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Abstract: Human-centric lighting (HCL) aims to enhance well-being and performance by tailoring lighting to human needs.
However, LED flicker-rapid brightness changes-remains a critical issue, causing discomfort and reduced productivity. This paper
addresses flicker problems in living and industrial spaces with LED lighting. We propose solutions to mitigate flicker by
examining causes like power supply variations and LED driver design. Techniques such as high-quality LED drivers, advanced
dimming methods, and digital control systems are explored. Our findings show these techniques can significantly reduce flicker,
achieving less than 1% flicker performance while meeting HCL’s diverse requirements. Implementing flicker-free lighting in
residential spaces enhances comfort and reduces eye strain, while in industrial settings, it improves productivity and safety. This
paper emphasizes the importance of control circuits that maintain sub-1% flicker performance while integrating various HCL
solutions, enhancing indoor lighting quality, and promoting better health and performance.
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Table 1. Key elements of human centric lighting.

Key element Importance
Flicker Reduces eye strain and prevents headaches
CRI Enhances task accuracy and visual satisfaction
tem(;:)(::lr(;ure Regulates mood and circadian rhythms
[lluminance  Reduces eye strain and increases work efficiency

Light spectrum Speciﬁcf wa\felengths impact
physiological responses

D ic lihti Supports circadian rhythms by mimicking
namic lightin
Y guting natural light changes

Glare Provides visual comfort

L. Enhances energy efficiency and
Lighting control .
user convenience

Natural light

. . Positively impacts health and productivity
simulation

Personalized Provides tailored lighting to

lighting meet individual needs
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Fig. 1. LED Lighting products with poor flicker characteristics: (a)
fluorescent tube replacement LED light & flicker waveform
characteristics and (b) down light & flicker waveform characteristics.
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Fig. 2. Flat-panel LED lighting installed office.
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Fig. 3. Flicker afterimage phenomenon in LED lighting.
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LED lighting type Flicker wa\‘/eform Linear bar LED modules
characteristics
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Fig. 4. Flicker-free solution and flicker characteristics: (a) flicker-free
AC driver IC applied module and (b) flicker-free SMPS applied
ceiling light.
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Fig. 5. Samples of linear LED bar modules powered by Individual
AC direct drive: (a) low flicker AC driver LED module, (b) very
low flicker AC driver LED module, and (c) controller and highly
scalable very low flicker AC driver LED module.

Table 2. Measured results of characteristics for different types of
AC power drives.

Measured
Percent Rated power
K Power THD X power
NO flicker consumption .
factor (%) consumption
(%) (W)
W)
(a) 356 0994 10.1 10 10.1
(b) 1.32  0.564 128.7 30 259
(©) 0.7 0.969 24.6 25 24.6
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