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Summary
New regulations are coming into force in several regions with respect to temporal light
modulation of lighting products. However, standardized test methods and even basic
understanding of requirements are largely lacking in the area. Newly introduced metrics, like
the stroboscopic visibility measure, are used in these regulations without the existence of
standardized measurement methods.
This document sets the stage for an understanding of these new metrics and provides
guidelines for the correct measurement of them. The document at hand is meant to provide
respective recommendations, which do not imply any kind of standardization.

1 Introduction
1.1

Background

In 2016 CIE TN 006 “Visual Aspects of Time-Modulated Lighting Systems – Definitions and
Measurement Models” (CIE 2016) was published. CIE TN 006 describes measurement
principles to characterize the visibility of temporal light artefacts (TLA) of light sources.
The term "temporal light modulation" (TLM) is used for any measurable change of the light
level or the spectral distribution of light over time. The term "temporal light artefacts" (TLA) is
only used for the human visual perception of these modulations. The most important reason to
have a measurement method for TLM is that exposure to light modulation may cause
undesired effects on human perception (TLA), health, performance and safety.
After the introduction of LEDs to lighting products, the measurement of light modulation has
become more and more important. Although LEDs do not intrinsically produce TLM, they do
have a fast reaction time to the driving current. This means that any associated waveform,
whether intentional or unintentional, changes from the electrical input (e.g. control gear or
direct mains) can also result in a change in the output of the LEDs and the perception of
these changes.
Currently there is a wide variety of quantities for TLM and TLA. The most commonly used
ones are summarized in Clause 3.

1.2

Scope

This document provides recommendations on measurement protocols to measure periodic
waveforms and light modulations. The recommendations should enable measurement
laboratories to apply the same measurement m ethodology and to report the results in a
consistent and reproducible way.
This document covers methods of measurement for TLM and TLA of lighting equipment. Its
primary application is for general lighting purposes; however, the principles can be applied to
other fields (e.g. display equipment, or facade lighting) , though these generally require
different input optics for the measurement equipment.
The recommendations given in this document can be used to measure non-periodic signals,
but there might be specific aspects of these signals that will not be covered in this document
(e.g. signal-triggering).
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2 Terms and definitions
2.1
temporal light modulation
TLM
fluctuation in luminous quantity or spectral distribution of light with respect to time

2.2
temporal light artefact
TLA
change in visual perception, induced by a light stimulus , the luminance or spectral distribution
of which fluctuates with time, for a human observer in a specified environment
Note 1 to entry: The change of visual perception is a result of comparing the visual perception of the
environment lit by the modulated light to the visual perception of the same person in the
same environment, when the environment is lit by non-modulated light.

[Source: CIE TN 006:2016, 2.4.1]

2.3
flicker
perception of visual unsteadiness induced by a light stimulus the luminance or spectral
distribution of which fluctuates with time, for a static observer in a static environ ment
Note 1 to entry: The fluctuations of the light stimulus with time include periodic and non -periodic
fluctuations and may be induced by the light source itself, the power source or other
influencing factors.
Note 2 to entry: Flicker is a type of temporal light artefact.

[SOURCE: CIE S 017:2020, Entry 17-22-092, modified – Note 2 to entry added]

2.4
stroboscopic effect
change in motion perception induced by a light stimulus the luminance or spectral distribution
of which fluctuates with time, for a static observer in a non -static environment
Note 1 to entry: The stroboscopic effect is a type of temporal light artefact.
EXAMPLE 1 For a square periodic luminance fluctuation, moving objects are perceive d to move
discretely rather than continuously.
EXAMPLE 2 If the frequency of a periodic luminance fluctuation coincides with the frequency of a
rotating object, the rotating object is perceived as static.

[Source: CIE TN 006:2016, 2.4.3]

2.5
waveform
representation of a characteristic quantity of a wave, either in time at a given point or in space
at a given time
Note 1 to entry: If the quantity in question is a luminous quantity (e.g. luminance, luminous intensity, or
illuminance), this is called a “light waveform”.

[Source: IEC 60050-103:2009, Entry 103-10-02, modified – Note 1 to entry added]
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2.6
modulation
process by which a quantity which characterizes an oscillation or wave follows the variations
of a signal or of another oscillation or wave
Note 1 to entry: Modulation may be intentional or unintentional.

[Source: IEC 60050-701:1988, Entry 701-03-08, modified – "." at the end of the definition
removed]

2.7
steady state, <of a light source>
state of operation of a light source, which has been stabilized for a sufficient period of time
such that the root-mean-square (RMS) and mean values of the electrical and photometric
quantities become stable

2.8
period, <of a signal>
smallest positive difference between two values of the independent variable at which t he
values of a periodic quantity are identically repeated
[Source: IEC 60050-103:2009, Entry 103-06-01, modified – specifier added and notes to entry
omitted]

2.9
dominant frequency, <of a periodic signal>
non-zero frequency component with the highest energy content

2.10
power spectral density
PSD
distribution as a function of frequency of the power per unit bandwidth of the spectral
components of a signal or a noise having a continuous spectrum and a finite mean power
Note 1 to entry: One way of calculating the PSD is by Fourier Transform of the wa veform signal.

[Source: IEC 60050-713:1998, Entry 713-09-12, Note 1 to entry added]

3 Summary list of TLM and TLA quantities
3.1

General

The list below is not an exhaustive list. It is accumulated from several source s and is only
listed for reference. References are given where available.

3.2

Temporal light modulations (TLM)

3.2.1 General
The quantities that are classified as temporal light modulations quantify the amount or level of
modulation. These quantities do not have a direct connection to the visual perception of
temporal light artefacts. Generally, they are measured over one cycle (or averaged over
several cycles) of a repeating waveform (e.g. square, sine) under steady state conditions.
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3.2.2 Flicker index (FI)
According to CIE S 017:2020, 17-22-094 (CIE 2020) the flicker index (symbol I F ) is the
quotient of the above-average luminous energy to the total luminous energy over a period of
time.

3.2.3 Modulation depth (MD)
The modulation depth (symbol D M ) is defined as

DM 

ymax  ymin
ymax  ymin

(1)

where y max is the maximum signal, and y min is the minimum signal of the waveform within a
period of time.

3.2.4 Percent flicker (PF)
Percent flicker is a relative measure of the maximum value of a waveform compared to the
minimum value. The calculation is the same as for modulation depth but is presented as a
percentage. It is therefore often used as a synonym for modulation depth.

3.3

Temporal light artefacts (TLA)

3.3.1 General
The quantities that are classified as temporal light artefacts have a direct r elation to the
human perception of light modulation.
Generally, these quantities are measured over a longer section of the waveform and are not
restricted to a repetitive waveform, i.e. complex signals can also be analysed.

3.3.2 Short-term flicker index
As a measure of the short-term fluctuations of the light output of a device that the mains
voltage supply may produce, the International Electrotechnical Commission (IEC) developed
the flickermeter method. It predicts flicker visibility of an incandescent lamp c onnected to the
electrical power system caused by rapid voltage fluctuations in the systems. The me thod
consists of a few components or “blocks”, one of which simulates the hum an visual response
to flickering light. One of the components of the flickermete r uses a model of a 60 W
incandescent lamp as a reference light source that translates the voltage fluctuations on the
mains to visible radiation fluctuations. This block can be removed, and the measured light
output can be directly fed to the rest of the processing blocks, resulting in the light
flickermeter (IEC, 2020).
LM
The output of this flickermeter is the short-term flicker index (symbol Pst ) in which the wave
shape and frequency are taken into consideration since the measurement is carried out over a
longer time (generally more than one minute).

3.3.3 Stroboscopic effect visibility measure (SVM)
For the objective assessment of the stroboscopic effect, the stroboscopic effect visibility
measure (symbol M VS ) is available. The measurement duration is typically one second, in
accordance with the recommendations in CIE TN 006:2016 (CIE 2016). The measurement
method for the stroboscopic effect of lighting equipment is described in IEC TR 63158:2018
(IEC 2018).
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3.3.4 Perceptual modulation
The purpose of the quantity called perceptual modulation (symbol M P ) is to accurately predict
the human flicker perception for any lamp, light output waveform and frequency. Specifically,
this quantity deals with the direct perception of flicker in which the freque ncy of modulation is
low enough to be seen directly (i.e. < 80 Hz).
The ASSIST document includes details on measurement equipment and conditional
requirements (ASSIST 2015).

4 Measurement recommendations
4.1

General recommendations

General laboratory requirements and best practices should be observed. When testing
specific products, the relevant IEC product performance standard (or relevant local regulation)
should be followed as general guidance when operating the device under test (DUT).
For LED products covered under CIE S 025/E:2015 (CIE 2015), it is good practice that
ambient conditions and operation instructions of the DUT as prescribed in that standard
should be observed. Whenever a reference is made to the 'relevant' test standard in the
following clause, for LED products this means CIE S 025/E:2015 (CIE 2015). For other
products, this would be the relevant IEC product standard.
For the correct calculation of TLM and TLA quantities either the waveform (time domain data)
or the power spectral density (frequency domain data) of the waveform is required. The
relation between the time domain and the frequency domain is the Fourier (or inverse Fourier)
transformation. This TN will focus on the time domain measurement including quantities and
quantity-specific recommendations. Further details on the calculation of the Power Spectral
Density (PSD) using a Fast Fourier Transform (FFT) are subject of a Technical Report, which
is in preparation by CIE TC 2-89 and will be published at a later stage.
NOTE

4.2

Stroboscopic visibility measure (SVM) is one of the quantities requiring calculation of the
PSD using an FFT (see also 4.4.3).

Field measurements

A field measurement is considered to be any measurement that is not done under controlled
laboratory conditions, e.g. a measurement in an office or outdoors. For the purpose of this
document, any measurement not performed under standard test conditions is a field
measurement, the standard conditions of which are described in product performance
standards or measurement standards (e.g. CIE S 025/E:2015 (CIE 2015)).
Field measurements can be considerably different from laboratory measurements. If
conditions are not as well controlled, the measurement can be used to determine the
performance of the DUT under ‘less controlled’ conditions or in a specific application. A
measurement done under mainly uncontrolled conditions is only suited for determining the
TLM or TLA aspect of that specific environment, and not of a specific device.
Laboratory measurement results and field measurement results should not be compared
directly. Nor should laboratory measurements be assumed to be directly applicable in field
conditions.
When field measurements are reported (or results discussed), the conditions under which the
measurements were performed should be listed, as far as possible similar to how laboratory
measurements are reported. In particular a statement that the measurements were performed
as a ‘field measurement’ should be noted.
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For any field measurements as much detail as is known should be listed in a measurement
report. Even a simple statement can suffice (e.g. "connected to mains", or "daylight present").
If no information is available, this should be mentioned as well. The following list describes
factors that can significantly influence field measurements:
 power supply characteristics, e.g. AC voltage waveform ;
 settings of lighting controls (dimmers, pulse-width modulation (PWM) settings, colour
setting for tuneable lights);
 ambient temperature of the DUT;
 static background illumination from other sources, including daylight and other sources ;
 non-static background illumination from other TLM sources ;
 mechanical vibrations strong enough to influence the measurement .

4.3

Recommendations for acquiring the waveform

4.3.1 General
TLA metrics are usually defined with regards to light modulation within a specific frequency
band, whereas TLM and corresponding metrics may go beyond those specified frequency
bands.
The knowledge of the source’s spectrum, as wel l as the modulation frequency, might limit the
minimum requirements for acquiring the light waveform. In case that one or more parameters
are unknown, it is recommended to use more stringent equipment recommendations (e.g.
starting from high sampling frequency and sampling time and reducing accordingly).
Recommendation for sampling frequency: 20 kHz (or higher).
Recommendation for sampling time: 1 s (or longer).
Recommendation for spectral responsivity: spectral luminous efficiency function for photopic
vision V(  ) .
Beside these general recommendations, some metrics with specific recommendations can be
found in 4.4.

4.3.2 Sampling
The Nyquist theorem states that a signal should be sampled with twice the highest frequency
present to accurately be able to reconstruct the actual (non -sampled) signal. This is the case
for ideal signals and ideal equipment. As this is only a theoretical case, the general
recommendation is to oversample by a factor of 10 (instead of 2).
When considering a Fourier Transform or the PSD of the waveform, t he total length of the
sampled waveform determines the frequency resolution of the calculated PSD. To accurately
determine metrics relying on the calculation of the PSD, a minimum sampling time is
recommended.
NOTE

A high sampling rate and long sampling time means a large sample size.

4.3.3 Linearity
The linearity of the measurement system should be characterized and non-linearities should
either be corrected for or taken into account in the measurement uncer tainties. For more
information see ISO/CIE 19476:2014 (ISO/CIE 2014) and CIE 231:2019 (CIE 2019).
NOTE
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4.3.4 Signal-to-noise ratio
The signal-to-noise ratio (SNR) of the full measurement system should be considered. It
needs to be large enough so that measurements of fluctuations in the signal are not
significantly affected by noise. Some types of noise can be reduced by taking averages of
repeat measurements.
There are several factors affecting the SNR :
 amplitude range and resolution of the digitizer or oscilloscope ;
 electrical noise from any part of the equipment;
 level of the background light;
 responsivity of the photodetector.
Every factor should be understood, as some might directly affect the signal, while others
might affect the noise levels. The intention is to keep the SNR as high as possible.

4.4

Quantity-specific recommendations

4.4.1 TLM quantities (general)
In any specific measurement situation, the minimum requirements to adequately measure a
TLM quantitiy will depend on knowledge of the signal. If there is only a mains frequency
component, measurement conditions are less strict compared to when the signal is a 1 kHz or
higher modulation.

4.4.2 Short-term flicker index
The sampling time required to determine the short-term flicker index correctly is longer than
for most other metrics. However, a slightly lower sampling frequency suffices. Th ese
requirements are due to the low frequency (< 80 Hz) effects that this index describes.
IEC TR 61547-1:2020 (IEC 2020) specifically mentions measurements of illuminance,
however the short-term flicker index can be calculated on any luminous quantity measured
with appropriate equipment.
Recommendation for sampling frequency: 10 kHz (or higher).
Recommendation for sampling time: 60 s (or longer). See Note 2 for further details.
See IEC TR 61547-1:2020 (IEC 2020) for additional measurement recommendations.
NOTE 1

IEC TR 61547-1:2020 (IEC 2020) recommends a specific setup and equipment combination,
which has more stringent requirements. When that measurement method is followed, the
recommendations from this TN are superseded by the specific requirements in th e IEC TR
61547-1:2020.

NOTE 2

The calculation of the short-term flicker index includes application of a filter with a longer
response time to the measured data. This leads to the need for additional 60 s of acquisition
to allow for the settling time of the filter.

4.4.3 Stroboscopic visibility measure
The stroboscopic effect from periodic waveforms can be seen up to frequencies of 2, 5 kHz.
Even though stroboscopic effects are visible below 80 Hz, the most noticeable effect in that
frequency range is flicker. For this reason, the minimum recommended sampling frequency is
20 kHz with a sample duration of one second (minimum) to be able to verify the periodicity of
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the waveform. The sample duration should be such that the sample has an integer number of
periods of the waveform.
See IEC TR 63158:2018(E) (IEC 2018) for additional measurement recommendations.

4.4.4 Perceptual modulation
See ‘Recommended metric for assessing the direct perception of light source flicker, volume
11, issue 3:2015’ (ASSIST 2015) for additional measurement recommendations.

4.5

Measurement equipment

4.5.1 General
The measurement equipment should be selected to meet desired sampling, accuracy,
detection limits, repeatability, reproducibility and robustness. The equipment selection is
always a balance between technical requirements, risks, and economic considerations.
There might be particular standards or regulations that set requirements different from what is
recommended in this document. As long as these requirements are stricter than what is listed
in this document, it is recommended to maintain the requirements from those documents as
there might be specific reasoning behind them which are not considered in th e generalized
recommendations in this Technical Note.
The recommendations made in this subclause typically relate to laboratory measurement and
not field measurement.

4.5.2 Measured quantities and measurement geometries
Waveform data can be recorded using many different input optics. Input optics are
categorized into illuminance optics and luminance optics. A few examples of additional
instruments to be combined with the input optics include:
 integrating sphere and photometer (or photodiode for non-visible radiation applications);
 optical bench and illuminance meter;
 optical bench and luminance meter;
 goniophotometer with fast, time-resolved measurements;
 illuminance meter with fast, time-resolved measurements (in field measurements);
An example of an integrating-sphere setup is given in Clause 6.
The specific measurement geometry and input optic used is dependent on the specific
application and should be described in the final measurement report or when discussing the
results.
Whichever input optic or geometry is chosen, the relevant standards (if a pplicable) should be
referred to for additional requirements , e.g.:
 illuminance meter: ISO/CIE 19476:2014 (ISO/CIE 2014);
 integrating sphere: CIE 084:1989 (CIE 1989) and CIE S 025/E:2015 (CIE 2015);
 goniophotometer: CIE 121:1996 (CIE 1996) and CIE S 025/E:2015 (CIE 2015);
 luminance meter: ISO/CIE 19476:2014 (ISO/CIE 2014).
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4.5.3 Electrical supply and measurement
4.5.3.1

General

This document does not give recommendations about the measurement of electrical
parameters. However, it is recommended to use equipment that fulfils requirements given in
relevant test standards or regulations.
The power supply can have a significant effect on the time-modulated output of the DUT and
so will ideally fulfil the requirements as set out in the relevant test standards. Following these
requirements should minimize any additional effects introduced by the power supply.

4.5.3.2

Dimmer

Adding a dimmer to the system will in almost all cases influence the results, even when it is
set to 100 % output or ‘no-dimming’ mode. There are several different dimmer types and even
within the same dimmer type, the response of the DUT to the dimmer might differ.
If the purpose of the test is to only test the DUT, the dimmer should be taken out of the
electrical supply system or bypassed completely. If a dimmer is used, the type , model and
manufacturer should be reported with the results.
Different regional standards may require testing of a light source with and without dimmers. In
these cases, it is important to follow the requirements stated in those standards.
The use of standardized dimmers, like the dimmer specified in NEMA SSL 7A-2015 (NEMA
2015), should be considered when making comparisons between different measurement s
(e.g. when comparing results from different laboratories on the same DUT).

4.5.4 Test chamber
For laboratory measurements other than in an integrating sphere, it is important to use a room
or test chamber where any ambient light is minimized.
Other environmental conditions can also impact the measurement results and should be
considered. CIE S 025/E:2015 (CIE 2015), subclause 4.2, lists some of the most important
conditions to consider, and in subclause 4.1.1 of the same document several additional
conditions are listed which are known to influence measurement results.
When reporting results, the optical input meth od (e.g. integrating sphere, dark room with
optical bench and illuminance meter, goniophotometer laboratory) should be listed with as
much detail as possible.

4.5.5 Photodetector
4.5.5.1

General

All quantities and measurements in this document relate to human perception of the
modulated system, hence it is necessary to use a V(  )-corrected detector.
The detector does not require an absolute calibration, as the quantities in this document are
independent of absolute levels.
The frequency response of the detector should sufficiently cover the frequency range of the
sampling given in the recommendations for the desired quantity. However, if a
transimpedance amplifier is also used (see 4.5.5.2), then the combined frequency response
should be considered.
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4.5.5.2

Transimpedance amplifier

Photodiodes are usually connected to a transimpedance amplifier to provide a linear response
and a voltage output signal. This can be integrated into the detector but can be a separate
piece of equipment.
The gain of the amplifier should be set, so that the output matches the range of the digitizer.

4.5.5.3

Dark correction

Part of the ability of a linear detection system is a zero-reading when there is no input to the
measurement system. This means that when there is no light coming to the detector, it should
be reading ‘0’, or close to 0. This can be verified with the system in a dark room and any
lights off. If in this case, the detector is reading a non -zero value, the measurement system
should be adjusted so it is reading a zero value. How this is done depends on the specific
equipment. Some devices have an amplification offset adjustment, a ‘zero -level’ adjustment
option, or the offset level may be subtracted in software. The documentation of the equipment
should be referred to with respect to the specifications of this correction measurement.
In case the equipment does not allow respective zero adjustments, it is usually possible to
perform subtraction of DC offsets manually after having recorded the waveform (but before
any additional calculations).

4.5.6 (Low-pass) filter
Depending on the frequency requirements of the metric being measured, it may be helpful to
filter out higher frequency components. The cut-off frequency is determined by the required
frequency range in the calculation of the desired metric.
Attention should be paid when using filters as they can strongly impact the linearity of the
system. Only Filters with a flat response in the desired frequency range should be used.

4.5.7 Oscilloscope or digitizer
The analogue output of the amplifier needs to be converted to a digital signal. This is often
done using an oscilloscope or digital multimeter, but it is not limited to these. Any digitizer
technology can be used if it can fulfil all mentioned recommendations.
For the selection of a digitizer, the vertical resolution (usually specified in bits) is an important
property to consider as it has a direct effect on the amplitude resolution. An 8-bit system
would normally not have enough resolution and at least 10 bits and preferably 12 bits is
recommended.

5 Measurement evaluation
5.1

General

Once the time domain signal has been digitized and recorded, it can be evaluated. Depending
on the specific metric, this will involve different calculations. Further frequency filtering might
be needed, and some metrics require the PSD to be calculated.
Several mathematical tools are available for these calculations, however the usage and
description of these is beyond the scope of this document.
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5.2

Calculation of the PSD

A Discrete Fourier Transform (DFT) must be applied to the time domain signal to determine
the PSD, usually implemented using an FFT algorithm. These calculations are not trivial and
can easily cause significant errors in the final measurement results.

6 Measurement setup example
An example measurement set-up for laboratory measurements of TLM and TLA quantities will
have a stable power source to power the DUT. It might contain a dimmer, or several dimmers,
but this is optional and depends on the requirements of the person requesting the test or of a
particular regulation.
The DUT is located in a test chamber or integrating sphere that eliminates stray light from
other possible light sources. A photodetector gathers the analogue optical signal from the
source and outputs a photocurrent. A transimpedance amplifier converts the photocurrent to a
voltage signal. Impedance matching of the photodetector, transimpedance ampl ifier and
voltage capture device used is important to ensure correct measurements. The frequency
response of the full system must be validated for the bandwidth required for the quantity of
interest. A low-pass filter may be utilized to eliminate high er frequency components that are
not utilized in any calculations. The analogue signal is digitized and co nverted to a digital data
file where calculations for the metrics are then made. Figure 1 shows an example of such a
setup.

Integrating sphere
or
test chamber

DUT

Photodetector
(incl. V() filter)

current

Transimpedance
amplifier

voltage

Low-pass filter
voltage

Trace / data
storage

Dimmer
(None, Internal or
NEMA SSL-7A)

Voltage capture
device

Calculation of
quantities

Power
Supply
Figure 1 — Example of a laboratory setup used to measure TLM and TLA properties of a DUT

7 Reporting of results and measurement uncertainty
When reporting the results of any measurement, an evaluation of the measurement
uncertainty should be included. It is understood that at the time of the writing of this
document, the calculation of measurement uncertainty for temp oral light modulation is not
fully understood and many academic and practical research studies are looking into this.
There are many factors influencing the results and some are not easy to analyse.
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When a full uncertainty study is not done, it is extremely important to list full details of
measurement equipment and equipment settings used for the measurements and environment
conditions at the time of the measurement.
Currently a standardized file format for storing a waveform has not been set. This docume nt
proposes to store the data in a comma-separated values (csv) file, with the following
formatting:
 the first line of the file containing the resolution of the time axis (in seconds)
 the second line containing the total number of amplitude data points
 after this every line containing a single amplitude-normalized data point
A normalized data point is recommended as that means waveforms are easily comparable
and interchangeable between different calculation algorithms. Normalization should be to the
average value of the complete waveform data as shown in Equation (2).

ynorm 

y
y

(2)

where

ynorm is the normalized data point;

y
y

is the data point in the waveform;
is the average of all data points in the waveform dataset.
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