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CIE  Techn ical  Notes  (TN)  are  concise  techn ical  papers  summarizi ng  i n formation  of  
fundamental  importance  to  CIE  Members  and  other s takeholders,  wh ich  e i ther have  been  
prepared  by a TC,  i n  wh ich  case  they wi l l  usual l y form  on l y a part  of  the  ou tpu ts  from  that  TC,  
or  th rough  the  auspices  of  a  Reportersh ip  establ i shed  for the  purpose  i n  response  to  a  need  
i denti f ied  by a  D ivis ion  or  D ivis ions.  

Th is  Techn ical  Note  has  been  prepared  by CIE  Reportersh ip  3 -32  of  D ivis i on  3  “ I n teri or 
Envi ronment and  Ligh ti ng  Design ” .  The  document reports  on  current  knowledge  and  
experience  wi th in  the  speci fic  f i e ld  of  l i gh t  and  l i gh t ing  described,  and  i s  i n tended  to  be  used  
by the  CIE  membersh ip  and  o ther i n terested  parties .  I t  shou ld  be  noted,  however,  that  the  
status  of  th is  document i s  advisory and  not  mandatory.   

Any men tion  of  organ izations  or products  does  not  impl y endorsement  by the  CIE.  Wh i lst  
every care  has  been  taken  i n  the  compi lati on  of  any l i s ts,  up  to  the  t ime  of  go i ng  to  press ,  
these  may not  be  comprehensive.   
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Summary 

Contemporary l i g h ti ng  systems  vary widel y i n  the  degree  to  wh ich  thei r l i gh t  ou tpu t  shows  
temporal  variations  ( temporal  l i gh t  modu lati on ,  TLM) .  TLM  is  known  to  affect  human  visual  
percepti on ,  neurobio logy,  and  performance,  sometimes  i n  adverse  ways.  Many s tandards  
development organ izations,  regu lators,  and  certi f i cati on  bod ies  have  been  acti ve  i n  seeking  to  
address  these  i ssues.  Some researchers  are  acti vel y studying  the  effects  of  TLM.  However,  
curren t  act i vi t i es  are  uncoord inated  and  risk being  i neff icient.  The  CIE,  wi th  the  support  of  
Natural  Resources  Canada –  Off ice  of  Energy Eff i ci ency,  the  National  E lectrical  
Manufacturers ’  Association ,  Ph i l i ps  Li gh ting ,  BC  Hydro,  and  the  National  Research  Counci l  of  
Canada,  convened  a s takeholder workshop  i n  Ottawa,  Canada.  February 8–9,  201 7,  to  
provide  an  impetus  towards  improved  co l laborati on .  The  objecti ve  of  th is  meeti ng  was  to  
develop a roadmap of  research ,  recommendations,  and  standards  acti vi t ies  re lated  to  
temporal  l i gh t  modu lati on  from  l i gh ti ng  systems  that  are  needed  i n  order to  speed  up the  
process  of  developing  i n ternati onal  s tandards  i n  an  effic ient  way wh i le  preven ting  overlap and  
dupl icate  effort.  The  scope  of  the  meeti ng  was  l im i ted  to  developing  the  roadmap,  establ ish ing  
co l l aborations,  and  d i vi d ing  the  work amongst  partic ipan ts.  The  meeting  was  not  i n tended  to  
establ ish  the  con tent  detai ls  for  fu tu re  s tandards  documents.  Th is  report  summarizes  the  
curren t  state  of  knowledge  and  standard isation  concern ing  TLM,  i denti f i es  gaps,  and  sets  ou t  
the  roadmap developed  by the  workshop partici pants .  The  roadmap leads,  th rough  
co l l aborative  effort,  to  evi dence -based  i n ternational  standards  in tended  to  l im i t  undes i rable  
TLM  from  l i gh ting  products  and  systems.  Ligh ti ng  systems  that  meet  these  standards  wi l l  
thereby support  the  needs  of  l i gh t i ng  end -users,  wh ich  wi l l  faci l i tate  the  market  acceptance  of  
new technolog ies  and  the  ach ievement  of  energy-effi ci ent  targets.  

1  Introduction  

1 . 1  Background  

The technolog ical  change  i n  l i gh t  sources  and  l i gh ti ng  systems  s ince  2000  i s  unprecedented ,  
wi th  the  l um inous  eff icacy of  i nd i vidual  so l i d -state  l i g h ti ng  (SSL)  packages  moving  rapid l y 
towards  what  i s  thought  to  be  a  practical  maximum  on  the  order of  300  l umens  per e lectrical  
watt  ( lm /W) .  I n  th is  period  of  rapid  product  developmen t,  i t  i s  not  surpris ing  that  there  i s  
d i vers i ty among  products  i n  the  dri ver  des igns  for  the  e lectron ics  of  these  new l i gh t  sources,  
resu l t ing  i n  wide  variat ions  i n  the  temporal  patterns  of  the i r  l i gh t  ou tpu t  (Poplawski  et  al .  
201 1 ) .  These  temporal  variations  are  known  co l loqu ial l y as  f l i cker,  and  more  precisel y as  
temporal  l i g h t  modu lation  (TLM) .  I n  add i t i on  to  the  dri ver des igns  of  the  l i gh t  source  i tse l f,  
d imm ing  contro ls  can  add  TLM  even  to  l i gh t  sources  that  do  not  exh ibi t  TLM  when  operated  at  
1 00  % ou tpu t.  Many l i gh t-em i tt ing  d i ode  (LED)  systems  use  pu lse -wid th  modu lation  (PWM)  
d imm ing  ( 1 00  % modu lati on  at  one  frequency wi th  varying  du ty cycles) .  

Temporal  l i gh t  modu lati on ,  whether from  the  design  of  the  dri ver or  th rough  d imm ing  con tro l ,  
can  have  adverse  effects  on  visual  functi on  and  heal th  (Wi lkins  et  al .  201 0) .  Therefore,  i t  i s  
advisable  for standards  to  be  developed  that  wi l l  l im i t  the  poss ibi l i ty that  new l i gh t  sources  
and  contro ls  wi l l  produce  l i gh t  ou tpu t  wi th  undesi rable  TLM  characteristi cs .  There  i s  a  l i abi l i ty 
ri sk for i ndustry i n  possibl y i n troducing  products  to  market  that  may cause  harm  to  
consumers,  and  ri sks  to  publ ic  heal th  for  those  who  m ight  experience  these  consequences.   

The  f i rst  i ndustry recommendation  on  l im i t i ng  l i gh t  source  f l i cker for the  purpose  of  reducing  
the  ri sk to  viewers  was  IEEE  1 789 -201 5,  wh ich  was  re leased  in  J une  201 5  ( I EEE Power 
E lectron ics  Society 201 5) .  I t  has  proved  to  be  controvers ial ,  as  several  i ndustry associations  
have  i ssued  press  re leases  in  response  to  i t  (e. g .  National  E lectri cal  Manufacturers  
Associati on  (NEMA)  Ligh ti ng  Systems  D ivis ion  201 5) .  Partl y as  a resu l t  of  the  publ ication  of  
IEEE  1 789-201 5,  and  part l y because  of  the  general  i n terest  i n  TLM,  several  organ i zations,  
i ncl ud ing  CIE,  have  acti vi t i es  under  way to  address  various  aspects  of  the  i ssue,  i ncl ud ing  
metro logy,  vi sual  effects ,  and  heal th  effects .  Some of  these  organ izati ons  wri te  s tandards  or  
recommendations,  e i ther at  the  national  or  i n ternational  l evel ;  o thers  generate  in formation  and  
research  resu l ts .   

CIE  has  recentl y publ ished  Techn ical  Note  TN  006 :201 6  (CIE  201 6a)  as  an  i n terim  ou tpu t  of  
i ts  Techn ical  Comm ittee  (TC)  1 -83  “Visual  aspects  of time -modu lated  l ighting  systems”.  Th is  
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document  establ ishes  defin i t i ons  and  proposes  a  measurem ent model  for  quanti fyi ng  TLM  for 
the  purposes  of  pred icti ng  temporal  l i gh t  artefacts .  TC  1 -83  wi l l  proceed  to  complete  i ts  terms 
of  reference  to  propose  a pred icti ve  model  based  on  data co l l ected  us ing  th is  measurement 
model .  I n  paral l e l ,  CIE  D ivis i on  2  h as  a Reportersh ip,  DR  2-52,  ti tled  “F l icker measurement 
and  fl icker i ndex study on  sol id  state  l i ghti ng” .   

Al l  of  th is  acti vi ty i s  heal thy,  bu t  there  i s  a  possibi l i ty that  d i fferen t  bod ies  may produce  
competi ng  recommendations.  The  l im i ted  number of  i n tern ational  experts  i n  th is  f i e ld  may be  
taxed  to  serve  on  the  various  comm i ttees  and  boards  attempti ng  to  address  l i g h t  source  
f l i cker.  A co-ord inated ,  harmon ized  approach  wou ld  reduce  dupl icati on  and  speed  the  
development of  a  reduced  set  of  documents  coveri ng  metrics,  measurement,  and  cri teria for 
protecti ng  publ ic  heal th .  CIE  convened  a stakeholder workshop,  he ld  i n  Ottawa,  Canada,  
February 8–9,  201 7,  to  open  d iscussions  towards  such  an  approach .  Th i s  document i s  the  
report  of  that  workshop.   

1 .2  Workshop scope 

The obj ecti ve  of  th is  meeti ng  was  to  develop  a roadmap  of  research ,  recommendations,  and  
standards  acti vi t i es  re lated  to  temporal  l i gh t  modu lation  from  l i gh t i ng  systems  that  are  needed  
i n  order to  speed  up the  process  of  developing  in ternati onal  s tandards  i n  an  effic ien t  way 
wh i l e  preventi ng  overlap and  dupl icate  effort.  The  scope  of  the  meeti ng  was  l im i ted  to  
developing  the  roadmap,  establ i sh ing  co l l aborations ,  and  d ivid i ng  the  work amongst  
partic ipants .  The  meeti ng  was  not  i n tended  to  establ ish  the  conte nt  detai ls  for  fu tu re  
standards  documents.  

The  workshop  scope  was  expressed  as  fo l lows:  

Temporal  l i gh t  modu lation  from  l i gh t i ng  systems  can  affect  people  and  equ ipment.  Effects  
on  equ ipment (e. g .  i n terference  wi th  optical  systems  such  as  barcode  readers  an d  
cameras)  were  ou t  of  scope.  Effects  on  people  were  in  scope  for th is  workshop.  Possible  
effects  on  people  i ncl ude  the  fo l lowing :  

  Visual  perception  effects  ( temporal  l i g h t  artefacts,  TLA) :  f l i cker,  s troboscopic  
effect,  and  phan tom  array  

  Performance  effects:  eye  movements  changes,  changes  i n  visual  performance,  
changes  in  cogn i t i ve  task performance  

  Neurobio log ical  effects:  headache,  eyestrain ,  m ig raine,  epi l epsy,  etc.  

The  workshop  aimed  to  al i gn  efforts  i n  s tandard isation  and  research  wi th i n  i ts  scope ,  to  
i denti fy overlap and  knowledge  gaps,  to  i denti fy poss ible  m ismatches  between  research  and  
standard isation  projects,  and  to  develop a roadmap for co l laboration  and  co -operati on  l ead ing  
to  a usefu l  set  of  appropriate  standards  in  th is  domain .  At  the  con clus ion  of  the  workshop,  the  
goal  was  to  ach ieve  agreement  on  both  the  work that  i s  needed  and  on  who  wi l l  undertake  the  
various  acti vi t ies  needed  to  fu l f i l  the  roadmap.  Annex A shows  the  workshop  agenda.  
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1 .3  Workshop participants  

 

Fron t  row:  Carl  B l oomfie ld ;  J ohn  O’Hagan ;  J enn i fer Vei tch ;  Yosh i  Ohno;  Howard  Wol fman ;  Naomi  

Mi l l er;  Terry McGowan.  Second  row:  Robert  Nachtri eb;  Andrew Watson .  Th i rd  row:  Youngsh in  Kwak;  

Kath ryn  N i e ld ;  J oanne  Zwinkels;  Brad  Lehman .  Fourth  row:  Sandra Mancin i ;  Li  Qian  (Cherry) ;  Arn old  

Wi l ki ns.  Fi fth  row:  Alex Baker;  He  Yang  (Crane) ;  Annette  Ste i nbusch .  Back row:  Chan  Su  Lee;  J im  

Gaines;  Aaron  M i l l er;  Dan  Rogers;  Malgorzata  Perz;  Norbert  Wi tt i g ;  Reinhard  Lecheler;  Ch ri stophe  

Marti nsons  

Figure 1  –  Workshop participants  

The organ izing  comm i ttee  developed  a l i st  of  nearl y 50  i nvi tees,  compris ing  representati ves  of  
standards  development organ izations  (SDOs) ,  i ndustry associations ,  researchers  who  are  or  
were  recentl y acti ve  i n  s tudying  TLM,  and  regu lators .  The  SDOs included  were  at  both  the  
reg ional  and  i n ternational  l evels ,  as  were  the  i ndustry associati ons.  Every effort  was  made to  
i nclude  part ic ipation  from  al l  reg ions  of  the  g lobe;  despi te  th is,  there  were  no  i nvi tati ons  
i ssued  to  organ i zations  representing  South  Ameri ca or Africa.  Some organ izations  chose  to  
be  represented  by people  who  were  also  attend ing  on  behal f  of  another organ ization ,  and  a  
few i nd ividuals  were  unable  to  attend  because of  i l l ness .  There  were  twen ty -seven  
participants ,  al l  of  whom  were  presen t  for the  en ti re  workshop.  The  workshop  was  aided  by a  
professional  faci l i tator,  Mr.  Alain  Rabeau  of  the  I n terso l  Group,  a  consu l tancy based  in  
Ottawa,  Canada.  Ms  Sandra Mancin i  of  the  National  Research  Counci l  of  Canada ass isted  
wi th  record ing  and  arrangements.  

Part ic ipants  were  responsible  for fund ing  thei r  travel  and  accommodation  costs .  There  was  no  
reg istration  fee  for the  workshop;  the  sponsors’  con tributions  covered  the  meeting  and  
associated  costs .   

Table  1  l i s ts  the  workshop part icipants  and  thei r  affi l ia t ions.  Where  more  than  one  affi l i at i on  i s  
l i sted,  the  f i rst  i s  the  primary aff i l i at i on  for wh ich  the  i nd ividual  was  a representati ve  at  the  
workshop.  The  second  (and  i n  one  case,  th i rd )  affi l i ation  l i sted  is  the  i nd ividual ’s  employer,  
where  that  i s  d i fferent from  the  primary affi l i ation ,  to  provide  con text for each  ind ividual ’s  
con tribu tions  to  the  workshop.  

Full document details: CIE TN 008-2017

http://www.avadocuments.com/doc/cie-tn-008-2017
http://www.avadocuments.com/doc/cie-tn-008-2017


CIE  TN  008:201 7  

4     C IE,  Al l  r i gh ts  reserved.  

Table  1  –  Workshop  participants and  affi l i ations  

Name  Organization (s)  Country 

Yosh i  Ohno  CIE  –  President  

Nati onal  I nsti tu te  for  Standards  &  Technology  

USA 

Kath ryn  N i e ld  CIE  –  General  Secretary  Austria  

Youngsh in  Kwak CIE  –  D i rector,  D i vi s ion  1  

U l san  Nati onal  I nsti tu te  of  Science  and  Technol ogy  

Republ i c  of  
Korea  

Joanne  Zwinkels  CIE  –  Associate  D i rector,  D i vi s i on  2  

NRC  Measurement  Science  &  Standards  

Canada  

Jenn i fer Vei tch  CIE  –  D i rector,  D i vi s ion  3  

NRC  Constructi on  

Canada  

John  O'Hagan  CIE  –  D i rector,  D i vi s ion  6  

Publ i c  Heal th  Eng land  

Un i ted  Kingdom  

Pierre  Gal lan t  Natu ral  Resources  Canada –  Offi ce  o f  Energy Effi ci ency  Canada  

Annette  Ste i nbusch  Li gh ti ngEurope  

Ph i l i ps  Li gh ti ng  

Netherlands  

Rob  Nach tri eb  I EC/TC 23,  I EC/TC 34,  I EC/TC 23/SC 23B/JAHG  1 7  

NEMA 

Lu tron  E lectron ics  

USA 

J im  Gaines  NEMA  

Ph i l i ps  Li gh ti ng  

USA 

Brad  Lehman  I EEE  P1 789  

Northeastern  Un i versi ty  

USA 

Howard  Wol fman  I EEE  Power E lectron ics  Society S tudy G roup  

Lum ispec Consu l ti ng  

USA 

Arnold  Wi l ki ns  Un ivers i ty of  Essex  Un i ted  Kingdom  

Malgorzata  (Gosia)  
Perz  

CIE  TC  1 -83  

Ph i l i ps  Li gh ti ng  

Netherlands  

Norbert  Wi tti g  I EC/TC  34/WG  5  

Panason ic  Eu rope  

Germany  

Naomi  Mi l l er  I l l um inati ng  Eng ineeri ng  Society [North  Ameri ca]  

Paci fi c  Northwest  Nati onal  Laboratory  

USA 

Li  (Cherry)  Qian  Ch ina Li gh ti ng  Standard i zat i on  Commi ttee  TC  224  SC3  

Everfi ne  

Ch ina  

Dan  Rogers  Envi ronmental  Protecti on  Agency / ENERGY STAR  

ICF I n ternati onal  

USA 

Reinhard  Lecheler  ZVEI  

OSRAM  

Germany  

He  (Crane)  Yang  I n ternational  SSL Al l i ance  Ch ina  

Alex Baker  I n ternational  SSL Al l i ance  

Lum i leds  

USA 

Terry McGowan  Ameri can  Li gh ti ng  Associati on  USA 

Andrew Watson  Apple  USA 

Chan  Su  Lee  Yeungnam  Un i versi ty  Republ i c  of  
Korea  

Aaron  M i l l er  CSA Group  USA 

Carl  B loomfi e ld  I n tertek USA 

Chri stophe  
Marti nsons  

I EA 4E  SSL Annex  

Centre  Scien ti f i que  et  Techn ique  du  Bâtimen t  

France  

Full document details: CIE TN 008-2017

http://www.avadocuments.com/doc/cie-tn-008-2017
http://www.avadocuments.com/doc/cie-tn-008-2017

