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EQUIPMENT FOR GENERAL LIGHTING  PURPOSES –  
OBJECTIVE TEST METHOD FOR STROBOSCOPIC  

EFFECTS OF LIGHTING  EQUIPMENT 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  compri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  promote  
i n ternati onal  co-operat i on  on  al l  q uest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  acti vi t i es ,  I EC  publ i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cat i ons,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  may part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governmental  and  non -
governmental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i c i pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reement  between  the  two  organ i zati ons.  

2)  The  formal  deci s i ons  or  ag reements  of  I EC on  techn i cal  matters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evan t  subjects  s i nce  each  techn i cal  comm i ttee  has  representat i on  from  al l  
i n terested  I EC  Nati onal  Comm i ttees.   

3 )  I EC Publ i cati ons  have  the  form  of  recommendati ons  for i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Comm i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  made  to  ensu re  that  the  techn i cal  con tent  of  I EC  
Publ i cat i ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for the  way i n  wh i ch  they  are  used  or  fo r any  
m i s i n terpretati on  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC Nati onal  Comm i ttees  undertake  to  apply I EC  Publ i cati ons  
transparen tl y  to  the  maximum  exten t  poss ible  i n  the i r  nati onal  and  reg i onal  publ i cat i ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nat i onal  or reg i onal  publ i cat i on  shal l  be  cl earl y  i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestat i on  of  con form i ty.  I n dependent  cert i f i cati on  bod ies  provi de  con form i ty  
assessment  servi ces  and ,  i n  some areas,  access  to  I EC  marks  of  con form i ty.  I EC  i s  not  respons i bl e  for any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es.  

6)  Al l  users  shou ld  ensure  that  they have  the  l atest  ed i t i on  of  th i s  publ i cat i on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servan ts  o r  agents  i ncl ud i ng  i n d i vi dual  experts  and  
members  of  i ts  techn i cal  comm i ttees  and  I EC  Nati onal  Comm i ttees  for  any personal  i n j u ry,  property  damage  or  
o ther damage  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of  the  publ i cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cat i on  or  any other I EC  
Publ i cati ons.   

8)  Atten ti on  i s  d rawn  to  the  Normati ve  references  c i ted  i n  th i s  publ i cati on .  Use  of  the  referenced  publ i cat i ons  i s  
i nd i spensable  for  the  correct  appl i cat i on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  some  of  the  e l ements  of  th i s  I EC Publ i cati on  may be  the  subject  o f  
paten t  ri g h ts .  I EC  shal l  not  be  held  responsibl e  for  i den ti fyi ng  any or  a l l  such  paten t  ri gh ts .  

The main  task of  IEC  techn ical  comm i ttees  i s  to  prepare  I n ternati onal  Standards.  However,  a  
techn ical  comm i ttee  may propose  the  publ icati on  of  a  Techn ical  Report  when  i t  has  co l lected  
data of  a  d i fferent  ki nd  from  that  wh ich  i s  normal ly publ i shed  as  an  I n ternational  Standard,  for  
example  "state  of  the  art" .  

I EC  TR 631 58,  wh ich  i s  a  Techn ical  Report,  has  been  prepared  by I EC  techn ical  comm i ttee  
34:  Lamps  and  re lated  equ ipmen t.  

The  text  of  th is  Techn ical  Report  i s  based  on  the  fo l l owing  documen ts:  

Draft  TR  Report  on  vot i ng  

34/436/DTR  34/496/RVDTR 

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of  th is  Techn ical  Report  can  be  found  i n  the  
report  on  voti ng  ind icated  i n  the  above  table.  
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Th is  documen t has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part  2.  

The  comm i ttee  has  decided  that  the  con ten ts  of  th is  documen t wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. i ec. ch "  i n  the  data re lated  to  
the  speci fi c  document.  At  th is  date,  the  document  wi l l  be   

•  reconfi rmed,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or  

•  amended.  

A bi l i ngual  vers ion  of  th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The 'colour  inside'  l ogo  on  the  cover page of  th is  publ ication  ind icates 
that  i t  contains  colours which  are  considered  to  be usefu l  for the correct  
understand ing  of  i ts  contents.  Users shou ld  therefore prin t  th is  document  using  a  
colour printer.  
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INTRODUCTION  

The fast  rate  at  wh ich  so l id  state  l i gh t  (SSL)  sources  can  change  the i r  i n tens i ty i s  one  of  the  
main  dri vers  beh ind  the  revo lu ti on  i n  the  l i gh t ing  world  and  appl icati ons  of  l i gh ting .  Linked  to  
the  fast  rate  of  the  i n tens i ty change  i s  a  d i rect  transfer  of  the  modu lati on  of  the  dri ving  
curren t,  both  i n tended  and  un i n tended,  to  a  modu lation  of  the  l um inous  f l ux.  Th is  l i g h t  
modu lat ion  can  g i ve  r ise  to  changes  i n  the  percepti on  of  the  envi ronmen t.  Wh i le  i n  some very 
speci f ic  en tertainment,  scien ti f ic  or  i ndustrial  appl icati ons  a change  of  perception  due  to  l i g h t  
modu lat ion  i s  des i red,  for  most  everyday appl icati ons  and  acti vi t ies  the  change  i s  detrimental  
and  undesi red .  The  general  term  used  for  these  changes  in  the  perception  of  the  envi ronment  
i s  “ temporal  l i g h t  artefacts”  (TLAs)  and  these  can  have  a  large  i n f l uence  on  the  j udgment  of  
the  l i g h t  qual i ty.  Moreover,  the  vis ible  modu lati on  of  l i gh t  can  l ead  to  a decrease  i n  
performance,  i ncreased  fati gue  as  wel l  as  acu te  heal th  problems  l ike  epi l eptic  se i zu res  and  
m igraine  episodes  [1 ] [3 ] 1 .  

D i fferen t  terms  exist  to  describe  the  d i fferent  types  of  TLAs  that  may be  perceived  by humans.  
The  term  ‘ f l i cker’  refers  to  l i gh t  variat i on  that  may be  d i rectl y perceived  by an  observer.  
‘Stroboscopic  effect’  i s  an  effect  wh ich  may become vis ib le  for an  observer when  a moving  or  
rotati ng  object  i s  i l l um inated  (CIE  TN  006:201 6) .  

Possible  causes  for  l i g h t  modu lati on  of  l i gh t ing  equ ipment  that  may g i ve  ri se  to  f l i cker or  
stroboscopic  effect  are:  

– AC  suppl y combined  wi th  l i gh t  source  technology and  i ts  contro lgear  topology;  

– d imm ing  technology of  external l y appl ied  d immers  or  i n ternal  l i gh t  l evel  regu lators;  

– mains  vo l tage  f l uctuations  caused  by e lectrical  apparatus  connected  to  the  mains  
(conducted  e lectromagnetic  d is turbances)  or  i n tentional l y appl i ed  for mains-s i gnal l i ng  
pu rposes.  

Ligh ti ng  products  that  show unacceptable  stroboscopic  effect  are  considered  as  poor  qual i ty  
l i gh ti ng .  

Un ti l  recen tl y,  modu lat ion  depth  (MD)  – also  cal l ed  percen t  f l i cker – and  f l i cker i ndex  (FI )  were  
often  used  to  quan ti fy f l i cker or  stroboscopic  effect.  I t  has  been  shown  that  both  these  metrics  
are  not  able  to  objecti vel y score  the  leve l  of  f l i cker or  s troboscopic  effect  as  actual l y  
perceived  by humans  [1 ] .  Therefore,  i nstead  of  MD  and  FI ,  for  ‘ f l i cker’  the  I EC-standard i zed  

‘short- term  f l i cker severi ty’  ( LM
stP )  i s  used ,  wh ich  i s  deri ved  from  the  widely appl ied  and  

accepted  I EC-standard i zed  stP -metric  to  assess  the  impact  of  vol tage  f luctuations  on  f l i cker  
[5 ] .  For  the  objecti ve  assessment of  s troboscopic  effect,  the  s troboscopic  effect  vis ib i l i ty  
measure  (SVM)  i s  avai lable  [6] .   

I n  201 3,  a  c l ear need  was  i den ti f i ed  for an  obj ecti ve  test  method  for test ing  l i gh ti ng  equ ipment  
against  f l i cker caused  by vo l tage  f l uctuations  induced  by swi tch ing  loads  such  as  household  
appl iances.  Techn ical  comm i ttee  34  developed  and  veri f i ed  an  objecti ve  test  method  for  

f l i cker us ing  the  f l i cker  metric  LM
stP .  Th is  obj ecti ve  f l i cker  test  method  i s  described  i n  

IEC  TR  61 547-1  [5 ] .  

I n  recen t  years  the  i n terest  i n  obj ecti ve  test i ng  of  s troboscopic  effect  has  also  i ncreased  
cons iderabl y.  I n  the  near  fu tu re,  C IE  wi l l  s tart  developing  a  bas ic  standard  on  TLA metro logy 
i ncl ud ing  objecti ve  test  methods  for f l i cker and  s troboscopic  effect.  

Th is  document  provides  practical  cons iderati ons  and  appl ication  examples  on  how to  
objecti vel y quan ti fy the  stroboscopic  effect  performance  of  l i gh ting  equ ipment i n  terms  of  
SVM.   

______________ 

1  Numbers  i n  square  brackets  re fer to  the  B i bl i og raphy.  
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EFFECTS OF LIGHTING  EQUIPMENT 
 
 
 

1  Scope 

This  documen t describes  an  objecti ve  stroboscopic  effect  vi s ibi l i ty (SVM)  meter,  wh ich  can  be  
appl ied  for performance  testi ng  of  l i gh t i ng  equ ipment under  d i fferen t  operati onal  cond i ti ons.  

The  stroboscopic  effects  cons idered  in  th is  document  are  l im i ted  to  the  obj ecti ve  assessment  
by a human  observer of  vi s ib le  s troboscopic  effects  of  temporal  l i gh t  modu lati on  of  l i g h ti ng  
equ ipment  i n  general  i ndoor appl icati ons ,  wi th  typical  i ndoor l i gh t  l evels  (>  1 00  lx)  and  wi th  
moderate  movements  of  an  observer or  nearby hand led  object  (<  4  m /s) .  Detai l s  on  restrict ion  
of  the  appl icabi l i ty of  the  stroboscopic  effect  vi s i bi l i ty measure  i s  g i ven  i n  C lause  A. 1 .  

For assess ing  unwanted  stroboscopic  effects  i n  other  appl ications,  such  as  the  m ispercepti on  
of  rapid l y rotati ng  or  moving  mach inery i n  an  i ndustrial  envi ronment for example,  o ther  
metrics  and  methods  can  be  requ i red.  

The  object  of  th is  documen t  i s  to  establ ish  a common  and  objecti ve  reference  for evaluating  
the  performance  of  l i gh t i ng  equ ipment  i n  terms  of  s troboscopic  effect.  Temporal  changes  i n  
the  co lour  of  the  l i gh t  (chromatic  effects)  are  not  cons idered  i n  th is  test.  Th is  document  
describes  the  methodology for  SVM  and  does  not  def ine  any l im i ts .  

The  objecti ve  method  and  procedure  described  i n  th is  document  are  based  on  
CIE  TN  006:201 6  on  temporal  l i gh t  artefacts  (TLAs) .  

The  method  described  i n  th is  document can  be  appl i ed  to  obj ecti vel y assess  the  s troboscopic  
effect  of  l i gh t i ng  equ ipment that  i s  powered  from  any type  of  source,  AC  mains ,  DC  mains,  
battery fed  or  fed  th rough  an  external  d immer.  

2 Normative references  

There  are  no  normati ve  references  i n  th is  document.  

3 Terms,  defin i tions,  abbreviated  terms and  symbols  

3.1  Terms and  defin i t ions  

For the  purposes  of  th is  document,  the  fo l l owing  terms  and  defi n i t i ons  apply.  

ISO and  I EC  main tain  term ino log ical  databases  for use  i n  s tandard i zati on  at  the  fo l l owing  
addresses:   

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www.electroped ia.org / 

•  I SO On l ine  browsing  p latform :  avai lable  at  h ttp: //www. iso. org /obp  

3. 1 . 1   
auxi l i ary equ ipment  
AuxEq  

peripheral  equ ipmen t that  i s  part  of  the  system  under  test  
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3.1 .2   
equ ipment-under-test  
EUT 
equ ipment  subj ected  to  s troboscopic  vis ib i l i ty tests  

3.1 .3   
temporal  l ight  artefact  
TLA 
change  in  vi sual  percepti on ,  i nduced  by a  l i g h t  s t imu lus  the  l um inance  or  spectral  d i s tribu tion  
of  wh ich  f l uctuates  wi th  t ime,  for  a  human  observer i n  a  speci fi ed  envi ronment  

Note  1  to  en try:  The  change  of  vi sual  percepti on  i s  a  resu l t  o f  compari ng  the  vi sual  percepti on  of  the  envi ronment  
l i t  by  the  modu lated  l i g h t  to  the  vi sual  percepti on  of  the  same person  i n  the  same  envi ronment,  when  the  
envi ronment  i s  l i t  by  non -modu lated  l i gh t.  

[SOURCE:  CIE  TN  006:201 6,  2 . 4. 1 ]  

3.1 .4   
fl i cker  
perception  of  visual  unsteadiness  i nduced  by a l i gh t  s t imu lus  the  l um inance  or  spectral  
d istri bu tion  of  wh ich  f l uctuates  wi th  t ime,  for  a  static  observer  i n  a  static  envi ronment  

Note  1  to  en try:  The  f l uctuati ons  of  the  l i g h t  s t imu lus  wi th  t ime  i ncl ude  peri od i c  and  non-peri od i c  f l uctuati ons  and  
may be  i nduced  by the  l i g h t  source  i tse l f,  the  power source  or  other i n f l uencing  factors.  

Note  2  to  en try:  Fl i cker i s  a  type  of  temporal  l i g h t  artefact.  

[SOURCE:  CIE  TN  006:201 6,  2 . 4. 2,  mod i f i ed  – Note  3  has  been  de leted . ]  

3.1 .5   
stroboscopic  effect  
change  in  motion  percepti on  i nduced  by a l i gh t  s t imu lus  the  l um inance  or spectral  d i s tri bu t ion  
of  wh ich  f l uctuates  wi th  t ime,  for  a  s tatic  observer  i n  a  non-static  envi ronment  

EXAMPLE  1  For a  square  peri od i c  l um inance  f l uctuat i on ,  movi ng  objects  are  percei ved  to  move  d i scretel y  rather 
than  con ti nuousl y.  

EXAMPLE  2  I f  the  f requency of  a  peri od i c  l um inance  f l uctuat i on  co i nci des  wi th  the  f requency of  a  rotat i ng  object,  
the  rotat i ng  obj ect  i s  percei ved  as  s tati c.  

Note  1  to  en try:  The  s troboscopic  effect  i s  a  type  of  temporal  l i gh t  artefact.  

[SOURCE:  CIE  TN  006:201 6,  2. 4. 3 ]  

3.1 .6   
stati c  observer  
observer who  does  not  move  her/h is  eye(s)  

Note  1  to  en try:  On l y  l arge  eye  movements  (saccades)  fal l  under th i s  defi n i t i on .  An  observer who  on l y does  
i nvolun tary m icro-saccades  i s  cons idered  s tat i c.  

[SOURCE:  CIE  TN  006:201 6,  2 . 4. 5]  

3.1 .7   
stati c  envi ronment  
envi ronment that  does  not  contain  perceivable  moti on  under non -modu lated  l i g h ti ng  
cond i t i ons  

[SOURCE:  CIE  TN  006:201 6,  2 . 4. 6]  
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3. 1 .8   
average  observer 
observer representi ng  the  mean  characterist ics  of  a  speci f i ed  popu lat ion  of  s i gh ted  i nd i vi duals  

Note  1  to  en try:  The  popu lati on  i n  questi on  depends  on  the  appl i cat i on  a  l i gh ti ng  system  i s  des i gned  for.  I t  can  
al so  i ncl ude  speci f i c  g roups  of  observers  as  for example  m ig rai ne  su fferers.  A g eneral  average  observer i s  based  
on  data aggregated  across  gender and  age  bu t  speci f i c  observers  can  be  defi ned  for subgroups.  

[SOURCE:  CIE  TN  006:201 6,  2 . 3. 1 ]   

3.1 .9   
visible  artefact  
perceptual  effect  of  a  l i gh t  modu lat ion  detected  by an  average  observer wi th  a probabi l i ty 
h igher than  50  % 

[SOURCE:  CIE  TN  006:201 6,  2 . 3. 2]  

3.1 . 1 0   
visibi l i ty threshold  
l evel  of  l i g h t  modu lati on ,  at  wh ich  an  average  observer,  when  presented  wi th  and  questioned  
about  the  vis ibi l i ty of  an  artefact,  can  detect  the  artefact  wi th  a  probabi l i ty of  50  % 

[SOURCE:  CIE  TN  006:201 6,  2 . 3 . 3]  

3. 1 . 1 1   
stroboscopic  effect  visibi l i ty  
measuremeasure  of  s troboscopic  effect  evaluated  over a speci f i ed  t ime  i n terval  of  a  re lati ve l y 
short  du ration  

Note  1  to  en try:  The  du rati on  i s  typi cal l y  1  s ,  i n  accordance  wi th  CIE  TN  006.  

3.1 . 1 2   
modu lation  depth  

property of  waveform  calcu lated  by taking  the  ratio  of  the  d i fference  between  the  maximum  
and  m in imum  in tens i ty to  the  sum  of  the  maximum  and  m in imum  in tens i ty  

Note  1  to  en try:  Often ,  MD  i s  cal cu lated  over one  fundamen tal  peri od  of  waveform  modu lat i on ,  however i t  can  be  
cal cu lated  al so  over a  much  l onger t ime  over a  mu l t i pl e  number of  peri ods .  

Note  2  to  en try:  MD  i s  al so  of ten  expressed  as  a  percen tage,  by mu l t i pl yi ng  the  rat i o  by 1 00  %.  

3.2  Abbreviated  terms 

AC  al ternati ng  curren t  

ADC  analog  to  d i g i tal  converter  

CIE  Comm ission  I n ternati onale  de  l 'Éclai rage  

DC   d i rect  curren t  

DFT d iscreet  Fourier  transform  

EUT equ ipment  under  test  

FFT fast  Fourier  transform  

Hz   hertz  

IEEE  I nst i tu te  of  E lectrical  and  E lectron ics  Eng ineers  

kHz ki lohertz  

LED  l i gh t  em i tt i ng  d iode  

MD   modu lat ion  depth  

TLA temporal  l i gh t  artefact  
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PoE  power over Ethernet  

RMS root  mean  square   

TN   techn ical  note  

SNR  s i gnal  to  no ise  rati o  

SSL so l i d  state  l i gh ting  

SVM  stroboscopic  effect  vi s i b i l i ty measure  

THD total  harmon ic  d is tortion  

TLD  tapped  l i near  dri ver  

3.3  Symbols  

CA   gai n  of  the  l i gh t  ampl i f ier  

C(f)  spectrum  of  normal i zed  s i gnal  

E(t)  i l l um inance  

mver  modu lation  depth  of  the  modu lat ion  of  the  veri f ication  waveform  

fm   modu lat ion  frequency 

LM
stP  short- term  f l i cker severi ty 

ESVM  SVM-value  of  the  s tandard i zed  i l l um inance  waveform  E(t)   

EUTSVM  SVM-value  of  the  i l l um inance  of  an  EUT measured  wi th  the  SVM-meter  

noiseSVM  s troboscopic  effect  vi s i bi l i ty measure  no ise  l evel  

Ttest  measuring  peri od  

u(t)   mains  vo l tage  s i gnal  

uE(t)  ou tpu t  vo l tage  of  the  l i gh t  sensor ampl i f i er  

4 General  

The generic  schematic  d iag ram  of  the  stroboscopic  effect  measuremen t setup i s  depicted  i n  
Figu re  1 .  

The  l i gh t  ou tpu t  of  the  system  under test  i s  measured .  Subsequen tl y SVM  i s  calcu lated  from  
the  measured  l i g h t  waveform .  Detai ls  on  the  test  setup and  equ ipment are  g i ven  in  C lause  5.  
The  speci f ication  of  the  obj ecti ve  stroboscopic  effect  meter to  calcu late  SVM  i s  g i ven  i n  
Clause  6.  

 

Figure 1  – Schematic  of  the  stroboscopic  effect  measurement  method  
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The  type  of  equ ipmen t under test  (EUT)  may depend  on  the  pu rpose  of  the  test.  For i nstance  
the  fo l l owing  d i fferent  appl icati on  tests  may be  considered  (see  F igure  2) :  

– testing  the  i n tri ns ic  performance  of  l i g h ti ng  equ ipment  such  as  l um inai res ,  contro lgear  or  
i n tegrated  l amps;  

– testing  the  performance  of  l i gh t i ng  equ ipment  under d imm ing  cond i t i ons.  

Note  that  i n  each  of  these  d i fferen t  test  appl icati ons ,  there  i s  a  d i fference  between  the  EUT 
and  the  auxi l i ary equ ipment,  wh ich  i s  peripheral  equ ipment that  i s  part  of  the  system  under  
test  ( to  enable  testi ng ) ,  bu t  not  part  of  the  test.  Appl icati on-speci fi c  setup  and  equ ipmen t  
requ i rements  are  g i ven  i n  C lause  9 .  

5 Laboratory and  equipment  requirements  

5.1  Schematic  of  the  measurement  setup  

The general  schematic  d iagram  of  the  SVM  measurement setup i s  depicted  i n  F i gure  3 .  
General  requ i rements  for the  equ ipmen t and  laboratory are  g i ven  i n  the  subsequen t  
subclauses.  Appl icati on-speci f i c  (auxi l i ary)  equ ipment  i s  speci f i ed  i n  C lause  9.  

 

a)  Light  source as  EUT 

 

b)  Control  gear  as  EUT 

 

c)  Setup  wi th  external  d immer  

Figure 2  – Di fferent  possible  appl ications  for an  SVM  test  
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Figure 3  – Schematic  of  the  TLA measurement  method  

5.2  Laboratory and  envi ronmental  condi t ions  

I t  i s  recommended  to  execu te  the  measurements  i n  a  room  or setup where  envi ronmental  
effects  such  as  e lectromagnetic  d isturbances,  ambien t  l i g h t  and  vibrations  have  neg l ig i b le  
impact  (see  also  5 . 4) .  

I t  i s  recommended  to  appl y ambien t  temperatu res  that  l i e  wi th in  the  speci f ied  operating  
temperatu re  of  the  EUT and  measurement  equ ipmen t.  

5.3  Electrical  power source  

The e lectrical  power sou rce  connected  to  the  EUT and  to  auxi l i ary equ ipment,  i f  appl icable,  
shal l  be  a s table  source  at  the  speci f ied  nom inal  frequency,  vo l tage  (or  cu rren t)  l evel ,  and  
capable  of  provid i ng  the  requ i red  power l eve l .  

The  nom inal  value  of  the  rated  suppl y vo l tage  of  the  EUT,  or  rated  suppl y curren t  of  the  EUT 
shal l  be  measured  at  the  suppl y term inals  of  the  EUT.   

I t  i s  recommended  that  the  nom inal  value  of  the  test  vo l tages,  or  suppl y cu rren t,  and  
frequency ( i f  appl icable) ,  are  wi th in  the  to lerance  i n terval  of  ±  0 , 5  % (RMS- level  i n  the  case  of  
al ternati ng  current) .  

For SVM  measurements,  the  level  of  vol tage  f luctuations  and  harmon ics  on  the  mains  power 
source  shal l  be  su ff icientl y l ow.   

Low-frequency vo l tage  f l uctuati ons  (below 50  Hz)  are  l ess  important  for SVM  measurements .  
The  harmon ic  d istort i on  of  the  mains  source  i n  the  frequency range  up to  2  kHz shou ld  be  
l im i ted .  A maximum  total  harmon ic  d istort i on  of  the  vo l tage  (THDv)  of  4  %  i s  recommended.  

5.4  Optical  test  envi ronment  

The i l l um inance  of  the  l i gh t  source  of  the  EUT is  to  be  measured  for process ing  by the  SVM  
meter.  There  i s  no  need  for  measu ri ng  the  abso lu te  value.  On l y the  re lati ve  i l l um inance  i s  to  
be  determ ined .  

The  l i gh t  source  of  the  EUT and  the  l i gh t  sensor are  to  be  l ocated  i n  an  optical l y sh ie lded  
envi ronment  to  avoid  d is turbances  from  l i g h t  sources  other than  the  EUT.  
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The  test  envi ronmen t shou ld  also  be  mechan ical l y robust  to  avo id  vibrations  of  the  EUT and  
l i g h t  sensor  as  that  may g ive  rise  to  unwanted  variat i ons  i n  the  i l l um inance.  

Most  l i gh t i ng  equ ipmen t have  a non-un i form  d is tribu t i on  of  l i gh t  and  therefore  i t  i s  
recommended  to  measure  i nd i rectl y via  a reflecti ng  surface.  An  i n tegrating  sphere,  such  as  an  
U lbrich t  sphere,  may be  appl i ed .  Th is  may be  conven ien t  because  then  the  orien tati on  and  
al i gnment  of  the  EUT wi th  respect  to  the  l i gh t  sensor i s  l ess  cri t i cal .  

5.5  Light  sensor and  ampl i fier  

A photod iode  wi th  a f i l ter  and  an  appropriate  ampl i f i er  i s  to  be  appl i ed  for measuri ng  the  
i l l um inance  (or more  speci fi cal l y:  the  re lati ve  i l l um inance)  of  the  EUT.  

The  photod iode,  optical  f i l ter  and  ampl i f ier  combination  shou ld  satisfy the  fo l lowing  
characteris tics.  

a)  The  optical  f i l ter  shou ld  match  the  photod iode  to  the  eye  sens i ti vi ty cu rve  of  C IE  1 931  
wh ich  i s  the  CIE  1 931  standard  observer function  speci f i ed  in  I SO  1 1 664-1 :2007.  

b)  The  cu t-off  frequency of  the  ampl i f i er  shou ld  enable  measurement of  al l  SVM-relevant  
frequencies  (up  to  2  kHz) .  A 3  dB  cu t-off  frequency o f  3  kHz i s  recommended  (see  5 . 8. 1 ) .  

c)  The  ou tpu t  vo l tage  of  the  ampl i f i er  shou ld  vary l i nearl y wi th  the  i l l um inance  and  no  offset-
vo l tage  shou ld  be  presen t.  

5.6  Signals  to  be measured  

The ou tpu t  vol tage  E ( )u t  o f  the  l i gh t  sensor ampl i f i er  i s  measured  as  a  function  of  t ime  over a  

period  testT .  The  ou tpu t  vo l tage  E ( )u t  vari es  l i nearl y wi th  the  i l l um inance  ( )E t :  

 E A( ) ( )u t C E t= ⋅  i s  measured  between  test0 t T< <  ( 1 )  

where  CA  i s  the  constant  i ncl ud ing  the  gain  of  the  ampl i f i er  and  wh ich  l i nks  the  ou tpu t  vo l tage  
of  the  l i gh t  sensor  ampl i f i er  to  the  i l l um inance.  

I n  certai n  appl icati ons,  add i t ional  parameters  m igh t  be  measured  during  the  test.  For  
example,  i n  the  case  of  d imm ing  or l i gh t  regu lation  the  l i gh t  l evel  of  the  l i gh t  source  may be  of  
i n terest.  See  C lause  9  for  appl icati on  speci f i c  requ i rements.  

The  s i gnal  can  be  measured  wi th  an  osci l l oscope.  I t  i s  recommended  to  appl y an  appropriate  
l ow-pass  f i l ter  i n  the  osci l l oscope  to  l im i t  the  no ise.  

The  measured  s ignal  i s  to  be  recorded  for  fu rther  processing  (see  5 . 8) .  

5.7  Duration  of  the measurement  

The durati on  of  the  test  (durati on  of  the  data acqu is i t i on  after the  s tabi l i zat i on  peri od)  shal l  be  
a m in imum  of  1  s .  

5.8  Signal  processing  

5.8. 1  An ti -al i asing  fi l ter  

The l i gh t  ou tpu t  of  some types  of  l amps  may con tain  spectral  components  at  frequencies  wel l  
above  2  kHz (kHz-range)  that  are  not  producing  vi s ible  s troboscopic  effect.  Depend ing  on  the  
sampl i ng  frequency (see  5. 8 . 2)  these  h igher frequency componen ts  may be  undersampled  
and  th is  may l ead  to  al i asi ng  wh ich  g i ves  artefacts  i n  the  l i gh t  sensor s ignal .  I t  i s  
recommended  to  avo id  such  al i as i ng  effects  by appl yi ng  a l ow-pass  f i l ter  between  the  
ampl i f i er  ou tpu t  of  the  l i gh t  sensor and  the  measurement system .  A cu t-off  frequency of  at  
l east  3  kHz i s  recommended .  However,  the  cu t-off  frequency shou ld  also  be  l im i ted  to  avo id  
the  need  for h i gh  sampl ing  frequencies.  
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EXAMPLE  A 1 st  o rder l ow-pass  f i l ter wi th  a  3  dB  cu t-off  frequency of  3  kHz  wi l l  have  an  attenuati onof  1 0  dB  at  
9  kHz  and  - 1 , 6  dB  at  2  kHz.  For adequate  acqu i s i t i on  of  the  s i gnal  up  to  9  kHz,  a  sampl i ng  frequency of  at  l east  
1 8  kS/s  appl i es .  A h i g her o rder  Bu tterworth  f i l ter  i ncreases  the  accuracy.   

5.8.2  Sampl ing  frequency 

For processing  of  the  s i gnals,  i n  accordance  wi th  the  N yqu ist  cri teri on ,  the  sampl i ng  
frequency shal l  be  at  least  twice  the  bandwid th  of  the  s ignal ,  wh ich  i s  approximatel y twice  the  
h ighest  frequency wi th i n  the  s i gnal  to  be  measured.  

For i ncandescen t  l i gh ting  technology,  the  i l l um inance  s ignal  has  a spectrum  of  i n terest  that  i s  
at  l east  twice  the  spectrum  of  the  mains  s ignal  for  i ncandescent  lamps.  For  non- i ncandescen t  
types  of  l i gh t ing  equ ipment much  h i gher frequencies  i n  the  kHz reg ion  may be  presen t,  
depend ing  on  the  con tro lgear technology appl i ed .  The  frequency range  above  2  kHz i s  not  of  
i n terest  for stroboscopic  effect  and  therefore  these  shou ld  be  f i l tered  before  sampl i ng  (see  
5. 8. 1 ) .  

For the  MATLAB®2  implementation  of  the  SVM  meter g i ven  i n  [1 6 ]  a  sampl ing  rate  of  at  least  
20  kS/s  i s  recommended .  

5.8.3  Signal  resolution  

I n  5. 1 0  i t  i s  recommended  to  have  a no ise  level  o f  SVM  <  0 , 05.  Various  in f luence  quan ti t ies  
may con tri bu te  to  th is  no ise  l eve l .  The  quan ti zation  no ise  from  the  analog -to-d i g i tal  convertor  
(ADC)  i s  one  con tribu ti ng  factor.  I t  i s  recommended  that the  quanti zati on  no ise  con tribu tion  
from  the  ADC  i s  0 , 2  t imes  the  overal l  no ise  leve l ,  wh ich  g i ves  SVM  <  0 , 01 .  The  consequence  
for the  m in imum  number  of  b i ts  N  for  the  ADC i s  as  fo l l ows.  

For a l i gh t  waveform  wi th  1 00  Hz  s i nusoidal  modu lat ion ,  a  l eve l  of  SVM =  1  i s  generated  wi th  
approximate l y 25  % modu lation  depth  (see  Figure  A. 2) .  I n  order to  enable  measurement of  an  
SVM  level  of  0 , 01 ,  the  spectral  componen t  wh ich  con tri bu tes  to  SVM =  0 , 01  i s  -52  dB  down  
the  average  l i g h t  l evel ;  see  Formu la (A. 4) .  An  accurate  measuremen t of  such  a spectral  
component  can  be  ach ieved  i f  the  s i gnal  to  noise  ratio  (SNR)  due  to  quanti zati on  i s  at  l east  
1 0  dB  lower,  i . e  an  SNR  l evel  of  -62  dB.  

The  s i gnal - to-noise  ratio  of  the  spectrum  calcu lated  for  an  N -bi t  ADC,  expressed  i n  dB,  i s  

 ( ) 6, 02 1, 76SNR N N= +  (2)  

I n  practice  th is  means  that  at  l east  a  1 2-bi t  ADC i s  requ i red.  

5.9  SVM  calcu lation  

The SVM  calcu lat i on  and  veri f ication  method  i s  detai led  i n  C lause  6 .  

5. 1 0  Veri fi cation  noise-level  of  the  setup  

I n  theory,  i f  the  i l l um inance  from  the  EUT's  l i g h t  source  were  constant,  then  SVM =  0 .  I n  a  
practical  setup  however,  i f  an  EUT wi th  constant  l i gh t  l evel  i s  measured ,  the  SVM  resu l t  may 
be  not  equal  to  zero ,  due  to  modu lati ons  aris ing  from  the  l i gh t  sensor and  i ts  ampl i f i er  and  
due  to  numerical  artefacts.  Th is  may g i ve  a  non -zero  resu l t  and  i s  cal led  the  stroboscopic  
effect  vi s i bi l i ty measure  no ise  leve l  of  the  setup:  

noise
SVM .  

______________ 

2 MATLAB i s  the  trademark of  a  product  suppl i ed  by The  MathWorks,  I nc.  Th i s  i n formati on  i s  g i ven  for  the  
conven i ence  of  u sers  of  th i s  document  and  does  not  consti tu te  an  endorsement  by I EC  of  the  product  named.  
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The  no ise  l evel  
noise

SVM  can  be  veri f i ed  as  fo l l ows.  

I nstal l  a  su i table  DC-fed  reference  l i gh t  source,  e i ther an  incandescen t  or  halogen  l amp.  Feed  
the  l amp wi th  a  constant  vo l tage.  Veri fy that  the  vo l tage  of  th is  reference  l i gh t  source  has  a  
to lerance  i n terval  of  l ess  than  ±  0 , 5  %  duri ng  the  record ing  of  the  reference  waveform .  

Measure  the  i l l um inance  and  determ ine  the  actual  SVM- level  us i ng  the  stroboscopic  effect  
vi s ibi l i ty measure  meter and  veri fy whether the  actual  l evel  sat isfi es  the  fo l l owing :  

 
noise

SVM  <  0 , 05  (3)  

6 Stroboscopic effect  visibi l i ty meter  

6.1  General  

For an  objecti ve  assessment of  the  stroboscopic  effect,  the  SVM-meter speci f ied  i n  Annex A 
i s  used .  

6.2  Veri fication  

Veri fi cati on  of  the  s troboscopic  effect  vis i bi l i ty meter may be  performed  us i ng  the  procedure  
and  reference  waveforms  g i ven  in  C lause  A. 5.  

I t  i s  recommended  that  the  ou tcome of  the  veri f ication  test  sati sf ies  the  fo l lowing  for the  
reference  waveforms  g i ven  i n  C lause  A. 5:  

 ESVM SVM−  /  E
SVM  x  1 00  %  <  5  %  (4)  

where  E
SVM  i s  the  reference  SVM  value  of  the  veri f ication  i l l um inance  waveform  E(t)  appl i ed ;  

see  Formu lae  (A. 7)  and  (A. 8) ,  and  SVM i s  the  SVM-value  measured  at  the  ou tpu t  of  the  SVM  
meter for  the  frequencies ,  ampl i tudes  and  reference  waveforms  l i s ted  i n  Table  A. 1 .  

6.3  Evaluation  of  resu l ts  

For actual  l i gh t  waveforms,  the  SVM l eve l  that  i s  measured  by the  SVM  meter may range  
between  0  and  near 9 :  SVM =  0  i s  obtained  for  a  waveform  wi thou t  any modu lat i on ,  wh i le  
SVM ≈  9  i s  obtained  for a  1 00  % rectangu lar  pu lse-modu lated  waveform  wi th  an  i n fi n i te l y smal l  
du ty cycle.  

SVM  is  an  objecti ve  measure  deri ved  from  l aboratory and  percepti on  stud ies  wi th  persons.  
SVM  resu l ts  can  be  i n terpreted  as  fo l l ows  (CIE  TN  006:201 6) .  I f  the  value  of  the  vis ibi l i ty 
measure  equals  one,  the  modu lated  l i gh t  waveform  produces  s troboscopic  effect  that  i s  j us t  
vi s ible,  i . e .  at  vis i bi l i ty th reshold .  Th is  means  that  an  average  observer wi l l  be  able  to  detect  
the  artefact  wi th  a probabi l i ty of  50  %.  I f  the  value  of  the  vis i bi l i ty measure  i s  above  un i ty,  the  
effect  has  a probabi l i ty of  detecti on  of  more  than  50  %.  I f  the  value  of  the  vis ibi l i ty measure  i s  
smal l er than  un i ty,  the  probabi l i ty of  detection  i s  l ess  than  50  %.  These  vis ibi l i ty th resholds  
show average  detection  of  an  average  human  observer i n  a  popu lat ion  under laboratory 
cond i t i ons,  i . e.  the  observer i s  aware  that  he/she  i s  tryi ng  to  observe  s troboscopic  effect .  
Vis ib i l i ty,  however,  i s  not  the  same as  acceptabi l i ty i n  actual  appl ications .  The  acceptabi l i ty  
l eve l  of  an  artefact  m igh t  be  wel l  above  the  vis i bi l i ty th reshold .  Acceptabi l i ty depends  on  the  
duration  of  exposure,  the  type  of  acti vi t i es  (cri t ical i ty)  and  typi cal  speed  of  movement i nvolved  
i n  these  acti vi t i es.  Examples  of  measured  SVM  l evels  of  conventi onal  l i gh ti ng  equ ipment  are  
g i ven  i n  C lause  C. 1 .   
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7 Test  setup and  operating  condi tions  

7.1  General  

The EUT shou ld  be  tested  wi th in  i ts  i n tended  operating  and  c l imatic  cond i t i ons .  

7.2  Ageing  

Ageing  of  the  EUT shou ld  be  accord ing  to  the  appl icable  product  performance  standard.  

7.3  Mounting  

See  5 . 4.  

7.4  Stabi l i zation  before  measurement  

An  appropriate  s tabi l i zat ion  t ime  shou ld  be  appl i ed  for the  EUT before  execu tion  of  the  test.  
The  speci f i cation  of  the  EUT or the  type  of  technology may i nd icate  the  typi cal  s tabi l i zati on  
time  requ i red.  Product  s tandards  can  be  used  as  a  g u idance  for determ in ing  the  appropriate  
stabi l i zat i on  t ime.  For  LED  technolog ies  see  CIE  S  025:201 5  for  gu idance  on  stabi l i zat ion .  

7.5  Operation  

The EUT shou ld  be  operated  as  fo l l ows.  

•  The  test  shou ld  be  appl i ed  wh i le  the  EUT is  operated  as  i n tended  under normal  operating  
cond i t i ons  as  l ai d  down  i n  the  relevan t  product  s tandard  at  stabi l i zed  lum inous  f l ux  and  at  
normal  l aboratory cond i t i ons.  

•  Testi ng  i s  recommended  at  one  combination  of  suppl y vo l tage  and  frequency,  as  speci f i ed  
by the  manu facturer (see  also  5. 2) .  

•  An  EUT i nclud ing  a  l i gh t- regu lati ng  con tro l  shou ld  be  tested  at  a  l i g h t  ou tpu t  l evel  of  50  % 
±1 0  % from  the  maximum  l i gh t  ou tpu t.  I f  a  l i gh t  ou tpu t  l evel  of  50  % is  not  avai lable  for the  
EUT incl ud ing  a  l i gh t  regu lati on  functi on ,  the  test  shal l  be  done  at  the  l eve l  wh ich  i s  
closest  to  50  %.  I f  two  steps  equal l y d istan t  to  50  % are  avai lable,  the  l ower l evel  (<  50  % 
shal l  be  used  for  the  test  (see  I EC  61 547:2009/ISH1 :201 3[8] [9 ] ) .  

•  Lum inai res  and  contro lgear shou ld  be  tested  wi th  l i gh t  sources  or loads  for wh ich  they are  
i n tended .  Where  such  equ ipmen t can  operate  wi th  l i g h t  sources  of  d i fferen t  wattages,  a  
l i gh t  source  of  m in imum  wattage  i s  recommended.  See  speci fi c  recommendations  for 
testing  contro lgear i n  9 . 3 .  

•  I f  l i gh t  sources  can  operate  at  d i fferen t  co lou rs,  se lect  the  co lour  that  g i ves  the  maximum  
l i gh t  ou tpu t  (modu lat ion  o ff) .  

8 General  test  procedure 

The fo l l owing  general  procedure  for execu ti on  of  a  test  i s  recommended:  

a)  mount  the  l i gh t  source  of  the  EUT i n  the  optical l y sh ie lded  enclosure;  

b)  swi tch  on  the  EUT and  any auxi l i ary equ ipment  and  appl y su ffi cient  s tabi l i zati on  t ime  (7. 4) ;  

c)  appl y the  general  operati onal  cond i t ions  ou t l i ned  i n  7. 5 ;  

d )  appl y the  recommended  sett i ngs  for the  data acqu is i t i on  ( test  du ration ,  sample  rate ,  
f i l teri ng )  g i ven  i n  C lause  5;  

e)  measure  the  l i gh t  waveform  and  calcu late  the  SVM  level .  

Examples  of  test  resu l ts  of  a  number of  EUTs  are  g i ven  i n  Annex  C.  
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9 Appl ication-speci fic  equipment,  procedures and  condi tions  

9.1  General  

Appl ication-speci fi c  recommendations  for setup,  equ ipment,  procedures  and  cond i t i ons  are  
g i ven  i n  9 . 2  to  9 . 4.  

9.2  Phase cut  d immer compatibi l i ty test  of  l i ghting  equ ipment  

For the  appl ication  of  external  d imm ing ,  usage  of  the  s tandard i zed  NEMA SSL-7A d immer i s  
recommended .  The  d immer i s  operated  i n  the  ‘max-m in  or  repeti t i ve  peak current  or  vo l tage’ -
mode (see  NEMA SSL-7A:201 5,  4. 6  to  4 . 8) .  A recommended  prerequ is i te  for the  test  i s  that  
the  EUT compl i es  wi th  the  d immer compatibi l i ty test  g i ven  i n  I EC TR  63037:201 6.  I nstead  of  
the  NEMA SSL-7A d immer,  a  phase-cu t  d immer can  also  be  appl i ed  wh ich  compl ies  wi th  the  
test  requ i rements  g i ven  i n  I EC TR  63036:201 6.  Testi ng  i s  done  at  50  % l i gh t  ou tpu t  l evel  as  
described  i n  7. 5.  

The  block d iagram  of  the  test i ng  setup  i s  g i ven  i n  Fi gu re  4.  

Examples  of  SVM  measu rements  under d imm ing  cond i t i ons  are  g i ven  i n  C lause  C. 2.  

 

Figure 4  – Dimmer compatibi l i ty testing  

9.3  Controlgear testing  

For measuring  the  SVM  of  a  contro lgear,  care  shou ld  be  taken  i n  the  choice  of  the  l i gh t  
source,  wh ich  i s  crucial ,  s i nce  i ts  e l ectrical  properties  (e . g .  capaci tance)  wi l l  have  an  effect  on  
magn i tude  and  shape  of  the  measured  l i gh t  waveform .  Furthermore  i t  i s  recommended  to  
se lect  a  number of  po i n ts  wi th in  the  speci f ied  operati ng  V/I  window of  the  dri ver.  Refer to  
avai lable  contro lgear performance  standards  for  an  appropriate  choice  of  the  l i g h t  source  
( l oad) .   

The  block d iagram  of  the  setup  i s  g i ven  i n  F i gure  5.  

NOTE  I n  the  case  of  LED  sources  the  cu rren t  has  a  l i near re l at i on  to  the  l i gh t  ou tpu t.  Hence  a  reference  source  
can  be  appl i ed  i n  th i s  case  and  the  ou tpu t  cu rren t  can  be  used  for  assessment.  

Examples  of  SVM  measu rements  for l i gh t i ng  equ ipment wi th  d i fferen t  con tro lgear are  g i ven  i n  
Clause  C. 1 .  

 

Figure 5  – Controlgear testing  
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9.4  In -si tu  testing  

I n  pri nciple,  SVM  tests  can  be  appl ied  to  an  i nd i vi dual  product  as  wel l  as  to  test  the  SVM  
performance  of  i nstal l ati ons  in  actual  appl icati ons  ( i n -s i tu ) .  However,  the  l atter  i n -s i tu  testi ng  
i s  much  more  prone  to  measurement  uncertain t i es  due  to  vari ous  i n fl uence  quanti ti es  such  as  
ambien t  l i gh t  and  l i g h t  modu lat ions  from  other l i gh t  sources  or  dayl i gh t  or  moving  subjects.  

Therefore,  SVM  measurements  shou ld  normal l y be  done  at  product  l evel .  The  TLA 
performance  of  an  actual  appl ication  envi ronment  of  mu l t i ple  l i gh t  sources  i s  general l y better 
than  the  TLA performance  of  a  s ing le  l i gh t  sou rce  due  to  the  averag ing  ou t  of  the  l i gh t  
modu lat ion  from  the  d i fferen t  l i gh t  sources.  

1 0  Test  report  

The test  report  shou ld  contain  al l  the  i n formation  necessary to  reproduce  the  test.  I n  
part icu lar,  i t  i s  advised  to  record  the  fo l l owing  i n formation :  

a)  i denti f i cation  of  the  EUT,  e. g .  brand  name,  product  type,  serial  number;  

b)  any associated  equ ipmen t,  e . g .  external  d immer,  l i gh t  source  for  con tro lgear;  

c)  the  re levant  operati ng  cond i t ions  of  the  EUT,  e. g .  l i gh t  ou tpu t  l eve l  i n  the  case  of  d imm ing ;  

d )  the  types  of  i n terconnecti ng  cables,  i ncl ud ing  the i r  l eng th ,  and  the  i n terface  port  of  the  
EUT to  wh ich  they were  connected;   

e)  any speci fi c  cond i t i ons  for use,  for  example  cable  l eng th  or  type,  sh ie ld ing  or  g round ing ,  
or  EUT operating  cond i t i ons ,  wh ich  are  essential  for  s troboscopic  effect  performance;  

f)  the  warm ing -up/stabi l i zati on  t ime  of  the  EUT i f  appl icable;  

g )  i denti f i cation  of  the  test  equ ipmen t,  e . g .  brand  name,  product  type,  serial  number;  

h )  any speci f ic  cond i t i ons  necessary to  enable  the  test  to  be  performed ;  

i )  the  nom inal  mains  test  frequency and  vo l tage  appl ied ;  

j )  the  appl ied  sett i ngs  of  auxi l i ary equ ipment  or  s i gnals  (d imm ing  levels,  modu lati on  
frequencies,  re lati ve  modu lat ion  l evels) ;  

k)  the  duration  of  the  test  for  each  d isturbance  s i gnal ;  

l )  the  SVM  acceptance  cri teria  that  have  been  appl ied .  

1 1  Measurement  uncertainties 

1 1 . 1  General  

The stroboscopic  effect  test  i s  subject  to  uncertai n t ies.  Annex B  g i ves  an  overview of  the  main  
i n f l uence  quanti ti es  for the  measurement  uncertai n ty of  the  test  resu l ts.  

1 1 .2  Veri fication  tests  

1 1 .2. 1  General  

To l im i t  the  uncertain ty of  the  test,  i t  i s  recommended  to  perform  the  fol l owing  veri f i cati on  
tests  at  regu lar i n tervals .  

1 1 .2.2  Stroboscopic effect  visibi l i ty meter  

See  6. 2  and  C lause  A. 5.  

1 1 .2.3  Electrical  power source  parameters  

See  5. 3.  Veri fy that  the  nom inal  value  of  the  test  vo l tages,  or  suppl y cu rren t,  and  frequency ( i f  
appl icable) ,  are  wi th in  the  to lerance  i n terval  of  ±  0 , 5  % (RMS- level  i n  the  case  of  al ternating  
curren t) .  Veri fy that  the  total  harmon ic  d is torti on  of  the  vol tage  (THDv)  of  the  mains  source  in  
the  frequency range  up  to  2  kHz i s  l ess  than  4  %.  
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1 1 .2.4  Electromagnetic  compatibi l i ty and  test  envi ronment  

See  5 . 2  and  5 . 4.  

Veri fy the  absence  of  e lectromagnetic  i n terference  effects  and  the  optical  sh ie ld ing  
performance  of  the  enclosure  i n  wh ich  the  l i gh t  source  of  the  EUT and  the  l i gh t  sensor are  
l ocated .  Th is  can  be  done  as  fo l l ows.  

I nstal l  the  l i gh t  sensor i n  the  test  envi ronment where  no  EUT is  presen t  or  i n  operation .  Close  
the  optical  test  envi ronmen t and  pu t  al l  (other than  the  EUT)  test  equ ipment  i n to  operation .  
Swi tch  on  the  l i g h ti ng  of  the  room  in  wh ich  the  test  equ ipment  i s  l ocated.  Veri fy the  absence  
of  e l ectromagnetic  d is turbances  and/or u nwanted  l i gh t  i ngress  i n  the  optical  test  envi ronmen t  
by checking  the  vo l tage  s i gnal  at  the  ou tpu t  of  the  ampl i f i er.  

Veri fy that  vi brati ons  of  the  test  envi ronmen t do  not  g i ve  r ise  to  unwanted  variati ons  i n  the  
measured  i l l um inance.  Th is  veri f i cati on  test  i s  part  of  the  noise- level  veri f i cati on  test  
described  i n  5. 1 0 .  

1 1 .2.5  Light  sensor and  ampl i fier  

Veri fy that  the  l i gh t  sensor fu l f i l s  the  recommendations  g i ven  i n  5 . 5 .  

Veri fy the  absence  of  an  offset  vol tage  at  the  ou tpu t  of  the  ampl i f ier  by coveri ng  the  l i gh t  
sensor such  that  no  l i g h t  can  en ter the  photod iode.  Veri fy that  vol tage  at  the  ou tpu t  of  the  
ampl i f i er  i s  less  than  0 , 1  % of  the  maximum  vol tage  l evel  of  the  ampl i f i er  (wi th i n  i ts  operating  
range) .  

Veri fy the  l i neari ty of  the  sensor by pos i t ion i ng  the  photod iode  at  d i fferen t  d is tances  from  a 
stable  smal l  l i g h t  source  i n  an  optical  chamber.  The  vo l tage  shou ld  vary l i nearl y wi th  1 /r2 .  

Veri fy the  cl i pping  l evel  of  the  vo l tage  ou tpu t  of  the  ampl i f ier,  and  make sure  that  tests  are  
execu ted  below th is  l evel .  

1 1 .2.6  Overal l  noise-level  of  the  setup  

Veri fy the  overal l  noise  l evel  of  the  test  setup us ing  the  method  recommended  i n  5. 1 0 .  

1 1 .2.7  Repeatabi l i ty  

Repeatabi l i ty of  the  test  method  can  be  veri f ied  us i ng  repeatabi l i ty cond i ti ons  [1 7]  and  a very 
stable  l i g h t  source  wi th  a waveform  that  g i ves  an  SVM-level  wel l  above  the  no ise  f loor.  For  
i nstance,  a  1 00  Hz  pu lse-modu lated  LED  l i gh t  sou rce  wi th  50  %  du ty cycle  may be  appl ied  for  
that  purpose.  

I t  i s  recommended  to  repeat  the  test  wi th  th i s  l i gh t  source  at  l east  f i ve  t imes  du ri ng  
f ive  consecu ti ve  days.  The  s tandard  deviat i on  o f  the  i nd i vidual  SVM  test  resu l ts  shal l  be  
wi th i n  2  %  of  the  average  SVM  value.   

1 1 .3  Qual i ty assurance 

For qual i ty assurance  of  the  test  setup i t  i s  recommended  to  execute  the  fo l l owing  veri f i cati on  
tests  prior to  every actual  test:  

1 )  no ise- level  of  the  setup  (see  5. 1 0) ;  

2)  test  of  a  reference  l i gh t  source  wh ich  i s  a  very stable  l i gh t  source  wi th  a  speci fi c  waveform  
that  produces  a  speci f ic  known  value  of  SVM.  
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Annex A 
(normative)  

 
Specification  of the stroboscopic  effect visibi l i ty meter  

A.1  Background  

For quanti f i cati on  of  the  temporal  l i gh t  artefact  performance  of  a  l i gh ting  product  or  system ,  
two  d i fferen t  effects  shou ld  be  d ist i ngu ished ,  i . e .  f l i cker and  stroboscopic  effect.  The  
stroboscopic  effect  vis i bi l i ty measure  (SVM)  i s  recommended  for the  quan ti f i cati on  of  the  

stroboscopic  effect,  wh i l e  for f l i cker,  the  exist i ng  I EC  short- term  f l i cker metric  LM
stP  i s  

recommended .  More  background  on  the  two  TLA-metrics  SVM and  LM
stP  can  be  found  in  

CIE  TN  006:201 6.  Speci fi c  detai ls  on  the  I EC  f l i cker metric  LM
stP  can  be  found  i n  [5 ] .  

Annex A provides  the  speci f i cation  for calcu lati ng  the  s troboscopic  effect  vi s ibi l i ty measure  
(SVM)  of  a  l i gh t  waveform .  More  speci f i c  detai l s  on  the  development  and  val i dati on  of  the  SVM 
metric  are  g i ven  in  [6] .  

For both  the  f l i cker and  the  stroboscopic  effect,  s tud ies  have  shown  that  i n  modu lations  
cons is ting  of  mu l t iple  frequencies  c lose  to  the i r  respective  vis i bi l i ty th resholds,  al l  these  
frequencies  con tri bu te  to  the  vis i bi l i ty of  the  overal l  modu lat ion .  Reports  from  l i teratu re  also  
show that  the  frequency summation  can  be  d i fferen t  for d i fferent  artefacts.  The  generic  
method  for the  vis i bi l i ty quanti f i cati on  of  TLAs  i s  g i ven  i n  C IE  TN  006:201 6 .  The  speci f ic  
summation  formu la for the  stroboscopic  effect  vis i bi l i ty measure  i n troduced  by Perz  e t  al .  [6 ]  
i s  as  fo l l ows:  
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where  

1/i iC S S=   i s  the  re lati ve  ampl i tude  of  the  i- th  Fourier component  iS  o f  the  re lat i ve  

i l l um inance  iI  ( re lati ve  to  the  DC- level ) ;  

iT   i s  the  vis ibi l i ty th reshold  for  the  stroboscopic  effect  for  a  s ine  wave  at  the  
frequency of  the  i- th  Fourier component.  

For s impl ic i ty of  notation ,  the  summation  i n  Formu la (A. 1 )  i s  done  over al l  normal i zed  
ampl i tudes.  Ou tsi de  of  the  frequency range  i n  wh ich  the  vis ibi l i ty th reshold  curve  i s  defi ned,  
the  normal i zed  ampl i tudes  shou ld  be  set  to  zero.  

I f  the  value  of  SVM equals  one,  the  i npu t  modu lati on  of  the  l i gh t  waveform  produces  a  
stroboscopic  effect  that  i s  j ust  vis i ble,  i . e .  at  vi s i bi l i ty th reshold .  Th is  means  that  an  average  
observer wi l l  be  able  to  detect  the  artefact  wi th  a probabi l i ty of  50  %.  I f  the  value  of  the  
vis ibi l i ty measure  i s  above  un i ty,  the  effect  has  a  probabi l i ty of  detection  of  more  than  50  %.  I f  
the  value  of  the  vis ibi l i ty measure  i s  smal ler than  un i ty,  the  probabi l i ty of  detecti on  i s  l ess  than  
50  %.  These  vis i bi l i ty th resholds  show the  average  detecti on  of  an  average  human  observer 
i n  a  popu lat ion .  Th is  does  not,  however,  guaran tee  acceptabi l i ty.  For  some less  cri t ical  
appl ications ,  the  acceptabi l i ty l evel  of  an  artefact  m igh t  be  wel l  above  the  vis ibi l i ty th reshold .  
For other appl ications  and  artefacts  that  are  more  cri t i cal  such  as  f l i cker,  the  acceptable  
l evels  m igh t  be  below the  vis i b i l i ty th reshold .  

Furthermore  i t  shou ld  be  noted  that  SVM  is  an  objecti ve  measure  for the  level  of  i nd i rect  
changes  i n  percepti on  caused  by l i gh t  modu lat ions  that  may be  undes i red .  Reduced  
performance,  vi sual  fati gue  and  annoyance  were  adverse  effects  that  were  part  of  the  
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percepti on  experimen ts  done  by Perz  e t  al  [6] .  SVM  is  not  l i nked  to  heal th  effects .  Nor i s  SVM  
a measure  for assess ing  unwanted  s troboscopic  effects  i n  i ndustrial  appl i cations,  for  example  
the  m is in terpretation  of  rapid l y ro tat ing  mach inery i n  a  workshop,  i f  the  frequency of  a  peri od ic  
l um inance  f l uctuation  co i ncides  wi th  the  rotation  frequency (or i ts  mu l t ip les) .  For the  safety 
aspect  of  the  potential  m isperception  of  fast  rotati ng  or  moving  obj ects ,  other metrics  and  
methods  are  requ i red.  

The  sens i t i vi ty curve  i s  based  on  work by Perz  et  al  [6]  and  Wang  et  al  [7] .  I t  was  des igned  for  
an  appl ication  i n  an  off i ce  envi ronment,  bu t  i t  can  be  appl ied  i n  a  broader con text.  The  
sens i t i vi ty curve  i n  the  example  was  measured  i n  a  room  wi th  no  other l i gh t  sou rces  except  
the  modu lated  l i gh t  source.  Th is  resu l ts  i n  the  most  cri t i cal  s i tuation  that  can  be  expected  
g i ven  the  context.  The  sens i t i vi ty cu rve  i s  based  on  data from  more  than  1 60  partici pan ts  and  
the  data comes  from  two  l aboratori es.  The  speci fi c  appl icati on  restrictions  for SVM  g i ven  i n  
CIE  TN  006:201 6  are:  

– average  l i g h t  l eve l  >  1 00  l x,  fu l l y adapted;  

– fastest  movements  be ing  moderate  speed  hand  movemen ts  ≤  4  m /s,  movemen ts  i n  the  
modu lated  l i gh t.  

The  above  restrict i ons  general l y appl y for general  purpose  i ndoor l i gh t ing  equ ipment.  

A.2  Detai led  speci fications of  the stroboscopic  effect  meter 

A.2.1  Schematic  of  the  SVM  meter  

The various  b locks  of  the  SVM  meter are  depicted  i n  Figure  A. 1 .  More  detai ls  on  the  functi ons  
of  the  blocks  a  to  d  are  g i ven  in  C lause  A. 2.  

 

Figure A. 1  – Structure of  the stroboscopic effect  visibi l i ty meter  

A.2.2  Block a:  i l luminance adapter  

This  block contains  an  i l l um inance  adapti ng  ci rcu i t  that  scales  the  measured  vo l tage  E ( )u t  o f  

the  l i gh t  waveform :  

 E

E

( )
( )

mean( ( ))

u t
E t

u t
=  (A. 2)  

Appl yi ng  the  s i gnal  normal i zati on  makes  the  stroboscopic  effect  vis ib i l i ty measure  
i ndependent  of  the  i l l um inance  level .  Note  that  the  ampl i f i er  and  the  f i l ter are  presen t  before  
b lock a,  see  Fi gure  3.  
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A.2.3  Block b:  calcu lation  of  spectrum  

The  spectrum  ( )C f  o f  the  normal i zed  s i gnal  i s  calcu lated  as  a second  s tep.  

 ( ) { ( )}C f F E t=  (A. 3)  

I n  practice  th is  spectrum  i s  calcu lated  us i ng  a  fast  Fourier transform  (FFT) .  See  C lause  A. 3  
for the  numerical  implementati on .  

A.2.4  Block c:  weighting  wi th  the  stroboscopic  effect  sensi t ivi ty cu rve  

The frequency dependen t  sensi t i vi ty cu rve  ( )T f  for  the  calcu lati on  of  SVM  is  g i ven  in  F i gu re  
A. 2.  The  th reshold  curve  g i ves  the  re lati ve  ampl i tude  for a  s inusoidal  modu lati on  i n  add i ti on  to  
a constan t  i l l um inance  l evel  that  i s  j us t  vis ib le  wi th  a probabi l i ty of  50  % for an  average  
observer.  Detai ls  are  g i ven  i n  CIE  TN  006:201 6.  

The  fo l l owing  Formu la (A.4)  appl ies  for the  vis i bi l i ty th reshold :  

 /1 0
( )

1
( ) 20

1
f

a f b
T f e

e

−
− −

= + ⋅
+

 (A. 4)  

where  

f   i s  the  frequency i n  Hz;  

a   =  0 , 005  1 8;  

b   =  306, 6.  

The  sens i t i vi ty cu rve  i s  def ined  up to  2  000  Hz.  Above  1  000  Hz  the  sens i t i vi ty th reshold  
equals  approximate l y one.  Th is  means  that  the  l i gh t  waveform  may have  a 1 00  % modu lated  
s i nuso idal  modu lat ion  g i vi ng  a  relati ve  spectral  componen t  of  one .  

The  maximum  sens i t i vi ty for perception  of  s troboscopic  effect  i s  near 80  Hz.  Be low 80  Hz,  the  
stroboscopic  effect  sens i ti vi ty th reshold  i ncreases  again ,  wh ich  means  that  the  stroboscopic  
effect  becomes  l ess  vis ib le .  Be low 30  Hz  the  stroboscopic  effect  wi l l  be  neg l ig i ble,  even  wi th  
a s i nusoidal  modu lati on  of  1 00  %.  Moreover,  i n  the  frequency range  below 80  Hz ,  the  d i rectl y 
vis ib le  f l i cker effect  becomes  much  more  dom inan t  than  the  stroboscopic  effect.  Al though  the  
stroboscopic  effect  wi l l  a l so  be  vis ib le,  f l i cker wi l l  be  perceived  as  much  more  annoying .  

A.2.5  Block d :  summation  of  the weighted  spectrum  

Final l y,  Formu la (A. 5)  g i ves  the  weigh ted  spectrum  summed  up for  al l  frequency components  
up  to  2  kHz  (see  Formu la (A. 1 ) ) :  

 

3,7( 2  kHz)
3,7

1

N
i

ii

C
SVM

T

≤

=

 
=  

 
∑  (A. 5)  

where  

12 /i iC S S= ⋅   i s  the  re lat i ve  ampl i tude  of  the  i- th  Fou rier componen t  iS ,  see  Formu la (A. 6) ,  of  

the  re lati ve  i l l um inance  iI  ( re lati ve  to  the  DC- level ) ;  

iT   i s  the  vis ibi l i ty th reshold  for the  stroboscopic  effect  for a  s i ne  wave  at  the  
frequency of  the  i- th  Fourier component.  
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Beyond  2  kHz,  no  s troboscopic  vis ib i l i ty th reshold  curve  i s  defi ned .  Therefore,  the  normal i zed  
ampl i tudes  of  the  spectral  componen ts  are  on l y summed  up to  2  kHz.  

  

Figure A.2  – SVM  sensi t ivi ty th reshold  T  

A.3  Numerical  implementation  of  SVM  

SVM  is  calcu lated  us ing  a s i gnal  (general l y a  vo l tage)  that  i s  proportional  to  the  l um inous  f l ux  
of  the  l i gh ting  equ ipment under test  (EUT) .  Suppose  th is  s ignal  i s  represented  by the  
fo l l owing  waveform  that  i s  acqu i red  wi th  a  sample  rate  of  sF  for  the  duration  of  T  second:  

 I l l um inance  s ignal  =  iI  for  s1 1i N F< < = +  (A. 6)  

where  sN F T= ⋅  i s  the  total  number of  samples,  and  the  step s i ze  of  the  s i gnal  i s  s1 /t F∆ = .  

As  a f i rs t  s tep i n  the  frequency anal ys is ,  the  t ime  domain  d i g i tal  s ignal  i s  transferred  to  a  
frequency represen tation  us i ng  the  d iscrete  Fourier transform  (DFT) ,  usual l y implemented  
us ing  the  fast  Fou rier  transform  (FFT)  al gori thm .  

The  spectrum  iS  i s  cal cu lated  us i ng  the  d iscrete  Fourier transform  (DFT) ,  usual l y 
implemented  us ing  the  fast  Fourier  transform  (FFT)  algori thm .  Hence,  the  spectral  
components  are  g i ven  by:  

 ( )i iS FFT I=  for  1 i N< <  (A. 7)  

Th is  transformation  g i ves  a two-s ided  spectrum  where  the  step s i ze  i n  the  frequency domain  
i s:  

 1 /f T∆ =  H z  (A. 8)  
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The  maximum  frequency maxF  range  that  can  be  calcu lated  i s  g i ven  by:  

 S s
max

1 1

2 2 2

FFN N
F f

N

− −
= ⋅ = ⋅ ≈  

(A. 9)  

 

As  the  frequency range  of  i n terest  i s  up  to  2  000  Hz,  a  m in imum  sampl ing  frequency of   

sF  =  4  000  Hz  i s  requ i red  ( for the  purpose  of  calcu lati ng  the  spectrum ;  due  to  the  extens ion  of  
the  spectrum  beyond  2  kHz and  the  avoidance  of  al i as ing  effect ,  a  h i gher sample  rate  i s  
requ i red ;  see  5. 8. 1 ) .  

For more  re l iable  ampl i tude  estimation  of  the  spectrum ,  i t  i s  recommended  to  appl y common  
spectral  techn iques  such  as  ‘nu l l i ng ’  and  ‘windowing ’ .  Nu l l ing  i s  appl ied  to  i ncrease  the  
resolu ti on  in  the  frequency domain .  W indowing  i s  appl ied  to  decrease  the  uncertai n ty of  the  
calcu lati on  of  the  l eve l  of  the  spectral  components  i n  case  the  modu lat ion  frequency that  i s  to  
be  captu red  does  not  co i ncide  wi th  one  of  the  frequency samples  (or i n  other words:  i f  the  
to tal  durati on  of  the  waveform  does  not  f i t  wi th  an  i n teger  number of  peri ods  of  the  modu lation  
of  i n terest  i n  the  waveform ) .  Therefore,  windowing  (by e. g .  a  Hann ing  window)  can  be  appl ied  
before  the  FFT i s  executed .  

The  FFT del i vers  a two-s ided  spectrum  (hal f  of  the  spectrum  i s  imaged  at  negative  
frequencies) .  Therefore  a  factor  of  2  i s  appl ied  when  calcu lat i ng  iC ;  see  Formu la  (A. 5) .   

Apart  from  the  wan ted  frequency components ,  ad jacent  frequencies  also  become avai lable.  
To  avoid  i ncl us ion  of  these  ad jacent  frequency components ,  the  frequency components  of  
i n terest  can  be  captu red  by a peak-find i ng  al gori thm .  

Clause  A. 6  g i ves  an  example  of  the  numerical  implemen tation  and  appl i cation  of  the  SVM  
calcu lati on  in  MATLAB®.  

A.4  Example  

Figu re  A. 3  g i ves  an  example  of  an  i l l um inance  s i gnal  that  cons ists  of  a  constan t  l evel  p lus  a  
1 00  % pu lse  modu lat i on  at  1 00  Hz.  The  bottom  part  of  the  f i gure  shows  the  correspond ing  
re lat i ve  iC  spectrum  and  the  sensi t i vi ty th reshold  g i ven  in  Formu la (A. 4) .  

The  SVM  value  calcu lated  for th is  waveform  i s  approximatel y SVM =  4, 97.  The  spectral  
component  at  1 00  Hz  i s  the  main  con tri bu ting  componen t  to  the  value  of  SVM.  

A.5  Veri fication  waveform  of the stroboscopic  effect  meter  

For the  veri f i cati on  of  the  proper  implementati on  of  the  calcu lati on  of  SVM,  the  fo l l owing  
veri f ication  waveforms  can  be  used :  

 sqr ver ver( ) 1 sign(sin(2 ))E t m f tπ= + ⋅  (A. 1 0)  

 sin ver ver( ) 1 sin(2 )E t m f tπ= + ⋅  (A. 1 1 )  

where  

sqr ( )E t  and  Esi n (t)   are  square  pu lse  and  s i nusoidal  modu lated  i l l um inance  waveforms  

respectivel y;  
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verf   i s  the  modu lat i on  frequency of  the  i l l um inance  ri pple  added  to  the  DC-
value;  

verm   i s  the  modu lati on  depth  of  the  i l l um inance  ri pple;  

0 t T≤ ≤ ,   where  T  =  1  s ;  

versign(sin(2 ))f tπ   i s  the  square  functi on  wi th  frequency verf .  

When  appl yi ng  the  theoretical  spectral  components  (Fourier transform )  of  the  waveforms  of  
Formu lae  (A. 1 0)  and  (A. 1 1 )  wi th  the  parameters  speci f i ed  i n  Table  A. 1 ,  and  us i ng  the  
Formu lae  (A. 4)  and  (A.5) ,  the  resu l t ing  anal ytical l y calcu lated  values  of  SVM  shou ld  be  as  
i nd icated  i n  the  l ast  column  of  Table  A. 1 .  

The  veri f icati on  waveforms  speci fi ed  by Formu lae  (A. 1 0)  and  (A. 1 1 )  can  be  expressed  as  a 
Fourier  seri es  us i ng  the  fo l l owing  general  Fourier  representati on  

 ( ) ( ) ( )0 0 0

1

  .  .cos 2 sin 2n n

n

x t a a nf t b nf tπ π
∞

=

= + +∑  (A. 1 2)  

 

where  

0a   represents  the  average  l evel  of  the  s ignal ;  

na  and  nb   are  the  Fourier coeff ic i en ts;  

0 1 /f T=   i s  the  frequency of  the  peri od  T  o f  the  waveform .  

For the  square  pu lse  waveform  of  Formu la (A. 1 0) ,  the  Fourier coeffici ents  are:  

0a  =  1 ,  

na  =0 ,  for  al l  val ues  n  (because  the  pu lse  waveform  i s  an  odd  functi on )  

ver
4

nb m
nπ

= ⋅  for  odd  values  of  n ,  

0nb =    for  even  values  of  n .  

(A. 1 3)  

 

When  substi tu t i ng  the  Fourier coeffici ents  of  Formu la (A. 1 3)  i n to  Formu la  (A. 5)  for  SVM,  us i ng  

0/n n nC b a b= = ,  the  fo l lowing  value  of  the  ampl i tude  verm of  the  square  pu lse  waveform  for  a  

g i ven  value  of  ESVM  i s  obtained:  

ver

E
ver

ver ver
3,7

( 2kHz)

3,7
ver1,3,. . .

( )
( )

4

( )

N n f

n

SVM f
m f

n
T n f

π
⋅ ≤

=

=
  
     ⋅
 
  

∑

,  

wi th  the  cond i t ion  that  ver 1 .m ≤  

(A. 1 4)  

 



 – 26  – I EC  TR  631 58:201 8  © I EC  201 8  

Formu la (A. 1 4) ,  together wi th  Formu la (A. 4) ,  i s  used  to  calcu late  the  anal yt ical  exact  
reference  values  of  ESVM  for  the  square  pu lse  waveforms g i ven  in  Table  A. 1  (waveforms  VW-
sq1  up  to  VW-sq4) .  

For  the  s inusoidal  reference  waveform  of  Formu la (A. 1 1 )  the  Fourier coeff icien ts  are  s impl y 
as  fo l l ows:  

 0a  =  1 ,  1 vera m=  (A. 1 5)  

Substi tu t i ng  th is  i n  Formu la (A. 5) ,  the  fo l l owing  value  of  the  ampl i tude  verm  o f  the  s i nusoidal  

reference  waveform  for a  g i ven  value  of  ESVM  i s  obtained :  

ver ver ver ver( ) ( ) ( ) ,Em f SVM f T f= ⋅  

wi th  the  cond i t ion  that  ver 1 .m ≤  

(A. 1 6)  

 

This  Formu la (A. 1 6) ,  together wi th  Formu la (A. 4) ,  i s  used  to  calcu late  the  anal yt i cal  exact  

reference  values  of  ESVM  for  the  s i nusoidal  waveforms  g i ven  i n  of  Table  A. 1  (waveforms  VW-
sn1  up  to  VW-sn4) .  

 

The  top  f i g u re  shows  an  i l l um inance  s i gnal  wi th  a  ri pple  cons i st i ng  of  1 00  % square  pu l se  modu lated  s i gnal  wi th  a  
frequency of  1 00  Hz.  

The  bottom  f i gu re  shows  the  correspond i ng  re lat i ve  spectrum ;  the  red  dashed  l i ne  i s  the  sens i t i vi ty  th reshold  T(f)  
(see  Formu la (A. 3 ) ;  cal cu lated  val ue  of  SVM =  4, 97)  

Figure A.3  – Example of  an  i l l uminance  signal  wi th  a  ripple   
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Table  A. 1  – Speci fication  of  the  parameters of  the veri fication  waveforms 

Veri fication  
waveform  

No.  

Type of  modu lation  Modu lation  
frequency  

f
m
 

Hz  

Modulation  
depth  
m

ver
 

Reference value of  
the  stroboscopic  
effect  vi sibi l i ty 

measure  

SVME  

VW-sq1  

Square  pu l se  – Formu la 
(A. 1 0 )  

99  0 , 200  5   1 , 000  

VW-sq2  1 00  0 , 201  2   1 , 000  

VW-sq3  1 00  0 , 020  1  0 , 1 00  

VW-sq4 1 00  0 , 804  8  4, 000  

VW-sq5  1 01  0 , 201  9  1 , 000  

VW-sn1  

S i nusoidal  – Formu la (A. 1 1 )  

32  1 , 000  0  0 , 991  

VW-sn2  1 00  0 , 256  3  1 , 000  

VW-sn3  500  0 , 731  4  1 , 000  

VW-sn4 1  900  0 , 999  7  1 , 000  

 

I t  i s  recommended  to  appl y the  parameters  and  waveforms  g iven  in  Table  A. 1 .  The  reference  
values  for the  ou tcome of  the  SVM  can  be  used  to  veri fy proper numerical  implementation  of  
the  SVM.  For the  square  pu lse-modu lated  waveform ,  a l ow frequency of  1 00  Hz i s  chosen  to  
avo id  the  uncertain ty effect  of  al i asi ng  that  i s  presen t  i n  numerical  too ls  such  as  MATLAB®  
when  emu lati ng  a square  waveform .  I n  MATLAB®,  band- l im i t i ng  of  the  waveform  i s  not  
poss ible  pri or  to  sampl i ng  due  to  the  fact  that  the  MATLAB®  square-pu lse  waveform  i s  
sampled  i n trins ical l y (and  always  under sampled  because  the  spectrum  of  a  square-pu lse  
peri od ic  waveform  extends  to  i n f i n i ty) .  For the  1 00  Hz pu lse-modu lated  waveform ,  l i neari ty i s  
also  checked  (SVM =  0 , 1 00  and  4, 000)  and  the  proper peak-find ing  i s  veri f i ed  by appl yi ng  a  
smal l  frequency sh i ft  of  1  H z.  

A.6  Example of  SVM implementation  in  MATLAB®  

An  example  of  SVM  implementation  i s  g i ven  on  MATLAB Cen tral  [1 6] .  

When  usi ng  th is  implementation  wi th  MATLAB version  R201 6b,  th is  wi l l  g i ve  numerical l y 

calcu lated  SVM  values  wi th in  approximatel y 1  %  of  the  anal ytical  reference  values  E
SVM  

g i ven  i n  Table  A. 1 .  
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Annex B  
( in formative)  

 
Uncertainty considerations  

B.1  General  

Annex B  provides  i n formation  re lated  to  the  measurement uncertain ty of  the  value  of  the  SVM 
metric.  

General  i n formation  on  uncertai n ty evaluations  of  measurement data can  be  found  i n  the  
Gu ide  to  the  expression  of  uncertain ty i n  measurement (GUM) ,  JCGM  1 00:2008  [1 7] .  

B.2  General  symbols  

Xi  i n f l uence  quanti ty (also  cal led  i npu t  quanti ty i n  the  GUM  [1 7] )  

xi  est imate  of  i n f luence  quanti ty Xi  

δXi  correction  for i n f l uence  quan ti ty  

u(xi)  standard  uncertain ty of  xi  

ci  sens i t i vi ty coeff icient  

y  resu l t  of  a  measurement  ( the  estimate  of  the  measurand) ,  corrected  for al l  
recogn i zed  s i gn i f ican t  systematic  effects  

uc(y)  combined  standard  uncertai n ty of  y  

U(y)  =  k  ⋅  uc(y)  expanded  uncertai n ty of  y  

k coverage  factor  =  2  

B.3  Measurand  

The measurand  associated  wi th  the  l i gh t  f l uctuati on  test  i s  SVM,  the  stroboscopic  effect  
vi s ibi l i ty measure.  

B.4  Influence quanti ties  

The measurand  SVM depends  on  a number of  i n f l uence  parameters,  wh ich  can  be  categori zed  
i n  d i fferent  g roups  as  depicted  i n  F i gu re  B. 1 .  

Table  B. 1  g i ves  the  l i s t  of  i n fl uence  quan ti t i es  that  may be  considered  to  derive  the  overal l  
uncertai n ty of  the  value  of  the  SVM.  Th is  table  g i ves  main l y a qual i tat i ve  assessment  of  the  
re levance  of  the  i n f l uence  quan ti t i es  wi th  regard  to  i ts  con tri bu tion  to  the  overal l  u ncertain ty of  
the  measurand  SVM.  
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Figure B. 1  – Fishbone d iag ram  representing  the categories  of  in fluence  
quanti t ies  contributing  to  the uncertainty of  the SVM  measurement  
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Table  B . 1  – In fluence quanti ti es  and  thei r  recommended  tolerances  

Main  category Sub  category Importance  Nominal  value  Recommended  
tolerance/value/

reference  

Electri cal  power 
suppl y 

Nom inal  vol tage  or  
cu rren t  

M inor  230  V,  1 20  V  ± 0, 5  %  

Frequency M inor  50  Hz,  60  Hz  ± 0, 5  % 

Electri cal  power 
suppl y d isturbances  

Harmon ics  M inor  n . a.  THD  <  4  %  

Vol tage  f l uctuat i on  M inor,  as  the  l evel  o f  the  
f l uctuat i ons  i s  smal l  and  the  
frequenci es  are  bel ow the  
frequency range  of  i n terest  for  
s troboscopic  effect.  

  

Auxi l i ary equ ipment  
(optional )  

External  d immer Relat i vel y  important  to  ach ieve  
reproducib i l i ty,  because  of  the  
vari ety of  external  d immers .  

Average  l i g h t-
l evel s  to  be  
used  to  speci fy  
d imm ing  l evel s ;  
see  7. 5  and  9 . 2  

Apply s tandard  
d immers;  see  9 . 2  

Li gh t  sou rce  ( l oad ,  
i n  case  of  
con trol gear)  

Relat i vel y  important  to  ach ieve  
reproducib i l i ty.  

 See  9 . 3  

EUT Stabi l i zat i on  A  s table  average  l i g h t  l evel  i s  
essen tial .  E ffect  o f  warm ing -up  
can  be  made  neg l i g i b le  once  a  
s table  l i g h t  l evel  i s  ach ieved.  
S tabi l i zati on  procedure  m igh t  be  
necessary after swi tch-on  and  
after swi tch i ng  to  d i fferent  
operati onal  modes  ( l i g h t  
regu lati on ) .  

Techno logy 
dependent  

See  7. 4  

Ageing  Important  for  some speci f i c  
technol og i es.   

Techno logy 
dependent  

n . a.  

Operat i on  Relat i vel y  important  to  ach ieve  
reproducib i l i ty.  

Techno logy 
dependent  

See  7. 5  

Measurement  
equ ipment:  l i gh t  
sensor,  fi l ter  and  
ampl i fi er  

Sensi t i vi ty  M inor i f  nom inal  l eve l s  are  wel l  
above  no i se  l evel .  

 See  5. 5  

Li neari ty/offset  General l y  m inor.   See  5. 5  

Opti cal  f i l ter  M inor i f  compl i an t  wi th  CIE  
sensi t i vi ty  cu rve.  

CIE  1 931  See  5. 5  

Low-pass  f i l ter  M inor i f  cu t-off  frequency >  
recommended  value.  

3  kHz  See  5. 8. 1  

Measurement  
equ ipment:  SVM  
meter  

ADC/sampl i ng  Can  be  made  neg l i g i bl e  provided  
sample  rate  i s  adequatel y  
chosen  i n  con junct i on  wi th  l ow-
pass  f i l ter  cu t-off  frequency.  

 See 5. 8  

Numeri cal  
process ing  of  data 
( implementati on  of  
SVM  calcu lati on )  

To  be  determ ined  by veri f i cati on  
test.  

<  5  %  See  6. 2  and  
Clause  A. 5  

Test  envi ronment  Opti cal  n o i se  Can  be  made  neg l i g i bl e.   See  1 1 . 2 . 4  

EM  d i s tu rbances  Can  be  made  neg l i g i bl e.   See  1 1 . 2. 4  

Vibrati on  Can  be  made  neg l i g i bl e   See  1 1 . 2. 4  

Setup  Mounti ng  and  
ori en tati on  

M inor   See  7. 3  
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Annex C  
( in formative)  

 
Examples of test  resul ts  

C.1  SVM measurement  resul ts  of  conventional  l i ghting  equipment   

SVM  measuremen t resu l ts  of  a  number of  conven tional  l i gh t i ng  equ ipment  are  g i ven  i n   
Table  C. 1 .  No  vo l tage  modu lation  i s  presen t  on  the  mains  i . e .  measurements  have  been  
performed  wi th  a stable  source.  The  l i g h t  ou tpu t  ri pple  (normal i zed  to  the  average)  of  each  
source  i s  depicted  i n  F igure  C. 1 .  

Table  C. 1  – Numerical  resu l ts  of  SVM  calcu lat ions  of  conventional  l igh ting  equ ipment  

No.  Lighting  equ ipment  SVM  

1 .  I ncandescent  bu l b  [60  W]  0 , 567  

2.  F l uorescent  tube  wi th  magneti c  con tro l gear [1 8  W]  0 , 700  

3 .  F l uorescent  tube  wi th  magneti c  con tro l gear [58  W]  1 , 302  

4.  H i gh  i n tens i ty  d i scharge  l amp wi th  magneti c  d ri ver H ID  SON  
[1 00  W]  

2 , 924  

5.  H i gh  i n tens i ty  d i scharge  l amp wi th  e l ectron i c  d ri ver H I D  CPO 
[60  W]  

0 , 008  
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Figure C. 1  – Normal ized  l igh t  ripple of  conventional  l igh ting  equ ipment  

C.2  SVM test  under d imming  condi tions  

SVM  measurement  resu l ts  of  fou r  samples  of  l i g h t i ng  equ ipment  under  d imm ing  cond i t i ons  
us ing  an  external  d immer are  g i ven  i n  Table  C. 2.  D imm ing  level  1  i nd icates  m in imum  d imm ing  
and  thus  maximum  l i gh t  ou tpu t,  whereas  d imm ing  l evel  6  i nd icates  maximum  d imm ing  and  
thus  m in imum  l i gh t  ou tpu t.  

IEC  
0  0, 01  0, 02  0, 03  0, 04  0, 05  0, 06  0, 07  0, 08  0, 09  0, 1  0  

1  

2  

0  0, 01  0, 02  0, 03  0, 04  0, 05  0, 06  0, 07  0, 08  0, 09  0, 1  0  

1  

2  

0  0, 01  0, 02  0, 03  0, 04  0, 05  0, 06  0, 07  0, 08  0, 09  0, 1  0  

1  

2  

0  0, 01  0, 02  0, 03  0, 04  0, 05  0, 06  0, 07  0, 08  0, 09  0, 1  0  

1  

2  

0  0, 01  0, 02  0, 03  0, 04  0, 05  0, 06  0, 07  0, 08  0, 09  0, 1  0  

1  

2  
I ncandescen t  bu l b  60  W  

Fluorescent  tube  wi th  magneti c  con tro l gear 1 8  W  

Fluorescent  tube  wi th  magneti c  con tro l gear 58  W  

HID  l amp SON  wi th  magneti c  con trol gear 1 00  W  

HID  l amp CPO wi th  e l ectron i c  con tro l gear 60  W  
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Table  C.2  – Numerical  resu l ts  of  SVM  calcu lations  of  four samples  of  
l igh ting  equ ipment  under d imming  cond i tions  

Dimming  
l evel  

Light  
ou tpu t  

SVM  

60  W 
incandescent  

l amp 

8  W 
in tegrated  
LED l amp 

20  W 
in teg rated  
LED l amp 

1 3  W 
in tegrated  
CFL  l amp  

1  1 00  %  0 , 374  1 , 1 48  0 , 01 0  0 , 042  

2  75  % 0 , 448  1 , 593  0 , 009  0 , 01 8  

3  50  % 0 , 476  1 , 61 9  0 , 005  0 , 042  

4  40  % 0 , 479  1 , 337  0 , 004  0 , 047  

5  30  % 0 , 474  1 , 006  0 , 009  0 , 045  

6  20  % 0 , 459  0 , 527  0 , 003  0 , 039  

 

 

Figure C.2  – Graphical  SVM  resu l ts  of  four  samples of  l ighting  equ ipment  
under d imming  cond i tions  

Note  that  the  tests  have  been  performed  under stable  mains  vo l tage  cond i ti ons  i . e .  there  are  
no  vol tage  f luctuations  presen t  on  the  mains.  
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