,  Princip les  Govern ing  Photometry,  2nd  Ed i tion ,  
con tain ing  i den tical  techn ical  contents,  has  a l so  been  publ ished  by B IPM  (Bureau  I n ternational  
des  Poids  et Mesures) .  The  document reports  on  cu rren t knowledge  and  experience  wi th in  the  
speci fic fie ld  of l i gh t and  l i gh ting  described ,  and  i s  i n tended  to  be  used  by a l l  wi th  an  i n terest i n  
excel lence  in  l i gh t and  l i gh ting .  The  in formation  pro vided  here  i s  advisory,  and  not mandatory.  

Ce  rapport techn ique  a  été  é laboré  par le  Comi té  Techn ique  m ixte  JTC 2  (CIE-CCPR)  de  la  CIE  
D ivis ion  2  "Mesures  Physiques  de  la  Lumière  et des  Rad iations "  con join tement avec l e  CCPR 
et a  été  approuvé  par l e  Bureau  et D ivis ion  2  de  l a  Commission  I n ternationale  de  l 'Ecla i rage .  
Un  document harmon isé,  Rapport B IPM -201 9/05,  Princip les  Govern ing  Photometry,  2nd  
Ed i tion ,  avec con tent techn ique  i den tique,  a  été  publ ié  par B IPM  (Bureau  I n tern ational  des  
Poids  et Mesures).  Le  document expose  les  connaissances  et l 'expérience  actuel les  dans  l e  
domaine  parti cu l i er de  la  l um ière  et de  l 'écla i rage  décri t i ci .  I l  est destiné  à  être  u ti l i sé  par tous  
ceux qu i  s ' in téressent à  l 'excel lence  de  l a  l um ière  et de  l 'écla i rage.  Les  in formations  fourn ies  
i ci  son t données  à  ti tre  i nd icati f et non  obl i gatoi re.  

D ieser Techn isch  Bericht i st vom  gemeinschaftl ichen  Techn ischen  Komi tee  JTC 2  (CIE-CCPR)  
der CIE  D ivis ion  2  "Physikal ische  Messungen  von  Lich t und  Strah lun g"  i n  Zusammenarbei t m i t  
dem  CCPR ausgearbei tet und  vom  Vorstand  sowie  D ivis ion  2  der Commission  I n ternationale  
de  l 'Ecla i rage  gebi l l i g t worden .  E in  harmon isiertes  Dokument,  Rapport B IPM -201 9/05,  
Princip les  Govern ing  Photometry,  2nd  Ed i tion ,  m i t  i den tischem  techn ischen  I nhal t,  i st  auch  vom  
BIPM  (Bureau  I n ternational  des  Poids  et Mesures)  veröffen tl i ch t worden .  Das  Dokument 
berich tet über den  derzei tigen  Stand  des  Wissens  und  Erfahrung  i n  dem  behandel ten  Gebiet 
von  L ich t und  Beleuchtung .  Es  i st  zur Verwendung  durch  a l le  an  L ich t-  und  Beleuchtungsqual i tät  
I n teressierte  bestimmt.  D ie  i n  d iesem  Dokument gegebenen  I n formationen  s ind  e ine  
Empfeh lung  und  keine  Vorschri ft.  

Any mention  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 sts,  up  to  the  time  of going  to  press,  these  may 
not be  comprehensive.   

Tou te  mention  d 'organ isme ou  de  produ i t  n ' impl ique  pas  une  préférence  de  l a  CIE.  Malgré  le  
soin  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  être  exhausti f.   

D ie  Erwähnung  von  Organ isationen  oder Erzeugn issen  bedeutet keine  B i l l i gung  durch  d ie  CIE.  
Obg leich  g roße  Sorgfal t  bei  d er Erstel lung  von  Verzeichn issen  b is  zum  Zei tpunkt der 
Drucklegung  angewendet wurde,  besteh t d ie  Mög l ichkei t,  dass  d iese  n ich t vol l ständ ig  s ind .   
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THE BASIS  OF  PHYSICAL PHOTOMETRY,  3RD  EDITION  

Summary  

Th is  publ ication  supersedes  CIE  1 8.2-1 983.  I t  presents  the  basic conventions  and  pri ncip les  of 
physical  photometry,  wi th  the  defin i tions  of the  photometric un i ts  as  reformu lated  in  the  
I n ternational  System  of Un i ts  (S I )  201 9  and  the  photometric quanti ties  and  spectral  l um inous  
efficiency functions  for photopic,  mesopic and  scotopic vis ion ,  i nclud ing  1 0°  photopic vis ion .  
The  re lationsh ips  between  the  photometric quanti ties  and  the  rad iometric quanti ties  based  on  
the  constant Kcd  are  described ,  as  wel l  as  the  re lationsh ips  between  photochemical  and  

photobiolog ical  quan ti ties  and  photometric quan ti ties.  The  conventions  of colorimetry are  
presented ,  wi th  the  defin i tions  of the  colour-match ing  functions  for the  2°  and  1 0°  fie ld  of view,  
tristimu lus  values ,  and  chromatici ty coord inates.   

LES BASES DE LA PHOTOMÉTRIE  PHYSIQUE,  3ÈME EDITION  

Résumé 

Ce rapport remplace  l a  publ ication  CIE  1 8.2 -1 983.  I l  présente  les  conventions  de  base  et l es  
principes  de  l a  photométrie  physique  en  tenant compte  des  un i tés  photométriques  défin ies  dans  
l e  Système  I n ternational  des  Un i tés  (SI )  201 9,  des  g randeurs  photométriques  et d es  fonctions  
d ’efficaci té  l um ineuse  spectrale  pour l a  vi sion  photopique,  mésopique  et scotopique,  y compris  
l ’ observateur photopique  1 0° .  Le  rapport décri t  l a  relation  en tre  l es  un i tés  photométriques  et 
rad iométriques  basée  sur l a  constante  Kcd .  De  p lus,  l a  relation  en tre  l es  grandeurs  

photoch imiques  et photobiolog iques  et l es  g randeurs  photométriques  est décri te.  Les  
conventions  de  l a  colorimétrie  avec l a  défin i tion  des  fonctions  colorimétriques  2°  et 1 0° ,  l es  
composantes  trichromatiques  et l es  coordonnées  trichromatiques  sont présentées.  

DIE  BASIS  DER PHYSIKALISCHEN  PHOTOMETRIE,  3.  EDITION  

Zusammenfassung  

Dieser Techn ische  Berich t ersetzt d ie  CIE  Publ ikation  1 8.2 -1 983.  Er en thäl t  d ie  grund legenden  
Festlegungen  und  Prinzipien  der physikal ischen  Photometri e.  Er beinhal tet d ie  photometrischen  
E inhei ten  gemäss  dem  I n ternationalen  E inhei tensystem  (SI )  201 9,  sowie  d ie  photometrischen  
Messgrössen  und  d ie  spektralen  Hel lempfind l ichkei tsgrade  fü r den  photopischen ,  mesopi -
schen ,  skopti schen  Beobachter,  i nklusive  dem  1 0°  photopischen  Beobachter.  D ie  Beziehungen  
zwischen  den  photometrischen  und  rad iometrischen  Größen ,  basierend  auf der Konstan te  Kcd ,  

werden  beschrieben ,  wie  auch  der Zusammenhang  zwischen  photochemischen  und  
photobiolog ischen  Messgrössen  und  photometrischen  Messgrössen .  D ie  Konventionen  fü r d ie  
Farbmessung ,  m i t  Defin i tionen  der Spektralwertfunktionen  fü r den  2° -  und  1 0° -Beobachter,  der 
Farbwerte,  und  der Farbwertantei le  werden  vorgestel l t.  
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1  In troduction  

Photometric procedures  are  used  to  measure  l i gh t,  i . e .  measuring  the  un iversal  and  essentia l  
attribu te  of a l l  perceptions  and  sensations  wh ich  are  pecu l iar to  the  human  visual  system  and  
wh ich  are  produced  through  the  agency of that system.  Thus ,  photometric quan ti ties  must take  
i n to  account both  the  purely physical  characteristi cs  of the  rad ian t power stimu lating  the  visual  
system  and  the  spectral  responsivi ty of the  l atter.  The  psychophysical  natu re  of the  second  of 
these  two  factors  sets  photometric quan ti ties  apart from  purely physical  quan ti ties.  

The  purpose  of th is  document i s  to  describe  and  explain  the  usage  of the  photometric quan ti ties  
as  wel l  as  thei r un i ts,  and  to  explain  briefly the  conventions  re lating  them  wi th  the  purely physical  
quan ti ty,  rad ian t power,  and  i ts  un i t,  the  watt.  These  defin i tions  and  conventions  a im  at enabl ing  
photometric measurements  to  be  made  by purely physical  methods ,  bu t to  yie ld  resu l ts  that 
correlate  adequately wi th  visual  experience.  The  relationsh ips  between  these  photometric 
quan ti ties  and  photobiolog ical ,  photochemica l ,  and  colorimetric quan ti ties  are  a lso  g iven .  The  
practical  real ization  of the  un i ts  for these  photometric quanti ties  i s  ou tside  the  scope  of th is  
document and  i s  avai lable  i n  the  mise en  pratique  for the  defin i tion  of the  candela  and  associated  
derived  un i ts  for photometric and  rad iometric quanti ties  (Zwinkels  et  a l . ,  201 6) .  

I f e lectromagnetic rad iation  i s  of su fficien t power and  of wavelengths  wi th in  the  range  360  nm  
to  830  nm  (approximately),  i t  s timu lates  the  visual  organ ,  i . e.  the  eye.  The  retinal  receptor 
e lements  i nvolved  may be  principal ly the  cones  (photopic vis ion ,  eye  adapted  to  h igher l evels  
of l uminance),  the  rods  (scotopic vi sion ,  eye  adapted  to  lower l evels  of l uminance),  or a  
combination  of the  cones  and  rods  (mesopi c vis ion ,  i n termed iate  between  photopic and  scotopic 
vi sion).  

Th is  3rd  ed i tion  of CIE  1 8  has  been  updated  to  i nclude ,  i n  the  defin i tions  of photometric 
quan ti ties  and  un i ts ,  the  spectral  l uminous  efficiency functions  for mesopic vision  based  on  CIE  
1 91 : 201 0  (CIE,  201 0) ,  as  wel l  as  the  1 0°  spectral  l um inous  efficiency function s  based  on  CIE  
1 65:2005  (CIE,  2005) ,  and  to  i n troduce  the  defin ing  constan t for photometry,  denoted  Kcd,  

adopted  in  the  I n ternational  System  of Un i ts  (SI )  201 9  (BIPM,  201 9) .   

2  Photometric  quanti ties  

The  photometric quan ti ties  general ly used  are:  

  l uminous  fl ux,  

  l uminous  in tensi ty,  

  l uminance,  

  i l l uminance.  

These  quanti ties  are  defined  by the  I n ternational  Commission  on  I l l umination  (CIE,  201 6a)  and  
thei r defin i tions ,  adopted  by the  Consu l tative  Commi ttee  for Photometry and  Rad iometry 
(CCPR)  of the  I n ternational  Committee  for Weights  and  Measures  (CIPM),  are  shown  in  th is  
clause.   

To  avoid  confusion ,  photometric and  rad iometric quan ti ties  are  d istingu ished  symbol ical l y from  
each  other by the  subscript “v”  or “e” ,  respectively.  The  same subscripts  are  appl icable  to  
photometric quanti ties  other than  those  l i sted  above  (e. g .  l um inous  exposure).  For photometric 
quan ti ties  using  spectral  l uminous  efficiency functions  other than  that for 2°  photopic vis ion ,  

V() ,  the  notations  described  in  Clause  5  are  used .   

Luminous  flux i s  the  most fundamental  quanti ty i n  photometry because  i t  has  the  s implest 
relationsh ip  wi th  rad ian t power.  The  other th ree  quanti ties  are  defined  as  fol lows  i n  terms  of 
l uminous  fl ux and  appropriate  geometric factors.  The  defin ing  relationsh ips  for scotopic and  
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mesopic photometric quan ti ties  are  formed  from  the  formu lae  i n  defin i tions  2 . 1  to  2 . 4  below by 
replacing  the  quan ti ty symbols  by those  defined  i n  Clause  5.   

2.1   
l uminous  flux  

v;    

change  of l um inous  energy wi th  time   

v
v

d

d

Q

t
    

where  vQ  i s  the  l um inous  energy emi tted ,  transferred  or received  and  t i s  time  

Note  1  to  en try:  Luminous  fl ux i s  a  quan ti ty derived  from  the  rad ian t fl ux  e ,  by evaluati ng  the  rad iation  

accord ing  to  i ts  action  upon  the  CIE  standard  photometric observer.  Luminous  flux can  
be  derived  from  the  spectral  rad ian t fl ux d i stribu tion  by    

v m e,

0

( ) ( ) dK V    


   

where  Km  i s  maximum  l uminous  effi cacy,  e,()  i s  spectral  rad ian t fl ux,  V()  i s  spectral  
l um inous  efficiency and    i s  wavelength .  

Note  2  to  en try:  The  d i stribution  of the  l uminous  i n tensi ties  as  a  function  of the  d i rection  of em ission ,  

e . g .  g iven  by the  polar ang les   ,  ,  i s  used  to  determine  the  l um inous  fl ux,  v,  wi th i n  

a  certa in  sol i d  ang le ,   ,  of a  source:  

  v v , sin  d  dΦ I



      .   

Note  3  to  en try:  The  correspond ing  rad iometric quanti ty i s  “rad iant  fl ux” .  The  correspond ing  quan ti ty for 
photons  i s  “photon  fl ux” .  

N ote  4  to  en try:  The  l um inous  fl ux i s  expressed  i n  l umen  ( lm).  

[SOURCE:  CIE  D IS  01 7: 201 6:  Term  1 7-21 -039,  mod i fied  –  " ,  expressed  by"  removed . ]  

2.2  
l uminous  intensi ty 

Iv;  I 

densi ty of l uminous  flux wi th  respect to  sol id  ang le  i n  a  speci fied  d i rection   

v
v

d

d
I




   

where  v  i s  the  l um inous  flux emi tted  in  the  g iven  d i rection ,  and    i s  the  sol id  ang le  con tain ing  

that d i rection .  

Note  1  to  en try:  For practical  real i zation  of the  quan ti ty the  source  i s  approximated  by a  poin t source.  

Note  2  to  en try:  The  d i stribu tion  of the  l uminous  i n tensi ties  as  a  function  of the  d i rection  of em iss ion ,  

e . g .  g i ven  by the  polar ang les   ,  ,  i s  used  to  determ ine  the  l um inous  fl ux,  v,  wi th in  

a  certa in  sol i d  ang le ,   ,  of a  source:   

 v v , sin  d  dΦ I



      .  
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Note  3  to  en try:  Luminous  i n tensi ty can  be  derived  from  the  spectral  rad iant  i n tensi ty d i stribu tion  by  

v m e,

0

( ) ) d(I K I V   


   

where  Km  i s  maximum  l um inous  effi cacy,  Ie,()  i s  the  spectral  rad iant  i n tensi ty at  
wavelength   ,  and  V()  i s  spectral  l um inous  efficiency.    

Note  4  to  en try:  The  correspond ing  rad iometric quan ti ty i s  “rad iant i n tensi ty” .  The  correspond ing  
quan ti ty for photons  i s  “photon  i n tensi ty” .  

N ote  5  to  en try:  The  l um inous  i n tensi ty i s  expressed  i n  candela  (cd    lm · sr−1 ) .   

[SOURCE:  CIE  D IS  01 7: 201 6,  Term  1 7-21 -045,  mod i fied  –  " ,  expressed  by"  removed ,  Note  1  to  
en try changed ,  formu la  i n  Note  3  to  en try ad justed ]  

2.3  
l uminance  

Lv;  L  

densi ty of l um inous  i n tensi ty wi th  respect to  projected  area  in  a  speci fied  d i rection  at a  speci fied  
poin t  on  a  real  or imag inary surface  

v
v

d 1

d cos

I
L

A 
   

where  Iv  i s  l uminous  i n tensi ty,  A  i s  area  and    i s  the  ang le  between  the  normal  to  the  surface  

at the  speci fied  poin t and  the  g iven  d i rection  

Note  1  to  en try:  I n  a  practical  sense,  the  defin i tion  of l uminance  can  be  thought of as  d ivi d ing  a  real  or  
imag inary su rface  i n to  an  i n fi n i te  number of i n fi n i tesimal l y smal l  surfaces ,  wh ich  can  be  
considered  as  poin t  sources,  each  of wh ich  has  a  speci fi c l um inous  i n tensi ty,  Iv,  i n  the  

speci fi ed  d i rection .  The  l uminance  of the  su rface  i s  then  the  i n tegral  of these  l um inance  
e lements  over the  whole  surface.   

 The  equation  i n  the  defin i tion  can  mathematical l y be  i n terpreted  as  a  derivative  ( i . e .  a  
rate  of change  of l um inous  i n tensi ty wi th  projected  area)  and  cou l d  a l ternativel y be  

rewri tten  i n  terms  of the  average  l um inous  i n tensi ty vI  as  

 v
v

0

1
lim

cosA

I
L

A 
  

Hence,  l um inance  i s  often  considered  as  a  quotien t of averaged  quan ti ti es;  the  area,  A ,  
shou ld  be  smal l  enough  that  uncertain ties  due  to  variations  i n  l uminous  i n tensi ty wi th in  

that  area  are  neg l i g ib le,  otherwise,  the  quotien t  
1

cos
v

v

I
L

A 
  g i ves  the  average  

l um inance  and  the  speci fi c measurement cond i ti ons  must be  reported  wi t h  the  resu l t.  

Note 2 to entry:   For a surface being  irradiated,  an  equivalent formula in  terms of i l luminance,  Ev,  and  solid  angle,  

,  is v
v

d 1

d cos

E
L

 
  where   is the angle between the normal  to the surface being  irradiated  

and  the direction  of irradiation.  This form is useful  when the source has no surface (e.g.  the sky,  
the plasma of a discharge).  

Note  3  to  en try:  An  equ ivalen t formu la  i s  v
v

d

d
L

G


 ,  where   v  i s  l uminous  fl ux and  G  i s  geometric exten t.   

Note  4  to  en try:  Luminous  fl ux may be  obtained  by i n tegrati ng  l um inance  over projected  area ,  A  cos   ,  

and  sol i d  ang le,   :  v v cos d dL A    .  
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Note  5  to  en try:  S ince  the  opti cal  extent,  expressed  by G·n2 ,  where  G  i s  geometric extent and  n  i s  
refractive  i ndex,  i s  i nvariant,  the  quan ti ty expressed  by  L

v
· n−2  i s  a l so  i nvarian t a long  the  

path  of the  beam  i f the  l osses  by absorption ,  refl ection  and  d i ffusion  are  taken  as  0 .  
That quan ti ty i s  ca l l ed  “basic l um inance” .  

N ote  6  to  en try:   The  equation  i n  the  defin i tion  can  a l so  be  described  as  a  function  of l um inous  fl ux ,  v.  

I n  th is  case,  i t  i s  mathematical l y i n terpreted  as  a  second  partia l  derivati ve  of the  

l um inous  fl ux at  a  speci fi ed  poin t  (x,  y)  i n  space i n  a  speci fi ed  d i rection  ( ,  )  wi th  
respect to  projected  area,  A · cos   ,  and  sol i d  ang le,   ,  

 

2
v

v

( , , , )
( , , , )

( , ) cos ,

Φ x y
L x y

A x y Ω

 
 

  



   

 

where   is the angle between the normal  to that area at the specified  point and  the specified  
direction.  

Note 7 to entry:   The corresponding radiometric quantity is “radiance”.  The corresponding quantity for  photons is 
“photon radiance”.  

N ote  8  to  en try:  The  l um i nance  i s  expressed  i n  candela  per square  metre  (cd · m −2  =  lm · m −2 · sr−1 ) .   

[SOURCE:  CIE  D IS  01 7: 201 6,  Term  1 7-21 -050,  mod i fied  –  " ,  expressed  by"  removed ,  i n  Note  1  
to  en try "rad iance"  replaced  by " l uminance"  at  two  places,  and  "rad ian t i n tensi ty"  replaced  by  
" l uminous  i n tensi ty" ]  

2.4  
i l luminance  

Ev;  E  

d ensi ty of i nciden t l uminous  fl ux wi th  respect to  area  at a  poin t on  a  real  or imag inary su rface   

v
v

d

d
E

A


   

where  v  i s  l um inous  fl ux and  A  i s  the  area  on  wh ich  the  l uminous  fl ux i s  i nciden t  

Note  1  to  en try:  I l l um inance  can  be  derived  from  the  spectral  i rrad iance  d i stribu tion  by   

e,

0

v m ( ) d( )E K E V  


   

where  Km  i s  maximum  lum inous  efficacy,  Ee ,()  i s  the  spectral  i rrad iance  at 
wavelength   ,  and  V()  i s  spectral  l um inous  effi ciency.  

Note  2  to  en try:  The  correspond ing  rad iometric quan ti ty i s  “ i rrad iance”.  The  correspond ing  quan ti ty  for 
photons  i s  “photon  i rrad iance” .  

N ote  3  to  en try:  The  i l l um inance  i s  expressed  i n  l ux ( l x   lm ·m −2)   

[SOURCE:  CIE  D IS  01 7: 201 6,  Term  1 7-21 -060,  mod i fied  –  " ,  expressed  by"  removed ,  formu la  
i n  Note  1  to  en try ad justed ]  

3  Photometric  un i ts  

H istorical l y the  SI  un i ts  have  been  presented  i n  terms  of a  set of seven  base  un i ts .  Al l  other 
un i ts  (“derived  un i ts”)  are  then  constructed  as  products  of powers  of the  base  un i ts.  I n  the  fie l d  
of photometry,  the  defin i tion  of the  un i t  of l um inous  i n tensi ty  (based  on  a  blackbody at the freezing  
point temperature of platinum),  was  adopted  at  the  9 th  meeting  of the  General  Conference  on  
Weigh ts  and  Measures  (CGPM)  i n  1 948  (CGPM,  1 948).  The  name “candela”  was  assigned  to  
th is  un i t  by the  CIPM  i n  1 949.  The  candela  was  endorsed  as  one  of the  i n ternational  base  un i ts  
at  the  1 0 th  meeting  of the  CGPM  in  1 954  (CGPM,  1 955).  The  “Système I n ternational  d ’un i tés”,  
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abbreviation  “SI ” ,  was  establ ished  at  the  1 1 th  meeting  of the  CGPM  in  1 960.  I n  1 979,  the  candela  
was  l i nked  to  rad iometric quanti ties  for monochromatic rad i ation  of frequency 540  ×  1 0 1 2  Hz 
(CGPM,  1 979).  I n  201 8  the  CGPM  adopted  a  new approach  for the  SI  based  on  seven  defin ing  
constan ts  (CGPM,  201 8).  I n  the  I n ternational  System  of Un i ts  (SI )  201 9  (BIPM,  201 9)  the  
defin i tion  of the  candela  i s  reformu lated  by i n troducing  the  constant Kcd  =  683  lm·W− 1 ,  wh ich  i s  
the  l um inous  efficacy of monochromatic rad iation  of frequency 540  ×  1 0 1 2  Hz.  

The  frequency in  the  candela  defin i ti on  of 540  ×  1 0 1 2  Hz,  denoted  as  cd ,  corresponds  to  a  

wavelength  in  standard  ai r1  (Ciddor,  1 996)  that i s  usual ly rounded  to  555, 01 7  nm,  and  denoted  

cd .  Al l  wavelength  values  g iven  i n  th is  document are  i n  standard  a i r.  For photometric 

measurements  in  a i r under real  envi ronmental  cond i tions,  the  i n fl uence  of the  variation  of the  

refractive  index of a i r on  cd  wi th  respect to  standard  ai r i s  typical l y i n  the  range  of a  few 
p icometres  and  can  be  neg lected .  

The  above  defin i tion  of the  candela  appl ies  to  photopic,  scotopic and  mesopic vis ion .  

The  defin i tion  of Kcd  re lates  the  un i t  of l uminous  flux ( lumen,  lm)  to  the  un i t  of rad ian t fl ux (watt,  

W)  at wavelength  cd .  For wavelengths  other than  cd ,  the  l um inous  efficacy i s  proportional  to  

one  of the  spectral  l uminous  efficiency functions  described  i n  Clause  4 .  

The  SI  un i ts  of the  three  other photometric quan ti ties,  l uminous  i n tensi ty,  l uminance,  and  
i l l um inance,  defined  in  Clause  2  of th is  document,  are  derived  d i rectl y from  the  un i t  of l um inous  
fl ux,  the  lumen ,  and  the  un i ts  of the  geometric quanti ties,  area  and  sol i d  ang le.  

The  SI  un i t  of l uminous  in tensi ty i s  lumen per steradian  ( lm· sr− 1 ) ,  wh ich  i s  termed  candela  (cd ).  

The  S I  un i t  of l um inance  i s  lumen per square metre per steradian  ( lm · sr− 1 · m −2)  or candela  per 
square metre (cd ·m −2) .  

The  SI  un i t  of i l l uminance  i s  lumen per square metre  ( lm ·m −2) ,  wh ich  i s  termed  lux ( l x).  

Wh i le  the  un i ts  above  are  defined  i ndependently of any l uminous  efficiency function ,  the  
correspond ing  quan ti ties  i nclude  the  descriptor (photopic,  mesopic,  scotopic);  where  no  
descriptor i s  g iven ,  i t  i s  assumed  that the  quanti ty i s  for photopic vis ion  (see  Clause  5).  

4 Spectral  luminous  efficiency functi ons  

Photometric quanti ties  are  re lated  to  rad iometric quanti ties  th rough  i n ternational ly  agreed  
spectral  weigh ting  functions  defined  by the  CIE  as  spectral luminous efficiency functions .  These  
provide  agreed  representations  of the  re lative  spectral  sensi ti vi ty of the  human  visual  system  
under defined  cond i tions  and  are  normal ized  to  un i ty at the  wavelength  of peak sensi tivi ty.  The  
relevant spectral  l uminous  efficiency function  i s  appl ied  as  a  spectral  weighting  for the  spectral  
d istribu tion  of the  correspond ing  rad iometric quan ti ty (see  Clause  6  for further detai l s ).  

The  most common  spectral  l uminous  efficiency functions  are  described  i n  4 . 1  to  4 . 4 .  

4.1  Photopic vision   

The  spectral  l uminous  efficiency function  for photopic vis ion  i s  denoted  by ( )V  ;  i ts  values  are  

g iven  i n  Table  1 ,  adopted  from  ( I SO/CIE,  2005).   

—————————  

1  The  va l ue  of cd  i s  for standard  a i r (d ry a i r a t  1 5  °C  and  1 01  325  Pa,  con ta in i ng  0 , 045  %  of carbon  d i oxide  by 

vol ume),  see  Ci ddor (1 996) .  Th i s  val ue  changes  s l i gh tl y i f l aboratory a i r cond i ti ons  are  d i fferen t bu t such  changes  
are  neg l i g i b l e  i n  practi ce.  
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4.2 Scotopic vision  

The  spectral  l uminous  effi ciency function  for scotopic vis ion  i s  denoted  by ( )V  ;  i ts  va lues  are  

g iven  i n  Table  2 ,  adopted  from  ( ISO/CIE,  2005).   

4.3 Mesopic vision   

The spectral  luminous efficiency function  for mesopic vision  is denoted  by mes; ( )mV  ,  and  is defined  

as  

 mes;
1

( ) ( ) (1 ) ( )    for 0 1
( )

mV mV m V m
M m

        (1 ) 

where 
m  i s  the  adaptation  coefficien t,  the  value  of wh ich  depends  on  the  visual  adaptation  

cond i tions  (see  6 . 4);  

M(m)  i s  a  normal izing  function  such  that mes; ( )mV   attains  a  maximum  value  of 1 .   

F igure  1  shows  the  cu rves  of the  mesopic spectral  l u minous  efficiency function  mes; ( )mV   a t  

m  =  0 , 2 ,  0 , 4 ,  0 , 6,  0 , 8  as  examples,  p lotted  wi th  ( )V   and  ( )V  .  Table  3  shows  the  values  of 

mes; ( )mV   a t  m  =  0,8  as  an  example ,  wh ich  corresponds  to  the  visual  adaptation  cond i tion  for a  

typical  road  l i gh ting  l um inance  level  (≈  1  cd  m −2) .  

 

Figure 1  –  The spectral  luminous efficiency functions for mesopic vision,  mes; ( )mV  ,  at m  = 0,2;  

0,4;  0,6;  0,8 as examples,  plotted with  ( )V   and ( )V   

4.4 1 0°  photopic vision  

The  spectral  l um inous  effi ciency function  for 1 0°  photopic vis ion  i s  denoted  by  V1 0() ;  i ts  va lues  
are  g iven  i n  Table  5 ,  adopted  from  ( ISO/CIE,  2005).   
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4.5 Use  of these  spectral  luminous efficiency functions  

I t  i s  importan t to  note  that the  ( )V   function  appl ies  at a l l  l uminance  levels  for foveal  view,  i . e.  

for a l l  on -axis  visual  tasks  (where  objects  seen  by the  eye  are  i n  a  narrow fie ld  of view  in  central  
vi s ion ).  For vi sual  tasks  that are  not on -axis  ( l arger fie ld  of view and /or peripheral  vi s ion ) ,  the  
fol lowing  speci fications  apply (CIE,  201 0):  

  Scotopic photometric quan ti ties  are  appl icable  to  the  cond i tion  where  the  eye  i s  adapted  to  
an  average  l um inance  of <  0 , 005  cd ·m −2 .  

  Mesopic photometric quan ti ties  are  appl icable  to  the  cond i tion  where  the  eye  i s  adapted  to  
average  l uminance  levels  between  0 , 005  cd ·m −2  and  5  cd ·m −2 .  

  Above  5  cd ·m −2 ,  photopic photometric quanti ties  shou ld  be  used .  The  ( )V   function  was  

determined  on  the  basis  of experimental  stud ies  for photopic vision  wi th  a  narrow fie ld  of 
view (about 4°  or l ess).  For s i tuations  where  the  visual  target has  an  angu lar subtense  larger 
than  4°  or i s  seen  off-axis,  the  1 0 ( )V   function ,  based  on  experimental  stud ies  for photopic 

vis ion  wi th  a  1 0°  fie ld  of view  (CIE,  2005),  can  be  used .   

For the  purpose  of practical  photometry,  and  to  avoid  confusion ,  the  relevant spectral  l uminous  
efficiency function  used  for the  photometric quanti ties  must be  speci fied ,  e i ther through  use  of 
an  appropriate  descriptor l i nked  wi th  the  quanti ty (e. g .  photopic,  sco topic,  mesopic)  or by use  
of the  appropriate  symbol  (see  Clause  5) .  I f the  l um inous  efficiency function  used  i s  not 
speci fied ,  i t  i s  assumed  to  be  the  ( )V   function .  

5 Photometric  quanti ty names  and  symbols  

The  names  and  symbols  of photometric quan ti ties  l i sted  in  Clause  2 ,  wi th  the  spectral  l uminous  
efficiency functions  l i sted  i n  Clause  4 ,  are  defined  in  the  fol lowing  subclauses.  S im i lar names  
and  symbols  are  used  for photometric quanti ties  other than  those  g iven  below.   

5.1  Photometric  quanti ties  for photopic vision  

The  fol lowing  quanti ty names  and  symbols  apply for photopic vis ion  (using  the  ( )V   function ):   

  (photopic)  l um inous  fl ux,  vΦ   

  (photopic)  l um inous  in tensi ty,  vI   

  (photopic)  i l l uminance,  vE   

  (photopic)  l um inance,  vL   

NOTE  The  descriptor ”photopic”  i s  used  on ly when  quan ti ti es  other than  photopic are  reported  or 
d iscussed  i n  the  same document and  there  i s  a  possibi l i ty of confusion .  

5.2 Photometric  quanti ties  for scotopic vision  

The  fol lowing  quanti ty names  and  symbols  apply for scotopic vi sion  (using  the  ( )V   function):  

  scotopic l uminous  fl ux,  v   

  scotopic l uminous  i n tensi ty,  v   

  scotopic i l l uminance,  v   

  scotopic l uminance,  vL   
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