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FLICKER INDEX,
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Figure 1—Diagram for definition of flicker index and percent flicker
Flicker Index = (Area 1) / (Area 1 + Area 2)

Percent Flicker or equivalently Modulation (%)
Mod% = 100 (Max — Min)/(Max + Min) = 100 (A — B)/(A + B)




Normalized Light Outout

Typical incandescent lamp flicker of ~6.6%
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EXAMPLE SSL(SOLID STATE LIGHTING)
FLICKER AT 100%




AC LED MODULE
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Prior to the IEEE P1789 Working Group, there were no formal entities that were allowing designers, health
experts, and engineers to discuss the best guidelines flicker in SSL. This vacuum left engineers to design
their power electronic drivers without knowledge of possible health effects to the public. The scope of this
document 1s to

—  Detfine the concept of modulation frequencies for LEDs and give discussion on their applications to
LED lighting.

—  Describe LED lighting applications in which modulation frequencies pose possible health risks to
users.

—  Dascuss the concept of dimming of LEDs by modulating the frequency of driving currents/voltage.

—  Present recommendations and design guidelines that can help enable a designer to select. with more
knowledge, appropriate power electronic drivers to desirably modulate frequencies for LED
lighting and dimming applications to help protect against possible adverse health etfects.
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(a) Rectify ac mains and send to LED string
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(c) Simulation of current through HB LED:s.
Luminous intensity is proportional to current,
causing lamp to flicker at twice the line

frequency




Simple dimming pulse width modulated (PWM) circuits.

vin = peioe i 0
Converter S T-Period
& o 1% ON | OFF
| 1
FB J_§ i

L Time

flicker frequency f= 1/T.



RESIDENTIAL DIMMER AND ITS OUTPUT
VOLTAGE

Dimmer Voltage

LED o
| L
Driver S
*




217725777 VPORA NN MYOW:I

MWOAT, ATIVY9ART ,207207 TN 17 NP0 217200 NIVOHWY
(WA IRY R WA ITNT AR °2) 9NN 1N 1Va

W VOWT, 2172010 NYIIT M1AT DW a0 SYOwn 293 20PN
, TPODOR YDPNT , A X — 27200 2OWONTT DOWIARD NN
( 7-20 2°8H%2 2°PYY DR NV M MW ) WRD PR

IR 917 DXNR A0 NN
N1°9170121710 NIYOIN



SANON T2 DY 272007 DYOIN NYOW

D197, F°0DYOR 1237 NNOK 7217 PaR NIRD WA 01PN DW TN VW 2ININR
72172 NP0 MYDINGI 7°00%OR PN 01132 P19V 2°277201n NMNIR YW 1IN
atalalehs

MW NI MIPNIN L0270 2V oW 21709 2127 1MRY DY Onm 170107 WD 237200
rivaisighl

DW 0% DR N9 T MYeAn 272,00 7-20 209737 2ORD°32 272 72ANn MWOAI

( 27279 DOWOAT DOIRWI DOWIRAN 75% 2) DA TIRD DWW DOWIARD

— Flash frequency. Any repetitive change in a visual stimulus within the frequency range of 3 Hz to
70 Hz is potentially a risk. and the greatest likelihood of seizures is for frequencies in the range of
15 Hz to 20 Hz: see Figure 14. The flashes do not have to be rhythmic,
— Brightness. Stimulation in the scotopic or low mesopic range (below about 1 ¢d/m?) has a low risk.
and the risk increases monotonically with log luminance in the high mesopic and photopic range.
—  Contrast with background lighting. Contrasts above 10% are potentially a risk.
— Distance between the viewer and the light source and its location. which determine
— Total area of the retina receiving stimulation. The likelihood of seizures increases according
to the representation of the visual field within the visual cortex of the brain. The cortical
representation of central vision is greater than that of the visual periphery.
— Location of stimulation within the visual field is important: Stimuli presented in central
vision pose more of a risk than those that are viewed in the periphery. even though flicker in
the periphery may be more noticeable.
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Table 2—Risk matrix

Probability

Severity Very low Low Medium High \ en
high
Mild
Harmful
Severe
Catastrophic

Table 3—Risk levels

Risk level Color code
Low
Medium

Serious
High
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