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What is photometry?

ÈA simple, mathematically precise system of 
measuring and specifying light agreed to by 
an international community involved with its 
commerce and specification
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Why is photometry important?

ÈPromotes international trade

ÈProvides a quantitative language for 
communicating between stakeholders

ÈThere must be a strong commercial reason for 
photometry to change
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What are the strengths and limitations of the 
current system of photometry?

ÈStrengths

üBased on visual response: V and Vô

üCIE Standard Observer: V and Vôare additive 

üSeveral visual responses have spectral 
sensitivity close to V and Vôand are additive, 
or nearly so (Lennie et al., 1993)
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What are the strengths and limitations of the 
current system of photometry?

ÈLimitations
üJudd correction needed for fovea (Vm)

üV10 needed for off-axis

üCanôt accurately characterize brightness

üCanôt accurately characterize visual 
performance
ÅñMore light, better lightò ïbut only for small or low 

contrast targets

ÅInteraction between stimulus variables

üMesopic: Which to use, V or Vô?
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Dynamic range of human vision compared to 
range of electric lighting

Adapted from 

Sekuler and Blake, 1990
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Unified system of photometryð
Spans photopic and scotopic through mesopic

È A unified system of photometry should:

I. Be based upon studies of human vision

II. Preserve Abneyôs law of additivity

III. Preserve both the photopic (V ) and scotopic 
(Vô) luminous efficiency functions

IV. Be practical to use
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I. Based on human vision

ÈCould simply draw a line from 3 cd/m² to 
0.001 cd/m² to define mesopic vision
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I. Based on human vision

He et al., 1997
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I. Based on human vision

He et al., 1997
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I. Based on human vision

Bierman et al., 1998; He et al., 1998
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I. Based on human vision
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Binocular simultaneity method provides 
greater precision than reaction times

Relative differences in response times for HPS and MH
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I. Based on human vision

ÈThe relative proportion of photopic (V 10 ) 
and scotopic (Vô) luminous efficiency for 
peripheral vision at a given (mesopic) light 
level (He et al., 1997; 1998)

üAt high light levels, x = 1

üAt very low levels, x = 0

ÈVmes = (x) V 10 + (1 ïx) Vô
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I. Based on human vision
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I. Based on human vision
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I. Based on human vision

Vmes = (x) V 10Ȉ  +  (1 -x) VôȈ

(mesopic = cones + rods)
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II. Preserve Abneyôs law of additivity

ÈMethods using brightness do not obey Abney's 
law of additivity

Guth et al., 1980

B = 2.15(1.5L) = 3.22L

B = 2.93L

B = 1.07(2.5L) 

= 2.68L
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II. Preserve Abneyôs law of additivity

He et al., 1998
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III. Preserve the photopic (V ) and scotopic (Vô) luminous 
efficiency functions

ÈMany systems of photometry for mesopic light 
levels incorporate V10 (Nakano and Ikeda, 1986; 
Kokoschka, 1972; He et al., 1997, 1998)
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III. Preserve the photopic (V ) and scotopic (Vô) luminous 
efficiency functions

ÈExcept for blue LEDs, 
differences between 
values based on V
and V10 are 
relatively small

Schanda et al., 2002
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III. Preserve the photopic (V ) and scotopic (Vô) luminous 
efficiency functions

ÈValues of X for 
different light levels in 
terms of photopic (V ) 
luminance (cd/m²), 
and different light 
source spectral power 
distributions in terms 
of S/P (ratio of scotopic 
[Vô] to photopic [V ] 
lumens)

Rea et al., 2004

Vmes = X V + (1ïX) Vô
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III. Preserve the photopic (V ) and scotopic (Vô) luminous 
efficiency functions

ÈValues of unified 
luminance (L)

Rea et al., 2003

Vmes = X V + (1ïX) Vô
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IV. A practical system

ÈToo much complexity guarantees it will not be used
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IV. A practical system

Rea et al. (2004)
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IV. A practical system

È Illuminance (V ) and normalized power requirements for 
different light sources needed to provide equivalent values 
of X (ref: 400 W HPS @ 0.6, 0.3 and 0.1 cd/m²; 0.07 
reflectance)

Light source X = 1.00 X = 0.44 X = 0.12
(S/P ratio) @ 0.6 cd/m² @ 0.3 cd/m² @ 0.1 cd/m²

Illuminance Power Illuminance Power Illuminance Power
(lux) (%) (lux) (%) (lux) (%)

180W LPS (0.25) 26.9 69% 16.0 82% 7.6 118%

400 W HPS (0.66) 26.9 100% 13.5 100% 4.5 100%

400 W MH (1.57) 26.9 119% 10.0 88% 2.4 63%

Fl. 6500 K (2.19) 26.9 130% 8.5 82% 1.8 52%
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Unified/MOVE luminance ratio


