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THE  INTERNATIONAL COMMISSION  ON  ILLUMINATION  

The  I n ternat i onal  Commiss i on  on  I l l um inat i on  (CI E)  i s  an  organ i zati on  devoted  to  i n ternat i onal  co -operati on  and  exchange  
o f  i n formati on  among  i ts  member  coun tri es  on  a l l  matters  re lat i ng  to  the  art  and  sci ence  o f  l i g h ti n g .   I ts  membersh ip  consi s ts  
o f  the  National  Commi ttees  i n  abou t  40  coun tri es .  

The  ob ject i ves  o f  the  CI E  are :  
1 .  To  provi de  an  i n ternati onal  fo rum  for  the  d i scuss ion  o f  a l l  matters  re lat i n g  to  the  sci ence,  techno logy  and  art  i n  the  

f i e l ds  o f  l i g h t  and  l i gh t i ng  and  for  the  i n terchange  o f  i n formati on  i n  these  f i e l ds  between  coun tri es .  
2 .  To  deve lop  basi c  s tandards  and  procedures  o f  metro log y i n  the  f i e l ds  o f  l i g h t  and  l i g h t i ng .  
3 .  To  provi de  g u i dance  i n  the  app l i cat i on  o f  pri nci p l es  and  procedu res  i n  th e  devel opmen t  o f  i n ternati onal  a nd  nati onal  

s tandards  i n  the  f i e l ds  o f  l i g h t  and  l i g h t i ng .  
4 .  To  prepare  and  publ i sh  s tandards ,  reports  and  o ther  publ i cat i ons  concerned  wi th  al l  matters  re lat i ng  to  the  sci ence,  

techno log y and  art  i n  the  f i e l ds  o f  l i g h t  and  l i g h t i ng .  
5 .  To  main tai n  l i ai son  and  techn i cal  i n teracti on  wi th  o ther  i n ternat i onal  o rgan i zat i ons  concerned  wi th  matters  re lated  to  

the  sci ence,  techno logy,  s tandard i zati on  and  art  i n  the  f i e l ds  o f  l i g h t  and  l i g h t i ng .  

The  work o f  the  CI E  i s  carri ed  ou t  by  Techn i cal  Commi ttees ,  organ i zed  i n  s i x  D i vi s i ons.   Th i s  work covers  subjects  rang i ng  
from  fundamen tal  matters  to  a l l  types  o f  l i g h t i ng  appl i cat i ons .   The  s tandards  and  techn i cal  reports  deve loped  by  these  
i n ternat i onal  D i vi s i ons  o f  the  CI E  are  accepted  th roughou t  the  worl d .  
A  p l enary sess ion  i s  h e l d  every fou r  years  at  wh i ch  the  work o f  the  D i vi s i ons  and  Techn i cal  Commi ttees  i s  reported  and  
revi ewed ,  and  p lans  are  made  for  the  fu tu re .   The  CI E  i s  recogn i zed  as  the  au thori ty  on  al l  aspects  o f  l i g h t  and  l i g h t i n g .   A s  
such  i t  occupies  an  importan t  pos i t i on  among  i n ternat i onal  o rgan i zat i ons .  
 
LA COMMISSION  INTERNATIONALE DE  L'ECLAIRAGE  

La Commiss i on  I n ternati onale  de  l 'Eclai rage  (C IE)  est  u ne  organ i sat i on  qu i  se  donne  pou r  bu t  l a  coopérati on  i n ternat i onale  
e t  l ' échange  d ' i n formati ons  en tre  l es  Pays  membres  su r  tou tes  l es  questi ons  re lat i ves  à  l 'art  e t  à  l a  sci ence  de  l 'éclai rage.   
E l l e  est  composée  de  Com i tés  Nati onaux représen tan t  envi ron  40  pays .  

Les  ob ject i fs  de  l a  C I E  son t  :  
1 .  De  const i tuer  u n  cen tre  d 'é tude  i n ternat i onal  pou r tou te  mati ère  re l eva n t  de  l a  sci ence,  de  l a  techno log ie  e t  de  l 'art  

de  l a  l um ière  e t  de  l 'écl ai rage  et  pou r  l 'échange  en tre  pays  d ' i n formations  dans  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  domaines  de  l a  l um ière  e t  de  l 'écl ai rag e.  
3 .  De  donner  des  d i rect i ves  pou r  l 'appl i cati on  des  pri nci pes  e t  des  méthodes  d 'é laborati on  de  normes  i n ternat i onales  e t  

nati onales  dans  l es  domaines  de  l a  l um ière  e t  de  l ' éclai rage.  
4 .  De  préparer  e t  publ i er  des  normes,  rapports  e t  au tres  textes ,  concernan t  t ou tes  mati ères  re lat i ves  à  l a  sci ence,  l a  

techno log ie  e t  l 'art  dans  l es  domai nes  de  l a  l um ière  e t  de  l 'écla i rage .  
5 .  De  main ten i r  u ne  l i ai son  e t  u ne  co l l aborati on  techn ique  avec  l es  au tres  o rgan i sati ons  i n ternati onales  concernées  par  

des  su jets  re lat i fs  à  l a  sci ence,  l a  techno log i e ,  l a  normal i sat i on  e t  l 'art  dans  l es  domai nes  de  l a  l um ière  e t  de  
l 'éclai rage .  

Les  travaux de  l a  C I E  son t  e ffectués  par  Com i 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  fondamen tales,  à  to u s  l es  types  d 'appl i cati ons  de  l 'éclai rage .   Les  normes  et  l es  rapports  techn i ques  é laborés  
par  ces  D i vi s i ons  I n ternati onales  de  l a  C I E  son t  reconnus  dans  l e  monde  en t i er.  
Tous  l es  quatre  ans,  u ne  Session  p l én i ère  passe  en  revue  l e  travai l  des  D i vi s i ons  e t  des  Com i tés  Techn iques,  en  fai t  rapport  
e t  é tabl i t  l es  pro j ets  de  travaux pou r  l 'aven i r.   La  CI E  es t  reconnue  comme  l a  p l u s  hau te  au tori té  en  ce  qu i  concerne  tous  
l es  aspects  de  l a  l um ière  e t  de  l 'éclai rage .   E l l e  occupe  comme  te l l e  u ne  pos i t i on  importan t e  parm i  l es  organ i sati ons  
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DIE  INTERNATIONALE BELEUCHTUNGSKOMMISSION  

Die Internationale Beleuchtungskommission (CIE)  ist eine Organisation,  die sich  der internationalen  Zusammenarbeit und dem Austausch 
von  Informationen zwischen  ihren  Mitg l iedsländern  bezügl ich  der Kunst und Wissenschaft der Lichttechnik widmet.   Die Mitgl iedschaft 
besteht aus den  Nationalen  Komitees in  rund  40 Ländern.  

D i e  Zi e l e  der  C IE  s i nd :  
1 .  E i n  i n ternati onales  Forum  fü r  D i skussionen  al l er  Fragen  au f  dem  Gebiet  der  Wi ssen schaft,  Techn ik  u nd  Kunst  der  

L i ch ttechn ik u nd  fü r  den  I n formati onsaustausch  au f  d i esen  Gebie ten  zwi schen  den  e i nze l nen  Ländern  zu  se i n .  
2 .  G ru ndnormen  und  Verfah ren  der  Messtechn ik au f  dem  Gebiet  der  Li ch ttechn ik zu  en twi cke ln .  
3 .  R i ch t l i n i en  fü r  d i e  Anwendung  von  Pri nz i pi en  u nd  Vorgängen  i n  der  En twickl ung  i n ternati onaler  u nd  nati onaler  Normen  

au f  dem  Gebi et  der  L i ch ttechn ik zu  ers te l l en .  
4 .  Normen ,  Beri ch te  u nd  andere  Pub l i kati onen  zu  erste l l en  u nd  zu  veröffen tl i chen ,  d i e  al l e  Fragen  au f  dem  Gebiet  der  

Wissenschaft,  Techn ik u nd  Kunst  der  L i ch ttechn ik betreffen .  
5 .  L i ai son  und  techn i sche  Zusammenarbei t  m i t  anderen  i n ternati onalen  Organ i sati onen  zu  u n terhal ten ,  d i e  m i t  Fragen  

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

Die Arbeit der CIE wird  durch  Technische Komitees geleistet,  die in  sechs Divisionen organisiert sind.   Diese Arbeit betrifft Geb iete mit 
grundlegendem Inhalt bis zu  al len Arten  der Lichtanwendung.   Die Normen und Technischen Berichte,  die von  diesen internat ional  
zusammengesetzten  Divisionen ausgearbeitet werden,  sind auf der ganzen Welt anerkannt.  
Al le vier Jahre findet eine Session  statt,  in  der die Arbeiten der Divisionen berichtet und überprüft werden,  sowie neue Pläne für die Zukunft 
ausgearbeitet werden.   Die CIE wird als höchste Autorität für al le Aspekte des Lichtes und der Beleuchtung  angesehen.   Auf diese Weise 
unterhält sie eine bedeutende Stel lung  unter den  internationalen  Organisationen.  
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CIE  249:2022  

i i  

Th is  Techn ical  Report  has  been  prepared  by CIE  Techn ical  Commi ttee  1 -83  of  D i vis ion  1  "Vis ion  
and  Colour”  and  has  been  approved  by the  Board  of  Admin istration  and  D ivis ion  1  o f  the  
Commission  I n ternationale  de  l 'Eclai rage .  The  document reports  on  cu rren t  knowledge  and  
experience  wi th in  the  speci fi c  fi e l d  of  l i gh t  and  l i gh ting  described ,  and  i s  i n tended  to  be  used  
by the  CIE  membersh ip  and  other i n terested  parties.  I t  shou ld  be  noted ,  however,  that  the  status  
of  th i s  document  i s  advisory and  not  mandatory.   

Ce  rapport  techn ique  a été  é laboré  par l e  Comi té  Techn ique  (TC)  1 -83  de  la  CIE  D ivi s ion  1  
"Vis ion  et  Cou leur"  et  a  été  approuvé  par l e  Bureau  et  D ivi s ion  1  de  l a  Commission  
I n ternationale  de  l 'Eclai rage .  Le  document expose  les  connaissances  et  l 'expérience  actuel l es  
dans  le  domaine  particu l i er  de  la  l um ière  et  de  l 'éclai rage  décri t  i ci .  I l  est  destiné  à  être  u ti l i sé  
par l es  membres  de  la  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  Techn ischen  Komi tee  (TC)  1 -83  der  CIE  D ivis ion  1  "Sehen  
und  Farbe"  ausgearbei tet  und  vom  Vorstand  sowie  D ivis ion  1  der Commission  I n ternationale  
de  l 'Eclai rage  gebi l l i g t  worden .  Das  Dokument  berich tet  über den  derzei ti gen  Stand  des  
Wissens  und  Erfahrung  i n  dem  behandel ten  Gebiet  von  Lich t  und  Beleuch tung ;  es  i s t  zu r  
Verwendung  du rch  CIE-M i tg l ieder und  du rch  andere  I n teressierte  bestimmt.  Es  so l 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  imply endorsement by the  CIE.  Wh i lst  every 
care  has  been  taken  i n  the  compi lati on  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 ique  pas  une  préférence  de  la  CIE.  Malg ré  le  
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  ke ine  Bi l l i gung  du rch  d ie  CIE.  
Obg leich  g roße  Sorg fal t  bei  der Erste l lung  von  Verzeichn issen  bis  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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VISUAL ASPECTS OF TIME-MODULATED LIGHTING  SYSTEMS 

Summary 

The  fast  rate  at  wh ich  sol id -state  l i gh t  sources  can  change  thei r  l um inous  ou tpu t  i s  one  of  the  
main  dri vers  beh ind  the  revolu tion  i n  the  l i gh ti ng  i ndustry  and  appl icati ons  of  l i gh ti ng .  The  fast  
rate  of  the  i n tensi ty  change  means  that  a  modu lati on  of  the  l um inous  ou tpu t,  both  i n tended  and  
un in tended,  i s  d i rectly  l i nked  to  the  modu lation  of  the  dri ving  cu rren t.  I n  tu rn ,  the  l i gh t  
modu lation  can  g ive  ri se  to  d istorti ons  i n  the  perception  of  the  envi ronment.  Wh i le  i n  some very 
speci fi c  en tertainment  appl ications  a  d istorted  perception  due  to  l i gh t  modu lation  i s  desi red ,  for 
most  everyday appl ications  and  activi t i es  the  d i stortion  i s  detrimen tal  and  undesi red .  These  
changes  in  the  perception  of the  envi ronment are  cal led  “ temporal  l i gh t artefacts”  (TLAs)  a nd  
can  have  a  l arge  i n fl uence  on  the  experience  of  the  i l l umination  qual i ty.  Moreover,  stud ies  
i nd icate  that  exposure  to  l i gh t  exh ibi ti ng  vis ible  and  measurable  temporal  modu lation  can  lead  
to  a  decrease  i n  performance,  i ncreased  fati gue  as  wel l  as  acu te  h eal th  problems  l i ke  m ig raine  
episodes.  

The  poten tial  negative  effect  of  temporal  l i gh t  artefacts  has  prompted  l i gh ti ng  manu factu rers,  
l i gh ting  appl i cation  special i sts,  un ivers i ti es  and  governments  to  l ook for  ways  to  measure  the  
effect  and  come  to  a  better  understand ing  of  the  temporal  qual i ty  aspects  of  l i gh ting  systems.  
I n  th is  con text,  the  CIE  establ i shed  Techn ical  Commi ttee  (TC)  1 -83  "Visual  Aspects  of  Time-
Modu lated  Ligh ting  Systems".  

I n  201 6  the  CIE  publ i shed  the  f i rst  ou tpu t  of  TC  1 -83,  Techn ical  Note  (TN)  006:201 6  “Visual  
Aspects  of  Time-Modu lated  Li gh ting  Systems  –  Defi n i ti ons  and  Measurement  Models” .  Th is  
Techn ical  Report  bu i l ds  on  th i s  previously  publ i shed  TN .  I n  the  fi rst  part  o f  th i s  document,  the  
defin i t i ons  for the  perceptual  effects  that  modu lated  l i gh t  can  produce  are  g iven .  I n  the  second  
part,  an  overview of  the  relevan t  l i teratu re  i s  g i ven  as  wel l  as  an  overview of  the  parameters  
that  i n fl uence  the  vis ibi l i ty  o f  the  d i fferen t  TLAs.  The  next  part  g i ves  a  description  of  two  
methods,  one  i n  the  frequency domain  and  one  i n  the  t ime  domain ,  wh ich  can  be  used  to  
quan ti fy  vis ibi l i ty  of  TLAs .  Three  d i fferen t  implementations  of  these  methods  i n to  speci fi c  
vi s ibi l i ty  measures  are  g iven  as  an  example .  I n  the  fo l lowing  part  practi cal  gu idel i nes  are  
ou tl i ned  on  how to  test  l i gh t  sources .  Final l y,  recommendations  are  provided  on  the  use  of  the  
defin i t i ons  and  quanti fi cation  methods,  together wi th  d i rections  for  fu tu re  work.  

 

ASPECTS VISUELS DES SYSTÈMES D'ÉCLAIRAGE  À MODULATION  
TEMPORELLE 

Résumé 

La rapid i té  avec laquel le  l es  sources  l um ineuses  à  semi -conducteurs  peuven t  mod i fi er  l eu r 
rendement  l um ineux est  l 'un  des  principaux moteurs  de  l a  révolu tion  de  l ' i ndustrie  de  l 'éclai rage  
et  des  appl i cations  de  l 'éclai rage.  La rapid i té  du  changement  d ' i n tensi té  s i gn i fie  qu 'une  
modu lation  du  fl ux  l umineux,  i n ten tionnel le  ou  non ,  est  d i rectement  l i ée  à  l a  modu lation  du  
couran t  d 'attaque.  À son  tour,  l a  modu lati on  de  l a  l um ière  peu t  donner l i eu  à  des  d istorsions  
dans  la  perception  de  l 'envi ronnement.  Alors  que  dans  certaines  appl i cations  de  d iverti ssement  
très  spéci fi ques,  une  perception  déformée  due  à  la  modu lati on  de  l a  l um ière  est  souhai tée,  pour 
l a  plupart  des  appl icati ons  et  acti vi tés  quotid iennes,  l a  d i storsion  est  préjud iciable  et  
i ndési rable.  Ces  changements  dans  la  perception  de  l 'envi ronnement  son t  appelés  "artefacts  
l umineux temporels"  (TLA)  et  peuven t  avoi r  une  g rande  i n fluence  su r l 'expérience  de  l a  qual i té  
de  l 'éclai rage.  En  ou tre,  des  études  i nd iquent  que  l 'exposi tion  à  une  l um ière  présen tan t  une  
modu lation  temporel le ,  vi s ible  et  mesurable,  peu t  en traîner une  d im inu tion  des  performances,  
une  augmentation  de  la  fatigue  ainsi  que  des  problèmes  de  san té  aigus  te ls  que  des  épisodes  
de  m ig raine.  
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L'effet  négati f  poten tie l  des  artefacts  l umineux temporels  a  i nci té  l es  fabricants  d 'éclai rage,  l es  
spécial i stes  des  appl ications  d 'éclai rage,  l es  un iversi tés  et  l es  gouvernements  à  chercher des  
moyens  de  mesurer cet  effet  et  de  m ieux comprendre  les  aspects  de  la  qual i té  temporel le  des  
systèmes  d 'éclai rage.  Dans  ce  con texte,  la  CIE  a  créé  l e  com i té  techn ique  (TC)  1 -83  "Aspects  
vi suels  des  systèmes  d 'éclai rage  à  modu lati on  temporel l e" .  

En  201 6,  l e  TC  a  publ ié  l a  note  techn ique  (TN)  006:201 6  "Aspects  visuels  des  systèmes  
d 'éclai rage  modu lés  dans  le  temps  -  Défin i t i ons  et  modè les  de  mesure" .  Le  présen t  rapport  
techn ique  s 'appu ie  su r cette  TN  précédemment  publ i ée.  Dans  l a  prem ière  partie  de  ce  
document,  l es  défin i t i ons  des  effets  percepti fs  que  la  l um ière  modu lée  peu t  produ i re  son t  
données.  La deuxième parti e  donne  un  aperçu  de  l a  l i ttérature  perti nen te  ains i  qu 'un  aperçu  
des  paramètres  qu i  i n fl uencent  l a  vi s ibi l i té  des  d i fféren ts  TLA.  La partie  su i van te  donne  une  
description  de  deux méthodes,  l 'une  dans  le  domaine  fréquen tie l  e t  l 'au tre  dans  l e  domaine  
temporel ,  qu i  peuven t  être  u ti l i sées  pour quan ti f ier  l a  vi s ibi l i té  des  TLAs.  Trois  implémentations  
d i fféren tes  de  ces  méthodes  dans  des  mesures  de  vi s ibi l i té  spéci fiques  son t  données  à  t i tre  
d 'exemple.  La parti e  su ivan te  présen te  des  d i rectives  pratiques  su r la  man ière  de  tester l e s  
sources  l um ineuses.  En fin ,  des  recommandations  son t  fou rn ies  sur l 'u ti l i sation  des  défi n i tions  
et  des  méthodes  de  quan ti fi cation ,  ains i  que  des  orien tations  pour l es  travaux fu tu rs.  

 

VISUELLE ASPEKTE VON  ZEITMODULIERTEN BELEUCHTUNGSSYSTEMEN  

Zusammenfassung  

Die  schnel le  Frequenz,  m i t  der Festkörperl i ch tquel len  i h re  Lich tle i stung  ändern  können ,  i s t  
e i ner der Haupttre iber h in ter der Revolu tion  i n  der Beleuchtungsindustrie  und  
Beleuch tungsanwendungen .  D ie  schnel le  Frequenz  der I n tensi tätsänderung  bedeu tet,  dass  
e ine  Modu lation  der Lich tle istung ,  sowoh l  beabsich tig t  als  auch  unbeabsich tig t,  d i rekt  m i t  der 
Modu lation  des  Treiberstroms  verbunden  i st.  D ie  Lich tmodu lation  kann  wiederum  zu  
Verzerrungen  i n  der Wahrnehmung  der Umgebung  führen .  Während  i n  e in igen  sehr speziel len  
Un terhal tungsanwendungen  e ine  verzerrte  Wahrnehmung  au fg rund  von  Lich tmodu lation  
erwünscht  i s t,  i st  d ie  Verzerrung  fü r  d ie  meisten  al l täg l i chen  Anwendungen  und  Aktivi täten  
schäd l ich  und  unerwünsch t.  D ie  Veränderungen  i n  der Wahrnehmung  der Umgebung  werden  
als  " temporale  Lich tartefakte"  (TLA)  bezeichnet  und  können  e inen  g roßen  E in fl uss  au f  das  
Erleben  der Beleuchtungsqual i tät  haben .  Darüber h inaus  deu ten  Stud ien  darau f  h in ,  dass  d ie  
Exposi tion  gegenüber Lich t,  das  e ine  s ich tbare  und  messbare  zei tl i che  Modu lation  au fweist,  zu  
e inem  Leistungsabfal l ,  erhöh ter Müd igkei t  sowie  zu  aku ten  gesundhei tl i chen  Problemen  wie  
M ig räneanfäl len  führen  kann .  

D ie  potenziel l en  negativen  Auswi rkungen  von  temporalen  Lich tartefakten  haben  
Beleuch tungsherste l ler,  Beleuchtungsanwendungsspezial i sten ,  Un ivers i täten  und  Reg ierungen  
dazu  veran lasst,  nach  Mög l ichkei ten  zu  suchen ,  d ie  Auswi rkungen  zu  messen  und  zu  e inem  
besseren  Verständn is  der temporalen  Qual i tätsaspekte  von  Beleuch tungssystemen  zu  
gelangen .  I n  d iesem  Zusammenhang  g ründete  d ie  CIE  das  Techn i sche  Komi tee  (TC)  1 -83  
"Visual  Aspects  of  Time-Modu lated  Ligh ting  Systems".  

Im  Jahr 201 6  veröffen tl i ch te  das  TC  d ie  Techn ical  Note  (TN)  006:201 6  "Visual  Aspects  of  Time -
Modu lated  Ligh ti ng  Systems  –  Defi n i t ions  and  Measurement  Models" .  Der vorl i egende  
Techn ische  Berich t  bau t  au f  d ieser zuvor veröffen tl i ch ten  TN  au f.  Im  ersten  Tei l  d ieses  
Techn ischen  Berich ts  werden  neue  Defin i tionen  fü r d ie  Wahrnehmungseffekte,  d ie  modu l i ertes  
Lich t  erzeugen  kann ,  gegeben .  Im  zwei ten  Tei l  wi rd  e in  Überbl ick über d i e  relevan te  Li teratur 
gegeben  sowie  e ine  Übersich t  über d ie  Parameter,  d ie  d ie  S ich tbarkei t  der versch iedenen  TLAs  
beein flussen .  Im  nächsten  Tei l  werden  zwei  Methoden  zur Quanti fi z ierung  der  S ich tbarkei t  von  
TLAs beschrieben ,  e i ne  im  Ze i tbereich  und  e ine  im  Frequenzbereich ,  welche  zur 
Quan ti fi z ierung  der Wahrnehmbarkei t  von  TLAs  genu tzt  werden  können .  Drei  versch iedene  
Umsetzungen  d ieser Methoden  i n  spezi fi sche  Sich tbarkei tsmessungen  werden  als  Beispiel  
angeführt.  Im  fo lgenden  Tei l  werden  praktische  Lei tl i n ien  fü r  d ie  Prü fung  von  Lich tquel len  
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skizziert.  Absch l ießend  werden  Empfeh lungen  fü r  d ie  Verwendung  der Defin i tionen  und  
Quan ti fi z ierungsmethoden  sowie  H inweise  fü r  kün ftige  Arbei ten  gegeben .  
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1  In troduction  

1 . 1  Background  

Sol id -state  l i gh t ing  has  revolu tion ized  the  world  of  l i gh ti ng  and  l i gh ting  appl i cations.  The  
i n troduction  of  smal l ,  brigh t  l i gh t  sources  wh ich  can  change  thei r  l um inous  ou tpu t  at  a  very h i gh  
rate,  and  wh ich  have  an  almost  arbi trary spectral  power d istribu tion ,  has  a  profound  i n fluence  
on  l i gh ti ng  qual i ty  (Schubert  and  Kim ,  2005;  Schubert  et  al . ,  2006) .  Wh i le  i n  trad i ti onal  l i gh ting  
the  search  for  optimal  l i gh t  was  l im i ted  to  the  capabi l i t ies  of  the  technology,  the  almost  l im i tless  
capabi l i t ies  of  so l i d -state  l i gh ti ng  cal l  for  a  more  fundamental  approach ,  starting  from  human  
perception ,  and  not  from  hardware  l im i tations.  

Some  of  the  technolog ical  advan tages  can  i n troduce  perceptible  s i de  effects  that  were  e i ther 
absent  or  l ess  prominent  i n  trad i tional  l i gh ti ng  systems.  One  su ch  advantage  i s  the  fast  reaction  
of  so l id -state  l i gh t  sources  to  the  dri vi ng  curren t.  The  response  t ime  can  be  as  short  as  a  couple  
of  nanoseconds  and  resu l ts  i n  an  almost  i nstan taneous  translation  of  the  dri ving  curren t  to  the  
l uminous  ou tpu t.  As  the  d ri ving  cu rren t  of  most  e lectri c  l i gh t  sources  i s  modu lated ,  so  i s  the  
l i gh t  ou tpu t,  and  such  l i gh t  modu lation  (or f l uctuati on  i n  l um inous  quanti ty)  wi th  respect  to  t ime  
i s  cal l ed  temporal  l i gh t  modu lation ,  TLM  (CIE,  2021 ) .  The  s implest  and  most  common  source  
of  TLM  i s  un i n tended  and  resu l ts  from  the  supply of  the  l i gh ti ng  equ ipment  wi th  mains  power,  
typical l y  modu lated  at  50  Hz  or  60  Hz,  or  twice  these  frequencies  depend ing  on  the  
coun try/reg ion .  Fu rther,  TLM  can  orig inate  from  i n teractions  between  the  d ri ver  and  d immer 
e lectron ics  or  as  a  resu l t  o f  d i stu rbances  i n  the  mains  power i nduced  by other l oads  connected  
to  the  network.  

The  fast  reaction  t ime  of  so l id -state  l i gh t  sources  i s  i n  sharp  con trast  to  the  reaction  t imes  of  
some  of  the  previous  generations  of  e lectric  l i gh t  sources ,  namely the  i ncandescen t  and  
halogen  sources.  These  sources  have  em issions  based  on  thermal  process  that  are  s lower than  
e lectrical  processes ,  wh ich  i s  evident  i n  the  so-cal led  “afterg low”  effect of an  i ncandescent l amp  
being  swi tched  off.  Metal  hal i de  lamps ,  l i ke  other  h igh - in tensi ty  d ischarge  lamps  are  h igh -
ou tpu t,  l ow-resistance  devices  wh ich  requ i re  bal lasts  to  con trol  vo l tage  and  curren t ,  wh ich  i n  
tu rn  control  the  amoun t  of  modu lation  i n  the  l um inous  ou tpu t.   

Temporal  l i gh t  modu lation  can  also  be  i n tended  for con trol  o f  i n tensi ty  and  colour and  i s  often  
used  for  th is  pu rpose .  Using  TLM  ensures  that  the  sol id -state  l i gh t  sources  are  always  dri ven  
i n  a  s im i lar  operati ng  range  and  resu l ts  i n  s impler,  usual l y  l i near,  models  of  thei r  behaviour 
(Pousset  et  al . ,  201 0) .  Examples  of  such  dri ving  schemes  are  pu lse-wid th ,  pu lse- frequency,  
and  pu lse-densi ty  modu lation ,  o ften  used  i n  colour- tuneable  l i gh t  sources.  Figu re  1  depicts  
th ree  examples  of  t ime-modu lated  l i gh t  s ignals,  expressed  as  l um inance,  normal ized  to  i ts  
average,  wi th  the  un i t  one ;  two  examples  from  un in tended  modu lation  aris ing  from  AC  mains  
and  one  from  in tended  modu lation  produced  by a  system  that  uses  a  pu lse -wid th  modu lation  
scheme.   

Both  i n tended  and  un in tended  TLM  sou rces  can  g ive  ri se  to  d istorti ons  ( i . e .  changes)  i n  the  
perception  of  the  envi ronment.  Wh i le  i n  some very speci fi c  en tertainment  or  cl i n ical  appl icati ons  
a  d istorted  perception  due  to  l i gh t  modu lati on  i s  desi red ,  such  as  i ts  use  for  poten tial  treatment 
and  preven tion  of  Alzheimer's  d isease  (Jones  et  al . ,  201 9) ,  for  most  everyday appl ications  and  
acti vi ti es ,  the  change  i s  detrimen tal  and  undesi rable.  These  unwanted  changes  i n  the  
perception  of the  envi ronment are  cal led  “temporal  l i gh t ar tefacts”  and  can  d ramatical l y change  
the  vi sual  envi ronment  as  compared  to  natural  l i gh t  and  previous  generations  of  l i gh t  sources.  
Moreover,  exposure  to  the  TLM  can  l ead  to  a  decrease  i n  vi sual  performance,  an  i ncrease  i n  
fatigue,  as  wel l  as  acu te  heal th  problems  such  as  epi lepti c  se izu res  and  m ig raine  episodes  
(Wi lkins  et  al . ,  201 0) .  Understand ing  how TLM  i n fl uences  perception  and  what  i s  the  i n fluence  
of  the  technolog ical  parameters  (e. g .  d ri ver topology,  d imming  scheme)  on  TLM  i s  therefore  
very importan t  i n  the  appl i cation  of  sol i d -state  l i gh ti ng .  
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Figure 1  –  Three  examples  of  a  temporal  l ight  modulation  
a,  b:  Un intended  modu lation  over time caused  by AC mains  

c:  Intended  modulation  over t ime  for  a  pu lse-width-modulated  system  caused  by the  
LED driver  

The  need  for  understand ing  the  perception  of  temporal  l i gh t  artefacts  i s  i ncreased  by the  fact  
that  l im i ti ng  the  TLM  of  l i gh t  sources  i n troduces  compromises  to  the  cost,  features,  or  l i fetime  
of  the  source,  for  both  i n tended  and  un i n tended  modu lati on .  I n  the  case  of  i n ten tional  
modu lation ,  l owering  the  vi s ibi l i ty  o f  temporal  l i gh t  artefacts  can  often  be  ach ieved  by i ncreasing  
the  dri ving  frequency of  the  system,  wh ich  can  lead  to  h igher material  costs,  a  decrease  i n  
effi ciency (Mu l l i gan  et  al . ,  2007)  and  a  decrease  of  the  capabi l i t ies  of  the  system.  Examples  of  
such  decreases  of  capabi l i t ies  are  the  loss  of  the  possibi l i ty  for d imming  below a g i ven  l evel  or  
observing  vi s ible  steps  between  the  i n tensi ty  l evels  (Seku lovski  et  al . ,  201 1 ) .  A d ri ving  
frequency wi th in  a  g i ven  range  can  also  i n troduce  other problems  l i ke  aud ible  noise  (Garcia  et  
al . ,  201 1 ) .  To  l im i t  the  i n fluence  of  the  un in ten tional  sources  of  modu lation  on  the  l um inous  
ou tpu t,  add i ti onal  measures  must  be  implemented .  These  add i tional  measures  may resu l t  i n  
i ncreased  material  cost,  i ncreased  s i ze,  l ower effi ciency,  and  l ower l i fetime  of  the  l i gh t  sources  
(Arias  et  al . ,  201 2) .  As  the  main  cause  of  th is  type  of  modu lation  i s  the  lack of  power i n  part s  
of  the  AC  cycle,  the  usual  remedy i s  to  provide  power storage  i n  the  form  of  e lectrolytic  
capaci tors.  However,  e lectro lytic  capaci tors  have  the  h ighest fa i lu re  rate  of a l l  the  LED  d rivers’  
components,  and  thus  they are  the  main  cause  of  the  l i fetime  decrease  of  LED  sources  (Li  et  
al . ,  201 5) .  Add i t ional l y,  the i r  re latively  l arge  s ize  s i gn i fi can tl y  l im i ts  the  design  freedom,  
especial l y  i n  smal l  form -factor  sources.  Therefore,  the  recen t  research  efforts  have  been  
focused  on  removing  the  e lectrolyti c  capaci tors  from  dri ving  so lu tions .  Such  drivers  use  
add i ti onal  f i l teri ng  ci rcu i ts  (e . g .  M i randa et  al . ,  2020) ,  bu t  they can ,  among  other th i ngs,  reduce  
the  effi ciency  of  the  l i gh t  sources.  For a  detai led  overview o f  capaci torless  so lu tions  see  (Castro  
et  al . ,  201 9) .  Al l  the  above-mentioned  i ssues  are  aggravated  i n  the  presence  of  l egacy d immers  
(Rand  et  al . ,  2007) .  Thus,  the  design  of  LED-dri ving  e lectron ics  en tai l s  trade-off  between  
l owering  the  vi s ibi l i ty o f  temporal  l i gh t  artefacts,  wh i le  main tain i ng  the  effi ciency of  the  produced  
l i gh t,  and  con trol l i ng  the  features,  l i fetime,  cost,  and  s ize  of  the  l i gh t  sources  ( Arias  et  al . ,  201 2;  
Castro  et  al . ,  201 9 ) .  

The  poten tial  negative  effect  of  temporal  l i gh t  artefacts  has  prompted  l i gh ti ng  manu factu rers,  
l i gh ting  appl ication  special i sts ,  un iversi ties,  s tandard ization  bod ies  ( IEEE,  201 5) ,  and  
governments  to  l ook for ways  to  quan ti fy  the  effect  and  to  come  to  a  better understand ing  of  
the  temporal  qual i ty  aspects  of  l i gh ti ng  systems  (Poplawski  and  M i l ler,  201 3) .  For th i s  reason ,  
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CIE  establ i shed  TC  1 -83  “Visual  Aspects  of Time -Modu lated  L igh ting  Systems”  to  address  th is  
i ssue.  Th is  document  i s  the  resu l t  of  the  acti vi t ies  performed  i n  TC  1 -83,  and  i t  provides  an  
overview of  the  cu rren t  understand ing  of  the  methods  to  pred ict  the  vi s ibi l i ty  of  temporal  l i gh t  
artefacts.  

1 .2  Scope 

The  scope  of  th is  document  covers  the  vi s ible  effects  of  t ime -modu lated  l i gh ti ng  systems,  based  
on  wh i te- l i gh t  sources .  Almost  al l  effects  that  can  be  d i rectly  perceived  by a  human  observer i n  
an  envi ronment  that  i ncludes  t ime -modu lated  l i gh t  sources  are  i n  the  scope  of  th is  document.  
Th is  i ncludes  both  d i rect  observation  of  the  temporal  l i gh t  modu lation  ( fl i cker and  fl ashes)  and  
i n teractions  wi th  the  movement of  the  observer or  objects  wi th in  the  l i t  envi ronment.  

Fu rthermore,  the  vi s ibi l i ty  of  t ime-modu lated  l i gh t  effects  depends  on  many envi ronmental  
factors  that  d i ffer  for  each  appl i cation .  For those  parts  of  the  document  wh ich  are  speci fi c  to  an  
appl icati on  or  a  set  of  appl i cations,  the  appl icabi l i ty  i s  clearl y  stated .  

The  fo l lowing  effects  are  not  i n  the  scope  of  th is  document:  

1 )  Modu lati on  schemes that  change  the  spectrum  of  the  l i gh t  as  a  function  of  t ime ,  wh i le  
main tain ing  the  same  lum inous  i n tensi ty ,  can  a lso  g ive  rise  to  fl i cker,  cal led  “chromatic 
fl i cker”  or “colour fl i cker” .  However,  the  chromatic  channels  of  human  vi s ion  show much  
l ower temporal  sensi ti vi ty  compared  to  the  achromatic  channel  (Swanson  et  al . ,  1 987;  Perz,  
201 0) .  For most  l i gh ting  systems,  achromatic  f l i cker i s  the  dominant  and  more  cri t i cal  effect.  
Pred icti ve  models  based  on  the  response  of  the  vi sual  system  to  achromatic  f l i cker,  
measured  i n  psychophysical  experiments,  are  su i table  because  i t  appears  to  closely 
correlate  wi th  responses  of  re levant  retinal  gang l ion  and  lateral  gen icu late  nucleus  cel l s  
(Pu rpura et  al . ,  1 990;  Lee  et  al . ,  1 989) .  Conversely,  s tud ies  suggest  that  neuronal  responses  
to  chromatic  f l i cker  are  perceptual l y  i naccessible  at  l east  up  to  the  primary vi sual  cortex  (Lee  
et  al . ,  1 989;  Gur and  Snodderly,  1 997) .  For th is  reason ,  no  models  that  describe  the  vis ibi l i ty  
o f  chromatic  f l i cker wi l l  be  presen ted  i n  th is  document.   

2 )  Th is  document  does  not  cover so-cal led  fl ash ing  l i gh t,  wh ich  consists  of  TLM  at  very l ow 
frequencies  such  as  1  Hz  and  used  for  beacons  and  traffi c  warn ing  l i gh ts  for  i ncreased  
vi s ibi l i ty  or  conspicu i ty .  

3 )  Time-modu lated  l i gh ting  systems  m igh t  al so  g ive  ri se  to  non -visual  effects  among  the  user 
popu lation ,  i nclud ing  some  heal th -related  i ssues  ( IEEE,  201 5) .  These  effects  are  importan t,  
bu t  substan tial  work i s  s ti l l  needed  to  understand  the  l i nk between  l i gh t  modu lati on  and  the  
non-visual  effects  (CIE,  201 7)  and  therefore  the  non -visual  effects  are  ou tside  the  scope  of  
th is  document.  

4)  The  amoun t of  modu lation  that  i s  acceptable  (beyond  the  vis ibi l i ty  th resholds)  can  be  
dependent  on  the  speci fi c  appl icati on .  Acceptable  l im i ts  to  TLM  m igh t  be  more  preci sely  
defi ned  by other  effects  and  factors  that  are  not  part  o f  th is  document.  Acceptabi l i ty 
th resholds  are  therefore  not  wi th in  the  scope  of  th is  document.  

5)  The  scope  does  not  i nclude  temporal  sensi t i vi ty  of  persons  d iagnosed  wi th  a  syndrome  or 
d isease  that  may lead  to  visual  pathophysio logy ,  such  as  Au tism  Spectrum  Disorder,  
Developmental  Dyslexia,  Parkinson ’s  d i sease  or  Mu l tiple  Sclerosis  (e . g .  Tobimatsu  and  
Celesia,  2006;  Brown  et  al . ,  2020) .  The  sensi ti vi ty  of  such  observers  i s  importan t ;  however,  
d i fferen t  syndromes/d iseases  are  l i nked  to  d i fferen t  temporal  processing  defi cien cies  and  
thus  each  of  these  observer g roups  requ i re  separate  research  l i nes .   

6 )  The  scope  i ncludes  cond i ti ons  where  a  human  observer d i rectly  i n teracts  wi th  an  
envi ronment l i t  by  a  t ime-modu lated  l i gh t  sou rce.  Thus,  unwanted  artefacts  th rough  
i n teractions  wi th  captu re  and  reproduction  systems  such  as  te levis ion  (TV)  record ing ,  
broadcasting  and  personal  vi deo  are  ou tside  the  scope  of  th is  work.  I n teractions  wi th  non -
human  visi on ,  l i ke  an imal ,  i nsect  or  mach ine  vis ion  are  also  ou tside  the  scope.  
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7)  Th is  document  covers  the  vis ible  effects  of  e lectric  l i gh t  sources.  As  such ,  the  temporal  
effects  produced  by l i gh t  com ing  from  the  Sun  (e . g .  reflections  off  the  water)  are  ou ts ide  of  
the  scope.   

1 .3  Structure of  the  document  

Temporal  l i gh t  modu lation  (TLM)  can  g ive  ri se  to  various  perceptual  effects,  cal led  temporal  
l i gh t  artefacts  (TLAs) .  I n  Clause  2  defin i t i ons  for  terms  describi ng  fundamental  concepts  
characteri z ing  the  TLM  stimu lus  are  g iven ,  explained  by means  of  two  examples.  Then ,  a  set  
of  defin i ti ons  for  terms  re lated  to  TLAs  i s  g i ven .   

The  topic  of  the  vis ibi l i ty  of  temporal  l i gh t  modu lation  i s  not  a  new one  and  especial l y  there  i s  
an  abundance  of  scien ti fi c  l i terature  on  the  fl i cker vis ibi l i ty  that  dates  back to  the  1 960s.  I n  what 
fo l lows,  C lause  3  of  th is  document  g i ves  a  concise  overview of  relevan t  l i terature  on  the  topi c.   

Depending  on  the  type  of  modu lation  that  i s  predominan tl y  presen t,  speci fi c  methodolog ies  for  
analysis  are  appropriate.  On  the  one  hand ,  period ic  modu lations  that  are  presen ted  long  enough  
to  be  perceived ,  having  a  wel l -defined  set  of  frequencies  for wh ich  phase  i n formation  can  be  
om i tted ,  are  better su i ted  for frequency-domain  analysis.  On  the  other hand ,  aperiod ic  
modu lations,  period ic  modu lations  wi th  frequencies  for  wh ich  phase  i n formation  cannot  be  
om i tted ,  transien t  modu lations  or  modu lations  wi th  random  frequency componen ts  are  better 
su i ted  for  t ime-domain  analysis .  C lause  4  d iscusses  both  methodolog ies  and  g ives  two  general  
frameworks,  i n  wh ich  the  effects  of  both  types  of  modu lations  can  be  quan ti fi ed .  Examples  of  
implementati ons  of  the  framework are  i ncluded .  

C lause  5  bri efl y  describes  practi cal  gu idel i nes  on  testing  l i gh t  sou rces.  Final l y,  C lause  6  
formu lates  recommendations  for the  methods  to  be  used  to  pred ict  the  vis ibi l i ty  o f  temporal  l i gh t  
artefacts.  Furthermore,  recommendations  for  fu tu re  work are  g i ven  as  there  i s  a  clear need  for 
val i dation  and  extension  of  the  knowledge  on  the  vi s ibi l i ty  of  TLAs.  

2  Terms,  defin i tions  and  fundamentals  

2. 1  In troduction  

Temporal  l i gh t  modu lati on ,  wh ich  i s  a  st imu lus  (see  also  TN  01 2:2021 ,  2 . 1  (CIE,  2021 ) ) ,  can  
g i ve  ri se  to  several  d i fferen t  temporal  l i gh t  artefacts,  wh ich  are  perceived  qual i t ies  of  l i gh t.  As  
such ,  a  set  of  defi n i t ions  for  terms  describing  fundamental  concepts  cha racteriz ing  the  TLM  
stimu lus  i s  g i ven  i n  2 . 2 ,  and  defi n i ti ons  re lated  to  vi s ibi l i ty  aspects  ( i . e .  vi sual  response)  of  TLM,  
i n  2 . 3 .  Th is  stimu lus-response  d istinction  has  been  represented  i n  the  defi n i ti ons  publ i shed  i n  
CIE  TN  006:201 6  (CIE,  201 6) ,  and  i n  the  case  of the  term  “fl icker”  a lso  in  the  defin i tion  
publ i shed  i n  CIE  S  01 7:2020  (CIE,  2020) .  However,  i t  shou ld  be  noted  that  the  defin i t i ons  i n  2 . 2  
are  i n troduced  i n  th is  document;  physical  characteristics  of  TLM  are  explained  bu t  not  defi ned  
i n  TN  006.  Add i ti onal l y,  the  newly defined  concepts  are  explained  by means  of  two  practical  
examples.  The  terms  g iven  i n  2 . 3  correspond  to  the  terms  i n  TN  006,  however some  of  the  
defin i t i ons  have  been  mod i fied .  Notably,  notes  have  been  added  to  the  defin i tions  of “fl icker” ,  
“stroboscopic effect”  and  “phantom  array effect” ,  g i ving  the  m in imal  requ i rements  for  detection ,  
as  wel l  as  other  vis ibi l i ty  cond i ti ons .  The  m in imal  requ i rements  for  the  detection  are  impl ied  i n  
the  defin i t ions  of  the  terms  fi rst  defi ned  i n  TN  006;  i n  th is  document  they are  made  expl ici t  for  
clari ty.   
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2.2  Physical  characteristics  of temporal ly modulated  l ighting  systems  

 General  

I n  th is  subclause,  a  set  o f  defi n i t ions  for  terms  used  for  physical  characterization  of  temporal l y  
modu lated  l i gh ti ng  systems  i s  g i ven .  The  defined  terms  are  fu rther explained  by means  of  
examples  of  a  period ic  temporal  waveform  and  a  s imple  spatial  l ayou t.  

 Terms and  defin i tions  

2.2.2.1  
temporal  waveform ,  <of  a  l uminous  quan ti ty>  
man i festation  or represen tation  of  variation  i n  a  l um inous  quan ti ty  em i tted  by a l i gh t  source  as  
a  function  of  t ime   

Note  1  to  en try:  The  representati on  can  be  g i ven  by e . g .  a  g raph ,  a  p l ot,  equati ons,  a  table  of  
coord inates,  or  stat i st i cal  data.  

Note  2  to  en try:   I n  most  practi cal  appl i cati ons,  temporal  waveforms  are  represen ted  by thei r  d i g i t i zed  
vers ion ,  wi th  a  d i screti zed  representation  of  both  t ime  and  l um inous  ou tpu t.  Non -
period i c  waveforms  cannot  be  represented  wi th  a  f i n i te  t ime  sample  and  are  typi cal l y  
approximated  by a  l im i ted  t ime  d ig i t i zed  vers ion .  

Note  3  to  en try  (on l y val i d  for  th i s  document) :  I n  th i s  document ,  for brevi ty,  the  term  “waveform”  i s  
used  mean ing  “temporal  waveform”.  

2.2.2.2  
period ic  temporal  waveform   
temporal  waveform  iden ti cal l y  recurring  at  equal  i n tervals  of  the  time   

Note  1  to  en try:   The  function  f(t)  i s  peri od ic  when  f(t  +  T)  =  f(t)  for  some  posi t i ve  T.  

Note  2  to  en try:   Common  period i c  waveforms  i ncl ude  rectangu l ar pu lse  trai n  ( I EC  60050 -1 03:2009,  
En try 1 03-05-21 ) ,  and  s i nusoidal  waveform  ( IEC  60050-1 03:2009,  En try 702-03-09) .   

Note  3  to  en try:  The  defi n i t i on  i s  based  on  the  defi n i t i on  of  the  ad jecti ve  "period ic"  i n  I EC  60050-
1 03:2009  (Entry 1 03-05-09) .  

2.2.2.3  
period  
smal lest  posi ti ve  d i fference  T between  two  values  of  the  i ndependent  variable  t  o f  a  function  f(t)  
at  wh ich  the  function 's  values  are  i den tical  for any value  of  t:  f(t  +  T)  =  f(t)  

Note  1  to  en try:   I f  f(t)  describes  the  variat ion  of  a  quanti ty  wi th  t i me,  the  peri od  i s  sometimes  cal l ed  
"period  du ration "  i n  Eng l i sh .  

[SOURCE:  IEC  60050-1 03:2009,  En try  1 03-06-01 ]  

2.2.2.4  
frequency 
reciprocal  o f  the  period  

Note  1  to  en try:   The  symbol  f i s  main l y used  when  the  peri od  i s  a  t ime.  The  symbol    (nu )  i s  main l y 
used  i n  opti cs.  

Note  2  to  en try:   The  coheren t  S I  un i t  o f  frequency i s  the  hertz,  Hz.  

[SOURCE:  IEC  60050-1 03:2009,  En try  1 03-06-02]  
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2.2.2.5  
duty cycle   
D 

ratio  of  the  acti ve  period ,  ta,  to  the  period ,  t,  o f  a  period ic  temporal  waveform  

Note  1  to  en try:  The  acti ve  peri od ,  ta,  i s  the  t ime  for wh ich  the  i n tens i ty i s  above  1 0  % from  the  
maximum  i n tensi ty of  the  waveform .  The  active  period  i s  sometimes  cal l ed  “h igh  
state”  or “ON  state” .  

Note  2  to  en try:   The  du ty cycle  can  vary from  0  to  1 .  At  a  du ty cycle  of  1  the  l um inous  i n tensi ty em i tted  
by a  sou rce  i s  constant  wi th  respect  to  t ime.  

Note  3  to  en try:   The  du ty cycle  i s  u sual l y  used  to  describe  a  rectangu lar  pu l se  trai n  ( see  I EC  60050-
702: 1 992,  Entry 702-03-1 0  ( "rectangu lar pu l se" )  and  En try 702-03-1 1  (“pulse train” )) .  
A  rectangu lar pu l se  train ,  together  wi th  the  special  case  of  a  square  waveform,  are  
common ly measured  i n  various  l i gh ti ng  appl i cations,  bu t  the  appl i cati on  of  du ty cycle  
i s  not  l im i ted  to  on l y such  waveforms.  Though  i t  i s  rare,  du ty cycle  can  al so  be  appl i ed  
to  a  tri angu lar or  sawtooth  waveform .   

Note  4  to  en try:  The  defi n i t i on  i s  based  on  the  defin i ti on  of “pu lse  du ty factor”  i n  I EC  60050-702:2009  
(En try 1 02-03-09) ,  and  on  the  defi n i t i on  of  “du ty factor”  i n  I EEE  Std  1 81 -201 1  ( I EEE,  
201 1 ) .  

2.2.2.6  
modu lation  depth  
ampl i tude of  fluctuation  of  the  luminous flux  
DM 1  

re lati ve  ampl i tude  of  the  period ic  fl uctuation  of  the  l um inous  fl ux  as  calcu lated  by the  ratio  of  
the  d i fference  between  the  maximum  and  the  m in imum  i nstan taneous  l um inous  fl u x,  max  and  
min  respectively,  to  the  sum  of  both  of  these  values:  

max min

max min

 
 




 

Note  1  to  en try:  For temporal  waveforms  for  wh ich  the  t ime  average,   ,  i s  equal  to  (max  +  m in )  /  2 ,  

the  modu lat i on  depth  i s  equal  to:  DM  =  (max  –  m in )  /  (2   ) .  

Note  2  to  en try:  The  modu lat ion  depth  can  be  appl ied  a l so  for “ l um inance”  and  “ i l l uminance”.  
Add i t i onal  photometri c  quan ti t i es  can  be  used .  

Note  3  to  en try:  The  modu lation  depth  has  un i t  one  and  i s  usual l y  expressed  i n  per cen t  (%) .  

[SOURCE:  CIE  S  01 7:2020,  En try  1 7 -27-1 1 5  –  mod i fi ed :  Synonym  "modu lation  depth "  added  
as  preferred  term  and  symbol  added ;  i n  Notes  1  and  2  “ampl i tude  of  f l uctuation ”  replaced  wi th  
“modu lation  depth ” ;  Notes  1  and  2  moved  to  Notes  2  and  3 ,  respectively;  new Note  1  added ;  
Note  4  om i tted ]  

2.2.2.7 
luminance contrast ,  <of  a  TLM  stimu lus>  
CM  

quanti ty  re lati ng  to  the  d i fference  i n  l um inance  between  the  TLM  stimu lus  and  the  background  

—————————  
1  Note  that the  abbrevi ati on  of the  term  “modu lati on  depth ” ,  MD,  i s  often  u sed  as  quan ti ty symbol ,  too.  Th i s  does  

not  con form  wi th  the  CIE  ru l es  and  the  ru l es  o f  o ther standard i z i ng  organ i zat i on s  regard i ng  the  presen tati on  of  
quan ti ty  symbol s .  For  that  reason ,  the  symbol  DM  i s  i n troduced  for the  quan ti ty “modu lati on  depth ”  i n  th i s  
documen t.  
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