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BSDF Basics

BSDF, BTDF, BRDF, … ?

BSDF bidirectional scattering

distribution function

BRDF bidirectional reflection

distribution function

BTDF bidirectional transmission

distribution function

„BSDF = BRDF + BTDF“

we are talking about 

▪ data-driven BSDFs

▪ BSDFs representing daylighting systems 
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source: wikimedia.org



BSDF Basics
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BSDF discretization

Common resolutions of data-driven BSDFs

519th Radiance Workshop | To B(SDF) or not to B(SDF) | August 19-20, 2021, Bilbao, Spain

Source: Ward, G.J. et al., Modeling specular transmission of complex fenestration systems with data-driven BSDFs, Building and Environment 196 (2021) 107774, 

https://doi.org/10.1016/j.buildenv.2021.107774

https://doi.org/10.1016/j.buildenv.2021.107774


BSDF Basics – Discretizations

Klems‘ discretization

• subdivision of hemisphere into 145 patches

• approx. equal illuminance from each patch if

luminance is constant in hemisphere

• 9 θ ranges {0°-5°, 5°-15°, 15°-25°, 25°-35°, 35°-45°, 

45°-55°, 55°-65°, 65°-75°, 75°-90°}

• φ subdivisions per θ range

{1, 8, 16, 20, 24, 24, 24, 16, 12}

• average solid angle 2π/145 = 0.0433 sr,

i.e. cone with 2 x 6.73° apex angle [2π*(1-cos(α/2)) = 2π/145]
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further reading:

Klems J.H.: A new method for predicting the solar heat gain of complex fenestration systems; 

Overview and derivation of the matrix layer calculation. ASHRAE Transactions 100 (1), 1994



BSDF Basics – Discretizations

Variable resolution („tensor tree“)

• idea: high resolution for spikey regions

low resolution for smooth regions

• based on Shirley-Chiu-mapping

(preserves fractional area, i.e. projected solid angle)

• maximum dimensions in 4D 22n x 22n

(n = 4 / 5 / 6: 2562 / 10242 / 40962)

• + efficient data structure (ideal diffuse reflector needs 1 value {1/π})

• – no matrix structure (needed for daylight coefficient approach)
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further reading:

Shirley P., Chiu K.: A Low Distortion Map between Map and Square, Journal of Graphics Tools 2(3), 1977

Ward G.: Presentations at the 10th Radiance Workshop, radiance-online.org/community/workshops/2011-berkeley-ca

Ward G. et al.: Reducing Anisotropic BSDF Measurement to Common Practice," Workshop on Material Appearance Modeling, 2014
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BSDF peak extraction

Problem

High resolution BSDF vs. backward raytracing

(classical problem e.g. same with sun)
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BSDF peak extraction

Problem

High resolution BSDF vs. backward raytracing

(classical problem e.g. same with sun)

Approach

Treat direct contribution separately: 

deterministic sampling (single/multiple samples) 

is applied in Radiance for light sources already.

But what if a BSDF is in the way?
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Example BSDFs
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Variable Resolution BSDF of clear glazing



Example BSDFs
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BSDF of redirecting blinds, Klems resolution



Example BSDFs
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BSDF of redirecting blinds, Klems resolution



Example BSDFs
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BSDF of translucent material (2x5°), Klems resolution



Example BSDFs
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BSDF of translucent material (2x5°), Klems resolution



Peak extraction algorithm
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R (search

radius basis)Minimum projected

solid angle of

BSDF resolution

28 surrounding test

directions at steps

0.6R, 1.2R, 1.8R, 2.4R

Ray direction

hitting BSDF 

surface

Tensor tree

BSDF 

(i) Shadow ray or view ray? 

(ii) BSDF minimum projected solid angle?

Evaluate 28 surrounding directions within
2.4 times the search radius

(iii) Brightness of possible peak > 1.5 
times surrounding brightness?

➢ If (i), (ii), and (iii) are true: extract peak



Peak extraction algorithm
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If peak extraction is triggered:

▪ treat surface for sample ray as purely specular
transmitting, i.e., transmit ray unperturbed

▪ modify by direct-direct transmission value in this
direction computed from the BSDF data

▪ avoid double-counting of near-specular transmission

▪ substitute these ray contributions in the exclusion 
zone with an average brightness determined from the 
28 surrounding test directions*

➢ Higher accuracy (estimator for flux from surrounding of 
the peak)

➢ Better appearance

* added July 2020, src/rt/m_bsdf.c version 2.61



▪ BSDF material (no PE)

▪ aBSDF material (with PE)

mod BSDF material

6+ thickness BSDFfile ux uy uz funcfile transform

0

0|3|6|9 rdf gdf bdf

rdb gdb bdb

rdt gdt bdt

Enabling peak extraction: the aBSDF material
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mod aBSDF material

5+ BSDFfile ux uy uz funcfile transform

0

0|3|6|9 rdf gdf bdf

rdb gdb bdb

rdt gdt bdt

The best documentation

is the code:

see ray/src/rt/m_bsdf.c

https://radiance-online.org/cgi-bin/viewcvs.cgi/ray/src/rt/m_bsdf.c?revision=2.63&view=markup&pathrev=MAIN


Enabling peak extraction: the aBSDF material

▪ BSDF material (no PE)

▪ aBSDF material (with PE)
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void BSDF my_BSDF

6 0 system.xml 0 0 1 .

0

0

void aBSDF my_aBSDF

5 system.xml 0 0 1 .

0

0



Field validation at LBNL
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Cd/m2

Simulation
Measurement

Example: Check for energy conservation 

at various solid angles

▪ Completed initial validation of modeling workflow 
using field measured data from the Advanced 
Windows Testbed at LBNL* 

▪ Verified that intensity and distribution of transmitted 
flux are accurate using point measurements and 
calibrated high dynamic range (HDR) imaging

▪ Initiated second phase field validation of a broader 
range of materials to test robustness of the 
algorithms

* Ward, G.J. et al., Modeling specular transmission of complex fenestration systems 

with data-driven BSDFs, Building and Environment 196 (2021) 107774 (open access), 

https://doi.org/10.1016/j.buildenv.2021.107774

https://doi.org/10.1016/j.buildenv.2021.107774


Examples: (i) MechoShade fabric

▪ Textile roller blind (MechoShade)

▪ Fabric sample
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Examples: (i) MechoShade fabric: BSDF t35
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60
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rpict parameters: -ps 1 -pj 0 -ab 2 -aa 0.1 -ad 1024 -ss 64 -dj 0.6

Ev = 446lx

Lmax = 47K cd/m2

Ev = 397lx

Lmax = 4.13M cd/m2

Ev = 446lx

Lmax = 47K cd/m2

Ev = 437lx

Lmax = 4.15M cd/m2



Examples: (i) MechoShade fabric: BSDF t35
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60
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rpict parameters: -ps 1 -ab 1 -ss 0 -dj 0



Examples: (i) MechoShade fabric: BSDF t36
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60
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rpict parameters: -ps 1 -pj 0 -ab 2 -aa 0.1 -ad 1024 -ss 64 -dj 0.6

Ev = 445lx

Lmax = 132K cd/m2

Ev = 413lx

Lmax = 4.31M cd/m2

Ev = 443lx

Lmax = 133K cd/m2

Ev = 441lx

Lmax = 4.35M cd/m2



Examples: (i) MechoShade fabric: BSDF t36

2419th Radiance Workshop | To B(SDF) or not to B(SDF) | August 19-20, 2021, Bilbao, Spain

src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60
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rpict parameters: -ps 1 -ab 1 -ss 0 -dj 0



Examples: (i) MechoShade fabric: BSDF t37
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60
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rpict parameters: -ps 1 -pj 0 -ab 2 -aa 0.1 -ad 1024 -ss 64 -dj 0.6

Ev = 442lx

Lmax = 132K cd/m2

Ev = 403lx

Lmax = 3.96M cd/m2

Ev = 442lx

Lmax = 133K cd/m2

Ev = 434lx

Lmax = 3.97M cd/m2



Examples: (i) MechoShade fabric: BSDF t37
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60
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rpict parameters: -ps 1 -ab 1 -ss 0 -dj 0



Examples: (ii) Redirecting blinds

2719th Radiance Workshop | To B(SDF) or not to B(SDF) | August 19-20, 2021, Bilbao, Spain
rpict parameters: -ps 1 -pj 0 -ab 2 -aa 0.1 -ad 1024 -ss 64 -dj 0.6

0°

30°

60°



Examples: (ii) Redirecting blinds: BSDF Klems
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60

„a
B

S
D

F
“:

 w
it
h

P
E

„B
S

D
F

“:
 w

it
h

o
u

t
P

E

rpict parameters: -ps 1 -pj 0 -ab 2 -aa 0.1 -ad 1024 -ss 64 -dj 0.6

Ev = 22167lx

Lmax = 669K cd/m2

Ev = 17489lx

Lmax = 292M cd/m2

Ev = 22167lx

Lmax = 669K cd/m2

Ev = 17661lx

Lmax = 292M cd/m2



Examples: (ii) Redirecting blinds: BSDF t44
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60
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rpict parameters: -ps 1 -pj 0 -ab 2 -aa 0.1 -ad 1024 -ss 64 -dj 0.6

Ev = 22149lx

Lmax = 1.45M cd/m2

Ev = 19460lx

Lmax = 340M cd/m2

Ev = 22149lx

Lmax = 1.45M cd/m2

Ev = 19521lx

Lmax = 340M cd/m2



Examples: (ii) Redirecting blinds: BSDF t45
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60
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rpict parameters: -ps 1 -pj 0 -ab 2 -aa 0.1 -ad 1024 -ss 64 -dj 0.6

Ev = 22352lx

Lmax = 5.44M cd/m2

Ev = 18512lx

Lmax = 319M cd/m2

Ev = 22352lx

Lmax = 5.44M cd/m2

Ev = 18597lx

Lmax = 319M cd/m2



Examples: (ii) Redirecting blinds: BSDF t46
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60
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rpict parameters: -ps 1 -pj 0 -ab 2 -aa 0.1 -ad 1024 -ss 64 -dj 0.6

Ev = 18899lx

Lmax = 19.6M cd/m2

Ev = 18444lx

Lmax = 311M cd/m2

Ev = 18899lx

Lmax = 19.6M cd/m2

Ev = 18458lx

Lmax = 311M cd/m2



Examples: (iii) Translucent material

▪ BSDF generated from Radiance trans material 
(10° full width tenth max):
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void trans 2x5deg_tenth

0

0

7 0.5 0.5 0.5 0.0 0.02874 1.0 1.0



Examples: (iii) Translucent material: ground truth
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60

rpict parameters: -ps 1 -pj 0 -ab 2 -ss 64 -dj 0.6

Ev = 30266lx

Lmax = 13.2M cd/m2

Ev = 30266lx

Lmax = 13.2M cd/m2



Examples: (iii) Translucent material: BSDF t35
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60
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rpict parameters: -ps 1 -pj 0 -ab 2 -ss 64 -dj 0.6

Ev = 30633lx

Lmax = 4.73M cd/m2

Ev = 28241lx

Lmax = 562M cd/m2

Ev = 30633lx

Lmax = 4.73M cd/m2

Ev = 30137lx

Lmax = 562M cd/m2



Examples: (iii) Translucent material: BSDF t36
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60
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rpict parameters: -ps 1 -pj 0 -ab 2 -ss 64 -dj 0.6

Ev = 30379lx

Lmax = 10.1M cd/m2

Ev = 27430lx

Lmax = 539M cd/m2

Ev = 30379lx

Lmax = 10.1M cd/m2

Ev = 28666lx

Lmax = 539M cd/m2



Examples: (iii) Translucent material: BSDF t37
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src/rt/m_bsdf.c: v 2.61src/rt/m_bsdf.c: v 2.60

„a
B

S
D

F
“:

 w
it
h

P
E

„B
S

D
F

“:
 w

it
h

o
u

t
P

E

rpict parameters: -ps 1 -pj 0 -ab 2 -ss 64 -dj 0.6

Ev = 30259lx

Lmax = 15.6M cd/m2

Ev = 26998lx

Lmax = 458M cd/m2

Ev = 30259lx

Lmax = 15.6M cd/m2

Ev = 27079lx

Lmax = 458M cd/m2
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and take care about 

near-specular scattering 

(BSDF resolution)!



When to use aBSDF or BSDF?
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Example Proposed type Comments

(i) MechoShade fabric aBSDF
Choose BSDF resolution adequate for

forward scattering portion

(ii) Redirecting blinds
BSDF with proxy

geometry

aBSDF does not represent geometric

patterns, i.e. averages over area – can

be ok for small geometry

(iii) Translucent material BSDF
Choose BSDF resolution to resolve

scattering distribution



Rendering examples
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BSDF (no PE) aBSDF (with PE)



BSDF (no PE) aBSDF (with PE)



BS2021 paper

▪ https://bs2021.org/
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https://bs2021.org/


Effect of peak extraction on results (work in progress)

BSDF (no PE) aBSDF (with PE)
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Effect of peak extraction on results (work in progress)

t45, BSDF (no PE) t45, aBSDF (with PE)

t47, BSDF (no PE) t47, aBSDF (with PE)

0.0%

0.0%

0.2%

99.8%

0.0%

0.0%

0.9%

99.1%

6.1%

3.5%

1.5%

88.9%

1.8%

4.8%

3.9%

89.5%
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EN17037 limit: DGP above 0.45 

for max. 5% of working hours

0.45

0.40

0.35

0.45

0.40

0.35

0.45

0.40

0.35

0.45

0.40

0.35

Daylight Glare Probability (DGP)
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IEA SHC Task 61 / Annex 77 
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Subtask C: Design Support for Practitioners

Objective

Focus on the application of technical innovations in the field of integrated 
lighting solutions in practitioners’ workflows. Bring findings onto the 
desktops of designers by integration into widely used software tools, 
standards and codes, and design guidelines.

C.1 Review of state of the art design workflows

C.2 Standardization of BSDF daylight system characterization

C.3 Spectral sky models for advanced daylight simulations

C.4 Hourly rating method for integrated solutions



BSDF generation procedures: white paper

White paper available at

https://task61.iea-shc.org/publications
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https://task61.iea-shc.org/publications


BSDF generation procedures: white paper

▪ .
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BSDF round robin test
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BSDF round robin test
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HELLA venetian blinds – Klems: AOI = 30°

v2

v3

τd-h = 47.9%
τd-d = 32.8%

τd-h = 48.4%
τd-d = 32.8%

τd-h = 23.4%
τd-d = 1.9%

τd-h = 46.0%
τd-d = 20.1%

τd-h = 48.1%
τd-d = 33.1%

τd-h = 48.4%
τd-d = 34.0%

τd-h = 88.4%
τd-d = 40.3%

τd-h = 49.9%
τd-d = 38.4%

τd-h = 54.5%
τd-d = 40.3%

τd-h = 47.1%
τd-d = 32.5%

τd-h = 23.9%
τd-d = 0.03%

v1
Lab B Lab C Lab D Lab E Lab FLab A



BSDF round robin test

5119th Radiance Workshop | To B(SDF) or not to B(SDF) | August 19-20, 2021, Bilbao, Spain

HELLA venetian blinds – Klems: τd-h

v2

v3

v1

τh-h = 49.5%

τh-h = 50.1% τh-h = 50.1%

τh-h = 42.0%

τh-h = 49.0% τh-h = 49.3% τh-h = 86.1%

τh-h = 50.3%

τh-h = 50.4%

τh-h = 49.1%τh-h = 50.1%

Lab B Lab C Lab D Lab E Lab FLab A



BSDF round robin test
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HELLA venetian blinds – Klems, BSDF (no PE; top) / aBSDF (with PE; bottom)



BSDF round robin test
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HELLA venetian blinds – Klems, BSDF (no PE)

Lab B Lab C Lab D Lab E Lab FLab A
v1

v2

v3

DGP 1.00
Ev 12596

DGP 1.00
Ev 12596

DGP 0.35
Ev 1120

DGP 0.76
Ev 6043

DGP 1.00
Ev 12108

DGP 1.00
Ev 12372

DGP 1.00
Ev 15399

DGP 1.00
Ev 12987

DGP 1.00
Ev 14324

DGP 1.00
Ev 12227

DGP 0.46
Ev 3010



BSDF round robin test
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Simulation Setup: 71T testbed @ LBNL
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Simulation Setup: 71T testbed @ LBNL
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HELLA blinds – Klems

Simulation Ev

Lab B Lab CLab A

v1

v2

v3

Lab E Lab FLab D

v1

v2

v3
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HELLA blinds – Klems

Simulation EN17037 

DA500lx on workplane

Lab B Lab C Lab D Lab E Lab FLab A
v1

v2

v3

ENsDA500lx,50% = 
69.0%

ENsDA500lx,50% = 
70.6%

ENsDA500lx,50% = 
48.7%

ENsDA500lx,50% = 
50.8%

ENsDA500lx,50% = 
67.9%

ENsDA500lx,50% = 
70.6%

ENsDA500lx,50% = 
100.0%

ENsDA500lx,50% = 
74.3%

ENsDA500lx,50% = 
89.3%

ENsDA500lx,50% = 
69.0%

ENsDA500lx,50% = 
38.5%



IEA SHC Task 61 / Annex 77

Report C.2 to be finished soon and published on

https://task61.iea-shc.org/publications

Stay tuned!
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https://task61.iea-shc.org/publications
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