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BSDF Background

- One way for including 
daylighting and shading 
systems (CFS) in simulations
- Lighting simulations 

(sun & skylight)
- Energy simulations

(angular dependent 
solar gains)

- Already implemented in 
various tools
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KATRIN – Karlsruhe Tritium Neutrino Experiment

https://en.wikipedia.org/wiki/KATRIN

https://www.taup-conference.to.infn.it/2015/day3/parallel/nua/1_ranitzsch.pdf

https://en.wikipedia.org/wiki/KATRIN
https://www.taup-conference.to.infn.it/2015/day3/parallel/nua/1_ranitzsch.pdf




Example BSDF: Exterior venetian blinds @ 0° tilt

0° 20°

40° 60°

Example: HELLA AF 60
www.hella.info

http://www.hella.info/
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BSDF Data Generation

Example: HELLA AF 60
www.hella.info

???

IEA SHC Task 61 / Annex 77: Analysis and evaluation of 
BSDF characterization of daylighting systems.  
https://doi.org/10.18777/ieashc-task61-2021-0012

http://www.hella.info/
https://doi.org/10.18777/ieashc-task61-2021-0012


History of BSDFs for CFS
(an excerpt) 

1977: Definition of nomenclature for BRDFs 
F. Nicodemus et al.

1999: IEA SHC Task 21: Measurement of BTDFs
IEA SHC Task 21 experts

2006: Bidirectional photometric data for CFS 
M. Andersen, J. de Boer

2007: BTDFs in mkillum
G. Ward

2009: Three-phase method
G. Ward

2010: Scanning goniophotometer for BTDF measurements
P. Apian-Bennewitz

2011: Simulating the Daylight performance of CFS
G. Ward, R. Mistrick, E. Lee, A. McNeil, J. Jonsson

2011: BSDF Material Primitive & Variable-resolution BSDFs
G. Ward, A. McNeil



History of BSDFs for CFS (cont‘d)
(an excerpt) 

2014: Tensor tree BSDFs
G. Ward, M. Kurt, N. Bonneel

2014: Five-phase method
A. McNeil

2021: Peak extraction
D. Geisler-Moroder, G. Ward, T. Wang, E. Lee

2021: IEA SHC Task 61: white paper & round robin
IEA SHC Task 61 experts

2022: Field Validation
T. Wang, E. Lee, G. Ward, T. Yu

2024: LRT Paper
IEA SHC Task 61 experts 

2024: Launch of ISO/CIE 25176 
D. Geisler-Moroder / IEA SHC Task 70 



3-Phase-Method

I = VTDS
I … result, e.g. annual illuminance values
V … view matrix, combining measurement points with patches at interior of façade 
T … transmission matrix, i.e. BTDF (transmission component of BSDF)
D … daylight matrix, combining patches at exterior of façade with sky patches
S … annual sky matrix



Trigger: ISO/CIE 10916:2024

New Annex B: Comprehensive hourly calculation
- Matrix based daylight calculation method 

relying on BSDF data
- 3-Phase-Method

I = VTDS
I … result, e.g. annual illuminance values
V … view matrix, combining measurement points with patches at interior of façade 
T … transmission matrix, i.e. BTDF (transmission component of BSDF)
D … daylight matrix, combining patches at exterior of façade with sky patches
S … annual sky matrix



International Collaboration & Harmonization

Completed IEA SHC Task 61 / EBC Annex 77: 
Integrated Solutions for Daylighting and 
Electric Lighting (https://task61.iea-shc.org/)

Analysis and Evaluation Report

» Review of currently used methods

» Round Robin test

Online: 
https://doi.org/10.18777/ieashc-task61-2021-0012

https://task61.iea-shc.org/
https://doi.org/10.18777/ieashc-task61-2021-0012


International Collaboration & Harmonization

Completed IEA SHC Task 61 / EBC Annex 77: 
Integrated Solutions for Daylighting and 
Electric Lighting (https://task61.iea-shc.org/)

White Paper

» BSDF definitions

» Scope

» BSDF resolution

» Proposed BSDF generation procedures

» Proposed characterization types for various kinds of daylight systems

Online: 
https://doi.org/10.18777/ieashc-task61-2021-0001

https://task61.iea-shc.org/
https://doi.org/10.18777/ieashc-task61-2021-0001


International Collaboration & Harmonization

https://doi.org/10.1177/
14771535241291838

https://doi.org/10.1177/14771535241291838
https://doi.org/10.1177/14771535241291838


ISO/CIE 25176

SCOPE

This document applies to the broad range of 
materials and systems, e.g. fabric shades, 
venetian blinds, prismatic glass, etc., that are 
used on windows and skylights to control 
daylight, sunlight, glare, privacy, and view to the 
outdoors. It specifies procedures for producing 
comprehensive angle-dependent, solar-optical 
scattering data that can then be used to compute 
a wide range of performance metrics.

This document specifies procedures for:

» characterizing angle-dependent, optical properties (transmittance, reflectance, absorptance) of 
glazing and shading materials and systems, i.e. "complex fenestration systems" (CFS) and then

» generating tabulated bidirectional scattering distribution function (BSDF) data sets for use as input 
to simulation tools or standardized calculation methods such as the comprehensive hourly 
calculation method defined in ISO/CIE 10916:2024.



Proposed structure

» Introduction
» Scope
» Normative references 
» Terms, definitions
» BSDF data resolution

» BSDF generation procedures
- BSDF generation procedure for microscopic systems
- BSDF generation procedure for macroscopic systems

» Reporting of additional information

» Annexes



BSDF data resolution

» Low-resolution BSDF
average patch sizes between 0.0239 sr and 
0.1373 sr
(i.e. cones with full opening angles of 10° to 24°)

Examples: 
Klems, IEA21, Tensor tree up to 24 * 24 (256)

» High-resolution BSDF
average patch sizes less than 0.0239 sr
(i.e. cones with full opening angles less than 10°)

Examples: 
Tensor tree 25 * 25 (1024) or higher

Klems (145)

Tensor tree 26 x 26

(4096)



BSDF data resolution

» Fixed-resolution BSDF
2D (n×m) matrix for n incident and m exiting 
directions

Examples: 
Klems (145×145), IEA21 (145×1297), 
Tensor tree (n × n) with n = 2i * 2i

» Variable resolution BSDF
Tensor tree resolution reduced for areas with 
almost diffuse scattering (i.e. nearly constant 
BSDF), and high for non-diffuse areas to preserve 
peaks

(4096)
Tensor tree 26 x 26

(19) reduced from
Tensor tree 26 x 26



Proposed structure

» Introduction
» Scope
» Normative references 
» Terms, definitions
» BSDF data resolution
» BSDF generation procedures

- BSDF generation procedure for microscopic systems
- BSDF generation procedure for macroscopic systems

» Reporting of additional information
» Annexes



Image: gemini.google.com



Image: www.hella.info

http://www.hella.info/




Annexes

» Angular bases for BSDF discretization
» Incident directions for goniophotometric measurements
» Interpolation of goniophotometer measurements
» Validation of the direct-hemispherical transmittance values
» Data format for tabulated BSDF data sets
» Preparation of proxy geometry for inclusion in BSDF data file
» Example procedure for fabric shades
» Example procedure for venetian blinds
» Generation of tabulated BSDF data with high spatial resolution
» Applicability of parametric models in the BSDF generation for 

macroscopic systems
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Rotational Quadrilateral

Bilateral / 180° No symmetry
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» BSDF Data File Format 
» XML Schema Definition
» MetaData
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Annexes

» Angular bases for BSDF discretization
» Incident directions for goniophotometer measurements
» Interpolation of goniophotometer measurements
» Validation of the direct-hemispherical transmittance values
» Data format for tabulated BSDF data sets
» Preparation of proxy geometry for inclusion in BSDF data file
» Example procedure for fabric shades
» Example procedure for venetian blinds
» Generation of tabulated BSDF data with high spatial resolution
» Applicability of parametric models in the BSDF 

generation for macroscopic systems

For the following materials, the use of the 
referenced parametric models is considered 

valid without further justification if the selection 
of parameters is justified and reported. 





Radiance Workshop

» Do you use BSDFs for CFS? 
In Radiance? Or in other tools as well? If so, which ones?

» If you obtain BSDFs externally, where do you get them from? 
And do you receive information about how they were created? 

» Is the origin and validity of BSDF data important to you? How do you verify this?

» If you create BSDFs yourself, what methodology do you use?

» What are the biggest hurdles/challenges when creating BSDFs?

» …?

We want your
feedback and 
opinion!
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