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PRACTICAL METHODS FOR THE MEASUREMENT OF REFLECTANCE AND 
TRANSMITTANCE 

SUMMARY 

The characteristics of materials related to their reflection and transmission properties are 
defined in accordance with the International Lighting Vocabulary and other relevant CIE 
publications.  

The parameters affecting these characteristics and the principles of measurement involved, 
which are the same whether the measurement is made in terms of spectral or weighted (e.g. 
luminous) characteristics, are specified. 

Methods, using an integrating sphere, are recommended for the measurement of 

- reflectance for directional ρ, ρ(ε) and hemispherical ρdif incidence of radiation, 
- diffuse reflectance ρd, 
- transmittance for directional τ, τ(ε) and hemispherical τdif incidence of radiation, 
- diffuse transmittance τd. 

Specific methods are also recommended for the measurement of 

- regular reflectance ρr, 
- regular transmittance τr, 
- radiance/luminance factor β (radiance/luminance coefficient q). 

The absorptance α can either be measured directly or calculated from the measured values 
of reflectance and transmittance. Both procedures are described. 

The principal measurement errors are examined and, where possible, methods for their 
elimination indicated. 

 

METHODES PRATIQUES DE MESURE DES FACTEURS DE REFLEXION ET DE 
TRANSMISSION 

RESUME 

Les caractéristiques des matériaux qui se réfèrent à leurs propriétés de réflexion et de 
transmission des rayonnements optiques sont définies en conformité avec le Vocabulaire 
International de l’Eclairage et autres publications de la CIE sur le même sujet. 

Les paramètres pouvant affecter les caractéristiques susdites et les principes de mesure sont 
spécifiés, ces principes étant les mêmes qu’il s’agisse de mesures de caractéristiques 
spectrales ou intégrales (lumineuses par exemple). 

Des méthodes de mesure faisant usage d’une sphère intégratrice sont recommandées pour 
les déterminations 

- du facteur de réflexion sous incidence directionnelle ρ, ρ(ε) et hémisphériques ρdif, 
- du facteur de réflexion diffuse ρd, 
- du facteur de transmission sous incidence directionnelle τ, τ(ε) et hémisphériques 
  τdif, 
- du facteur de transmission diffuse τd. 

Des méthodes de mesure particulières sont recommandées pour les déterminations 

- du facteur de réflexion régulière ρr, 
- du facteur de transmission régulière τr, 
- du facteur de luminance β (ou du coefficient de luminance q), ces grandeurs 

pouvant être énergétiques ou lumineuses. 
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Le facteur d’absorption α peut être mesuré directement ou calculé à partir des mesures des 
facteurs de réflexion et de transmission. Les deux procédures sont décrites. 

Les erreurs de mesure les plus importantes et, dans la mesure du possible, des méthodes 
pour les éliminer, sont indiquées. 

 

PRAKTISCHE METHODEN FÜR REFLEXIONS- UND TRANSMISSIONSMESSUNGEN 

ZUSAMMENFASSUNG 

Die Eigenschaften von Materialien in bezug auf ihre Reflexion und Transmission werden in 
Übereinstimmung mit dem Internationalen Wörterbuch der Lichttechnik und den 
entsprechenden CIE Publikationen definiert. 

Es werden die Parameter, die diese Eigenschaften und Meßverfahren beeinflussen, 
angegeben, wobei die Verfahren zur Messung der spektralen und integralen (z.B. 
lichttechnischen) Eigenschaften gleich sind. 

Meßmethoden, die eine Ulbricht-Kugel benutzen, werden empfohlen für 

- Reflexionsgrad bei gerichtetem, ρ, ρ(ε) und diffusem ρdif Strahlungseinfall, 
- Grad der gestreuten Reflexion ρd, 
- Transmissionsgrad bei gerichtetem τ, τ(ε) und diffusem τdif Strahlungseinfall, 
- Grad der diffusen Transmission τd. 

Spezielle Meßmethoden werden empfohlen für 

- Grad der gerichteten Reflexion ρr, 
- Grad der gerichteten Transmission τr, 
- Strahldichte/Leuchtdichtefaktor β (Strahldichte/Leuchtdichtekoeffizient q). 

Der Absorptionsgrad α kann entweder direkt gemessen werden oder aus den gemessenen 
Reflexions- und Transmissionsgraden errechnet werden. Beide Verfahren werden 
beschrieben. 

Es werden auch die häufigsten Meßfehler und, so weit wie möglich, Methoden zu ihrer 
Beseitigung angeführt. 
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1.  SCOPE 

The CIE has published four Technical Reports which are basic documents for this 
Publication: 

- International Lighting Vocabulary [1]; 
- Radiometric and Photometric Characteristics of Materials and their Measurement [2]; 
- Absolute Methods for Reflection Measurements [3]; 
- A Review of Publications on Properties and Reflection Values of Material Reflection 

Standards [4]. 

The reflection and transmission properties of materials in the wavelength range of 
optical radiation, particularly light, are important in many fields. This report deals mainly with 
the wavelength range 200 nm < λ < 3 000 nm. These properties are characterized by 
reflectance and transmittance with their regular and diffuse components, and 
radiance/luminance factor. 

Different methods are described in the literature for the measurement of these 
characteristics and the results may differ according to the method used. It is, therefore, 
necessary to standardize one or more methods for the measurement of each defined 
quantity, designed to keep systematic errors as small as possible. This is the only way to 
ensure that the results of measurements, obtained with different instruments are comparable. 

This CIE Technical Report sets out to define recommended methods for measuring 
the most important characteristics of reflection and transmission in industrial laboratories and 
to describe both the measurement geometry and the radiometric/photometric specification of 
the equipment used for irradiation and detection.  

Absolute measurements of diffuse reflectance and measurements of the 
gonioradiometric/goniophotometric properties of materials are outside the scope of this 
publication. They are the subject of the work of other CIE Technical Committees. 

Measurements on retroreflecting materials are also not treated here [5] and only a 
few brief notes, for guidance, are given on luminescent materials [2]. 

2.  DEFINITIONS 

The definitions relating to materials which are given in this Technical Report apply to optical 
radiation and particularly to visible radiation. The characteristics used for the description of 
these properties are generally expressed in terms of radiant, luminous or spectral quantities, 
but can also relate to other spectral weighting functions (see 3.1.2). 

The definitions given here are taken from the International Lighting Vocabulary [1]. 
Where additional explanatory notes not in the ILV have been added, these are indicated by 
an asterisk *. 

2.1  Processes 

2.1.1  Reflection 

Process by which radiation is returned by a surface or a medium, without change of 
frequency of its monochromatic components. 

Note 1: Part of the radiation falling on a medium is reflected at the surface of the medium 
(surface reflection); another part may be scattered back from the interior of the 
medium (volume reflection). 

Note 2: The frequency is unchanged only if there is no Doppler effect due to the motion of 
the materials from which the radiation is returned. 

2.1.2  Transmission 
Passage of radiation through a medium without change of frequency of its monochromatic 
components. 

1 




