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Abstract. 

Physiological flicker is the perceptible or imperceptible impact of modulating light on 

human physiology.  As documented in IEEE PAR 1789, "Recommended Practices for 

Modulating Current in High-Brightness LEDs for Mitigating Health Risks to Viewers," 

the risk of adverse impacts from flicker is a function of both percent modulation depth 

(percent amplitude modulation) and frequency of the modulating light.  A less stringent 

California flicker standard, which takes effect in 2017, requires that qualifying residential 

lamps and luminaires be tested and have no greater than 30 percent amplitude 

modulation for frequencies below 200 Hz.  A test procedure and filtering protocol is 

contained in the 2016 Title 24 Joint Appendix JA10 "Test Method for Measuring Flicker 

of Lighting Systems and Reporting Requirements." Much of the data collected to date on 

flicker and LEDs has been focused primarily on percent flicker (percent amplitude 

modulation) or flicker index, but has not evaluated the percent amplitude modulation for 

light sources where the signal has been filtered with respect to frequency.   

This paper describes the test method and the calculation procedure to mathematically 

filter the data as required in the California Title 24 Building Energy Efficiency Standards 

and presents the measured flicker results from two sets of flicker studies containing a 

total of 53 LED (light emitting diode) lamps.  Round-robin testing of lamps by multiple 

labs yielded very similar results; this indicates that the test method is repeatable.  

Compliance with IEEE PAR 1789 at full light output was achieved by 36% (19/53) of the 

LEDs tested but approximately one sixth (8/50) of the tested dimmable products pass the 

IEEE PAR 1789 standard at both full output and at 20% light output.   

At full power 60% (32/53) of LED lamps pass less stringent California Title 24 standard 

for “low flicker operation,” and at 20% of light output 62% (31/50) pass.  At both full 

output and 20% light output half of all LED lamps (25/50) tested pass the Title 24 

standard.  These results point to the capability of mass-producing low flicker lamps even 

before flicker was being quantified.   

The need for quantitative testing is highlighted by the fraction of lamps that did not 

comply with either the California Title 24 Standard or the IEEE recommended practice.  

This paper also describes how lighting specifiers can make use of the published flicker 

data in the California Title 24 JA10 flicker database to identify whether these light 

sources likely also meet the IEEE PAR 1789 recommended practice. 

Background 

California has had a long history of energy efficiency leadership including state appliance 

standards since 1976 (Title 20, two years in advance of the federal NAECA standard), 

building energy efficiency standards since 1978 (Title 24, part 6) and mandatory and 

voluntary green building standards since 2008 (CalGreen or Title 24, part 11).  State 

energy policy calls for all new homes to be Zero Net Energy (ZNE) by 2020 and all new 

commercial buildings to be ZNE by 2030.  California is on track for meeting its 

Greenhouse Gas (GHG) goal of limiting GHGs in 2020 to the level of GHG emissions 

that occurred in 1990 when the population of the state was 40% lower (similar to the 

population increase for the rest of the world over the same time).  Future goals include a 

50% reduction of GHG’s by 2030 and an 80% reduction by 2050.  Energy efficiency has 
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played a key role in reducing GHG’s with the state mandating that the Investor Owned 

Utilities (IOUs) invest in energy efficiency programs; currently the California IOUs are 

investing $1 Billion/yr in energy efficiency programs.   

Lighting energy efficiency has played a key role in meeting California’s environmental 

and energy efficiency goals with massive investments in the conversion of T-12 to T-8 

lighting systems, from magnetic to electronic ballasts, from incandescent to CFL sources 

and now to LEDs.  With the passage of AB 1109 in 2007, California had committed itself 

to reduce indoor residential lighting energy consumption by at least 50% and commercial 

and outdoor lighting energy consumption by at least 25% by 2018 as compared to a 2007 

baseline.  Key to achieving this goal is a negotiated agreement between California and 

the US Congress which allows California to require a minimum 45 lm/W efficacy for all 

general service lamps by 2018, effectively eliminating about 75% of the incandescent 

lamp market.  The energy impact of the EISA general service lamp standard is around 

10,600 GWh/yr by time of stock turn-over in California alone.
2
  Similarly California’s 

Title 20 appliance standards will require a minimum of 70-80 lm/W (depending upon 

CRI) for small diameter directional lamps (MR16s etc.) by 2018.  The California Energy 

Commission predicts that this small diameter directional lamp standard will produce an 

estimated 1,978 GWh in first-year savings and an estimated 2,285 GWh/yr in statewide 

annual energy savings after full stock turnover.”(CEC 2015)  The 12,885 GWh/yr savings 

from these two standards that migrate general and small directional lighting from 

incandescent to LED save the equivalent of continuous energy generation of at least four 

500 MW power plants at a 70% capacity factor or 4.3 Rosenfelds of energy savings.
3
 The 

impacts nationwide would be approximately 8 times as much. These massive energy 

savings from these changes are incumbent on consumer satisfaction.   

 

Figure 1: US Market Share and Price for CFLs over time (McGaraghan et al. 2016) 

In developing a strategy to replace incandescent lighting, recent policy builds upon the 

experience with compact fluorescent lamps (CFLs).  Initially the belief was that the 

primary barrier to CFLs was the relatively high price of the technology.  Efficiency 

                                                 
2
 Calculated from 2010 US Lighting Market Characterization (Navigant 2012).  Conservatively assuming 

75% savings (60 lm/W vs 15 lm/W) for LED replacement of halogen incandescent lamps, with US stock of 

2 Billion General Service A-lamps at 64 W/ea operating 1.9 h/day on average and 1 Billion GS Ornamental 

lamps at 44 W/ea operating 1.8 h/day.  California’s portion is about 12% of the United States stock. 
3
 A Rosenfeld is a unit of energy savings of 3,000 GWH/yr which is equivalent to displacing one medium 

sized (500 MW) power plant. (Koomey et al. 2010)   
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programs across the United States have been providing incentives for CFLs and with 

mass production and commoditization of CFLs the costs per lamp have dropped from 

$25/lamp in 1985 to less than $2 per lamp 30 years later.  This was a great success of 

commercialization for high efficacy lighting technologies.  Market share significantly 

increased from a few percent of the market to around 30% by 2010.  But since that time 

market penetration has stagnated. 

Common complaints with CFLs have included: 

 Color is too blue 

 Color rendering is poor 

 Lamps flicker 

 I don’t know why but fluorescent lighting gives me headache 

 The lamp doesn’t dim when placed on a dimmer 

 The lamp fails when placed on a dimmer 

 The lamp fails well before its rated life when installed in a recessed luminaire or 

an enclosed luminaire 

Thus despite their low cost, long life and low operating cost, the growth of the CFL 

market stalled.  Even though CFLs have improved over time, the shortcomings of CFLs 

cannot be ignored.  In addition, past poor experiences with CFLs and linear fluorescents 

have “poisoned the well” for acceptance of this lighting technology for many people.  As 

a result, the State of California has approached the lighting market transformation 

potential associated with LEDs with a greater understanding of the importance of 

improving the lighting quality of LEDs so they are comparable with the amenity of the 

incandescent lamps they are replacing. 

California’s Energy Standards and “Low Flicker Operation” 
For the 2016 Title 24, part 6 building energy efficiency standards (building energy code), 

the Investor Owned Utilities (IOUs) proposed to the California Energy Commission 

(CEC) that all residential lighting should be required to be high efficacy.  In the past, this 

proposal would be unthinkable for several reasons: 

 The lighting quality of high efficacy sources was unsatisfactory 

 There was little confidence that screw based luminaires would retain screw based 

CFLs for very long as it would be easy and cheap to replace CFLs with 

incandescent lamps that produce higher quality light 

 Limiting all luminaires to hard wired sources or G-24 bases would have been 

excessively limiting to the styles and types of luminaires that could be installed 

With the advent of high quality, long life screw based LED’s, the IOU Codes & 

Standards team determined that the time was ripe to allow screw base luminaires 

containing high efficacy and high quality lamps as an acceptable high efficacy 

compliance method.  The expectation is that as long as the lamps have a high enough 

lighting quality and are designed for their operating environment (including dimmer 

control and elevated temperatures), they will remain in place for years after the house is 

sold.  For the 2016 California building energy code, all lamps with bases that can be used 

by low efficacy sources and all white light LED luminaires and light engines installed in 

a new home must comply with the high efficacy and high quality qualification in Title 24 
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Part 6, Joint Appendix JA8.  In addition all qualifying light sources must be labeled 

“JA8-2016” or “JA8-2016-E” (for lamps in enclosed or recessed luminaires with elevated 

temperatures) so the building official can quickly determine if all lamps and luminaires 

installed in a new home are qualifying. 

Joint Appendix JA8 contains the following requirements: 

 Luminous efficacy ≥ 45 lm/W  Power factor ≥ 0.9  Comply with SSL 7A 

 Start time ≤ 0.5 seconds  Dimmable to no greater 10%  Rated life ≥ 15,000 hours 

 Inseparable SSL and GU-24 

LED, CCT ≤  4000 K 

 ≥ 90% of lamps operational at 

6,000 hr 

 Lumen maintenance ≥ 86.7% 

after 6,000 hr 

 Lamp CCT ≤ 3000 K  CRI ≥ 90  R9 ≥ 50 

 Reduced flicker operation  Noise ≤  24 dBA at 1 meter   Labeled JA8-2016 or JA8-

2016-E 

 

Except for “reduced flicker operation” all the other metrics of lighting performance have 

test methods developed by ENERGYSTAR, DOE, IES, and other national standards 

bodies.  Since the 1992 version of Title 24, there have been requirements for “reduced 

flicker operation” for dimming controls.  Up to 2008, the requirements for automatic 

daylighting controls and lumen maintenance controls were to “provide electrical outputs 

to lamps for reduced flicker operation through the dimming range and without causing 

premature lamp failure” where reduced flicker operation was defined as, “the operation 

of a light, in which the light has a visual flicker less than 30% for frequency and 

modulation.”   

During the development of the 2008 version of Title 24, lighting manufacturers contacted 

the California Energy Commission and indicated that pulse width modulated LEDs could 

have 100% amplitude modulation but at high enough frequencies where flicker would not 

be a problem.  Thus in the 2008 version of Title 24, low flicker operation was redefined 

as “the light output has an amplitude modulation of less than 30 percent for frequencies 

less than 200 Hz.”  The cut-off frequency of 200 Hz was selected to capture ripple from a 

poorly filtered rectifier at 120 Hz and at 30% amplitude modulation, this was was 

comparable to magnetically ballasted fluorescent lighting.  Studies by Veitch and McColl 

(1995), Veitch and Newsham (1998) and Wilkins et al. (1989) point to reduced task 

performance and increased headaches associated with magnetically ballasted fluorescent 

lighting.  In addition, Berman et al. (1991) had identified that fluorescent lighting with 

frequencies as high as 145 Hz were eliciting electroretinogram (ERG) responses. By 

2008 reduced flicker was considered an added benefit from electronically ballasted 

fluorescent lighting in addition to the energy savings.  

Though the definition of “reduced flicker operation,” clearly defined the maximum 

percent amplitude modulation (30%) and the maximum frequency considered (200 Hz), 

there was no defined test method for collecting the data or processing it.  In lieu of a test 

method, the CEC accepted assertions from manufacturers of no visible flicker as meeting 

the intent of the standard.   

This subjective evaluation of low flicker operation has been replaced with the 

development of Joint Appendix JA10 “Test Method for Measuring Flicker of Lighting 

Systems and Reporting Requirements” in the 2016 version of Title 24, part 6.  There is 
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now a well-defined test method and method of calculation of percent amplitude 

modulation for frequencies less than 200 Hz.  Prior to the January 1, 2017 

implementation date of the 2016 Title 24 energy code, the California Energy Commission 

will have a database of products complying with JA8 and tested and listed according to 

the JA10 flicker standard. These products will be qualified to be installed in new 

California homes.  Not only will designers be able to specify products that comply with 

the “reduced flicker operation” requirements of Title 24, they will also be able to view 

the amplitude modulation values for different cut-off frequencies at full power and at a 

20% dimmed state.  This information will provide the capability to specify products that 

on a broad band basis approach the significantly more stringent flicker requirements of 

IEEE PAR 1789.  As will be discussed later on in this paper, approximately half of the 

LED lamps we had tested were able to meet the California reduced flicker operation 

criteria but only one sixth of lamps tested were able to meet the IEEE PAR 1789 

Recommended Practice for Modulating Current in High Brightness LEDs for Mitigating 

Health Risks to Viewers.   

Physiological Flicker 
Physiological flicker is amplitude modulation of light at frequencies that affects human 

physiology.  Physiological flicker encompasses both perceptible flicker and imperceptible 

flicker.   

Perceptible flicker is flicker that can be consciously detected.  Perceptible flicker includes 

both directly perceived flicker and indirectly perceived flicker. Directly perceived flicker 

takes place under relatively ideal conditions of no movement by 1) the observer 2) the 

eyes of the observer or 3) objects in the visual field.   

Indirectly perceived flicker refers to the broader range of amplitudes and frequencies of 

perceiving flicker due to movement of view or movement of objects in the field of view.  

Phantom array is the indirect perception of flicker at relatively high frequencies (in 

excess of 1 kHz) due to frequent fast movements of the eye also known as saccades.   

Similarly, stroboscopic effects are a perceptual distortion of moving objects due to 

amplitude modulation of a light source.  Rotational speeds of motors have been measured 

by adjusting the frequency of strobe light until it appears that the shaft of the motor is 

standing still (the same face of the shaft is always facing the observer when illuminated 

by the strobe light).  Due to safety concerns, highly modulating 120 Hz lighting is 

discouraged in manufacturing environments where motors may be operating at similar 

speeds, because dangerous machinery may appear to be off (i.e. still) when in fact it is 

rotating at the same frequency (120 Hz) as the light modulation.  The LRC (2012) 

ASSIST program has identified that for a light colored rod moving against a dark 

background and illuminated by 120 Hz square wave lighting with a10% modulation 

depth (percent flicker) 50% of people can detect stroboscopic effects.  When the 120 Hz 

light source has a 50% modulation depth, on average, observers find this stroboscopic 

effect “somewhat unacceptable.”
4
 

Imperceptible physiological flicker is flicker that is not noticed but still has an impact on 

human physiology.  Berman et al. (1991) has documented with electroretinogram (ERG) 

                                                 
4
 See Figures 1 and 2 in LRC (2012). 
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measurements that there are physiological responses to modulating light sources well 

above the perceptual critical fusion frequency (CFF).  “…our results show that a 

measureable but gradually decreasing ERG signal is obtained from stimuli oscillating at 

rates up to 200 Hz.”   

As mentioned earlier, studies on imperceptible physiological flicker by Veitch and 

McColl (1995) and Wilkins et al. (1989) found performance and headache effects from 

magnetically ballasted fluorescent lighting (with around 30% modulation depth at 120 

Hz).  Wilkins reported that “headaches and eyestrain were reduced by a factor of two or 

more when the controlling circuitry was changed to the new high-frequency ballast and 

the light no longer fluctuated in intensity…”  Wilkins also wrote that “as can be seen 

from a comparison of the histograms for new and conventional lighting …, the tail of the 

distributions is longer in the case of conventional lighting: a few subjects suffered 

headaches or eyestrain frequently and they did so mainly under conventional lighting.”  

Conventional lighting here means magnetically ballasted fluorescent lighting.  What is 

important about this finding is that a relatively small fraction of people are more sensitive 

to flicker.  It implies that for broad acceptance of this technology we should be 

considering not just what avoids deleterious health effects for the average person but also 

for people who are more sensitive to flicker including people who suffer from migraines.   

IEEE PAR 1789  
IEEE Standard PAR 1789-2015: Recommended Practices for Modulating Current in 

High-Brightness LEDs for Mitigating Health Risks to Viewers, provides recommended 

practices to “mitigate the risk of possible adverse biological effects of LED lighting.”  In 

other words the scope of this standard is not limited to only perceptible flicker but to the 

broader scope of physiological flicker including directly and indirectly perceived flicker 

and imperceptible flicker.  Because the light output of light emitting diodes responds 

quickly to changes in current without the decay times of other technologies, LEDs can 

produce a broad range of depth of modulation at different frequencies.  This document 

was written to assist lighting and equipment designers to understand the potential 

biological impacts of LED system design.    

The IEEE recommendations are graphically presented in Figure 2, with three primary 

regions: 1) No Risk Region (Green) where there is little expectation of any physiological 

effect, also known as the “No Observable Effect Level” (NOEL). This is where 

physiological response so far is not measureable.  2) Low Risk Region (Yellow) where a 

physiological response is detected but the response is small and deemed to be unlikely to 

be damaging and 3) Not Low Risk Region (White) where there may be a range of risk 

from not much risk to the severe risk associated with triggering epileptic seizures or 

vertigo with relatively modest amplitude modulation at low frequencies.  It should be 

noted that this graph follows the precautionary principle of being conservative (erring on 

the side of safety) in its recommended limits.  
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Figure 2: IEEE PAR 1789 Recommended Amplitude Modulation vs Frequency and Overlay of CA “Reduced 

Flicker Operation” definition. 

The y-axis of the graph is in units of “modulation %,” also known as percent amplitude 

modulation, modulation depth or using IES terminology “percent flicker.”  For a given 

waveform, modulation percentage, M(%), is calculated from the minimum and maximum 

luminance of the source as follows:  

𝑀(%) = 100 × 
(𝑀𝑎𝑥 − 𝑀𝑖𝑛)

(Max + 𝑀𝑖𝑛)
 

The X-axis refers to the frequency of the percent modulation under consideration.  At low 

frequencies (< 9 Hz) only a small amount of modulation percentage (<0.2% modulation) 

is acceptable whereas at frequencies above 3,000 Hz, even 100% modulation (the 

maximum possible) has no observable effect.  Both the Y-axis and X-axis are plotted on 

logarithmic scales.  

In Figure 2, there are two additions to this graph that are on not on the comparable IEEE 

PAR 1789 graph: 

1. A key to the data points listed on the graph and the papers they correspond to.  These 

papers are cited in the references section of this paper and were called out in the 

caption to this figure in the IEEE PAR 1789 document. 

2. In the upper left hand corner of the table in red is an outline of product performance 

that would not qualify as meeting the California “low flicker operation” definition.  

This area is greater than 30% modulation for frequencies below 200 Hz.  It should be 

apparent that the California requirements are not particularly stringent as compared to 

the IEEE recommended practice. 



J. McHugh & M. McGaraghan. Quantifying Flicker: Fourier Filtering of Light. 2016 IES Conference   

 

9 

 

The IEEE PAR 1789 plot of acceptable regions of flicker with respect to both modulation 

percentage and frequency is a great step forward in communicating some of the key 

elements of flicker.  “Flicker” is a physiological response to modulation of light under 

different conditions (intensity, frequency, source size, movement, individual differences 

etc.) Amplitude modulation has impacts even when flicker is not perceived.  The concept 

of flicker is confused by two terms “flicker index” and “percent flicker.”  Both 

perceptible and imperceptible flicker is a function of amplitude modulation (and its 

variants) and the frequency at which it occurs.  

Methodology 

This report summarizes the results of two sets of flicker measurements.  The first set of 

flicker measurements were conducted by the California Lighting Technology Center 

(CLTC) on 25 LED “A” shape general service omnidirectional lamps in 2013-2014. 

These measurements were conducted in advance of the development of Joint Appendix 

JA10 and helped inform the development of this standard.  The results of these tests 

helped confirm that requiring low flicker operation for LED lamps in new residential 

construction was reasonable as there was a significant portion of A-lamp products that 

were already compliant.  

The second set of measurements was designed to expand the scope to a broader range of 

lamp types including PAR shaped (large diameter directional) lamps, MR (small diameter 

directional) lamps, candle shaped lamps and recessed can downlight products. This round 

of flicker testing was conducted by two private test labs, Independent Testing 

Laboratories of Boulder Colorado (ITL) and Underwriters Laboratories (UL), using the 

JA10 Test Method. A total of 29 LED lamps were tested with an overlap of 9 lamps 

between the two labs to verify whether the test is repeatable and transferrable.  Boyce et 

al. (2016) provides a detailed description of these tests and findings.  

Additional round robin analysis was conducted to compare results from testing of 6 PAR 

LED lamps by Pacific Northwest National Laboratory (PNNL) with the results of tests on 

the same lamps by private test labs.   The lamps originally tested at PNNL were 

documented in a separate study for the Department of Energy’s CALiPER program.  For 

this effort, the lamps were re-tested by ITL and UL, and the results were compared to the 

previously measured PNNL results.  

The two labs tested a total of 29 LED models, as well as a halogen bulb as a reference. 

The breakdown by lamp type is shown in Table 1. Products were selected on the basis of 

several criteria. It was desired to use popular products that are readily available from 

national retailers. Products were also selected with a preference for high CRI, a CCT of 

2700 K or 3000 K, and a range of low and high light output (roughly 200 to 1000 

lumens). Twenty seven of the 29 LED products tested were marketed as dimmable, with 

the non-dimmable products being a candelabra lamp and PAR lamp. The non-dimmable 

products were tested on a dimming circuit with the dimmer set to its maximum output.  
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Each lamp was tested with seven different lamp-

dimmer configurations. Three dimmers were 

chosen, one of which was compliant with the 

NEMA SSL7A standard which is a specification 

designed to ensure a minimum level of 

compatibility between compliant forward phase cut 

dimmers and compliant LED lamps (no data was 

available on whether the test lamps were compliant 

with NEMA SSL 7A). For the low voltage tests, 

two transformers were used, one magnetic and one 

electronic, depending on whether the dimmers were 

reverse or forward phase cut. Forward phase cut 

dimmers were used with magnetic transformers, and reverse phase cut dimmers were 

used with electronic transformers.  

Four of the test configurations were conducted with a single bulb, and three were tested 

with 4 bulbs in a circuit (though only one bulb was in the test chamber undergoing 

photometric flicker testing). All of the four bulb tests were conducted with products of 

the same make and model. The non-dimmable bulbs were tested on a circuit with the 

dimmer set to its maximum output. Table 2 summarizes the seven test configurations. 

ITL tested all seven test configurations for the line voltage products (A-type, PAR, MR 

line, candelabra, and downlight). UL tested all seven configurations for the MR low 

voltage products. Each lab also conducted testing of certain products that were sent 

between the labs. The terms “round robin bulb” and “round robin dimmer” in the table 

below refer to the equipment that was sent between the two labs for repeatability. All of 

the round robin tests are categorized as configuration 4. 

 

Table 2: Summary of test configurations for all products in second set of tests 

Test 

Configuration 

Number Description 

Transformer 

(applies to  low 

voltage MR only) 

1 Single bulb, dimmer 1 Magnetic 

2 Single Bulb, dimmer 2 (NEMA SSL7A compliant) Magnetic 

3 Single bulb, dimmer 3 Electronic 

4 

Round robin single bulb, round robin dimmer 2 

(NEMA SSL7A compliant) 
Magnetic 

5 Four bulb circuit, dimmer 1 Magnetic 

6 Four bulb circuit, dimmer 2 Magnetic 

7 Four bulb circuit, dimmer 3 Electronic 

 

 

 

Table 1: Summary of bulbs tested in 

second set of tests 

 Lamp Type 

Bulbs 

Tested 

Halogen A-type 1 

LED A-type 1 

LED PAR 5 

LED MR Line Voltage 4 

LED MR Low Voltage 6 

LED Candle 7 

LED Downlight 6 
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Data Collection 
For the first set of measurements on the 25 LED A-lamps the California Lighting 

Technology Center made use of the following equipment. 

CLTC List of Equipment 

 LabSphere two-meter integrating sphere 

 UDT Photosensor Model 211 

 Photosensor Amplifier, UDT Transimpedance Amplifier 

 Tektronic DPO-2014 Oscilloscope 

For the first set of tests the data recording rate was 125,000 Hz.  For each lamp at each 

dimming level, 125,000 measurements were taken wit ha total test duration of one 

second.  Lamps were tested at 100%, 75%, 50%, and 25% of rated power and at 

minimum light output. 

For the second set of tests the UL and ITL laboratories tested the lamp-dimmer 

combinations with standard equipment. This equipment is detailed below.  

UL List of Test Equipment 

 CSZ Z32 Temperature and Humidity Controlled Test Chamber 

 Chroma 61604 AC Line Conditioner 

 Xitron 2801 Power Analyzer 

 UDT S470 Optometer 

 UDT Gamma Scientific Transimpedance Amplifier 

 Agilent DSO-X 3054A Oscilloscope 

 

ITL List of Test Equipment 

 ITL Custom Specialty Darkroom 

 ITL High Speed Amplifier and Photocell 

 Elgar 6006B AC Line Conditioner 

 Yokogawa WT210 Digital Power Meter 

 Omega HH81 Digital Thermometer 

 Satco 3PN1010B Variable Autotransformer 

 Pico 6 Digital Oscilloscope 

 

Data for the second set of tests was collected at a sampling rate of 20,000 Hz (50 µsec 

interval between measurements) over a one second time period.   This is aligned with the 

test protocol for JA10 that was modified just before publication.  When the LED was 

dimmable, data was collected at 100%, 80%, 50%, 20%, and minimum light output. 
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Figure 3: Test Setup Title 24 JA10 Flicker Test 

Figure 3 provides a schematic of the data collection set-up required to conduct the test.  

Since these measurements are collecting relative and not absolute light levels they do not 

have to be conducted in an integrating sphere.  However the enclosure containing the unit 

under test and the photometric sensor has to be light tight as stray light entering the 

enclosure would introduce error.  Since the light source is tested in an environment that is 

25°C ±5°C the enclosure must be temperature controlled.   

A regulated power supply is needed so that the rated primary voltage and frequency is 

within 0.5 percent for both voltage and frequency and the supplied voltage has a 

sinusoidal wave shape and a voltage total harmonic distortion (THD) of no greater than 3 

percent. 

The photometric sensor must have a rise time of 10 microseconds or less. The rise time is 

calculated as the time it takes for the sensor output to rise to at least 90% of the full range 

change in light level.  The current from the photometric sensor is typically very small and 

requires an accurate transimpedance amplifier to amplify the current signal and convert it 

into a voltage signal that can be readily measured with little loss in relative accuracy by a 

device that will digitize the signal.  This could be a digital oscilloscope or a data 

acquisition device of some kind including a data acquisition card. 

Data Analysis 
After digitizing the high speed collection of luminous waveforms, the data must be 

processed so that one can evaluate the amplitude modulation at various frequencies.  A 

method of conducting this evaluation is to use a low pass filter and eliminate all 

frequency components above the particular frequency of interest and then calculate the 

amplitude modulation for the filtered waveform.   
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Figure 4: Fourier Filtering of Photometric Data to Calculate Amplitude Modulation below Cut-off Frequency 

A repeatable method of filtering of the high sample rate data is to filter the data 

mathematically using Fourier Transform analysis. The key steps in this procedure are 

shown in Figure 4 and are based upon the procedure described in Lehman et al. (2011) 

and in IEEE PAR 1789.    

1. Convert the time series data of N data points into the frequency domain as a 

Discrete Fourier Series having the form: 

𝑓(𝑡) = 𝑋𝑎𝑣𝑔 + ∑ 𝑐𝑚(cos 2π𝑓𝑚𝑡 + 𝜙𝑚)

𝑁−1

𝑚=1

 

Where, Xavg is the average value of x(t), cm is the Fourier amplitude coefficients 

corresponding to frequency fm, and φm represents the angular phase shift for this 

frequency.  

2. Generate the cut-off vectors for various cut-off frequencies.  This is a series of 1’s 

and 0’s corresponding to the frequency of Fourier coefficients.  For all elements 

in the cut-off vector corresponding to frequencies less than or equal to the cut-off 

frequency, these elements will be populated with 1’s.  For all elements 

corresponding to frequencies above the cut-off frequency these elements will be 

populated with 0’s. (Note in Figure 4, we are showing only the positive 

frequencies for the Fourier coefficients and the cut-off vector). 

3. Multiply the vector with Fourier series coefficients by the cut-off vector.  All 

Fourier series coefficients below the cut-off frequency are unchanged, all Fourier 

series elements above the cut-off frequency are zeroed out.  In the terminology of 

Leman et al. (2011) the Fourier series is truncated. 
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4. Convert the truncated Fourier series back into the time domain by applying the 

inverse Fourier transform to the truncated Fourier series.  The resulting time 

series data has all the high frequency components filtered out.  

5. Calculate the amplitude modulation of the filtered time series data. 

6. Repeat steps 1-5 for all cut-off frequencies of interest. 

 

For MATLAB the ordering of N Fourier Coefficients for a time series of N elements is as 

follows: 

m =  (0, 1, 2, …[Int(N/2) -1], [-Int(N/2)], [-Int(N/2) + 1], …-3, -2, -1). 

The corresponding frequencies are: fm = (Base Frequency) x (m), 

where the base frequency (Hz) = 1/ duration of test data (sec). 

As an example, if one was recording the data every 50 microseconds (20 kHz recording 

rate) and collected 40,000 data points this would be a test duration of 2 seconds.  The 

base frequency would be (1) / (2 seconds) = 0.5 Hz. 

After applying the Fourier transform, the 40,000 Fourier coefficients in MatLab would be 

ordered so the corresponding frequencies would be (0, 0.5, 1, … 9,999.0, 9,999.5,  

-10,000.0, -9,999.5, ….-1.5, -1.0, -0.5) 

As a result the cut off vector has 1’s in the beginning and end of the vector where the 

absolute value of the corresponding frequencies are less than or equal to the cut off 

frequency.  The middle of the cut-off vector has 0’s where the absolute value of the 

corresponding frequencies are greater than the cut off frequency.  The absolute value of 

the frequency domain corresponding to the Fourier coefficients is one half the data 

recording rate in keeping with the Nyquist frequency being one half of the recording rate.  

Thus in the example above, where data were collected at a 20 kHz recording rate, the 

highest frequency that can be evaluated is 10 kHz. 

The Reference Joint Appendix JA10 requires that lamps be tested at full light output, 

20% light output and minimum light output and for these three dimming levels the 

percent amplitude modulation be reported for unfiltered data and filtered for the 

following cut-off frequencies: 1,000 Hz, 400 Hz, 200 Hz, 90 Hz, and 40 Hz.  An example 

of Fourier filtering command language for MATLAB can be found at the end (Appendix 

C) of the Residential Lighting code change proposal for Title 24. (CASE 2015) 

The data required for meeting the reduced flicker requirements in Reference Joint 

Appendix JA8.6 is only the percent amplitude modulation at full light output and dimmed 

to 20% of full light output when the data is filtered for 200 Hz. The rest of the percent 

amplitude modulation data is stored in the CEC JA10 database and is available to lighting 

designers who may want to compare product performance across all of the five 

frequencies listed above and at the three tested dimming levels. 

This approach of making use of the five amplitude modulation values for various cut-off 

frequencies as listed in JA10 is a simplifying method of evaluation.  It should be noted 

when using the cut-off frequency method (low pass filter) to evaluate compliance with 

IEEE PAR 1789, we are using a broadband model that lumps all harmonics below the 
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cut-off frequency together equally and does not weight by frequency.  Each low pass 

waveform is evaluated in terms of having less amplitude modulation than the IEEE PAR 

1789 recommended percent modulation for the cut-off frequency.  This is potentially less 

stringent than evaluating every frequency independently by weighting and combining the 

Fourier coefficients as is done in process of calculating a Normalized Modulation as is 

described in Section 8.4 of IEEE PAR 1789.   

Results 

A-lamp results (first set of tests) 
Since Title 24 JA8 requires that to meet the “low flicker operation the measurements 

must be taken at full (100%) output and 20% light output, the results here are focused on 

performance at 100% and 25% of full power (the power level in the first round of testing 

that is closest to 20% of rated light output).  The two bar charts in Figure 5 show, at a 

glance, the performance of the 25 A-lamps at full light output (top chart) and dimmed to 

25% of rated power (bottom chart).  The Y-axis is percent amplitude modulation.  The X-

axis lists the lamp number.  Each lamp has 10 bars corresponding to the 9 cut-off 

frequencies and the unfiltered results.  In addition, horizontal dotted lines are overlaid 

which correspond to the IEEE PAR 1789 percent amplitude modulation maximums for 

the various cut-off frequencies to remain in the low risk region of the IEEE recommended 

practice.  The colors of these threshold dotted lines are the same color as the colored bars 

they apply to. The lowest dotted line corresponds to the leftmost bar in each grouping of 

bars representing a given lamp’s test results. 

 

Figure 5: Percent Amplitude Modulation for 25 A-lamps at Full Output and 25% Output 

What is especially noticeable from the graph for the dimmed (25% power) lamps, is the 

difference between the filtered amplitude modulation and the unfiltered amplitude 

modulation.  In prior studies and presentations on flicker characteristics of LED products, 
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most of the data presented has been unfiltered.  What is easy to see is that around 40% of 

the dimmed lamps have low amplitude modulation for most of the cut-off frequencies 

considered.  Without the Fourier filtering one might believe that all of these lamps 

perform poorly when that is not the case.  The California Title 24 JA10 light source 

flicker database will contain percent amplitude modulation values for 1,000 Hz, 400 Hz, 

200 Hz, 90 Hz, and 40 Hz cut-off frequencies in addition to unfiltered percent amplitude 

modulation values so one can make a more meaningful evaluation of flicker.  

Table 3 through Table 7 display the tabulated amplitude modulation values for lamps at 

full output, 25%, 50% and 75% of full power and at minimum light output.  We have 

listed the full output and the 25% of full power tables first because they are the dimming 

situations that are going to be evaluated by Title 24.  The 75% and the 50% results are 

included for completeness. The areas that are shaded blue indicate percent amplitude 

modulation measurements that are higher than the IEEE PAR 1789 amplitude modulation 

criteria for the cut-off frequency and thus do not comply with the recommended 

maximum amount of modulation for a given frequency.  The bolded numbers indicate 

which measurements have higher amplitude modulation values than the Title 24 “low 

flicker operation” criteria (30 %AM for frequencies less than 200 Hz) and thus are not 

compliant with Title 24. 

 

Table 3: A lamps, Full (100%) light output – amplitude modulation for various cut-off frequencies and 

compliance with IEEE PAR 1789 and T-24 “low flicker operation”  

 

Lamp

60 120 200 240 300 500 1000 3000 10000

un-

filtered

Pass 

IEEE

Pass 

IEEE and 

@25%

Pass T-

24

Pass T-

24 and 

@25%

omni1 0.4 66.0 65.8 65.7 65.8 65.6 66.7 66.8 69.3 83.9 0 0 0 0

omni2 0.3 48.0 48.1 50.1 50.2 50.7 51.6 52.5 55.2 69.2 0 0 0 0

omni3 0.4 0.5 0.6 0.7 0.8 1.7 2.7 3.5 6.7 32.1 1 1 1 1

omni4 0.3 0.4 0.5 0.5 0.6 1.2 1.8 2.6 4.8 23.1 1 1 1 1

omni5 0.3 1.3 1.5 1.6 1.6 2.2 3.4 5.3 9.4 34.5 1 0 1 1

omni6 0.4 25.9 26.1 26.4 26.5 27.8 28.6 29.6 32.4 55.9 0 0 1 1

omni7 0.6 52.8 52.9 54.7 54.6 55.0 55.6 56.1 58.7 75.0 0 0 0 0

omni8 1.1 51.8 51.8 74.1 74.2 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni9 0.1 34.8 34.6 34.5 34.4 34.3 34.4 34.6 34.8 35.5 0 0 0 0

omni10 1.0 1.1 1.2 1.2 1.3 1.5 1.9 3.1 7.0 38.3 1 0 1 1

omni11 0.8 26.0 26.1 26.8 27.0 28.6 29.1 30.7 31.5 37.4 0 0 1 1

omni12 0.3 0.7 0.8 0.9 0.9 1.3 1.8 3.6 5.9 17.7 1 0 1 1

omni13 0.3 64.9 64.9 72.8 72.8 71.6 71.9 73.4 76.2 86.5 0 0 0 0

omni14 0.6 31.2 31.3 31.5 31.6 31.4 31.7 32.7 34.7 41.4 0 0 0 0

omni15 0.2 0.4 0.6 0.6 0.7 1.0 1.7 2.9 4.8 15.5 1 1 1 1

omni16 0.3 0.7 0.9 0.9 1.0 1.2 1.5 2.7 4.6 15.3 1 0 1 1

omni17 0.8 3.9 3.8 3.9 3.9 4.2 4.5 5.1 6.3 13.8 1 0 1 1

omni18 1.4 1.6 1.6 1.8 1.9 2.1 2.5 3.7 5.9 15.9 1 0 1 1

omni19 1.5 8.6 8.5 9.9 10.1 10.6 11.6 12.7 14.6 25.3 0 0 1 0

omni20 0.9 15.2 15.3 15.4 15.3 15.1 15.2 15.6 17.0 22.7 0 0 1 1

omni21 0.2 41.9 42.0 42.1 42.1 42.9 42.8 43.3 45.0 51.4 0 0 0 0

omni22 0.3 25.6 25.7 26.7 26.8 28.4 29.0 29.4 30.8 37.3 0 0 1 0

omni23 0.2 79.3 78.9 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni24 0.1 29.2 29.0 29.1 29.1 29.2 29.3 29.3 29.6 30.1 0 0 1 0

omni25 0.2 29.3 29.3 31.0 30.9 31.4 31.4 31.6 32.9 40.1 0 0 1 0

Totals 36% 13% 64% 50%
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The four rightmost columns in Table 3 through Table 7 indicate whether or not lamps 

comply with the IEEE recommended practice and the Title 24 low flicker operation 

definition. “Pass IEEE and @ x%” indicates whether the particular lamp passes the 

requirement for the given dimming level in the table and also passes at an additional 

dimming level of x%.  The additional dimming level is 100% except for the 100% full 

power case where the other condition is at 25% of full power. 

 

Table 4: A lamps, Mostly dimmed (25%) light output – amplitude modulation for various cut-off frequencies 

and compliance with IEEE PAR 1789 and T-24 “low flicker operation” 

 

Lamp

60 120 200 240 300 500 1000 3000 10000

un-

filtered

Pass 

IEEE

Pass 

IEEE and 

@100%

Pass T-

24

Pass T-

24 and 

@100%

omni1 2.1 84.5 85.0 86.7 86.6 83.8 83.9 84.0 88.2 100.0 0 0 0 0

omni2 4.9 13.9 14.3 15.2 17.3 21.9 38.4 43.7 81.6 100.0 0 0 1 0

omni3 1.4 2.1 2.5 2.7 3.0 6.6 9.7 13.8 29.6 100.0 1 1 1 1

omni4 1.5 2.4 3.3 3.6 3.9 7.5 25.0 30.1 40.3 100.0 1 1 1 1

omni5 2.1 2.8 4.2 4.6 5.6 9.7 20.9 37.7 53.6 100.0 0 0 1 1

omni6 9.6 12.1 13.9 14.0 16.3 25.8 45.9 73.7 100.0 100.0 0 0 1 1

omni7 3.2 82.5 82.3 83.1 83.2 81.1 83.7 84.7 92.1 100.0 0 0 0 0

omni8 4.3 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni9 0.8 41.5 41.5 46.8 46.8 46.1 46.6 47.1 47.8 49.2 0 0 0 0

omni10 4.3 7.8 11.9 15.1 21.6 100.0 100.0 100.0 100.0 100.0 0 0 1 1

omni11 4.3 7.7 9.2 10.4 10.2 12.7 20.2 36.8 63.4 100.0 0 0 1 1

omni12 2.8 4.6 5.6 6.0 6.5 8.6 15.1 19.7 33.6 96.6 0 0 1 1

omni13 1.2 100.0 100.0 100.0 100.0 96.2 94.5 95.7 97.2 100.0 0 0 0 0

omni14 1.1 42.5 42.7 48.5 48.5 48.9 49.6 52.6 58.2 83.6 0 0 0 0

omni15 1.2 1.8 2.4 2.9 3.0 4.5 8.7 12.9 24.2 68.6 1 1 1 1

omni16 2.2 3.0 5.0 5.1 6.4 8.0 13.0 25.3 42.2 100.0 0 0 1 1

omni17 5.7 8.3 8.9 10.2 10.3 12.4 14.3 17.6 25.1 66.7 0 0 1 1

omni18 6.1 6.7 6.7 6.8 7.2 7.9 9.9 14.3 23.0 74.3 0 0 1 1

omni19 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 0

omni20 7.5 21.6 21.3 23.2 23.2 24.6 25.8 29.4 38.4 85.7 0 0 1 1

omni21 1.0 48.7 48.8 53.5 53.6 54.6 54.8 56.9 59.4 73.8 0 0 0 0

omni22 1.2 37.9 38.2 44.3 44.4 45.0 46.6 47.5 53.0 66.1 0 0 0 0

omni23 1.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni24 5.2 35.5 35.5 40.7 40.3 40.3 40.3 40.7 42.0 44.4 0 0 0 0

omni25 1.8 43.9 44.7 50.5 51.1 50.4 55.5 56.1 60.9 88.9 0 0 0 0

Totals 13% 13% 54% 50%
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Table 5: A lamps, Half dimmed (50%) light output – amplitude modulation for various cut-off frequencies and 

compliance with IEEE PAR 1789 and T-24 “low flicker operation” 

 

Table 6: A lamps, Slightly dimmed (75%) light output – amplitude modulation for various cut-off frequencies 

and compliance with IEEE PAR 1789 and T-24 “low flicker operation” 

 

Lamp

60 120 200 240 300 500 1000 3000 10000

un-

filtered

Pass 

IEEE

Pass 

IEEE and 

@100%

Pass T-

24

Pass T-

24 and 

@100%

omni1 1.6 91.3 91.3 88.1 88.0 85.9 86.3 87.0 90.3 100.0 0 0 0 0

omni2 1.8 37.6 37.8 41.3 41.1 44.1 48.3 52.4 60.3 100.0 0 0 0 0

omni3 0.8 1.2 1.7 1.7 1.6 3.4 5.3 7.2 12.5 55.0 1 1 1 1

omni4 0.7 1.0 1.3 1.5 1.6 2.8 4.0 5.5 11.1 49.6 1 1 1 1

omni5 0.8 1.5 1.8 2.1 2.5 3.2 4.8 7.4 18.1 63.7 1 1 1 1

omni6 1.9 12.9 13.6 14.1 14.1 16.1 18.7 23.4 30.8 100.0 0 0 1 1

omni7 2.3 82.4 81.9 80.5 80.5 80.4 80.9 82.6 86.3 100.0 0 0 0 0

omni8 2.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni9 0.7 46.3 46.3 49.1 49.0 49.3 50.1 50.6 51.0 52.9 0 0 0 0

omni10 4.9 8.3 13.9 17.1 22.8 100.0 100.0 100.0 97.3 100.0 0 0 1 1

omni11 1.4 15.7 16.0 16.9 16.9 18.6 19.6 23.5 28.9 58.2 0 0 1 1

omni12 0.7 1.2 1.4 1.5 1.7 2.1 2.9 5.6 11.1 30.3 1 1 1 1

omni13 0.9 100.0 100.0 94.6 94.8 95.0 93.7 93.0 96.0 100.0 0 0 0 0

omni14 0.8 43.3 43.5 47.0 47.0 47.8 49.3 51.4 53.6 68.8 0 0 0 0

omni15 0.5 0.8 1.2 1.3 1.4 1.9 2.8 5.5 9.1 26.7 1 1 1 1

omni16 0.8 1.4 1.7 1.8 2.0 3.2 4.3 6.5 10.0 33.8 1 1 1 1

omni17 1.8 2.6 2.8 3.4 3.5 4.3 5.7 7.4 10.4 29.1 0 0 1 1

omni18 2.4 2.6 2.7 2.9 3.1 3.9 4.6 6.6 10.1 30.4 0 0 1 1

omni19 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 0

omni20 3.6 20.5 20.4 22.1 22.2 22.9 24.1 25.9 32.1 54.1 0 0 1 1

omni21 1.0 54.2 54.4 56.4 56.4 56.8 57.7 58.6 60.5 69.7 0 0 0 0

omni22 0.8 38.9 39.2 41.6 41.6 43.6 44.7 46.4 48.2 59.8 0 0 0 0

omni23 1.2 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni24 0.8 37.7 37.5 41.3 41.2 40.9 40.8 41.1 42.0 43.3 0 0 0 0

omni25 1.4 52.3 52.7 54.8 55.0 55.5 56.6 58.5 62.5 76.0 0 0 0 0

Totals 24% 24% 48% 48%

Lamp

60 120 200 240 300 500 1000 3000 10000

un-

filtered

Pass 

IEEE

Pass 

IEEE and 

@100%

Pass T-

24

Pass T-

24 and 

@100%

omni1 1.2 83.0 83.1 81.4 81.4 81.8 82.6 83.3 86.8 100.0 0 0 0 0

omni2 1.2 66.3 66.4 68.0 68.0 69.5 71.1 72.1 75.1 100.0 0 0 0 0

omni3 0.3 0.4 0.6 0.6 0.7 1.1 2.6 3.3 6.7 34.3 1 1 1 1

omni4 0.4 0.7 0.8 0.9 1.1 1.8 2.3 2.9 6.0 32.6 1 1 1 1

omni5 0.5 1.3 1.5 1.6 1.7 2.2 3.3 6.0 30.0 54.1 1 1 1 1

omni6 1.7 22.7 23.2 24.7 24.7 26.1 27.6 29.6 32.5 61.3 0 0 1 1

omni7 1.2 75.5 75.4 75.3 75.4 76.5 77.5 78.9 81.2 100.0 0 0 0 0

omni8 2.2 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni9 0.5 44.9 44.5 45.3 45.3 47.4 48.2 48.8 49.2 49.6 0 0 0 0

omni10 1.1 1.3 2.0 2.4 3.0 49.7 74.2 90.5 87.9 100.0 0 0 1 1

omni11 2.1 27.8 27.9 30.1 30.1 31.4 32.2 34.1 36.6 45.7 0 0 1 1

omni12 0.5 0.8 1.1 1.2 1.3 1.6 2.5 5.2 7.6 26.4 1 1 1 1

omni13 0.7 92.0 91.1 87.4 87.5 88.6 88.7 88.8 91.0 100.0 0 0 0 0

omni14 0.5 39.4 39.5 41.3 41.2 42.8 43.9 45.2 48.5 58.1 0 0 0 0

omni15 0.4 0.6 0.8 0.9 1.1 1.4 2.1 3.5 6.6 17.4 1 1 1 1

omni16 0.5 0.9 0.9 1.2 1.3 1.6 2.2 3.5 6.6 19.5 1 1 1 1

omni17 1.0 4.8 4.9 5.1 5.1 5.4 5.7 6.4 7.8 17.5 1 1 1 1

omni18 1.9 1.9 2.0 2.2 2.5 3.0 3.8 5.2 7.9 19.5 0 0 1 1

omni19 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 0

omni20 2.0 18.9 19.0 19.7 19.6 20.7 21.5 23.2 24.9 36.9 0 0 1 1

omni21 0.8 51.5 51.5 53.0 53.0 54.7 55.4 56.8 57.5 63.0 0 0 0 0

omni22 0.6 35.4 35.5 35.9 36.0 39.0 40.4 41.9 43.4 52.8 0 0 0 0

omni23 0.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni24 0.6 37.9 37.7 39.3 39.3 40.7 41.5 42.3 43.0 43.6 0 0 0 0

omni25 0.9 50.3 50.5 51.8 51.9 53.9 54.7 56.9 58.6 67.6 0 0 0 0

Totals 29% 29% 50% 50%
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The values in Table 7 are measured at minimum light output of the lamp.  The waveform 

received by the lamp from the dimmer is extremely distorted and power needs to be 

spread across the duration of the 60 Hz waveform.  Even under these difficult conditions, 

lamps 3, 9, 16 and 24 still perform very well and lamps 3, 9, 12, 16 and 24 comply with 

the Title-24 low flicker operation requirement.  It should be noted that though lamp 9 

meets the Title 24 requirements at minimum light output, it does not pass the flicker 

requirement at full light output.  In addition lamp 19, which is a non-dimmable lamp, 

even though it passes the Title-24 flicker requirements at 100% light output as is shown 

in Table 3, it does not meet the IEEE PAR 1789 maximum percent modulation with 

respect to frequency recommendations. 

Table 7: A lamps, Fully dimmed to minimum light output – amplitude modulation for various cut-off 

frequencies and compliance with IEEE PAR 1789 and T-24 “low flicker operation” 

 

Table 8 summarizes the fraction of lamps that can pass the IEEE and T-24 standards for 

various combinations of rated power for the test conditions.  Since the Title 24 flicker 

requirements apply to 100% and 20% of rated light output, it is thought that the 

combination of 100% of rated power and 25% of rated power is likely to be close to these 

conditions.  Under these conditions, 50% of the tested A-lamps pass the Title-24 “low 

flicker operation” requirement.   

Lamp

60 120 200 240 300 500 1000 3000 10000

un-

filtered

Pass 

IEEE

Pass 

IEEE and 

@100%

Pass T-

24

Pass T-

24 and 

@100%

omni1 9.4 32.5 33.9 37.9 39.0 51.9 73.5 100.0 100.0 100.0 0 0 0 0

omni2 36.4 50.4 69.2 87.9 96.2 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni3 5.4 7.4 9.0 10.4 12.2 27.6 52.8 69.7 100.0 100.0 0 0 1 1

omni4 13.6 20.7 24.5 25.8 28.6 50.4 100.0 100.0 100.0 100.0 0 0 1 1

omni5 62.6 81.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni6 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni7 10.9 71.5 68.6 77.8 78.8 80.0 83.7 93.2 100.0 100.0 0 0 0 0

omni8 28.3 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni9 1.9 18.1 18.5 23.4 23.5 25.8 26.1 28.9 37.6 54.5 0 0 1 0

omni10 23.9 29.0 30.6 31.2 32.7 40.5 48.5 70.5 100.0 100.0 0 0 0 0

omni11 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni12 21.1 23.2 29.5 32.8 42.4 51.0 78.3 100.0 100.0 100.0 0 0 1 1

omni13 2.4 100.0 100.0 100.0 100.0 100.0 95.2 95.7 100.0 100.0 0 0 0 0

omni14 4.4 28.1 30.5 37.3 38.6 42.2 45.8 69.9 100.0 100.0 0 0 0 0

omni15 14.6 19.2 24.3 24.9 29.9 60.1 88.5 100.0 100.0 100.0 0 0 1 1

omni16 3.3 3.9 4.9 5.3 6.4 7.7 15.6 29.3 51.0 100.0 0 0 1 1

omni17 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni18 31.8 35.0 37.3 37.5 40.5 46.9 69.6 94.6 100.0 100.0 0 0 0 0

omni19 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 0 0 0 0

omni20 17.0 30.2 29.8 32.8 38.3 48.7 52.6 55.4 80.4 100.0 0 0 1 1

omni21 1.9 28.1 29.3 35.6 35.6 40.1 40.5 45.4 53.6 100.0 0 0 1 0

omni22 20.0 35.8 44.7 46.5 48.7 83.2 100.0 100.0 100.0 100.0 0 0 0 0

omni23 4.5 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 0 0 0 0

omni24 1.7 12.3 12.5 14.8 15.1 16.8 18.3 20.1 31.0 37.5 0 0 1 1

omni25 9.3 33.1 37.9 44.1 45.8 63.5 72.3 100.0 100.0 100.0 0 0 0 0

Totals 0% 0% 38% 29%
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Table 8: Summary of Fraction of Lamps Passing IEEE PAR 1789 and T-24 low flicker operation for various 

combinations of rated power test conditions 

Combination of 

power test 

conditions 

Pass 

IEEE 

Pass T-

24 

100% only 36% 64% 

75% only 29% 38% 

50% only 24% 48% 

25% only 13% 54% 

min only 0% 38% 

100% 75% 29% 50% 

100% 50% 24% 48% 

100% 25% 13% 50% 

100% min 0% 29% 

 

For this same combination of rating conditions only 13% of lamps comply with the IEEE 

PAR 1789 recommended practice at both 100% and 25% of rated power.  At higher light 

output significantly more (twice as many) lamps can comply with the IEEE standard but 

this does not have much impact on passing the T-24 standard.  When considering the 

combination of test conditions of the lamps being at full light output and dimmed by 

50%, almost a quarter of the lamps tested would meet the IEEE PAR 1789 standard.  This 

is in advance of a regular test program or reporting of flicker. 

Repeatability of Measurements 
In addition to the flicker testing performed at CLTC, “round robin” testing was also 

completed by the Statewide CASE Team in collaboration with Pacific Northwest 

National Laboratory (PNNL) to compare raw, unfiltered flicker test data taken in 

different labs. In the winter of 2013/2014, four of the LED replacement lamps that were 

tested for flicker at CLTC, were also sent to PNNL for flicker testing. The four samples 

tested in this round robin testing were from four different manufacturers, and included 

two products with very high Percent Flicker (at or near 100%), one product with Percent 

Flicker near the proposed cut-off (~30%), and one product with low Percent Flicker 

(~10%), to represent a range of performance.  The results collected at PNNL were 

consistent with the results collected at CLTC.  The largest measured difference between 

labs was 1.98%, while the average difference was 0.81%. While limited in scope to four 

products, this initial round robin testing indicated strong repeatability of the flicker test 

procedure.  It should be noted that the test procedure requires a maximum interval of 50 

microseconds between data points (data recording rate no less than 20,000 Hz).  CLTC 

conducted their test at a data recording rate of 125,000 Hz and PNNL used a data 

recording rate of 1 Megahertz.  The data recording rates were both well in excess of the 

minimum required and though they used different data recording rates, the results from 

both labs closely matched each other.  We anticipate that with the relatively low 

frequency of the virtual low pass filter associated with Fourier filtering of the data for 

"reduced flicker operation" (200 Hz) this will reduce error associated with high frequency 

noise that might be present in some test apparatus.  
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Table 9: Comparison of unfiltered percent flicker results between two test labs 

  CLTC PNNL Difference 

Product 1 100.00 99.80 0.20% 

Product 2 29.79 30.10 -1.05% 

Product 3 11.22 11.00 1.96% 

Product 4 100.00 100.00 0.00% 

Downlight, directional and ornamental lamp results (second set of tests) 

Since Title 24 JA8 requires that to meet the “low flicker operation the measurements 

must be taken at full (100%) output and 20% light output, the results here are focused on 

performance at 100% and 20% of full output.  The test requirements were shifted to 20% 

of light output to better align with other test metrics that were based on dimming to 20% 

light output.  A more detailed discussion of the results can be found in Boyce et al. 

(2016). 

 

Figure 6: Percent Amplitude Modulation for Incandescent and 28 LED lamps at Full Output and 20% Output 

The two bar charts in Figure 6, show at a glance the performance of an incandescent A-

lamp and 28 LED lamps of various types at full light output and dimmed to 25% of rated 

light output.  The Y-axis is percent amplitude modulation.  The X-axis lists the lamp 

category and lamp number, where C = Candle lamp, D = Downlight, IA = Incandescent 

A lamp, LA = LED A-lamp, ML = Low Voltage Multi-reflector (MR-16) lamp, MR = 

Line Voltage Multi-Reflector (MR-16) lamp, P = PAR lamp.  Each lamp has 6 bars 

corresponding to the 5 cut-off frequencies (40, 90, 200, 400 & 1,000 Hz) and the 

unfiltered results.  Most of the lamps have been tested with various combinations 

dimmers and number of lamps on a circuit.  In Figure 6, the results are plotted for lamps 

used in combination with the “best” dimmer that provides the lowest amplitude 
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modulation.  This reflects the likely scenario that manufacturers will rate their lamps with 

dimmers that perform well. 

What is worth noting is that some of the lamps (D1, D2, D4 and P2) actually performed 

better than the incandescent A-lamp.  They had lower average amplitude modulation and 

they complied with both T-24 and IEEE PAR 1789 at full and low output.  The 

incandescent A-lamp met the T-24 requirements at both light output levels but it did not 

meet IEEE PAR 1789 when dimmed to 20% of rated light output. 

Table 10: Full (100%) and dimmed (20%) light output – amplitude modulation for various cut-off frequencies 

and compliance with IEEE PAR 1789 and T-24 “low flicker operation” 

 

Table 10 displays the tabulated amplitude modulation values for lamps producing full 

light output and dimmed to 20% of full light output.  The areas that are shaded blue 

indicate measurements that are above the IEEE PAR 1789 amplitude modulation criteria 

for the cut-off frequency and thus do not comply.  The bolded numbers indicate which 

measurements exceed the Title 24 “low flicker operation” criteria (>30 percent amplitude 

modulation for frequencies less than 200 Hz) and do not comply with the T-24 standard. 

The following patterns were observed for compliance with IEEE PAR 1789. 

 Candelabra lamps – a third (2/6) of the lamps complied at full output and one 

lamp complied when dimmed to 20% but it was not one of the lamps that 

complied at full light output. 

 Downlights (5/6) complied at full power and two thirds (4/6) complied at 20% 

light output. 

 Half of the low voltage MR lamps met the standard when dimmed to 20%, these 

same lamps did not pass the standard at full output but still had relatively low 

100% 

Output

100% 

Output

100% 

Output

100% 

Output

100% 

Output

100% 

Output

20% 

Output

20% 

Output

20% 

Output

20% 

Output

20% 

Output

20% 

Output

100% 

Output

20% 

Output

100% + 

20% 

100% 

Output

20% 

Output

100% 

& 20% 

Lamp 40 Hz 90 Hz 200 Hz 400 Hz

1,000 

Hz Unfiltered 40 Hz 90 Hz 200 Hz 400 Hz 1,000 Hz Unfiltered IEEE IEEE IEEE T-24 T-24 T-24

C1 0.18 0.88 23.65 28.08 29.67 30.88 0.78 7.48 50.56 55.22 56.30 58.82 0 0 0 1 0 0

C2 0.87 1.83 99.99 100.00 100.00 97.80 2.68 10.78 99.99 99.99 100.00 100 0 0 0 0 0 0

C3 0.29 1.22 52.48 57.31 59.53 61.11 0.78 1.94 13.95 15.82 17.51 16.67 0 1 0 0 1 0

C4 0.21 1.14 15.89 16.63 16.44 17.42 0.77 2.55 26.59 31.89 30.86 31.43 1 0 0 1 1 1

C5 0.57 1.35 2.89 7.88 74.85 70.64 N/A N/A N/A N/A N/A N/A 1 0 0 1 0 0

C6 0.59 3.48 45.71 50.10 51.36 52.94 0.49 6.86 40.60 48.24 48.88 48.39 0 0 0 0 0 0

D1 0.41 1.87 14.25 14.31 14.56 14.65 0.18 0.42 15.51 18.48 18.30 18.52 1 1 1 1 1 1

D2 0.14 0.92 13.58 14.36 14.92 15.38 0.56 1.65 11.96 14.58 15.01 14.29 1 1 1 1 1 1

D3 1.93 6.84 100.00 99.99 100.00 100.00 1.10 4.60 99.99 99.99 100.00 100 0 0 0 0 0 0

D4 0.27 0.37 12.35 12.84 13.35 13.38 0.69 0.79 13.33 14.58 16.39 16.13 1 1 1 1 1 1

D5 0.18 0.41 10.86 12.40 12.64 13.38 0.85 5.10 25.69 27.63 29.28 33.33 1 0 0 1 1 1

D6 0.12 0.71 10.86 11.07 11.22 10.98 0.63 2.14 13.03 16.43 17.10 17.65 1 1 1 1 1 1

IA 0.10 0.40 13.52 13.60 13.68 13.92 0.41 3.67 19.72 21.32 22.20 22.58 1 0 0 1 1 1

LA 0.37 1.11 20.82 23.02 23.61 24.14 0.41 3.77 26.95 28.23 30.23 31.25 0 0 0 1 1 1

ML1 2.60 4.68 8.04 11.52 17.06 17.42 0.66 1.38 2.80 4.83 7.46 19.48 0 1 0 1 1 1

ML2 2.10 3.29 6.62 11.00 17.79 19.74 0.62 0.83 1.33 2.14 3.53 17.95 0 1 0 1 1 1

ML3 2.10 5.44 99.99 99.99 99.99 95.65 4.48 17.46 99.98 99.99 100.00 100 0 0 0 0 0 0

ML4 3.31 9.74 99.99 99.97 99.99 96.04 4.59 13.15 99.97 99.99 99.99 100 0 0 0 0 0 0

ML5 1.06 1.87 2.89 4.62 8.16 11.95 0.23 0.31 1.51 2.13 2.66 9.88 0 1 0 1 1 1

ML6 0.72 2.24 69.79 68.01 70.05 68.14 1.50 3.67 82.66 87.95 81.78 80 0 0 0 0 0 0

MR1 0.18 1.00 34.38 36.09 37.40 38.93 0.85 1.86 29.09 33.69 34.74 33.33 0 0 0 0 1 0

MR2 0.30 0.76 43.42 54.84 57.63 59.65 2.59 16.28 96.12 93.33 87.05 87.23 0 0 0 0 0 0

MR3 1.09 3.14 80.39 89.22 86.93 83.67 0.82 1.78 21.82 25.71 28.08 30.43 0 0 0 0 1 0

MR4 1.27 2.89 39.91 43.21 43.98 43.80 0.86 2.26 40.24 42.02 41.40 46.15 0 0 0 0 0 0

P1 0.28 0.91 13.37 15.23 15.36 15.44 0.67 2.97 21.75 24.26 26.26 26.67 1 0 0 1 1 1

P2 0.17 0.53 9.71 10.10 10.16 10.56 0.40 1.17 9.76 10.98 10.83 15.15 1 1 1 1 1 1

P3 0.43 1.64 30.28 31.77 32.23 32.85 0.73 1.93 26.08 29.97 29.86 33.33 0 0 0 0 1 0

P4 0.28 0.92 29.53 35.77 34.27 35.34 N/A N/A N/A N/A N/A N/A 0 0 0 1 0 0

P5 0.88 1.19 3.64 5.14 8.26 26.39 1.41 2.45 9.86 16.03 22.91 37.5 1 0 0 1 1 1

Totals 38% 33% 19% 59% 67% 52%
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amplitude modulation, less than 3% at 40 Hz and less than 5% at 90 Hz, 

otherwise they meet the standard.  

 None of the line voltage MR lamps passed. They all failed at 200 Hz which 

implies that the problem is with rectification of the AC power supply. 

 At full light output, 60% of the PAR lamps passed. Dimmed to 20%, one quarter 

of the PAR lamps passed.  However one of the other lamps had a failure at low 

frequencies and low modulation threshold.  

The following observations can be made about compliance with the Title 24 “low flicker 

operation” requirements: 

 About half of the candelabra lamps complied at either full light output or dimmed 

but only 20% complied at both light output settings. 

 Five out of six of the downlights were compliant.  The sixth light engine had 

100% amplitude modulation starting at the 200 Hz cut-off frequency.  Likely no 

filtering of the rectified AC waveform. 

 Half of the low voltage MR lamps were compliant at full light output and when 

dimmed. 

 None of the low voltage lamps were compliant at full output but when dimmed 

half was compliant.  This highlights a potential shortcoming in the 

ENERGYSTAR Lamps Specification, which requires flicker testing (but sets no 

limits) only for “All Lamps Marketed As Dimmable.” 

 At full output 80% of the lamps were compliant and when dimmed all were 

compliant as the only non-compliant PAR lamps was one that was not dimmable. 

Another observation of the data is that when filtering the dimmed data (between 80% and 

20%) to 200 Hz and above, between 1% and 5% of the amplitude modulation values were 

between 110% to 120% of the unfiltered values.  Even more values (as high as 9%) could 

be in this range for lamps dimmed to their minimum setting. We did not see this behavior 

in the first set of data tested by CLTC.  The first set of data was measured with a 

recording rate of 125 kHz whereas the second set of data was recorded at a rate of 20 

kHz.  This may be a manifestation of the Gibbs Phenomenon and perhaps is an artifact of 

too low a sampling rate.  

Similar to the first set of tests, the second set of tests was highly repeatable with little 

error found between the measurements taken by the two labs on the 6 lamps that were 

tested in a round robin format.  See Boyce et al. (2016) for more detail. 
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Discussion 

Physiological flicker encompasses both perceptible and imperceptible flicker.  Flicker 

ranges from dangerous to annoying to imperceptible but harmful to a small fraction of the 

population.  Flicker is a function of modulation depth and frequency.  At low frequencies, 

even a small modulation depth can be distracting or harmful.  At high frequencies (> 

3,000 Hz) even very high levels of modulation depth (percent amplitude modulation) are 

not registered by the human organism.  The IEEE PAR 1789 Standard is the current point 

of reference for evaluating the risk of flicker on human health or performance. 

Often the amplitude of light is not emitted in clean sinusoidal signals.  Fourier 

decomposition and filtering of these complex waveforms allows equipment and lighting 

designers to quantify and evaluate these light sources in reference to the IEEE standard 

and other sources of information.  

In this paper we have reported on testing of 53 LED lamps (25 in the first phase and 28 in 

the second phase in addition to 1 incandescent lamp).  LEDs are very responsive to the 

current signal they receive and depending upon that signal which is a function of their 

driver and dimmer, the amplitude modulation can be very large or even less than that 

experienced from an incandescent lamp. 

In California, starting on January 1, 2017 all white LEDs installed inside a new home will 

be required to comply with requirements for “low flicker operation” at full and 20% of 

full light output.  Of the 50 LED lamps tested at full and 20% light output (or at 25% of 

rated power), we found that 25 of the lamps or 50% passed the Title 24 requirement at 

both test conditions.  All lamps types that we tested except for line voltage MR lamps had 

at least one lamp that was compliant at both test conditions.  

At full power 60% (32/53) of LED lamps pass less stringent California Title 24 standard 

for “low flicker operation,” and at 20% of light output 62% (31/50) pass.  A study by 

CREE (2014) found that 73% of the products they tested (75/103) had less than 30 

percent flicker.  This is similar to our Title 24 finding but the CREE study also included 

outdoor lighting sources.  What is also interesting is that many lamps at full power, do 

not pass the Title 24 “low flicker operation” requirement, indicating that flicker is also an 

issue for LED lamps at full light output and not just those that are dimming. 

At full light output 36% (19/53) of the LEDs tested complied with the recommended 

practice in IEEE PAR 1789 for low health risk.   However approximately one sixth (8/50) 

of the tested dimmable products met the recommended practice limits at both full output 

and at 20% light output.   Complying products for both test conditions included A-lamps, 

downlights and PAR lamps. These results point to the capability of mass-producing low 

flicker lamps even before flicker was being quantified.  The IEEE PAR 1789 follows the 

precautionary principle of being conservative (erring on the side of safety) in its 

recommended limits, however it appears that there is a critical mass of integral LED 

lamps that can already meet these criteria. 

These outcomes are encouraging as they have occurred in the market prior to any regular 

testing regimen for flicker and before any enforced flicker standard exists.  The 

California “JA8-2016” label on lamps will assure lamps will meet the most minimal of 

flicker standards.   
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However savvy designers will be able to query the California Title 24 JA10 flicker 

database and evaluate if the lamp and dimmer combination listed would also mostly 

comply with IEEE PAR 1789.  The JA10 database will contain the amplitude modulation 

data at full light output, 20% of light output and minimum light output the for: unfiltered 

data, and data filtered with 40 Hz, 90 Hz, 200 Hz, 400 Hz, and 1,000 Hz cut-off 

frequencies.  The IEEE standard has three simple practices outlined in Section 8.1.1 of 

the standard.   

1. If it is desired to limit the possible adverse biological effects of flicker, below 90 

Hz, Modulation (%) is less than 0.025×frequency, between 90 Hz and 1,250 Hz, 

Modulation (%) is below 0.08×frequency and above 1,250 Hz, there is no 

restriction on Modulation (%).  Compare the amplitude modulation results from 

JA10 database : at 40 Hz this corresponds to no greater than 1% amplitude 

modulation, for 90 Hz <2.25% AM, for 200 Hz <16% AM, for 400 Hz <32% 

AM, for 1,000 Hz <80% AM and for unfiltered data no limit on %AM. 

2. If it is desired to operate within the recommended NOEL of flicker, below 90 Hz, 

Modulation (%) is less than 0.01×frequency, between 90 Hz and 3,000 Hz, 

Modulation (%) is below 0.0333×frequency and above 3,000 Hz, there is no 

restriction on Modulation (%). For 40 Hz this corresponds to no greater than 

0.4% amplitude modulation, for 90 Hz <0.9% AM, for 200 Hz <6.7% AM, for 

400 Hz <13.3% AM, for 1,000 Hz <33.3% AM. 

3. (seizure prevention) For any lighting source, under all operating scenarios, below 

90 Hz, Modulation (%) is less than 5%.  Compare the JA10 database amplitude 

modulation results filtered below 40 Hz and 90 Hz cut-off frequencies with the 

less than 5%AM recommendation.  

This approach of making use of the five amplitude modulation values for various cut-off 

frequencies as listed in JA10 is a simplifying method of evaluating products against IEEE 

PAR 1789.  It should be noted that using the cut-off frequency method to evaluate 

compliance with IEEE PAR 1789, we are using a broadband model that lumps all 

harmonics below the cut-off frequency together equally and does not weight by 

frequency.  Each low pass waveform is evaluated in terms of having less amplitude 

modulation than the IEEE PAR 1789 recommended percent modulation for the cut-off 

frequency.  This is less stringent than evaluating every frequency independently by 

weighting and combining the Fourier coefficients as is done in the process of calculating 

a Normalized Modulation as is described in Section 8.4 of IEEE PAR 1789.  Future work 

will compare these results with the Normalized Modulation approach and compare the 

findings. 

There is an old saying that “if you can’t measure it, you can’t control it.”  There is an 

increasing realization that flicker is something that needs to be controlled.  The JA10 test 

method and Fourier filtering provide a starting point for a consistent method of 

measurement of modulating light output and reporting amplitude modulation for various 

cut-off frequencies. 

Given the importance of controlling physiological flicker for health, satisfaction and 

human performance it is highly desirable that percent amplitude modulation for various 

frequencies is tested and listed for a broad range of LED products in conjunction with 

dimmers that are deemed to be compatible.  Some claim that controlling flicker may add 
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a small amount of cost and a small increase in energy consumption (CIE 2016).  These 

effects are dwarfed by the increase in life cycle cost and energy consumption associated 

with incandescent lamps, in cases where LED lamps are considered unacceptable by the 

consumer. 

Broad acceptance of LED technology is important to: the lighting industry, utilities that 

invest in efficiency in lieu of adding more generation capacity, government and 

environmental groups that are concerned with the impacts of energy generation.  

Acceptance of this technology is contingent on this technology being experienced by the 

end-user as equivalent or better than the technology it is replacing.  Flicker is but one 

aspect of lighting amenity.  Currently only the State of California has included flicker 

requirements in their energy code and incentive program qualifications.  Ideally lighting 

market transformation organizations, such as ENERGYSTAR, DesignLights Consortium, 

Consortium for Energy Efficiency and utility incentive programs will start to develop 

qualified product lists around flicker with the other metrics of product quality and 

performance.  We hypothesize that this is critical for broad market acceptance of the 

technology and retention of LED lamps in luminaires.  
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Appendix.  

Text of Title 24 Joint Appendix JA10 
 

Appendix JA10 – Test Method for Measuring Flicker of Lighting 

Systems and Reporting Requirements 

JA10.1 Introduction 

This test method quantifies flicker from lighting systems which may include all of the following 

components: lamps, light sources, transformers, ballasts or drivers, and dimming controls. This test method 

measures the fluctuation of light from lighting systems and processes this signal to quantify flicker as a 

percent amplitude modulation (percent flicker) below a given cut-off frequency. Signal processing is used 

to remove high frequency components above the cut off-frequency.  

 

JA10.2 Equipment Combinations 

The test results measured using this method are specific to each combination of: 

 Light source and a representative dimmer; or  

 Low voltage lamp together with a representative transformer and a representative dimmer (if 

applicable); or 

 Light source and a representative dimming control (if applicable); or 

 Light source together with a representative driver, and a representative dimming control (if 

applicable); or  

 Light source together with a representative ballast, and a representative dimming control (if 

applicable).  

If the control or transformer requires a greater load than what is provided by a single sample of the unit 

under test, additional load will be created by adding quantities of the identical light source, and ballast or 

driver if applicable on the same circuit receiving the control signal.  

Flicker measurements of a phase cut dimmer controlling an incandescent line voltage lamp shall be 

considered representative for that dimmer with any line voltage incandescent lamp. 

Flicker measurements of a phase cut dimmer controlling a transformer for low voltage incandescent lamps 

shall be representative only for that combination of dimmer and transformer with any incandescent lamp. 

Flicker measurements of all non-incandescent lamp sources controlled by a phase cut dimmer represents 

only the specific combination of phase cut dimmer, ballast or driver, and lamp. These results cannot be 

applied to other combinations of dimmer, ballast, driver or lamp. 

Flicker measurements of light sources controlled by 0-10 volt control, digital control, wireless control or 

powerline carrier control, the flicker measurement is specific to that combination of control type and ballast 

or driver and lamp. Test results of the lamp and ballast or driver combination can be applied to other 

systems that have another control of the same type (0-10 volt, digital, etc.) providing the control signal. 

JA10.3 Test Equipment Requirements 

Test Enclosure: The test enclosure does not admit stray light to ensure the light measured comes only from 

the UUT (unit under test). Provision shall be made so the test enclosure is able to maintain a constant 

temperature of 25°C ±5°C. 

Device for data collection:  Light output waveform shall be measured with a photodetector with a rise time 

of 10 microseconds or less, transimpedance amplifier and oscilloscope. An alternate measurement system 

providing the same accuracy and function as the specified equipment may be used. 
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Temporal response, amplification and filtering characteristics of the system shall be designed to capture the 

photometric data at intervals of 50 microseconds or less, corresponding to a data recording rate of no less 

than 20 kHz, and shall be capable of capturing at least 1 second of data.  

 

JA 10.4  Flicker Test Conditions  

Product wiring setup: Fluorescent ballasts shall be wired in accordance to the guidelines provided in the 

DOE ballast luminous efficiency test procedure in 10 CFR 430.23(q). 

Product pre-conditioning: All fluorescent lamps shall be seasoned (operated at full light output) at least 100 

hours before initiation of the test. Seasoning of other lamps types is not required. 

Input power: Input power to UUT (unit under test), shall be provided at the rated primary voltage and 

frequency within 0.5 percent for both voltage and frequency. When ballasts are labeled for a range of 

primary voltages, the ballasts should be operated at the primary application voltage. The voltage shall have 

a sinusoidal wave shape and have a voltage total harmonic distortion (THD) of no greater than 3 percent. 

Temperature: Temperature shall be maintained at a constant temperature of 25°C ±5°C. 

Dimming levels: Measurements shall be taken within 2 percent of the following increments of full light 

output: 100 percent, 20 percent, and minimum dimming level where 100 percent full light output is defined 

as operating the light source at the maximum setting provided by the control. When the minimum light 

output of the systems is greater than 20 percent of full light output, then the flicker measurements are taken 

at the minimum light output. For dimming fluorescent ballasts, lamp arc power may be used as a proxy for 

light output for the purpose of setting dimming levels for collecting test measurements. 

 

JA10.5 Test Procedure 

Lamp stabilization: Lamp stabilization shall be determined in accordance with:  

IES-LM9 for circleline, and U-tube fluorescent systems;  

Code of Federal Regulations - 10 CFR 430.23(q) for linear fluorescent systems;  

IES-LM66 for compact fluorescent systems and induction lighting systems;  

IES_LM-79 for light emitting diode systems; and  

IES-LM-46 for high intensity discharge systems.  

Lamp light output shall be stabilized in advance of taking measurements at each dimming level. Light 

output shall be considered stabilized when consecutive measurements taken at one minute intervals deviate 

by no more than 0.5%. 

Recording interval: Measured data shall be recorded to a digital file with an interval between each 

measurement no greater than 0.00005 sec (50 microseconds) corresponding to an equipment measurement 

rate of no less than 20kHz, and capture at least 1 second of data. 

For each dimming level after the lamps have stabilized, record lighting measurements (in footcandles or 

volts) from test equipment with readings taken at intervals of no greater than 50 microseconds. These 

readings shall be recorded for a test period of no less than one second. 

 

JA 10.6 Calculations 

Perform the following data manipulation and calculation tasks for each dimming level (100 percent, 20 

percent and minimum dimming level claimed by the manufacturer): 

Calculate percent amplitude modulation (percent flicker) of unfiltered data over the duration of the test for 

a given dimming level using the following equation: 
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Percent Amplitude Modulation =  
(Max − Min)

(Max + Min)
× 100 

Where: 

Max is the maximum recorded light level or voltage from the test apparatus during the duration of the test 

for a given dimming level. 

Min is the minimum recorded light level or voltage from the test apparatus during the duration of the test 

for a given dimming level. 

Conduct a Fourier analysis to transform data for each dimming level into the frequency domain  

Filter frequency data to evaluate the data under four additional different conditions: frequencies under 40 

Hz (data above 40 Hz is set to 0), and frequencies under 90 Hz, 200 Hz, 400 Hz, and 1,000 Hz. 

Perform inverse Fourier transform to place data back in time domain.  

Calculate percent amplitude modulation on resulting time domain data for each filtered dataset over the full 

sampling duration. 

 

JA 10.7 Test Report and Data Format 

For all systems where reporting of flicker is required, the test data shall be submitted to the California 

Energy Commission in the format specified in Table JA-10. For two years from the date of certification, the 

entity submitting the test report shall keep all documentation required for compliance, stored and shall 

provide copies of this documentation to the Energy Commission within 10 days of written request received 

from the Commission.  This documentation shall also include for each measured system, a digital file 

containing the raw photometric data as described in Section JA10.5. 

 

TABLE JA-10-1. FLICKER DATA TO BE RECORDED AND SUBMITTED TO THE 

CALIFORNIA ENERGY COMMISSION 

Data Units/Format 

Test Date 
 

Test Operator 
Company Name, Contact Name, Address, Phone Number, e-mail 

address 

Entity submitting results 
Company Name, Contact Name, Address, Phone Number, e-mail 

address 

 Manufacturer or Brand 

Tested lighting system 

component: Dimmer  
Dimmer type, Manufacturer or Brand, model number 

Tested lighting system 

component: light source (lamp 

or light engine) 

Light source type (lamp, light engine, etc), Manufacturer or Brand, 

model number 

Tested lighting system 

component: Ballast or Driver 
Ballast or Driver, Manufacturer or Brand, model number 

Recording interval seconds (no greater than 0.00005 seconds) 

Equipment Measurement Period seconds (no less than 1 second) 
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TABLE JA-10-1. FLICKER DATA TO BE RECORDED AND SUBMITTED TO THE 

CALIFORNIA ENERGY COMMISSION 

Data Units/Format 

Fraction of rated light output 

integrated over measurement 

period at 100%, 20% and 

minimum fraction of light 

output. 

Fraction of rated light output integrated over measurement period 

at 100%, 20% and minimum fraction of light output. 

Amplitude modulation unfiltered 
calculated percent amplitude modulation unfiltered for each 

dimming level (100%, 20% and minimum fraction of light output) 

Percent amplitude modulation 

with 1,000 Hz cut-off 

calculated percent amplitude modulation, data filtered with a 1,000 

Hz cut-off frequency for each dimming level: (100%, 20%, and 

minimum fraction of light output) 

Percent amplitude modulation 

with 400 Hz cut-off 

calculated percent amplitude modulation, data filtered with a 400 

Hz cut-off frequency for each dimming level: (100%, 20%, and 

minimum fraction of light output) 

Percent amplitude modulation 

with 200 Hz cut-off 

calculated percent amplitude modulation, data filtered with a 200 

Hz cut-off frequency for each dimming level: (100%, 20% and 

minimum fraction of light output) 

Percent amplitude modulation 

with 90 Hz cut-off 

calculated percent amplitude modulation, data filtered with a 90 

Hz cut-off frequency for each dimming level: (100%, 20% and 

minimum fraction of light output) 

Percent amplitude modulation 

with 40 Hz cut-off 

calculated percent amplitude modulation, data filtered with a 40 

Hz cut-off frequency for each dimming level: (100%, 20% and 

minimum fraction of light output) 
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