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o  The aim of this task was to develop reference photometers for traceable optical 
measurement on SSL sources at low and very low light levels: 

 

• Development and building a true mesopic luminance meter including the 
electronics based on a photopic and a mesopic filter radiometers with an target 
uncertainty of 2 %  
 

• Mesopic luminance and illuminance measurement using spectroradiometers 
 

• Traceablility chain for mesopic instruments using characterised photopic and 
scotopic luminance and illuminance meters  

 

Goals 
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o Photopic an scotopic luminous efficacy functions as defined by CIE in 1979  
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o Mesopic range defined by CIE in 2010 (CIE 191:2010) as a linear combination of the 
photopic and scotopic luminous efficiency functions 
• dependent on an adaptation level  in the range of (                  ) 
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o What does “adaptation level” mean 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

• currently investigated by CIE JTC1 
• no solution available at the moment 

Background 
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Characterisation of detectors  
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Characterisation of detectors  
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P30SCT Scotopic illuminance meter 
P30SCT Photopic illuminance meter 

•  Activ area: 30 mm diameter 

•  V(λ) and V‘(λ) 

•  Mosaic  filters 

•  Cosine corrected 

•  Temperature stabilized at  

   approx. 35 °C 

Characterisation of detectors  



Physikalisch-Technische Bundesanstalt 

0,01 0,1 1 10 100 1000 104

Illuminance E / lx
-1,0⋅10-5

-5⋅10-6

0

5⋅10-6

1,0⋅10-5

 (y
/E

) /
 m

ea
n 

(y
/E

)  
 -1

: photopic meter
: scotopic meter

Linearity and temperature dependence of photometer heads: 

22 24 26 28 30 32 34
Tamb / °C

0,000

0,002

0,004

0,006

0,008

0,010

0,012

0,014

s v
/s v

(T
am

b=
 3

5°
C)

 - 
1

: Photopic meter V(λ)
: Scotopic meter V '(λ)

Photopic meter: 
α0 = -0,1 %/K 
Scotopic meter: 
α0 = -0,08 %/K 

Linearity Temperature dependence 

Characterisation of detectors  
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Characterisation of detectors  

-  Lamp holder that allows 
independent alignment of 6 
degrees of freedom on cross 
bench 

-  maximum distance to source 
>40m 

- Measurement carriage with 6 
places for measurement devices 
on rail system 

-  Detectors inside mounted on 
carousel 

-  Different lamps like luminous 
intensity standard Wi41/G and 
high power lamps for linearity 
measurements 
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• Photopic detector • Scotopic detector 
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Characterisation of detectors  
-  Wavelength range 230 nm 

to 1600 nm 
-  Output power up to 100 

mW/nm 
-  Power stabilisation better 

than 0,1 % 
-  Bandpass limitation down 

to 0,1 nm 

- Treatment of speckle, polarisation and interferences 
-  Determination of uniform radiation field through integrating sphere 

or holographic diffusers 
-  Uniformity in measurement plane better than 0,1 % 
-  Mounting of the detectors on 3-axis translation stage with 

positioning better than 0,1 mm 

- Measurement against 
reference trap detector 
in substitution  

-  trap calibrated against 
cryogenic radiometer 
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P30SCT Scotopic illuminance meter 
P30SCT Photopic illuminance meter 

•  Activ area: 30 mm diameter 

•  V(λ) and V‘(λ) 

•  Mosaic  filters 

•  Cosine corrected 

•  Temperature stabilized at  

   approx. 35 °C 

Characterisation of detectors  

On customer request, these detectors are now also implemented in  
goniophotometer systems from LMT  suitable for the determination 
of the S/P ratio of lamps and luminaires.  
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L1009 Photopic luminance meters L1009 Scotopic luminance meters 

•  Field of view:  3°, 1°, 20‘, 6‘ 

•  V(λ) and V‘(λ) 

•  full  filters 

•  no temperature stabilisation 

Characterisation of detectors  
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Characterisation of detectors  

• Photopic detector • Scotopic detector 

Responsivity of luminance meters: 
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Characterisation of detectors  
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Mesopic luminance meter 

• Off-the-shelf optical components 
• 2 detection channels, weighted by V(λ) and 

V’(λ) respectively 
• Lowest measured luminance level: 0,005 

cd/m2 

• Standard deviation of the mean: 1 % with 
<2 s of integration 

• Estimated f’1 for photopic: 3,6 %; scotopic: 
6 % 
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Mesopic luminance meter 

• 2-channel switched integrator amplifier with 20 bit ADC 
• Amplifier is based on a Burr-Brown ACF2101 integrated circuit 
• Controlled by LabVIEW via USB 
• 5 decades dynamic range 
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Mesopic luminance meter 

– Spectral sensitivity 
– Linearity 
– Effects of out-of-field sources 
– Environment effects (temperature, 

humidity) 
– Response to modulated luminance 
– Polarization 
– … 
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Spectral mesopic value 

• Characterisation of luminaires 
• Measurements of luminous flux, luminous 

intensity distribution and luminous efficacy 
necessary to characterise luminaires according to 
existing standards. 

• With LED used in street lighting additional 
measurements needed regarding spectral 
intensity distribution 
 

Presenter
Presentation Notes
The photometric characteristics and performances of luminaires are specified given the emitted luminous flux, the luminous intensity distribution and the luminous efficacy. Some Standards require also other parameters, like the luminous flux emitted in peculiar solid angles (like the upward light output ratio RULO), but they can be deduced knowing the luminous intensity distribution.Generally these quantities are measured considering photopic photometry. However, in many applications, like road lighting, the lighting level conditions are typical of the mesopic range. Traditionally, also in these cases photopic quantities are used to characterize performances of the lighting installation or to specify standard requirements.With traditional lighting sources (i.e. sodium low and high pressure sodium lamps) this convention does not create any problems in road lighting applications, because the requirements are given considering experimental results and heuristics approximations both obtained using photopic units.Considering LEDs or “white light” sources, as their emitted spectra is completely different from these of traditional sources, the use in Standards of mesopic units for specifying requirements at the lighting level adopted in road lighting installations could permits considerable energy savings.In order to apply this mesopic concept, a given luminaire should be characterized considering the effective road lighting conditions. Indeed, the models of mesopic vision correlate the visibility function to the adaptation level of the eyes expressed as photopic luminance.Therefore, a mesopic luminous intensity distribution of a luminaire cannot be measured directly if the adaptation level found in installations is not known. To obtain the mesopic characterization of a luminaire for a given adaptation level the spectral distribution of the observed light shall be known.The proposed solution is to measure both the photopic luminous intensity distribution and the relative spectral distribution at each direction of emission. If appropriate algorithms are used, these two information permit to evaluate the mesopic quantities for any application conditions.The proposed method has the advantage to obtain at the same time the photopic luminous intensity distribution, as required by current Standards, and, as ancillary data, the spectral distribution that can be used only if necessary.
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Spectral mesopic value 

• Photopic characterisation of luminaires in 
goniophotometers and for applications 
where spectral mesopic  luminance values 
are determined using the spectral  
reflection coefficient  of surfaces.  
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 Development of a photopic and a scotopic traceability chain to 
allow calibrations in the mesopic range according to CIE191:2010  

 Development of a mesopic luminance meter with appropriate low 
noise electronics 

 Development of a detector system for the spectral characterisation 
of lamps and luminaires to determine mesopic luminance values in 
road lighting 

 Comprehensive characterisation of selected detectors and 
measurement systems for suitability and uncertainty analysis 
 
 

 Determination of adaptation level up to now not implemente 
 
 
 

 

Conclusion  
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Cryogenic radiometer 

  Trap detector 

Filtered radiometer  

 

Spectrally tunable source  
 

Detector 

Source 

Substitution methods … 

Si-Trap detector + aperture 
 

Spectrally tunable source  
 

 

Broad-band source  
 

Photometer 

… to minimize uncertainty 

 

Spectrally tunable source  
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Characterisation of detectors  

Pump laser Tunable lasers Power control 

Wavemeter 

DVM Transfer standard 

Meter under test 

Shutter 
Beam-  

conditioning 

Integrating 
sphere 

translation stage 

Monitor 

Lightguide 

XYZ- 

V. E.  Anderson et al, Applied Optics, Vol. 31, No. 4, 1992 

TULIP setup at PTB 

S. Brown et al; Applied Optics, Vol. 45, No32, 2006 
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Characterisation of detectors  

Continous wave setup with Ti:Sa, Dye lasers (DCM, R6G) 
and intracavity doubling of the Ti:Sa laser 

Quasi-cw setup with high repetition femtosecond  
Ti:Sa laser, optical parametric oscillator, and external doubling and tripling of Ti:Sa and OPO 
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Characterisation of detectors  

Uniformity of the irradiation field in a distance of 70 cm from the sphere source 
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Characterisation of detectors  
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