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PhotoLED approach towards LED reference

Proposal of a reference spectrum for detector calibrations with improved 

properties for most LED measurements

➢ Define a reference spectrum for LED light sources

➢ Development and construction of LED reference light sources

➢ Checking the suitability of the new LED reference light sources

➢ Calibration of photometers with LED reference light sources

➢ NMI luminous intensity comparison with LED reference light sources



▪ 1516 LED products

KOKKA, A. et al, 2018, 

Development of white LED 

illuminants for colorimetry 

and recommendation of 

white LED reference 

spectrum for photometry. 

Metrologia. 55. 526-534
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Definition of a reference spectrum for LEDs

Goal: representative of as many LED spectra as possible
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First results
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Colorimetry, 4th ed. (CIE 015:2018)

Phosphor-

type LEDs
Hybrid-type

LED

Violet-pumped
phosphor-type 

LEDs

RGB-type LED
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Spectral mismatch correction factor (SMCF)
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107 photometers

𝑠𝑝𝑒𝑐𝑡𝑟𝑎𝑙 𝑚𝑖𝑠𝑚𝑎𝑡𝑐ℎ 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 = ൙
𝑉׬ 𝜆 𝑆lamp 𝜆 d𝜆

׬ 𝒔rel 𝝀 𝑆lamp 𝜆 d𝜆

𝑉׬ 𝜆 𝑃 𝜆, 𝑇A d𝜆

׬ 𝒔rel 𝝀 𝑃 𝜆, 𝑇A d𝜆
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SMCF for different calibration spectra

Standard Illuminant A

൙
𝑉׬ 𝜆 𝑆lamp 𝜆 d𝜆

׬ 𝑠rel 𝜆 𝑆lamp 𝜆 d𝜆

𝑉׬ 𝜆 𝑺 𝝀, 𝑻𝑨 d𝜆

׬ 𝑠rel 𝜆 𝑺 𝝀, 𝑻𝑨 d𝜆

𝑀𝐴𝐸𝑖 =
σ𝑗=1
𝑁=107ห𝑆𝑀𝐶𝐹𝑗 − ȁ1

𝑁
∙ 100%

wavelength

CCT: 2856K
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MAEi for Standard Illuminant A

Standard Illuminant A

൙
𝑉׬ 𝜆 𝑆lamp 𝜆 d𝜆

׬ 𝒔rel 𝝀 𝑆lamp 𝜆 d𝜆

𝑉׬ 𝜆 𝑷 𝝀, 𝑻𝑨 d𝜆

׬ 𝒔rel 𝝀 𝑷 𝝀, 𝑻𝑨 d𝜆

𝑀𝐴𝐸𝑖 =
σ𝑗=1
𝑁=107ห𝑆𝑀𝐶𝐹𝑗 − ȁ1

𝑁
∙ 100%

wavelength

CCT: 2856K
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SMCF for different calibration spectra

Illuminant LED-B3

൙
𝑉׬ 𝜆 𝑆lamp 𝜆 d𝜆

׬ 𝑠rel 𝜆 𝑆lamp 𝜆 d𝜆

𝑉׬ 𝜆 𝑺 𝝀, 𝑳𝑬𝑫 d𝜆

׬ 𝑠rel 𝜆 𝑺 𝝀, 𝑳𝑬𝑫 d𝜆

𝑀𝐴𝐸𝑖 =
σ𝑗=1
𝑁=107ห𝑆𝑀𝐶𝐹𝑗 − ȁ1

𝑁
∙ 100%

CCT: 4102K
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MAEi for Illuminant LED-B3
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MAEi for different calibration spectra

Standard illuminant A Illuminant LED-B3
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SMCF for different calibration spectra

Standard illuminant A Illuminant LED-B3
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SMCF for different calibration spectra

Standard illuminant A Illuminant LED-B3

HP1: Standard high pressure sodium lamp

HP2: Colour enhanced high pressure sodium lamp
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Luminous Intensity Standard type A (LIS-A)

• 25 LEDs

• Light output area similar to WI 41/G

• Internal temperature controller

• Lamp current appr. 65 mA (DC)

• Lamp voltage appr. 75 V

• Lamp power appr. 5 W

• Spectral distribution similar to proposed LED 

reference spectrum

• Luminous intensity appr. 245 cd, similar to WI 41/G
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Comparison of Illuminant LED-B3 and LIS-A

Illuminant LED-B3 LIS-A

Quantity Illuminant LED-B3 LIS-A Difference

CCT 4102 K 4020 K 82 K

Blue peak WL 448 nm 450 nm 2 nm

Phosphor peak WL 595 nm 597 nm 2 nm

Blue peak / phosphor peak 1.12 1.00 0.12
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LIS-A geometrical alignment behaviour

LED standard, rotation arround horizontal axis LED standard, rotation arround vertical axis

incandescent lamps, rotation arround horizontal axis incandescent lamps, rotation arround vertical axis
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LIS-A ambient climate behaviour

Operation in climate chamber

→no systematic temperature

dependency <1.5∙10-4

→Neglectable dependence

on humidity

Module #

relative humidity

Module #

ambient temperature



Mean change in the light intensity of the modules is signifi-

cantly lower than 0.1% for the last 100 hours of seasoning
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LIS-A seasoning
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LIS-A repeatibility

• 65 hours cyclic operation: 30 min on-state, 15 min off-state

• 10 min warm up for each cycle (removed from graph)
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LIS-A luminous intensity uncertainties
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Luminous intensity comparison (5 NMIs)



▪All measurements are finished.

▪Data analysis is ongoing.
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Status of the comparison
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Preliminary results of PTB
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Preliminary results of PTB
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▪ Preliminary results of several

NMIs with different detector-

types (Photometer, Trap, 

PQED).

▪ Standard uncertainties (k=1) 

are shown.
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Preliminary results of the comparsion
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▪ The artefacts were sent

around with courier

services.

▪ Several times the shock

sensors with GPS 

measured accelerations

of more than 20G!

▪ No indication that the

properties of the LIS-A 

artefacts were affected.
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Transportation



▪ PTB employees plan a spin-off for making LIS-A 

commercially available. 

▪ Approval is expected soon.

▪ For details contact info@luminous-intensity.de

▪ Or visit www.luminous-intensity.de
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Making LIS-A commercially available

mailto:info@luminous-intensity.de
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New revision

Slightly improved design:

• 24 LEDs in 2 el. circuits

• Max Voltage < 40V per 

circuit

• Luminous Intensity: 

~240 cd
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