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KEYS: INNOVATION, EVOLUTION,
& COMMUNITY

Started from personal interests and curiosity

Grew with encouragement from LBL Lighting Group

Developed into a funded DOE software project

Support & validation from lighting and daylighting community

IEA, EPFL, Fraunhofer Institute (Stuttgart & Freiburg)

Uptake in research, open source, and commercial applications



HUMBLE BEGINNINGS

Radiance grew out of personal interest in computer graphics techniques

1985 SIGGRAPH course, “Image Rendering Tricks”

Turner Whitted, Rob Cook, Jim Blinn

Early experiments and code development “boot-legged” off EPRI project

Encouragement from Francis Rubinstein, Sam Berman, Rudy Verderber





FIRST LIGHT (1985-6)

First screen capture (simulated flare) Simulation of my desk



INDIRECT IRRADIANCE CACHING

1986 was “break-through” year, where we found a practical approach to 
global illumination using ray-tracing (Indirect Irradiance Caching) 

Pure Monte Carlo had been tried, but it was too slow

Caching irradiance integrals made global illumination possible

DOE funding followed demonstrated ability in lighting visualization

1988 SIGGRAPH paper “A Ray-tracing Solution for Diffuse Interreflection”

In following decade, IIC became more widely used than radiosity method



1988 SIGGRAPH paper (resubmitted after 1987 rejection)

Authors: Greg Ward, Francis Rubinstein, Bob Clear



WHAT’S IN A NAME?

It helps knowing what to call your software…

Well-regarded program LUMEN by Dave DiLaura was industry standard

Similarly, “radiance” is lighting unit corresponding to the value of a ray

radiometric units are watts/steradian-meter2, photometric candelas/m2



See why I’m not in advertising?



WHAT IS DIFFERENT ABOUT 
RADIANCE?

Follows Unix toolbox model

Small, specialized programs that interact through standard data formats

Source code applies “least common denominator” approach to portability

Allows to grow and maintain cross-platform tools with limited resources

Took advantage of early adopters with unmet needs and good suggestions



genworm yellow banana '0' '5*sin(t)' '5*cos(t)' '.4-(.5-t)*(.5-t)' 20 | xform -t 70 50 30 
| oconv room.rad - | rpict -vf ban.vf -x 2048 -y 2048| pfilt -1 -x /3 -y /3 -r .6 | 
ra_tiff - banana.tif

UNIX TOOLBOX MODEL

generate
transform
compile
render
filter
convert



CURRENT LIST OF TOOLS
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Figure 1.1 An experimental comparison between Radiance calculations and real measurements
under daylight conditions [Mar95].

QUANTITATIVE VALIDATION

LBNL’s initial numerical validation 
compared electric and simple 
daylight calculations against 
existing tools

More advanced validation against 
real-world measurements in full-
scale model conducted by John 
Mardaljevic using sky scanner



QUALITATIVE VALIDATION

Beyond demonstrating the 
expected result on simple 
models, we aspired to 
simulate the built 
environment in all its 
complexity



QUALITATIVE VALIDATION

Anat Grynberg helped 
measure and model 
properties for the 
conference room at 
LBL in this comparison



First Radiance Workshop
(February 1991)

Next workshop did not
happen until 2002…



CHALLENGES WE FACED

1. Intensity of daylight and importance of windows and interreflections

2. Characterizing and modeling material interactions

3. Evaluation of discomfort and disability glare

4. Calculation time and interaction

5. Documentation, outreach and education



CHALLENGE RESPONSE (1)

Intensity of daylight and 
importance of windows and 
interreflections

Secondary and virtual 
sources



CHALLENGE RESPONSE (2)

Characterizing and modeling 
material interactions

BSDF measurements and 
data-driven materials



CHALLENGE RESPONSE (3)

Evaluation of discomfort and 
disability glare

Findglare, evalglare (Jan 
Wienold)



CHALLENGE RESPONSE (4)

Calculation time and 
interaction

Holodeck, GUIs, annual 
simulation methods



CHALLENGE RESPONSE (5)

Documentation, outreach and 
education

Mailing lists, textbook, 
tutorials, website, and 
workshops



HDR IMAGING AS OUTGROWTH

Tone-mapping methods (pcond)

LogLuv TIFF & JPEG-HDR image formats

Image-based lighting (Paul Debevec)

Photosphere application & photometry

HDR viewer & Brightside/Dolby display



Image-based 
Lighting:
Fiat Lux

by Paul Debevec



HDR Stereo Viewer
(inspired dual- 

modulation display)



Photosphere
HDR Image Builder/

Browser



RADIANCE TODAY

Community of 1000 active users (according to Discourse server)

At least a dozen softwares that use or build on Radiance simulation engine

Scores of Ph.D. theses employed Radiance calculations, more each year

17 Radiance annual workshops (Raphaël Compagnon started in 2002)

Just met in Loughborough; next year will be in NYC

Active research on BSDF representation & sharing, annual simulations



CONTRIBUTORS

Jean-Jacques Delaunay - Perez sky model (gendaylit)

Peter Apian-Bennewitz - rshow & radiance-online.org

Georg Mischler - rayfront

Christoph Reinhart - DAYSIM

John Mardaljevic - annual daylight simulation and validation

Roland Schregle - photon-mapping additions to Radiance



CONTRIBUTORS (CONT’D)

Carsten Bauer - Radzilla 

Andrew Marsh - ECOTECT

Zack Rogers - SPOT

NREL & Rob Guglielmetti - OpenStudio measure

Jan Wienold - evalglare

Mostapha Sadeghipour Roudsari - Ladybug & Honeybee

Nathaniel Jones - Accelerad ...plus numerous others



RADIANCE’S FUTURE

Partly up to you — DOE funding is a perennial problem

Code is mature and stable, but no guarantee of continued longevity

Work is beginning this year on automated regression testing

Reduces primary author’s importance as gate-keeper

Theoretically, testing will ensure validity of new modifications

Guaranteed job security: there are always bugs that will surprise!
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