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Presenter
Presentation Notes
Hello everybody, I’m Tatsu Uchida from Panasonic Electric Works in Japan, and now a guest researcher of NIST working with Yuqin, Cameron, and Yoshi.
Today I’m going to give a presentation under the title of A Practical Photometer for CIE Performance Based Mesopic Photometry System.



ackground: What is Mesopic? Where is Mesopic?

Mesopic vision is a visual condition between photopic and scotopic
vision

- Most street lighting scenarios are in the mesopic range

Mesopic luminance range: 0.001 — 10cd/m?
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First, I will provide background of this research.
As you know, mesopic vison is a vision between photopic and scotopic vision where both rods and cones works in a visual system.
The luminance range is regarded as 0.001-10cd/m2.
So most of street lighting scenarios are in the mesopic range, and I think that mesopic photometry has the big impact for street lighting design.
 


ackground: Why we need a mesopic photometer? 3

To apply CIE 191 mesopic photometry system to lighting application,
we need an in-situ measurement method

Recent CIE activities regarding mesopic photome

E CIE 191 “Recommended System for Mesopic Photometry Based on Visual
Performance” was published (2010.10)

E CIE TC2-65: Photometric Measurements in the Mesopic Range was started (2009.6)

No instruments are available to measure mesopic quantities

v

We can’t confirm whether installed lighting meets its requirements or not!

requirement @
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Last year, CIE published a new technical report, CIE 191, regarding mesopic photometry system. It based on visual task performance intending to apply to lighting application like street lighting.
When we install street lighting, we have to measure illuminance or luminance in the lighting scene to confirm whether installed lighting meets its requirements or not. However, we have no instruments available to measure mesopic luminous quantities.
So the developing an in-situ mesopic photometer is required to apply CIE 191 to lighting application.



IE 191 Review: The photometry system recommended in CIE191(1) 4

CIE 191 defined the mesopic spectral lumious efficiency V ,..(A)
as a simple combination of V(A) and V’(A)

V,.s(A) shape depends on m

1500
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luminous efficiency
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M (MWVnes(£) = MV (£) + (L= mV' (/) for 0 £ mn£1
683
Lmes = ——— OVmes( I) Le( I)d /
Vmes( I O)
Vmes(f) :mesopic spectral sensitivity Lmes :mesopic luminance  Vmes( /o) :the value of V(1) at 555nm
M (M) :a noromalizing function such that V(1) attains a maximum value of 1~ Le( /) : spectral radiance in Wm-2sr-tm-.
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Next, we will review the CIE 191 photometry system.
The essence of CIE 191 is a definition of the mesopic spectral luminous efficiency.
It is defined as a simple combination of V(lambda) and V’(lambda). The spectral efficiency curve changes the shape depending on parameter m.


@CIE 191 Review: The photometry system recommended in CIE191(2) 5

The coefficient m is calculated from the mesopic luminance of an adaptation
field, but the adaptation field is NOT defined.

mo=0.5
M -yLlp+(1-me-1)LsV'(fo)
mes, n = 1 Calculated using iterative approach
M-+ (1 -me-1)V'(/fo)

mMh=a+b |Og 10(|_mes, n)

L, :the photopic luminance of the adaptation field

Ls :the scotopic luminance of the adaptation field

V'( /o) :683/1699 is the value of scotopic spectral luminous efficiency
function at A; =555nm

a :parameter(=0.7670)
b :parameter(=0.3334)

The value of L., obtained by the equations above is the mesopic luminance of the visual adaptation field.
The mesopic luminance of objects in the visual adaptation field is obtained according to equations (2)

and (3) using the value of m determined for the adaptation field.
- CIE 191:2010
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The coefficient m is calculated from the mesopic luminance of an adaptation field. 
The mesopic luminance is calculated from a photpic luminance and a scotopic luminance of the adaptation field using this formula.
But the adaption field is not defined in CIE 191. It’s very important issue, so we will discuss about it later.



®)

IE 191 Review: The setups of experiments CIE191 is based on 6

CIE 191 is based on experiments setups of which have wide background scene

(Freiding et al. 2007, Walkey et al. 2007, Varady et al. 2007, He et al. 1997,1998)

Setup

Modified Goldman

Large uniform

Computer controlled

Driving Simulator

perimeter hemisphere CRT display
name
HUT, FINLAND HUT, FINLAND CU, UK TNO, NETHERLANDS
Size:1.5 x 2deg. Size: 0.29deg. Size: 2deg. Landolt C Size: 2deg
. . || WL: 4-500, 5-600, WL: LED WL: no mentioned - '
stimull 6-700nm (red, amber, green, cyan) (broad band) \éVLtsarr]nigg BG(broad band)
Position: O(fovea), 10° Position: O(fovea), 10deg. | Position: 10deg. osition: 10deg.
. Size: 180x180deg. | Size: 23 x 36deaq. o
back- | Size: 180x180deg. | o~ "Ll e S v oved. | Size: 30 x 120deg.
Source: 4000K MH . _ 1 (x.)=(0.305,0.323) | riactor: white, yellow, red, blue
ground luminance: 0.1, 1 luminance: 0.01, 0.03, 0.1, 1
luminance: 0.01, 0.1, 1, 10cd/m? T TR T e luminance:; 0.01, 0.1, 1, 10cd/m?2
10cd/m? 10cd/m?
image
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The CIE 191 is mainly based on several psychophysical experiments in MOVE project. 
These experiments measured the visual task performance such as detection threshold, reaction time and discrimination threshold. 
Here is a summary of setups of these experiments. You can see that all experiments employed wide uniform background, like a 2pi field. 
So CIE 191 based on the task performance under adaptation to such wide uniform background.


IE 191 Review: How CIE191 can change lighting application 7

High S/P ratio light sources (ex. LEDs) will be more efficient

for street lighting

K'myS(AV' (N1

S/P =
Kmd S(A)V (d 1

S( /) : spectral distribution of the light source

B/Y

White LED HPS lamp

1000 -4

luminous efficacy (Imy/W)

350 450 550 650 750
Wavelength (nm)
Photopic luminance cd'm?

SIP 0,01 0,03 0,1 0,3 0,5 1 1,5 2 3 5
LPS~ 025 ] -715% -52% -29% j -18% -14% 9% -6 % -5 % 2% 0%
045 | 55% -34% -21%f 13% -10% 6% 4% 3% 2% 0%
HPS~ 065 ] -31% -20% -13% -8 % -6 % 4 % 3% 2% -1 % 0%
085 § -12% -8 % 5% -3 % 3% 2% 1% -1% 0% 0%
1,05 4% 3 % 2% 1% 1% 1% 0% 0% 0% 0%
MH warm white ~ 1,25 18 % 13 % 8% 5% 4% 3% 2% 1% 1% 0%
1,45 32 % 22 % 15 % 9% 7% 5% 3% 3% 1% 0%
1,65 | 45% 32 % 21 % 13 % 10 % 7% 5% 4% 2% 0%
1,85 57 % 40 % 27 % 17 % 13 % 9% 6% 5% 3% 0%

[ L ED cool white ~ 2,05 69 % 49 % 32 % 21 % 16 % 11 % 8% 6 % 3% 0% ]
2,25 | 80% 57 % 38 % 24 % 19 % 12 % 9% 7% 4% 0%
MH daylight ~ 2,45 91 % 65 % 43 % 28 % 22 % 14 % 10 % 8% 4 % 0%
265 | 101% 73% 49 % 31 % 24 % 16 % 12 % 9% 5% 0%
NST Panasonic
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CIE 191 will lead street lighting to change its light source from low S/P ratio source like HPS to high S/P ratio source like LEDs.
S/P ratio is a ratio of scotopic luminous output to photopic luminous output of source. 
According to this definition, blue rich light sources has higher S/P ratio.
This table show that difference between photopic luminous quantities and mesopic luminous quantities at each photopic luminance of adaptation field and each S/P ratio.
You can see that the S/P ratio is bigger, the gain is bigger, and the adaptation luminance is lower, the gain is bigger.
The gain in the practical luminance range of street lighting is about 5% to 30%.


® : : : : :
Adaptation field: key issue for measurement of mesopic luminance 8

The adaptation field depends on adaptation mechanism - Global or Local?

E Global adaptation is dominant E Local adaptation is dominant

|| adaptation field

Perspective view Perspective view

llluminance meter type is better Luminance meter type is better
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Next, I will discuss about the adaptation field. 
In the beginning, I mentioned that measuring the photopic and scotopic luminance of adaptation field is required to calculate mesopic quantities.
So we have to determine how big, how shape the adaptation field is. 
These are example of street scene from drivers’ view point. Here is sky in night time, here is road, here is the ground around the road.
The center of these circles is the line of sight.
If the peripheral task performance at this point is strongly affected by other wide part of field of view, for example sky luminance affect to the task performance at this point, adaptation field has wide territory.
It means global adaptation is dominant.  And illuminance meter type instruments are suitable to measure average luminance of adaptation field.
If the adaptation field is 2 pi, we can measure the average luminance of adaptation field with existing illuminance meter.
If the task performance depends on only the luminance of the task point, and free from the sky luminance, it means local adaptation is dominant.
In this case, since driver’s line of sight scans everywhere on the road, we should determine the adaptation luminance is the average luminance of road surface like this.
To measure average luminance of this field, luminance meter type instruments are suitable.


DAdaptation field: Adaptation luminance of fovea in past studies 9

Fovea cells adapt to sum of center luminance and equivalent veiling
luminance when it adapt to luminance pattern distributed wide field of view
(Holladay 1926, Crawford 1936, Moon & Spencer 1943, Fry et al. 1963)

Background Equivalent veiling luminance:

........ luminance Luminance at the fovea caused by light coming from
({“ e e >¢ peripheral field of view and scattered in eye
.................. p -
............. 2r 5 L(g, f)singcosqg
.......... - \ \
Lat Lc |_v—k0O Q)z ’ > d(}df
Adaptation luminance - Center q
of fovea ~Numinance 0%
25% \\
— X 20%
Lat = Lc+ Lv g \
£ 15% \
&) 10% \
0% w \ \
Ex. at uniform 1cd/m?2 21 field of view 0 20 40 60 80 100
2 angle of arc between the line of sight
Laf » 1.048(Cd/m ) and a light source(deg.)
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Regarding the fovea task performance, some previous studies showed the effect of luminance distribution of the peripheral field.
Acording to these studies, we can calculate adaptation luminance of fovea by adding center luminance and equivalent veiling luminance by peripheral luminance distribution.
Equivalent veiling luminance is a luminance at the fovea caused by light coming from peripheral field of view and scattered in eye.
The angle characteristics is here. Horizontal axis is the angle of arc between the line of sight and a light source. Vertical axis is the contribution rate of the light source luminance.
If a person face to a uniform entire field of view that is 1cd/m2, The Adaptation luminance of fovea is 1.048cd/m2.



»

Adaptation field: A definition of adaptation luminance in CIE Pub. 10

Average luminance of a road surface is defined as an adaptation
luminance of fovea

(Definition of Threshold Increment Tl in CIE 140-2000)

LV Equivalent veiling luminance

({“ ...........................................................
Laf Lav
Adaptation luminance average luminance
of fovea of the road surface
Lar = Lc+ Ly
At the road lighting scene in night time...
Since the line of sight scans everywhere road surface ¢ = Lav
Luminance of peripheral field of view is low enough Lv << L¢

\Laf » Lav
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According to these studies, a CIE Publication defined that adaptation luminance of fovea is average luminance of the road surface in the definition of Threshold Increment (TI).
In a night time road lighting situation, since line of sight scans the road surface, so we can assign average luminance of the road surface to Lc.
And luminance of peripheral field of view is low enough, so we can think adaptation luminance of fovea is equal to average luminance of the road surface.



DAdaptation field: A Hypothesis of peripheral adaptation luminance 11

Peripheral cells also adapt to sum of task point luminance and equivalent
veiling luminance?

Equivalent veiling luminance .-/ Equivalent veiling luminance:
Background Luminance at the fovea caused by light coming from
LV e T EE peripheral field of view and scattered in eye

| , = ? Angle characteristics is unknowi

30%

25% \\
Adaptation luminance =~ . L 20%
of a peripheral task point 2 \
= 15%
® s\
x

Lar = Lt+ Lv s\

O% T T I T 1
0 20 40 60 80 100

angle of arc between the line of sight
and a light source(deg.)

We need evidences how luminance of other field of view affect the task
performance at point A.
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Therefore, we can make a hypothesis that peripheral adaptation luminance is equal to sum of Lc and equivalent veiling luminance.
But I can’t find an evidence that proof this hypothesis can be apply to the peripheral task performance.
So we need evidences how luminance of other field of view affect the task performance at a peripheral point A.


utput quantities: Which quantities are used to evaluate street lighting? 12

Both luminance and illuminance are measured to evaluate street lighting

CIE

CIE 11522010

Japan USA Europe
For drivers IESNA ME/MEW-Series
JIS (medium to high
. . driving speed)
For pedestrian 13201
AASHTO CE-Series
. . (conflict areas :shopping
streets, roundaboults,
queuing areas etc.)
lghi
Road Lighting Book bl | State Government
Traffic Lighting

Manual, etc.
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At the third, I will discuss about appropriate output of mesopic photometers. 
CIE 115 defined street lighting requirements by luminance. 
However, major national standards use both illuminance and luminance to indicate street lighting requirements.




utput quantities: M/P ratio meter: an idea for mesopic photometry 13

M/P ratio* is useful to adjust the output of existing photometry instruments

* m/p ratio — ratio of the mesopic luminance to the photopic luminance at the adaptation field

E Global adaptation is dominant - illuminance meter type V' (Mfilter
M/P ratio
adaptation field a SiPD

V(Mfilter

E Local adaptation is dominant — luminance meter type
M/P ratio

V(M)filter
M/P ratio

1

micro-
computer

CCD
sensor

objective lens

V’(Nfilter
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Therefore, we propose an idea called M/P ratio meter.
M/P ratio meter is a photometer to measure ratio of the mesopic luminance to the photopic luminance at the adaptation field.
We can convert photopic quantities to mesopic quantities by M/P ratio. 
If global adaptation is dominant, the structure is similar to illuminance meter. It has two detector, V(lambda) detector and V’(lambda) detector.
If local adaptation is dominant, luminance meter structure is suitable for M/P ratio meter.
It has two filters for V(lambda) and V’(lambda), and can measure photopic and scotopic luminance, then calculate M/P ratio from two images. 


utput quantities: How can we measure mesopic quantities with a M/P ratio meter? 14

The mesopic luminance/illuminance can be measured
by a photopic luminance/illuminance meter combined with a m/p ratio meter

E Mesopic luminance measurement

\ M/P ratio mete M/P ratio
> photopic l mesopic

luminance luminance

Existing spot luminance meter

E Mesopic illuminance measurement _
M/P ratio meter

Existing llluminance meter

M/P ratio ——
&= ™~
_ photopic 4 mesopic
~illuminance X illuminance

Eudlshrm. ol Standards and Tedwalogy Panasonic
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To measure mesopic luminance, we can use a conventional luminance meter and a M/P ratio meter.
We can convert a photopic luminance, which is an output of the luminance meter, to mesopic luminance by multiplying M/P ratio, which is an output of M/P ratio meter.
We can also measure mesopic illuminance in a similar way. M/P ratio can convert photopic illuminance to mesopic one.


utput quantities: How can we measure mesopic luminance distribution? 15

The mesopic luminance distribution can be measured by
a photopic imaging luminance meter combined with a m/p ratio meter
or a mesopic imaging luminance meter

E Global adaptation is dominant

M/P ratio
adaptation field
photopic mesopic
luminance luminance
distribution distribution

E Local adaptation is dominant
- A M/P ratio meter with imaging detector can measure both M/P ratio and mesopic luminance
distribution

M/P ratio
adaptation field

mesopic luminance distribution
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We also measure mesopic luminance distribution with M/P ratio meter and photopic imaging luminance meter.
If local adaptation is dominant, M/P ratio meter, which has a imaging detector, can measure both M/P ratio and mesopic luminance distribution.



utput quantities: Expecting error of a M/P ratio meter i6

The combination of a M/P ratio meter and a photopic luminance meter cause
particular error when it measure chromatic scene

EM/P ratio meter E Definition

1.Calculate adaptation
field’s L. and m as
definition

1.Calculate mesopic
luminance of adaptation
field L

mes,a

and Ly, at

2. Calculate m/p ratio 2. Measure L,

Lmes, a / ObjeCt

m/p=

Lp.a adaptation field
3. Calculate mesopic
3. Calculate mesopic luminance of object L s,
luminance of object L., fromL, and L,

from L, and m/pratio  Not equal!

Lines,0 = Lp,ox(M/ p) <G | . , = m Lo (d=mMKn

Vaes(F)M (M)~ Vanes(F)M (M)K '

This process assume that the

spectral distribution of the object
Is equal to the adaptation field

NIST Panasonic
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However, the M/P ratio meter method have particular error in chromatic scene, because the calculation process assume that the spectral distribution of the object is equal to adaptation field.
This is the calculation process of M/P ratio meter method. If M/P ratio of object is as same as adaptation field, the result is equal to the result by definition. 
But if it’s different, the true M/P ratio of object is different from M/P ratio of the adaptation field, so it’s cause error.


High saturation colors cause relatively large error
Midium saturation colors have 6-8% error in practical luminance range

utput quantities: Estimation of M/P ratio meter error with CRI TCS 17

20% 20%
——T5C02
16% 16% TSC03
14% 14% —T5C04
TSCO5
12% 6
. _ 1% ——TSCO6
S 10% 2 10% TSCO7
L w T5CO8
8% 8% —T5C09
6% 6% TSC10
—T5C11
4% 4% ——TSC12
2% K 2% ----T5C13
0% == 0% T5C14
05 10 15 20 25 3.0 35 40 45 50 s 10 15 20 25 3.0 35 40 45 50
Lmes of Adaptation Field(cd/m2) Lmes of Adaptation Field(cd/m2)
HPS(NH360.L) 2050K LED(NNN21935)
o900 i
e 6%
0.500 I 0803
i
g D 2 0.0
E oam E 0am
2 pam 2 pam
0.200 0303
0.1 2.1
0,000 0020
=0 430 420 530 530 B30 R 730 TE0 =0 43 L1 530 580 630 [ 730 TED
wasielengthinm| wansbength|mem|
NSI Panasonic
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Here is estimated error of M/P ratio meter method.
We estimated luminance error of CRI Test Color Samples lit by HPS and LED.
Here you can see that some high saturation colors, such as number 12 or 19 cause relatively large error.
On the other hand, midium saturation colors, from number 1 to 8, have 8 % error at most in practical luminance range.


Asphalt surface has less than 2% error
Concrete surface has less than 6% erro

B Calculate errors from spectral
radiance of road surface lit by MH

utput quantities: Estimation of M/P ratio meter error with pavement reflectance

205

18% - —roncrete
16%

149 —=asphalt
12% -

w 8% | Use spectral radiance of a white diffuser put at
“concrete” as spectral radiance of the adaptation
field

4% -
1.2
20 —ancrete
._--'__-——-—_
0% - — 1.0 m— gsphalt
05 10 15 20 25 30 35 40 45 50 £ 03 —white diffuser
Lmes of Adaptation Field(cd/m2) ‘;’- 06
i I
£
8 0.4 |
E:
0.2 U %“
0.0 . .
330 430 480 530 380 B30 680 730 730
wavelength[nm]
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We also estimated luminance errors of pavement surface lit by Metal Halide lamp.
Here is the scene I measured spectral radiance of road surface. I also measured white diffuser at the this ‘concrete’ point, I treat the data as the spectral radiance of adaptation field.
Here is the spectral radiances of each point.
On an asphalt surface, the error is 2% at most. On a concrete surface, the error is higher than asphalt, 6% at most.
We should evaluate these amount of error by comparing to allowance of mesopic photometer uncertainty.



@Llan 19

E determine allowance of uncertainty for mesopic luminance meter to
evaluate street lighting

EMake V(A) / V'(A) detector / detector array

E Correct evidences whether global or local adaptation is dominant for
the peripheral visual task performances
- If it's not exist, psychophysical experiments are required.

E Develop a calibration method for a M/P ratio meter and mesopic
luminance meter including imaging system
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In the end, let me show you our plan. 
First, We should determine allowance of uncertainty for mesopic photometer. I think we should think how much task performance dcrease is allowed in street lighting.
Second, we should make V(lambda) and V’(lambda) detector or detector array like a CCD. It’s necessary to measure mesopic luminance of adaptation field.
Third, we have to correct evidences whether global or local adaptation is dominant for the peripheral visual task performances, to decide appropriate structure of mesopic photometer.
If it’s not exist, we should carry out some psychophysical experiments, which measure the effect of other part of field of view to peripheral visual task performance.
Finally, we should develop a calibration method for a M/P ratio meter and mesopic luminance meter including imaging system.
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Thank you for your attention!
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