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Abstract 

1. Motivation, specific objective 

Photometric calibrations are mainly based on the use of incandescent lamps as standards for 
dissemination and maintenance of the SI units for luminous intensity (cd), luminous flux (lx) and the 
calibration of luminous responsivity of photometers. Most of the used measurement methods and 
reference spectra were developed long before modern solid-state lighting (SSL) products were 
introduced into the lighting market. In addition, phasing-out of incandescent lamps for lighting 
applications poses a metrological problem: all lamps measured in practice differ completely in their 
behavior with respect to spectral distribution, flicker and aging. The preferred substitution 
measurement method is therefore no longer given. 

The European research project “Future photometry based on solid-state lighting products” (EMPIR 
PhotoLED) has investigated the fundamental requirements for photometry based on white light-
emitting diode (LED) sources. The project partners have analysed many hundreds of LED spectra and 
derived suitable LED reference spectra for photometric calibrations. The use of photomers calibrated 
with the proposed reference spectrum significantly reduces the contributions of spectral errors. 

In this article we would like to present the practical advantages and disadvantages of using light 
intensity standards based on real LEDs with very similar spectra to the hypothetical reference 
spectrum mentioned 

2. Methods 

The project partners developed new LED standard lamps that could replace the classical DC-operated 
tungsten filament standard lamps in photometry.  The lamps have optimised optical, electrical, and 
thermal properties and are designed for high compatibility with existing calibration facilities. The main 
features are: 

- Spectral distributions close to the proposed LED reference spectrum (appr 4000K) 

- High reproducibility of photometric values 

- Luminous intensity values similar to typical incandescent calibration lamps (appr 250 cd) 

- Built in temperature controller to minimise the impact of ambient temperature on the emitted 
light 

- Robustness 

- Several functions for exact alignment of the lamp 

These features enable on the one hand reliable and repeatable measurements of their photometric 
and colorimetric values for international comparisons between different National Metrology Institutes 
(NMI) on highest level. On the other hand, the easy handling and high compatibility to existing 
measurement equipment allows the distribution of the unit from NMIs to calibration and test 
laboratories with low uncertainties and ensures the traceability chain back to SI. 
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3. Results 

Currently, the luminous intensity comparison between 7 NMIs is running. The pilot laboratory has built 
and characterised 8 LED standard lamps. 

In the first step, two lamps each were sent to three different NMIs. Pilot laboratory keeps two more 
lamps to ensure the stability of the measurement equipment. Each participant must calibrate both LED 
standards according to a technical protocol, including all relevant operating conditions. The results of 
the luminous intensity and illuminance calibrations - including the measuring uncertainty analysis - will 
be collected by the pilot laboratory and the artefacts will be sent to the next NMIs. At the end, the pilot 
laboratory re-calibrates the LEDs to ensure the integrity of the artefacts and determine the possible 
aging of the LEDs (round-robin-comparison).  

The results of the comparison will be available end of spring 2019. Therefore, we can’t publish the 
results in this abstract, but by the deadline for full paper submission to conference proceedings. 

However, the characterisation of the artefacts at the pilot laboratory give some preliminary results: 

- The stability of the electrical operation is in the range of ±1x10-4 for lamp current and ±1x10-5 
for the lamp voltage over 65 hours. The stability of the measured photocurrent is in the range 
of ±1x10-4 which implies the combined stability of the source’s luminous intensity, photometer, 
“photocurrent amplifier” (transimpedance converter) and digital voltmeter.  

- After seasoning of the LEDs to reduce ageing effects we estimate changes in luminous 
intensity of less than 1 x 10-5 per operating hour (calculated by the relative change over 300 
operating hours). 

- Changes of the ambient temperature between 20°C and 30°C affect the luminous intensity 
level below 1.5 x 10-4. 

- Changes of the relative air humidity between 25% and 80% changes the luminous intensity 
below 2.5 x 10-4. 

4. Conclusions 

The results of the luminous intensity comparison will be a reliable basis for the analysis of advantages 
and disadvantages of LED-based standard lamps compared to traditional incandescent standard 
lamps. There is no doubt that LED-based standards will greatly simplify photometric measurement in 
many applications in the future and still lead to smaller measurement errors. However, some features 
of traditional tungsten lamps are still better than LEDs since there are no ageing effects during storage 
and the spectral distribution is very continuous. But these benefits could only be useful for NMIs and a 
very limited number of calibration laboratories. Most test labs will probably have significant benefits 
through the use of LED reference standards. 




