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{A — SVM < 0.4: Simple explanation}

LIGHTINGEUROPE

SVM < 0.4:
Simple explanation

29 March 2019

(A -1/22}

LIGHTINGEUROPE
THE VOIEE OF THE LIGHTING INDUSTRY

SVM = 0.4 impact on LED lighting

Summary:
Important objective of the EU Ecodesign revision for Lighting (“single lighting regulation”) is a further
limitation of energy usage by more than 40 TWh annually by 2030.

The SVM < 0.4 requirement for LED and OLED MLS is damaging this objective since it increases the
energy consumption with 3% - 5% due to the additional required components and losses

The consumer will be dissatisfied:
Unintentional phasing out of light sources with small caps, and
The consumer is left behind with luminaires without light sources, thus with “empty sockets”

Recommendation:

he EU Ecodesign revision objectives can be achieved by increasing the SVM requirement from 0.4
1.6
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LIGHTINGEUROPE

THE VOICE OF THE LIGHTING INDUSTRY

il

residential

Hospitality: bars,

residential Hospitality: bars,
restaurants, restaurants,
hotels,.. hotels,..

conventional light sources of these product families are phased out due to energy requirements. The LED
cement light sources of these product families are unintentionally phased out due to too strict SVM
rements. The electronics for ‘very strict SYM’ do not fit in the cap.
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Public buildings,
retail

Residential,
hospitality

The conventional light sources of these product families are phased out due to energy requirements. The LED

eplacement light sources of these product families are unintentionally phased out due to too strict SVM
quirements. The electronics for ‘very strict SYM’ do not fit in the cap.
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LIGHTINGEUROPE

Luminaire product families at stake
L4

Halogen MV Incandescent deco
TL luminaires luminaire luminaires

The conventional light sources for these luminaires are phased out due to energy requirements. The LED
replacement light sources for these luminaires are unintentionally phased out due to too strict SVM
requirements. The customer is left behind with NO light source for the luminaire. 5

{A-5/22}
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!.!CiHTINGEUROPE

ICE OF THE LIGHTING INDUSTRY

Luminaire product families at stake (continued)

Halogen G9 Halogen R7s PAR
luminaires luminaires ‘ luminaires

The conventional light sources for these luminaires are phased out due to energy requirements. The LED
replacement light sources for these luminaires are unintentionally phased out due to too strict SVM
requirements. The customer is left behind with NO light source for the luminaire. ]
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{B-SVM <0.4: Impact on LED & OLED Mains-Connected Light Sources (MLS)}

SVM < 0.4 Impact on LED &
OLED Mains-connected
Light Sources (MLS)

29 March 2019
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LIGHTINGEUROPE

SVM = 0.4 impact on LED lighting

Summary:

Important objective of the EU Ecodesign revision for Lighting (“single lighting regulation”) is a further
limitation of energy usage by more than 40 TWh annually by 2030.
* The SVM < 0.4 requirement for LED and OLED MLS is damaging this objective since it:

= [ncreases the energy consumption with 3% - 5% due to the additional required components and
losses

= |mpedes small (P < 25W) dimmable retrofit LED bulbs (A60, GU10, Candles, T5) due to their size
limitations

= |mpedes loT solutions with RF Connected retrofit LED bulbs due to their size limitations
= |ncreases the cost due to additional components

Recommendation:
The EU Ecodesign revision objectives can be achieved by increasing the SVM requirement from 0.4 to 1.6

{B—-8/22}



LIGHTINGEUROPE
THE VOICE OF THE LIGHTING INDUSTRY

SVM = 0.4 impact om LED MLS driver design

 Future lighting products have to comply with EMCD 2014/30/EU with input current harmonic
requirements as defined in the harmonized EN 61000-3-2 standard and the upcoming Ecodesign
revision (SLR) with a SVM requirement on the light output (stroboscopic effect)

+ The input current harmonic requirements for P < 25W and P> 25W are managed by the control
gear via a:
1. Simple single-stage topology with an output capacitor or
2. Single-stage topology with output capacitor + ripple reduction circuit or
3. Sophisticated and larger dual-stage topology with an internal capacitor or
4. Simple single-stage topology with an input capacitor (only applicable for P = 25W)

« The SVM requirement of < 0,4 requires a further modification of the above control gear topology

» The characteristics, the reguired modifications and the consequences & limitations of the above
topologies are summarized in the following slides.

{B-9/22}
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1. Single-stage topology with output Rectification’ I

= AC Mains
capacitor
Characteristics:
« Fulfils strict mains current harmonic requirements
*Highest conversion efficiencies
«Compatible with phase-cut (wall) dimmers
Modifications for SVM requirement: 7 iﬁ Y
*Increasing the electrolytic capacitor (elcap) at the output S|de

Consequences / limitations:

R i —_ v Qerias?

« Capacitor volume scales inversely with SVM requirement WM165 04 SYM 1.6 0.4

. Elcap size 8x10 - 10x18 mm Elcap 6x14 = 10x20 mm
=

(e.g. 8x10 = 10x18 mm or 6x14 = 10x20 mm)
« Capacitor technology is mature, no breakthroughs expected
* This impedes the following products due to size restrictions:
— Compact integrated products (GU10, Bulbs, T5 replacements)
— High power integrated products (up to 150W HID replacements)
— loT solutions with RF connected products
Note: These size restrictions do not appear at SVM = 1.6

{B - 10/22}



LIGHTINGEUROPE

2. Single-stage topology with output capacitor + ripple reduction
CerL“t Elcap LED

Characteristics: U e S;'t';ggl: “
*Fulfils strict mains current harmonic requirements EMI converter

«Compatible with phase-cut (wall) dimmers

Ripple
rgduFtion
Modifications for SVM requirement: circuit
» Physics of ripple reduction is increasing the RC time constant of the output filter

» RC time constant is formed by electrolytic capacitor (elcap) at the output and dynamic
resistance of LED load

Consequences / limitations:

» Additional electronic circuits/components can increase the resistance of the LED load at the
cost of efficiency.

» Typical efficiency losses for the additional ripple reduction circuits: 3%-5% or even more.

{B—11/22}

LIGHTINGEUROPE
THE VOICE OF THE LIGHTING NOUSTRY

3. Dual-stage topology with an internal capacitor

Characteristics:

- Fulfils strict mains current harmonic requirements | F=rtification DC-DC DC-DC
« Compatible with phase-cut (wall) dimmers ACMains Efm converter converter

» Requires considerable more size (& cost) than

single stage converters and are therefore mainly used
in LED control gear and not in retrofit lamps
» No direct S‘l\/IVl issues at 100% power level, however, dimming or load adaptation (window drivers) can cause output
current ripple

Modifications for SVM requirement at dimming:
* Amplitude dimming: non
—E{I/VI\I}A dimming: SVM includes frequencies up to 2 kHz, typical PWM frequencies of 1 kHz have a high impact on

* Consequences / limitations:
—Higher PWM frequencies are undesired, as the audible sensitivity increases, switching losses increase and
color accuracy deteriorates (e.g. Connected Lighting products)
« Typical efficiency loss for extra conversion: 3%-5% or even more

{B—12/22)
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4. Simple single-stage topology with an input capacitor

Characteristics:
. . i i . Elcap
Fulfils less strict mains current harmonic Rectmcat'on Single
reqwreme_nts AC Mains ﬂ Stage ‘ -
«Only applicable for P < 25W EMI converter

«Fulfils SVM < 0.4 requirement
*Highest conversion efficiencies

*Not compatible with phase-cut (wall) dimmers
since repetitive inrush current peaks (induced by P

the dimmer operation) will lead to excessive heat g _ Rectfkation Single
eneration and almost instant failure of products PE st e Stage

converter

Modifications for SVM requirement:
*None

Consequences / limitations:
*Not dimmable!

{B - 13/22)
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Summary of consequences if product has to fulfil PQ and SVM < [l

Application Topology Efficiency Dimmer
penalty Compatlblllty
Integrated LED MLS with P > 25W Dual-stage
Single-stage + C at output -

Yes

Single-stage + ripple reduction

Integrated LED MLS with P < 25W Single-stage + C at input == - .
Single-stage + C at output = - Yes
Single-stage + ripple reduction - . Yes
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THE VOICE OF THE LIGHTING INDUSTRY

Summary of consequences if product has to fulfil PQ and SVM < 1.6

Application Topology Efficiency Dimmer
penalty Compatlblllty

Integrated LED MLS with P > 25W

Integrated LED MLS with P < 25W

Dual-stage
Single-stage + C at output

Single-stage + ripple reduction

Single-stage + C at input

Single-stage + C at output

Single-stage + ripple reduction

oK

Yes

Yes
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{C - Stroboscopic effect}

‘ Brussels, 29 March 2019

LIGHTINGEUROPE

THE VOICE OF THE LIGHTING INDUSTRY

Stroboscopic effect

Visibility, Acceptability and Health concerns

Stroboscopic effect is visible as a series of still images when fluctuating light illuminates
a moving object. In its extreme form this effect is often used in discotheques.
Stroboscopic Visibility Measure (SVM) is a new measure recently defined to quantify the
visibility of stroboscopic effect. SVM is intended to predict human perception of this
phenomenon. SVM is developed for applications where human movements (up to 4 m/s)
are present.

SVM is not developed for industrial applications (e.g. rotating machines) or to predict
interference with devices with an optical input (e.g. cameras, barcode scanners).

When stroboscopic effect is observed, an object that would appear as a distorted streak
in non-strobing light appears as an array of objects. The effect on the retina is the same
as observations of periodic structures that are common in everyday life (e.g., fences,
brick walls, rows of trees, striped clothing, and spoked wheels) — an array of images is
formed on the retina. Observation of an array of objects is not intrinsically unacceptable.

The recent draft Ecodesign Regulation proposal for strict limits on SVM (SVM < 0.4) is
based on a fundamental underlying assumption that visibility of stroboscopic effect is
identical to acceptability of stroboscopic effect, and moreover that it is also identical to
“health risk”.

Visibility

Perz/Sekulovski did the original work to derive SVM (Stroboscopic Visibility Measure),
determining the human sensitivity curve from testing with over 200 participants. The
recent Veitch/Martinsons study used a smaller number of participants (36) and a similar
setup, and the results agree well. The visibility threshold is defined at SVYM 1.0. The
Perz/Sekulovski measurements actually indicate a slightly higher sensitivity to
stroboscopic effect than the Veitch/Martinsons results. Why, then, is there such a
discrepancy in the SVM recommendations reached by interpretation of the results of the
two scientific studies?

A complication in determining visibility is that a certain percentage of people think that
they see stroboscopic effect when there is none present. This effect appeared in both
studies, where about 10 % of people ‘detected’ stroboscopic effect when the light source
was driven with Direct Current resulting in an SVM = 0 and no stroboscopic effect.

Acceptability
Several studies have shown that people do find a certain amount of stroboscopic effect

acceptable. In fact, the Veitch/Martinson study showed that there was no significant
difference in acceptability from SVM = 0 to SVM = 3. The ASSIST studies showed that

LightingEurope AISBL | Bivd. Auguste Reyers 80 | B-1030 Brussels | Belgium

+32 (0)2 706 86 08 | info@lightingeurope.org | www.lightingeurope.org
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acceptability of stroboscopic effect was generally high but depended on the contrast and
speed of motion. Work by Perz/Sekulovski found acceptable values of SVM for various
applications ranging from SVM = 1.0 to 2.3, all above the visibility threshold of SVM 1.0.

Stroboscopic effect is only visible when there is enough object motion with sufficient
contrast and sufficient light levels, and without other light sources reducing the effect.
This can be tested in laboratory circumstances but does not happen often in real-life
situations. In real-life situations there are usually multiple light sources (including
daylight) and very limited motion. Thus, in practice stroboscopic effect will only be visible
during a small percentage of the time. Presumably these factors all play a role to yield
the results above that some visibility of stroboscopic effect is acceptable.

Health

Epileptic seizure is a concern only below 65 Hz and is of greatest concern from 5 to 30
Hz (source: Epilepsy Foundation of America). Similarly, migraines have only been
demonstrated to be caused by frequencies up to 60 Hz and have not been documented
at 75 Hz or above. Seizures and migraines are therefore not associated with
stroboscopic effect but with flicker. Flicker is already addressed by the measure PV in
the Ecodesign Regulation. The limit Ps*™ < 1.0 is much stricter than the limit prescribed
by the Epilepsy Foundation of America, so this concern is already covered in the
Ecodesign regulation. Stroboscopic effect is only suspected to be associated with
headache and eyestrain and depends on the amount of modulation and the frequency.
Wilkins' study of fluorescent light showed that the incidence of headaches was ‘more
than halved’ when ‘conventional’ (100 Hz magnetically-ballasted fluorescent) lighting was
replaced by ‘new’ (electronically-ballasted fluorescent) lighting but did not differ
significantly when ‘new’ lighting was replaced by ‘conventional’. His work has not been
reproduced. Unpublished work performed with employees in an office space lit by LED
luminaires with the ability to change SVM from 0.5 to 1.3 shows no increase in
headaches or eyestrain with the two different values of SVM, even with long term
exposure (13 weeks). This implies that the acceptability threshold in a real-life situation
for office application will be above SVM = 1.3.

Long-term evidence of the acceptability and the lack of health effects of a certain amount
of stroboscopic effect is provided by conventional lighting, some forms of which have
been in use for over 100 years. Incandescent lamps have SVM as high as 0.8. HID
lamps have SVM as high as 3 or more. While it may not be advisable to use lighting with
very high SVM in applications such as office lighting, it is completely acceptable in other
applications.

Conclusion

Stroboscopic effect is not associated with health effects and should not be confused with
flicker, which is already covered in the revised Ecodesign requirements for light sources.
Visibility is not the same as acceptability and visibility is not the same as a health risk.
Scientific studies show that a certain amount of stroboscopic effect is acceptable. All
acceptable values found (SVM 1.0 - 2.3) are higher than the visibility threshold (SVM
1.0).

Therefore, strict limits on SVM intended to eliminate visibility or to eliminate health
effects are unnecessary.

Moreover, strict limits on SVM damage the objective of the Ecodesign regulation. To
comply with strict SVM limits the energy consumption will increase 3-5% due to
additional components and losses and several small LED light sources will

LIGHTINGEUROPE PAGE 2 OF 3
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unintentionally be banned from the EU market. Simultaneously the equivalent
conventional light sources will be phased out.

The EU Ecodesign revision objectives can be achieved while increasing the SVM
requirement from 0.4 to 1.6 (at full load, for indoor applications only).

LightingEurope therefore proposes to change the legislative requirement as follows:
SVM £ 84 1.6 at full load (except for HB-with-P >4k
Stroboscopic effect for and-fer light sources intended for use in outdoor apglications;

LED and OLED MLS or industrial applications er-ectherapplications-where-lighting
sipdesdsabev—s-oRla28)

LIGHTINGEUROPE PAGE 3 OF 3
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{D - Stroboscopic effect: List of references}

A

LIGHTINGEUROPE Brussels, 18 March 2019

THE VOICE OF THE LIGHTING INDUSTRY

Stroboscopic effect: List of references

Below are several references relevant to Stroboscopic Effect. Included are scientific papers,
as well as standardization documents. It should be noted that this document is not intended to
set any limits on Stroboscopic Visibility Measure (SVM) but serves as a compilation of all
known sources on this topic.

CIE: International Commission on lllumination / Commission Internationale de
I’Eclairage
“Visual aspects of time-modulated lighting systems—definitions and measurement
models,” CIE TN 006:2016 (2016).
Summary: Technical note describing Temporal Light Artefacts, providing definitions
and technical background. “In the first part of the Technical Note (TN), new definitions
for the perceptual effects modulated light can produce are given. In the second part,
an overview of the relevant literature is given as well as an overview of the parameters
that influence the visibility of the different TLAs.”
http:/files.cie.co.at/883 CIE TN 006-2016.pdf

IEC: International Electrotechnical Commission (IEC)
Equipment for general lighting purposes - Objective test method for stroboscopic
effects of lighting equipment. IEC Technical Report (TR) 63158:2018 Geneva,
Switzerland: IEC, 2018.
Summary: |EC technical report describing stroboscopic effect. “The object of this
document is to establish a common and objective reference for evaluating the
performance of lighting equipment in terms of stroboscopic effect.” This document
describes the methodology for SVM and does not define any limits.
https://webstore. .iec.ch/publication/61455

NEMA: National Electrical Manufacturers Association (NEMA)
Temporal light artifacts: Test methods and guidance for acceptance criteria. NEMA 77-
2017 Rosslyn, VA: NEMA, 2017.
Summary: The standard describes the measurement methods for Py (flicker) and SVM
(stroboscopic effect) and gives guidelines for indoor and outdoor levels. “The purpose
of the standard is: to recommend a method of quantifying the visibility of temporal light
artifacts (TLA), and to recommend initial, broad application-dependent limits on TLA.”
The standard also compares several Temporal Light Artefacts (TLA) requirements with
conventional (non-LED) light sources. The guideline for acceptance criteria for SVM
is stated as follows: SVM < 1.6 for light sources for indoor application area and no limit
for light sources for outdoor application area. This is the only global standard giving
SVM acceptance criteria.
https://www.techstreet.com/standards/nema-77-2017 ?product id=1949775
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EU SCHEER (Scientific Committee on Health, Environmental and Emerging Risks)

Opinion
Following a request from the European Commission, the Scientific Committee on
Health, Environmental and Emerging Risks (SCHEER) reviewed recent evidence to
assess potential risks to human health posed by Light Emitting Diodes (LEDs)
emissions. In June 2018, SCHEER published its “Final Opinion on potential risks to
human health of Light Emitting Diodes (LEDs)” concluding that “there is no evidence
of direct adverse health effects from LEDs emission in normal use (lighting and
displays) by the general healthy population.” “Some people report that they are
sensitive to temporal light modulation from LEDs.”

https://ec.europa.eu/health/scientific_committees/consultations/public_consultations/s
cheer consultation 05 en (2018).

IEEE: Institute of Electrical and Electronics Engineers
IEEE Power Electronics Society. IEEE recommended practices for modulating current
in high-brightness LEDs for mitigating health risks to viewers. S1789-2015 New York,
NY: Institute for Electrical and Electronics Engineers, Inc. (IEEE). 2015. The paper
predates current terminology on flicker and stroboscopic effect.
Summary: This is a literature study of health effects related to flicker and stroboscopic
effect. Three levels of limits are suggested, with the intention of avoiding any
imaginable potential health effect. The terminology in this document is not aligned with
the CIE definitions (CIE TN 006:2016). Moreover, the publication of this report has
created intense debate, as many organizations do not accept the findings therein.
https://standards.ieee.org/standard/1789-2015.html

ASSIST (Lighting Research Center, Troy, NY, USA)
J. D. Bullough, K. S. Hickcox, T. R. Klein, and N. Narendran, “Effects of flicker
characteristics from solid-state lighting on detection, acceptability and comfort,” Light.
Res. Technol.43, 337-348 (2011).
J. D. Bullough, K. S. Hickcox, T. R. Klein, A. Lok, and N. Narendran, “Detection and
acceptability of stroboscopic effects from flicker,” Light. Res. Technol. 44, 477—-483
(2012).
J. D. Bullough and D. Marcus, “Influence of flicker characteristics on stroboscopic
effects,” Light. Res. Technol.48, 857-870 (2016).
JD Bullough, KS Hickcox, TR Klein, A Lok, and N Narendran. Assist recommends:
Flicker parameters for reducing stroboscopic effect from solid-state lighting systems.
2011.
Assist Recommends...Application Considerations Related to Stroboscopic Effects from
Light Source Flicker (Lighting Research Center, 2015)
Summary: Studies were done with human observers to determine visibility and
acceptability of stroboscopic effect. No health effects were investigated.
Participants found that some visibility is acceptable.
https://www.Irc.rpi.edu/programs/solidstate/assist/recommends/flicker.asp

Wilkins paper
A Wilkins, | Nimmo-Smith, A Slater and L Bedocs, “Fluorescent lighting, headaches
and eyestrain” Lighting Res. Technol. Vol 28, No. 1, pp 11-18 (1989). The paper
predates current terminology on flicker and stroboscopic effect.
Summary: Scientific article describing headache and eyestrain experiments done with
fluorescent lighting (both magnetically- and electronically-ballasted). “The difference in
headache incidence was significant for the group which experienced the conventional
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lighting first, but not for the group which experienced the reverse order. When the two
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