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Outline

• Spectral radiometric scale realization

• Reflectance scale realization

• Calibration standards

• Irradiance calibration

• Radiance calibration



SI: Summary

• Identical worldwide

• Century-long stability

• Absolute accuracy

Achieved through:

• Traceability

• Uncertainty Analysis

• Comparison





Radiometric quantities: radiance and irradiance

Radiance L(φ,θ,λ): power, emitted from the unit

 area of  the source into unit solid angle.

Unit: W·m-2sr-1 or W·m-2sr-1nm-1

Irradiance E(λ): total power,

emitted from the unit area.

Unit: W·m-2 or W·m-2nm-1
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For hemisphere: Ω=∫∫dφdθ=2π sr
Slide in courtesy of I. Ansko, TU



Special case: Lambertian surface

Radiance L(φ,θ,λ) does not depend on the polar angles φ,θ:

the surface is perfectly diffuse (e.g. white snow, Sun's surface):

E(λ)=∫∫L(φ,θ,λ)dφdθ=πL(λ)
Diffuse (Lambertian) targets are widely used for calibration

and characterization purposes.

integrating spherediffuse reflectance target Slide in courtesy of I. Ansko TU



Optical power = Po

Electrical Heater Power = PEAbsorbing black 

coating
Copper disk

When thermometer 

temperature T=To=TE then 

Po=PE 

Cryogenic cooler

Principle of Cryogenic radiometry
Absorbing cavity 

(~ 0.99999)

Cooling improves 

sensitivity by 1000 X

Electrical Substitution Radiometry –  a 

100 yr old technology



Satellite

Earth Imager

Spectral Radiance and Irradiance



Traceability
Cryogenic radiometer 

0.01 %

Standard Lamp ~0.7%

Filter Radiometer ~0.35 %

Black Body ~0.5 %

Reference photodiode 

0.1%



STAR-CC-OGSE

• Cleanroom compatible and transportable system

• Provide geometric (through setup 1) and radiometric 

(through setup 2) calibration and characterisation of 

satellites specifically for earth observation purposes

• Both sources allow for the testing in both broadband and 

monochromatic modes through use of the white light 

sources in the sphere and connecting a broadly tuneable 

pulsed laser (260 nm to 2700 nm) via a fibre cable

• Detector-based traceability to the SI primary standard 

cryogenic radiometer. 

• Develop to be compliant for the TRUTHS pre-flight 

calibration (0.3% k=2) in 2028/2029

Spectroscopically Tuneable Absolute 

Radiometric Calibration & Characterization 

Optical Ground Support Equipmentg



Reflectance scale

Bidirectional Reference factor

Williams, 1999

Reference reflectometer

Reference factor Radiance factor



SI Traceability

[W]

[m]

[sr]



Absolute calibration 

standards



Irradiance standards

▪ Lamps tungsten-halogen lamp ( FEL) 1 kW (~ 3000 K)



Typical FEL irradiance



Calibration

“operation that, under specified conditions, in a first step, establishes a 

relation between the quantity values with measurement uncertainties 

provided by measurement standards and corresponding indications with 

associated measurement uncertainties and, in a second step, uses this 

information to establish a relation for obtaining a measurement result 

from an indication.” 

http://jcgm.bipm.org/vim/en/index.html



Calibration Certificate example



Radiance standards

▪ Lamp –reflectance standard

▪ Integrating sphere



Reflectance Standard

▪ Spectralon® Diffuse Reflectance Standard

https://www.labsphere.com/site/assets/files/1828/spectralon_targets.pdf



Spectralon BRF

Yoon et al. 2009



Calibration certificate example



Calibration certificate example



Absolute radiometric calibration



Irradiance

𝐸 𝜆, 𝑑 = 𝐸 𝜆, 500 mm
500 mm

𝑑

2



Absolute radiometric calibrations irradiance 



Check list

▪ “Required”, “Highly recommended” and “Preferable”

▪ To take part in comparison a participant must meet all required points.

▪  Lack of items “Highly recommended” increases the measurement uncertainty 
values. 

▪ The “Preferable” category contains non-essential items that would be good to 
have to speed up or simplify the measurements, however it is possible to make 
measurements without them. 



Absolute radiometric calibrations irradiance 

1. R – Optical rail or tale to set up the experiment 
2. R – At least two radiometrically calibrated FEL lamps with a burning time less than 50 h since last calibration
3. R – Alignment laser to define the optical axis and align the lamps and the radiometers
4. R – Lamp, radiometer and laser posts. P – Six degrees of freedom lamp and laser mount (to facilitate the alignment)
5. R – Alignment procedure that strictly follows the lamp manufacturer instruction and the lamp calibration 

instruction  (e.g. the reference point for distance measurements is different for every manufacturer of FEL lamp, 
and the distance setting must be done accordingly to the lamp type), 

6. R – Power supply, P – Power supply with a function of automatic rump up/down time 
7. Hr – Standard resistor and independent voltmeter readings, P – automatic current and voltage readings with the file 

output, rather than an operator handwritten notes in a lab book.
8. R – Distance measurement devise, Hr – calibrated measurement stick, P – contactless distance probe 
9. R – light shields  
10. R – Lab temperature readings (section 7 Harmonisation of laboratory guidelines contain the explanation why this is 

required) 



Radiance
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Radiance

Integrating sphere



Absolute radiometric calibrations radiance

05.12.2022KickFRM4SOC Workshop



Absolute radiometric calibrations radiance

1. R – Any calibrated white pseudo-Lambertian reflectance standard with correction applied to convert the 

calibration value to 0°:45° geometry for calibration performed at most common and widely available 

8°:hemispherical geometry, Hr – Calibrated Reflectance standard with reflectance factor calibration at 

0°:45° geometry.  

2. P – Mirror with 6 degrees of freedom mount to verify the 45 degrees optical axis 

3. R – Lamp filament distance offset. For Gigahertz lamps Hr – lamp filament offset for other lamps types. 

This is necessary to account for the difference in the plane of the distance setting and actual lamp filament 

position for measurements performed at any other distance than the default calibration 500 mm.



Laboratory comparison strategy

▪ Publicly announced open to everybody who holds absolute calibration standards 

and meet minimum requirements

▪ Executed as round – robin, so tests each participants in house laboratory 

capabilities

▪ With hyperspectral transfer radiometers (thus applying additional conditions 

during measurements)

▪    There is no a bad result 

▪ Executed every 3-5 years, for a new players open possibility for a bilateral 

comparisons



Take home message

▪ Maintain calibration records of 

your field instruments 

(FidRadDB)

▪ Ensure that calibration are 

performed regularly ideally once 

a year (we understand the reality)

▪ Do your research for the best 

calibration provider – demand 

calibration coefficients 

uncertainty as a part of the 

service



THANK YOU

agnieszka.bialek@npl.co.uk
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