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Lighting lab

Conducts lighting research with 
respect to human health and safety, 
regarding aspects such as:

• Visual ergonomics

• Comfort

• Glare

• Flicker

Houses a lighting lab for assessment 
of lighting conditions and light source 
perfomance, both in lab and in the 
field.



Temporal light artefact – “Flicker”
- Flicker (Pst

LM) (< 80 Hz)

perception of visual unsteadiness induced by light that 
fluctuates with time, for a
static observer in a 
static environment

- Stroboscopic effect (SVM) (80 Hz – 2000 Hz)

change in motion perception induced by light that 
fluctuates with time, for a
static observer in a 
non-static environment

- Phantom array effect (ghosting) (80 Hz – 11kHz)

change in perceived shape or spatial positions of objects, 
induced by light that fluctuates with time, for a
non-static observer in a
static environment

Eyes and light source 
”steady”

Light source or 
object in light 

moving

Eyes moving

The effect above is called Temporal Light Artifacts (TLA).
TLAs are caused by Temporal Light Modulation (TLM)



What is flicker?
• Strictly speaking…

• Flicker is not something light or a lamp does, 
it’s something you see.

• Flicker is a special case of
Temporal Light Artefacts (TLA)

• TLAs are caused by
Temporal Light Modulation (TLM)



Temporal Light Modulation (TLM)

Temporal Light 
Modulation (TLM)

Visual Perception effects
(Temporal Light Artefacts, 

TLA)

Flicker Stroboscopic effect Phantom array effect

Neurobiological 
effects

Headache
Eyestrain
Epilepsy
Etc.

Performance & 
Cognitive effects

Visual performance
Cognitive performance
Mood & comfort
Etc.

Negative health 
effects…



LEDs do not flicker modulate temporally

It’s not you. 
It’s me.

• It’s always the driver.

• The LED only mirrors the current from the driver.

• LEDs should have direct current (DC). A diod is a rectifier (ensretter).

• TLM shouldn’t be a problem.



Temporal Light Modulation (TLM)

Example of a time-modulated light 
output from LED light bulbs.

Note: It’s never the LED itself 
causing TLM. It is the DRIVER.

TLM often becomes a problem in 
various dimming techniques.
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PWM vs. CCR dimming
Pulse Width Modulation (PWM) is a dimming 
technique based on temporal variations. Needs 
to be at very high frequencies to avoid problems.

• Cheaper components

• Introduce TLM

Constant Current Reduction (CCR) is an 
alternative dimming technique to PWM (also
called Amplitude Modulation). Totally free of 
temporal modulation, however it might lead to 
color shift.

• No TLM

• Risk of chromaticity shift



How do we measure TLM?



Old ways to assess TLM
• Percent Flicker (Note: same as Modulation Depth)
• Flicker Index

Neither Percent Flicker or Flicker Index take the 
frequency into account.

That means that two waveforms with different 
frequencies can give the same measurement result, 
but one might cause TLA and one might not.

Other measures are needed.

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐹𝐹𝐹𝐹𝐹𝐹𝑃𝑃𝐹𝐹𝑃𝑃𝑃𝑃 = 100% �
(𝐴𝐴 − 𝐵𝐵)
(𝐴𝐴 + 𝐵𝐵)

𝐹𝐹𝐹𝐹𝐹𝐹𝑃𝑃𝐹𝐹𝑃𝑃𝑃𝑃 𝐼𝐼𝑃𝑃𝐼𝐼𝑃𝑃𝐼𝐼 =
𝐴𝐴𝑃𝑃𝑃𝑃𝐴𝐴 1

(𝐴𝐴𝑃𝑃𝑃𝑃𝐴𝐴 1 + 𝐴𝐴𝑃𝑃𝑃𝑃𝐴𝐴 2)



How to measure TLAs

IEC TR 61547-1:2020 Equipment for general 
lighting purposes - EMC immunity 
requirements - Part 1: An objecitve light 
flickermeter and voltage fluctuation immunity 
test method. (2017).

Sekulovski, D, et al. (2016). CIE TN 006:2016: 
Visual Aspects of Time-Modulated Lighting 
Systems – Definitions and Measurement 
Models. http://files.cie.co.at/883_CIE_TN_006-
2016.pdf

• For Flicker:
Short-term flicker indicator
Symbol: 𝑷𝑷𝒔𝒔𝒔𝒔𝑳𝑳𝑳𝑳
P stands for “Perceptability”
st stands for “short-term”
LM stands for “Light Measurement”
𝑃𝑃𝑠𝑠𝑠𝑠𝐿𝐿𝐿𝐿 = 1 means 50% chance of observation

• For Stroboscopic effect: 
Stroboscopic Visibility Measure (SVM)
Symbol: 𝑳𝑳𝒗𝒗𝒔𝒔
𝑀𝑀𝑣𝑣𝑠𝑠 = 1 means 50% chance of observation
Note: The abbreviation SVM is often confused with the symbol 𝑀𝑀𝑣𝑣𝑠𝑠

• For Phantom Array
- None existing

No measure addressing subliminal effects. Research needed!



Other TLM measures
• Assist Mp
• Compact Degree Flicker (CFD)
• VFMA (FMA (Flicker Modulation Amplitude) 

define by VESA).
VFMA = 2 x Flicker Percent

• JA8 (California Energy Comission, Title 24: 
2016. Reference appendices)

• …

Bierman, A. (2015). ASSIST recommendes... 
Recommended metric for assessing the direct perception 
of light source flicker (Vol. 11).

California Energy Commission. (2015). 2016 
Reference appendices for the building energy 
efficiency standards. Retrieved from 
http://www.energy.ca.gov/2015publications/CEC-400-
2015-038/CEC-400-2015-038-CMF.pdf



IEEE Std 1789:2015 Limit recommendations
Drawbacks with IEEE recommendations:

• Hard to apply on complex waveforms.

• Modulation depth doesn’t tell the whole 
story. Makes no difference between sine- 
or square wave, neither duty cycle.

• Even incandescent bulbs ends up in the 
risk zone.

Yellow area: Low risk

Markers refers to different research investigations on influence 
of modulated light on health.

Risk

Low risk

No risk

White area: Risk

Green area: No risk

IEEE Power Electronics Society. (2015). IEEE Std 1789-
2015 - IEEE Recommended Practices for Modulating Current 
in High-Brightness LEDs for Mitigating Health Risks to 
Viewers. https://doi.org/10.1109/IEEESTD.2015.7118618

Incandescent



EU legislation on eco-design

New ecodesign directive contains legislation on 
levels of flicker and stroboscopic visibility.
Note: At full load.

Enter into force September 2021

Expected MVS ≤ 0.4 in 2024

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2019.315.01.0209.01.ENG&toc=OJ:L:2019:315:TOC
https://ec.europa.eu/energy/en/regulation-laying-down-ecodesign-requirements-1-october-2019

TLA Limit

Flicker Pst
LM ≤ 1

Stroboscopic 
Visibility

Mvs ≤ 0.9
Expected Mvs ≤ 0.4 

from sept 2024

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2019.315.01.0209.01.ENG&toc=OJ:L:2019:315:TOC
https://ec.europa.eu/energy/en/regulation-laying-down-ecodesign-requirements-1-october-2019


Energy label
• https://eprel.ec.europa.eu/screen/home

https://eprel.ec.europa.eu/screen/home


Examples of TLM measurement results
Incandescent 40 W Freq: 100 Hz

SVM: 0.70
PstLM: 0.13

MD: 19%
FI: 0.06

Fluorescent Tube 
magnetic ballast

Freq: 100 Hz
SVM: 1.32
PstLM: 0.11

MD: 40%
FI: 0.12

Fluorescent Tube 
electronic ballast

Freq: 100 Hz
SVM: 0.09
PstLM: 0.03

MD: 3%
FI: 0.01

LED PWM Freq: 186 Hz
SVM: 5.08
PstLM: 7.54

MD: 100%
FI: 0.75

LED filament bad Freq: 100 Hz
SVM: 4.44
PstLM: 0.14

MD: 100%
FI: 0.35

LED filament good Freq: 100 Hz
SVM: 0.02
PstLM: 0.04

MD: 1.6%
FI: 0.002



Pst
LM is a time domain measure

Pst
LM = 17

SVM = 0.088

Pst
LM = 17

SVM = 0.013

Pst
LM gives higher reedings 

on non periodic changes, 
such as flashes, outages 
and transients, compared to 
periodic behavior.

For periodic behavior, SVM 
is used, as it is a frequency 
domain measure.



Demonstrations of measurements

Labarazzi LabFlicker

Viso Systems



Exemple of high Pst
LM

Freq: 3 Hz
SVM: 0.05
PstLM: 49

MD: 80%
FI: 0.25

Freq: 0.2 Hz
SVM: 0.01
PstLM: 14

MD: 20%
FI: 0.1



Two methods – same measure

Sometimes 𝑃𝑃𝑠𝑠𝑠𝑠𝑉𝑉  ”to avoid confusion”

Short-term flicker indicator, 𝑃𝑃𝑠𝑠𝑠𝑠𝐿𝐿𝐿𝐿



What you ”measure” is not what you get a ”measure of”

IEC Flickermeter IEC Light Flickermeter

𝑃𝑃𝑠𝑠𝑠𝑠𝐿𝐿𝐿𝐿𝑃𝑃𝑠𝑠𝑠𝑠
Name: Short-term flicker indicator
Symbol: 𝑃𝑃𝑠𝑠𝑠𝑠𝐿𝐿𝐿𝐿
st stands for ”short-term” (3 min)
LM stands for ”Light Measurement”
P stands for ”Perceptability”
or Planning levels, Pegel (German level), Papillotement (French flicker), Paracetamol



Flicker Explained – Reports

The heavy report

Flicker Expained – Interpretation of 
the Technical Report IEC 61547

Intended for technical committees

The medium report

Flicker Explained – Guide to IEC 
61547 fot the lighting industry

Intended for lighting industry

The light report

Flicker – a technical overview

Intended for anyone interested

Avaliable at Lund University Research Portal



Flicker Explained – Even more

https://youtu.be/UUW2q0vCJ6w
Or search: Koll på flimmer lth

News article on LU:
Nya rapporter för att motverka flimmer från LED-lampor

https://youtu.be/UUW2q0vCJ6w


Rolling shutter demo
“Exposure time”:

Mobile cameras use 
rolling shutter

Conclusions:
Mobile phone cameras
• are not good TLM 

measurement tools
• can serve as a first indicator
• may be able to measure 

frequency

1.5 ms

4 ms

52 µs



TLM and health

Temporal Light 
Modulation (TLM)

Visual Perception effects
(Temporal Light Artefacts, 

TLA)

Flicker Stroboscopic effect Phantom array effect

Neurobiological 
effects

Headache
Eyestrain
Epilepsy
Etc.

Performance & 
Cognitive effects

Visual performance
Cognitive performance
Mood & comfort
Etc.

Negative health 
effects…



“Pokemon Incident” 1997
• 560 epileptic seizures in 4 seconds



Respons to TLM
• “Pokemon Incident” of 1997:

560 epileptical seizures due to 4s of 12.5 Hz blue-red flicker1

• Migraine and headaches2

• Photophobia2

• Hypersensitivity to electricity3

• Individuals with autism shows more negative response to TLM 

• Stress 

• Change in the alpha activity, EEG

• Harder for individuals with dyslexia

• Annoyance

1. Fisher et al., “Photic- and pattern-induced seizures: A review for the Epilepsy Foundation of America working group,” Epilepsia, vol. 46, pp. 1426–
1441, Sep. 2005.

2. Wilkins, A., Veitch, J., & Lehman, B. (2010). LED lighting flicker and potential health concerns: IEEE standard PAR1789 update. In 2010 IEEE Energy 
Conversion Congress and Exposition, ECCE 2010 - Proceedings. https://doi.org/10.1109/ECCE.2010.5618050

3. Wibom, R. Nyhlén, P. Wennberg, A. (1995). “Flimmer från lysrör. En möjlig bidragande orsak till besvär vid “elöverkänslighet”, Undersökningsrapport 
1995:31, Arbetslivsinstitutet, Sverige

https://doi.org/10.1109/ECCE.2010.5618050


Pre-tests

https://youtu.be/zkY5FW00GPY

2021 Christmas calendar episode of LTH
5 min youtube clip (in Swedish)

Or search ”LTH julkalender flimmer”



Pre-tests

More activity for black&white flicker

More activity for colour flicker                          

Back view of brain
Visual cortex



fMRI-fLICKER – How flicker effects the brain

• Project period: 2022 sept. – 2024 aug.

• Funded by Swedish Energy Agency

• Budget: 3 MSEK
• Multidisciplinary

- Visual ergonomics at Design Sciences at Lund University
- Department of Medical Imaging and Physiology (BoF) at Skåne University Hospital
- Department of Clinical Sciences, Lund University
- Department of Psycholoy, Lund University

• Objective:
To investigate how light flicker of different types give rise to brain activation. The overall 
aim is to obtain scientific basis for formulating a measure and limit values for neurological 
impact on the brain, caused by light flicker.



Flickering light source
10 000 lm



fMRI-fLICKER – how flicker effects the brain



fMRI-fLICKER – how flicker effects the brain



fMRI-fLICKER – how flicker effects the brain



fMRI-fLICKER – how flicker effects the brain



Sketch of sequense



First test results

50Hz vs constant baseline 100Hz vs constant baseline



Project status
• 23 healthy subjects scanned during spring 2023

• Plan to scan ca. 35 subjects with mild migraine during autumn 2023

• Data analysis during spring 2024

• Submission of publication before summer 2024



Questions?



Thank you!

… and don’t forget to get some light!
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