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Why we want to reduce flicker

Flicker is a source of:
- Annoyance, discomfort, distraction, user complaints about lighting quality
- Multiple hazards : trips, falls, etc.
- Adverse health effects : headaches, epileptic seizures, eye strain

Sensitive populations :
- Migraineurs (chronic or episodic)
- Photosensitive people (abnormal sensitivity to light, painful sensations with light)
- People experiencing visual stress (vision is perturbed by periodic contrasts)
- Post covid sufferers
- Some people after a concussion
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Cause of Flicker
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Flicker has been addressed by the lighting industry for many years,
but it is still here.
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EU Regulation 2019/2020

Article 9

Review

The Commission shall review this Regulation in the light of technological progress and shall present the results of this review, including, if appropriate, a draft
revision proposal, to the Consultation Forum no later than 25 December 2024.

This review shall in particular assess the appropriateness of:

a) setting more stringent energy efficiency requirements for all light source types, in particular for non-LED light source types, and
for separate control gears;

by setting requirements on lighting control parts:
c¢) sefting more stringent requirements on flicker and stroboscopic effects, while extending them to separate control gears;

d) setting requirements on dimming, including the interaction with flicker;

e) setting more stringent requirements on (networked) standby power;
f) lowering or abolishing the power bonus for colour-tuneable light sources and removing the exemption for high colour purity;
g) setting lifetime requirements;

h)  setting improved information requirements concermning lifetime, including for control gears;

i) substituting the GRI colour rendering metric by a more adequate metric;

j)  verifying the adequacy of lumen as a stand-alone metric for the quantity of visible light;

k) the exemptions;

)] setting additional resource efficiency requirements for products in accordance with the principles of the circular economy, especially concerning the
removability and exchangeability of light sources and control gears.
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Current Standard Flicker Metric : P_M

Current standards and regulations are based on the P M - the short term flicker severity
metric- which suffers from technical drawbacks and restricted application limits

Scientific issues
 Validity: small stimulus in central vision, incandescent light source
» Reflect a dose of visual annoyance

 Value of P/*M = 1 is the threshold for irritability, not visibility

» Missing relationship with probability of seeing flicker
What is the meaning of P4-M = 0.7 or 1.5 ?

Technical issues

« P,Mis very sensitive to the power supply, even when using high-end lab ac-power
supplies (an IEA SSLC report was published in 2025 on this topic)

* Long measurement time (min. 3 min, typ. 10 min)
« Sensitive to sampling rate, effects of anti-aliasing filters, etc.
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New Mk:2s Flicker Visibility Metric

 Firstintroduced in the USA by the LRC and the ASSIST consortium in North America
(2015)

* Recent improvement by Li, Ohno and Bierman (2026)
« Simplifies flicker assessment
v Use a new sensitivity function (Perz 2017) measured with wide area LED illumination

v Measurement time : 5 seconds
v Robust signal processing (windowing, recommended measurement conditions)

v Less sensitive to power supply noise
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Objectives of the TWINKLE Study

1.

2.

Establish visibility thresholds for P4-M and Mp2s

- At threshold, average observer sees flicker with a probability of 50%

Relationships between flicker metric values and probability of flicker
detection

- What is the probability of seeing flicker fora P/M = 0.7 or MP,26 = 1.5 ?
Compare predictive performance of P M and Mpz2s in relation to
flicker visibility

Impact of different experiment conditions (CCT, luminance level,
waveforms, etc.) on flicker visibility

Impact of known prior visual sensitivity on flicker visibility

- Participants’ prior visual sensitivities were self-reported or assessed before the
experiment, including migraine, photosensitivity, and sensitivity to visual stress.

Twinkle Flicker Study



The TWINKLE study

* International multi-center study based on a publicly available, peer-
reviewed, open-access protocol published before the start of the

study (lead author: Jiaye Li, ENTPE).

* All participating labs conduct the core experiment under the same
test conditions using a shared protocol, with optional additional test
conditions implemented by individual labs.

« The study is endorsed by the management committee of the IEA 4E
SSLC platform

* The study is designed to inform lighting standards and regulations,
while serving the lighting industry (designing better products)
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Confirmed TWINKLE Project Participants

Name Institute Country
Jiaye Li - lead author ENTPE France
Christophe Martinsons - coordinator CSTB France
Carsten Dam-Hansen DTU Denmark
Steve Coyne, Gillian Isoardi Light Naturally Australia
Martin Creusen, Johan Wijntjens Signify The Netherlands
Xiangzhen Kong, Ingrid Heynderickx TU/e The Netherlands
Leos Kukacka TUL Czech Republic
Johannes Lindén Lund Univ. Sweden
Yoshi Ohno NIST USA
Naomi Miller PNNL USA
Michael Royer PNNL USA
Cosmin Ticleanu BRE UK
Georges Zissis Toulouse Univ FR
Luke Price, Michael Higlett UKHSA UK
Hans Arvidsson SE Energy Agency Sweden
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Method

Test room

=

Luminaire is shielded

from direct view

Peripheral
image

Twinkle Flicker Study

Vision experiment using calibrated luminous
waveforms

Participants (n = 50—100): flicker visibility
assessment for each waveform (4 repetitions)

Flicker visibility quantified as % of participants
perceiving flicker

Test room with basic office lighting conditions,
uniform environment

Large field of view: central object +
peripheral images (including peripheral
vision)

LED luminaire not directly visible

Prescribed: luminance, luminance
contrast, spectral distribution, CCT, eye
illuminance



Test Waveforms

Test waveforms with fixed P"M and Mp.2s values (e.g., Mr.2s =0.4, 0.7, 1.0, 1.3,1.6)

(steady-state)
Sine
(single frequency)

Square waves

Compound waves

Aperiodic waveforms
(used in immunity testing)
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Visual Task

1 trial: 15 s max

p » DC
Look at the statue (steady state) 2s
Look at statue
“First Stimulus” First stimulus 3s
“Second stimulus” Second stimulus ~ 1 §t0.5 s untl
Press FIRST or SECOND choice is made
button
“ ” DC
Relax (steady state) None 2s

* Maximum experiment duration: 60 min
» ~200 test stimuli

* 1 min break every 20 trials (~5 min): participants encouraged to stand up, walk around, stretch, etc.
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TWINKLE Core Experiment Procedure

Preliminary
questionnaires

15 minutes

L Trial session

5 minutes

Official experiment — Visual tasks

Total : 60 minutes

Post-experiment questionnaires
10 minutes

Delayed questionnaire
sent 4 hours after leaving the facility
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Optional Conditions Across Test Sites

Core TWINKLE experiment replicated identically across participating labs
*Increased total number of participants
Evaluation of local population effects (participant variability)

*Extension of tested conditions and applicability range of metrics/thresholds

Optional experimental blocks by individual labs — extended test
conditions and metric/threshold applicability range

*CCT, luminance level, alternative waveforms (aperiodic, square, etc.)
Luminaire position: indirect vs directly visible

*More complex visual tasks, cluttered office environments
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Expected results

Objective 1: Determine visibility thresholds for P,-M and Mp2s
Objective 2: Relationships between flicker metric values and
probability of flicker detection

Two different types of curves will be established

Flicker detection probability Proportion of participants detecting
for the average observer flicker with probability = 50%
1 v 1r T — g T |
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0.4} 0.4}
0.2} 0.2}
0 L - 0 L . .
0 05 1 15 2 25 3 g 85 1 15 2 25 3
TLM metric value TLM metric value

Ref. CIE TC 2-89 draft report
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Include flicker sensitive people : yes, but not all

Exclusion: acute sensitivities (epilepsy, family history of epilepsy,
severe adverse light reactions)

Inclusion of sensitive participants without acute symptoms: migraine, post-
COVID symptoms, concussion history, light sensitivity, visual stress
sensitivity

Comparison: average observer group vs. sensitive observer group

Pre-test: 10 s exposure at highest flicker level to screen for acute reactions

Participants may stop at any time, rest, resume later, or safely leave with
assistance if needed
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Experiment condition

Luminance 70 cd/m?
CCT 3000 K
Experiment :
method 0, 1 rating
Waveform .

Types? Sine, Square
Modulation 20 — 80 Hz
Frequency
Metric value

?
(Pt , My 56) Test range™

Threshold of My and P_™ are both expected to be 1.

La Région
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Test step (Yes/No )

Step

Stimulus Audio message Participant’s task Time

DC “Look at the image, there Move gaze to target |
(steady state) is no flicker”
Test stimulus “Now, this is the test Maintain gaze on target 1

light”

Test stimulus “Look at target two” Move gaze to target 2
Test stimulus “Look at target three” Move gaze to target 3
Test stimulus “Look at the image” Return gaze to target 1 3s ’ :
Test stimulus “Did you see flicker?” Press YES/NO button ~3s

La Région
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Visibility threshold from experiment results (sine wave)
37 Sine waves + DC, 4 repeats Modulatlon Frequency: 20 - 80 Hz.

20 participants.
Metric Low High

) (V.. 04 25

P.IM 01 172

Results:

Average Responses with IQR, Logistic Fits

Visible threshold

e Modulation "
f;::m (1rexpl-(3.59"(x-1.56))), R°=0: frequency MP,26 Pst MaX Pmst
S:i“’“‘“ (1+rexp(-(2.52° (x-1.32)))), RE=0.91
B GEL::::“ ({2197 (c1.43))), R*=0.682 20 HZ 1 ,72 0,51 0,53
)

= 80Hz Logistic: y=1/(1+exp(-(8.64"(x-1.02)}}), R2=0.985

e Tl 30 Hz 1,56 0,72 1,08
50 Hz 1,32 0,40 0,33
60 Hz 1.43 0,31 0,20
80 Hz 1,02 0,30 0,17

Average Response
o

g La Région
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TWINKLE projet « Volet Francais » ENTPE-CSTB

* Funding :

*The French health agency (ANSES) funding the French chapter of the TWINKLE study (1
June 2026 — 30 Sept. 2028)

*Région Auvergne-Rhéne-Alpes co-funding the TWINKLE study at ENTPE (2025 — 2028)
» Ethical committee review:

*Approved by Lyon University ethical board
* Liaison:

*CIE DR 1-75 « Reuvisiting flicker metrics », CIE 249:2022 TR revision

*|[EEE Standard PAR1789 revision
* Progress:

*Pilot study on small-scale facility completed (2025)

*Master’s student currently working at ENTPE on test equipment and measurements for the
full-scale experimental facility

*Participant recruitment starting in September 2026 r e
p g Tvenkle Flicker Study La Reglon
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