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Research Motivation

- Accuracy of standard luminance meters throughout the visual spectrum
- HDRI luminance mapping

- Large errors found in HDRI derived luminance of colored light sources
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Light Meter Errors

- Standard illuminance and luminance
meters have a 1-pixel responsivity
type sensor, covered by a V()
correction filter

- Specified meter accuracy is based on
CIE Standard Illuminant A,

2856 K incandescent

+ Other source types may not have the
same accuracy

- CIE Standard Illuminants
+ Average daylight models
* Typical fluorescent

200—

Standard illuminants

T
a600

T[IJO
Wavelength(nm)

(3]




Light Meter Errors

- Standard light meters vs. spectral meters

- Light broken up by wavelength via optical
grating or prism

+ Many unique sensor types
« Photometric conversion via internal software

- Illuminance measurement comparison of
standard meter and spectroradiometer under
various source types

* Up to 31% error for LEDs

+ 21% error with CFL sources




Relative sensitivity (%)

Equipment: Light Meters

- Konica Minolta LLS-110 luminance
meter

1 sensor pixel type, responsive to
360 — 740 nm

* V() correction filter over sensor

- Konica Minolta CL-500A illuminance
spectrophotometer

+ 128-pixel sensor
« NIST light source calibration
+ Within + 2%
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Equipment
- Integrating sphere

- Broadband LED light source

« Narrow bandwidth filters
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Luminance Calculation Methodology




Testing Procedure

. Illuminance and distance measurements
at 7 positions

« Luminance measurements of entire
source area




Photometric Filter Response
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Photometric Filter Response
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Difference
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Calculated vs. Measured Luminance

- Positive percentages signify measured L was greater than calculated L
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Calculated vs. Measured Luminance

« Color correction factors (CCFs) only improved a few wavelength ranges

- Largest differences on blue end of spectrum
+ Similar to past luminance studies with standard color cards
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White Light Condition
L (cd/m? Avg. L (cd/m?) [Difference

5769 6942 -20.3% . Average LED difference of 42%

_ 0
U LS| b4 2 16.3% | 949 average difference of
LED, 90950 144426 -58.8% broadband LED measurements
IED 190583 155808 99.9% with LS-110 luminance meter
2 = .

compared to calculated
LED,, 101950 124593 -22.2%  luminance

LED,, 81173 118703 -46.2%
LED, 82902 132372 -59.7%
LED,, 98495 133268 -35.3%
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White Light Condition

- Why was the average TH source difference 18% with a CCT of 2815K?

 Spectral shift due to integrating sphere paint and acrylic
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Spectrally Dependent Measurements
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White Light Measurement Errors

- Similar 1-pixel type sensor with V(A) correction filter for illuminance meters

- Spectrums significantly different than incandescent will result in errors
with typical luminance and illuminance meters

+ Daylight

+ Fluorescent
- LED

* Metal halide

- Many different white light LED spectrum possibilities

- Meters with spectral capabilities are crucial for measurements of modern
lighting technologies




Application of Findings to HDRI

. HDRI takel’l were Calibrated to LS- Meter vs. HDRI Luminance Difference: Zoomed In
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Conclusion

- Largest luminance meter errors on blue end of visual spectrum, errors
also increase towards red wavelengths

- Industry standard light meters are typically calibrated to an
incandescent source

- Measurements of sources other than incandescent may have large,
spectrally dependent errors

- LED, daylight, fluorescent, metal halide, etc.

- Calculated luminance on average 24% different than LS-110
measurements for tested LED module

- HDRI luminance mapping should be calibrated using a meter with spectral
capabilities in order to derive absolute luminance values
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