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BackgroundTemporal light artefacts

Recent regulations in many countries (e.g. EC 2021, EASC 2022, 
SADCSTAN 2021) specified the limit values for TLM TLA metrics for 
LED lighting products to guarantee ensure the product safety. 

Temporal light artefact (TLA) metrics:

• Flicker:  PstLM

• Stroboscopic effect: SVM

• Phantom array effect: under investigation

MpPstLM
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BackgroundMp vs PstLM

• Mp (ASSIST vol. 11,2015)
‐ Measurement duration >2s
‐ Frequency domain
‐ Already used in some commercial TLM 

measuring instruments

• PstLM (IEC TR 61547-1-2020)
‐ Measurement duration ≥180s
‐ Time domain
‐ Commonly used in regulations and 

industry

Interlaboratory Comparison 2023 (IC 2023) for 
Temporal Light Modulation (TLM) measurement
https://www.iea-4e.org/ssl/our-work/testing-standards/interlaboratory-
comparison-2023/

https://www.iea-4e.org/ssl/our-work/testing-standards/interlaboratory-comparison-2023/
https://www.iea-4e.org/ssl/our-work/testing-standards/interlaboratory-comparison-2023/
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A/D conversion: 16 bit
System bandwidth (system low-
pass filter). 20 MHz
Sampling frequency:  20 kHz
Measurement duration: 2s-180s

Cut-off frequency 
1 kHz or 3 kHz

Control and measurement system

• Mp
• Pst

LM

• SVM

Metric 
calculations

(ASSIST 
Matlab 
codes)

Anti-aliasing filter

Power supply
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Measured waves

12 commercial lamps (60 Hz AC power operation): new to several year-old products (no filter)
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Effect of duration

1. Variation of Mp due to different measurement duration
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2. Variation of Mp due to different starting phase

Effect of starting phase
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Hann window added

Adding the Hann window significantly reduces the variation in Mp for 
different durations.

A Hann window has been 
added at Andrew's suggestion.
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Characterize Mp using simulated and measured ASSIST example waves

ASSIST examples from the document

Before and after adding the Hann window
→ two different Mp values
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Correction factor for Mp with Hann window

Divide FFT amplitude by a correction factor 1.225 (for Hann window).
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Difference between the corrected Mp and the original Mp

Which cases?

Varied  modulation frequency (0.01 Hz to 200 Hz): ΔMpc(Mpcorrected-Mporginal)

Digital filter: cut-off frequency 3 kHz, filter order 3. 
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Four exceptions

1, Non-integer modulation frequency. 2, Non-integer duty cycle.
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Non-integer modulation frequency

When the modulation frequency is a multiple of 0.2, original Mp = corrected Mp.
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Non-integer duty cycle (ΔMp at different modulation frequency)

within 
±0.04

What 
are 
they?
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Larger Error: when 

duty cycle is an 

integer multiple of 

2.5% (Fmod/fs)

Non-integer duty cycle (ΔMp at Fmod = 500 Hz)

2.5%

5% 7.5%

Depending on sampling rate.

fs =20 kHz
Fmod = 500 Hz



17

Non-integer duty cycle (different sampling rates)

fs =10, 20, 50, 100, 200, 500 kHz, Fmod = 500 Hz
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Conclusions

1. Substantial variation in Mp was found when using different durations or starting phases.

2. The variation in Mp due to different durations is largely reduced by adding Hann window, but 
result in a different Mp value (Mp_Hann).

3. A correction factor was proposed to apply to the Mp_Hann to correct the difference, but it 
doesn’t work for some exceptions.

4. The exceptions are found in waves at non-integer modulation frequency and/or non-integer duty 
cycle (only for PMW waves).

5. Higher sampling rate can reduce the difference between the corrected Mp and original Mp. 

6. Such analysis will be performed for other shapes of waves and measured waves.

Conclusions



19

Thank you for your 
attention!
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