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C Toolbox main features

e CIE S 026 calculations and conversions

Weighted and unweighted quantities, a-opic equivalent daylight (D65) illuminance = EDI, etc.

* Irradiance or radiance geometry

[lluminance or luminance, a-opic equivalent daylight (D65) illuminance or luminance, etc.

e Built-in iluminants
A, D65, E, F11, LED-B3

e User-defined Test spectrum

Choice of resolution (1, 2, 4 or 5 nm) and Sl prefixes (E,P,T,G,M,k, ,m,u,n,p,f,a) / (,c,m)?
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Toolbox optional features

Glossary and spectral weighting charts

Version will be operational until 30 June 2019, when a final version is expected to be available.

The Equivalent Daylight (D65) llluminance Toolbox and Userguide were designed by the International Commission on
Illumination (“CIE”) to enable calculations and conversions of measured quantities related to the non-visual effects of light,

following the international standard CIE S 026/E:2018. System for Metrology of Optical Radiation for ipRGC-Influenced
Responses to Light. CIE, Vienna.

This beta version (v1.05X) has been designed for early release and feedback from the participants of the Tutorial on CIE S 026.
Use and application of the new metrology for ipRGC-influenced responses to light. 14-15 March 2019, Eindhoven. It is an

important disclaimer that the user of the Toolbox should always check the results against manual calculations according to
the standard.

After the 30 June 2019, a final version of the Toolbox is expected to be freely available. As a result, this beta version is
programmed to stop working after this date. Considered feedback or enquiries about the Toolbox should be sent to
Luke.Price@phe.gov.uk and |.j.m.schlangen@tue.nl who will endeavour to answer any questions as quickly as possible.
The purpose of the toolbox is to support the usage of CIE S 026 but is not part of the official International Standard.
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relative sensitivity

380

Five photoreceptors:
Five a-opic action spectra

460

540

620

SC
mc

rh
mel

wavelength, nm

700

780

pigment (receptor)
S-cone-opic
M-cone-opic
L-cone-opic
rhodopic (rods)
melanopic (ipRGCs)
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1NG Xxamples ot a-opic quantities

a-opic can be: S-cone-opic; M-cone-opic; L-cone-opic; Rhodopic; Melanopic

Quanty |Formula  |Meanng |k

a-opic radiant
flux

a-opic
irradiance

a-opic
radiance

a-opic efficacy
~of luminous
radiation

a-opic
equivalent
daylight (D65)
illuminance

D, =] @ () s,(4)dA
E,=[E.;(A) s,(4) dA

L, =1 L;(2) s,(A) di

Koy - @,/ @y
E
EDES -
) K(E)_(\S;S

weighted spectral power
distribution (SPD) integrated W
over wavelength

weighted SPD integrated over

2
wavelength per area it
weighted spectral radiance 5.
integrated over wavelength Wi,
guotient of a-opic radiant flux, W/Im

@, and luminous flux, @,

Illuminance level of daylight D65,
producing an equal a-opic Ix
irradiance as the test source
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C ' Physical Measurement of Radiation & Light

* By definition, light can only be measured using the
photometric system

Photon system Radiometric system Photometric system
Unbounded Unbounded Bounded between 360 nm and 830 nm
Physical weighting Physical weighting Psychophysical weighting V(1)
Conserved property = number Conserved property = energy Conserved property = brightness

Conversion factors
- (hc/A).n (1) 2> K 4. V(4)
where K_; =683 Im.W!

CIE S 017/E:2011 is also freely available in a searchable electronic format at eilv.cie.co.at.
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Inputs Outputs Charts

Toolbox Orientation

CIE S 026 Toolbox CIE S 026 Toolbox CIE S 026 Toolbox
oputs outputs Distaimer  Toolboxused s cwnisk ot pr ofthe tandars. chars
YT — nputs outputs " i "
[ w . e shoton i s1 illuminantled-b3, Test source a-opicweighted spectra for Illuminant led-b3,
1. Enter source of spectral data. m Quantity: _inradiance Quantity:  irradiance luminance log photon irradiance 00000025, Test
selectspectrom [ SESI] (V) Ui uwam it womz .x logs1m-2 s e
e sttt C o J— T onoons ; ——
ey Areaprefn = —> —p — £ R —
o prex O (- St actors T =0 = i F—. LI <
e 3 ‘a-opic action spectra, s,(7) g o
® — ® — INPUTS: Atle Standard ) 0000000 A E o o
3.kip this step. 4_, Noteto (12) - (ehotopic) iluminance = * f spectral irradiance * V(3) * di )
cC Noteto(T3 cte. lop-rexbnse 0 - ™ . o
s o w w @ @ ™ B = =)
Geartis vpur (DGR - (@)
e [ Vet o asiance vz minance, s g1z - -
o ik oo ot s 507
: e © o265 [
Resolution, nm D65, Reference source a-opic weighted spectra for D65, Reference
S aopicimadiance, W osomors osowors
. Enter spectalrradiance data picradiance, W.m-2 Plaiatin s
e " " )
e SN oo
——— Sconeopc __wconeope _beoneopec fhodopc elmopc
ik actation 3 o g w5 o
omign (065 o0 105 i1 106 o5
aopccffcacy o uminousradition, mW.m 1 wopctn
A S—— et
a-opic ELR for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic o e T LR R
ek eaelaton B e = =
ooyt 05) oo s s vy ey

a-opic daylight (065) efficacy atio, 1 aopicDER

opic DER = a-0pic LR /a-opic ELR or dayight (065) 16)

a-opic DER for s-cone-opic w-cone-o
Quick calul 255 09598
Daylght 10000 L0000 10000 10000

L-cone-opic Rhodopic

Glossary

a-opic equivalent daylight (065) lluminance,
opic £01 = a-opiciradiance / a-0pic ELRfor daylight (06%)
a-0pic EDI = luminonce/ a-0pic OER.

CIE S 026 Toolbox

oXpic £Di for s-cone-opic w-cone-opic L-cone-opic Rhodopic

7N calcalation o756 7022 = 6559
Dyl (065, 7983 7553 2 793

Glossary.

a-opiclog photon iadiance, log s-1.m-2 ic log photonirradiance
a

published
hotopic) lluminance &.L, = (photopic] lumnance
radlance (e, unwieighted) & L= L, = radiance (e, unweighted)

Scone-opic -cone-opic L-cone-opic Rhodopic elanopic
1810 1852 183 1831

‘Quick caleulation
Dayight (06s)

REEE83835883850 8RR BB E EEERERY
23 3
H
H
g

> : From CIE $026:2018
L8t Lot 1632 i85 L ”l 5ulZ) =54 lA) = a-0plcspectralwelghting funcion (action spectrum)

Ky opicELR
K%, , =a-opicELR for daylight (D65)

Va = a-opic daylight(065) eficacyrtio, a-opic DER.

£,= 4= acopicimadlance e.weighted oys.(A)
£, Zcopicequivlent caylght (065)luminance, @ opK EDI
L= L= acopicradiance . welghtedbys.(A)
5%, = a-opicequivalentdaylgt (065) ominance, @-opic DL

Dark blue = data ent ry * = Error indicators ?Z':::::::::::;::i:::,!;::;1?:;::3:3;‘3” )

oprior
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Inputs: Quick calculations

For built-in spectra

1.

2.

Select from list

(5 CIE illuminants) < LED-B3 >

Select quantity

(6 options)

& units

(SI prefixes)

< illuminance >

<k > < blank >

Enter value
(Theend) <0.1klx=100Ix>

CIE S 026 Toolbox

Inputs

Quick calculation

1. Enter source of spectral data

Select spectrum

| LED-B3

2. Enter measurement details

Quantity
Input prefix
Clear this input

illuminance
k

./

3. Enter illuminance value /
klx

Range 380 to 780 nm| 0.10

LED-B3

D65

F11
LED-B3

illuminance

photon radiance
photon irradiance
radiance
irradiance
luminance
illuminance

wgm—PUm

(o]

m_""CD'SZB




Outputs: Results

w Mo

. 0 . INPUTS: Standard CIE § 026 calculations. (unweighted) irradiance = f spectral irradiance * dA (T1)
h r I n I I Note to (T2) K=Kg=6a3imw? (photopic) illuminance = K * [ spectral irradiance * V{A) * dA (T2)
I Noteto (T3) & (T9) log=log base 10 (unweighted) log photon irradiance = log [ spectral photon irradiance * dA (T3)
. . . . . . Values for irradiance, mw.m-2 illuminance, Ix log photon irradiance, log 5-1.cm-2
irradiance, illuminance and log photon irradiance et
Daylight (D65)
a-opic iradiance, mW.m-2
. . . a-opic irradiance = [ spectralirradiance * a-opic action spectrum *dA (Ta)
My calculation 50.57 128.70 162.53 101.26 83.87
(| n W m—Z) Daylight (D65) 81.73 145.58 162.89 144.97 132.62
a-opic efficacy of luminous radiation, mW.Im-1 a-opic ELR
. a-opic ELR = a-opic irradiance / illuminance (Ts)
a- O p I C E LI t c-opic ELR for S-cone-opic M-cone-opic [-cone-opic Rhodopic Melanopic
| My calculation | | 0.5057 z 1.6253 1.0126 0.8387 |
. . . o . -1 Daylight (D65) 0.8173 1.6289 1.4497 1.3262
efficacy of luminous radiation, (in mW.Im
a-opic daylight (D65) efficacy ratio, 1 a-opic DER
a-opic DER = a-opic ELR / a-opic ELR for daylight (D65) (T6)
.
O-0DIC D E R gt S P W o
My calculation 0.6188 0.8840 0.9978 0.6985 0.6324
Daylight (D65) 1.0000 1.0000 1.0000 1.0000 1.0000
daylight (D65) efficacy ratio, (dimensionless) - ___ _
a-opic equivalent daylight (D65) illuminance, Ix a-opicEDI
a-opic EDI = e-opic irradiance / a-opic ELR for daylight (D65) (17)
" a-opic EDI = illuminance / a-opic DER (T8)
a_o p I C E D I a-opic EDI for S-cone-opic M-cone-opic [-cone-opic Rhodopic Melanopic
| My calculation | | 61.88 88.40 99.78 69.85 63.24 |
. . . . . Daylight (D65) 100.00 100.00 100.00 100.00 100.00
equivalent daylight (D65) illuminance, (in lux)
a-opic log photon irradiance, log s-1.cm-2 a-opic log photon irradiance
a-opic photon irradiance = [ spectral photon iradiance * action spectrum for photon system * dA (T9)
a-opic photon irradiance otlog oo snce o oo e  iomeope e o
My calculation 13.056 13.544 13.666 13.411 13.315
1 2 Daylight (D65) 13.265 13.598 13.667 13.567 13.514
(inlog,y st.m™2)
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Outputs: S| prefixes

CIE S 026 Toolbox

Outputs Please note the toolbox is not part of the official International Standard. See Disclaimer sheet.
Inputs Outputs
Basis of system: luminous flux, Im Basis of system: radiant flux (power), W luminous flux, Im photon flux, s-1
Quantity: illuminance Quantity: irradiance illuminance log photon irradiance
Units:  klx Units: mW.m-2 Ix log s-1.cm-2
Output prefix k m
Area prefix » c
Scaling factors 1E+H03 1E+H06 1E+03 | \ / 1E-01
I \‘\
k \
E
P
T
G
M
k C
m
m .
2 Iumlnance, e.g. cd.mm‘2
n . .
o but not illuminance, Ix
f 10
a
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- Outputs: Basic quantities

-y
. INPUTS: Standard CIE § 026 calculations (unweighted) irradiance = | spectral irradiance * dA (T1)
Note to (T2) K=K =683 Imw* (photopic) iluminance =K * [ spectral iradiance * V(A) = dA (T2)
I I a I a I l ‘ e Note to (T3) & (T9)  log= log base 10 (unweighted) log photon irradiance = log [ spectral photon irradiance * dA (T3)
Values for irradiance, W.m-2 illuminance, Ix log photon irradiance, log s-1.m-2
My calculation
H -2 Daylight (D65) 100.00 18.143
N .m h s EEEEEE R RN R R NN RS A NN EEEEEEN N RE NS ENNNENNEENN NSRS NSRS ESNNEEEEEEEEERREEEEEEEESE
a-opic iradiance, W.m-2 a-opic irradiance
a-opic irradiance = [ spectral irradiance * a-opic action spectrum * dA (Ta)
° a-opicirradiance for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 0.05 013 0.16 0.10 0.08
Daylight (D65) 0.08 0.15 0.16 0.14 0.13
a-opic efficacy of luminous radiation, mW.Im-1 a-opic ELR
( i n I u X) a-opic ELR = a-opic irradiance / illuminance (T5)
a-opic ELR for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 0.5057 1.2870 1.6253 1.0126 0.8387
Daylight (D65) 0.8173 14558 1.6289 1.4457 13262
(] .
a-opic daylight (D65) efficacy ratio, 1 a-opic DER
a-opic DER = a-opic ELR / a-opic ELR for daylight (D65) (T6)
a-opic DER for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
(In Iog S-l m-Z) My calculation 0.6188 0.8840 0.9978 0.6985 0.6324
10 . Daylight (D65) 1.0000 1.0000 1.0000 1.0000 1.0000
S T L L T T R T O O Y

INPUTS: Standard CIE S 026 calculations. {unweighted) irradiance = [ spectral irradiance * dA (T1):
Mote to (T2) K =K.= 683 Imw! {photopic) ifluminance = K * [ spectral irradiance * V{A) * dA (T2} :
Moteto (T3) &(T9) log=logbase 10 {unweighted) log photon irradiance = log [ spectral photon irradiance * dA (T3):

Values for irradiance, W.m-2 illuminance, Ix log photon irradiance, log 5-1.m-2
My calculation 0.32 100.00 17.952

Daylight {D65) 0.49 100.00 18.143

11
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CIE S 026 Toolbox

Outputs: Rescaling using Sl prefixes

Outputs Please note the toolbox is not part of the official International Standard. See Disclaimer sheet.

Inputs
Basis of system: luminous flux, Im
Quantity: illuminance
Units:  klx

Basis of system:

Output prefix k
Area prefix

Scaling factors 1E+03

INPUTS: Standard CIE 5 026 calculations.
Mote to (T2) K =K. =683 Imw!
MNote to (T3) &(T9) log=log base 10

Values for

My calculation
Daylight (D65)

Outputs

radiant flux {power), W luminous flux, Im photon flux, s-1

Quantity: irradiance illuminance log photon irradiance
Units: mW.m-2 Ix log s-1.cm-2
L~ m )
< :
1E+06 1E+03 1E-01
(unweighted) irradiance = [ spectral irradiance * dA (T1)
{photopic) lluminance =K * [ spectral irradiance * V({A) *dA (T2)
{unweighted) log photon irradiance = log [ spectral photon irradiance * dA (T3)
irradiance, mW.m- illuminance, Ix log photon irradiance, log s-1.cm-2
315.52 100.00 13.952
N 488.23 100.00 14.143

12
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o

"effective photobiological irradiance
with the spectral irradiance, E (1),
spectrally weighted with the a-opic
action spectrum s ()"

Basis of system: radiant flux (power), W
Quantity: irradiance
Units:

 EEEEEEEEEEEEEEEEEEEEEEEEEEN Output prefix
Area prefix

Scaling factors

a-opic irradiance for

My calculation
Daylight (D&5)

a-opic irradiance = [ spectral irradiance * a-opic action spectrum * di

S-cone-opic

Outputs: a-opic irradiance

INPUTS: Standard CIE S 026 calculations. (unweighted) irradiance = f spectral irradiance * dA (1)
Noteto (T2) K=Kz 683 Imw! {photopic) illuminance = K * [ spectralirradiance * V{A) = dA (12)
Noteto (T3) & (T9)  log= log base 10 (unweighted) log photon irradiance = log [ spectral photon irradiance *di (13)
Values for irradiance, mw.m-2 illuminance, Ix log photon irradiance, log s-1.cm-2

My calculation
Daylight (D65)

a-opicirradiance, mW.m-2

a-opic irradiance

a-opic irradiance = [ spectral irradiance * a-opic action spectrum * dA (1a)
a-opicirradiance for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 50.57 128.70 162.53 101.26 83.87
Daylight (D65) 8L73 145.58 162.89 144.97 132.62

a-opic efficacy of luminous radiation, mW.Im-1 a-opic ELR
a-opic ELR = a-opic irradiance / illuminance (15)
a-opicELR for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 0.5057 1.2870 1.6253 1.0126 0.8387
Daylight (D65) 0.8173 14558 1.6289 1.4457 13262
a-opic daylight (D65) efficacy ratio, 1 a-opic DER
a-opic DER = a-opic ELR / a-opic ELR for daylight (D65) (T6)
a-opic DER for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 0.6188 0.8840 0.9978 0.6985 0.6324
Daylight (D65) 1.0000 1.0000 1.0000 1.0000 1.0000
a-opic equivalent daylight (D65) illuminance, Ix a-opicEDI
a-opic EDI = a-opic irradiance / a-opic ELR for daylight (D65) (17)
a-opic EDI = illuminance / a-opic DER (18)

M-cone-opic L-cone-opic Rhodaopic Melanopic

o-opic irradiance

(T4)

162.53
162.89

30.57 128.70

81.73 145.58 144.97

101.26 83.87
132.62

13
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Calculating melanopic irradiance

460

spectral irradiance, mW/m2/nm

540 620 700 780

melanopic action spectrum

460 540 620 700 780

380 380
wavelength (nm) wavelength (nm)
J J
\
melanopic spectral irradiance, mW/m2/nm
1.2

380 460 540 620 700

wavelength (nm)

780

= 83.9 mW.m™

14
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Outputs: a-opic EDI

]l -

a-opicirradiance, mw.m-2 a-opicirradiance
a-opic irradiance = spectral irradiance * a-opic action spectrum * di (Ta)
a-opicirradiance for s-cone-opic M-cone-opic L-cone-opic Rhodopie Melanopic
- My calculation 50.57 128.70 162.53 101.26 83.87
Daylight (D6S) 8L.73 145.58 162.89 144.97 13262
— n
a-opic efficacy of luminous radiation, mw.Im-1 a-opic ELR
a-opic ELR = e-opic irradiance / illuminance (T5)
. Q-OpiCELR for s-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 0.5057 1.2870 1.6253 10126 0.8387
Daylight (D6S) 0.8173 1.4558 1.6289 1.4497 1.3262
a-opic daylight (D65) efficacy ratio, 1 a-opic DER
a-opic DER = a-opic ELR / a-opic ELR for daylight (D65) (Ts)
.
a-opic DER for s-cone-opic M-cone-opic L-cone-opic Rhodopie Melanopic
| My calculation | 0.6188 ; 0.9978 0.6385 0.6324

Daylight (D65) 1.0000 1.0000 1.0000 1.0000

a-opic equivalent daylight (D65) illuminance, Ix a-opicEDI .
a-opic EDI = a-opic irradiance / a-opic ELR for daylight (D65) (T7)
a-opic EDI =illuminance / a-opic DER (TE):
"e . . . =
a-opic EDI for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic -
illuminance produced by radiation ;
. . My calculation | 61.88 88.40 99.78 69.85 63.24 :
Daylight (D65) 100.00 100.00 100.00 100.00 100.00
conforming to standard daylight (D65)
. .. . a-opic log photon irradiance, log s-1.cm-2 a-opic log photon irradiance
- — h di =/ ! ph di > for phe *dA (T9)
that prov,des an equal a Oplc IrradlanCE, a-opic photon imadiance = spectral photon imadiance * action spectrum for phofon system
" a-opic log photon irradiance for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
as the test source My calculation 13.056 13.544 13.666 13.411 13.315
Daylight (D65) 13.265 13.598 13.667 13.567 13.514

a-opic equivalent daylight (D65) illuminance, Ix a-opic EDI
a-opic EDI = a-opic irradiance / a-opic ELR for daylight (DE5) (T7)
a-opic EDI = illuminance / a-opic DER (T8)

a-opic EDI for S5-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 01.88 88.40 99.73 69.85 63.24
Daylight {D&5) 100.00 100.00 100.00 100.00 100.00

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[



C . Outputs: Calculation of a-opic EDI

EDI = Equivalent Eii =E_ - EVD65/ E§65
Daylight (D65) ’

llluminance D6S __ D65 ; yaD6s
K(I,V Ea /EV

"illuminance produced by radiation
conforming to standard daylight (D65)

D65 D65
that provides an equal a-opic irradiance, E - E / K
B V,a a a,v
as the test source

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
.

a-opic equivalent daylight (D65) illuminance, Ix

a-opic EDI
a-opic EDI = a-opic irradiance / a-opic ELR for daylight (DE5) (T7)
a-opic EDI = illuminance / a-opic DER (T8)
a-opic EDI for S5-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 61.88 88.40 99.78 09.85 03.24
Daylight {DB5) 100.00 100.00 100.00 100.00 100.00




: =, Calculating melanopic equivalent
2 % daylight (D65) illuminance

spectral irradiance, mW/m2/nm

melanopic action spectrum

1.2
1.0 4
0s | D65
®
0.6 - L]
. |
04 | meil,Vv
’
0.2 |
; T T 0.0 r ‘
380 460 540 620 700 780 380 460 540 620 700 780
wavelength (nm) wavelength (nm)
J
melanopic spectral irradiance, mW/m2/nm

1.2

1.0

0.8

. :
ZOIE 1 326 63 2 qu

0.4 L ® ®

0.2

0.0 g -

380 460 540 620 700 780
wavelength (nm)

17
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melanopic

irradiance

melanopic
ELR

melanopic
EDI

Calculation summary

83.9 mW.m™

1.326 mW.Im™

63.2 lux

18
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C 15 Outputs: a-opic photon irradiance

E

"effective photobiological photon irradiance
with the spectral photon irradiance, E, ;(1)
(or number of photons per second per
square metre), spectrally weighted with

the a-opic action spectrum s, ,(4)"

Output prefix
Area prefix ( C
Scaling factors

. a-opicirradiance
Measurement value (|nput Sheet) ance = [ spectral irradiance * a-opic action spectrum = dA (14)
ne-opic L-cone-opic Rhodopic Melanopic
128.70 162.53 101.26 83.87
145.58 162.89 144.97 132.62
The value should match the
diation, mw.Im-1 a-opic ELR
q ua ﬂtlty name a nd u nItS Selected a-opic ELR = a-opic irradiance / iluminance (15)
7’
g ne-opic L-cone-opic Rhodopic Melanopic
and shown above. Leave blank if o
. . 1.4558 1.6289 1.4497 1.3262
using a spectral input. , _
ratio, 1 a-opic DER
ic DER = a-opic ELR / a-opic ELR for daylight (D65) (16)
. ne-opic L-cone-opic Rhodopic Melanopic
Displayed to 2 d.p., but enter to oo
1.0000 1.0000 1.0000 1.0000
required accuracy. Take extra care | ... .
) illuminance, x a-opicED!
. e EDI = a-opic irradiance / a-opic ELR for daylight (D65) (17)
with accuracy for log quantities. gk 6~ Moniaamoe! T ople e 13
G-opic EDI for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 61.88 88.40 99.78 69.85 63.24
Daylight (D65) 100.00 100.00 100.00 100.00 100.00
e s am e e A A LR R g = e mn e g i S T o
a-opic photon irradiance = spectral photon imadiance * action spectrum for photon system * dA (T‘B):
F
a-opic log photon irradiance for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic :
My calculation 13.056 13.544 13.666 13.411 13.315 -
Daylight (D65) 13.265 13.598 12,667 13,567 13.514 :
F

a-opic log photon irradiance

(T3)

a-opic log photon irradiance for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 13.056 13.544 13.666 13.411 13.315
Daylight (D65} 13.265 13.598 13.667 13.567 13.514

19
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For user spectra
1. Select TEST

< User >

2. Select quantity

(4 options) < irradiance >

& units

(SI prefixes) <u><c>

CIE S 026 Toolbox

Inputs

Inputs: User-defined spectrum {

USER DEFINED SPECTRUM 001

1. Enter source of spectral data

Select spectrum

Al

User

2. Enter measurement details

Spectral guantity
Input prefix
Area prefix

irradiance

H
c

TEST

User

irradiance

photon radiance
photon irradiance
radiance
irradiance
Juminanee—

llumi

H

(@]

© T SE J ~zZzo—-oTm

20




4
r

C g Inputs: User-defined spectrum (2)

2. SEIeCt q ua ntity 2. Enter measurement details
(4 options) < irradiance > _ irradiance
Input prefix 1
& un its Area prefi c }
(SI prefixes) <p><c> 3. skip this step

Clear this input | |

3. Clearstep3

4. Enter spectral resolution

. Resolution, nm | 2 |

Enter resolution
(1,2,4 or 5 nm) <2> 5. Enter spectral/irradiance data

nim pW.cm-2.nm-1

380 1.000

5. and spectrum o o

(380 nm to 780 nm) 384 1.000

386 1.000

388 1.000

390 1.000
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C ) Outputs: what else (1)

-

a-opicirradiance, mW.m-2 a-opi
a-opic irradiance = [ spectral irradiance * a-opic action spectrum * dA (18)
a-opic irradiance for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 5057 128.70 162.53 101.26 83.87
8L73 145.58 162.89 144.97 132.62

T
a-opic efficacy of luminous radiation, mW.Im-1

.
Daylight (D65)
-
sEsssEEEEEEEEEE
a-opic ELR = a-opic irradiance / illuminance (15)

(efﬁ ca Cy of | um | nous ra d |at|o n ) w-opic ELR for T, R R B T,

My calculation 0.5057 1.2870 1.6253 1.0126 0.8387
Daylight (D65) 0.8173 1.4558 1.6289 1.4497 1.3262

D65 D65 D65 a-opic daylight (D65) e cy ratio, 1 a-opic DER
a-opic DER = a-opic ELR / a-opic ELR for daylight (D65) (16)
a-opic DER for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 0.6188 0.8840 0.9978 0.6985 0.6324
) Daylight (D65) 1.0000 1.0000 1.0000 1.0000 1.0000
a-opic equivalent daylight (D65) illuminance, Ix a-opic EDI
a-opic EDI = a-opic irradiance / a-opic ELR for daylight (D65) (17)
a-opic DI = illuminance / a-opic DER (18)
? a-opic EDI for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
° ee0 e My calculation 61.88 88.40 99.78 69.85 63.24
Daylight (D65) 100.00 100.00 100.00 100.00 100.00
a-opic log photon irradiance, log s-1.cm-2 a-opic log photon irradiance
D 6 5 D 6 5 a-opic photon iradiance = spectral photon imadiance * action spectrum for photon system * dA (19)
_ a-opic log photon irradiance for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
My calculation 13.056 13.544 13.666 13.411 13315
‘ 7 a a a ‘ 7 Daylight (D65) 13.265 13.598 13.667 13.567 13.514

a-opic efficacy of luminous radiation, mw.Im-1 a-opic ELR
a-opic ELR = a-opic irradiance / illuminance (T5)
m-opic ELR for S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic

My calculation 0.3057 1.2870 1.6253 1.0126 0.8387
Daylight (D&5) 0.8173 1.4558 1.6289 1.4497 1.3262
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Outputs: what els

e (2

o-opic DER
(daylight (D65) efficacy ratio)

— Ka,v

D65

Yo,y
Why? Because...
=E -y

Vv,

D65
o,V

D65
o,V

a-opicirradiance, mW.m-2

a-opic irradiance

a-opic irradiance for

My calculation
Daylight (D65)

a-opicELR for

My calculation
Daylight (D65)

a-opic DER for

My calculation
Daylight (D65)

a-opic EDI for

My calculation
Daylight (D65)

a-opic log photon irradiance for

My calculation
Daylight (D65)

a-opic irradiance = [ spectral irradiance * a-opic action spectrum * dA (18)
S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
5057 128.70 162.53 101.26 83.87
8L73 145.58 162.89 144.97 132.62
a-opic efficacy of luminous radiation, mW.Im-1 a-opic ELR
a-opic ELR = a-opic irradiance / illuminance (15)
S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
0.5057 1.2870 1.6253 1.0126
0.8173 14558 1.6289 1.4497

nmnm
a-opic daylight (D65) efficacy ratio,
a-opic DER = a-opic ELR / a-opic ELR for daylight (D65)

of
S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic .
0.6188 0.8840 0.9978 0.6985 0.6324 L

1.0000 1.0000 1.0000 1.0000 1.0000 .

of

o]

c
a-opic EDI = a-opic irradiance / a-opic ELR for daylight (D65)
a-opic EDI = illuminance / a-opic DER

S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
61.88 88.40 99.78 69.85 63.24
100.00 100.00 100.00 100.00 100.00

a-opic log photon irradiance, log s-1.cm-2

a-opic log photon irradiance

a-opic photon iradiance = [ spectral photon imadiance * action spectrum for photon system * dA (T9)
S-cone-opic M-cone-opic L-cone-opic Rhodopic Melanopic
13.056 13.544 13.666 13.411 13.315
13.265 13.598 13.667 13.567 13.514

w-opic daylight {D65) efficacy ratio, 1

a-opic DER for

USER DEFINED SPECTRUM 001
Daylight (D63)

S-cone-opic

a-opic DER = a-opic ELR / a-opic ELR for daylight {DE5)

ic

M-cone-of

L-cone-opic

Rhodopic

a-opic DER

Melanopic

0.6188
1.0000

0.8840
1.0000

0.9978
1.0000

0.6935
1.0000

0.6324
1.0000

(T6)
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List of symbols and abbreviations that can be used in scientific publications (units and formulae not shown)

Previously published

E, = (photopic) illuminance &L, = {photopic) luminance
E=E_=irradiance (i.e. unweighted) &L= [_ = radiance (i.e. unweighted)
E; = photonirradiance (i.e. unweighted) & [ = photon radiance (i.e. unweighted)
From CIE 5 026:2018

5q(d) =5, o[A) = w-opicspectral weighting function (action spectrum)

K, = a-opicefficacy of luminous radiation, -opic ELR

KPS, , =w-opicELR for daylight (D65)

Vo, = 0-opicdaylight (D65) efficacy ratio, e-opic DER

E, = E. o= a-opicirradiance (i.e. weighted by s,(A))

EP=3, . = a-opicequivalent daylight (D65) illuminance, a-opic EDI

L, = L. = n-opicradiance (i.e. weighted by s,(A})

LP%5, o= a-opicequivalent daylight (D65) luminance, a-opicEDL

From CIE 5 026:2018 and 9th edition of 5| Brochure (published draft)

5;,0lA) = c-opic spectral weighting function (action spectrumy in the photon system (renormalised to maximum of 1)
E; o = o-opicphotonirradiance (i.e. weighted by s, o(A])

L, = w-opicphoton radiance (i.e. weighted by s ,(A))

Further a-opicquantities and their symbols can be derived, e.g. a-opicequivalent daylight (D65) luminous flux, $5=, .
However, any other abbreviations, e.g. "a-opic EDLF" may be ambiguous, and should be avoided.

Due to prior publications, the subscript order for ELR and DER differs from a-opic equivalent daylight (DB65) quantities.
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