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A brief history of f.lux

2009: We made light from screens look warm at night, like the
room they’re In. Suggested this might affect sleep.

(A million people show up to talk about how light affects sleep.)

2010: We really should understand how the human body
processes.

2011: This I1s way more complicated than we thought.



How light affects us over time

MINUTE HOUR DAY ANNUAL DECADE+
(Possibly...)
CEET) E——
Color Quality  Alertness Attention SAD Cancer
Glare Irritability Bipolar Obesity
Visibility Melatonin Hunger ADHD Diabetes
Contrast Suppression Memory Heart Disease
Circadian Alignment Dementia
Immunity

Lapses/Accidents

Difficulty of measurement



How much light do we need
to signal night vs. day?
And when?
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Circadian
Response


http://bit.ly/2kx6R68

Circadian dynamic range
IS >2 orders of magnitude

maybe 3.



f.lux removes 80-90% alerting light at
night

Daylight/Saturating

Response Laptop (normal)

/ \
/ (but we’re starting
s e pretty low already)

Laptop (f.lux)

log melanopic lux >



We have to fix the day,
not just the night.



Does constant-lux tuning help?

5000K at 300 lux s 2

Circadian /

3000K at 300 lux
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log melanopic lux >



f.lux IS not constant lux

Chart Title

[100% Output] Color Control
6500

== 5000
e 4000
3500
3000
2700

Plot Area

= =
= =
o ]
o o

—_—
=
=

%-..

=
Q
2
0

a

=
e

i

=
i)

o

e N

550
Wavelength (nm)

Figure B2. Change in the measured SPD as the color control was varied from minimum to maximum.

f.lux “filter” scaling Constant-lux tunable (via CALIPER)



Alerting vs. Circadian

. Popular press has embraced the “alerting” effects of light:
“No blue light before bed.” But “blue” iIs not a dose.

. Also, when you say “circadian” you have to talk about timing:
. Different light for early birds and night owls
. Different light by age

. Sensitivity varies: children may be >2x more sensitive, and
seniors much less so



Colors are not magic.

Maybe your cones are lying?



Color vs. Intensity

- A majority of circadian effects are explained by melanopsin acting as
a single photoreceptor, sensitive to blue-green light

. This photoreceptor doesn’t say light Is “warm” or “cool”—
that takes two sensors.

- Non-visual response Is mostly about how much blue-green light there
IS. It varies a lot by CCT, but less than most people think.



Filter =

f.luxometer

How spectrum and intensity contribute
to circadian responses

Overview Details Compare (25}

61% as bright as daylight

1h:36 minute phase shift
Good for the office, but too bright after dark

What's thig?



http://fluxometer.com/rainbow/
http://fluxometer.com/rainbow/

M/P ratios (Melanopic/Photopic)

HPS Streetlight
Tablet with f.lux
"Night" LED

2700K CFL

1900K Candle
2700K LED

2 700K Incadescent
4200K Streetlight (LA)
Full Moon

Tablet

Daylight (D65)
OLED smartphone

Circadian “action factor” based on SPD alone
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Predicted Effect In Real Life

f.luxometer “percent daylight” rating (including intensity and non-
linear response)

HPS Streetlight
1900K Candle

Full Moon

4200K Streetlight (LA)
Tablet with f.lux
"Night" LED

2700K CFL

2700K LED

2700K Incadescent
OLED smartphone
Tablet

Daylight
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Let’s think log, not
lInear.

. 20-40% change Is good for energy, but this iIs small for a system
expecting 100:1 contrast

.+ Outdoors we even see >100,000:1 contrast from day to night

. (=)Many “tunable” LED schemes today only manage 1.5:1.



Ways to achieve
contrast

. Adjust Intensity as much as you can. Fade really slowly.

- FInd ways to do more with spectrum:

8:1 at constant lux...

Sky In Los Angeles Wood fire
51,000K, 1.7 M/P ratio, no glare 1500K, 0.2 M/P ratio, R9=romantic



Changing over time

- The body doesn’t do as well with a random schedule

- The sun sets without asking first

- Nobody Is evolved to change scenes or dim lights at the right time

. SO0, automate Iit, with manual override



watts vs. Zzzs

. Opportunities to optimize energy

. Blue-enriched light during the day can be very efficient

- Dimming at night helps, especially at the right time



Metrics: Melanopic
Only?

. “Melanopic lux” Is a good start, supported by the research:

- When light Is bright
- When light Is not changing

. For long exposures

- Need adjustments (2x for age, light history), but gets close to human

response



When Is melanopic lux less reliable?

. & The cones (and rods) may be involved when:
. Colors and intensity are changing
- EXposure times are short

. Light Is dim

Considerations In “minimizing” melanopic spectrum:

. Night vision (overlaps with rods)

. Also minimizes pupll response



Thank you.
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