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Abstract: We present an experimental study of the behavior of modern lighting technologies
under supply voltage fluctuations. Some studies have reported that flicker severity
measurements could exceed the compatibility levels without leading to flicker complaints when
modern lighting is in use. Such conclusions have resulted in two main proposals regarding the
assessment of flicker: to relax the flicker compatibility indexes and to adapt standardized
procedures to assess flicker based on a new reference lamp instead of the current reference,
the incandescent lamp. Our work presents alternative tools for analyzing the effect of efficient
lighting on the assessment of flicker. Our main findings challenge the assumption that efficient
modern lighting is not sensitive to voltage fluctuations, at least over a considerable frequency
range. Furthermore, the results oppose the use of the standardized functional model of the
incandescent lamp for assessing the flicker severity produced by modern lamps.
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Abstract

We present an experimental study of the behavior of modern lighting technologies under sup-
ply voltage fluctuations. Some studies have reported that flicker severity measurements could
exceed the compatibility levels without leading to flicker complaints when modern lighting is in
use. Such conclusions have resulted in two main proposals regarding the assessment of flicker:
to relax the flicker compatibility indexes and to adapt standardized procedures to assess flicker

based on a new reference lamp instead of the current reference, the incandescent lamp. Our work
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presents alternative tools for analyzing tlkeet of dficient lighting on the assessment of flicker.
Our main findings challenge the assumption tifatient modern lighting is not sensitive to volt-
age fluctuations, at least over a considerable frequengerdrurthermore, the results oppose the
use of the standardized functional model of the incandesae for assessing the flicker severity

produced by modern lamps.

Keywords
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1. Introduction

International energyf&ciency regulations have prompted the fast and definitivedvawal of
incandescent lamps, a change that has particular relevaritbe assessment of the light flicker
produced by voltage fluctuations. In terms of electromagroetmpatibility, flicker is defined as
the annoyance induced by illuminance fluctuations causediigtions in the supply voltage of the
lamp. The procedure for assessing this disturbance is digfirtbe IEC 61000-4-15 standard [1],
which establishes the functional specifications for maaguhe flicker severity valueRy;, from
the supply voltage. For this purpose, the 60 W incandesadhtderves as the reference lamp.

The gradual replacement of incandescent lamps by mifi@eat lamps, such as halogen,
compact fluorescent lamps (CFLs) and light emitting diode). lamps [2] has promoted the
research of new lighting technologies’ sensitivity to agk fluctuations. The main conclusions
indicate that new lighting technologies seem to be lessthento voltage fluctuations than incan-
descent lamps [3]. Other recent studies have noted the @sémiser complaints in sites where
high flicker severity levels were measured, and suggesttifeatould be attributable to these new
lighting technologies’ lower sensitivity to voltage fluations [4, 5]. Based on these conclusions,
international organizations for the standardization angrovement of electric power systems,
such as the IEC and CIGREIRED, are currently examining the possibility of modifgithe es-
tablished compatibility levels for voltage fluctuationsdaadapting the IEC 61000-4-15 standard
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to reflect the dierent sensitivity of modern lamps. Currently, CIGRE wogkgroup C4.111 isre-
viewing low voltage (LV) and medium voltage (MV) compatibyllevels for voltage fluctuations,
as well as analyzing possible alternatives to the concefiic&er severity for assessing voltage
fluctuations [6].

However, other studies have warned against erroneousptience of modern lamps’ insensi-
tivity to voltage fluctuations. Some of these works have regabfindings showing the sensitive
behavior of CFLs and LED lamps in the presence of harmonicdtedharmonic frequencies of
higher values than the common frequency range establisindlitker assessment [7, 8].

The present work provides new evidence that questions thkeolamportance currently given
to the light flicker produced by new lighting technologiesr Ehis study, we selected some of the
most common andficient lamps on the commercial lighting market; models tmatexpected
to replace the incandescent lamp. The present analysisomasicted in terms of flicker severity
because the spectral characteristics of the illuminantessie lamps indicated that the frequency
response of the lamp is not always the best tool for sensitanalysis; to assist this, an illu-
minance flickermeter was designed. Furthermore, althouglnaber of studies have proposed
adapting the IEC flickermeter for modern lamps based on tleafimodel of the standard [5, 9], a
linearity analysis of the illuminance raises doubts abbatvalidity of this approach. Finally, for
comparison with the objective results, we performed séwHgjective tests, in which a group of
people were exposed to light flicker produced by test lamps.

The results of this work clearly question theetiveness of modifying the established com-
patibility levels for voltage fluctuations, at least in & to short- and medium-term trends in
lighting technologies. Moreover, our results invaliddte possibility of directly adapting the IEC
flickermeter for use with any modern lamp that could becoreduture reference lamp for flicker

measurement.

2. Experimental Setup

All the experiments in this study were based on illuminangaals obtained from the various
lamps tested. In this section, we describe the set of lamgderurest (LUTSs) and the process

applied to obtain the illuminance signals.
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2.1. Set of Lamps Under Test

We selected a set of commercially available lamps froffecent high- and low-end manu-
facturers, in order to test samples offdrent lighting technologies, including the halogen lamps,
fluorescent lamps using electronic or electromagneti@abidind LED lamps. The lamps selected
for testing also include a variety of the enerdii@ent behaviors represented by European Union
energy labeling, which uses classes from A to G, where A isrtbst energy ficient and G the
least.

Some studies have proved that the sensitivity behaviormiesamps changes whenfidirent
illumination levels are applied, for two main reasons. t-aslow illuminance levels, the eye is less
saturated with light and therefore is more sensitive tatlititker. Second, the interaction between
dimmer technologies and brightness-control methods egph self-ballasted lamps generates
alternative paths for the voltage fluctuations [10]. Heseweral dimmable lamps were included
in the set of LUTs using the Leading Edge (LE) dimmer Busatgéa2247U.

The main characteristics of the LUTs are given in Table 1.

2.2. Generation and Acquisition Process

Fig. 1 depicts the experimental setup used to acquire amd #te illuminance signals of the
LUTs. First, an analytical signal is converted into an agamnal by a DA converter (National
Instruments USB-6211) at a rate of 100 kHz. The analog signidlen amplified to 230 V by
a 7500 Krohn-Hite Amplifier (75 W, from DC to 1 MHz) and a 3280 V transformer. This
signal is applied to the lamp, which is enclosed in a white, lxvhich the light sensor is also
located. This sensor is connected to a luxmeter (E4-X HaDiggtal Luxmeter, with an accuracy
better than:3%) which provides an analog output sigriét), representing the illuminance, that is
digitized by the AD converter (National Instruments USB-6211) at a samplatg of fs = 10 kHz

and 16 bits per sample, and finally stored.

3. LUT Frequency Response to Voltage Fluctuations

Traditionally, the frequency response of the lamps, nangeiy factor, is used to analyze

lamps’ sensitivity to voltage fluctuations [3, 7, 11]. Theimaonclusions drawn from previous
4
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studies regarding this particular issue are summarizdusrsection.
The gain factor characterizes the relationship betweemellative amplitudes of illuminance
and voltage quctuatioriXL—L and%, respectively, for a given sinusoidal fluctuation frequerig:
AL/L

Previous research has reporteffatient results from the analysis of the gain factors obtained
for a set of lamps, selected fromfidirent lighting technologies and manufacturers. Some skthe
results indicate that new lighting technologies clearliibit greater insensitivity to voltage fluc-
tuations than the incandescent lamp [3]. However, thet®sbtained in other studies raise doubts
about this insensitivity. Some of these works show that émsisivity of some lamps with external
electromagnetic ballast and halogen lamps is close to agrllggher than the incandescent lamp
in a wide frequency range [7, 11]. Furthermore, some CFLsld&id can be very sensitive to
high interharmonic frequencies as it is proved in [8].

Moreover, the study performed in [7] also includes the gatdr of some dimmable lamps
working at 100%, 75%, 50% and 15% of their nominal illuminanthe results obtained when the
100% of the nominal illuminance was applied, show that dimle&mps exhibit lower sensitivity
than the reference lamp. Nevertheless, the sensitivitplitage fluctuations of some of the CFLs
and LEDs dimmable lamps increase as the illuminance desresaching sensitivity values which
are clearly above the sensitivity of the incandescent lanep the entire frequency range.

Therefore, these works clearly question the insensititotyoltage fluctuations of modern

lamps, being the results dependent on the technology davelot.

4. Spectral Analysis of the LUTS’ llluminance

The gain factor assumes that the illuminance fluctuatioomsentrated around the fluctuation
frequency of the supply voltage. This fact is true for theecathe incandescent lamp. However,
given the electronic complexity of the brightness-conim@thods applied in some of the LUTS,
distortion can be expected, which could have influence orsémsitivity and, hence, on the an-

noyance. Therefore, a spectral analysis of the illuminangeals was conducted. To obtain the
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spectrum for each of the LUTSs, a set of sinusoidal voltageéuhteons was applied, each of them

having the following form:

ut) = Ao V2[1 + &Y cogwimt) Jcogwot), (2)

whereAy =230 V,wy = 2r - 50 rags andw,, = 2r - f,, radss.

For this experiment, a relative voltage amplitude%f: 1% and fluctuation frequencies from
1 to 35 Hz in steps of 1 Hz were used.

The illuminance](t), was registered according to the process described inlHigorder to
calculateit for a given fluctuation frequencys,.

The results of the analysis demonstrate that the illumieapectrum of some LUTSs is not
concentrated around tHfg component, but is scattered across other frequency baigd® $hows
an example of the spectrum obtained from the Fourier tramstd the illuminance envelope for
fn = 27 Hz. The curves represent the valueé‘f‘ofntegrated in 2 Hz frequency bands, normalized
to the corresponding value of the main frequency componiethiedluctuation,f,,, highlighted in
boldface.

As seen, the LFL 18 W lamp (F1) and the CFL 12 W lamp (C4) preaehspersed spectrum
outside the band of the fluctuation frequenigy = 27 Hz, which is clearly dferent from the
spectrum of the incandescent lamp. This occurs atfgng the range of 0-35 Hz.

This observation raises two issues. First, it questionabs®lute validity of the gain factor
as a tool for analyzing lamps’ sensitivity to voltage fludtaas. It seems appropriate to study the
influence of such lamp sensitivity on the flicker severityygidering all the frecuency components
present in the range of 0—35 Hz. Second, the existing spelis@ersion points to a nonlinear
behavior, which suggest the need for a linearity analysis®ELUTs in terms of voltage fluctuation

frequency.

5. Analysis of LUT Influence on the Flicker Severity

Observations in the previous section indicate a need toyamdhe sensitivity of the LUTs

considering all the frequency components of the illumiraHc), in the range of 0-35 Hz. In fact,
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this is the procedure established by the IEC 61000-4-15latdn1] to measure flicker severity
using a model which represents the linear characteristiteeancandescent lamp.

To consider the real characteristics of the LUTSs, it is nsagsto use a tool that operates with
an illuminance input signal, i.e. an illuminance flickererefl2]. The IEC 61000-4-15 standard
defines the design specifications for a flickermeter basedhewdltage supply, according to a
physiological model of the lamp—eye—brain chain. Some eflitocks of the model include the
performance characteristics of the 60 W incandescent ldthp The illuminance flickermeter
provides the flicker severity value based on the illuminasigaeal. Consequently, designing an
illuminance flickermeter requires that the blocks of the ltage flickermeter related to the
lamps’ response be adapted. This implies that the quadiatimdulation (Block 2 of the IEC
standard) must be eliminated, and the weighting filter (#megd—eye response in Block 3 of the
IEC standard) must be modified, so that the frequency clarsiits of the human eye are only
reflected [13].

The validation of the implemented illuminance flickermeters performed by means of the
functional tests defined in the IEC 61000-4-15 standardchlvlare used for assessing the per-
formance of a flickermeter and the accuracy of its result$. [Tis validation procedure can
also be used to classify the flickermeter. The maximum dieviatbtained in our implementation
reaches a value of 2.1% for any test-point, thus verifyingdcuracy and linearity characteristics.

Therefore, the new tool could be classified as highly aceuwtaiss F1 meter.

5.1. Sensitivity Analysis using an llluminance Flickerenet

For this analysis, various sinusoidal voltage fluctuati@g. (2)) with f,, from 1 to 35 Hz

were generated. The relative amplitude values were thaskipmgPs; = 1 when applied to the

incandescent lamgy’|, .
Using the generation and acquisition process depictedyinlkiilluminance signals of 10 min
were registered for each voltage fluctuation. Finally, gdime illuminance flickermeter, thies
values were calculated.
Fig. 3 shows the results of the analysis for the nondimmaihiecammable lamps (at 100%

and 15% of their nominal illuminance). This figure shows Bievalues associated with each
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LUT, normalized to the flicker severity of the incandescamp, in terms of voltage fluctuation
frequency.

For nondimmable lamps (Fig. 3(a)), the results are quitdairo those for the gain curves [7].
The only remarkable étierence is the slight increase in the sensitivity of the LFMIL§F1) for
frequencies approximately below 10 Hz. This is consistatit the additional frequency compo-
nents observed in the spectral analysis, which are expezigwduce flicker severity values that
are diferent from the case of a singfg component.

Noticeable diferences can also be seen in the results for dimmable lampe%: &f the nom-
inal illuminance value, shown in Fig. 3(b). In particulative the CFL 12 W lamp (C4) provides
high sensitivity values at low fluctuation frequencies, las abserved in its gain curve [7], here it
provides, in terms oPg, high sensitivity values at high fluctuation frequenciesodf,, > 23 Hz
approximately). Thisfect is also appreciable at a low illuminance level (15% ofrtbminal il-
luminance), shown in Fig. 3(c). Similarly, at 15% of the naaliilluminance, the CFL 11 W lamp
(C5) exhibits higher sensitivity compared with that reprdged by its gain curve [7] over the entire
frequency range, reaching the same sensitivity valueseagtiandescent lamp. In contrast, the
LED 8 W lamp (L2) exhibits lower sensitivity at 15% of the ifhunance compared with that rep-
resented by its gain curve [7]; nevertheless, this is glevbve the sensitivity of the incandescent

lamp.

5.2. Subjective Tests

To complete the evaluation of the LUTS’ sensitivity to vgkafluctuations, we assessed the
LUTs in terms of annoyance by conducting a set of subjectigéstwith a group of 10 people.
These tests, which applied the same philosophy as the ol@dests, involved a comparison of
the extent of disturbance produced by some LUTs and the desment lamp, at the sanig,
level. Because of diculties in perceiving a value #s = 1 with the incandescent lamp at some
frequenciesPg = 2 was selected as the reference value for the comparison.

The test procedure consisted of simultaneously applyindpeoLUTs and the incandescent
lamp the% values that, according to the experimental results fromllin@inance flickermeter,

generated & = 2 value for each lamp. The lamps were located in opticalllaiso rooms. Each
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subject was instructed to compare the perceived light flipkeduced by the LUTs with that from
the incandescent lamp, using the rating scale detailedbleTa

The experiment was repeated for the voltage fluctuatiorugeqgies off,, =1, 10, 15, 20,
30, 35 Hz and for H1, C1, C3, F1, L1, C4 and L2 lamps. In the cdsromable lamps, the
experiment was performed at 100% of their nominal illume®rTable 3 presents the results, for
eachf,, based on the rating awarded by at least 50% of the subjects.

Most of the test points demonstrate that the sensitivityeslobtained in the objective exper-
iments correspond to the subjective perceptidhgf = Pj;). Positive deviations of one step of
the rating scale can be observed for some test points. Thenasrity of these deviations point
to a level of discomfort that is slightly higher than the esigelPs; = 2 value. This indicates that,
at those frequencies, the LUTs show higher sensitivity tharobjective values derived from the
illuminance flickermeter. However, the LFL 18 W lamp (F1) $#ats a negative deviation, which
could indicate a sensitivity slightly lower than the exgetvalue.

The results of the subjective tests point to the objectiesslts obtained from the illuminance

flickermeter in the previous experiments.

6. Study of the IEC Lamp Model for the LUT

The lamp model defined in the IEC standard assumes a lineawvioethof the illuminance
and, hence, of flicker severity in the presence of voltagddhatons. This linearity is modeled
by means of the quadratic demodulator defined in Block 2, ¢oetbwith the weighting filter
in Block 3 [1]. Previous studies have recommended modifyiveyIEC flickermeter by simply
adapting the weighting filter to a new reference lamp [5, 9pwidver, this proposed approach
assumes a linear real behavior of all the lamps.

The results we obtained for some of the LUTs from the speatnalysis of the illuminance
envelope showed a relevant dispersion outside the expiigtedation frequency,,, which could
indicate a nonlinear response to voltage fluctuations. flining suggests the need for a linearity

analysis of the LUTSs.
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6.1. Linearity Analysis of the LUT Frequency Response

To date, it has been universally accepted that the illuntdeaasponse of incandescent lamps
is linear with regard to voltage fluctuations, and hence flicker severity is too. In fact, for this
type of lamp, linearity means proportionality, i.e., a knencrease irﬁ/—V means a proportional
increase irfAL—L and consequently in the flicker severity [1].

We analyzed the linearity of the LUTSs forftkrent levels O%V. For this purpose, the LUTs
were supplied with sinusoidal voltage fluctuationsfgffrom 1 to 35 Hz andAVV values corre-

sponding to & = 1 for the incandescent Iamé,\l

T Then, thePg; values of the illuminance
signals for each lamp were obtained using the illuminancidtimeter. Thes@g values were
used as the reference valu&s;ni(fm). This experiment was repeated for a proportional set of

values of the relative amplitude:

(AV) _k AV
V exp V

withk=1:05:5 (3)

Pst11=1

According to the IEC standard specifications, for a givigh a linear relationship should
exist between the obtainde; values and the relative amplitude(%v)
Mret(fm) = Pst, init( fm)-

The regression line that best fits the experimental flickeesy values obtained for the rela-

exp Presenting a slope

tive amplitude values%) was calculated. After obtaining the slope of each of thegeession

exp

lines, meyp( fm), the percentage deviation regarding the ideal slopg(f,), was also calculated:

A—m(f ) _ mexp(fm) — Mei( ) )
m " mref( fm)
The deviations were clearly below 5% for the entire freqyelange for almost all the LUTSs.

100 (4)

However, some of the LUTs presented higher deviations, lwhierited detailed analysis. The
deviation values of these lamps as a functiori,pare presented in Fig. 4.

Among the nondimmable lamps, the LFL 18 W (F1) presentectldayiations at alf,,,, reach-
ing values between 15% and 30% at low frequencies (1-10 H¥)aaound 15% and 20% for
frequencies close to 35 Hz. Among the dimmable lamps, the BB lamp (L2) presented de-
viations around 30% in the frequency range of 20-25 Hz. The CFW lamp (C4) presented
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deviation values greater than 5% at low frequencigs<(5 Hz) and in the range of 20-25 Hz.
These results confirm that some LUTs have a nonlinear fresyumsponse under voltage
fluctuations, a finding that indicates a possible mismattivésen the real behavior of these LUTs

and the functional lamp model specified by the standard.

6.2. LUT—adapted IEC Flickermeter

To identify the origin of the nonlinearity of certain LUTs ewcompared the results generated
by two different tools: (1) the illuminance flickermeter, which useeltdal characteristics of each
LUT; and (2) a flickermeter adapted to each LUT, but using thedgatic demodulation specified
in the IEC standard, considering the hypothesis of a linehabior of the LUTSs.

The main characteristics of this second tool, called the+adiBpted IEC flickermeter, are as

follows:

1. The input is an analytical voltage fluctuation accordmég¢. (2).

2. It must be implemented in the frequency domain, takingaathge of the band-limited com-
ponents of the sinusoidal voltage fluctuations. Becaus@etomplexity involved in ob-
taining a weighting transfer function adapted to every maadr LUT, the adapted IEC flick-
ermeter used the experimental frequency responses ofbthiora the gain curves of the

LUT [7], IHiamp(f)l, combined with the eye response [1B]eye( f)I.

|H(f)lamp-ey4 = |H(f)eye| : |H(f)lamp| (5)

3. The functional model of the lamp is represented by a sggarultiplier (as it is specified
in Block 2 of the IEC standard) combined with the LUT frequgnesponse, in contrast to

the illuminance flickermeter, which works with the lampsakreharacteristics.

The working principle of this LUT-adapted flickermeter iakbows. When the input voltage
signal (Eq. (2)) is modulated by a sinusoidal fluctuatifp, the quadratic demodulation estab-
lished by the IEC standard (Block 2) generates only a sirela/ant component, of frequendy;
and amplitude 2 A3 - AV—V, at the output of the demodulation filters (Block 3 of the IE&wslard).

Consequently, the amplitude of this component can be weidhy the corresponding known value
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of the module of the frequency response (Eq. (5)). Hencegvery LUT, it is possible to obtain
the instantaneous flicker sensation (output of Block 4 of #@ standard)P;.s;, and therefore its
correspondindPs; for any weighted sinusoidal voltage fluctuation of a gi\fe,rand%.

The LUT-adapted flickermeter was validated using the vatwegided for Test 1 of the IEC
standard, defined for sinusoidal voltage fluctuations, Wieh230 VY50 Hz incandescent lamp [1].
All the test points reported deviations below 1%.

Following this procedure, we obtained tRg values for the same voltage fluctuations used for
the linearity analysis described in Subsection 6.1, fgfrom 1 to 35 Hz andy! = k- &¥ bt
wherek =1 and 5.

Fig. 5(a) and 5(b) show the percentage deviations of the ladapted IEC flickermeter results
in relation to the values obtained using the illuminancé&éimeter foik = 1 and 5, respectively,
in terms of the fluctuation frequency. Results are shown @rlyamps that presented high non-
linearity values in the previous analysis of Subsection 6.1

The LFL 18 W (F1) and CFL 12 W lamp (C4) exhibited substant&lidtions over the entire
frequency range for both ranges Ry, i.e., flicker severity values correspondingkie- 1 and 5.
The F1 lamp presented deviations between 15% and 20% fardreiesf,, > 15 Hz in the case
of k = 1 and between 10% and 30% over the entire frequency range #05. The C4 lamp
presented deviations around 15%—20% for frequenfiies 20 Hz and very high deviations for
frequencies above 25 Hz, being almost independent oPtheange. However, the LED 8 W
(L2) lamp presented small deviations (always below 8%) lierlow range oPg (k = 1), but the
deviation became relevant (around 15%-20%) in the frequesmoge of 20—-25 Hz and around
10% at 5-10 Hz and 25-30 Hz as the flicker severity range iseckl = 5).

The results confirm that the nonlinear behavior of some oLth€s in the presence of voltage
fluctuations implies a completelyftierent behavior from that of the incandescent lamp. Given thi
observation, the IEC lamp functional model is not apprdpriar measuring light flicker produced

by lamps other than the incandescent lamp.
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7. Conclusions

We presented a rigorous and extensive experimental wotkzang the dfect of modern and
energy-dicient lighting technologies on perceptions of the lightkidiccaused by supply voltage
fluctuations.

Current approaches tend to be focused on the widespread osedern lamps as the expla-
nation of the lack of correlation between high measuredesbf flicker severity and the absence
of complaints. Consequently, proposals for modifying tesessment of flicker severity tend to
be oriented along two main lines: to increase the flicker catibpity threshold; to carry out a ba-
sic adaptation of the standardized procedure for flickezsssaent to a new reference lamp. The
results of our work contradict these assumptions.

Our experimental work involved several lamps, chosen framrag the various lighting tech-
nologies currently in use. All of the lamps tested are mdfieient than the incandescent lamp,
which is still used in the IEC standard as the reference fokdli assessment.

The first set of results warns against using the gain factoh&vacterize the behavior of mod-
ern lighting technologies when subjected to supply volfagguations: some of these lamps have
complex and dispersed illuminance frequency distribion

Based on this initial finding, we analyzed sensitivity totagle fluctuations in terms of flicker
severity. The results of this analysis demonstrate thagehsitivity of some modern lamps, which
have a high level of current and medium-term market penetrat heavily frequency dependent.
Some of the lamps, namely the halogen lamp, the linear fluerédamp (LFL) and some types of
CFL, were clearly more sensitive than the incandescent lammwide frequency range, depending
on the test conditions. In addition, under low illuminanoaditions, the flicker severity level of
some of the lamps, such as the CFL and LED types, increasedt\gexceeding the reference
value of the incandescent lamp. Furthermore, subjectsts peerformed with a group of 10 people,
confirmed the sensitivity inferred from the experimentgechbve tests. Interpreted conservatively,
these results should encourage not so much the relaxati ofuality standards, but rather the
control of lamps’ immunity to voltage fluctuations.

The work also examined the convenience of applying the IEEtfanal model to assess the
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322

323

324

325

326

327

328

329

330

flicker severity produced by modern lamps. This analysisad that some of the lamps exhibited
significant nonlinear behavior, in particular the LFL and.G¥pes controlled by external electro-
magnetic ballasts and one type of dimmable LED lamp thatigrotied by internal electronics.
Given this finding, the standardized lamp model based on drgtia demodulation should not be
used for flicker assessment if a new reference lamp weredintexd. Adapting the standardized
procedure would be more complex than simply replacing thee-leynp weighting characteris-
tic; that is, defining a new functional model for a new refeetamp will require more in-depth
work [14-16].

In sum, the association reported by some studies [4, 5] lm#tilee absence of complaints
in sites with high measured values of flicker severity andwitespread use of modern lighting
technologies should be challenged. The measurements se gtadies were performed using
the current IEC flickermeter, which uses the functional nhoflthe incandescent lamp. However,
when consumers are exposed to other types of lamp, the fhokasurement will not be correlated
with consumer perception, because the correct assesshfi@itar severity will require a dterent

strategy and model.
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Figure Legends

Figure 1
Figure 2

Figure 3

Figure 4

Figure 5

Scheme of the generation and acquisition process.

Example of the spectrum (in logarithmic scale) ef ity Ts’ illu-
minance of a sinusoidal fluctuation §f = 27 Hz. Values O% are
integrated in 2 Hz frequency bands, normalized to the cpoed-
ing value of the main frequency component of the fluctuatiign,

(a) nondimmable lamps and (b) dimmable lamps.

Flicker severity values provided by the illuminafiecckermeter for
nondimmable and dimmable lamps, normalized to the flickegrse
ity of the incandescent lamp, in terms of fluctuation freaquyerga)
nondimmable lamps, (b) dimmable lamps at 100% of the nominal
illuminance value and (c) dimmable lamps at 15% of the nomina
illuminance value.

Linearity deviation between the experimental aedi flicker sever-
ity values for the LUTSs as a function d;,.

Percentage deviation between the flicker seveaityeg provided
by the illuminance and the LUT—adapted flickermeterskicr 1
and 5, respectively, in terms of the fluctuation frequen@). P
range correponding to = 1, i.e., 3} = %|P5m=1 and (b)Pg range

correponding tk = 5, i.e.,3F = 5- &/

Pst11=1"
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Table Legends

Table 1
Table 2
Table 3

Set of lamps under test.
Rating scale for the subjective tests.
Results of the subjective tests for efghbased on the rating awarded

by at least 50% of the subjects.
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Figure 1 and 2
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Table 1,2 and 3

TABLE I
Lum
1
1d. Tecr-ilanrglI:) P(o‘;v]()ar Flux Class? Remarks3
8y (Lumen)
11 Incandescent 60 850 E ND
H1 Halogen 42 630 (@] ND
C1 CFL 11 570 A ND, EB
2 CFL 23 1380 A ND, EB
C3 CFL 18 1050 B ND, EMB
F1 LFL4 18 1050 B ND, EMB
L1 LED 12 650 A ND
C4 CFL 12 600 A D, EB
C5 CFL 11 570 A D, EB
L2 LED 8 470 A D

1230 V / 50 Hz

2 Energy efficiency classes defined by the European Union

3 Nondimmable (ND), dimmable (D), electronic ballast (EB), elec-
tromagnetic ballast (EMB)

4 Linear fluorescent lamp

TABLE II

Perception Scale Code
PLUTl > F)incz ++

LuT > Line +
LUT —

LUT <
PLUT <

nc

nc

jpoiaeavae!
|

inc

1 Perceptions from the LUTs.
2 Perceptions from I1.

TABLE III
Lamp fm (HZ)

10 15 20 30 35
H1 = = = = = =
1+ = + 4+ + =
3 = = = + + +
F1 = - = = - =
L1 = = = = = =
4 = = + 4+ + =
L2 + + = = = +
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