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Temporal 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:

e Flicker: M

e Stroboscopic effect: SVM

 Phantom array effect: under investigation
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Mp vs PstLM

Interlaboratory Comparison 2023 (IC 2023) for
* Mp (ASSIST vol. 11,2015) Temporal Light Modulation (TLM) measurement
- Measurement duration >2s https://www.iea-4e.org/ssl/our-work/testing-standards/interlaboratory-
- Frequency domain comparison-2023/
- Already used in some commercial TLM _
measuring instruments fomn, SRS SRR

25 September 2023
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Tomparal ight Aochuation Messursments 1€ 2033]

0 be used and the TLM quantities © be measured, snd messurament conditions to be reported by
each participant. Those who do not measure all the quantities listed in the protocol can still be
accepted as participants in IC 2023

After compietion of il participamts’ messurements, sach participant will receive an indiidual test

Launch of IEA 4E SSL Annex report t(PT) report, as well as a pr

) the and.of the comparison that wil present althe resuits znnnvmnusly fora md!mn\ study as was

2023 Interlaboratory Comparison of done in IC 2013 and IC 2017. | that are may still find
Temporal Light Modulation Measurements (IC 2023) participation in IC 2023 of interest for purposes.

To make IC 2023 even more widely useful, the SSL Annex will be linked to Two other regional TLM
interizboratory comparisons being organised in Europe (MetTLM) and in China (China GBV-LC TLM).
Both of these ragional IC's will inciude, in their testing, the same four lamp artsfacts and quantities
Uc 2023) of temp (TLM) 1C2023 1 the success of the measured as IC 2023, effectively expanding the number of participants compared.
013 ang IC2017° together had 146 fabs from around the world

. n ‘Ehting p - Registration is open from 25 September to 30 November 2023 The price for participating in IC 2023
- - : - 5 1S 5et Out below with an early registration discount (25 September — 31 October] and a discount for
1€ 2023 s open to all photometric labs that have capability for measurig TLM quantities, in particular, oy Iaborooriesthetare physicay loated n an SS Annex member country Austra, Dermork,

short-term flicker indicator (P..), and stroboscopic effect visibility measure {SVM), of LED lighting France, Korea his orice inciud cination in IC 2023 s well
products. Laborstories that conduct o pian to conduct testing of LED lamps and luminsires for these a<sociated with shipping the artefacts o and from your laboratory-
TLM quantities in IC 2023. This compar primarily N

Today, the Solid State Lighting Annex (3L Annex) *, under the International Energy Agency’s Energy
Efficient End-use Equipment formally announces the launch of the 2023 Interlabaratory Comparison

.
o investigate the degree of agreement in the measurements of these TLM quantities among the . ~
- > participants as technical study 2s well as to provide verification of each partidpating laboratory’s Early Registration (25 Sept - 31, Oct) SSL Annex member country: €2.300
o * Earl (25 Sept- 31 Oct) Mo ber country: €2,600
— measurement capabilities.
*  Regular Registration [1 - 30 Nov] SSL Annex member country- £2,600
1€ 2023 is thus designed in compliance with IS0/IEC 17043+ to serve as a proficiency test for S5L testing *  Regular Registration (1 - 30 Now] Non-member country. €2,300

M . accreditation programmes that recognise this comparison, 25 was dong in IC 2013 and 2017. IC 2023 3 in light waveform study: £1,500
- will use IEC TR 61547-1° and IEC TR 63158° as the test methods for detarmining quantities P and
SWM respectively. If recognised by accreditation bodies, the participant results reports may be used There wil or thre rounds of the level of interest which will be
as a proficiency test not only for IEC TR 61547-1 and IEC TR 63158 but also regional versions of these conducted sequentially in the period from October 2023 to January 2024. Participants will be

‘test methods. The results can also be used for benchmarking, assigned from the first round in the order of payment received (or they can request a later round).
Registration is now open and available at Annex’s website: please click here.

. .
- The comparison will be conducted in 3 similar way o the SSLANNex's previous comparisons, whers
participants are asignad to a Nucieus Laboratory which will conduct measurement rounds with Thank you for your inter of this work. If i this €, please feel
of four non-di testing free to contact us at ssl annex@zmail com
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participate in an optional Technical Study where they will be sent (separately] 2 light waveform Sincerely,

o
generator with five Drogrammed specific waveforms for measurament, which may be useful to

industry B T -
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The SSL Annex has pubiished the Technical Protocol for IC 2023 which can be found here on our -
website The protocol IETN012:2021 ith 150/ IEC 17043’ Prof. Georges Zissis Nils Borg
This p | i artefacts (four LED lamps and a TLM generator) Chair, Management SSL Annex Operating Agent
_ Committee, SSL IC 2023 Task SSL Annex, Stockholm,
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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/

Control and measurement system

Time domain waveform

NV

{ll:ld 0045 Q06 J0EE s 00ER 0T 0TS 408
Time [zec)

Metric
calculations

(ASSIST
Matlab

Anti-aliasing filter

Light measurement system

Power supply

M
Cut-off frequency FL)M

Lighting equipment 1 kHz or 3 kHz * Pst
* SVM

A/D conversion: 16 bit

System bandwidth (system low-
pass filter). 20 MHz

Sampling frequency: 20 kHz
Measurement duration:2s-180s
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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 starting phase

2. Variation of Mp due to different starting phase

NST
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Hann window added

M, vs. Duration for Light Waveform wave7-50K-180s.txt
0.4 . .

—— with Hann Window

—t— w/out Window .

0.35

0.3r T

0.25

o , A Hann window has been
= 027 | added at Andrew's suggestion.

0.15

0.05 T :-'.1, )

U 1 1 1
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Waveform duration [seconds]

Adding the Hann window significantly reduces the variation in Mp for
NIST sermni., | different durations. 9
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Characterize Mp using simulated and measured ASSIST example waves

ASSIST examples from the document

Light Waveform
1M ™ I ™ ™ : ™ : M : ™ M : . ™ =
s
5]
0 1 1 1 1 1 1 1 1 1
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Before and after adding the Hann window
- two different Mp values

R T I |

Example 1, sampling rate:20kHz

Example 2, sampling rate:20kHz
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Correction factor for Mp with Hann window

Window functions

1 T T T
0.8 | h
06 h
)
k]
2
S 04 1
S
<
0.2 J
0 Rectangular (none)
Hann
flattop
02 1 T 1
0 0.5 1 1.5 2
Time [s] x10*

Step 3: Calculate Weber Temporal Contrast

as modulation ratios, hence the symbol M.
Ay

M, =

Divide each of the component amplitudes, A,, by the dc value of the waveform,
Ao. This operation normalizes the component amplitude values expressing them

(Eq. 3)

Normalized spectral amplitude

10°

1020-

30 Hz sinewave (y = sin(2xft)+1)

e T

Rectangular (none)
Hann
Flattop

T

10 20 30 40 50 60 70
Frequency, Hz

Ay
M, = —
K WA,

Where w is a window factor. It has a value of 1 for a rectangular
window, 1.225 or sqrt(3/2) for a Hann window and
approximately 3.770 for a flattop window.

Divide FFT amplitude by a correction factor 1.225 (for Hann window).

National Institute of
Standards and Technology
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Difference between the corrected Mp and the original Mp
Varied modulation frequency (0.01 Hz to 200 Hz): AMpc(Mpcorrected-Mporginal)
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Four exceptions

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

Meas wave 3, sampling rate: 20 kHz

Meas wave 1, sampling rate: 20 kHz Meas wave 2, sampling rate: 20 kHz
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Non-integer modulation frequency

Mp original
Mp with Hann window
Mp with Hann window(corrected)
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Non-integer duty cycle (AMp at different modulation frequency)

%

- Mp (origin

Wp (Hann corrected)

NST
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Non-integer duty cycle (AMp at F, ., = 500 Hz)
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Non-integer duty cycle (different sampling rates)

[ £.=10, 20, 50, 100, 200, 500 kHz, F,, , = 500 Hz ]

Compare variation of AMp(Hcorrected-original) from Different sampling rates {(Fmod:500Hz)
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Conclusions

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.
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