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.....t00 much light by night

consegquences

e circadian misentrainment
problems with body clock, similar to jet-lag

e problems with sleep & alertness

e compromised mood, functioning, well-being and health....

HUMAN CENTRIC LIGHTING:

designed to benefit human health & wellbeing
the right light, at the right time & place
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Human Centric Lighting: lightingfor &3
non-visual responses to light

* Increasing light intensity (and blue content):
increases alertness (all times of day)

e Decreasing light intensity (and blue content):
supports relaxation (all times of day)

* Light at night must be handled with care:
not to disrupt sleep and health

Opportunity: dynamic light solutions; mimic dawn
and dusk, create a photoperiod of about 12 hours of
sufficient brightness and 12 hours of dim, blue-
deprived light, or darkness
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Health and wellbeing (SSL-erate WP3) lighting mgeig.g
non-visual effects of light

® |dentify non-visual effects for five application domains
(education, healthcare, workplaces, homes, cities)

® Create dose-response curves (scientific studies):
which non-visual effects occur in what light intensity ranges

® Give guidance on which light metrics to use in practice

Accelerate uptake Solid State Lighting technology
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relative absorptance
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Quantify light via five photoreceptor inputs

Spectral sensitivity

Lucas et al. Trends. Neurosci. 2014

photoreceptors interplay & total
spectral sensitivity depends on
(non-visual) effect, timing, intensity,
adaptation state...

Start including melanopsin activation in
our lighting designs, codes & standards
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Rethinking light beyond vision and lux...

Visual system

Vi
Photopic hex

V(A) - lux
555 nm

i X
‘i‘ ﬂ ‘.‘.‘
/ \
/ \
/ A
y

mmmmmmmm

spectrum * V(A)

}

Lux

Non-visual system
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spectrum * sensitivity: (eq.) opic Lux
Lucas et al., TINS 2014
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Rhodopic  Chloropic Erythropic Cyanopic Melanopic
Lux Lux Lux Lux Lux

new quantities for HCL
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EONRECTING BEPORTUNITIRS FOR NREBVATIEN

Measuring Light

= Tool 1: quantifies photoreceptor input in opic-lux (Lucas et al)
http://dx.doi.org/10.1016/j.tins.2013.10.004

Light source
A = llluminant A (incandescent, 2856K)
Title [ Enter title here for printing D — "Iun‘“nant 065 (da)'llght 6504 Kl

Irradiance Toolbox

. f
Select mode F = llluminant F (fluorescent, CCT
i. Select illuminant details below - y
ii. Example spectra A, D, F and L are not necessarily represent-*" -~ _',000 K )
iii. Consider enterring Inm or 5nm spectral data f~~ -urate results =

L = White LED (blue+phospor, CCT

Details of light measurement

Light source E <uergy illuminant "4730 K)
Units L illuminance . .
Amount oo lux N = Narrowband, incl monochromatic
For blackbody or narrowband sources B = B I a C kb C d‘j‘ S p ECt ra
ckbody temperature 4200 n/a E i - -
Nartowband peak 0 o/ - = equal energy (for normalisation)

Photopic illuminance

OUTPUT

Optional prefix  Sensitivity  Amax Subscript Curve
Photopic Visibility 555.0 n/a V(A)

Narrowband FWHM 42 n/a Peak spectral irradiance Example: 1 qu of E
lux

.

Human retinal pt i I (all weigl ) H a-o Ic I u x
Prefix Sensitivity Amax  @in Ng(A) G a-opic lux P reflx p
Cyanopic S cone 419.0 sc Nsc(A) 1.00
Melanopic Melanopsin  480.0 2 NA(A) 1.00 cYanopic 1.00
Rhodopic Rod 496.3 r N/(A) 1.00
Chloropic M cone 530.8 mc NmcA) 1.00 .
evvopie Leone w4 0\ 100 Melanopic 1.00

Irradiance HW/ecm? 0.55
Photon flux 1/cm?/s 1.62E+12
Log photon flux logio (1/cm?/s) 12.21

Fa
Unweighted summations from 380 to 780 nm inclusive /\ /\ f -\ .
Quantity Units Amount f\ \“\ {\ \'\ Rh Odoplc 1.00
—_ \
R 5C

‘ M Chloropic 1.00

T T

Independent representations of irradiance

LC

‘MC

Erythropic 1.00




CIE: make “opic-lux” approach SI compliant

Radiometric

Photometric

(equivalent) “melanopic Lux”

(equivalent) “melanopic Lux”

X X
0.12 0.91
U U
melanopic irradiance melanopic daylight-equivalent
in uW/cm2 illuminance
in Lux

CIE is defining notations, definitions
making “opic lux” SI compliant via multiplication constants
http://divé6.cie.co.at/?i _ca_id=611&pubid=490
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EONRECTING BEPORTUNITIRS FOR NREBVATIEN
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Measuring Light

= Tool 2: extension also quantifies photoreceptor weighted irradiances,
daylight equivalents and more light sources (Dieter Lang)

IN PUT irrandiance
Melanopic Light Sources Toolkit | Duyileht 4500-B000K I [|.l.".l."|'l3|'|'|=]
v13.12 5 o il - melanopic "melanopic lug"
-
hti [(J--gegmﬁ Incandescent 1700-3300K
Daylight 4500-8000K 012 1.00
8 Xenon HID 6500K
S ol v G Fluorescent standard 2000-18500K radiance . % b |
"o 1602 P i 7 s
: o e Fiuores:.:em High CRI, 3700-7000K [p.".-."n'crnz]
select ype of light source. amiace T3] : 0.821 LED white, 2900-T000K I:Dnel aruthropic " th _—
e e nm | e LED blue 440am yinrop ETYINrapIC 1
efficac illuminance
o o T LED blue 460nm
enter Color Temperature (CCT) _ LED cyan 425nm
unspecined s | otal. LED green 560nm
melanopic daylight i diance
Intensity input stancalfulamn \ equlpualsn%g] Tuwiom] o D LED \_.'ellraw 585nm 5
e LED amber 615nm [pWtem?]
e on > iy A e LED red 640nm M-Cane |
. :Tqﬁ:‘ml B Monochromatic Peak chloropic "chloropic o *
Iaf  illurminznc¥ [1 -Cone | ergthropic|  “erythropic "
atematively entet LPS - Low pressure Sodium b
e HPS - high F::nassum sodium, 1800-2B00K
click. buttan - - s Lo
S P e 0.14 | 0.16 1.00
FE—— metene] fhmael  ioere | kel Metal Halide, HID, 3000-6800K # J
photon denzity in cell 415 calculate based an) .96 0.1410.16 1.00 T 1 R H
Sich button s | pheren daniey Ceramic Metal Halide, 2700-46800K irradiance
N o Mercury High Pressure / HPL, HOL 2
620 Photonsiem"2 " sec]| |\Ium?nqa u:‘;:; S-Eﬂ[r}::‘lizr;alnp\c “cyanopic lux " FFUDFESCEF‘I‘I RED -CI:!:IEILE\"I‘II:I:I:;IF-;EIDFHC "G ano iG ||_|H 0
= Sootopic dalght]  Madiance Flucrescent GREEN 4 P
equival Syt Wt
Monochromatic Peak L"';“I i\luminqance[l scotc[v:\cllhodopic “rhadapic lux " Flucrescent BLUE
enter central wavelength [nm] 0.9 0 0.14 00
T Flunrhacen’ Pabo ot row; irradiance
2 A |4'A¢L Fluorescent Chip-Control (Yellow) .
Flucrescent Hg-free -2000 K (Plancn) [whitem®]

Flucrescent Hg-free -6000 K (Plancn)
User defined spectrum

OUTPUT

cotopic | thodopic

“rhodopic oz *

0131014 1.00
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Melatonin suppression and light intensity

Melatonin @ night promotes good sleep

and is suppressed by light
Melatonin suppression Melanopic (480 nm)
80% 1
80%1 A new quantity
. ° ® e
% % 20 o3 ®e (equivalent) 60% -
0/ - »
60% & o5 %: melanopic Lux
i ® ® o [ J % ..
o _©® o ..~ ° : oS
20% - .« ®. .o:.’...‘. to express 20% -
o .’.}0 ALy light intensity
7 P % &. [ J
° ®e
0.01 0.1 1 10 100 1000 T T T T T T T
Lux (photopic vision) 0 0 01 10 100 100010000

(equivalent) melanopic Lux

Lux does not predict
melatonin suppression

CIE: make “melanopic Lux” approach S| compliant

“melanopic Lux” predicts
melatonin suppression




Alertness and light intensity
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sleepy

alert

Alertness (KSS)

Alertness (KSS)
9-
8- .
7_. ¢ new quantity
:
6+ o 0 )
; — (equivalent)
4 °e o o melanopic Lux
a '
° o to express
21 CorC:-049; R2 0.26; 0005 light intensity
1 I I I I
1 10 100 1000 10000

Lux (photopic vision)

Alertness correlates
with log(lux)

CorC:-0.62: R% 0.38; p: 0.0003

1 -T T T T

1 10 100 1000 10000
(equivalent) melanopic Lux

Alertness correlates more strongly
with log(“melanopic lux”)
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Errors, depression scores and light intensity
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 How does performance (errors) depend on light intensity?

* How do depression scores depend on light therapy?

statistics & time frame (light intensity & therapy duration)

Work in progress........
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Conclusions

= Melatonin suppression: lux (photopic vision) is not predicting the response

® o-opic irradiances are expected to be useful predictors for non-visual effects of
light in HCL, especially for narrow spectral bands, mixed colors or special whites

® The lighting practice needs SI compliant metrics:
- unit “o-opic lux” is not SI-compliant
- oi-opic irradiance & o-opic daylight-equivalent illuminance
(multiplication factors, definitions & notations pending in CIE)

® Start using a-opic irradiances to design light conditions that achieve, or avoid,
certain non-visual effects.

= Application example for dynamic light solutions:
- offer high melanopic irradiances during daytime
- and minimize melanopic irradiance during the night
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This is the result of collaborative efforts by

C. Cajochen (University Basel)

M. Gimenez, K. Smolders, R. Lok, D. Beersma (University Groningen)
L. Halonen, P. Bhusal (University Aalto)

D. Lang (Osram)

A. Morotz (Lighting Europe)

P. Novotny, H. Plischke (Hochschule Munich)

L. Schlangen (Philips Lighting)

K. Wulff (University Oxford)

Thank you for your attention!

“The research leading to these results has received funding from the European Community’s 7th Framework
Programme (FP7-ICT-2013-11) under the grant agreement n2 619249 acronym “”SSL-erate”




