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e Discomfort
* Disability

[ STIMULUS } — =>£ RESPONSE }

GLARE: the sensation produced by luminance within the visual
field that is sufficiently greater than the luminance to which the

eyes are adapted to cause annoyance, discomfort or loss in
visual performance and visibility

Image: IES 10t Edition Lighting Handbook
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[ STIMULUS } — =>£ RESPONSE }
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GLARE: the sensation produced by luminance within the visual L
field that is sufficiently greater than the luminance to which the L,
eyes are adapted to cause annoyance, discomfort or loss in

visual performance and visibility

Image: IES 10t Edition Lighting Handbook



e Discomfort
* Disability

=>£ RESPONSE 1

DISCOMFORT GLARE METRICS

* Initially developed to deal with fluorescent sources

 Empirically derived characterizations of the stimulus to predict
discomfort results from rating scales (de Boer, Hopkinson)

* No underlying theoretical or biological model

Image: IES 10t Edition Lighting Handbook
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rafe o« DIScomfort Glare Metrics

NATIONAL LABORATORY

Metric/Index Year Source Notes
British Glare Index (BGlI) 1950 |IES — London (1967) Small sources, no daylight
Visual Comfort Probability (VCP) 1963 IES - New York Uniform, medium-size, no daylight
CIE Glare Index (CGl) 1979 CIE Combine & correct BGI & VCP
Daylight Glare Index (DGI) 1982 Research Modified BGI for daylight
Glare Rating (GR) 1994 CIE 112-1994 Exterior
Unified Glare Rating (UGR) 1995 CIE 117-1995 Refinement of CGI
UGR for small sources (UGR,..;/) 2002 CIE 147-2002
Daylight Glare Probability (DGP) 2006 Research
BUG Rating 2011 IES Exterior

UGR -- DGP -- BUG




:fﬁ/ Unified Glare Rating (UGR)
UGR = 8log (O'ZSZLZ—w) 5<UGR <30

Lp

Northwest

AAAAAAAAAAAAAAAAAA

m Hopkinson’s Rating Scale

<10 Imperceptible

<13 Just Perceptible

<16 Perceptible

<19 Acceptable
>22 Unacceptable
>25 Just Uncomfortable

>28 Uncomfortable




2~ Metrics for Discomfort Glare
Pacific - Issues w/ Stimulus

AAAAAAAAAAAAAAAAAA

® L - uses average luminance and assumes
uniform luminance over luminous area
(luminaire aperture)

® Bare LEDs can be over 1 million cd/m?
(compare to TSHO fluorescent lamps at 25-
30,000 cd/m?)




2~ Metrics for Discomfort Glare
Racific - Issues w/ Stimulus

Northwest

AAAAAAAAAAAAAAAAAA

® L, — can be difficult to define — local?
global? adaptation?




2~ Metrics for Discomfort Glare
Pacific - Issues w/ Stimulus

AAAAAAAAAAAAAAAAAA

® p — assumes horizontal line of sight and a
cutoff at about 55 from horizontal |

Source picture: IES DG-18-08
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=" Metrics for Discomfort Glare
Pacific - Issues w/ Stimulus

AAAAAAAAAAAAAAAAAA

® L_ - uses average luminance and assumes
uniform luminance over luminous area
(luminaire aperture)

® L, — can be difficult to define — local?
global? adaptation?

® p — assumes horizontal line of sight and a
cutoff at about 55 from horizontal

® Does not account for differences in SPD
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2~ Metrics for Discomfort Glare
Pacific - Issues w/ Response

AAAAAAAAAAAAAAAAAA

® Three order sequences: ascending,
descending, and randomised.

Discomfort Glare Criteria

® Substantial bias due to order A Just Intolerable
effects.
B Just Uncomfortable
® “This demonstrates the need for
caution when interpreting
subjective evaluations of discomfort C Satisfactory
due to glare and estimating the D Just Not Perceptible
robustness of glare indices derived
from StUdieS that used Hopkinson,s Kent, M., Fotios, and Altomonte, S. (2018) Building

Scale and procedure_” and Environment, 136. pp. 56-61.
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x%/ CIE JTC7: Luminaires with non-uniform luminances
Pacific (ClE 232-2019)

Northwest
Step 1 Step 2 Step 3 Step 4 Step 5
2 or 4 High resolution  Filter image to correct  Remove pixels below Calculate total area and  Group all sources withina
luminance iImages for eye resolution luminance threshold average luminance of lummnaire into one source
(50° and 65° from (Gaussian with 12 mm (500 cd/m?) pixels above threshold  with an effective projected
normal, cross and FWHM at luminaire) luminance area and effective luminance
lengthwise)

4
=t

Photos courtesy of Acuity
Brands Lighting 1
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IES D-GONE Committee —
Street, Area, Sports Lighting?

Pacific
Northwest
NATIONAL LABORATORY Approx 5.7" | Approx 1.8" | Approx 0.57" | (4) Approx (4) Approx Approx 5.7"
dia. dia. dia. 0.29" dia. 0.29" dia. dia.
. 1/10th 1/100th 1/100th 1/100th |Diffuse, full
. .. |Diffuse, full
Description area area, area, area, area, area, 10X
central central clustered | separated output
Luminous flux, Im 317 3173
Luminous intensity, cd 64.9 649
Average luminance of the luminaire, L;, cd/m”2 6,000 60,000
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25 deg fixation

		Draft of experimental conditions for UGR and outdoor glare demonstration
Luminaires should be located 40 degrees above axis of view, 50 degrees from luminaire nadir

		Revised August 5, 2019

		N Miller, PNNL; B Schlesselman, Musco; Y Tyukhova, Acuity Brands; C Waters and M Kuelenengel, Univ Nebraska; L Boxler

				1		2		3		4		5		6		7				8		9		10

				Approx 5.7" dia.		Approx 3.2" dia.		Approx 1.8" dia.		Approx 1" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		 		Approx 1" dia.		Approx 1.8" dia.		Approx 5.7" dia.

		Image																Comments

		Description		Diffuse, full area		1/3.16th area		1/10th area		1/31.6th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots				1/31.6th area, no surround		1/10th area, no surround		Diffuse, full area

		Luminaire aperture diameter, m		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464				0.1464		0.1464		0.1464

		High luminance area diameter, m		0.1464		0.0824		0.0463		0.0260		0.0146		0.0073		0.0073		Each small dot is .0073m in dia.		0.0260		0.0463		0.1464

		Luminous area > 500 cd/m^2, m^2		0.0168		0.0053		0.0017		0.0005		0.00017		0.00017		0.00017				0.0005		0.0017		0.0168

		Modified projected luminous area at 65 deg,  m^2		0.00711		0.00225		0.00071		0.00023		0.00007		0.00007		0.00007		 		0.00023		0.00071		0.00711

		Observer distance to the luminaire, r, m		2.7		2.7		2.7		2.7		2.7		2.7		2.7				2.7		2.7		2.7

		Solid angle of aperture, w, sr		0.000976		0.000976		0.000976		0.000976		0.000976		0.000976		0.000976				0.000031		0.000098		0.000976

		Modified solid angle (area > 500 cd/m^2), weff, sr		0.000976		0.000309		0.000098		0.000031		0.000010		0.000010		0.000010				0.000031		0.000098		0.000976

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6000		18,960		59,914		189,327		598,273		598,273		598,273				189,327		59,914		60,000

		Average luminance of the luminaire, Ls, cd/m^2		6000		6,034		6,036		6,040		6,032		6,032		6,032		These numbers are slightly different, likely only because of a rounding error.		189,327		59,914		60000

		Luminous intensity of the luminaire at 65 deg, I50, cd		42.7		42.7		42.6		42.6		42.6		42.6		42.6				64.8		64.8		426.8

		Luminous intensity of each LED, I50, cd												10.6		10.6		 

		Luminance of aperture area <500 cd/m^2, cd/m^2		N/A		50		50		50		50		50		50		This does not factor into the equations except that the lower-luminance area is still emitting or reflecting some light.		0		0		N/A

		Assumed background luminance Lb (cd/m^2)		10		10		10		10		10		10		10		Roughly 15.7 lux at the eye. Equation 4.2 from UGR, L(b) = E(i)/π		10		10		10

		Position index for observer geometry, p		2.5		2.5		2.5		2.5		2.5		2.5		2.5		Using Table 4.1 and Figure 4.2 from UGR document		2.5		2.5		2.5

		Lumens from luminaire		317		317		317		317		316		316		316				317		317		3173

		Conventional UGR value (source area is full exit window)		17.2		17.2		17.2		17.2		17.2		17.2		17.2				29.2		25.2		33.2

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		17.2		21.1		25.1		29.1		33.1		33.1		33.1				29.2		25.2		33.2

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD		TBD				TBD		TBD		TBD

		Small size UGR extension value, UGRs		NA		NA		NA		18.4		18.4		13.6		13.6				21.3		NA		NA

																		 



														Stimulus luminaire is now vertical

														 



														25 degree

														R=2.98 m

														H=1.26 m

														H/R=0.43

														Position Index

														=2.5
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25°

R=2.98 m m

H=0.1.26 m



20 deg fixation

		Draft of experimental conditions for UGR and outdoor glare demonstration
Luminaires should be located 40 degrees above axis of view, 50 degrees from luminaire nadir

		Revised July 31, 2019

		N Miller, PNNL; B Schlesselman, Musco; Y Tyukhova, Acuity Brands; C Waters and M Kuelenengel, Univ Nebraska; L Boxler

				1		2		3		4		5		6		7				8		9		10

				Approx 5.7" dia.		Approx 3.2" dia.		Approx 1.8" dia.		Approx 1" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		 		Approx 1" dia.		Approx 1.8" dia.		Approx 5.7" dia.

		Image																Comments

		Description		Diffuse, full area		1/3.16th area		1/10th area		1/31.6th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots				1/31.6th area, no surround		1/10th area, no surround		Diffuse, full area

		Luminaire aperture diameter, m		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464				0.1464		0.1464		0.1464

		High luminance area diameter, m		0.1464		0.0824		0.0463		0.0260		0.0146		0.0073		0.0073		Each small dot is .0073m in dia.		0.0260		0.0463		0.1464

		Luminous area > 500 cd/m^2, m^2		0.0168		0.0053		0.0017		0.0005		0.00017		0.00017		0.00017				0.0005		0.0017		0.0168

		Modified projected luminous area at 50 deg,  m^2		0.01082		0.00342		0.00108		0.00034		0.00011		0.00011		0.00011		 		0.00034		0.00108		0.01082

		Observer distance to the luminaire, r, m		2.7		2.7		2.7		2.7		2.7		2.7		2.7				2.7		2.7		2.7

		Solid angle of aperture, w, sr		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484				0.000047		0.000148		0.001484

		Modified solid angle (area > 500 cd/m^2), weff, sr		0.001484		0.000470		0.000148		0.000047		0.000015		0.000015		0.000015				0.000047		0.000148		0.001484

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6000		18,960		59,914		189,327		598,273		598,273		598,273				189,327		59,914		60,000

		Average luminance of the luminaire, Ls, cd/m^2		6000		6,034		6,036		6,040		6,032		6,032		6,032		These numbers are slightly different, likely only because of a rounding error.		189,327		59,914		60000

		Luminous intensity of the luminaire at 50 deg, I50, cd		64.9		64.9		64.8		64.8		64.7		64.7		64.7				64.8		64.8		649.2

		Luminous intensity of each LED, I50, cd												16.2		16.2		 

		Luminance of aperture area <500 cd/m^2, cd/m^2		N/A		50		50		50		50		50		50		This does not factor into the equations except that the lower-luminance area is still emitting or reflecting some light.		0		0		N/A

		Assumed background luminance Lb (cd/m^2)		10		10		10		10		10		10		10		Roughly 15.7 lux at the eye. Equation 4.2 from UGR, L(b) = E(i)/π		10		10		10

		Position index for observer geometry, p		2.22		2.22		2.22		2.22		2.22		2.22		2.22		Using Table 4.1 and Figure 4.2 from UGR document		2.22		2.22		2.22

		Lumens from luminaire		317		317		317		317		316		316		316				317		317		3173

		Conventional UGR value (source area is full exit window)		19.5		19.5		19.5		19.5		19.5		19.5		19.5				31.5		27.5		35.5

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		19.5		23.4		27.4		31.4		35.4		35.4		35.4				31.5		27.5		35.5

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD		TBD				TBD		TBD		TBD

		Small size UGR extension value, UGRs		NA		NA		NA		22.1		22.1		17.3		17.3				22.1		NA		NA

																		 



														Angle to the vertical, deg

														Angle to the horizontal, deg



														r=2.7 m

														R=2.5 m

														H=0.92 m

														H/R = 0.37

														Position index

														=2.22











20°

R=2.5 m

H=0.92 m



40 deg fixation

		Draft of experimental conditions for UGR and outdoor glare demonstration
Luminaires should be located 40 degrees above axis of view, 50 degrees from luminaire nadir

		Revised July 20, 2019

		N Miller, PNNL; B Schlesselman, Musco; Y Tyukhova, Acuity Brands; C Waters and M Kuelenengel, Univ Nebraska; L Boxler

				1		2		3		4		5		6		7				8		9				10

				Approx 5.7" dia.		Approx 3.2" dia.		Approx 1.8" dia.		Approx 1" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		 		Approx 1" dia.		Approx 1.8" dia.				Approx 5.7" dia.

		Image																Comments

		Description		Diffuse, full area		1/3.16th area		1/10th area		1/31.6th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots				1/31.6th area, no surround		1/10th area, no surround				Diffuse, full area

		Luminaire aperture diameter, m		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464				0.1464		0.1464				0.1464

		High luminance area diameter, m		0.1464		0.0824		0.0463		0.0260		0.0146		0.0073		0.0073		Each small dot is .0073m in dia.		0.0260		0.0463				0.1464

		Luminous area > 500 cd/m^2, m^2		0.0168		0.0053		0.0017		0.0005		0.00017		0.00017		0.00017				0.0005		0.0017				0.0168

		Modified projected luminous area at 50 deg,  m^2		0.01082		0.00342		0.00108		0.00034		0.00011		0.00011		0.00011		 		0.00034		0.00108				0.01082

		Observer distance to the luminaire, r, m		2.7		2.7		2.7		2.7		2.7		2.7		2.7				2.7		2.7				2.7

		Solid angle of aperture, w, sr		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484				0.000047		0.000148				0.001484

		Modified solid angle (area > 500 cd/m^2), weff, sr		0.001484		0.000470		0.000148		0.000047		0.000015		0.000015		0.000015				0.000047		0.000148				0.001484

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6000		18,960		59,914		189,327		598,273		598,273		598,273				189,327		59,914				60000

		Average luminance of the luminaire, Ls, cd/m^2		6000		6,034		6,036		6,040		6,032		6,032		6,032		These numbers are slightly different, likely only because of a rounding error.		189,327		59,914				60000

		Luminous intensity of the luminaire at 50 deg, I50, cd		64.9		64.9		64.8		64.8		64.7		64.7		64.7				64.8		64.8				649.2

		Luminous intensity of each LED, I50, cd												16.2		16.2		 

		Luminance of aperture area <500 cd/m^2, cd/m^2		N/A		50		50		50		50		50		50		This does not factor into the equations except that the lower-luminance area is still emitting or reflecting some light.		0		0				N/A

		Assumed background luminance Lb (cd/m^2)		10		10		10		10		10		10		10		Roughly 15.7 lux at the eye. Equation 4.2 from UGR, L(b) = E(i)/π		10		10				10

		Position index for observer geometry, p		5.1		5.1		5.1		5.1		5.1		5.1		5.1		Using Table 4.1 and Figure 4.2 from UGR document		5.1		5.1				5.1

		Lumens from luminaire		317		317		317		317		316		316		316				317		317				3173

		Conventional UGR value (source area is full exit window)		13.7		13.7		13.7		13.7		13.7		13.7		13.7				25.7		21.7				29.7

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		13.7		17.6		21.6		25.6		29.6		29.6		29.6				25.7		21.7				29.7

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD		TBD				TBD		TBD				TBD

		Small size UGR extension value, UGRs		NA		NA		NA		16.4		16.3		11.5		11.5				16.4		NA				NA

																		 



														Angle to the vertical, deg

														Angle to the horizontal, deg
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Conditions 40 deg (2)

		This corresponds to conditions that are plotted in tabs		1		2		3		4				5

				1		3		5		6		7		10

				Approx 5.7" dia.		Approx 1.8" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		Approx 5.7" dia.

																		For all conditions

		Description		Diffuse, full area		1/10th area, central		1/100th area, central		1/100th area, clustered		1/100th area, separated		Diffuse, full area, 10X output				Distance, m		2.7

		Luminous flux, lm		317										3173

		Luminous intensity, cd		64.9										649

		Average luminance of the luminaire, Ls, cd/m^2		6,000										60,000

		Conventional UGR value (source area is full exit window)		13.7		13.7		13.7		13.7		13.7		29.7

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6,000		59,914		598,273		598,273		598,273		60,000				Solid angle of the aperture, sr		0.0015

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold)		13.7		21.6		29.6		29.6		29.6		29.7



		Diameter of the luminous area (source or each dot - dark blue), m		0.1464		0.0463		0.0146		 		0.0073		0.1464				Lb, cd/m^2		10

		Luminous area (> 500 cd/m^2), m^2 (dark blue)		0.017		0.0017		0.00017		0.00017		0.00017		0.017				Luminance of non-luminous aperture (light blue)		50

		Projected luminous area (dark blue) at 50 deg,  m^2		0.0108		0.0011		0.0001		0.0001		0.0001		0.0108				Position index		5.1

		Solid angle (area > 500 cd/m^2 dark blue), weff, sr		0.0015		0.00015		0.000015		0.000015		0.000015		0.0015				Diameter of the luminaire aperture , m		0.1464

		Small size UGR extension value, UGRs		NA		NA		16.3		11.5		11.5		NA



		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD











Conditions 40 deg

		This corresponds to conditions that are plotted in tabs		1		2		3		4				5

				1		3		5		6		7		10

				Approx 5.7" dia.		Approx 1.8" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		Approx 5.7" dia.

		Image																For all conditions

		Description		Diffuse, full area		1/10th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots		Diffuse, full area				Distance, m		2.7

		Diameter of the luminous area (source or each dot - dark blue), m		0.1464		0.0463		0.0146		 		0.0073		0.1464				Lb, cd/m^2		10

		Luminous area (> 500 cd/m^2), m^2 (dark blue)		0.017		0.0017		0.00017		0.00017		0.00017		0.017				Luminance of non-luminous aperture (light blue)		50

		Projected luminous area (dark blue) at 50 deg,  m^2		0.0108		0.0011		0.0001		0.0001		0.0001		0.0108				Position index		5.1

		Solid angle (area > 500 cd/m^2 dark blue), weff, sr		0.0015		0.00015		0.000015		0.000015		0.000015		0.0015				Diameter of the luminaire aperture , m		0.1464

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2 dark blue		6,000		59,914		598,273		598,273		598,273		60,000				Solid angle of the aperture, sr		0.0015

		Conventional UGR value (source area is full exit window)		13.7		13.7		13.7		13.7		13.7		29.7

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		13.7		21.6		29.6		29.6		29.6		29.7

		Small size UGR extension value, UGRs		NA		NA		16.3		11.5		11.5		NA



		Luminous flux, lm		317										3173

		Luminous intensity, cd		64.9										649

		Average luminance of the luminaire, Ls, cd/m^2		6,000										60,000

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD











Data per subject 25 deg

		25 degrees

				Observer																																																																																																Gary		Nancy

		Condition		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		166		167		168		169		170		171		172		173		174		175		176		177		178		179		180		181		182		183		184		185		186		187		188		189		190		191		192		193		194		195		196		197		198		199		200

		1		3		1		3		3		2		2		2						1		2								2				2		2		3				1						1				1		3		3		2		2				1		1		1		2		2		1		2				1		1		2		1		3		1		2		1		2

		2		2		3				3		2				1		2		1		1				1		2		2				1		1				1		2		3		1		1		1		2		2		1		1		2		1		2		4		2						1						1				2		2		2				1		2		1		1		1		1

		3				1		1				1		2		2		3		3		3		1		2		2		3		2		2		2		1		2		3		1		2		3		3		1		2		1				1		1		2		1		1		2		2		2		2		1		2		2		1		3		1		1		1		1		1		1		2		2

		4		1		1		2		1		1		2		1		3		2		3		3		4		2		2		2		3		1		3				1		2		4		2		2		3		3		1		2		1		2		2		3		3		3		2		2		3		3		3		3		2				2		2		4		1		4		1		2		3

		5		4		4		4		3		4		4		4		2		4		2		4		3		4		3		4		4		4		4		4		4		3		3		4		3		4		2		4		4		4		4		4		1		3		3		4		3		4		4		4		4		4		3		4		4		3		4		3		3		5		4

		Votes/ observer		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		9		10		10		10		10		10		10		10		10		10		10		10		10		10		8		10		10		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



																																																																																								Looking directly										Two excluded

		Condition		Total

		1		65

		2		63																																																																																														End of day one

		3		82

		4		108

		5		179

																						 





		Instructions

		Put '1' for each chosen condition. 10 votes per observer is expected.



Position 25 deg (Day 1)



1	2	3	4	5	65	63	82	108	179	Condition number





Number of votes









Data per subject 25 deg wo 4

		25 degrees

				Observer																																																																																																Gary		Nancy

		Condition		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		166		167		168		169		170		171		172		173		174		175		176		177		178		179		180		181		182		183		184		185		186		187		188		189		190		191		192		193		194		195		196		197		198		199		200

		1		2				1		1		1		1		1						1		2								1				1		2		2				1						1				1		2		2		1		1				1		1		1		1		1		1		2				1		1		1				2		1		1		1				1

		2		1		2				2		2				1		1		1		1				1		1		1				1								1		2		1		1		1		2		2				1		1		1		1		3		1						1						1				1		1						1		1		1						1

		3				1		2		1				2		1		3		2		2		1		2		2		3		2		2		2		1		1		2		1		2		2		2		1		2		1				1		1		2		1		1		2		2		1		2		1		2		2		1		2				1		1		1		1				2		2

		4

		5		3		3		3		2		3		3		3		2		3		2		3		3		3		2		3		3		3		3		3		3		2		3		3		2		3		1		3		3		3		3		3		1		3		3		3		3		3		3		3		3		3		2				3		3		3		3				3		3

		Votes/ observer		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		0		6		6		6		6		0		6		6		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



																																																																																								Looking directly

		Condition		Total

		1		42																																																																																		1		1										2

		2		41																																																																																		2		1

		3		72																																																																																		3		1										1

		4		0

		5		133																																																																																		5		3										2

																						 																																																																		Excluded										Excluded



																																																																																																2 excluded

		Instructions

		Put '1' for each chosen condition. 10 votes per observer is expected.



Position 25 deg (Day 1)



1	2	3	5	42	41	72	133	Condition number





Number of votes









Data per subject 15 deg

		15 degrees										the numbers of votes for the condition being brighter by observer 2. There were 10 presentations total

				Observer

		Condition		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		166		167		168		169		170		171		172		173		174		175		176		177		178		179		180		181		182		183		184		185		186		187		188		189		190		191		192		193		194		195		196		197		198		199		200

		1				2		1		2		2		3				2						1		1				2				1		1		1						1		1						2				1		2		2		2		1		1		3		2		2		1		2		1		1		1		3				3		1						2		3		1		1		3		2		2		3

		2				1		1		2		1		1		2		2				1		1		1		1		2		2				1		1				2		2		3						2		2		2		1		2		4		2		2		1		2		2								1		3		1		1		1		2		2		2		1		1		1		1		1		2		1		1

		3				2		4		2		3		1		2						2		1		3		4		2		2		3		2		3				2		3		2						3		2		2		3		2		2		1		2		2		2		2		3		3		2		2		2				3		1		2		3		3		2		1		3		2		2		1		2

		4				2		2						1		2		2				3		3		2		2				2		2		2		1				2		1		1						1		3		1				3				2		1				1				2		1		3		2				2		2		1		1		1		1		1		1		4		2				1		1		3

		5				3		2		4		4		4		4		4				4		4		3		3		4		4		4		4		4				4		3		3						2		3		4		4		1		2		4		4		4		3		4		4		4		4		4		4		4		4		4		4		4		4		4		4		1		4		4		4		4		3

		Votes/ observer		0		10		10		10		10		10		10		10		0		10		10		10		10		10		10		10		10		10		0		10		10		10		0		0		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

																																																Exclude

																																																		Exclude

		Condition		Total

		1		69

		2		71

		3		103

		4		71

		5		176

																						 

		Condition																Condition																				Condition

		1																1		3																		1

		2		1														2		2																		2

		3		2														3																				3

		4		4														4		1																		4

		5		3														5		3																		5

				Exclude																Exclude																				Exclude



Position 15 deg (Day 2)



1	2	3	4	5	69	71	103	71	176	Condition number





Number of votes









Data OVERALL



				Position 25 deg						Position 15 deg

		Condition		# of votes		UGR alternative		UGR		# of votes		UGR alternative		UGR		Representation		Mask

		1		42		17.2		17.2		69		13.7		13.7				A1

		2		41		25.1		17.2		71		21.6		13.7				A3

		3		72		33.1		17.2		103		29.6		13.7				A5		If conditions 3 and 4 are not the same, then it could be attributed to left/right bias, unequal apparatus, distance between LEDs or other.

		4				33.1				71		29.6		13.7				A6

		5		133		33.1		33.2		176		29.7		29.7				A10		Must be larger than condition 1.

		Sum of all votes		288						490





		Total number of people

		10 votes per person		10



		Total votes		0
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C tional UGR val is full exit
onventiona value (source area is full exi 13.7 13.7 13.7 13.7 13.7 59 7

window)
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25 deg fixation

		Draft of experimental conditions for UGR and outdoor glare demonstration
Luminaires should be located 40 degrees above axis of view, 50 degrees from luminaire nadir

		Revised August 5, 2019

		N Miller, PNNL; B Schlesselman, Musco; Y Tyukhova, Acuity Brands; C Waters and M Kuelenengel, Univ Nebraska; L Boxler

				1		2		3		4		5		6		7				8		9		10

				Approx 5.7" dia.		Approx 3.2" dia.		Approx 1.8" dia.		Approx 1" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		 		Approx 1" dia.		Approx 1.8" dia.		Approx 5.7" dia.

		Image																Comments

		Description		Diffuse, full area		1/3.16th area		1/10th area		1/31.6th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots				1/31.6th area, no surround		1/10th area, no surround		Diffuse, full area

		Luminaire aperture diameter, m		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464				0.1464		0.1464		0.1464

		High luminance area diameter, m		0.1464		0.0824		0.0463		0.0260		0.0146		0.0073		0.0073		Each small dot is .0073m in dia.		0.0260		0.0463		0.1464

		Luminous area > 500 cd/m^2, m^2		0.0168		0.0053		0.0017		0.0005		0.00017		0.00017		0.00017				0.0005		0.0017		0.0168

		Modified projected luminous area at 65 deg,  m^2		0.00711		0.00225		0.00071		0.00023		0.00007		0.00007		0.00007		 		0.00023		0.00071		0.00711

		Observer distance to the luminaire, r, m		2.7		2.7		2.7		2.7		2.7		2.7		2.7				2.7		2.7		2.7

		Solid angle of aperture, w, sr		0.000976		0.000976		0.000976		0.000976		0.000976		0.000976		0.000976				0.000031		0.000098		0.000976

		Modified solid angle (area > 500 cd/m^2), weff, sr		0.000976		0.000309		0.000098		0.000031		0.000010		0.000010		0.000010				0.000031		0.000098		0.000976

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6000		18,960		59,914		189,327		598,273		598,273		598,273				189,327		59,914		60,000

		Average luminance of the luminaire, Ls, cd/m^2		6000		6,034		6,036		6,040		6,032		6,032		6,032		These numbers are slightly different, likely only because of a rounding error.		189,327		59,914		60000

		Luminous intensity of the luminaire at 65 deg, I50, cd		42.7		42.7		42.6		42.6		42.6		42.6		42.6				64.8		64.8		426.8

		Luminous intensity of each LED, I50, cd												10.6		10.6		 

		Luminance of aperture area <500 cd/m^2, cd/m^2		N/A		50		50		50		50		50		50		This does not factor into the equations except that the lower-luminance area is still emitting or reflecting some light.		0		0		N/A

		Assumed background luminance Lb (cd/m^2)		10		10		10		10		10		10		10		Roughly 15.7 lux at the eye. Equation 4.2 from UGR, L(b) = E(i)/π		10		10		10

		Position index for observer geometry, p		2.5		2.5		2.5		2.5		2.5		2.5		2.5		Using Table 4.1 and Figure 4.2 from UGR document		2.5		2.5		2.5

		Lumens from luminaire		317		317		317		317		316		316		316				317		317		3173

		Conventional UGR value (source area is full exit window)		17.2		17.2		17.2		17.2		17.2		17.2		17.2				29.2		25.2		33.2

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		17.2		21.1		25.1		29.1		33.1		33.1		33.1				29.2		25.2		33.2

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD		TBD				TBD		TBD		TBD

		Small size UGR extension value, UGRs		NA		NA		NA		18.4		18.4		13.6		13.6				21.3		NA		NA

																		 



														Stimulus luminaire is now vertical

														 



														25 degree

														R=2.98 m

														H=1.26 m

														H/R=0.43

														Position Index

														=2.5
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25°

R=2.98 m m

H=0.1.26 m



20 deg fixation

		Draft of experimental conditions for UGR and outdoor glare demonstration
Luminaires should be located 40 degrees above axis of view, 50 degrees from luminaire nadir

		Revised July 31, 2019

		N Miller, PNNL; B Schlesselman, Musco; Y Tyukhova, Acuity Brands; C Waters and M Kuelenengel, Univ Nebraska; L Boxler

				1		2		3		4		5		6		7				8		9		10

				Approx 5.7" dia.		Approx 3.2" dia.		Approx 1.8" dia.		Approx 1" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		 		Approx 1" dia.		Approx 1.8" dia.		Approx 5.7" dia.

		Image																Comments

		Description		Diffuse, full area		1/3.16th area		1/10th area		1/31.6th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots				1/31.6th area, no surround		1/10th area, no surround		Diffuse, full area

		Luminaire aperture diameter, m		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464				0.1464		0.1464		0.1464

		High luminance area diameter, m		0.1464		0.0824		0.0463		0.0260		0.0146		0.0073		0.0073		Each small dot is .0073m in dia.		0.0260		0.0463		0.1464

		Luminous area > 500 cd/m^2, m^2		0.0168		0.0053		0.0017		0.0005		0.00017		0.00017		0.00017				0.0005		0.0017		0.0168

		Modified projected luminous area at 50 deg,  m^2		0.01082		0.00342		0.00108		0.00034		0.00011		0.00011		0.00011		 		0.00034		0.00108		0.01082

		Observer distance to the luminaire, r, m		2.7		2.7		2.7		2.7		2.7		2.7		2.7				2.7		2.7		2.7

		Solid angle of aperture, w, sr		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484				0.000047		0.000148		0.001484

		Modified solid angle (area > 500 cd/m^2), weff, sr		0.001484		0.000470		0.000148		0.000047		0.000015		0.000015		0.000015				0.000047		0.000148		0.001484

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6000		18,960		59,914		189,327		598,273		598,273		598,273				189,327		59,914		60,000

		Average luminance of the luminaire, Ls, cd/m^2		6000		6,034		6,036		6,040		6,032		6,032		6,032		These numbers are slightly different, likely only because of a rounding error.		189,327		59,914		60000

		Luminous intensity of the luminaire at 50 deg, I50, cd		64.9		64.9		64.8		64.8		64.7		64.7		64.7				64.8		64.8		649.2

		Luminous intensity of each LED, I50, cd												16.2		16.2		 

		Luminance of aperture area <500 cd/m^2, cd/m^2		N/A		50		50		50		50		50		50		This does not factor into the equations except that the lower-luminance area is still emitting or reflecting some light.		0		0		N/A

		Assumed background luminance Lb (cd/m^2)		10		10		10		10		10		10		10		Roughly 15.7 lux at the eye. Equation 4.2 from UGR, L(b) = E(i)/π		10		10		10

		Position index for observer geometry, p		2.22		2.22		2.22		2.22		2.22		2.22		2.22		Using Table 4.1 and Figure 4.2 from UGR document		2.22		2.22		2.22

		Lumens from luminaire		317		317		317		317		316		316		316				317		317		3173

		Conventional UGR value (source area is full exit window)		19.5		19.5		19.5		19.5		19.5		19.5		19.5				31.5		27.5		35.5

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		19.5		23.4		27.4		31.4		35.4		35.4		35.4				31.5		27.5		35.5

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD		TBD				TBD		TBD		TBD

		Small size UGR extension value, UGRs		NA		NA		NA		22.1		22.1		17.3		17.3				22.1		NA		NA

																		 



														Angle to the vertical, deg

														Angle to the horizontal, deg



														r=2.7 m

														R=2.5 m

														H=0.92 m

														H/R = 0.37

														Position index

														=2.22











20°

R=2.5 m

H=0.92 m



40 deg fixation

		Draft of experimental conditions for UGR and outdoor glare demonstration
Luminaires should be located 40 degrees above axis of view, 50 degrees from luminaire nadir

		Revised July 20, 2019

		N Miller, PNNL; B Schlesselman, Musco; Y Tyukhova, Acuity Brands; C Waters and M Kuelenengel, Univ Nebraska; L Boxler

				1		2		3		4		5		6		7				8		9				10

				Approx 5.7" dia.		Approx 3.2" dia.		Approx 1.8" dia.		Approx 1" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		 		Approx 1" dia.		Approx 1.8" dia.				Approx 5.7" dia.

		Image																Comments

		Description		Diffuse, full area		1/3.16th area		1/10th area		1/31.6th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots				1/31.6th area, no surround		1/10th area, no surround				Diffuse, full area

		Luminaire aperture diameter, m		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464				0.1464		0.1464				0.1464

		High luminance area diameter, m		0.1464		0.0824		0.0463		0.0260		0.0146		0.0073		0.0073		Each small dot is .0073m in dia.		0.0260		0.0463				0.1464

		Luminous area > 500 cd/m^2, m^2		0.0168		0.0053		0.0017		0.0005		0.00017		0.00017		0.00017				0.0005		0.0017				0.0168

		Modified projected luminous area at 50 deg,  m^2		0.01082		0.00342		0.00108		0.00034		0.00011		0.00011		0.00011		 		0.00034		0.00108				0.01082

		Observer distance to the luminaire, r, m		2.7		2.7		2.7		2.7		2.7		2.7		2.7				2.7		2.7				2.7

		Solid angle of aperture, w, sr		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484				0.000047		0.000148				0.001484

		Modified solid angle (area > 500 cd/m^2), weff, sr		0.001484		0.000470		0.000148		0.000047		0.000015		0.000015		0.000015				0.000047		0.000148				0.001484

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6000		18,960		59,914		189,327		598,273		598,273		598,273				189,327		59,914				60000

		Average luminance of the luminaire, Ls, cd/m^2		6000		6,034		6,036		6,040		6,032		6,032		6,032		These numbers are slightly different, likely only because of a rounding error.		189,327		59,914				60000

		Luminous intensity of the luminaire at 50 deg, I50, cd		64.9		64.9		64.8		64.8		64.7		64.7		64.7				64.8		64.8				649.2

		Luminous intensity of each LED, I50, cd												16.2		16.2		 

		Luminance of aperture area <500 cd/m^2, cd/m^2		N/A		50		50		50		50		50		50		This does not factor into the equations except that the lower-luminance area is still emitting or reflecting some light.		0		0				N/A

		Assumed background luminance Lb (cd/m^2)		10		10		10		10		10		10		10		Roughly 15.7 lux at the eye. Equation 4.2 from UGR, L(b) = E(i)/π		10		10				10

		Position index for observer geometry, p		5.1		5.1		5.1		5.1		5.1		5.1		5.1		Using Table 4.1 and Figure 4.2 from UGR document		5.1		5.1				5.1

		Lumens from luminaire		317		317		317		317		316		316		316				317		317				3173

		Conventional UGR value (source area is full exit window)		13.7		13.7		13.7		13.7		13.7		13.7		13.7				25.7		21.7				29.7

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		13.7		17.6		21.6		25.6		29.6		29.6		29.6				25.7		21.7				29.7

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD		TBD				TBD		TBD				TBD

		Small size UGR extension value, UGRs		NA		NA		NA		16.4		16.3		11.5		11.5				16.4		NA				NA

																		 



														Angle to the vertical, deg

														Angle to the horizontal, deg
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Conditions 40 deg (2)

		This corresponds to conditions that are plotted in tabs		1		2		3		4				5

				1		3		5		6		7		10

				Approx 5.7" dia.		Approx 1.8" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		Approx 5.7" dia.

																		For all conditions

		Description		Diffuse, full area		1/10th area, central		1/100th area, central		1/100th area, clustered		1/100th area, separated		Diffuse, full area, 10X output				Distance, m		2.7

		Luminous flux, lm		317										3173

		Luminous intensity, cd		64.9										649

		Average luminance of the luminaire, Ls, cd/m^2		6,000										60,000

		Conventional UGR value (source area is full exit window)		13.7		13.7		13.7		13.7		13.7		29.7

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6,000		59,914		598,273		598,273		598,273		60,000				Solid angle of the aperture, sr		0.0015

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold)		13.7		21.6		29.6		29.6		29.6		29.7



		Diameter of the luminous area (source or each dot - dark blue), m		0.1464		0.0463		0.0146		 		0.0073		0.1464				Lb, cd/m^2		10

		Luminous area (> 500 cd/m^2), m^2 (dark blue)		0.017		0.0017		0.00017		0.00017		0.00017		0.017				Luminance of non-luminous aperture (light blue)		50

		Projected luminous area (dark blue) at 50 deg,  m^2		0.0108		0.0011		0.0001		0.0001		0.0001		0.0108				Position index		5.1

		Solid angle (area > 500 cd/m^2 dark blue), weff, sr		0.0015		0.00015		0.000015		0.000015		0.000015		0.0015				Diameter of the luminaire aperture , m		0.1464

		Small size UGR extension value, UGRs		NA		NA		16.3		11.5		11.5		NA



		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD











Conditions 40 deg

		This corresponds to conditions that are plotted in tabs		1		2		3		4				5

				1		3		5		6		7		10

				Approx 5.7" dia.		Approx 1.8" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		Approx 5.7" dia.

		Image																For all conditions

		Description		Diffuse, full area		1/10th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots		Diffuse, full area				Distance, m		2.7

		Diameter of the luminous area (source or each dot - dark blue), m		0.1464		0.0463		0.0146		 		0.0073		0.1464				Lb, cd/m^2		10

		Luminous area (> 500 cd/m^2), m^2 (dark blue)		0.017		0.0017		0.00017		0.00017		0.00017		0.017				Luminance of non-luminous aperture (light blue)		50

		Projected luminous area (dark blue) at 50 deg,  m^2		0.0108		0.0011		0.0001		0.0001		0.0001		0.0108				Position index		5.1

		Solid angle (area > 500 cd/m^2 dark blue), weff, sr		0.0015		0.00015		0.000015		0.000015		0.000015		0.0015				Diameter of the luminaire aperture , m		0.1464

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2 dark blue		6,000		59,914		598,273		598,273		598,273		60,000				Solid angle of the aperture, sr		0.0015

		Conventional UGR value (source area is full exit window)		13.7		13.7		13.7		13.7		13.7		29.7

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		13.7		21.6		29.6		29.6		29.6		29.7

		Small size UGR extension value, UGRs		NA		NA		16.3		11.5		11.5		NA



		Luminous flux, lm		317										3173

		Luminous intensity, cd		64.9										649

		Average luminance of the luminaire, Ls, cd/m^2		6,000										60,000

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD











Data per subject 25 deg

		25 degrees

				Observer																																																																																																Gary		Nancy

		Condition		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		166		167		168		169		170		171		172		173		174		175		176		177		178		179		180		181		182		183		184		185		186		187		188		189		190		191		192		193		194		195		196		197		198		199		200

		1		3		1		3		3		2		2		2						1		2								2				2		2		3				1						1				1		3		3		2		2				1		1		1		2		2		1		2				1		1		2		1		3		1		2		1		2

		2		2		3				3		2				1		2		1		1				1		2		2				1		1				1		2		3		1		1		1		2		2		1		1		2		1		2		4		2						1						1				2		2		2				1		2		1		1		1		1

		3				1		1				1		2		2		3		3		3		1		2		2		3		2		2		2		1		2		3		1		2		3		3		1		2		1				1		1		2		1		1		2		2		2		2		1		2		2		1		3		1		1		1		1		1		1		2		2

		4		1		1		2		1		1		2		1		3		2		3		3		4		2		2		2		3		1		3				1		2		4		2		2		3		3		1		2		1		2		2		3		3		3		2		2		3		3		3		3		2				2		2		4		1		4		1		2		3

		5		4		4		4		3		4		4		4		2		4		2		4		3		4		3		4		4		4		4		4		4		3		3		4		3		4		2		4		4		4		4		4		1		3		3		4		3		4		4		4		4		4		3		4		4		3		4		3		3		5		4

		Votes/ observer		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		9		10		10		10		10		10		10		10		10		10		10		10		10		10		8		10		10		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



																																																																																								Looking directly										Two excluded

		Condition		Total

		1		65

		2		63																																																																																														End of day one

		3		82

		4		108

		5		179

																						 





		Instructions

		Put '1' for each chosen condition. 10 votes per observer is expected.



Position 25 deg (Day 1)



1	2	3	4	5	65	63	82	108	179	Condition number





Number of votes









Data per subject 25 deg wo 4

		25 degrees

				Observer																																																																																																Gary		Nancy

		Condition		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		166		167		168		169		170		171		172		173		174		175		176		177		178		179		180		181		182		183		184		185		186		187		188		189		190		191		192		193		194		195		196		197		198		199		200

		1		2				1		1		1		1		1						1		2								1				1		2		2				1						1				1		2		2		1		1				1		1		1		1		1		1		2				1		1		1				2		1		1		1				1

		2		1		2				2		2				1		1		1		1				1		1		1				1								1		2		1		1		1		2		2				1		1		1		1		3		1						1						1				1		1						1		1		1						1

		3				1		2		1				2		1		3		2		2		1		2		2		3		2		2		2		1		1		2		1		2		2		2		1		2		1				1		1		2		1		1		2		2		1		2		1		2		2		1		2				1		1		1		1				2		2

		4

		5		3		3		3		2		3		3		3		2		3		2		3		3		3		2		3		3		3		3		3		3		2		3		3		2		3		1		3		3		3		3		3		1		3		3		3		3		3		3		3		3		3		2				3		3		3		3				3		3

		Votes/ observer		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		0		6		6		6		6		0		6		6		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



																																																																																								Looking directly

		Condition		Total

		1		42																																																																																		1		1										2

		2		41																																																																																		2		1

		3		72																																																																																		3		1										1

		4		0

		5		133																																																																																		5		3										2

																						 																																																																		Excluded										Excluded



																																																																																																2 excluded

		Instructions

		Put '1' for each chosen condition. 10 votes per observer is expected.



Position 25 deg (Day 1)



1	2	3	5	42	41	72	133	Condition number





Number of votes









Data per subject 15 deg

		15 degrees										the numbers of votes for the condition being brighter by observer 2. There were 10 presentations total

				Observer

		Condition		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		166		167		168		169		170		171		172		173		174		175		176		177		178		179		180		181		182		183		184		185		186		187		188		189		190		191		192		193		194		195		196		197		198		199		200

		1				2		1		2		2		3				2						1		1				2				1		1		1						1		1						2				1		2		2		2		1		1		3		2		2		1		2		1		1		1		3				3		1						2		3		1		1		3		2		2		3

		2				1		1		2		1		1		2		2				1		1		1		1		2		2				1		1				2		2		3						2		2		2		1		2		4		2		2		1		2		2								1		3		1		1		1		2		2		2		1		1		1		1		1		2		1		1

		3				2		4		2		3		1		2						2		1		3		4		2		2		3		2		3				2		3		2						3		2		2		3		2		2		1		2		2		2		2		3		3		2		2		2				3		1		2		3		3		2		1		3		2		2		1		2

		4				2		2						1		2		2				3		3		2		2				2		2		2		1				2		1		1						1		3		1				3				2		1				1				2		1		3		2				2		2		1		1		1		1		1		1		4		2				1		1		3

		5				3		2		4		4		4		4		4				4		4		3		3		4		4		4		4		4				4		3		3						2		3		4		4		1		2		4		4		4		3		4		4		4		4		4		4		4		4		4		4		4		4		4		4		1		4		4		4		4		3

		Votes/ observer		0		10		10		10		10		10		10		10		0		10		10		10		10		10		10		10		10		10		0		10		10		10		0		0		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

																																																Exclude

																																																		Exclude

		Condition		Total

		1		69

		2		71

		3		103

		4		71

		5		176

																						 

		Condition																Condition																				Condition

		1																1		3																		1

		2		1														2		2																		2

		3		2														3																				3

		4		4														4		1																		4

		5		3														5		3																		5

				Exclude																Exclude																				Exclude



Position 15 deg (Day 2)



1	2	3	4	5	69	71	103	71	176	Condition number





Number of votes









Data OVERALL



				Position 25 deg						Position 15 deg

		Condition		# of votes		UGR alternative		UGR		# of votes		UGR alternative		UGR		Representation		Mask

		1		42		17.2		17.2		69		13.7		13.7				A1

		2		41		25.1		17.2		71		21.6		13.7				A3

		3		72		33.1		17.2		103		29.6		13.7				A5		If conditions 3 and 4 are not the same, then it could be attributed to left/right bias, unequal apparatus, distance between LEDs or other.

		4				33.1				71		29.6		13.7				A6

		5		133		33.1		33.2		176		29.7		29.7				A10		Must be larger than condition 1.

		Sum of all votes		288						490





		Total number of people

		10 votes per person		10



		Total votes		0
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25 deg fixation

		Draft of experimental conditions for UGR and outdoor glare demonstration
Luminaires should be located 40 degrees above axis of view, 50 degrees from luminaire nadir

		Revised August 5, 2019

		N Miller, PNNL; B Schlesselman, Musco; Y Tyukhova, Acuity Brands; C Waters and M Kuelenengel, Univ Nebraska; L Boxler

				1		2		3		4		5		6		7				8		9		10

				Approx 5.7" dia.		Approx 3.2" dia.		Approx 1.8" dia.		Approx 1" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		 		Approx 1" dia.		Approx 1.8" dia.		Approx 5.7" dia.

		Image																Comments

		Description		Diffuse, full area		1/3.16th area		1/10th area		1/31.6th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots				1/31.6th area, no surround		1/10th area, no surround		Diffuse, full area

		Luminaire aperture diameter, m		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464				0.1464		0.1464		0.1464

		High luminance area diameter, m		0.1464		0.0824		0.0463		0.0260		0.0146		0.0073		0.0073		Each small dot is .0073m in dia.		0.0260		0.0463		0.1464

		Luminous area > 500 cd/m^2, m^2		0.0168		0.0053		0.0017		0.0005		0.00017		0.00017		0.00017				0.0005		0.0017		0.0168

		Modified projected luminous area at 65 deg,  m^2		0.00711		0.00225		0.00071		0.00023		0.00007		0.00007		0.00007		 		0.00023		0.00071		0.00711

		Observer distance to the luminaire, r, m		2.7		2.7		2.7		2.7		2.7		2.7		2.7				2.7		2.7		2.7

		Solid angle of aperture, w, sr		0.000976		0.000976		0.000976		0.000976		0.000976		0.000976		0.000976				0.000031		0.000098		0.000976

		Modified solid angle (area > 500 cd/m^2), weff, sr		0.000976		0.000309		0.000098		0.000031		0.000010		0.000010		0.000010				0.000031		0.000098		0.000976

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6000		18,960		59,914		189,327		598,273		598,273		598,273				189,327		59,914		60,000

		Average luminance of the luminaire, Ls, cd/m^2		6000		6,034		6,036		6,040		6,032		6,032		6,032		These numbers are slightly different, likely only because of a rounding error.		189,327		59,914		60000

		Luminous intensity of the luminaire at 65 deg, I50, cd		42.7		42.7		42.6		42.6		42.6		42.6		42.6				64.8		64.8		426.8

		Luminous intensity of each LED, I50, cd												10.6		10.6		 

		Luminance of aperture area <500 cd/m^2, cd/m^2		N/A		50		50		50		50		50		50		This does not factor into the equations except that the lower-luminance area is still emitting or reflecting some light.		0		0		N/A

		Assumed background luminance Lb (cd/m^2)		10		10		10		10		10		10		10		Roughly 15.7 lux at the eye. Equation 4.2 from UGR, L(b) = E(i)/π		10		10		10

		Position index for observer geometry, p		2.5		2.5		2.5		2.5		2.5		2.5		2.5		Using Table 4.1 and Figure 4.2 from UGR document		2.5		2.5		2.5

		Lumens from luminaire		317		317		317		317		316		316		316				317		317		3173

		Conventional UGR value (source area is full exit window)		17.2		17.2		17.2		17.2		17.2		17.2		17.2				29.2		25.2		33.2

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		17.2		21.1		25.1		29.1		33.1		33.1		33.1				29.2		25.2		33.2

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD		TBD				TBD		TBD		TBD

		Small size UGR extension value, UGRs		NA		NA		NA		18.4		18.4		13.6		13.6				21.3		NA		NA

																		 



														Stimulus luminaire is now vertical

														 



														25 degree

														R=2.98 m

														H=1.26 m

														H/R=0.43

														Position Index

														=2.5
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20 deg fixation

		Draft of experimental conditions for UGR and outdoor glare demonstration
Luminaires should be located 40 degrees above axis of view, 50 degrees from luminaire nadir

		Revised July 31, 2019

		N Miller, PNNL; B Schlesselman, Musco; Y Tyukhova, Acuity Brands; C Waters and M Kuelenengel, Univ Nebraska; L Boxler

				1		2		3		4		5		6		7				8		9		10

				Approx 5.7" dia.		Approx 3.2" dia.		Approx 1.8" dia.		Approx 1" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		 		Approx 1" dia.		Approx 1.8" dia.		Approx 5.7" dia.

		Image																Comments

		Description		Diffuse, full area		1/3.16th area		1/10th area		1/31.6th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots				1/31.6th area, no surround		1/10th area, no surround		Diffuse, full area

		Luminaire aperture diameter, m		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464				0.1464		0.1464		0.1464

		High luminance area diameter, m		0.1464		0.0824		0.0463		0.0260		0.0146		0.0073		0.0073		Each small dot is .0073m in dia.		0.0260		0.0463		0.1464

		Luminous area > 500 cd/m^2, m^2		0.0168		0.0053		0.0017		0.0005		0.00017		0.00017		0.00017				0.0005		0.0017		0.0168

		Modified projected luminous area at 50 deg,  m^2		0.01082		0.00342		0.00108		0.00034		0.00011		0.00011		0.00011		 		0.00034		0.00108		0.01082

		Observer distance to the luminaire, r, m		2.7		2.7		2.7		2.7		2.7		2.7		2.7				2.7		2.7		2.7

		Solid angle of aperture, w, sr		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484				0.000047		0.000148		0.001484

		Modified solid angle (area > 500 cd/m^2), weff, sr		0.001484		0.000470		0.000148		0.000047		0.000015		0.000015		0.000015				0.000047		0.000148		0.001484

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6000		18,960		59,914		189,327		598,273		598,273		598,273				189,327		59,914		60,000

		Average luminance of the luminaire, Ls, cd/m^2		6000		6,034		6,036		6,040		6,032		6,032		6,032		These numbers are slightly different, likely only because of a rounding error.		189,327		59,914		60000

		Luminous intensity of the luminaire at 50 deg, I50, cd		64.9		64.9		64.8		64.8		64.7		64.7		64.7				64.8		64.8		649.2

		Luminous intensity of each LED, I50, cd												16.2		16.2		 

		Luminance of aperture area <500 cd/m^2, cd/m^2		N/A		50		50		50		50		50		50		This does not factor into the equations except that the lower-luminance area is still emitting or reflecting some light.		0		0		N/A

		Assumed background luminance Lb (cd/m^2)		10		10		10		10		10		10		10		Roughly 15.7 lux at the eye. Equation 4.2 from UGR, L(b) = E(i)/π		10		10		10

		Position index for observer geometry, p		2.22		2.22		2.22		2.22		2.22		2.22		2.22		Using Table 4.1 and Figure 4.2 from UGR document		2.22		2.22		2.22

		Lumens from luminaire		317		317		317		317		316		316		316				317		317		3173

		Conventional UGR value (source area is full exit window)		19.5		19.5		19.5		19.5		19.5		19.5		19.5				31.5		27.5		35.5

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		19.5		23.4		27.4		31.4		35.4		35.4		35.4				31.5		27.5		35.5

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD		TBD				TBD		TBD		TBD

		Small size UGR extension value, UGRs		NA		NA		NA		22.1		22.1		17.3		17.3				22.1		NA		NA

																		 



														Angle to the vertical, deg

														Angle to the horizontal, deg



														r=2.7 m

														R=2.5 m

														H=0.92 m

														H/R = 0.37

														Position index

														=2.22











20°

R=2.5 m

H=0.92 m



40 deg fixation

		Draft of experimental conditions for UGR and outdoor glare demonstration
Luminaires should be located 40 degrees above axis of view, 50 degrees from luminaire nadir

		Revised July 20, 2019

		N Miller, PNNL; B Schlesselman, Musco; Y Tyukhova, Acuity Brands; C Waters and M Kuelenengel, Univ Nebraska; L Boxler

				1		2		3		4		5		6		7				8		9				10

				Approx 5.7" dia.		Approx 3.2" dia.		Approx 1.8" dia.		Approx 1" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		 		Approx 1" dia.		Approx 1.8" dia.				Approx 5.7" dia.

		Image																Comments

		Description		Diffuse, full area		1/3.16th area		1/10th area		1/31.6th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots				1/31.6th area, no surround		1/10th area, no surround				Diffuse, full area

		Luminaire aperture diameter, m		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464				0.1464		0.1464				0.1464

		High luminance area diameter, m		0.1464		0.0824		0.0463		0.0260		0.0146		0.0073		0.0073		Each small dot is .0073m in dia.		0.0260		0.0463				0.1464

		Luminous area > 500 cd/m^2, m^2		0.0168		0.0053		0.0017		0.0005		0.00017		0.00017		0.00017				0.0005		0.0017				0.0168

		Modified projected luminous area at 50 deg,  m^2		0.01082		0.00342		0.00108		0.00034		0.00011		0.00011		0.00011		 		0.00034		0.00108				0.01082

		Observer distance to the luminaire, r, m		2.7		2.7		2.7		2.7		2.7		2.7		2.7				2.7		2.7				2.7

		Solid angle of aperture, w, sr		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484				0.000047		0.000148				0.001484

		Modified solid angle (area > 500 cd/m^2), weff, sr		0.001484		0.000470		0.000148		0.000047		0.000015		0.000015		0.000015				0.000047		0.000148				0.001484

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6000		18,960		59,914		189,327		598,273		598,273		598,273				189,327		59,914				60000

		Average luminance of the luminaire, Ls, cd/m^2		6000		6,034		6,036		6,040		6,032		6,032		6,032		These numbers are slightly different, likely only because of a rounding error.		189,327		59,914				60000

		Luminous intensity of the luminaire at 50 deg, I50, cd		64.9		64.9		64.8		64.8		64.7		64.7		64.7				64.8		64.8				649.2

		Luminous intensity of each LED, I50, cd												16.2		16.2		 

		Luminance of aperture area <500 cd/m^2, cd/m^2		N/A		50		50		50		50		50		50		This does not factor into the equations except that the lower-luminance area is still emitting or reflecting some light.		0		0				N/A

		Assumed background luminance Lb (cd/m^2)		10		10		10		10		10		10		10		Roughly 15.7 lux at the eye. Equation 4.2 from UGR, L(b) = E(i)/π		10		10				10

		Position index for observer geometry, p		5.1		5.1		5.1		5.1		5.1		5.1		5.1		Using Table 4.1 and Figure 4.2 from UGR document		5.1		5.1				5.1

		Lumens from luminaire		317		317		317		317		316		316		316				317		317				3173

		Conventional UGR value (source area is full exit window)		13.7		13.7		13.7		13.7		13.7		13.7		13.7				25.7		21.7				29.7

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		13.7		17.6		21.6		25.6		29.6		29.6		29.6				25.7		21.7				29.7

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD		TBD				TBD		TBD				TBD

		Small size UGR extension value, UGRs		NA		NA		NA		16.4		16.3		11.5		11.5				16.4		NA				NA

																		 



														Angle to the vertical, deg

														Angle to the horizontal, deg







&"Calibri"&10&K000000Signify Classified - Internal&1#		




Conditions 40 deg (2)

		This corresponds to conditions that are plotted in tabs		1		2		3		4				5

				1		3		5		6		7		10

				Approx 5.7" dia.		Approx 1.8" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		Approx 5.7" dia.

																		For all conditions

		Description		Diffuse, full area		1/10th area, central		1/100th area, central		1/100th area, clustered		1/100th area, separated		Diffuse, full area, 10X output				Distance, m		2.7

		Luminous flux, lm		317										3173

		Luminous intensity, cd		64.9										649

		Average luminance of the luminaire, Ls, cd/m^2		6,000										60,000

		Conventional UGR value (source area is full exit window)		13.7		13.7		13.7		13.7		13.7		29.7

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6,000		59,914		598,273		598,273		598,273		60,000				Solid angle of the aperture, sr		0.0015

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold)		13.7		21.6		29.6		29.6		29.6		29.7



		Diameter of the luminous area (source or each dot - dark blue), m		0.1464		0.0463		0.0146		 		0.0073		0.1464				Lb, cd/m^2		10

		Luminous area (> 500 cd/m^2), m^2 (dark blue)		0.017		0.0017		0.00017		0.00017		0.00017		0.017				Luminance of non-luminous aperture (light blue)		50

		Projected luminous area (dark blue) at 50 deg,  m^2		0.0108		0.0011		0.0001		0.0001		0.0001		0.0108				Position index		5.1

		Solid angle (area > 500 cd/m^2 dark blue), weff, sr		0.0015		0.00015		0.000015		0.000015		0.000015		0.0015				Diameter of the luminaire aperture , m		0.1464

		Small size UGR extension value, UGRs		NA		NA		16.3		11.5		11.5		NA



		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD











Conditions 40 deg

		This corresponds to conditions that are plotted in tabs		1		2		3		4				5

				1		3		5		6		7		10

				Approx 5.7" dia.		Approx 1.8" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		Approx 5.7" dia.

		Image																For all conditions

		Description		Diffuse, full area		1/10th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots		Diffuse, full area				Distance, m		2.7

		Diameter of the luminous area (source or each dot - dark blue), m		0.1464		0.0463		0.0146		 		0.0073		0.1464				Lb, cd/m^2		10

		Luminous area (> 500 cd/m^2), m^2 (dark blue)		0.017		0.0017		0.00017		0.00017		0.00017		0.017				Luminance of non-luminous aperture (light blue)		50

		Projected luminous area (dark blue) at 50 deg,  m^2		0.0108		0.0011		0.0001		0.0001		0.0001		0.0108				Position index		5.1

		Solid angle (area > 500 cd/m^2 dark blue), weff, sr		0.0015		0.00015		0.000015		0.000015		0.000015		0.0015				Diameter of the luminaire aperture , m		0.1464

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2 dark blue		6,000		59,914		598,273		598,273		598,273		60,000				Solid angle of the aperture, sr		0.0015

		Conventional UGR value (source area is full exit window)		13.7		13.7		13.7		13.7		13.7		29.7

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		13.7		21.6		29.6		29.6		29.6		29.7

		Small size UGR extension value, UGRs		NA		NA		16.3		11.5		11.5		NA



		Luminous flux, lm		317										3173

		Luminous intensity, cd		64.9										649

		Average luminance of the luminaire, Ls, cd/m^2		6,000										60,000

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD











Data per subject 25 deg

		25 degrees

				Observer																																																																																																Gary		Nancy

		Condition		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		166		167		168		169		170		171		172		173		174		175		176		177		178		179		180		181		182		183		184		185		186		187		188		189		190		191		192		193		194		195		196		197		198		199		200

		1		3		1		3		3		2		2		2						1		2								2				2		2		3				1						1				1		3		3		2		2				1		1		1		2		2		1		2				1		1		2		1		3		1		2		1		2

		2		2		3				3		2				1		2		1		1				1		2		2				1		1				1		2		3		1		1		1		2		2		1		1		2		1		2		4		2						1						1				2		2		2				1		2		1		1		1		1

		3				1		1				1		2		2		3		3		3		1		2		2		3		2		2		2		1		2		3		1		2		3		3		1		2		1				1		1		2		1		1		2		2		2		2		1		2		2		1		3		1		1		1		1		1		1		2		2

		4		1		1		2		1		1		2		1		3		2		3		3		4		2		2		2		3		1		3				1		2		4		2		2		3		3		1		2		1		2		2		3		3		3		2		2		3		3		3		3		2				2		2		4		1		4		1		2		3

		5		4		4		4		3		4		4		4		2		4		2		4		3		4		3		4		4		4		4		4		4		3		3		4		3		4		2		4		4		4		4		4		1		3		3		4		3		4		4		4		4		4		3		4		4		3		4		3		3		5		4

		Votes/ observer		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		9		10		10		10		10		10		10		10		10		10		10		10		10		10		8		10		10		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



																																																																																								Looking directly										Two excluded

		Condition		Total

		1		65

		2		63																																																																																														End of day one

		3		82

		4		108

		5		179

																						 





		Instructions

		Put '1' for each chosen condition. 10 votes per observer is expected.



Position 25 deg (Day 1)



1	2	3	4	5	65	63	82	108	179	Condition number





Number of votes









Data per subject 25 deg wo 4

		25 degrees

				Observer																																																																																																Gary		Nancy

		Condition		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		166		167		168		169		170		171		172		173		174		175		176		177		178		179		180		181		182		183		184		185		186		187		188		189		190		191		192		193		194		195		196		197		198		199		200

		1		2				1		1		1		1		1						1		2								1				1		2		2				1						1				1		2		2		1		1				1		1		1		1		1		1		2				1		1		1				2		1		1		1				1

		2		1		2				2		2				1		1		1		1				1		1		1				1								1		2		1		1		1		2		2				1		1		1		1		3		1						1						1				1		1						1		1		1						1

		3				1		2		1				2		1		3		2		2		1		2		2		3		2		2		2		1		1		2		1		2		2		2		1		2		1				1		1		2		1		1		2		2		1		2		1		2		2		1		2				1		1		1		1				2		2

		4

		5		3		3		3		2		3		3		3		2		3		2		3		3		3		2		3		3		3		3		3		3		2		3		3		2		3		1		3		3		3		3		3		1		3		3		3		3		3		3		3		3		3		2				3		3		3		3				3		3

		Votes/ observer		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		0		6		6		6		6		0		6		6		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



																																																																																								Looking directly

		Condition		Total

		1		42																																																																																		1		1										2

		2		41																																																																																		2		1

		3		72																																																																																		3		1										1

		4		0

		5		133																																																																																		5		3										2

																						 																																																																		Excluded										Excluded



																																																																																																2 excluded

		Instructions

		Put '1' for each chosen condition. 10 votes per observer is expected.



Position 25 deg (Day 1)



1	2	3	5	42	41	72	133	Condition number





Number of votes









Data per subject 15 deg

		15 degrees										the numbers of votes for the condition being brighter by observer 2. There were 10 presentations total

				Observer

		Condition		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		166		167		168		169		170		171		172		173		174		175		176		177		178		179		180		181		182		183		184		185		186		187		188		189		190		191		192		193		194		195		196		197		198		199		200

		1				2		1		2		2		3				2						1		1				2				1		1		1						1		1						2				1		2		2		2		1		1		3		2		2		1		2		1		1		1		3				3		1						2		3		1		1		3		2		2		3

		2				1		1		2		1		1		2		2				1		1		1		1		2		2				1		1				2		2		3						2		2		2		1		2		4		2		2		1		2		2								1		3		1		1		1		2		2		2		1		1		1		1		1		2		1		1

		3				2		4		2		3		1		2						2		1		3		4		2		2		3		2		3				2		3		2						3		2		2		3		2		2		1		2		2		2		2		3		3		2		2		2				3		1		2		3		3		2		1		3		2		2		1		2

		4				2		2						1		2		2				3		3		2		2				2		2		2		1				2		1		1						1		3		1				3				2		1				1				2		1		3		2				2		2		1		1		1		1		1		1		4		2				1		1		3

		5				3		2		4		4		4		4		4				4		4		3		3		4		4		4		4		4				4		3		3						2		3		4		4		1		2		4		4		4		3		4		4		4		4		4		4		4		4		4		4		4		4		4		4		1		4		4		4		4		3

		Votes/ observer		0		10		10		10		10		10		10		10		0		10		10		10		10		10		10		10		10		10		0		10		10		10		0		0		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

																																																Exclude

																																																		Exclude

		Condition		Total

		1		69

		2		71

		3		103

		4		71

		5		176

																						 

		Condition																Condition																				Condition

		1																1		3																		1

		2		1														2		2																		2

		3		2														3																				3

		4		4														4		1																		4

		5		3														5		3																		5

				Exclude																Exclude																				Exclude



Position 15 deg (Day 2)



1	2	3	4	5	69	71	103	71	176	Condition number





Number of votes









Data OVERALL



				Position 25 deg						Position 15 deg

		Condition		# of votes		UGR alternative		UGR		# of votes		UGR alternative		UGR		Representation		Mask

		1		42		17.2		17.2		69		13.7		13.7				A1

		2		41		25.1		17.2		71		21.6		13.7				A3

		3		72		33.1		17.2		103		29.6		13.7				A5		If conditions 3 and 4 are not the same, then it could be attributed to left/right bias, unequal apparatus, distance between LEDs or other.

		4				33.1				71		29.6		13.7				A6

		5		133		33.1		33.2		176		29.7		29.7				A10		Must be larger than condition 1.

		Sum of all votes		288						490





		Total number of people

		10 votes per person		10



		Total votes		0
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25 deg fixation

		Draft of experimental conditions for UGR and outdoor glare demonstration
Luminaires should be located 40 degrees above axis of view, 50 degrees from luminaire nadir

		Revised August 5, 2019

		N Miller, PNNL; B Schlesselman, Musco; Y Tyukhova, Acuity Brands; C Waters and M Kuelenengel, Univ Nebraska; L Boxler

				1		2		3		4		5		6		7				8		9		10

				Approx 5.7" dia.		Approx 3.2" dia.		Approx 1.8" dia.		Approx 1" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		 		Approx 1" dia.		Approx 1.8" dia.		Approx 5.7" dia.

		Image																Comments

		Description		Diffuse, full area		1/3.16th area		1/10th area		1/31.6th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots				1/31.6th area, no surround		1/10th area, no surround		Diffuse, full area

		Luminaire aperture diameter, m		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464				0.1464		0.1464		0.1464

		High luminance area diameter, m		0.1464		0.0824		0.0463		0.0260		0.0146		0.0073		0.0073		Each small dot is .0073m in dia.		0.0260		0.0463		0.1464

		Luminous area > 500 cd/m^2, m^2		0.0168		0.0053		0.0017		0.0005		0.00017		0.00017		0.00017				0.0005		0.0017		0.0168

		Modified projected luminous area at 65 deg,  m^2		0.00711		0.00225		0.00071		0.00023		0.00007		0.00007		0.00007		 		0.00023		0.00071		0.00711

		Observer distance to the luminaire, r, m		2.7		2.7		2.7		2.7		2.7		2.7		2.7				2.7		2.7		2.7

		Solid angle of aperture, w, sr		0.000976		0.000976		0.000976		0.000976		0.000976		0.000976		0.000976				0.000031		0.000098		0.000976

		Modified solid angle (area > 500 cd/m^2), weff, sr		0.000976		0.000309		0.000098		0.000031		0.000010		0.000010		0.000010				0.000031		0.000098		0.000976

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6000		18,960		59,914		189,327		598,273		598,273		598,273				189,327		59,914		60,000

		Average luminance of the luminaire, Ls, cd/m^2		6000		6,034		6,036		6,040		6,032		6,032		6,032		These numbers are slightly different, likely only because of a rounding error.		189,327		59,914		60000

		Luminous intensity of the luminaire at 65 deg, I50, cd		42.7		42.7		42.6		42.6		42.6		42.6		42.6				64.8		64.8		426.8

		Luminous intensity of each LED, I50, cd												10.6		10.6		 

		Luminance of aperture area <500 cd/m^2, cd/m^2		N/A		50		50		50		50		50		50		This does not factor into the equations except that the lower-luminance area is still emitting or reflecting some light.		0		0		N/A

		Assumed background luminance Lb (cd/m^2)		10		10		10		10		10		10		10		Roughly 15.7 lux at the eye. Equation 4.2 from UGR, L(b) = E(i)/π		10		10		10

		Position index for observer geometry, p		2.5		2.5		2.5		2.5		2.5		2.5		2.5		Using Table 4.1 and Figure 4.2 from UGR document		2.5		2.5		2.5

		Lumens from luminaire		317		317		317		317		316		316		316				317		317		3173

		Conventional UGR value (source area is full exit window)		17.2		17.2		17.2		17.2		17.2		17.2		17.2				29.2		25.2		33.2

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		17.2		21.1		25.1		29.1		33.1		33.1		33.1				29.2		25.2		33.2

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD		TBD				TBD		TBD		TBD

		Small size UGR extension value, UGRs		NA		NA		NA		18.4		18.4		13.6		13.6				21.3		NA		NA

																		 



														Stimulus luminaire is now vertical

														 



														25 degree

														R=2.98 m

														H=1.26 m

														H/R=0.43

														Position Index

														=2.5
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20 deg fixation

		Draft of experimental conditions for UGR and outdoor glare demonstration
Luminaires should be located 40 degrees above axis of view, 50 degrees from luminaire nadir

		Revised July 31, 2019

		N Miller, PNNL; B Schlesselman, Musco; Y Tyukhova, Acuity Brands; C Waters and M Kuelenengel, Univ Nebraska; L Boxler

				1		2		3		4		5		6		7				8		9		10

				Approx 5.7" dia.		Approx 3.2" dia.		Approx 1.8" dia.		Approx 1" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		 		Approx 1" dia.		Approx 1.8" dia.		Approx 5.7" dia.

		Image																Comments

		Description		Diffuse, full area		1/3.16th area		1/10th area		1/31.6th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots				1/31.6th area, no surround		1/10th area, no surround		Diffuse, full area

		Luminaire aperture diameter, m		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464				0.1464		0.1464		0.1464

		High luminance area diameter, m		0.1464		0.0824		0.0463		0.0260		0.0146		0.0073		0.0073		Each small dot is .0073m in dia.		0.0260		0.0463		0.1464

		Luminous area > 500 cd/m^2, m^2		0.0168		0.0053		0.0017		0.0005		0.00017		0.00017		0.00017				0.0005		0.0017		0.0168

		Modified projected luminous area at 50 deg,  m^2		0.01082		0.00342		0.00108		0.00034		0.00011		0.00011		0.00011		 		0.00034		0.00108		0.01082

		Observer distance to the luminaire, r, m		2.7		2.7		2.7		2.7		2.7		2.7		2.7				2.7		2.7		2.7

		Solid angle of aperture, w, sr		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484				0.000047		0.000148		0.001484

		Modified solid angle (area > 500 cd/m^2), weff, sr		0.001484		0.000470		0.000148		0.000047		0.000015		0.000015		0.000015				0.000047		0.000148		0.001484

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6000		18,960		59,914		189,327		598,273		598,273		598,273				189,327		59,914		60,000

		Average luminance of the luminaire, Ls, cd/m^2		6000		6,034		6,036		6,040		6,032		6,032		6,032		These numbers are slightly different, likely only because of a rounding error.		189,327		59,914		60000

		Luminous intensity of the luminaire at 50 deg, I50, cd		64.9		64.9		64.8		64.8		64.7		64.7		64.7				64.8		64.8		649.2

		Luminous intensity of each LED, I50, cd												16.2		16.2		 

		Luminance of aperture area <500 cd/m^2, cd/m^2		N/A		50		50		50		50		50		50		This does not factor into the equations except that the lower-luminance area is still emitting or reflecting some light.		0		0		N/A

		Assumed background luminance Lb (cd/m^2)		10		10		10		10		10		10		10		Roughly 15.7 lux at the eye. Equation 4.2 from UGR, L(b) = E(i)/π		10		10		10

		Position index for observer geometry, p		2.22		2.22		2.22		2.22		2.22		2.22		2.22		Using Table 4.1 and Figure 4.2 from UGR document		2.22		2.22		2.22

		Lumens from luminaire		317		317		317		317		316		316		316				317		317		3173

		Conventional UGR value (source area is full exit window)		19.5		19.5		19.5		19.5		19.5		19.5		19.5				31.5		27.5		35.5

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		19.5		23.4		27.4		31.4		35.4		35.4		35.4				31.5		27.5		35.5

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD		TBD				TBD		TBD		TBD

		Small size UGR extension value, UGRs		NA		NA		NA		22.1		22.1		17.3		17.3				22.1		NA		NA

																		 



														Angle to the vertical, deg

														Angle to the horizontal, deg



														r=2.7 m

														R=2.5 m

														H=0.92 m

														H/R = 0.37

														Position index

														=2.22











20°

R=2.5 m

H=0.92 m



40 deg fixation

		Draft of experimental conditions for UGR and outdoor glare demonstration
Luminaires should be located 40 degrees above axis of view, 50 degrees from luminaire nadir

		Revised July 20, 2019

		N Miller, PNNL; B Schlesselman, Musco; Y Tyukhova, Acuity Brands; C Waters and M Kuelenengel, Univ Nebraska; L Boxler

				1		2		3		4		5		6		7				8		9				10

				Approx 5.7" dia.		Approx 3.2" dia.		Approx 1.8" dia.		Approx 1" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		 		Approx 1" dia.		Approx 1.8" dia.				Approx 5.7" dia.

		Image																Comments

		Description		Diffuse, full area		1/3.16th area		1/10th area		1/31.6th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots				1/31.6th area, no surround		1/10th area, no surround				Diffuse, full area

		Luminaire aperture diameter, m		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464		0.1464				0.1464		0.1464				0.1464

		High luminance area diameter, m		0.1464		0.0824		0.0463		0.0260		0.0146		0.0073		0.0073		Each small dot is .0073m in dia.		0.0260		0.0463				0.1464

		Luminous area > 500 cd/m^2, m^2		0.0168		0.0053		0.0017		0.0005		0.00017		0.00017		0.00017				0.0005		0.0017				0.0168

		Modified projected luminous area at 50 deg,  m^2		0.01082		0.00342		0.00108		0.00034		0.00011		0.00011		0.00011		 		0.00034		0.00108				0.01082

		Observer distance to the luminaire, r, m		2.7		2.7		2.7		2.7		2.7		2.7		2.7				2.7		2.7				2.7

		Solid angle of aperture, w, sr		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484		0.001484				0.000047		0.000148				0.001484

		Modified solid angle (area > 500 cd/m^2), weff, sr		0.001484		0.000470		0.000148		0.000047		0.000015		0.000015		0.000015				0.000047		0.000148				0.001484

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6000		18,960		59,914		189,327		598,273		598,273		598,273				189,327		59,914				60000

		Average luminance of the luminaire, Ls, cd/m^2		6000		6,034		6,036		6,040		6,032		6,032		6,032		These numbers are slightly different, likely only because of a rounding error.		189,327		59,914				60000

		Luminous intensity of the luminaire at 50 deg, I50, cd		64.9		64.9		64.8		64.8		64.7		64.7		64.7				64.8		64.8				649.2

		Luminous intensity of each LED, I50, cd												16.2		16.2		 

		Luminance of aperture area <500 cd/m^2, cd/m^2		N/A		50		50		50		50		50		50		This does not factor into the equations except that the lower-luminance area is still emitting or reflecting some light.		0		0				N/A

		Assumed background luminance Lb (cd/m^2)		10		10		10		10		10		10		10		Roughly 15.7 lux at the eye. Equation 4.2 from UGR, L(b) = E(i)/π		10		10				10

		Position index for observer geometry, p		5.1		5.1		5.1		5.1		5.1		5.1		5.1		Using Table 4.1 and Figure 4.2 from UGR document		5.1		5.1				5.1

		Lumens from luminaire		317		317		317		317		316		316		316				317		317				3173

		Conventional UGR value (source area is full exit window)		13.7		13.7		13.7		13.7		13.7		13.7		13.7				25.7		21.7				29.7

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		13.7		17.6		21.6		25.6		29.6		29.6		29.6				25.7		21.7				29.7

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD		TBD				TBD		TBD				TBD

		Small size UGR extension value, UGRs		NA		NA		NA		16.4		16.3		11.5		11.5				16.4		NA				NA

																		 



														Angle to the vertical, deg

														Angle to the horizontal, deg
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Conditions 40 deg (2)

		This corresponds to conditions that are plotted in tabs		1		2		3		4				5

				1		3		5		6		7		10

				Approx 5.7" dia.		Approx 1.8" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		Approx 5.7" dia.

																		For all conditions

		Description		Diffuse, full area		1/10th area, central		1/100th area, central		1/100th area, clustered		1/100th area, separated		Diffuse, full area, 10X output				Distance, m		2.7

		Luminous flux, lm		317										3173

		Luminous intensity, cd		64.9										649

		Average luminance of the luminaire, Ls, cd/m^2		6,000										60,000

		Conventional UGR value (source area is full exit window)		13.7		13.7		13.7		13.7		13.7		29.7

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2		6,000		59,914		598,273		598,273		598,273		60,000				Solid angle of the aperture, sr		0.0015

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold)		13.7		21.6		29.6		29.6		29.6		29.7



		Diameter of the luminous area (source or each dot - dark blue), m		0.1464		0.0463		0.0146		 		0.0073		0.1464				Lb, cd/m^2		10

		Luminous area (> 500 cd/m^2), m^2 (dark blue)		0.017		0.0017		0.00017		0.00017		0.00017		0.017				Luminance of non-luminous aperture (light blue)		50

		Projected luminous area (dark blue) at 50 deg,  m^2		0.0108		0.0011		0.0001		0.0001		0.0001		0.0108				Position index		5.1

		Solid angle (area > 500 cd/m^2 dark blue), weff, sr		0.0015		0.00015		0.000015		0.000015		0.000015		0.0015				Diameter of the luminaire aperture , m		0.1464

		Small size UGR extension value, UGRs		NA		NA		16.3		11.5		11.5		NA



		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD











Conditions 40 deg

		This corresponds to conditions that are plotted in tabs		1		2		3		4				5

				1		3		5		6		7		10

				Approx 5.7" dia.		Approx 1.8" dia.		Approx 0.57" dia.		(4) Approx 0.29" dia. 		(4) Approx 0.29" dia.		Approx 5.7" dia.

		Image																For all conditions

		Description		Diffuse, full area		1/10th area		1/100th area, concentrated		1/100th area, clustered dots		1/100th area, separated dots		Diffuse, full area				Distance, m		2.7

		Diameter of the luminous area (source or each dot - dark blue), m		0.1464		0.0463		0.0146		 		0.0073		0.1464				Lb, cd/m^2		10

		Luminous area (> 500 cd/m^2), m^2 (dark blue)		0.017		0.0017		0.00017		0.00017		0.00017		0.017				Luminance of non-luminous aperture (light blue)		50

		Projected luminous area (dark blue) at 50 deg,  m^2		0.0108		0.0011		0.0001		0.0001		0.0001		0.0108				Position index		5.1

		Solid angle (area > 500 cd/m^2 dark blue), weff, sr		0.0015		0.00015		0.000015		0.000015		0.000015		0.0015				Diameter of the luminaire aperture , m		0.1464

		Luminance of the luminous parts >500 cd/m^2, Leff, cd/m^2 dark blue		6,000		59,914		598,273		598,273		598,273		60,000				Solid angle of the aperture, sr		0.0015

		Conventional UGR value (source area is full exit window)		13.7		13.7		13.7		13.7		13.7		29.7

		Alternative UGR value UGR' (source area is area above 500 cd/m2 threshold, without visual acuity blurring)		13.7		21.6		29.6		29.6		29.6		29.7

		Small size UGR extension value, UGRs		NA		NA		16.3		11.5		11.5		NA



		Luminous flux, lm		317										3173

		Luminous intensity, cd		64.9										649

		Average luminance of the luminaire, Ls, cd/m^2		6,000										60,000

		Modified UGR value UGRJTC7 (source area defined according to JTC7 method)		TBD		TBD		TBD		TBD		TBD		TBD











Data per subject 25 deg

		25 degrees

				Observer																																																																																																Gary		Nancy

		Condition		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		166		167		168		169		170		171		172		173		174		175		176		177		178		179		180		181		182		183		184		185		186		187		188		189		190		191		192		193		194		195		196		197		198		199		200

		1		3		1		3		3		2		2		2						1		2								2				2		2		3				1						1				1		3		3		2		2				1		1		1		2		2		1		2				1		1		2		1		3		1		2		1		2

		2		2		3				3		2				1		2		1		1				1		2		2				1		1				1		2		3		1		1		1		2		2		1		1		2		1		2		4		2						1						1				2		2		2				1		2		1		1		1		1

		3				1		1				1		2		2		3		3		3		1		2		2		3		2		2		2		1		2		3		1		2		3		3		1		2		1				1		1		2		1		1		2		2		2		2		1		2		2		1		3		1		1		1		1		1		1		2		2

		4		1		1		2		1		1		2		1		3		2		3		3		4		2		2		2		3		1		3				1		2		4		2		2		3		3		1		2		1		2		2		3		3		3		2		2		3		3		3		3		2				2		2		4		1		4		1		2		3

		5		4		4		4		3		4		4		4		2		4		2		4		3		4		3		4		4		4		4		4		4		3		3		4		3		4		2		4		4		4		4		4		1		3		3		4		3		4		4		4		4		4		3		4		4		3		4		3		3		5		4

		Votes/ observer		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		9		10		10		10		10		10		10		10		10		10		10		10		10		10		8		10		10		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



																																																																																								Looking directly										Two excluded

		Condition		Total

		1		65

		2		63																																																																																														End of day one

		3		82

		4		108

		5		179

																						 





		Instructions

		Put '1' for each chosen condition. 10 votes per observer is expected.



Position 25 deg (Day 1)



1	2	3	4	5	65	63	82	108	179	Condition number





Number of votes









Data per subject 25 deg wo 4

		25 degrees

				Observer																																																																																																Gary		Nancy

		Condition		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		166		167		168		169		170		171		172		173		174		175		176		177		178		179		180		181		182		183		184		185		186		187		188		189		190		191		192		193		194		195		196		197		198		199		200

		1		2				1		1		1		1		1						1		2								1				1		2		2				1						1				1		2		2		1		1				1		1		1		1		1		1		2				1		1		1				2		1		1		1				1

		2		1		2				2		2				1		1		1		1				1		1		1				1								1		2		1		1		1		2		2				1		1		1		1		3		1						1						1				1		1						1		1		1						1

		3				1		2		1				2		1		3		2		2		1		2		2		3		2		2		2		1		1		2		1		2		2		2		1		2		1				1		1		2		1		1		2		2		1		2		1		2		2		1		2				1		1		1		1				2		2

		4

		5		3		3		3		2		3		3		3		2		3		2		3		3		3		2		3		3		3		3		3		3		2		3		3		2		3		1		3		3		3		3		3		1		3		3		3		3		3		3		3		3		3		2				3		3		3		3				3		3

		Votes/ observer		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		6		0		6		6		6		6		0		6		6		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



																																																																																								Looking directly

		Condition		Total

		1		42																																																																																		1		1										2

		2		41																																																																																		2		1

		3		72																																																																																		3		1										1

		4		0

		5		133																																																																																		5		3										2

																						 																																																																		Excluded										Excluded



																																																																																																2 excluded

		Instructions

		Put '1' for each chosen condition. 10 votes per observer is expected.



Position 25 deg (Day 1)



1	2	3	5	42	41	72	133	Condition number





Number of votes









Data per subject 15 deg

		15 degrees										the numbers of votes for the condition being brighter by observer 2. There were 10 presentations total

				Observer

		Condition		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100		101		102		103		104		105		106		107		108		109		110		111		112		113		114		115		116		117		118		119		120		121		122		123		124		125		126		127		128		129		130		131		132		133		134		135		136		137		138		139		140		141		142		143		144		145		146		147		148		149		150		151		152		153		154		155		156		157		158		159		160		161		162		163		164		165		166		167		168		169		170		171		172		173		174		175		176		177		178		179		180		181		182		183		184		185		186		187		188		189		190		191		192		193		194		195		196		197		198		199		200

		1				2		1		2		2		3				2						1		1				2				1		1		1						1		1						2				1		2		2		2		1		1		3		2		2		1		2		1		1		1		3				3		1						2		3		1		1		3		2		2		3

		2				1		1		2		1		1		2		2				1		1		1		1		2		2				1		1				2		2		3						2		2		2		1		2		4		2		2		1		2		2								1		3		1		1		1		2		2		2		1		1		1		1		1		2		1		1

		3				2		4		2		3		1		2						2		1		3		4		2		2		3		2		3				2		3		2						3		2		2		3		2		2		1		2		2		2		2		3		3		2		2		2				3		1		2		3		3		2		1		3		2		2		1		2

		4				2		2						1		2		2				3		3		2		2				2		2		2		1				2		1		1						1		3		1				3				2		1				1				2		1		3		2				2		2		1		1		1		1		1		1		4		2				1		1		3

		5				3		2		4		4		4		4		4				4		4		3		3		4		4		4		4		4				4		3		3						2		3		4		4		1		2		4		4		4		3		4		4		4		4		4		4		4		4		4		4		4		4		4		4		1		4		4		4		4		3

		Votes/ observer		0		10		10		10		10		10		10		10		0		10		10		10		10		10		10		10		10		10		0		10		10		10		0		0		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		10		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

																																																Exclude

																																																		Exclude

		Condition		Total

		1		69

		2		71

		3		103

		4		71

		5		176

																						 

		Condition																Condition																				Condition

		1																1		3																		1

		2		1														2		2																		2

		3		2														3																				3

		4		4														4		1																		4

		5		3														5		3																		5

				Exclude																Exclude																				Exclude



Position 15 deg (Day 2)



1	2	3	4	5	69	71	103	71	176	Condition number





Number of votes









Data OVERALL



				Position 25 deg						Position 15 deg

		Condition		# of votes		UGR alternative		UGR		# of votes		UGR alternative		UGR		Representation		Mask

		1		42		17.2		17.2		69		13.7		13.7				A1

		2		41		25.1		17.2		71		21.6		13.7				A3

		3		72		33.1		17.2		103		29.6		13.7				A5		If conditions 3 and 4 are not the same, then it could be attributed to left/right bias, unequal apparatus, distance between LEDs or other.

		4				33.1				71		29.6		13.7				A6

		5		133		33.1		33.2		176		29.7		29.7				A10		Must be larger than condition 1.

		Sum of all votes		288						490





		Total number of people

		10 votes per person		10



		Total votes		0
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\ef/ Outdoor: The "G” in BUG Rating
Pacific (IES TM-15-11)

Northwest

NATIONAL LABORATORY

Glare Rating for

: Quadrilateral Symmetrical Luminaire Types (Type V, Type V Square)
Uplight
UH Secondary
Solid
Angle GO G1 G2 G3 G4 G5
— FVH 10 100 225 500 750 =750
<« > 5
é BVH 10 100 225 500 750 =750
_ FH 660 1800 5000 7500 12000 =12000
(U]
BH 660 1800 S000 7800 12000 =12000

Maximum zonal lumens

|
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\?f/ IES LOPS - Lighting for Outdoor
racific « Pedestrian Spaces (LP-2, RP-33,...)

AAAAAAAAAAAAAAAAAA

» Use BUG rating “G” value for now
* Modified UGR may be the answer in the future
» Considering limits to M/P ratios
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Pacific
Northwest

AAAAAAAAAAAAAAAAAA

Glare metrics are not dead . . .
.YET ...

. . . but do we need a new start?




~7~ Glare metrics: A new beginning??

Pacific
Northwest
Photorecept
10,000,000 it
: 125,000,000
3m 1,500,000
Si[ir{;*lne]ter [ A Receptive field
surround
@ Bipolar
Input Receptive field
stimulus center
7 mm _
diameter Horizontal
Output
‘Edge’ signal Photoreceptor
Receptive fields S |
: : : _ _ Scheir et al, 2016, A
» Retina is designed to compress data from visual field psychophysical model for visual
discomfort based on receptive

» Ganglion cell layers collect data from many photoreceptors to fields, LR&T 2016; 0:1-13.
detect visual changes such as edges, luminance contrasts

» Receptive fields affect “hardness™ of edges, contrast perception



e Discomfort
* Disability

=>[ RESPONSE }

Simplified geometry Rating scales

Simplified measurements

Empirical basis

Hip i Eye tracking?
VR?. Visual science basis? Motor responses?

fMRI?

Image: IES 10t Edition Lighting Handbook
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Table of the corrected unified glare ratings (UGR)
Luminaire distance / suspension height above observer’s eye: s/H = 0, 25
3 Offices
Reflectance values
F | —
E’Z’Hgg E;g g;g g:g ggg ggg g;g g:; Ref.no.  Type of interior, task or activity e, |uer | R,
Floor 0,20 0,20 0,20 0,20 0,20 0,20 0.2 X ) )
3.1 Filing, copying, etc. 300 | 19 80
Room dimensions  Corrected glare assessments - Luminous flux 3,300 [m
X Y Viewing direction: oblique Viewing dire 3.2 Writing,_t].rping.reading,data 500 13 &0
2H 2H 198 214 203 21,9 22,5 166 18 el
3H 22,3 23,8 22,8 24,4 25,0 17,8 191 3.3 Technical drawing 750 16 BD
4LH 23,7 25,1 24,2 25,7 26,3 18,2 19, _
6H 252 265 257 271 27.7 185 19, 34 CAD work stations 500 119 1 80
8H 29,9 27,2 26,5 27,8 28,4 18,6 194 35 Conference: == == = = O O o
12H 26,6 279 27,2 28,5 29,1 18,6 19, , ;
LH 2H 202 217 208 222 229 79 19, 90 Receplinde| == == = =| |== = = =
3H 23,0 24,3 23,6 24,9 25,5 19.4 20) 3.7 Archives e e Y — — N —— I —— 1 ——
LH 24,6 25,7 25,2 26,3 27,0 20,0 21, — —
6H 26,2 273 26,8 27,9 28,6 204 214 21,0 220 |== 0= 0= ) BB =t
8H 127,11 28,0 27,7 28,7 29,4 20,5 21,5 21,1 22,1 * — .
12H 279 288 286 295 302 206 214 212 21 |
8H LH 248 258 25,4 26,4 27,1 |20,9] 21,9 21,6 22,5 = N == ===
6H 26,7 275 27,3 28,2 28,9 21,7 225 22,3 23,2
8H 27,7 28,4 28,4 29,1 29,8 22,0 22,7 22,6 23,4 ' = = |== == ===
12H 28,7 29,4 29,4 30,0 30,8 22,1 22,8 22,8 23,5 e = | O OO O
12H LH 248 25,7 25,4 26,3 27,1 21,2 22,1 21,8 22,7 &
6H 268 275 27,4 28,2 28,9 22,1 22,9 22,8 23,5 Crosswise View Endwise View
8H 278 285 28,5 29,1 29,9 225 2372 23,2 23,9 X=4H, Y=8H X=8H, Y=4H |




) ) BY470P 1 xGRN130S/840 WB GC
UGR on a luminaire cut sheet

1x 13000 Im

Polar intensity diagram Quantity estimation diagram
1207 180 120° nr. of luminaires
i l Brocr: 28 M
Reflectances: 0.70, 0.50, (.20 i
20" 18 Maintenance factor: 1.0
Ceiling mounted
o 12
8
750k | —T
4 I — s —F— [
- N T et I e )P _ .
cBEBEV—mF—T1 1 ]_ |
(cd1000Im) € LOR=100 10 30 50 70 %0 (m)
—0-180° — 902707
Utilisation factor table
Light output ratio 1.00
Service upward 0.00 Reflectances for ceiling. walls and working plane (CIE) ?;e oo 450 P00
Service downward  1.00 Room ™ o 0a0 | a70 om0 070 070 | 050 050 | 030 030 | 000 45; PPy ey p—
Index | ose ose | oso 050 050 030 | 030 010 | o030 cio | ooo :
CIE flux code 70 96 100 100 100 k 030 010 | 030 020 00 010 | 040 010 | 010 010 | oo S0O) 138e| S333%| 14700
s5.0| 1o051] 301s2| 1eaas
S/H ratio crosswise max. 1.5 00 | D62 05% | Qe 0.0 059 053 | 053 049 | 052 049 | 047 £00| TIZE] 13031( 13348
lengthwise mae. 1.7 081 | 073 069 | 072 070 068 042 | 062 058 | 081 oS3 | 0se €5.0) S924] e456[ 14050
100 | 082 076 | @80 078 075 070 | 069 06 | 049 0es | nex L — | 7OO| s:26| s:3| 7l
125 | 090 082 | 0F8 085 @E+—eFT [ UJE 072 | 075 072 | 07D 75.0] 4335] s439] Enes
UGRcen (4HxBH, 0.25H) 43 =0 035 08e | 053 069 086 081 | 080 077 | 073 077 | 7S a00| 3331 3141| sz
UTE71-121: 1.00A% +0.00T 100 | 14 093 | 101 0% 052 088 | 067 0BS5S | 0Be oes | a2 ssol aenl 137l 207
250 | 105 0% | 106 101 055 093 | 09 0B9 | o0 oss | ose :
300 | 113 0% | 110 103 098 095 | 094 0%z | 0w om | oev 300 - - -
400 | 147 101 | 114 107 100 098 | 097 055 | 055 0w | om {cd/m)
500 | 120 103 | 116 108 102 100 | 098 057 | 057 0% | 093

Ceiling mounted
LVYPOO50300 2017-02-08

25



	Searching for  Holy Grails: �A Glaring Lack    of Definition��Are glare metrics dead yet?
	Searching for  Holy Grails: �A Glaring Lack    of Definition��UPDATES:�CIE JTC7�IES D-GONE�IES LOPS�Future?
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Discomfort Glare Metrics
	Unified Glare Rating (UGR)
	Metrics for Discomfort Glare �- Issues w/ Stimulus
	Metrics for Discomfort Glare �- Issues w/ Stimulus
	Metrics for Discomfort Glare �- Issues w/ Stimulus
	Metrics for Discomfort Glare �- Issues w/ Stimulus
	Metrics for Discomfort Glare �- Issues w/ Response
	CIE JTC7: Luminaires with non-uniform luminances�(CIE 232-2019)
	IES D-GONE Committee – �Street, Area, Sports Lighting?
	IES D-GONE Committee – �Street, Area, Sports Lighting?
	IES D-GONE Committee – �Street, Area, Sports Lighting?
	IES D-GONE Committee – �Street, Area, Sports Lighting?
	Outdoor: The “G” in BUG Rating

(IES TM-15-11)
	IES LOPS –Lightingfor Outdoor Pedestrian Spaces (LP-2, RP-33,…)
	Slide Number 20
	Glare metrics: A new beginning??
	Slide Number 22
	Searching for  Holy Grails: �A Glaring Lack    of Definition��UPDATES:�CIE JTC7�IES D-GONE�IES LOPS�Future?
	Slide Number 24
	UGR on a luminaire cut sheet

