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• Modeling & Simulations 
• Design Methods & Tools 
• Standardization 

• Design reviews 
• Risk analysis 
• Trainings & audits 

• (Pre-)compliance EN, IEC/CISPR, FCC, ETSI 
• ISO/IEC 17025 accreditation 

Technology 
development 

Consultancy Testing 

Competences: 

EMC 

PQ 

ESD 

SI / PI 

EMF  

Wireless 

 

EMC Center  
Philips Innovation Services 
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Introduction 



Why ‘flicker’ matters  
 

Human impact 

• Headaches 

• Neurological problems: photosensitive epilepsy 

• Autistic sensitivity 

• Performance reduction 

Safety  

• Distraction 

• Possible hazard from stroboscopic effect: apparent 

stopping or slowing of motion of machinery 
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Different types of temporal light artefacts 

Flicker  

• The perception of temporal changes in the intensity  

    (luminance flicker) or color (chromatic flicker) of the light 

 

Stroboscopic effect 

• The perception that objects illuminated by fluctuated  

• light move discretely rather than continuously 

 

Ghost effect (phantom array) 

• The perception of a spatially extended series of light spots  

     when making a saccade across a light spot that fluctuates 

    over time 
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Root Cause: light output modulation 
 Light source technology 
• Incandescent, fluorescent, solid-state: inherently they have different flicker/strobo properties 

 

Drivers 
• Electronics convert AC mains to ‘DC’ LED current and voltage 
• Always some ripple in the LED current will remain which translates toripple in the light output 
• Suppressing the ripple requires buffering which costs money, physical space, and impacts lifetime 
 

Dimming  
• Dimming SSL sources is challenging particularly with phase-cut dimmers 
• Wide variation & no standard test procedure  
 

Camera interactions 
• Artifacts also result from camera's interaction; especially sensitive for  high-speed cameras 

 

Mains voltage fluctuations 
• Arising from the grid or from other connected equipment or systems 

Dimmer 
 voltage 

‘variations’ 
supply 

Driver 
 

Light source 
technology 

EMC/PQ 
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Examples light ripple due to driver & dimming 
  

 

single stage SMPS 

dual stage SMPS 

linear (tapped-linear driver) 

linear (quasi-DC) 

some examples for major driver categories 

examples of SSL lamp + phase-cut dimmer 



Visibility: when can people see the stroboscopic effect and flicker? 

Flicker influence quantities 
• frequency 
• mean luminance 
• retinal position of the stimulus 
• size of the stimulus 
• shape of the waveform (e.g. sinusoidal, squares) 
• adaptation state of the observer 
• perceptual load of the observer 

 

Metrics (using light output): 

• Flicker Index 𝐹𝐼 =  
𝐴𝑟𝑒𝑎 1

𝐴𝑟𝑒𝑎 2+𝐴𝑟𝑒𝑎 1
 

 

• Modulation depth (flicker percent) 

 MD =
𝐿𝑚𝑎𝑥 − 𝐿𝑚𝑖𝑛

(𝐿𝑚𝑎𝑥+ 𝐿𝑚𝑖𝑛)
 ∗ 100% 

 

• IEC short-term flicker metric  (Pst) 
 

• Philips Stroboscopic Visibility measure (SVM) 

light 
output 
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Frequency dependent ‘summation’ of 
spectrum of light output 
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Standardization activities 



 

Future: diversity of lighting 
technologies & diversity of voltage-
fluctuation immunity performance 

requires flicker immunity test 

Voltage fluctuations: low-frequency EMC 
 

∆U 
voltage ‘variations’ 

on the mains 

Appliances 
(threat) 

 

Lighting equipment 
(victim) 

 
Emission test: 
IEC 61000-3-3 
voltage changes , -fluctuations & 
flicker (regular & fast) 

 

EMC 

Until now: no flicker immunity test 
for lighting equipment; incandescent 

lamp is considered the most 
sensitive apparatus connected to a 

LV-mains 
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IEC flickermeter: emulates average perception of 
flicker from a  60 W incandescent lamp 
IEC 
 

Mains voltage + 
variations 

∆U 

Un 

Various flicker metrics 
and limits for various 
product categories: 
Pst 

Plt 

Pinst 

d 
dmax 
 

Limits & test conditions in 

IEC 61000-3-3 

flickermeter (IEC61000-4-15) 
emulating 60 W lamp + 
eye/brain response 
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Flicker and stroboscopic effect 
testing 
preparatory work IEC TC34-MT1 on 
future objective immunity test method 
lighting equipment IEC TR 61547-1 



 

IEC voltage flickermeter & the light flickermeter 
 

Mains 
voltage 

13 

light flickermeter 
 

Model 60 W incandescent lamp 

Light 
output 

IEC 61000-3-3 flickermeter 
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Flicker 
metrics 



 

Block diagram PInS test setup Flicker & strobo metrics: 
 

General: 
MD: Modulation depth/flicker percent 
FI: Flicker index 
 

Philips: 
SVM: Strobo effect visibility measure 
FVM: Flicker visibility measure 
 

IEC: 
Pst: short-term flicker  
 

Synthesized 
a.c. mains + 

(optional) voltage 
fluctuations 

NEMA SSL 7A 
phase cut dimmer 

(optional) 
 

Light flicker- 
and 

stroboscopic 
effect meter 

EUT Light 
sensor 

Measurement 
test voltage 
properties 

Metrics 
 

General: 
rms, max, min, mean 
 

IEC: 
d: relative voltage fluctuation 
Pst: short-term flicker 
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Photograph setup 
Ulbricht sphere including EUT & 

CIE compliant light sensor 

NI  USB-6251 data acquisition 

16 bits; 16 inputs, 2 outputs 

Test voltage signal generation 

& 

Calculation of flicker & strobo metrics 

using Matlab 

Chroma 61601  amplifier 

Inverto Light sensor amplifier 

Tektronix DPO 4104 

Oscilloscope (monitoring) 
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All test levels (Pst=1) for immunity testing 
(draft of IEC TR 61547-1) 

16 

Rectangular amplitude modulations with duty cycle of 50 % 
1) 3) 4)

 

Voltage changes per minute Frequency 

Relative voltage 
fluctuation 

d =∆U/U  

(cpm) (Hz) (%) 

39 0,3250 0,894 

110 0,9167 0,722 

1056 8,8 0,275
2)

 

1620 13,5 0,407 

4000 33,3 2,343 

NOTE 1 – See Table 5 of IEC 61000-4-15 

NOTE 2 – See Table 2b of IEC 61000-4-15 for P inst =1; the value of d = 0,196 % is increased to 0,275 % to 
give Pst =1 

NOTE 3 –Duration of the voltage fluctuation  recommended to be minimally 60 seconds 

NOTE 4 – Recommended absolute tolerance for the duty cycle is ±2 %, for the modulation frequency the 
recommended tolerance is ±1 % and for the relative voltage fluctuation the recommended tolerance is 
±2 % 

 1 
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Example test voltage fluctuation (1) 
EUT: 9 W self-ballasted CFL lamp  

Test voltage:  
d = 0,407 % @ 13,5 Hz (Pst = 1) 

Relative illuminance 
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Results voltage fluctuation immunity tests

 

 

Pst=1

EUT1

EUT2

EUT3

Example test voltage fluctuation (2) 
Results for 3 EUTs @ all test points 
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EUT1: 60 W incandescent lamp 
EUT2: 9 W self-ballasted CFL lamp  
EUT3: 7 W self-ballasted LED lamp 

May 23, 2014      Philips Innovation Services       



Summary 

19 

• Flicker and stroboscopic effect are important light quality aspects for lighting 
equipment 
 

• There is an increasing diversity of flicker sensitivity of lighting equipment 
 

• New lighting technologies drive 
– EMC and performance standards to include requirements for flicker and/or 

stroboscopic effects 
– Need for an immunity test method, metrics and limits 
  

• An objective way of flicker and strobo testing is developed, capable of 
– Applying a variety of test voltages 
– Analyzing illuminance waveforms using a variety of metrics 
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Further reading 

• M. Perz et al, Modeling the visibility of the stroboscopic effect occurring in 
temporally modulated light systems, Lighting Research and Technology, May 13, 
2014 : 
http://lrt.sagepub.com/content/early/2014/05/12/1477153514534945.full.pdf?ijke
y=GcQ3UW7Qz2UwqtM&keytype=ref 

 
• US DoE – Solid-state lighting technology fact sheet: 

http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/flicker_fact-sheet.pdf 
 
 

http://lrt.sagepub.com/content/early/2014/05/12/1477153514534945.full.pdf?ijkey=GcQ3UW7Qz2UwqtM&keytype=ref
http://lrt.sagepub.com/content/early/2014/05/12/1477153514534945.full.pdf?ijkey=GcQ3UW7Qz2UwqtM&keytype=ref
http://lrt.sagepub.com/content/early/2014/05/12/1477153514534945.full.pdf?ijkey=GcQ3UW7Qz2UwqtM&keytype=ref
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/flicker_fact-sheet.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/flicker_fact-sheet.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/flicker_fact-sheet.pdf
http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/flicker_fact-sheet.pdf
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