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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
EQUIPMENT FOR GENERAL LIGHTING PURPOSES –  

EMC IMMUNITY REQUIREMENTS –  
 

Part 1 :  An  objective  voltage fluctuation  immunity test method  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  poss ible,  an  i n ternati ona l  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty  
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or 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 cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Attention  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct  appl i cati on  of th i s  publ i cation .  

9)  Attention  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 cation  may be  the  subject  of 
paten t ri gh ts .  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

The main  task of I EC techn ica l  committees  is  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose  the  publ ication  of a  techn ica l  report when  i t  has  col l ected  
data  of a  d i fferent ki nd  from  that wh ich  i s  normal l y publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC TR 61 547-1 ,  wh ich  i s  a  techn ical  report,  has  been  prepared  by subcommittee  34:  Lamps  
and  re lated  equ ipment.  
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The  text of th is  techn ical  report i s  based  on  the  fo l l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

34/21 2/DTR 34/220A/RVC 

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  report can  be  found  in  the  
report on  voti ng  ind icated  i n  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/I EC D irectives,  Part 2 .  

A l i st  of a l l  parts  in  the  I EC  61 547  series,  publ i shed  under the  general  ti t le  Equipment for 
general lighting purposes – EMC immunity requirements,  can  be  found  on  the  I EC websi te.  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  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. iec.ch"  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i ti on ,  or 

•  amended .  

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

 

IMPORTANT – The 'colour inside'  logo  on  the  cover page of th is  publ ication  i nd 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 print  th is  document using  a  
colour prin ter.  
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INTRODUCTION  

Fl icker perception ,  and  the  associated  I EC 61 000-3-3  s tandard  for vol tage  fluctuations  and  
the  fl ickermeter I EC 61 000-4-1 5,  i s  based  on  the  60  W  incandescent lamp.  As  a  resu l t of the  
phas ing  ou t of i ncandescent l amps  and  the  widespread  in troduction  of a l ternative  l i ghting  
equ ipment technolog ies,  a  new reference l amp was  cons idered .   I t  has  been  demonstrated  
that  new l i ghting  technolog ies  are  i n  general  l ess  bu t sometimes  a lso  more  sens i ti ve  to  suppl y 
vol tage  fluctuations  than  the  current  60  W  incandescen t lamp.  CIGRE  working  group  C4. 1 1 1  
has  assessed  the  impact of new l i ghting  technolog ies  on  the  existi ng  fl i cker standards.  Most 
l i kel y,  the  present fl icker sens i ti vi ty curve  of I EC 61 000-3-3  wi l l  stay as  the  reference,  bu t  
because  of the  i ncreased  d i vers i ty of sens i ti vi ty of l i gh ting  equ ipment to  vol tage  fl uctuations,  
there  is  a  fu tu re  need  for a  vol tage-fluctuation  immun i ty test speci fical l y for l i gh ting  
equ ipment.   I n  th is  way,  the  fu l l -EMC approach  (Figure  1 )  i s  i n troduced  for fl icker,  i . e.  l im i t 
vol tage  fl uctuations  caused  by equ ipment connected  to  the  gri d ,  and  in  add i tion  establ ish  a  
m in imum  level  of fl icker immun i ty of l i gh ting  equ ipment against  these  vol tage  fl uctuations.  

Th is  techn ica l  report  provides  an  objecti ve  method  and  procedure  for testing  the  immun i ty of 
l igh ti ng  equ ipment against mains  vol tage  fl uctuations.  W i th  th is  techn ica l  report,  the  l i gh ting  
i ndustry can  ga in  experience  wi th  the  fl icker immun i ty test.   Resu l ts  of actual  tests  wi l l  be  
reported  separatel y i n  I EC  TR 61 547-2 .  

Based  on  the  experience  wi th  th is  immun i ty test method ,  the  adoption  of a  s im i lar test i n  the  
immun i ty standard  for l i ghting  equ ipment I EC  61 547  wi l l  be  considered .  
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EQUIPMENT FOR GENERAL LIGHTING PURPOSES –  
EMC IMMUNITY REQUIREMENTS – 

 
Part 1 :  An  objective  voltage fluctuation  immunity test method  

 
 
 

1  Scope 

This  Part of 61 547,  wh ich  i s  a  Techn ical  Report,  establ ishes  an  objective  method  and  
procedure  for testing  the  immun i ty performance of l i ghti ng  equ ipment against vol tage  
fluctuation  d isturbances  on  the  a. c.  power port.  

The  obj ect  of th is  Techn ica l  Report  i s  to  establ ish  a  common  and  obj ecti ve  reference  for 
evaluating  the  immun i ty of l i gh ting  equ ipment i n  terms  of i l l um inance  fl icker when  subjected  to  
mains  vol tage  fl uctuations.  Temporal  changes  in  the  colour of the  l i ght (chromatic fl icker)  are  
not considered  in  th is  test.  

Th is  method  and  procedure  can  be  appl i ed  to  l i ghting  equ ipment wh ich  is  wi th in  the  scope of 
I EC techn ical  committee  34,  such  as  l amps  and  l um inai res,  i n tended  for connection  to  a  l ow 
vol tage  e lectrici ty supply.  I ndependen t auxi l iaries  such  as  d ri vers  can  be  tested  a lso  by 
appl ication  of a  representative  l i gh t source  to  that auxi l i ary.  

The  method  and  procedure  described  in  th is  techn ica l  report are  based  on  the  I EC  61 000-3-3  
standard  for vol tage  fl uctuation  l im i ts  and  the  fl ickermeter standard  I EC  61 000-4-1 5.  

The  test method  described  i n  th is  report appl ies  to  l i ghting  equ ipment rated  for 230  V a. c.  and  
50  Hz (for veri fication  purposes) .  

NOTE  The  pri nci ple  of the  method  can  be  appl i ed  for other nom inal  vol tage  and  frequency rati ngs.  

2  Normative references   

The fol l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC 61 000-3-3: 201 3,  Electromagnetic compatibility (EMC)  – Part 3-3: Limits – Limitation of 
voltage changes,  voltage fluctuations and flicker in  public low-voltage supply systems,  for 
equipment with  rated current ≤  16 A  per phase and not subject to conditional connection  

IEC 61 000-4-1 5:201 0,  Electromagnetic compatibility (EMC)  – Part 4-15: Testing and 
measurement techniques – Flickermeter – Functional and design specifications 

3 Terms,  defin i tions,  abbreviations  and  symbols  

3. 1  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i tions  g iven  i n  I EC 61 000-3-3,  
IEC 61 000-4-1 5  and  the  fol lowing  appl y.   
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3. 1 . 1   
fl i cker 
impress ion  of unstead iness  of visual  sensation  i nduced  by a  l igh t stimu lus  whose l um inance  
or spectral  d istribution  fl uctuates  wi th  time  

[SOURCE:  I EC 60050-845: 1 987,  845-02-49]  

3. 1 .2   
fl i ckermeter 

i nstrument des igned  to  measure  any quanti ty representati ve  of fl icker 

[SOURCE:  I EC 60050-604: 1 987,  604-01 -28]  

3. 1 .3   
vol tage  fl ickermeter 
i nstrument as  speci fied  i n  I EC  61 000-4-1 5  wh ich  i s  des igned  to  measure  any quanti ty 
representati ve  of fl icker resu l ting  from  mains  vol tage  fl uctuations  

3. 1 .4   
i l l uminance  
quotient of the  l um inous  flux dΦv  i nciden t on  an  e lemen t of the  surface  con tain ing  the  poin t,  
by the  area  dA  of that e lement 

Equ ivalen t defi n i ti on .  I n tegra l ,  taken  over the  hem isphere  vis ib le  from  the  g i ven  poin t,  of the  
express ion  Lv•cos  θ· dΩ  where  Lv  i s  the  lum inance at the  g i ven  poin t i n  the  various  d i rections  
of the  i nciden t e lementary beams of sol i d  ang le  dΩ ,  and  θ  i s  the  ang le  between  any of these  
beams and  the  normal  to  the  surface  at  the  g iven  poin t  

∫ ⋅⋅==
sr 2π

vv dcos
d

d
ΩθL

A

Φ
E v  

Note  1  to  en try:  I l l um inance  i s  expressed  i n  l x or lm ·m–2  

[SOURCE:  I EC 60050-845: 1 987,  845-01 -38]  

3. 1 .5   
l igh t fl i ckermeter 
i nstrument des igned  to  measure  fl i cker resu l ti ng  from  temporal  changes  i n  the  in tens i ty of the  
l i gh t i n  an  objective  way and  based  on  the  I EC 61 000-4-1 5  speci fications  

3. 1 .6   
threshold  of fl icker i rri tabi l i ty  
maximum  value  of a  fl uctuation  of l um inance or of spectra l  d is tribu tion  wh ich  g i ves  rise  to  a  
fl icker tolerated  wi thou t d iscomfort by a  speci fi ed  sample  of the  popu lation  

[SOURCE:  I EC 60050-1 61 : 1 990,  1 61 -08-1 6]  

3. 1 .7    
short-term  fl icker ind icator 
Pst  
measure  of fl icker evaluated  over a  speci fi ed  time i n terval  of a  relati vel y short duration  
defin i tion  

Note  1  to  en try:  The  d uration  i s  typical l y 1 0  m in ,  i n  accordance  wi th  I EC 61 000-4-1 5.  

[SOURCE:  I EC 60050-1 61 : 1 990,  1 61 -08-1 8]  
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3.2  Abbreviations  

a.c.  a l ternating  current  

AM  ampl i tude  modu lation  

CFL  compact fl uorescent l amp  

CIE  Commission  I n ternationale  de  l 'Éclai rage  

cpm  changes  per m inu te  

d . c.  d i rect curren t  

EUT equ ipment under test  

EMC e lectromagnetic  compatib i l i ty 

EMI  e lectromagnetic  i n terference  

Hz hertz  

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

IEC  I n ternational  E lectrotechn ical  Commission  

IEV I n ternational  E lectrotechn ical  Vocabu lary 

ISO  I n ternational  Organ ization  for Standard ization  

I -SH  i n terpretation  sheet  

kHz ki lohertz  

LED  l igh t em i tti ng  d iode  

LP  l ow pass  

ms m i l l i second  

rect rectangu lar 

rms root mean  square  

TR techn ica l  report  

SSL  sol i d  state  l i gh ting  

V vol tage  

W watt  

3.3  Symbols  

α  mu l tip l ication  factor 

CA   ga in  of the  l i gh t ampl i fier 
d re lati ve  vol tage  change  

dE    re lati ve  change  of the  rectangu lar modu lation  of the  i l l um inance  

dr    re lati ve  change  of the  1 00  Hz- i l l um inance  ripp le  

∆u  i nstan taneous  tota l  vol tage  variation  after a  vol tage  fl uctuation ,  

∆U tota l  vo l tage  variation  of the  ha l f-period  rms  value  after a  vol tage  fl uctuation  

f   mains  frequency (50  Hz)  

fm    modu lation  frequency 

m   modu lation  i ndex 

%  percent  

pp percentage  poin t  

Pst  short-term  fl icker i nd icator 

E
stP  Pst-value  of the  s tandard ised  i l l um inance  waveform  E(t)   

EUT
stP  Pst-value  of the  i l l um inance of an  EUT measured  wi th  the  l i gh t fl i ckermeter 
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LM
stP  Pst  -va lue  of the  i l l um inance  measured  wi th  the  l i gh t fl ickermeter 

V
stP  Pst  -va lue  of the  suppl y vol tage  measured  wi th  the  vol tage  fl ickermeter 

noise

LM
stP  l i gh t fl i cker noise  level  

noise

V
stP  Pst  -no ise  level  of the  mains  

s  the  complex Laplace  variable  

û   ampl i tude  of the  mains  vol tage  

u(t)   mains  vol tage  s ignal  

uE(t)  ou tpu t vol tage  of the  l i gh t  sensor ampl i fi er 

Tm  modu lation  period  

Ttest  period  of time over wh ich  the  i l l um inance is  measured  du ring  appl ication  of the  

vol tage  fl uctuation   

U  ha l f-period  rms-value   

4 General  

The immun i ty of l i gh ting  equ ipment to  vol tage  fl uctuations  may be  tested  by appl ying  speci fic  
types  and  levels  of vo l tage  fl uctuations  on  the  mains  i n  accordance wi th  the  short-term  fl icker 
i nd icator Pst  =  1  curve  for the  reference  i ncandescent l amp of 60  W  speci fied  in  
I EC 61 000-3-3.  I n  th is  way,  the  fu l l  EMC approach  i s  appl ied  for fl i cker,  i . e.  vo l tage  
fluctuations  caused  by equ ipment connected  to  the  grid  are  l im i ted  by the  vol tage  fl uctuation  
em ission  test of I EC 61 000-3-3,  wh i le  the  level  of fl icker immun i ty of l i gh ting  equ ipment 
against these  Pst =  1  vo l tage  fl uctuations  i s  tested  us ing  the  method  and  procedures  speci fi ed  
i n  th is  techn ical  report (see  F igure  1 ) .  

During  the  test,  the  suppl y vol tage  is  modu lated  wi th  Pst  =  1  fl uctuation  extracted  from  the  
threshold  of fl i cker i rri tab i l i ty curve  and  the  l um inous  i n tens i ty variation  of the  l i gh ting  

equ ipment i s  measured  and  recorded  (denoted  as V
stP ) .  A l i ght fl ickermeter i s  appl ied  to  

measure  the  value  of the  metric Pst  (denoted  as
LM
stP ,  whereas  V

stP  wou ld  correspond  to  the  

fl icker severi ty va lue  measured  from  vol tage  fl uctuations) .  

5 Vol tage fluctuation  d isturbance signal  

5.1  General  

The immun i ty test against vol tage  fluctuations  i s  carried  ou t i n  accordance wi th  the  test 
method  speci fied  i n  Clause  6.  The  d isturbances  are  rectangu lar ampl i tude  modu lations  that 
are  to  be  appl i ed  on  the  a. c.  power port.  
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Figure  1 a  – Vol tage  fluctuati on  emission  test IEC  61 000-3-3,   
using  the  IEC  vol tage fl i ckermeter IEC  61 000-4-1 5  

 

Figure  1 b  – Vol tage fluctuation  immun i ty test speci fi ed  i n  th i s  techn ical  report  

Figure 1  – The fu l l  EMC approach  for mains  vol tage fluctuations   

The  mains  si gnal  i s  to  be  ampl i tude  modu lated  wi th  rectangu lar s ignals  wi th  frequencies  
between  approximatel y 0 , 05  Hz and  40  Hz.  For the  rectangu lar modu lated  mains  s ignal  u (t)  
the  fol lowing  equation  appl i es :  

 { }))π2(sin( signum1)π2sin(ˆ)( mtfmftutu ⋅+⋅⋅=  (1 )  

where  

û  i s  the  ampl i tude  of the  mains  vol tage;  

f  i s  the  mains  frequency (50  Hz);  

m   i s  the  modu lation  i ndex;  

s ignum(x)  =  the  s ignum  function ,  s ignum(x)  =  1  for x  >  0  

s i gnum(x)  =  0  for x  =  0  

s i gnum(x)  =  –1  for x  <0  

fm  i s  the  modu lation  frequency =  1 /Tm .  

Furthermore  the  hal f-period  rms  va lue  U of the  unmodu lated  mains  s i gnal  can  be  wri tten  as:  

 2/ûU =  (2)  

I n  I EC 61 000-4-1 5,  the  parameter d  i s  appl i ed ,  wh ich  i s  the  tota l  re lati ve  vol tage  change:  

 UUuud /ˆ/ ∆=∆= ,  (3)  

for rectangu lar AM  modu lation  wi th  modu lation  frequencies  <  f  

where   

IEC 
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∆u  i s  the  i nstan taneous  tota l  vol tage  variation  after a  vol tage  fl uctuation ;  

∆U  i s  the  tota l  vol tage  variation  of the  ha l f-period  rms  value  after a  vol tage  fl uctuation .  

For a  rectangu lar modu lated  mains  s ignal  wi th  modu lation  i ndex m  the  relati ve  vol tage  change 
d i s :  

 d  =  2m .  (4)  

The  re lati ve  vol tage  change  (or vol tage  fl uctuation )  d  i s  often  expressed  as  a  percentage.  

An  example  of the  parameters  is  shown  in  F igure  2 .  

 

EXAMPLE  Ampl i tude  modu lated  mains  s i gnal  (230  V;  50  H z) .  Rectangu l ar modu lati on ;  frequency 5  Hz (600  cpm) ;  
Tm  =  0 , 2  s ;  modu lation  i n dex m  =  0 , 1  ( re l ati ve  vol tage  change  d  =  20  %).   

Figure 2  – Defin i tion  of the  mains  test  s ignal  i nclud ing   
a  rectangular modu lated  vol tage fluctuation  (see  Equation  (1 ) )  

Vol tage  fl uctuations  frequencies  are  often  expressed  i n  terms  of vol tage  changes  per m inute  
(cpm) .  The  re lation  between  the  vol tage  fluctuation  frequency fm  and  the  cpm  (one  cycle  
con tains  two  changes)  i s :  

 f
m
 [H z]  =  cpm  [changes  per m inu te]  /  1 20.  (5)  

5.2  Mains  s ignal  parameters  

The unmodu lated  test vol tage  level  U shou ld  be  set and  main ta ined  at the  nom inal  va lue  of 
230  V,  wi th  a  to lerance  of ±  0 , 5  % .  

The  mains  frequency f shou ld  be  set and  main tained  wi th  a  to lerance  of ±  0 , 5  %  of the  
nom inal  va lue  of 50  Hz.  

Res idual  fl uctuations  of the  unmodu lated  test suppl y vol tage  during  a  test may g i ve  rise  to  Pst  
that are  not exactl y zero.  I t  i s  recommended  to  keep th is  Pst-noise  level  be low 0, 2 .  See  
Clause  B. 5  for the  impact on  the  uncerta in ty of the  test.  
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NOTE  I n  I EC 61 000-3-3  the  Pst-noise  l eve l  i s  speci fi ed  to  be  l ess  than  0 , 4  wh i ch  can  i nduce  an  uncertai n ty of 8  %  
i n  the  I EC 61 000-4-1 5  measu rement.  However,  i n  th i s  test  protocol  there  are  many sources  of u ncerta in ty and  that  
i s  the  reason  to  set  a  more  stri ct  Pst-no ise  l evel  tol erance.  

5.3  Disturbance  s ignal  parameters  and  test l evels  

Speci fic test frequencies  and  types  of modu lation  are  speci fied  i n  the  I EC fl ickermeter 
standard  I EC  61 000-4-1 5  for performance veri fication  purposes.  I t  i s  recommended  to  use  the  
test frequencies  and  the  rectangu lar modu lation  g iven  in  Table  5  of I EC 61 000-4-1 5:201 0  a lso  
as  test s i gnals  for vol tage  fluctuation  immun i ty testing  of l i ghti ng  equ ipment.  

The  recommended  speci fic l evels  of re lative  vol tage  changes  and  modu lation  frequencies  to  
be  appl ied  are  g iven  i n  Table  1 .  The  test l evels  i n  th is  table  are  partl y taken  from  the  
fl i ckermeter performance  test speci fications  g i ven  i n  Table  5  of I EC  61 000-4-1 5: 201 0,  and  
from  the  test l evel  at 8 , 8  Hz g i ven  i n  Table  2b  of I EC  61 000-4-1 5: 201 0.  The  latter frequency i s  
the  most sens i ti ve  frequency over the  frequency range  of in terest.  

The  rectangu lar modu lation  pattern  shou ld  be  appl i ed  wi th  a  du ty cycle  of 
50  %  ±  2  percentage  poin t  (pp) ,  and  the  transi ti on  time from  one  vol tage  l evel  to  the  next  
shou ld  be  less  than  0 , 5  ms.  Al l  test  frequency and  level  combinations  wi l l  g i ve  a  short-term  

fl icker value  of V
stP  =  1  correspond ing  to  the  threshold  of the  fl i cker i rri tabi l i ty curve .  

The  duration  of the  vol tage  fluctuation  appl i ed  to  the  EUT shou ld  be  m in imal l y 1 20  s  (see  
footnote  c  of Table  1 ) .  

Table  1  – Vol tage  fluctuations  – Test specification  of vol tage   
fluctuations  appl ied  at  i nput a.c.  power ports  230  V;  50  Hz  

Rectangu l ar ampl i tude modu lations  wi th  duty cycle  of 50  %  a  c  d  

Vol tage  changes  per m inute  Modulation  frequency Relative  vol tage  fluctuation  

 f
m
 d  =  ∆U/U 

cpm Hz %  

39  0 , 325 0  0 , 894  

1 1 0  0 , 91 6  7  0 , 722  

1  056  8, 8  0 , 275  b  

1  620  1 3 , 5  0 , 407  

4  000  33, 3  2 , 343  

a   See  Tab le  5  of I EC 61 000-4-1 5 : 201 0.  

b   See  Tabl e  2b  of I EC 61 000-4-1 5: 201 0  for P i n st  =  1 ;  the  val ue  of d =  0 , 1 96  %  i s  i ncreased  to  0 , 275  %  to  g i ve  
Pst=  1 .  

c  The  du rati on  of the  vol tage  fl u ctuation  and  record i ng  of the  i l l um inance  i s  recommended  to  be  m in imal l y 1 80  
s  (60  s  for the  transien t  response  of the  fl i ckermeter’ s  fi l ters  and  1 20  s  for the  du ration  of the  stati sti cal  
eva luati on  of the  fl i cker l eve l  i n  b l ock d ,  see  A. 2 . 5).  F i rst  of a l l ,  the  transient  response  of the  l i g h t  
fl i ckermeter’ s  fi l ters  shal l  be  considered ,  wh ich  i s  dom inated  by the  i l l um inance  adapter (b lock a ,  see  A. 2 . 2).  
The  time  constant  of th i s  fi l ter i s  set  at  1 0  s ,  reach ing  the  90  %  of the  val ue  correspond i ng  to  the  steady 
state  response  at  approximatel y 50  s .  I n  add i ti on ,  the  eval uation  period  shou ld  contai n  an  i n teger n umber of 
vol tage  fl uctuation  peri ods.  For the  set  of test  modu l ation  frequencies  g i ven  i n  th i s  tab le,  the  m in imum  
duration  to  ach i eve  an  i n teger number of vol tage  fl uctuation  peri ods  i n  a l l  the  test  cases  i s  1 20  s .  

d  Recommended  absol u te  tol erance  for the  d u ty cycle  i s  ±2  pp ,  for the  modu lati on  frequency the  
recommended  tol erance  i s  ±1  %  and  for the  relati ve  vol tage  fl uctuation  the  recommended  to lerance  i s  ±2  %  
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6 Test setup and  equipment 

6.1  General  

The b lock d iagram  of the  test setup  i s  shown  in  F igu re  3 .  One  can  d isti ngu ish  three  parts  i n  
the  setup:  

a)  generation  of the  test vol tage,  

b)  appl ication  of the  test vol tage  to  the  EUT,  photometric measurement of the  EUT in  an  
optical l y sh ie lded  environment,  

c)  measurement and  control  equ ipment.  

More  deta i l s  of the  equ ipment properties  are  described  below.  

 

Figure 3  – Block d iagram  vol tage-fluctuation  immun ity test  

6.2  Test vol tage   

The test vol tage,  wh ich  cons ists  of the  mains  vol tage  wi th  a  rectangu lar ampl i tude  modu lation ,  
can  be  syn thesised  us ing  waveform  generator and  an  ampl i fi er.  Th is  may be  implemented  
a lso  by us ing  a  separate  waveform  generator for the  modu lati ng  s ignal  that i s  appl ied  to  a  
generator that makes  the  50  Hz mains  s ignal .  

I t  i s  importan t that the  equ ipment for generati ng  the  ampl i tude  modu lation  i s  capable  of 
generati ng  vol tage  fluctuations  wel l  be low the  lowest test l evel  of d =  0 , 275  %  at  8 , 8  Hz (see  
Table  1 ) .  

Care  shou ld  be  taken  that no  other d is turbing  s i gnals  than  the  ampl i tude  modu lation  are  
present  (see  5. 2  and  7 . 4 . 3  for the  veri fication).  
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The  characteristics  of the  test vo l tage  shou ld  be  veri fied  by ei ther measurement through  an  
osci l l oscope or by d i rect appl ication  of an  I EC  fl ickermeter (see  7. 3. 2).  

6.3  Optical  test envi ronment 

The i l l um inance  of the  EUT is  to  be  measured  for process ing  by the  l i ght fl ickermeter.  There  
is  no  need  for measuring  the  absolu te  value.  On l y the  relati ve  i l l um inance  i s  to  be  determ ined .  

The  EUT and  the  l ight sensor are  to  be  located  i n  an  optical l y sh ie l ded  environment  to  avoid  
d isturbances  from  l i gh t  sources  other than  the  EUT.  

The  test envi ronment shou ld  be  a lso  mechan ical l y robust to  avoid  vibrations  of the  EUT and  
l igh t sensor that may g i ve  rise  to  unwanted  variations  in  the  i l l um inance.  

I t  i s  recommended  that  the  l i gh t ou tpu t of the  EUT is  measured  i nd i rectl y via  a  refl ecti ng  
surface.  Th is  i s  especia l l y true  for l ighti ng  equ ipment wi th  a  spatia l  d istribu tion  of l i gh t 
sources  (e. g .  TL,  TLED,  2D  LED  matrix) .  

An  i n tegrati ng  sphere,  l i ke  an  U lbricht sphere,  may be  appl ied .  Th is  may be  conven ient 
because  then  the  orien tation  and  a l ignment of the  EUT wi th  respect  to  the  l igh t sensor i s  l ess  
cri tical .  

6.4  Light  sensor and  ampl i fier 

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

The  photod iode,  optical  fi l ter and  ampl i fier combination  shou ld  satisfy the  fol lowing  
characteristics:  

a)  the  optical  fi l ter shou ld  match  the  photod iode  to  the  eye  sens i ti vi ty curve  of CIE  1 931  
wh ich  is  the  CI E  1 931  Standard  Observer function  speci fied  i n  I SO  1 1 664-1 : 2007  [3] ; 1  

b)  the  cu t-off frequency of the  ampl i fier shou ld  enable  measurement of a l l  fl icker-re levant 
frequencies.  A cu t-off frequency of 2  kHz i s  recommended ;  

c)  the  ou tput vol tage  of the  ampl i fier shou ld  vary l i nearl y wi th  the  i l l um inance and  no  offset-
vol tage  shou ld  be  present.  

6.5  Signals  to  be  measured  

The  ou tpu t vol tage  uE( t)  of the  l i ght  sensor ampl i fi er i s  measured  as  a  function  of t ime over a  
period  Ttest.  The  ou tput  vol tage  uE(t)  varies  l i nearly wi th  the  i l l um inance  E(t) :  

 )()( AE tECtu ⋅=  i s  measured  between   testTt <<0  (6)  

where  CA  i s  the  constant i nclud ing  the  gain  of the  ampl i fi er and  wh ich  re lates  the  output 
vol tage  of the  l i ght  sensor ampl i fier to  the  i l l um inance.  

I n  add i tion ,  the  mains  vol tage  i nclud ing  the  vol tage  variation  u(t)  i s  measured  over the  same 
time period .  

The  s ignals  can  be  measured  wi th  an  osci l l oscope.  I t  i s  recommended  to  appl y an  appropriate  
l ow-pass  fi l ter in  the  osci l l oscope to  l im i t  the  noise.  

___________ 

1   Numbers  i n  square  brackets  refer to  the  B i b l i ography.  

Copyright International  Electrotechnical  Commission  



 – 1 6  – I EC TR 61 547-1 : 201 5  © I EC  201 5  

The  measured  s ignals  are  to  be  recorded  for further process ing .  

6.6  Signal  processing  

6.6. 1  An ti -al i asing  fi l ter 

The l i gh t ou tput of some types  of l amps  may con tain  spectra l  components  at frequencies  wel l  
above  1 00  Hz (kHz-range)  that are  not producing  vis ib le  fl icker.  Depend ing  on  the  sampl ing  
frequency (see  6 . 6. 2)  these  h i gher frequency componen ts  may be  undersampled  and  th is  may 
l ead  to  a l iasing  wh ich  g i ves  artefacts  i n  the  l i ght  sensor s i gnal .  I t  i s  recommended  to  avoid  
such  a l i asing  effects  by appl ication  of a  l ow-pass  fi l ter between  the  ampl i fi er ou tpu t of the  
l igh t sensor and  the  measurement system .  

EXAMPLE  A 1 st  order l ow-pass  fi l ter wi th  3  dB  cu t-off frequency of 1  kHz wi l l  a ttenuate  a  factor 1 0  at  3  kHz.  For 
3  kHz,  the  sampl ing  frequency i s  then  at  l east  6  kHz.  

6.6.2  Sampl ing  frequency 

For processing  of the  s i gnals,  i n  accordance  wi th  the  N yqu ist cri terion ,  the  sampl ing  
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 in  the  s i gnal  to  be  measured .  

The  mains  vol tage  s i gnal  of 50  Hz wi th  ampl i tude  modu lation  rang ing  from  0, 5  Hz up  to  40  Hz 
has  a  spectrum  of in terest up  to  the  sum  of the  mains  and  the  modu lation  frequency.  Hence,  
the  frequency range  of in terest  of the  mains  vol tage  s igna l  extends  rough l y up  to  1 00  Hz.   

The  i l l um inance s ignal  has  a  spectrum  of i n terest that i s  at least twice  the  spectrum  of the  
mains  s i gnal  for i ncandescen t l amps.  For non- incandescent type  of l i gh ting  equ ipment much  
h igher frequencies  may be  present depend ing  on  the  d ri ver technology appl ied .  As  these  
much  h igher frequencies  are  not of in terest for fl i cker these  shou ld  be  fi l tered  before  sampl i ng  
(see  6. 6. 1 ) .  

I n terharmon ics  may a lso  cause  beat  frequencies  that may produce l i gh t fl icker.  

Sti l l  for ca lcu lating  fl icker,  the  h ighest frequency of i n terest  i s  determ ined  by the  h ighest 
modu lation  frequency,  the  mains  frequency and  the  possib le  in terharmon ics.  The   
fl i ckermeter,  and  a lso  the  l i ght fl i ckermeter conta in  a  bandpass  fi l ter (0 , 05  Hz to  35  Hz),  see  
Annex A.  

Al though  the  h ighest frequency of i n terest i n  the  i l l um inance  s i gnal  i s  l im i ted  to  approximatel y 
200  Hz,  the  way the  various  d i g i ta l  fi l ters  are  implemented  usual l y requ i res  oversampl ing  and  
therefore  much  h igher sampl i ng  rates  (see  [9] [1 2] ) .   

For the  Matlab  implantation  of the  I EC fl ickermeter g i ven  i n  [1 4 ]  a  sampl i ng  rate  of at  l east 
2  kHz is  recommended .  Therefore,  for the  l i gh t fl i ckermeter a  sampl i ng  rate  of at l east 4  kHz 
is  recommended  as  the  bandwid th  of the  i l l um inance s i gnal  resu l ti ng  from  the  mains  vol tage  
and  i ts  fl uctuations  i s  approximatel y twice  the  bandwid th  of the  mains  s i gnal .  As  expla ined  i n  
6. 6. 1 ,  the  sampl i ng  frequency shal l  be  se lected  a l so  i n  con junction  wi th  the  cu t-off frequency 
of the  anti -a l ias ing  fi l ter appl ied .  For practical  l ow-pass  fi l ters  wi th  a  cu t-off frequency around  
1  kHz,  a  sample  rate  of at  l east 1 0  kHz i s  recommended .  

An  example  of a  recorded  i l l um inance  s ignal  over a  period  of 1  s  i s  g i ven  in  F igure  4.  The  
1 00  Hz ri pp le ,  wh ich  i s  typica l  for an  i ncandescen t l amp,  and  the  add i ti onal  modu lation  
resu l ting  from  the  ampl i tude  modu lation  of the  mains  vol tage  at 8, 8  Hz (d  =  0 , 275  %)  are  
clearl y vis ib le.  
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a)  Mai ns  vol tage  fl uctuati on  wi th  rectangu lar modu lated  of 8 , 8  Hz and  d  =  0 , 275  %  

 

b)  I l l um inance  s i gnal  of a  60  W i ncandescent l amp  i ncl ud ing  a  1 00  Hz ri pp le   
and  an  add i ti ona l  modu lation  d ue  to  the  modu lated  mains  vol tage  fl uctuation  (a)  

 

c)  Same  as  b)  zoomed  over 0 , 2  s  and  verti cal  range  from  0  to  1 , 2  

Figure 4 – Example of a  recorded  mains  vol tage fluctuation   
and  i l luminance signal  of a  60  W incandescent lamp  
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6.6.3  Signal  resolution  

As a  resu l t of the  recommended  V
stP -noise  l evel  of 0 , 2  (see  5. 2),  the  uncertain ty of the  

re lati ve  vol tage  fl uctuation  shou ld  be  0, 2  times  the  l owest l evel  of the  re lati ve  vol tage  
fluctuation ,  wh ich  is  0 , 2  %  at 8 , 8  Hz ampl i tude  modu lation .  Hence the  uncertain ty of the  
re lati ve  vol tage  fl uctuation  shou ld  be  l ess  than  0, 055  %  (-65  dB).  Th is  means  that i n  case  of 
appl ication  of an  AD  convertor more  than  1 0  b i ts  i s  requ ired  (s ignal -to-quantization-noise  ratio  
for 1 1  b i ts  =  -66  dB) .  

7 Veri fication  procedure 

7. 1  General  

The test i s  subject to  uncerta in ties.  Annex B  g i ves  an  overview of the  main  i n fl uence  
quanti ti es  for the  uncerta in ty.  

I n  order to  l im i t  uncertain ties  of the  test,  i t  i s  recommended  to  perform  a  number of 
veri fication  tests  at  regu lar i n tervals .  

The  veri fications  tests  are  described  i n  the  fol l owing  subclauses.  

7.2  Light  fl ickermeter 

Veri fication  of the  l i gh t  fl ickermeter may be  performed  us ing  the  procedure  g i ven  i n  
Clause  A. 3.  

I t  i s  recommended  that  the  ou tcome of the  veri fication  satisfies  the  fol lowing  for a l l  test  
frequencies  g i ven  i n  Table  A. 1 :  

 LM
st

E
st PP −  /  E

stP  × 1 00  %  <  5  %  (7)  

where  E
stP  i s  the  fl i cker severi ty value  of the  s tandard ised  i l l um inance waveform  E(t)  appl ied ;  

see  Equation  (A. 7) ,  and  LM
stP i s  the  Pst-value  measured  at  the  ou tpu t of the  l i gh t  fl i ckermeter 

us ing  

 E
stP  =  α  ,  (8)  

for α  =  ¼,  ½,  1 ,  2 ,  3 ,  4  and  5  

where  α
 
i s  the  fixed  mu l tipl ication  factor wi th  wh ich  a l l  the  dE  va lues  g iven  i n  Table  A. 1  have  

to  be  mu l ti p l ied .  

7.3  Mains  vol tage  parameters  wi thout  modu lation  

7.3. 1  Nominal  vol tage level  

The rms-level  of the  mains  s ignal  shou ld  be  measured  when  no  modu lation  i s  appl ied .  

I t  i s  recommended  that the  rms-value  satisfies :  

 U [rms]  =  230  V ±  0 , 5  %  (9)  

Copyright International  Electrotechnical  Commission  



I EC TR 61 547-1 : 201 5  © I EC  201 5  – 1 9  – 

7.3.2  Mains  frequency 

Veri fy that the  mains  frequency f satisfies  the  fol l owing :  

 f =  50  Hz ±  0 , 5  %,  (1 0)  

7.4 Vol tage  fluctuation  l evel  

7.4. 1  General  

I t  i s  important to  veri fy the  level  of the  vol tage  fl uctuation  when  a  certa in  modu lation  is  
appl ied .  Two options  can  be  used  for th is  veri fication .  

7.4.2  Option  1 :  measure  the actual  modulation  frequencies  and  vol tage levels  

Veri fy that the  modu lation  frequencies  fm  g i ven  i n  Table  1  satisfy the  fo l l owing :  

 fm  i s  wi th in  ±1  %  of the  nom inal  va lues  g iven  in  Table  1  (1 1 )  

Appl y a  1  %  rectangu lar modu lation  at a  frequency of 2  Hz.  Measure  the  overal l  change of the  
peak value  of the  mains  vol tage  at a  trans i tion .  Th is  vol tage  change  shou ld  be  (see  Table  1 ) :  

 ∆u  =  230  V ×  1  %  ×  √2=  3 , 25  V ±  2  %  (1 2)  

7.4.3  Option  2:  measure  Pst-values  using  a  fl ickermeter 

A fl ickermeter can  be  appl i ed  for veri fication  of the  vol tage  fl uctuation  levels  as  fol l ows.  

Measure  the  Pst-noise  l evel  of the  mains  (
noise

V
stP )  us ing  the  fl ickermeter,  when  no  

modu lation  is  appl ied .  Veri fy that (see  5. 2)  

 
noise

V
stP  <  0 , 2  (1 3)  

Apply rectangu lar ampl i tude  modu lations  to  the  mains  in  accordance wi th  the  speci fied  test  

l evels  g i ven  i n  Table  1 .  Measure  the  actual  Pst- l evel  us ing  the  fl ickermeter ( V
stP )  and  veri fy 

whether the  mains  s i gnal  i ncl ud ing  the  vol tage  variation  satisfies  the  fo l l owing  (see  Table  1 ) :   

 V
stP  =  1  ±  2  %  (1 4)  

7.5  Light  sensor and  ampl i fier 

Veri fy the  absence  of an  offset vol tage  by covering  the  l i ght sensor such  that no  l i gh t can  
en ter the  photod iode.  Veri fy that vol tage  at the  ou tpu t of the  ampl i fi er i s  l ess  0 , 1  %  of the  
maximum  vol tage  l evel  of the  ampl i fier (wi th in  i ts  operati ng  range).  

Veri fy the  l ineari ty of the  sensor by pos i tion ing  the  photod iode  at d i fferent d is tances  from  a  
stable  smal l  l i gh t  source  i n  an  optical  chamber.  The  vol tage  shou ld  vary l inearl y wi th  1 /r2 .  

Veri fy the  cl i pp ing  l evel  of the  vol tage  output of the  ampl i fier,  and  make sure  that tests  are  
execu ted  below th is  level .  
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7.6  Test envi ronment  

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 ronment and  pu t a l l  (other than  the  EUT)  test equ ipment in to  operation .   

Veri fy the  absence of e lectromagnetic  d is turbances  and/or unwanted  l i gh t i ngress  i n  the  
optical  test  environment by checking  the  vol tage  s i gnal  at  the  ou tpu t of the  ampl i fier.  

E lectrical  sh ie ld ing  of l i ght  sensor and  ampl i fi er i s  h igh l y recommended .  

7.7  Light  fl icker noise  

I n  theory,  i f the  i l l um inance  from  the  EUT wou ld  be  constant,  then  the  LM
stP =  0.  I n  practice  

however,  the  l i ght  sensor and  i ts  ampl i fier and  the  l i ght  fl i ckermeter may g ive  a  non-zero  

resu l t i f the  i l l um inance is  constant.  Th is  i s  ca l l ed  the  l i gh t fl i cker noise  level  
noise

LM
stP .  I t  

shou ld  be  noted  that th i s  noise  level  d i ffers  from  the  noise  
noise

V
stP  d ue  to  residual  vo l tage  

variations  of the  test s i gnal  (see  5. 2  and  7. 4. 3).  

The  l i gh t fl icker noise  level  
noise

LM
stP  can  be  veri fi ed  as  fol lows.  

I nsta l l  a  su i table  a . c. -fed  l i gh t source,  e i ther an  i ncandescen t or ha logen  l amp.  Feed  the  l amp 
wi th  a  constan t vol tage  wi thou t modu lation .   

Measure  the  i l l um inance  and  determ ine  the  actual  Pst- level  us ing  the  l i ght  fl i ckermeter and  
veri fy whether the  actual  l evel  satisfies  the  fol l owing :   

 
noise

LM
stP <  0 , 1  (1 5)  

8 Test procedure  

The fol l owing  procedure  for execu tion  of a  test i s  recommended :  

a)  mount the  EUT i n  the  optical l y sh ie lded  enclosure;  

b)  swi tch  on  the  EUT and  appl y sufficien t s tabi l i zation  time;  

c)  i f the  EUT has  a  l i ght regu lation  function ,  then  the  l i gh t ou tpu t shou ld  be  set at  50  %  of the  
maximum  l igh t ou tpu t (see  Clause  9  for detai ls) ;  

d )  appl y the  recommended  settings  for the  data  acqu is i ti on  (duration  test,  sample  rate,  
fi l teri ng);  

e)  set  the  test vo l tage  in  accordance wi th  the  recommended  va lues  of Table  1  ( V
stP  =  1 ) ;  

f)  measure  the  LM
stP  l eve ls  of  re lative  i l l um inance  waveform .  

An  example  of a  test  of a  7  W  LED  lamp i s  g i ven  i n  Annex C.  

9  Condi tions  during  testing  

The EUT shou ld  be  tested  wi th in  i ts  i n tended  operati ng  and  cl imatic cond i ti ons .  
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An  appropriate  s tabi l i zation  time shou ld  be  appl i ed  for the  EUT before  execu tion  of the  test.  
The  speci fication  of the  EUT or the  type  of technology may i nd icate  the  typical  s tabi l i zation  
time requ ired .  

The  EUT shou ld  be  operated  as  fol 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 ti ons  as  l a id  down  i n  the  relevant product standard  at stabi l i zed  l um inous  fl ux and  at 
normal  l aboratory cond i tions .  

•  Testing  i s  recommended  at  one  combination  of supply vol tage  and  frequency,  as  speci fi ed  
by the  manufacturer.  

•  An  EUT i nclud ing  a  l i gh t-regu lating  con trol  shou ld  be  tested  at a  l i ght ou tput  l evel  of 50  %  
±1 0  %  from  the  maximum  l i gh t ou tput.  I f a  l i gh t ou tput l evel  of 50  %  i s  not avai lable  for the  
EUT includ ing  a  l ight  regu lation  function ,  the  test shal l  be  done  at the  l evel  wh ich  is  
cl osest to  50  % .  I f two s teps  equal l y d is tant to  50  %  are  avai lable,  the  l ower level  (<50  %  
shal l  be  used  for the  test (see  I -SH  01  [2 ]  of I EC  61 547  [1 ] ) .  

•  Lum inai res  and  i ndependent auxi l i aries  shou ld  be  tested  wi th  l i ght sources  for wh ich  they 
are  i n tended .  Where  such  equ ipment can  operate  wi th  l i ght  sources  of d i fferen t wattages,  
a  l i gh t source  of m in imum  wattage  is  recommended .  

•  I f l i gh t sources  can  operate  at  d i fferent colou rs,  se lect the  colour that  g i ves  the  maximum  
l igh t ou tpu t (modu lation  off) .  

1 0  Evaluation  of the test resul t 

The Pst- level  that i s  measured  by the  l i gh t fl ickermeter wi l l  general l y d i ffer from  the  Pst  =  1  
test l evel  that  has  been  appl ied  through  the  mains  s i gnal  and  the  vol tage  fl uctuation .  

The  resu l ts  can  be  i n terpreted  as  fol lows.  

EUT
stP  =  1 ,  the  EUT is  experienced  to  have  equal  fl i cker behaviour as  a  60  W incandescen t 

l amp by an  average  observer,  i . e .  i n  50  %  of the  cases  fl icker i s  experienced  and  i n  50  %  of 
the  cases  no  fl icker i s  experienced .   

EUT
stP <1 ,  the  EUT is  experienced  to  have  a  better fl icker behaviour than  a  60  W  i ncandescent 

l amp by an  average  observer.   

EUT
stP >1 ,  the  EUT is  experienced  to  have  a  worse  fl i cker behaviour than  a  60  W  i ncandescent  

l amp by an  average  observer.  

1 1  Test report 

The test report shou ld  contain  a l l  the  i n formation  necessary to  reproduce the  test.  I n  
particu lar,  i t  i s  advised  to  record  the  fol l owing  i n formation :  

a)  i denti fication  of the  EUT and  any associated  equ ipment,  e . g .  brand  name,  product type,  
seria l  number;  

b)  the  re levant operating  cond i tions  of the  EUT ( l i gh t  ou tput  l evel ) ;  

c)  the  types  of i n terconnecting  cables,  i nclud ing  the ir l eng th ,  and  the  i n terface  port of the  
EUT to  wh ich  they were  connected ;   

d )  any speci fic cond i tions  for use,  for example  cable  l ength  or type,  sh ie ld ing  or ground ing ,  
or EUT operating  cond i ti ons,  wh ich  are  essen tia l  for vol tage-fl uctuation  immun i ty 
performance;  

e)  the  warm ing-up  time of the  EUT i f appl icable ;  
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f)  i denti fication  of the  test equ ipment,  e . g .  brand  name,  product type,  seria l  number;  

g )  any speci fic  cond i ti ons  necessary to  enable  the  test to  be  performed ;  

h )  the  nom inal  mains  test frequency and  vol tage  appl ied ;  

i )  the  appl ied  d is turbance  s ignals  (modu lation  frequencies,  re lati ve  modu lation  l evels) ;  

j )  the  duration  of the  test  for each  d isturbance  s ignal ;  

k)  the  acceptance cri teria  that  have  been  appl ied  (Pst- l evels) .  
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Annex A 
(informative)  

 
Specification  of the l ight fl ickermeter 

A.1  The vol tage fl ickermeter 

The vol tage  fl uctuation  immun i ty test of the  EUT during  the  test i s  done  i n  an  objecti ve  way by 
us ing  the  same Pst  fl icker metric of the  vol tage-based  fl ickermeter speci fied  i n  I EC 61 000-4-
1 5.  Th is  i s  done  by measuring  the  i l l um inance  variation  of the  EUT and  applying  i t  to  an  
adapted  fl i ckermeter wh ich  uses  i l l um inance as  i npu t i nstead  of the  vol tage  (see  F igure  1 ) .  
I l l um inance fl ickermeters  or l i gh t fl i ckermeter are  described  in  various  papers  [4 ] [6 ] [7] .  The  
mod i fication  can  be  implemented  by skipping  the  parts  of the  i ncandescen t l amp model  i ns id e  
the  current  fl i ckermeter (F igure  A. 1 ).    

 

Red  b locks  i nd icate  the  i ncandescent-l amp speci fi c  b l ocks.  

Figure A. 1  –Structure  of the  IEC  61 000-4-1 5   
fl i ckermeter which  uses  vol tage as  i nput   

Th is  means  that the  fi rst  two b locks  of the  standard ized  fl ickermeter are  not appl i ed  and  part  
of the  th i rd  b lock i s  a lso  om i tted  (see  F igure  A. 1 ).  The  papers  [4] [6 ] [7]  describe  in  detai l  how 
to  ‘delete’  the  l amp response  properties  from  the  fl i ckermeter.  

 

Figure A.2  – Structure of the  l i ght fl i ckermeter  
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A.2  Specification  of the l i ght fl ickermeter 

A.2. 1  General  

The various  b locks  of the  l i gh t fl ickermeter depicted  i n  F igure  A. 2  are  speci fi ed  in  detai l  i n  
Section  2 . 2  of [7] .  More  deta i l s  on  the  functions  of the  b locks  a  to  d  are  g i ven  i n  th is  clause.  

A.2.2  Block a:  i l luminance adapter 

This  b lock con ta ins  an  i l l um inance  adapting  ci rcu i t that scales  the  vol tage  uE(t)  that i s  
proportional  to  the  i l l um inance  to  the  d . c.  va lue:  

 
))(mean(

)(
)(

E

E

tu

tu
tE =  (A. 1 )  

The  d . c.  va lue  can  be  obtained  using  a  1 st  order low-pass  fi l ter transfer function  wi th  
frequency response  as  fol lows:  

 
1

1
)(

LPSC
LPSC +⋅

=
s

sF
τ

 (A. 2)  

where  

s  i s  the  complex Laplace  variable,  and  

LPSCτ   i s  the  fi l ter time constant  set at  1 0  s.  

The  correspond ing  fi l ter cu t-off frequency i s  0 , 01 6  Hz.  

Appl ying  the  s ignal  normal isation  makes  the  fl i cker perception  i ndependen t on  the  i l l um inance  
l evel .  

A.2.3  Block b:  weighting  fi l ters  

The  fi rst part of b l ock b  i s  i dentical  to  the  fi rst part of b lock 3  of the  fl i ckermeter.  Th is  fi rst part 
i ncl udes  a  1 st  order h i gh -pass  fi l ter wi th  a  3  dB  cu t-off frequency of 0 , 05  Hz and  a  6 th  order 
l ow-pass  (Bu tterworth )  fi l ter wi th  a  3  dB  cu t-off frequency of 35  Hz for 230  V/50  Hz systems.  
See  5. 4  of I EC 61 000-4-1 5: 201 0.  

The  second  part of b l ock b  i s  an  eye-bra in  response weigh ting  fi l ter )(LM
WF sF .  I t  can  be  

obtained  by applying  the  weighti ng  fi l ter )(V
WF sF  of the  vol tage  fl i ckermeter,  compensated  for 

the  analog  frequency response )(RL sF  of the  reference  60  W  incandescent l amp (see  F igure  

A. 1 ) :  

 
)(

)(
)(

RL

V
WFLM

WF
sF

sF
sF =  (A. 3)  

The  transfer function  )(V
WF sF of the  s tandard  vol tage  fl i ckermeter i s  defined  i n  5 . 5  of 

I EC 61 000-4-1 5:201 0.  

For the  analog  frequency response )(RL sF  of the  reference 60  W  incandescent l amp,  the  

fol l owing  2nd  order l ow-pass  fi l ter transfer function  i s  used  (see  [7 ] ) :   
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1

)(
L2

2
L1

RL
+⋅+⋅

=
ss

K
sF

ττ
  (A. 4)  

where  K =  3 , 57,  L1τ  =  0 , 02  ms  and  L2τ  =  21 , 2  ms.  

After substi tu tion  of Equation  (A. 4)  i n to  (A. 3)  the  weigh ting  function )(LM
WF sF  of the  second  part  

of b l ock b  can  be  wri tten  for a  230  V/50  Hz system  as  fo l lows:  

 
38050538205347811 132,1 96

839296,71 52758,44661041,0
)(

234

234
LM
WF

+⋅+⋅+⋅+

⋅+⋅+⋅+⋅
=

ssss

ssss
sF   (A. 5)  

A.2.4  Block c:  squaring  mu l tipl ier,  s l id ing  mean  fi l ter and  scal ing  

Block c has  the  same function  as  B lock 4  of the  fl ickermeter speci fied  i n  5. 6  of I EC 61 000-4-
1 5: 201 0.  

The  output of bl ock c represents  the  i nstantaneous  fl icker sensation  P i nst.  I n  the  I EC  
fl ickermeter,  the  ou tput of b lock 4  i s  normal ised  using  a  sca l ing  factor to  g i ve  a  va lue  of 
Pi nst  =  1  d uring  a  1 0  m in  fl i cker test,  when  a  s i ne  wave modu lated  50  Hz i npu t s i gnal ,  wi th  a  
modu lation  frequency of 8, 8  Hz and  a  modu lation  depth  of 0 , 25  %  i s  appl i ed  (see  [1 1 ]  for 
more detai ls) .  The  scal ing  factor S  accoun ts  for the  magn i tudes  of the  frequency responses  of 
a l l  the  fi l ters  appl i ed .  

Also  for the  l i ght fl ickermeter such  a  scal i ng  factor has  to  be  appl ied .  To  obtain  the  S  va l ue  for 
the  l i gh t fl ickermeter,  the  i l l um inance  waveform  of an  i ncandescent lamp subj ected  to  the  
same vol tage  s i gnal  used  i n  the  ad j ustment of the  I EC fl ickermeter,  has  to  be  appl i ed :   

 ( ){ })2sin(2/1)( mE tfdtE π⋅+=  (A. 6)  

where  

E(t)  =   the  re lati ve  i l l um inance;  see  Equation  (A. 1 ) ,  that shal l  produce Pi nst   =  1  at the  ou tput  
of b lock c,  

fm  =   8 , 8  Hz =  the  modu lation  frequency =  1 /Tm ,  

dE=   0 , 630  %  =  the  re lative  change  of the  s inusoidal  modu lation  of the  i l l um inance  i n  
percentage.  

NOTE  The  val ue  of the  i l l um inance  re l ati ve  ampl i tude  (dE  =  0 , 630  %)  was  obtained  from  the  average  resu l ts  of a  
sample  of ten  d i fferen t 60  W  i ncandescent l amps.  

A.2.5  Block d :  statistical  analysis  

Block d  has  the  same function  as  B lock 5  of the  fl i ckermeter speci fi ed  i n  5 . 7  of I EC 61 000-4-
1 5: 201 0.  

The  ou tpu t of bl ock d  represents  the  short-term  fl i cker severi ty Pst.  

I n  order to  ensure  that  the  calcu lation  of the  short-term  fl icker severi ty Pst  i s  performed  during  
the  steady-state  of the  fl i ckermeter’s  fi l ters,  the  fi rst 60  s  of the  instantaneous  fl i cker 
sensation  Pi nst,  main l y correspond ing  to  the  transien t response,  shou ld  be  d iscarded  (see  
footnote  c  of Table  1 ) .  
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A.3  Veri fication  of the  l ight fl ickermeter 

The l i gh t fl i ckermeter can  be  veri fi ed  by appl yi ng  standard ised  i l l um inance waveforms of 

wh ich  i t  has  been  demonstrated  that i t  g i ves  LM
stP - levels  exactl y equal  1 .  Th is  i s  done  by 

appl ying  a  test vol tage  uE(t)  that cons ists  of a  DC componen t p l us  a  1 00  Hz-ripple  that i s  
rectangu lar modu lated  as  described  in  Equation  (A.6)  wi th  the  modu lation  parameters  as  
g iven  i n  Table  A. 1 .  

 ( ){ } ( ){ }))2(sin( signum2/1)2cos(2/1)( mErr tfdtfdtE ππ ⋅+⋅⋅−=  (A. 7)  

where  

E(t)  i s  the  re lati ve  i l l um inance;  see  Equation  (A. 1 ) ,  

fr  equals  1 00  Hz =  i s  the  frequency of an  i l l um inance ripple  added  to  the  DC  va lue,  

fm  i s  the  modu lation  frequency =  1 /Tm ,  

dr    equals  22  %  =  the  re lati ve  change of the  1 00  Hz- i l l um inance  ripple  i n  percent,  

dE  i s  the  re lative  change of the  rectangu lar modu lation  of the  i l l um inance i n  percent,  

s i gnum(x)  =  the  s i gnum  function ,  s ignum(x)  =  1  for x  >  0  

s i gnum(x)  =  0  for x  =  0  

s i gnum(x)  =  -1  for x  <0.  

Al l  test frequency and  re lative  i l l um inance level  combinations  shou ld  g i ve  a  short-term  fl icker 

value  of exactl y  LM
stP  =1  when  appl ied  to  the  l i gh t fl i ckermeter.  

Table  A. 1  – Test specification  of i l luminance fluctuations  for l ightmeter classi fier  

Rectangu l ar ampl i tude modu lations  wi th  duty cycle  of 50  %;  see  Equation  (A. 7)  

Changes  per m inute  Modulation  frequency Relative  i l l uminance change  

 fm  dE  

cpm  H z  %  

39  0 , 325  0  2 , 538  6  

1 1 0  0 , 91 6  7  2 , 047  3  

1  056  8, 8  0 , 683  2  

1  620  1 3 , 5  0 , 778  0  

4  000  33, 3  2 , 002  7  
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Annex B  
(informative)  

 
Uncertainty considerations   

B.1  General  

This  annex g i ves  i n formation  re lated  to  uncertain ty of the  Pst  resu l t  of a  vol tage  fluctuation  
immun i ty test.  General  i n formation  on  uncertain ty considerations  of immun i ty tests  can  be  
found  in  I EC 61 000-1 -6  [B. 1 ] . 2  

B.2  General  symbols  

Xi  i n fl uence  quanti ty 

xi  estimate  of i n fluence  quanti ty Xi  

δXi  correction  for i n fl uence  quan ti ty 

u(x i )  standard  uncerta in ty of x i  

c i  sens i ti vi ty coefficient  

y  resu l t  of a  measurement (the  estimate  of the  measurand),  corrected  for a l l  
recogn ized  s i gn i fican t systematic effects  

uc(y)  combined)  standard  uncertain ty of y  

U(y)  =  k  ⋅  uc(y)  expanded  uncertain ty of y  

k coverage  factor =  2  

B.3  Measurand  

The measurand  associated  wi th  the  vol tage  fluctuation  immun i ty test i s  Pst,  the  short-term  
fl icker metric.  

B.4 Influence quanti ties  

The Table  B. 1  g i ves  the  l i s t of i n fluence  quanti ti es  that  shou ld  be  cons idered  to  derive  the  
overal l  uncertain ty of Pst.  

Al l  the  in fluence quanti ties  of the  mains  supply and  the  d isturbance  may be  in tegrated  i n to  
one  uncertain ty value  of the  Pst  l evel  associated  wi th  the  test vol tage.  

The  EUT is  a lso  an  important,  bu t a lso  a  d i fficu l t  source  of uncerta in ty,  because  the  correction  
may vary s ign i fican tl y as  a  function  of EUT technology.  General l y the  correction  factor for SSL  
types  of EUTs  i s  much  l ess  than  1 .  Th is  means  that uncertain ty contribu tion  from  the  EUT is  
damped .  For an  i ncandescent l amp,  the  correction  factor i s  1 .  Th is  means  that the  uncertain ty 
of the  mains  suppl y vol tage  and  i ts  vo l tage  fl uctuation  d isturbance  i s  transferred  to  the  
ou tcome of the  test  wi th  a  gain  of 1 .  

For the  sake  of s impl ici ty,  i n  the  remainder of th is  annex we  wi l l  consider the  uncerta in ty 
budget on l y for the  reference  60  W  incandescent l amp.  

___________ 

2   Numbers  i n  square  brackets  refer to  the  Reference  document  i n  B . 6 .  
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Table  B . 1  – Pst  i n fluence quanti ties  and  their recommended  tolerances  

Main  category Sub  category Importance  Nominal  value  Recommended  
tolerance/value  

Mains  supply Nom inal  vol tage  M inor 230  V  ±0, 5  %  

Frequency M inor 50  Hz  ±0, 5  %  

Vol tage  fl uctuation  Waveshape  
(transi ti on  time)  

M inor  <0, 5  ms  

Modu l ation  frequency M inor See  Tab le  1  ±1  %  

Relati ve  vo l tage  
fl uctuation  

Relati vely important  See  Tab le  1  ±2  %  

Duty cycle  M inor 50  %  ±2  pp  

Noi se  l evel  of the  
re l ati ve  vol tage  
fl uctuation  

M inor i f d  <  0 , 0275  %  
(0, 1  times  l owest 
val ue  d)  

n . a .  <0, 055  

P
st
 of the  vol tage  

fl uctuation  

Repl aces  a l l  above  
g i ven  i n fl uence  
quan ti ti es  for the  
vol tage  fl uctuation  

Relati vely importan t  1  ±2  %  

Noise  l evel  Relati vely important  n . a.  <0, 2  

EUT Technology For 60  W-  
i ncandescent l amp,  
the  vol tage  
fl uctuation  i s  l i nearl y 
transferred   

n . a .  n . a .  

Warm ing-up  time  Can  be  made  
neg l i g ib le,  bu t  may 
be  important,  i f 
i gnored  

Technology dependent  n . a.  

D imm ing  l evel  I mportan t  50  %  of max.  l i gh t  
ou tpu t 

±1 0  %  

Light sensor,  fi l ter 
and  ampl i fi er 

Sensi ti vi ty  M inor of nom inal  
l evel s  are  we l l  above  
noi se  l evel  

  

L i neari ty/offset  Genera l l y m inor   

Opti cal  fi l ter M i nor i f compl ian t  
wi th  CIE  sensi ti vi ty 
cu rve  

  

Bandwid th  M inor i f >  
recommended  val ue  

2  kHz n . a.  

Test envi ronment  Optical  noi se  Can  be  made  
neg l i g ib le  

0  n . a.  

EM  d i stu rbances  Can  be  made  
neg l i g ib le  

0  n . a.  

Test procedure  Duration  test  M inor i f l arger than  
both  the  transient  of 
the  l i g h tmeter fi l ter 
and  the  time  peri od  
Tm  correspond i ng  to  
the  modu lati on  
frequency   

I n  re l ati on  to  
modu lation  frequency 

 

Sampl i ng  rate  M inor,  i f the  rate  
sati sfi es  the  
recommended  value  
i n  con junction  wi th  a  
su i table  an ti -a l i as ing  
fi l ter 

  

Light fl i ckermeter Noise  l evel   0  <0, 1  

Implementation  
uncertai n ty 

To  be  determ ined  by 
veri fi cation  test  

Pst=  ¼,  ½,  1 ,  2 ,  3 ,  4 ,  5  ±5  %  
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B.5 Uncertainty budget 

The second  step  i n  assessing  uncerta in ty i s  to  speci fy a  mathematical  model  that combines  
the  aggregate  effect of the  major i n fl uence  quan ti ties  on  the  overal l  u ncertain ty to  estimate  
the  combined  standard  uncertain ty uc.  A s imple  mu l ti p l icati ve  model  wi l l  su ffice  for most 
scenarios.  The  model :  

 stP  =  ... N21
0
st GGGP ⋅⋅⋅  (B. 1 )  

where:  

0
stP   i s  the  true  va lue  

 
Pst    i s  the  measured  value  

N21 . GGG ⋅⋅⋅  are  mu l ti pl icative  corrections  (wi th  associated  uncertain ties)  due  to  the  major 

i n fl uence quanti ties .  

I n  case  of testing  an  i ncandescent l amp,  the  major uncertain ty contribu tions  are   

•  the  uncertain ty resu l ting  from  the  test vol tage  (TV) :  TV
stPδ ;  

•  the  uncertain ty of the  l i gh t fl ickermeter (LFM): LFM
stPδ ;  

•  the  uncertain ty due  to  the  noise  (N )  of the  test vol tage:  N
stPδ .  

The  overal l  uncertain ty,  then  can  be  expressed  as:  

 )1()1()1. ( N
st

LFM
st

TV
st

LFM
stst PPPPP δδδ +⋅±⋅±=  (B . 2)  

Subsequentl y,  the  expanded  uncertain ty i s  ca lcu lated  i n  the  l ogari thm ic domain  (see  
I EC 61 000-1 -6  [B . 1 ]  for deta i ls).  

The  to lerances  of the  l i ght fl i ckermeter and  the  test vol tage,  respective l y ±0, 05  and  ±0,02,  can  
be  appl ied  d i rectl y i n  the  uncerta in ty budget wi th  the  same magn i tude  (normal  d istribu tion).   

The  uncertain ty con tribution  from  the  test vol tage  fl uctuation  noise  l evel  (0 , 2)  can  be  
estimated  as  fol lows.  The  combination  of two i l l um inance  fl uctuations  having  d i fferen t 
fl uctuation  frequencies  fo l l ow the  quadratic add i ti on  l aw (Ai leret),  see  Equation  (3)  i n  [1 0 ] .  
Hence,  for an  i ncandescen t l amp a lso  the  combination  of two  vol tage  fl uctuations  fol low the  
quadratic summation  l aw.  So,  the  uncerta in ty resu l ti ng  from  add ing  a  res idual  (noise)  vol tage  
fluctuation  to  a  wanted  vol tage  fl uctuation  l evel  can  be  calcu lated  from  

02,011)2,0( 22N
st ≈−+=Pδ .   

When  fi l l i ng  ou t the  three  major con tributions  to  the  uncertain ty,  the  uncerta in ty budget g i ven  
i n  Table  B. 2  is  obtained .  

Hence,  the  expanded  uncertain ty for Pst  i s  Uc  =  ±0, 05.  The  major con tribu tion  to  the  
uncertain ty i s  from  the  l i ght  fl i ckermeter.  

B.6  Reference document 

[B . 1 ]  I EC TR 61 000-1 -6 : 201 2,  Electromagnetic compatibility (EMC)  – Part 1 -6: General – 
Guide to the  assessment of measurement uncertainty.  
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Table  B.2  – Uncertainty budget  of the  vol tage  fluctuation  immun ity test  

Input 
quanti ty 

x
i
 Uncertainty 

of  x
i
 

Uncertainty of  x
i
 c

i  u(xi )  c
i
 u(xi)  

  (plus/  
m inus)  

(m inus)  (plus)    (m inus)  (plus)  

   l i near dB  dB  Probabi l i ty 
d i stri bu tion  
function  

d i vi sor 
k  

dB  dB  

Uncertain ty 
l i gh t  
fl i ckermeter 

LFM
stPδ  

0, 05  –0, 5  0 , 42  normal  2  –0, 22  0 , 21  

Uncertain ty 
from  the  test  
vol tage  

TV
stPδ  

0, 02  –0, 1 8  0 , 1 7  normal  2  –0, 09  0 , 09  

Uncertain ty 
test  vol tage  
noi se  

N
stPδ  

0, 02  0 , 00  0 , 1 7  normal  2  0 , 00  0 , 09  

Combined  
Standard  
Uncertain ty 
(SCU)  

uc       0 , 24  0 , 24  

Expanded  
Uncertain ty  

Uc  0, 05      0 , 48  0 , 49  

Al l  sensi ti vi ty coeffi cien ts   c i   are  assumed  to  be  equal  to  1 .  
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Annex C  
(informative)  

 
Examples  of a  test result 

C.1  EUTs  

This  annex g i ves  test resu l ts  for the  fo l l owing  EUTs  

– EUT1 :  a  60  W  incandescent l amp,  

– EUT2:  a  9  W  sel f-bal lasted  CFL  lamp,  

– EUT3:  a  7  W  sel f-bal lasted  LED l amp.  

C.2  Recorded  signals  

Records  have  been  made for 60  s  wi th  a  sampl i ng  rate  of 1 0  kHz.  Snapshots  of the  recorded  
s i gnals  of EUT1  wi thout mains  vol tage  modu lation  and  wi th  modu lation  are  g i ven  i n  
respectivel y the  F igures  C. 1  and  C. 2 .  Resu l ts  of recorded  i l l um inance s i gnals  of EUT2  and  
EUT3  wi th  mains  vol tage  modu lation  are  g iven  i n  the  F igures  C. 3  and  C. 4.  
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a)  Mains  s ignal  

 

b)  Rel ative  i l l uminance  

Figure C. 1  – EUT1 :  recorded  s ignals  (no  mains  vol tage  modulation)  
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a)  Mains  s ignal  wi th  modu lati on  d  =  0 , 407  %  at  1 3, 5  Hz  (P
st
 =  1 )  

 

b)  Rel ative  i l l uminance  

Figure  C.2  – EUT1 :  recorded  s ignals  (with  modulation )  
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Figure C.3  – EUT2:  relative i l luminance:   
mains  vol tage  modulation  d =  0 , 407  %  at  1 3,5  Hz (Pst  =  1 )  

 

Figure C.4 – EUT3:  relative  i l luminance:   
mains  vol tage  modu lation  d =  0 ,407  %  at  1 3,5  Hz (Pst  =  1 )  

C.3  Resul ts  

The Pst-resu l ts  correspond ing  to  the  recorded  resu l ts  g i ven  i n  the  F igures  C. 1  and  C. 2  are  
g iven  i n  Table  C. 1 .  
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Table  C . 1  – Numerical  resu l ts  Pst  calcu lations   
for three  EUTs  with  and  without modulation   

 P
st
 

   theoreti cal  at  mains  at  EUT 

EUT number Hz %     

1  No  modu lati on  No  modu lati on  0  0 , 1 40  0 , 025  

0 , 325  0  0 , 894  1  0 , 987  1 , 005  

0 , 91 6  7  0 , 722  1  0 , 992  1 , 005  

8, 8  0 , 275  1  0 , 989  1 , 009  

1 3, 5  0 , 407  1  0 , 987  1 , 01 3  

33, 3  2 , 343  1  0 , 986  1 , 042  

2  No  modu lati on  No  modu lati on  0  0 , 1 35  0 , 023  

0 , 325  0  0 , 894  1  0 , 989  0 , 21 7  

0 , 91 6  7  0 , 722  1  0 , 988  0 , 208  

8, 8  0 , 275  1  0 , 988  0 , 234  

1 3, 5  0 , 407  1  0 , 986  0 , 284  

33, 3  2 , 343  1  0 , 985  0 , 536  

3  No  modu lati on  No  modu lati on  0  0 , 1 45  0 , 028  

0 , 325  0  0 , 894  1  0 , 993  0 , 1 67  

0 , 91 6  7  0 , 722  1  0 , 986  0 , 1 66  

8, 8  0 , 275  1  0 , 989  0 , 1 88  

1 3, 5  0 , 407  1  0 , 988  0 , 239  

33, 3  2 , 343  1  0 , 986  0 , 466  

From  these  resu l ts  for these  speci fic EUTs  one  may conclude  that EUT2  and  EUT3  
(respective l y CFL and  LED l amps)  are  more  immune to  vol tage  fl uctuations  than  the  reference  
i ncandescent l amp EUT1 .  

The  resu l ts  of Table  C. 1  (wi th  modu lations)  are  a l so  depicted  i n  F igure  C. 5.  

 

Figure C.5 – Graphical  Pst  resu l ts  for three EUTs   
wi th  rectangu lar modu lation  at five  frequencies  (Pst =  1 )  
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3  I SO  1 1 664-1 : 2007  speci fi es  colou r-match ing  functions  for use  i n  colorimetry.  Two sets  of colour-match ing  
functions  are  speci fi ed :  colour-match ing  functions  for the  CIE  1 931  standard  col orimetri c  observer and  colour-
match ing  functions  for the  CI E  1 964  standard  col orimetri c  observer.  The  co lou r-match i ng  functi ons  for the  
CIE  1 931  s tandard  colorimetri c  observer i s  to  be  appl i ed .  
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