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Conditions of CIE Photometry - 75 years ago
The Photopic (Cone) Sensitivity Function, V (1), is basic to Vision Science.
Determined by restricting the visual conditions to isolate the Cones.
Foveal (Tunnel) Vision
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What have we
here?!l]




Oh my! A new retinal
receptor functioning primarily
at photopic levels with a peak

sensitivity around 490 nm -
very close to the rod peak

sensitivity of 508 nm!
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Retinal Anatomy Showing Cones,
Rods and Melanopsin Receptors
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Spectral Sensitivity of All Known
Photoreceptive Cells After 2000
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Quantifying the Melanopic Content

Use the ratio M/P (an

Intensity Independent
spectral descriptor)

Spectrum weighted by the melanopic sensitivity

: function normalized to unity at its peak
M/P for a given spectrum =

lumens associated with the same spectrum




Some Typical Values for M/P

Incandescent lamp (100W): 0.65

Equal energy white:

. Sunlight (5000K):

Blue sky:




Spectral Sensitivity

Metamerism Simplified

Melanopsin cones
Receptors

Wavelength

Spectrum 1

Spectrum 2



Purpose of this=sterdy:
to confirm and to quantify melanopsin
- —eentributions as a component of ...

brightness perception In a
semi-realistic environment



Melanopsin & Brightness




What 1s Needed

The conditions
and/or the
protocols
employed such as
small white rooms,
unspecified test
conditions, or
possible color
confounds,
diminish
confidence In
these past studies

*Berman et al 1990;
Brown et al 2012;
Royer & Houser 2012
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The Simulation

Our study employs a reasonable simulation of a typical athletic
field of dimensions 70x45 m lit to nighttime playing conditions

Measured field illuminances in the direction of gaze (IDOG) for
typical spectators and players are typically 60 Lux and 150 Lux
respectively

These levels correspond to illuminations of 250-300 horizontal
field Lux




The Simulation
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The Simulation




IPad Mini

N

Black Circle to Defeat Maxwell Spots




Theatrical
Fixture




Eliminating Confounds
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Test Design




Creating the Metamers

Need 7 different
color LED
light sources

~ Methodology of Based on ~ Exploited by
Cohen & Kappauf the Wyszecki Vienot et al
‘black metamer’
concept




The 7 LED Types

Indigo (450 nm) O -
O Narrow Spread M/P
G
Blue (468 nm) O L + 4 nominal high
S CCT (6500K)
Cyan (497 nm) ‘ T Wide Spread M/P
Ll
Green (528 nm) . ; 2
®
Amber (506 nm) ‘ &) Narrow Spread M/P
4 low CCT
Red (631 nm Q
( ) Matrix Hell (3000K)

Wide Spread M/P

White (5000K) ‘



Lighting Construction

( 15 fixtures are required (ETC Source 4)
[ containing 60 Luxeon Rebel Emitters,
each with the 7 different color LEDs

diagram with physiological axes - Part 1
Technical Report 170-1"

[ CIE (2006) “Fundamental chromaticity




Lighting Conditions
DOG Illuminance Levels DOG Illuminance Levels
60 Lux 150 Lux 400 Lux 60 Lux 150 Lux 400 Lux

Description M/P M/P M/P CCT CCT CCT
High CCT 2.389 2.381 5653K 5475K

Wide M/P Spread 1.019 1.011 6580K 6380K
1.370 1.370 -927 -905
High CCT 1.769 1.746 6444K 6224K

Small M/P Spread 1.064 1.056 6706K 6588K
0.705 0.690 -262 -364
Low CCT 1.443 1.430 2389K 2373K

Wide M/P Spread 0.511 0.519 3103K 3149K
0.932 0.911 -714 -776

Low CCT 1.106 1.093 2713 2688

Small M/P Spread 0.592 0.597 3040K 3054K
0.514 0.496 -327 -366




CIE 1931 x,y Chromaticity Diagram
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CIE 1931 x,y Chromaticity Diagram
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CIE Chromaticities

X y
Amber 0.57008832 0.4254393
Blue 0.12834257 0.07196647
Cyan 0.07471827 0.44943634
ETC Fixture LEDs Green 0.21526944 0.71237339
Indigo 0.15496653 0.02445878
Red 0.69144718 0.3060068
White 0.33216667 0.34852191
HWH 0.32770185 0.27789021
Pair 1 |+HwL 0.30860619 0.33417159
HSH 0.31676138 0.3053155
Pair 2 |HsL 0.3097961 0.32782542
Metamers LWH 0.45348965 0.36226765
Pair 3 LWL 0.43222807 0.41451669
LSH 0.44308589 0.38390005
Pair4 |is. 0.43485578 0.4085055 -




Subjects




The Overall Study was Divided into
3 Sub-Studies

4
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Subjects by Age Group for All Sub-studies

Brightness
Contrast Test

Brightness

Subject Age Group Matching Test

Pupil Size Test

Age 18-30 17 14 16

Age 31-50 16 13 12
Age 51 & over 14 13 12
TOTAL No. of Subjects 47 40 40




Brightness Contrast Subject Protocol

) 2 min adaptation to first condition focusing on IPad Mini

The 2 compared scenes transition time 1 sec,
observation/decision time 5 sec /i

Metamerism maintained during transition of 5 intervals
of 200 msec each /

3 repetitions referred to as “A’ or “B”

Subjects asked “Which is brighter?”

\ Experimenter not informed, and order randomized




Low Correlated Color Temperature llluminants
with Small and Wide Spread AM/P Ratios

% of Subjects Rating Higher M/P
Light as Brighter

110%
High M/P: 1.1
100% Low M/P: 0.59
A(M/P): 0.5

90%
< Age 18-30
[1Age 31-50
70% A Age 51 & Older
® All Ages

80%

60%

50%
60 lux 150 lux
Low CCT, Small Spread (AM/P = 0.5)

% of Subjects Rating Higher M/P
Light as Brighter

110%

High M/P: 1.43

100% Low M/P: 0.51
A(M/P): 0.92

90%
< Age 18-30
[(0Age 31-50
70% A Age 51 & Older

80%

® All Ages
60%

50%

60 lux 150 lux
Wide Spread (AM/P = 0.92)



Brightness Comparison Results for 47 Subjects

% of Subjects higher M/P lighting as brighter

High M/P | 1.769 1.746 1.744 1.106 1.093 2.389 2.381 1.443 2.582

Low M/P | 1.064 1.056 1.056 0.592 0.597 1.019 1.011 0.511 0.519

Delta 0.705 0.690 0.688 0.514 0.496 1.370 1.370 0.932 0.911

M/P

Avg HS-60 HS-150 | HS-450 | LS-60 | LS-150 | HW-60 | HW-150 | LW-60 | LW-150
BC Testby | >
age group Tests
18--30 17 83% 65% 76% 82% 82% 94% 76% 88% 88% 94%
31--50 16 91% 81% 81% 88% 94% 100% 94% 94% 88% 100%
51--Older 14 92% 86% 93% 93% 93% 93% 79% 93% 100% 100%
Total 47 | 88% 76.6% 83.0% |87.2% |89.4% |95.7% |83.0% |91.5% 91.5% |97.9%
Ave for both light levels 79.8% 092 6% 87.2% 94.7%
38




Results

| «Higher M/P sources

were perceived
brighter 375 out of 423 |
chances |

| «The unbiased estimate |

of the probability is

| 88.5% %= 1.5%

| » The probability of this
| result occurring by
chance is 1010







Pupil Size Measurements Results
(nominal 150 Lux)

Test conditions and average puplil sizes

SE

M/P

SE

Diameter

SE

1.06

0.0007

4.36 mMm

0.14

1.75

0.0044

4.12 mm

0.14

1.01

0.0005

4.48 mm

0.13

2.38

0.0042

3.75mm

0.12
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Comment

1I.e. retinal
Illuminance
effectively reduced
by 30%




Is Pupil Size a Causal Factor
In Brightness Perception?

choice and subject
pupil size




Melanopsin & Brightness

ratio of M/P values is
the lower at 1.65 and
weak correlation
when the ratio of
M/P values Is the
higher at 2.36




Brightness Matching and Limen Testing Protocol

Subjects provided with a manual slider for controlling light level
L

Subjects given multiple chances to move slider to adjust light intensity of scene A
randomly chosen as either high M/P or low M/P so that scene B appears equally bright
S

Initially Scene B is either 20% higher or lower than scene A

Subjects told to judge equivalency in a short time period following switching (close to
1 second, no longer than 5 seconds)

%

After achieving equivalent brightness, each scene presented for 5 seconds to confirm
the equal brightness setting with the subject
A}

The subject was allowed final tweaking if subjects change their mind after viewing the

conditions under the longer exposure
L Y



Results for the BM Tests

Overall, the high M/P
source was set to a lower
light level than the low
M/P source 293 times out
of 320 runs, which has a
probability of 10-1>1 of
happening If the true
probability was 50%




Brightness Matching Results for 40 Subjects

Right columns show average lowered illuminance for the high M/P lighting to achieve
Illuminance (lux)

200

equal brightness perception with the lower M/P lighting

150

100




0 O oJ[c s 0 s ance 1o 0 P 110 0
HighM/P 1.769 1.746 1.106 1.093 2.389 2.381 1.443 | 1.430
Low M/P 1.064 1.056 0.592 0.597 1.019 1.011 0.511 | 0.519
Delta M/P 0.715 0.690 0.504 0.496 1.370 1.370 0.932 |0.911
BM Test by age group Avg HS-60 HS--150 LS-60 | LS-150 HW-60 HW-150 | LW-60 | LW-
Across Tests 150
18--30 16 87% 69% 63% 88% 88% 94% 94% 100% | 100%
31--50 12 93% 83% 92% 100% 92% 83% 92% 100% | 100%
51--Older 12 97% 100% 100% 83% 100% 100% 100% 92% 100%
Total 40 92% 82.5% 82.5% 90.0% | 92.5% 92.5% 95.0% 97.5% | 100.0
%
Ave for both light levels 82.5% 91.3% 93.8% 98.8%
Ave evel Redo 0 0 La P as ba
Ave. Reduction Percentage (Using Low M/P 14.3% 11.7% 13.1% 15.1% | 20.7% | 25.1% 27.3% | 27.9%
as base)
Ave for both light levels 13.0% 14.1% 22.9% 27.6%




Quantification

The principal purpose of
the BM study was to
determine quantitatively
the amount of light level
reduction required for
the higher M/P lighting to
produce the perception of
- brightness equality

\
Thus brightness B log B = const x log
has the form: [P(M/P)"]

J




Quantification

If perceived brightness is equal at 2 different known photopic levels P,

& P, then because of 2 different known M/P values associated with the

viewed spectra the exponent n can be determined from the data

Each subject’s data is fit by the expression:

log(P,/P,) = n log[(M/P).,/(M/P),]

The exponent n determined for the entire subject sample has the
average value and s.e. of n =0.318 £ 0.019

There was no significant difference b )




Equivalent Brightness

Note that the exponent is
Independent of the choice of
normalization of M because it
depends on the ratios of M/P




The Question of CCT

Is there an effect of CCT?

Examine interaction between M/P and CCT by
testing for difference in the exponent between

low and high CCT

A within subject comparison matching the
Illuminances, and the M/P ratios gave 160
differences between the high and low CCT runs




The Question of CCT

| The difference of slider settings for high - low
CCT was 0.013 £ 0.034, which is not
statistically significant

Reject hypothesis of an interaction

Conclude that there is no effect of CCT
on brightness matching separate from
the M/P effect




Discussion




Conclusions

For large fields of view, melanopsin output affects
brightness perception independent of color

|Based on maintaining brightness perception there Is
the potential for large (25%) lighting energy savings




Based on maintaining brightness
perception there is the potential for
large (25%) lighting energy savings




High M/P Low M/P







Thank youl!

\
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