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THE  INTERNATIONAL COMMISSION  ON  ILLUMINATION  

The  I n ternational  Commiss ion  on  I l l um inati on  (CIE)  i s  an  organ i zation  devoted  to  i n ternational  co -operation  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  science of l i gh ti ng .   I ts  membersh ip  cons i sts  
of the  National  Commi ttees  i n  abou t  40  coun tri es .  

The  obj ectives  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 lati ng  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  coun tri es .  
2 .  To  develop  basic  s tandards  and  procedures  of metrology i n  the  fi e l ds  of l i gh t  and  l i gh ti ng .  
3 .  To  provide  gu i dance  i n  the  appl i cati on  of princip l es  and  procedures  i n  the  development 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 ting .  
4 .  To  prepare  and  publ i sh  s tandards,  reports  and  other publ i cations  concerned  wi th  a l l  matters  re l ati ng  to  the  science,  

technology and  art  i n  the  fi e l d s  of l i gh t  and  l i gh ting .  
5 .  To  main tai n  l i a i son  and  techn ical  i n teracti on  wi th  other i n ternati onal  organ i zations  concerned  wi th  matters  re l ated  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 ting .  

The  work of the  CI E  i s  carri ed  ou t  by Techn ical  Commi ttees,  organ i zed  i n  s i x D i v i s i ons.   Th i s  work covers  subj ects  rang ing  
from  fundamenta l  matters  to  a l l  types  of l i gh ti ng  appl i cati ons.   The  s tandards  and  techn ical  reports  developed  by these 
i n ternational  D i v i s i ons  of the  CI E  are  accepted  th roughou t  the  worl d .  
A p l enary session  i s  he ld  every four years  at  wh ich  the  work of the  D iv is i ons  and  Techn ica l  Commi ttees  i s  reported  and  
reviewed ,  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 g h t  and  l i gh ti ng .   As  
such  i t  occupies  an  importan t  pos i ti on  among  i n ternational  organ izations.  
 
LA COMMISSION  INTERNATIONALE  DE  L'ECLAIRAGE  

La  Commiss ion  I n ternationale  de  l 'Ecla i rage  (CI E)  est  une  organ i sati on  qu i  se  donne  pour bu t  l a  coopération  i n ternat ionale  
et  l 'échange  d ' i n formations  en tre  l es  Pays  membres  su r tou tes  l es  questi ons  re l atives  à  l 'art  et  à  la  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 j ecti fs  de  l a  CI E  son t :  
1 .  De  consti tuer un  cen tre  d 'étude  i n ternational  pou r tou te  matière  re l evan t  de  l a  science,  de  l a  technolog ie  et  de  l 'art  

de  l a  l um ière  et  de  l 'écla i rage  et  pour l 'échange  en tre  pays  d ' i n formations  dans  ces  domaines.  
2 .  D 'é l aborer des  normes  et  des  méthodes  de  base  pour l a  métrolog ie  dans  l es  domaines  de  l a  l um ière  et  de  l 'écl a i rage.  
3 .  De  donner des  d i rectives  pour l 'appl i cation  des  principes  et  des  méthodes  d 'é l aborati on  de  normes i n ternationales  et 

nati onales  dans  l es  domaines  de  l a  l um ière  et  de  l 'écla i rage.  
4 .  De  préparer et  publ i er des  normes,  rapports  et  au tres  textes ,  concernant  tou tes  matières  re l atives  à  l a  science,  l a  

technolog ie  et  l 'art  dans  l es  domaines  de  l a  l um ière  et  de  l 'écl a i rage.  
5 .  De  main ten i r une  l i a i son  et  u ne  col l aborati on  techn ique  avec l es  au tres  organ i sati ons  i n terna tionales  concernées  par 

des  su j ets  re l ati fs  à  l a  science,  l a  technolog ie,  l a  normal i sati on  et  l 'art  dans  l es  domaines  de  l a  l um ière  et  de  
l 'écla i rage.  

Les  travaux de  l a  CI E  son t  effectués  par Com i tés  Techn iques,  organ isés  en  s i x D i v i s i ons.   Les  su j ets  d 'études  s 'étendent 
des  questi ons  fondamentales,  à  tous  l es  types  d 'appl i cati ons  de  l 'écl a i rage.   Les  normes  et  l es  rapports  techn iques  é laborés  
par ces  Divi s i ons  I n ternationales  de  l a  CI E  son t  reconnus  dans  l e  monde  en tier.  
Tous  l es  quatre  ans ,  une  Sess ion  p l én ière  passe  en  revue  l e  travai l  des  Div is i ons  et  des  Com i tés  Techn iques,  en  fa i t  rapport 
e t  établ i t  l es  proj ets  de  travaux pour 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  parm i  l es  organ i sati ons  
i n ternationales.  
 
DIE  INTERNATIONALE  BELEUCHTUNGSKOMMISSION  

Die  I n ternationale  Beleuchtungskommiss ion  (CIE)  i s t e i ne  Organ i sati on ,  d ie  s i ch  der i n ternationalen  Zusammenarbei t  und  
dem  Austausch  von  I n formationen  zwischen  i h ren  M i tg l i edsländern  bezüg l i ch  der Kunst  und  Wissenschaft  der L i ch ttechn ik 
wi dmet.   D i e  M i tg l i edschaft  besteh t  aus  den  Nationalen  Kom i tees  i n  rund  40  Ländern .  

D ie  Zie l e  der CI E  s i nd :  
1 .  E in  i n ternationales  Forum  fü r D i skuss ionen  a l l er Fragen  au f dem  Gebiet  der Wissenschaft,  Techn ik  und  Kunst  der 

L i ch ttechn ik  und  fü r den  I n formationsaustausch  au f d i esen  Gebieten  zwischen  den  e i nze lnen  Ländern  zu  sein .  
2 .  Grundnormen  und  Verfahren  der Messtechn ik au f dem  Gebiet  der L i ch ttech n ik zu  en twickeln .  
3 .  Ri ch tl i n i en  fü r d i e  Anwendung  von  Pri nzip ien  und  Vorgängen  i n  der En twickl ung  i n ternationaler und  nationaler Normen  

au f dem  Gebiet  der L i chttechn ik zu  erstel l en .  
4 .  Normen ,  Berich te  und  andere  Publ i kati onen  zu  erstel l en  und  zu  veröffen tl i ch en ,  d i e  a l l e  Fragen  au f dem  Gebiet der 

Wissenschaft,  Techn ik  und  Kunst  der L ich ttechn ik betreffen .  
5 .  L i a i son  und  techn ische Zusammenarbei t  m i t  anderen  i n ternationalen  Organ i sati onen  zu  un terhal ten ,  d ie  m i t Fragen  

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

D ie  Arbei t  der CI E  wi rd  du rch  Techn ische  Komi tees  gele i stet,  d ie  i n  sechs  D iv i s i onen  organ i s iert  s ind .   D i ese  Arbei t  betri fft  
Gebiete  m i t g rund legendem  I nhal t  b i s  zu  a l l en  Arten  der L i ch tanwendung .   D i e  Normen  und  Techn ischen  Beri ch te,  d ie  von  
d iesen  i n ternational  zusammengesetzten  Div is i onen  ausgearbei tet  werden ,  s i nd  au f der ganzen  Wel t  anerkannt.  
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i i  

Th is  Techn ica l  Report has  been  prepared  by CIE  Techn ical  Committee  (TC)  2 -59  of D ivis ion  2  
"Physica l  Measurement of L igh t and  Rad i ation ”  and  has  been  approved  by the  Board  of 
Adm in istration  and  by D ivis ion  4  of the  Commission  I n ternationale  de  l 'Ecla i rage .  The  document 
reports  on  curren t knowledge and  experience  wi th in  the  speci fic fie ld  of l i gh t and  l i ghti ng  
described ,  and  is  in tended  to  be  used  by the  CIE  membersh ip  and  other i n terested  parties.  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  é laboré  par l e  Com i té  Techn ique  (TC)  2 -59  de  l a  CIE  D ivis ion  2  
"Mesures  Phys iques  de  l a  Lum ière  et des  Rad iations "  et  a  été  approuvé  par l e  Bureau  et  
D ivis ion  4  de  l a  Commission  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 'écla i 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  les  
i n téressés.  I l  fau t  cependant noter que  ce  document est i nd icati f et non  obl igatoire.   

D ieser Techn ische  Bericht  i st  vom  Techn ischen  Kom itee  (TC)  2 -59  der CI E  D ivision  2  
"Physika l ische  Messungen  von  Lich t und  Strah lung "  ausgearbei tet  und  vom  Vorstand  sowie  
D ivis ion  4  der Commission  I n ternationale  de  l 'Ecla i rage  gebi l l i g t  worden .  Das  Dokument 
berichtet über den  derzei tigen  Stand  des  Wissens  und  Erfahrung  i n  dem  behandel ten  Gebiet 
von  Lich t und  Beleuchtung ;  es  is t zu r Verwendung  durch  CIE -M i tg l i eder und  du rch  andere  
I n teressierte  bestimmt.  Es  sol l te  j edoch  beachtet werden ,  dass  das  Dokument e ine  Empfeh lung  
und  keine  Vorschri ft  i st.   

Any mention  of organ izations  or products  does  not impl y e ndorsement by the  CIE.  Whi lst  every 
care  has  been  taken  in  the  compi lation  of any l i sts ,  up  to  the  time of going  to  press,  these  may 
not be  comprehensive.   

Toute  mention  d 'organ isme ou  de  produ i t  n ' impl i que  pas  une  préférence de  la  CIE.  Malgré  l e  
soin  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 ie  CIE.  
Obg leich  große  Sorgfal t bei  der 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 ls tänd ig  s ind .   
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CHARACTERIZATION  OF IMAGING  LUMINANCE MEASUREMENT DEVICES  

Summary 

This  techn ical  report  describes  the  e lements ,  function  and  characterization  of imag ing  
l um inance  measuring  devices  ( I LMDs).  Furthermore,  the  cal ibration  of I LMDs  is  described  and  
some gu idel ines  for their use  are  provided .   

Using  I LMDs the  projection  of the  lum inance d istribu tion  of a  scene  can  be  recorded  and  made  
avai l able  for further evaluation .  I n  add i tion  to  a  s imple  documenta tion  of measurements ,  the  
geometrical  ass ignment of the  image  poin ts  i n to  the  obj ect coord inate  system  often  al l ows  more 
complex calcu lations  by combin ing  lum inance,  d i rectional  and ,  i f necessary,  sol i d  ang le  
i n formation  (e. g .  for g l are  evaluation) .  I n  add i ti on  to  the  fl exib le  evaluation  option ,  i t  i s  possible  
to  acqu i re  a  l arge  number of measured  values  qu ickly and ,  i f necessary,  even  synchronousl y.  
Furthermore,  the  type  of evaluation  can  a lso  be  coupled  to  the  image con ten t,  i . e.  the  image  
areas  to  be  eva luated  can  be  determ ined  in  the  image ei ther by thei r posi ti on  wi th in  the  image  
or by their l um inance value.  

 

CARACTÉRISATION  DES INSTRUMENTS DE MESURE DE LUMINANCE À 
RÉSOLUTION  SPATIALE  

Résumé 

Le  rapport techn ique  su ivant  décri t  les  é léments,  l e  mode  de  fonctionnement et  l a  
caractérisation  des  caméras  pour l a  mesure  de  l a  l um inance  ( imag ing  l um inance  measuring  
devices  – I LMD).  En  ou tre,  l 'éta lonnage des  I LMD est décri t  et des  consei ls  d 'u ti l i sation  des  
systèmes  son t donnés.   

En  u ti l i sant les  I LMD,  la  proj ection  de  l a  d istribu tion  de  la  l um inance  d 'une  scène  peu t être  
enreg istrée  et  m ise  à  d ispos i tion  pour une  évaluation  p l us  approfond ie.  En  pl us  d 'une  s imple  
documentation  des  mesures,  l 'affectation  géométrique  des  poin ts  d ' image  dans  l e  système  de  
coordonnées  de  l 'objet  permet souvent des  calcu ls  p lus  complexes  en  combinan t l es  
i n formations  de  lum inance,  de  d i rection  et,  s i  nécessaire,  d 'ang le  sol ide  (par exemple  pour 
l 'évaluation  de  l 'éblou issement) .  Au -delà  de  la  flexib i l i té  de  l 'évaluation ,  i l  est  possib l e  
d 'acquéri r rapidement un  grand  nombre  de  valeurs  mesurées  et,  s i  nécessaire,  même de  
man ière  synchrone.  En  outre,  l e  type  d 'évaluation  peut  également être  couplé  au  con tenu  de  
l ' image,  c'est-à-d i re  que  l es  zones  d ' image  à  évaluer peuvent être  déterm inées  dans  l ' image  ou  
par leur pos i ti on  dans  l ' image ou  par l eur valeur de  l um inance.  

 

CHARAKTERISIERUNG ORTSAUFLÖSENDER LEUCHTDICHTEMESSKAMERAS  

Zusammenfassung  

Der vorl i egende  Techn ische  Report b eschreibt  den  Aufbau ,  d ie  Wirkungsweise  und  d ie  
Charakteris ierung  von  Leuchtd ich temesskameras .  Wei terh in  wi rd  d ie  Kal ibrierung  von  
Leuchtd ich temesskameras  beschrieben ,  und  es  werden  H inweise  für i hren  E insatz gegeben.  

M i t  H i l fe  von  Leuchtd ichtemesskameras  wi rd  d ie  Projektion  der Leuchtd ichtevertei l ung  e iner 
Szene erfasst und  für wei tere  Auswertungen  zu r Verfügung  gestel l t .  Durch  d ie  geometrische  
Zuordnung  der B i ldpunkte  i n  das  Objektkoord inatensystem  können  neben  e iner ei nfachen  
Dokumentation  von  Messungen  oft auch  komplexere  Berechnungen  durch  d ie  
Zusammenfassung  von  Leuchtd ichte-,  Richtungs-  und  ggf.  Raumwinkel in formation  
durchgeführt werden ,  wi e  d ies  z.B.  bei  der B lendungsbewertung  notwend ig  i s t.  Neben  der 
flexiblen  Auswertemög l ichkei t i st d ie  schnel le  und  ggf.  sogar synchrone Erfassung  e iner 
Vie lzah l  von  Messwerten  mög l ich .  Wei terh in  kann  d ie  Art  der Auswertung  auch  an  den  B i l d i nhal t 
gekoppel t  werden ,  d . h .  es  können  d ie  auszuwertenden  B i l dbereiche  im  B i ld  en tweder über I hre  
Lage  im  B i l d  oder über d ie  Leuchtd ichte  bestimmt werden .   
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1  Scope  

The bas ic task of imag ing  l um in ance  measurement devices  ( I LMDs)  i s  to  measure  ( the  
proj ection  of)  the  spatial luminance  distribution  of (se l f-rad iating )  extended  sources  and  
i l l um inated  surfaces .  I n  l i terature,  d i fferen t terms  may be  found  to  describe  the  same device  
such  as:  mu l ti -channel  l um inance  meter,  l um inance  mapper,  array (or matrix)  l um inance  meter,  
video photometer,  CCD  l um inance  meter,  l um inance camera  or spatia l  l um inance  profi l e  device.  

Compared  wi th  a  trad i tional  spot  l um inance measurement device  (LMD)  the  user of an  I LMD  
measures  a  l um inance  image contain ing  not on l y one  spatia l l y averaged  l um inance 
measurement value  of the  obj ect  for one  d i rection .  An  I LMD samples  an  obj ect by many 
measurement poin ts.  I n  add i tion ,  i n formation  about the  surround ing  of the  object i s  obtained .  I t  
i s  therefore  possib le  to  evaluate  a  l um inance image i n  d i fferent ways ,  e . g .  us ing  d i fferent  
reg ions  and  i l l ustrati ng  these  reg ions  d i rectl y on  a  d isplayed  image .  An  example  is  g iven  i n  
F igures  1 -3.  

 

Figure 1  – Luminance image  (LED assembly)  (l inear scale)  

 

Figure 2 – Luminance image (LED assembly) (detail,  enlarged,  l inear scale),  with  indication of 
l ine ("1 ")  for sectional  view of luminance distribution according to Figure 3  
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Figure 3 – Evaluation example:  Sectional  view of luminance distribution along the line 
(indicated by "1 ")  in  Figure 2  

Due  to  thei r properties,  I LMDs  are  used  for a  wide  range  of appl ications  includ ing  the  
characterization  of d isplays,  near-fie ld  gon iophotometry,  or vis ib i l i ty and  l i ghti ng  stud ies  of 
complex scenes.  Thei r advantages  are  clearl y:  

  temporal  synchron i zed  measurement of a  large  number of measurement poin ts ;  

  d i rect spatia l  i denti fication  of the  measurement object (documentation) ;  

  arb i trary geometrical  shape  of mu l ti p le  measurement fie lds  and  complex evaluations  (e. g .  
l um inance-based  evaluation  shapes) .  

The  obj ecti ve  of th is  document  i s  to  

  g i ve  clear defin i tions  for the  ind ividual  characteristics  wh ich  can  be  used  f or evaluating  the  
performance of I LMDs ;  

  recommend  methods  for the  characterization  and  the  cal i bration  of these  devices;  

  provide  a  gu idel ine  for the  selection  and  correct  use  of these  measurement devices .  

2  Terms and  defin i tions  

For the  purpose  of th is  document the  defin i tions  g i ven  in  the  I n ternational  L ighti ng  Vocabu lary 
( I LV)  (CIE,  2020)  and  the  fol l owing  defin i ti ons,  symbols  and  abbreviations  appl y.  

2.1  Terms related  to  devices  

2. 1 . 1  
image sensor 
an  optoelectron ic device  wh ich  produces  e lectrical  s i gnals  represen ting  the  optical  
characteristics  of an  image   

[SOURCE:  I EC 60050-723  / E lectroped ia ,  entry 723-07-05]  

Note  1  to  en try:  See  3 . 1  for an  extended  description .  
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2. 1 .2  
objective  

fi rst  part of the  imag i ng  system ,  consisting  of a  l ens,  i ts  mount and  any associated  parts ,  wh ich  
forms  a  primary image of the  object,  e i ther a lone  or i n  con junction  wi th  a  tube  l ens  

[SOURCE:  I SO  1 0934 : 2020]  

Note  1  to  en try  See  3 . 2  for an  extended  description .  

2. 1 .3  
V-correction  fi l ter 
fu l l  fi l ter designed  i n  such  a  way that the  re lative  spectral  responsivi ty of the  complete  system  
matches  the  spectral  l um inous  efficiency function  for photopic vis ion ,  V  

Note  1  to  en try:  I f the  image  sensor i s  us ing  a  colour fi l ter on  ch ip  (s i ng l e-ch ip  colour sensors) ,  the  V-
correction  fi l ter has  to  be  designed  i n  connection  wi th  the  (matri x)  conversion  of the  sensor 
readout  to  match  the  spectral  l um inous  effi ciency function  for photopic vi s ion ,  V ,  as  defi ned  
i n  ( I SO/CIE,  2005) .  Wi th  the  matri x conversion  the  values  of the  s i ng le  channels  (e. g .  R,  G  and  
B  for a  colou r sensor)  wi l l  be  converted  to  one  ou tpu t channel .  Systems  wi th  more  than  one  fu l l  
fi l ter or other methods  to  change  the  spectral  respons ivi ty of the  system  shou ld  be  used  i n  a  
s im i lar way.  

Note  2  to  en try:  The  spectral  responsi vi ty of the  system  must  be  measured  over the  complete  spectral  
responsivi ty range  of the  sensor (e. g .  350  nm  to  1  1 00  nm  for standard  CCD sensors).  

2. 1 .4  
imaging  luminance  measurement device  
ILMD 
i nstrument  for measuring  the  projection  of a  portion  of the  spatia l  and  angu lar resolved  
l um inance d istribu tion  i n  a  certa in  main  d i rection  compris ing  a  detector array,  a  V-correction  
fi l ter,  an  objecti ve,  e lectron ic components,  fi rmware  and  d isp lay un i t   

Note  1  to  en try:  The  detector array can  be  e. g .  a  CCD  array,  a  CMOS  array,  etc.  The  e lectron ic 
components  can  i nclude  e . g .  an  analogue-d ig i ta l  converter,  sample  and  hold  ci rcu i t ,  etc.  

Note  2  to  en try:  I n  the  l i teratu re  d i fferen t terms  can  be  found  to  describe  the  same  device  such  as  
imag ing  photometer,  mu l ti -channel  l um inance  meter,  l um inance  mapper,  array (or matri x)  
l um inance  meter,  vi deo  photometer,  CCD  l um inance  meter,  l um inance  camera  or spatia l  
l um inance  profi l e  device.  

2. 1 .5  
ILMD type  I  
I LMD  wi th  l um inance cal ibration  on l y where  each  p ixel ,   ,i j ,  i n  the  lum inance image,  L ,  ho lds  

the  l um inance  in formation  as  seen  in  the  scene  

Note  1  to  en try:  Geometric  i n formation  i s  ne i ther necessary nor requ i red  for image  evaluation .   

2. 1 .6  
ILMD type  I I  
I LMD  wi th  l um inance  and  geometrical  ca l ibration  where  each  p ixel ,   ,i j ,  i n  the  l um inance  

image,  L ,  s tands  for a  l um inance value  i n  the  scene  and  the  associated  i n formation  abou t the  

d i rection      C C, ,i, j i j  ,  posi ti on      S S, , ,x i j y i j  and  the  seen  sol id  ang le   Pixel ,i j   

Note  1  to  en try:  For th i s  type  of I LMD  a  photometric and  geometric  cal i bration  i s  necessary.  

2. 1 .7  
d ig i tal  camera  
optoelectron ic device  compris ing  an  obj ecti ve,  an  image sensor ( i . e .  CCD,  CMOS,… )  and  
e lectron ic components   

Note  1  to  en try:  The  e lectron ic  components  can  i nclude  e . g .  an  analogue-d ig i ta l  converter,  sample  and  
hold  ci rcu i ts ,  e tc.  

Note  2  to  en try:  I n  th i s  document  d i g i ta l  cameras  wi l l  be  assumed ,  del i vering  the  image  data  generated  
from  the  image  sensor i n  a  d i g i ta l  form.  These  data  wi l l  be  cal l ed  " raw data" .  

Note  3  to  en try:  I n  th i s  document  the  term  "camera"  i s  used  wi th  the  m ean ing  of "d i g i ta l  camera" .  
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2. 1 .8  
RAW image  
image of a  camera  or imag ing  l um inance measurement device  wh ich  is  captured  during  the  
exposure  process  wi thou t any corrections  by a l gori thms  

2. 1 .9  
sensor pixel  
smal lest  geometrical l y resolvable  area  of a  two-d imensional  area  sensor of a  camera  or imag ing  
l um inance measurement device  

Note  1  to  en try:  A sensor p i xel ,  represented  by an  area   x y   ,  con tains  the  sensi ti ve  area  (acti ve  

area)  as  wel l  as  the  non -sensi ti ve  areas  between  the  active  areas  (passive  area) .  

Note  2  to  en try:  Sometimes  not a l l  p i xel s  of a  sensor are  read  ou t (parti a l  area  scan  for CCD  sensors  or 
random  access  for CMOS  sensors).  

Note  3  to  en try:  I n  th i s  document  the  term  "pi xel "  i s  used  for an  e lement of the  evaluation  image  i f the  
d i fference  between  macro  p i xel  and  sensor p i xel  i s  not relevan t.  

2. 1 . 1 0  
image resolution  
number of pixe ls ,  expressed  by number of columns  by number of rows,  or tota l  number of p ixels,  
typical l y i nd icated  i n  megapixel s  

Note  1  to  en try:  The  number of stated  horizon tal  and  verti cal  p i xel s  as  wel l  as  the  tota l  number of p i xel s  
shou ld  i nclude  on ly ori g inal  e lementary p i xel s  having  a  physical  representation  and  can  be  read  
ou t separatel y (not i n terpol ation  or other enhancement a lgori thms  i n  use).  

2. 1 . 1 1  
macro pixel  

col l ection  of neighbouring  p ixel s  wh ich  are  grouped  together e i ther  during  the  image capture  at  
the  sensor (analogue  b inn ing)  or during  the  image  processing  (d ig i tal  b inn ing)  

Note  1  to  en try:  I n  th i s  document  the  term  "pi xel "  i s  used  for an  e l ement of the  evaluation  image  i f the  
d i fference  between  macro  p i xel  and  sensor p i xel  i s  not re levan t.  

Note  2  to  en try:  The  use  of macro  p i xel s  can  change  the  maximal  usabl e  saturation  of a  sensor and  can  
i n fl uence  the  stati sti cal  parameters  of the  p i xel  s i gnal ,  and  therefore  must be  taken  i n to  account 
for the  measurement  uncertain ty evaluati on .  

Note  3  to  en try:  A macro  pi xel  i s  a l so  generated  i f a  number of p i xel s  of the  evaluation  image  i s  g rouped  
before  the  evaluation .  Th is  a l so  i n fl uences  the  stati sti cal  parameters  of the  eval uated  data .  
(See  “vi rtual  spot area  scan”  for the  evaluation  of the  system  un i form i ty  i n  6 . 1 2 . 2 . 1 )  

2. 1 . 1 2  
binn ing   
summing  up  the  charge  or d i g i ta l  s ignal  of ne ighbouring  p ixels  i n to  one  macro p ixel  

Note  1  to  en try:  B inn ing  l eads  to  a  reduction  of the  image  resolu tion  of the  resu l t  image,  bu t  conversely 
to  an  i ncrease  of the  responsivi ty of the  system .  

Note  2  to  en try:  A combination  of analogue  and  d i g i ta l  b i nn ing  i s  possib le.  

2. 1 . 1 3  
analogue  binn ing   
summing  up  the  charge  of p ixe ls  i ns ide  the  sensor before  the  charge -vol tage  convers ion  

2. 1 . 1 4  
d ig i tal  b inn ing   
summing  up  the  s ignal  of p ixels  during  the  d i g i ta l  s ignal  processing  carried  ou t by the  camera  
or fi rmware  

2. 1 . 1 5  
in tegration  time  
time  i n terval  du ring  wh ich  the  rad iation  inciden t on  a  sensor is  converted  i n to  an  ou tpu t s ignal   

Note  1  to  en try:  The  ou tpu t s ignal  can  be  a  charge,  curren t,  vol tage ,  e tc.  
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Note  2  to  en try:  For i n tegrati ng  sensors  (e. g .  CCD)  that are  not satu rated ,  the  ou tpu t s i gnal  has  a  nearly 
l i near dependence  on  the  i n tegration  time.  

Note  3  to  en try:  For I LMDs  wh ich  use  mechan ical  shu tters  for the  exposure  con trol ,  there  i s  a  formal  
d i fference  between  exposure  time  ( i n terval  over wh ich  the  rad iation  h i ts  the  sensor)  and  
i n tegration  time  ( i n terval  over wh ich  the  charge  i s  accumu lated).  I t  i s  normal l y assumed  that 
th is  d i fference  i s  neg l ig ib le  and  therefore  the  exposure  time  i s  equal  to  the  i n tegrati on  time.  

2. 1 . 1 6  
fi rmware  
data  sets  and  software  appl ied  i n  the  camera  system  or i n  the  connected  evaluation  system  
(computer)  to  convert the  raw data  from  the  camera  i n to  l um inance  images  

Note  1  to  en try:  The  fi rmware  con trol s  the  capture  of the  RAW images,  the  readout of the  images  and  
thei r conversion  i n to  l um inance  images .   

2.2  Terms related  to  photometry 

2.2. 1  
luminance   
Lv;  L  

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

v
v

d 1

d cos

I
L

A 
  

where  Iv  i s  l um inous  i n tens i 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 i ven  d i rection  

Note  6  to  en try:  The  equation  i n  the  defin i ti on  can  a l so  be  described  as  a  function  of l um inous  fl u x,  v.  
I n  th i s  case,  i t  i s  mathematical l y i n terpreted  as  a  s econd  partia l  derivati ve  of the  
l um inous  fl u x 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    i s  the  ang le  between  the  normal  to  that  area  at  the  speci fied  poin t  and  the  

speci fi ed  d i rection .  

[SOURCE:  CIE  S  01 7: 2020,  entry 1 7-21 -050,  Notes  1  to  5  and  7  to  1 0  to  entry om i tted ]  

2.2.2  
luminance  d istribution  
d istribu tion  of the  lum inance  on  a  surface  as  a  function  of the  posi tion  on  the  surface  a nd  the  
viewing  d i rection  

Note  1  to  en try:  The  l um inance  d i stribu tion  i s  a  fi ve-d imensional  quan ti ty:  i ts  ampl i tude  depends  on  the  
posi tion  of the  su rface  e lement and  the  d i rection .  The  coord inates  of the  su rface  e l ements  are  
g i ven  i n  obj ect coord inates  wh i l e  the  d i rection  i s  g i ven  i n  e l ement coord inates.  

2.2.3   
projection  of a  luminance  d istribution  
mapping  of the  l um inance d istribu tion ,   S S S E E, , , ,L x y z   ,  of a  (real  or imag inary)  l um inous  

surface  on to  the  image  p lane  through  the  centre  of the  proj ection   

Note  1  to  en try:  The  projection  from  the  poin t  x y zS S S, ,  on to  the  image  p lane  i s  the  i n tersection  of the  

l i ne  starti ng  from   x y zS S S, ,  th rough  the  cen tre  of the  projection  and  the  image  p lane  (see  

3 . 4. 1  for detai l s) .  

Note  2  to  en try:  Th is  projection  i s  ca l led  cen tral  projection .  

Note  3  to  en try:  Using  an  I LMD  the  projection  i s  focused  on to  the  image  p lane  of the  I LMD.  The  resu l t  i s  
the  l um inance  image ,  L .   
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2.2.4  
luminance  image  
L  

d ig i ta l  description  of the  proj ection  of a  l um inance  d istribution  on to  an  image p lane  wi th  a  p l ane  
normal  to  the  projection  d i rection  

Note1  to  en try:  Wi thou t  add i ti onal  knowledge  abou t the  speci fi c observed  su rface  of the  measurement 
object on ly the  d i rection  of the  projection  can  be  determ ined  from  the  l um inance  image .  

Note2  to  en try:  A l um inance  image  i s  a  set of l um inance  values ,  ( , )L i j ,  of an  image  sensor wi th  

( )N M  sensor e lements  (p i xel s)  i n  the  I LMD.  

2.2.5  
entrance  pupi l  
EP  
image of the  apertu re  stop  i n  the  object space  

Note  1  to  en try:  I f the  apertu re  stop  i s  the  fi rst  component encountered  by the  rad ia tion ,  the  en trance  
pupi l  i s  i n  coinci dence  wi th  the  apertu re  stop .  

[SOURCE:  I SO 9334: 201 2 ,  4 . 8]  

2.2.6  
acceptance  area  
area  i n  a  scene  em i tti ng  rad iation  wh ich  i s  transferred  by the  objecti ve  in to  the  I LMD  

Note  1  to  en try:  The  acceptance  area  i s  usual l y l arger than  the  measurement fi e l d  of the  sensor as  i t  
i ncl udes  i nd i rect (stray)  l i gh t  from  the  su rround ing  fi e l d .  

Note  2  to  en try:  See  3 . 5  for an  extended  description  of the  d i fference  between  measurement fi e l d  and  
acceptance  area .  

2.2.7  
measurement field ,  <for I LMD  measurements>   
sum  tota l  of a l l  area  e lements  i n  the  object space,  rad iating  towards  the  en trance  pupi l  of the  
l ens,  col lected  by sens i ti ve  p ixels  of the  detector area  

Note  1  to  en try:  For the  objecti ve  of the  I LMD  i t  i s  recommended  to  i nd icate  the  measurement d i stance  
and  the  measurement fi e l d  for fi xed  focus  objectives  and  the  m in imum  (and  maximum  i f 
possib le)  measurement d i stance  and  measurement fi e l d  for focusable  objecti ve s.  

Note  2  to  en try:   The  measurement fi e l d  i s ,  i n  general ,  rough l y rectangu lar.  I t  can ,  however,  have  other 
shapes  (e. g .  ci rcu lar shape  for hem ispherical  or conoscopic objecti ve s).  

Note  3  to  en try:   A measurement fie l d  wi thout any speci fi cation ,  cl ari fi cation  or add i ti onal  descripti on  i s  
the  measurement fi e l d  of the  complete  detector area  (a l l  sensi ti ve  p i xel s).  For other 
measurement fi e l ds  an  add i ti onal  description  i s  needed .  

2.2.8  
measurement field  angle  
ang le  spanned  by the  d is tant measurement fie ld  to  the  centre  of projection  

Note  1  to  en try:  The  measurement fi e ld  ang l e  i s  g i ven  for the  horizon tal  and  verti cal  p art of the  image  or 
for the  d iagonal  of the  image  and  i s  g i ven  as  the  ang le  between  the  opti cal  axi s  and  the  main  
ray of the  correspond ing  image  border poin t .  

Note  2  to  en try:  As  an  a l ternati ve  to  the  measurement fi e ld  ang le ,  the  seen  object sol i d  ang le  can  be  
g i ven  for a  system.  Th is  sol i d  ang le  i s  ca l l ed  "measurement fi e l d  sol i d  ang le " .  

Note  3  to  en try:  The  measu rement fi e l d  ang l e  i s  expressed  i n  rad ian  (rad )  or deg ree  (° ) .  

2.2.9  
evaluation  region  
set of area  elements  (p ixels  i n  the  image  p lane)  summarized  to  one  resu l t  

Note  1  to  en try:  The  pu rpose  of an  evaluati on  reg ion  i s  usual l y to  calcu late  the  mean  value  and  other 
stati sti cal  parameters.  
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Note  2  to  en try:  I t  i s  common  to  use  l i near,  rectangu lar,  ci rcu lar,  e l l i p ti cal  and  polygonal  reg ions  or a  
l og ical  combination  of these  reg ions.  

Note  3  to  en try:  The  set of poin ts  can  be  defined  by the  p i xel  va lues  (e. g .  a l l  p i xel s  above  a  certain  
l um inance  th reshold ) .  

Note  4  to  en try:  I t  i s  possib le  to  use  i rregu lar sets  of p i xel s .  

Note  5  to  en try:  I t  i s  not necessary that  the  set of p i xel s  of the  evaluati on  reg ion  i s  con tiguous.  

Note  6  to  en try:  See  3 . 6  for fu rther explanati on .  

2.2. 1 0  
label  image  
B  
d ig i ta l  image wi th  the  s ize  of the  evaluation  reg ion  or the  whole  l um inance  image generated  to  
cl assi fy the  properties  of a  p ixel  in  the  l um inance image  

Note  1  to  en try:   The  l abel  image  i s  the  resu l t  of a  p i xel  cl assi fi cation  based  on  selected  ru les  and  wi l l  be  
used  to  make  stati sti cal  eva luations.  See  3 . 6 . 1  for a  detai l ed  description  and  use.  

2.2. 1 1  
measurement field ,  <of a  p ixel >  
set of poin ts  in  the  object space,  i l l um inating  the  entrance  pupi l  and  reg istered  by the  p ixel  wi th  
a  d i rectional l y dependent responsivi ty of at  least 1 0  %  of the  maximal  responsivi ty of that  pixel  

2.2. 1 2  
measurement field ,  <of an  evaluation  reg ion>  
set of a l l  poin ts  i n  the  obj ect space,  i l l um inati ng  the  entrance  pupi l  and  reg istered  by a l l  p ixe l s  
of the  evaluation  reg ion  wi th  a  d i rectional l y dependent responsivi ty of at least 1 0  %  of the 
maximal  responsivi ty of that evaluation  reg ion  

Note  1  to  en try:  Using  I LMDs  i t  i s  possib le  to  defi ne  and  use  more  than  one  evaluation  reg ion  a t  the  
same time,  and  these  reg i ons  may be  d i fferen tl y  shaped ,  may be  con tiguous  and  may be  
overlapping .  

2.3  Qual i ty indices  

The properties  of “classical ”  l um inance  meters  are  described  i n  I SO/CIE  1 9476: 201 4  
“Characterization  of the  Performance of I l l um inance Meters  and  Lum inance Meters”  ( I SO/CIE,  
201 4).  The  present report  appl ies ,  whenever possible ,  a  s im i l ar term inology for I LMDs.  I n  
add i ti on ,  some practical  aspects  for the  characteri zation  of I LMDs are  g i ven .  Compared  to  
“classical ”  l um inance  meters,  I LMDs  present some  further properties  to  be  taken  i n to  account :  

  The  measurement and  evaluation  are  typical l y carried  ou t by software.  The  transformation  
from  the  physical  s ignal  (col l ected  photons)  i n to  the  ind icated  l um inance  values  may be  
complex,  and  sometimes  image  processing  and  image  compression  a l gori thms  are  used ,  
e. g .  to  reduce  the  data  s ize ;  

  I LMDs  have  a  l arge  number of i nd ividual  detectors  cal led  p ixel s.  Cons idering  the  system  as  
i nd ividual  detectors  wou ld  mean  that each  detector has  i ts  own  characteristics .  However,  in  
practice  these  p ixels  are  combined  (by hardware  or mathematica l l y)  to  form  measurement 
reg ions  (evaluation  reg ions);  

  Some of the  commercia l l y avai lab le  I LMDs  al l ow easy exchange  of the  optical  system  
(change of focal  l eng th ,  focus,  apertures,  objecti ve s  and  neutra l  densi ty fi l ters).  I n  general ,  
the  parameters  for characterizing  I LMDs  are  on l y val i d  for a  very speci fic configuration  
(speci fied  focal  l ength ,  speci fied  focus,  speci fi ed  apertures,  etc. ) ,  to  be  stated  together wi th  
the  qual i ty i nd ices ;  

NOTE 1  I n  ( I SO/CIE ,  201 4)  i l l um inance  meters  and  l um inance  meters  are  sometimes  col l ecti vel y 
referred  to  as  “photometers” .  I n  th i s  document  those  defin i ti ons  taken  d i rectl y from  I SO/CIE  
1 9476: 201 4  referri ng  to  photometers  are  understood  as  referri ng  to  I LMDs.  

NOTE  2  Th is  subclause  i s  j ust  i n troducing  the  qual i ty i nd ices  and  stati ng  thei r sou rce  where  necessary.  
More  i n formation  abou t the  qual i ty i nd ices  and  how they are  determined  i s  g i ven  i n  Clause  6 .  

A set  of qual i ty i nd ices  i s  used  to  characterize  the  performance of photometers.  Qual i ty i nd ices  
are  physical  quanti ties  characterizing  se lected  properties  of a  photometer.  They are  normal i zed  
response values,  wh ich  do  not describe  errors  d i rectl y and  thus  cannot be  used  for correction .  
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The  name for each  index has  been  taken  from  the  phys ical  effect i n fluencing  i ts  va lue  to  make 
i t  eas ier to  memorize  and  understand  i ts  mean ing .  

A qual i ty i ndex i s  symbol i zed  by the  character " x
f "  where  the  subscript  " x"  speci fies  the  

cons idered  property.  The  values  of qual i ty i nd ices  are:  

  evaluated  by formu lae  speci fic for each  property,  from  data  determ ined  under speci fied  
measurement cond i ti ons;  

  s tated  as  a  percentage,  wi th  associated  uncertain ties ;  and  

  i dea l l y zero.  

The  qual i ty i nd ices  of photometers  a lone  do  not a l low the  estimation  of the  measurement 
uncertain ty for a  speci fic  measurement task.  Nevertheless,  i t  i s  general l y true  that i nstruments  
wi th  smal ler 

x
f  va lues,  i n  most  cases,  ach ieve  smal l er measurement  uncertain ties  than  

i nstruments  wi th  larger va lues.  

2.3. 1  
in i tial  ad justment index  

adj
f  

i ndex describ ing  the  absolu te  value  of the  re lative  deviation  of the  photometer i nd ication  from  
the  correspond ing  reference  value  

[SOURCE:  I SO/CIE  1 9476: 201 4,  3. 2. 1  – mod i fied :  "absolu te  re lative  deviation "  replaced  wi th  
"absolu te  value  of the  re lati ve  deviation "]  

Note  1  to  en try:  For I LMDs  the  i n i ti a l  ad justment shou ld  be  done  using  a  s i ng le  poin t ca l i bration  s im i l ar 
to  the  use  of “classical ”  l um inance  meters .  

2.3.2  
general   V   m ismatch  index  

1
f   

i ndex describ ing  the  deviation  of the  re lative  spectral  responsivi ty of the  photometer from  the  

 V   function  

[SOURCE:  I SO/CIE  1 9476: 201 4,  3. 2. 2 ]  

2.3.3  
UV response  index  

UV
f  

i ndex describ ing  the  responsivi ty of the  photometer to  UV rad iation  

[SOURCE:  I SO/CIE  1 9476: 201 4 ,  3. 2. 3]  

2.3.4  
IR response index 

IR
f  

i ndex describ ing  the  responsivi ty of th e  photometer to  IR rad iation  

[SOURCE:  I SO/CIE  1 9476: 201 4 ,  3. 2. 4 ]  

2.3.5  
detection  l im it  index 

3,0
f  

i ndex describ ing  the  smal lest measurement va lue,  wh ich  states  a  s ignal  d i fferen t from  zero   

Note  1  to  en try:  The  detection  l im i t  can  be  caused  by noise  or l im i tation s  i n  the  d i g i ta l  readou t  or 
analogue-to-d ig i ta l  conversi on .  
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2.3.6  
l ineari ty index ,  <of an  I LMD,  fixed  measurement range>  

3,1
f  

i ndex describ ing  the  deviation  from  l i neari ty of the  I LMD  response wi th  respect  to  the  l um inance  
measured  at d i fferen t l evels  wi thout  chang ing  the  measurement range  of the  I LMD   

Note  1  to  en try:  The  change  of the  measurement  range  of the  I LMD  can  be  the  change  of the  i n teg ration  
time,  gain ,  apertu re  or neu tral  densi ty fi l ter used .  

2.3.7  
l ineari ty index ,  <of an  I LMD,  us ing  range  change>  

3,2
f  

i ndex describ ing  the  deviation  from  l i neari ty of the  I LMD  response at one  l um inance l evel  wh i l e  
chang ing  the  load  of the  analogue-to-d ig i ta l  converter  

Note  1  to  en try:  The  l oad  of the  analogue-to-d ig i tal  converter can  be  changed  by varying  the  i n tegration  
time,  the  gain ,  the  apertu re  or the  used  neu tral  densi ty fi l ter .  

2.3.8  
temperature  dependence index  

6,T
f  

i ndex describ ing  the  i n fl uence of ambien t temperature  on  the  photometer responsivi ty when  the  
ambien t temperature  d i ffers  from  that  at the  time of ca l i bration  

[SOURCE:  I SO/CIE  1 9476: 201 4 ,  3 . 2. 1 6]  

2.3.9  
modu lated  l ight  i ndex  

7
f  

i ndex describ ing  the  i n fl uence of modu lated  l i gh t at  various  frequencies,  compared  to  the  
response for a  constan t l um inance  cond i tion  

[SOURCE:  I SO/CIE  1 9476: 201 4 ,  3. 2. 1 8]  

2.3. 1 0  
polarization  response  i ndex  

8
f  

i ndex describ ing  the  i n fl uence  of polari zed  l i ght  on  the  responsivi ty of  the  photometer 

[SOURCE:  I SO/CIE  1 9476: 201 4 ,  3. 2. 1 9]  

2.3. 1 1  
range change index  

1 1
f  

i ndex describ ing  the  i n fl uence  of range  setti ngs  of d isplay-un i ts  or ampl i fi ers  

[SOURCE:  I SO/CIE  1 9476: 201 4 ,  3. 2. 21 ]  

Note  1  to  en try:  For an  I LMD th i s  can  be  done  by chang ing  the  gain ,  b inn ing ,  apertu re  or other setti ngs  
that change  the  responsivi ty of the  system.  

2.3. 1 2  
focusing  d istance  index  

1 2
f  

i ndex describ ing  the  i n fl uence of deviations  of the  test  d is tance  from  the  focus  d istance  for 
l um inance meters  

[SOURCE:  I SO/CIE  1 9476: 201 4 ,  3. 2. 22]  
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2.3. 1 3  
responsivi ty un iformi ty for flat  field  index  

21
f  

i ndex describ ing  the  spatia l  and  d i rectional  un i form i ty of the  responsivi ty of an  I LMD  for 
measurements  of l arge  areas  that  cover the  en ti re  measurement fi e ld  (flat fi el d )  

2.3. 1 4  
responsivi ty un iformi ty for spots  index  

22
f  

i ndex describ ing  the  spatia l  and  d i rectional  un i form i ty of the  responsivi ty of an  I LMD  for 
measurements  of smal l  l um inous  areas  (spots)  wi th  respect to  the  measurement fi e ld  

2.3. 1 5  
effect  of surround ing  field  i ndex  

23
f  

i ndex describ ing  the  in fl uence  of the  ambient  l um inance  outs ide  the  measuring  fiel d  of a  
l um inance meter,  wh ich  resu l ts  from  scattered  l i gh t i nside  an  I LMD  

2.3. 1 6  
stray l i ght influence  for negative  contrast  index  

24
f  

i ndex describ ing  the  in fl uence  of the  scattered  l i gh t  ori g inating  from  the  measuring  fie ld  for 
measurements  of dark areas  surrounded  by brigh t  areas  

Note  1  to  en try:  The  measurement of a  l um inance  i n  a  d ark area  su rrounded  by a  bri gh t area  resu l ts  i n  a  
negative  con trast.  

2.3. 1 7  
edge function  index  

25
f  

i ndex describ ing  l um inance measurements  at  l um inance s tep  functions  

Note  1  to  en try:  A l um inance  step  describes  an  abrupt change  i n  l um inance  from  h igh  l um inance  to  l ow 
l um inance,  ca l l ed  edge.  

2.3. 1 8  
influence of smear index  

26
f  

i ndex describ ing  the  i n fl uence  of smear  

2.3. 1 9  
shutter repeatabi l i ty  index  

27
f  

i ndex describ ing  the  repeatabi l i ty of the  i n tegration  time real i zation  of the  shu tter system  

Note  1  to  en try:  The  shu tter repeatabi l i ty can  be  measured  for both  e lectron ic and  mechan ical  shu tter 
systems.   

2.3.20  
aperture  repeatabi l i ty i ndex  

28
f  

i ndex describ ing  the  repeatabi l i ty of the  aperture  setting  

Note  1  to  en try:  The  repeatabi l i ty i s  caused  by the  aperture  setti ng  for every image  capture  used  for 
e l ectron ical l y con trol l ed  obj ecti ves  and  the  apertu re  s i ze  dependence  caused  by the  objecti ve  
orien tation  wi th  respect to  g ravi ty.  

Note  2  to  en try:  For manual  l enses  the  repeatabi l i ty i s  usual l y on ly caused  by the  apertu re  s i ze  
dependence  caused  by the  objecti ve  orien tation  wi th  respect to  g ravi ty.  
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2.3.21  
size-of-source effect  i ndex  

29
f  

i ndex describ ing  the  s ize-of-source  effect  of the  measurement system ,  wh ich  is  re lated  to  
scattered  l i gh t i ns ide  an  I LMD  

3  Extended  descriptions  for some defin i tions  

This  clause  con tains  extended  descriptions  for some terms  defined  in  Clause  2 .  

3.1  Image sensor 

There  are  d i fferent types  of image sensors .  I n  th is  document CCD  and  CMOS  sensors  are  taken  
i n to  account on l y.  

CCD  (charge-coupled  device)  ( I EC  60050-521  /  E lectroped ia,  entry 521 -1 1 -1 6)  
Charge-transfer device  that  stores  e lectric charge  i n  poten tia l  wel ls  and  transfers  th is  e l ectric 
charge  a lmost completely as  a  packet by moving  the  potential  wel ls.  

  Fu l l  Frame:  Using  the  complete  sensor area  for charge  storage  and  charge  transfe r.  A 
mechan ic  shu tter performs exposure/ in tegration  con trol .  

  I n terl i ne  Transfer:  The  sensor area  cons ists  of the  sensi ti ve  p ixe ls  and  transportation  
reg isters.  Exposure/I n tegration  con trol  i s  performed  us ing  an  e lectron ic shu tter.  

CMOS  (complementary metal -oxide  sem iconductor)   
Image  Sensor based  on  a  standard  sem iconductor technology.  

  L inear wi th  respect to  the  exposure  

o  G lobal  Shu tter:  I n tegration  time control  s im i l ar to  i n terl ine  transfer CCD sensors.  Al l  
p ixels  start  and  s top  the  exposure  at  the  same tim e.  

o  Rol l ing  Shutter:  Start  and  s top  of the  i n tegration  l i ne  by l ine  or area  by area.  The  
starting  poin t of the  exposure  time i s  d i fferen t depend ing  on  the  pixel  posi tion .  

  Non-Linear wi th  respect to  the  exposure  

o  Withou t in tegration  time con trol .  P ixels  are  accessed  random ly and  the  photo  curren t 
i s  measured  at  the  time  of the  access.  

o  P ixels  have  non- l i near or p iecewise  l i near transfer functions  to  increase  the  d ynam ic 
range  of the  p ixel .  

3.2  Objective  

The explanation  of the  d i fferen t obj ective  types  used  to  image  a  scene  onto  the  sensor is  not  
the  focus  of th is  document.  See  e. g .  (Gross,  201 1 )  for detai l s  and  further explanations.  

Types  of obj ectives:  

  Standard  objective  (en tocentric)  

  Telecentric  objective  

o  Image-space  te lecentric  objecti ve  (rays  col l imated  i n  the  image  space)  

o  Object-space te lecentric obj ective  ( rays  col l imated  i n  the  obj ect space)  

o  B i -Telecentric  objecti ve  (rays  col l imated  i n  image and  object space )  

  Macro  obj ective  

  M icroscopic obj ecti ve  

  F isheye  objecti ve  (wide-ang le  objecti ve  wi th  extremely wide,  hem ispherical  image)  

  Conoscopic objecti ve  
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