
New Radiance 
Developments

Greg Ward
Anyhere Software



Radiance 3.9 Bug Fixes

✦ Prehistoric bug in octree memory usage (E. 
Reinhard)

✦ Antimatter + shadow cache (J. Mardaljevic)

✦ Source photometry in ies2rad (Z. Rogers)

✦ Orientation error in replmarks (Z. Rogers)



Additions in 3.9

✦ New falsecolor scale (& -s auto)

✦ Added BTDF input to mkillum

✦ Added rtcontrib -c option to accumulate rays

✦ New rsensor program for photosensor sim.

✦ New “planisphere” (stereographic) view type



Old Falsecolor Scale



New Falsecolor Scale



BTDF Input to mkillum

✦ The bidirectional transmittance distribution 
function (BTDF) describes how light passes 
through a surface

✦ Some devices exist for measuring BTDFs

✦ General ray-tracers can compute BTDFs

✦ Using BTDFs avoids sampling issues/limits



Doesn’t Radiance Have a 
BTDF Material Already?

✦ Yes, but it only works for light sources

✦ Sky contributions are counted as diffuse

✦ This is a poor approximation for many 
materials

✦ Fully enabling the BTDF type is difficult and 
would be computationally expensive



How to Use a BTDF in 
Radiance

✦ We can insert the BTDF at the appropriate 
point in a mkillum precalculation

✦ Special care is required for light sources

✦ Annual calculations require rtcontrib



Standard mkillum 

Angle Stratification Position Distribution

Ray samples sent towards illum “front”
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mkillum BTDF 

✦ Send outgoing rays from opposite side of 
fenestration according to BTDF angles

✦ Sample rays to light sources if needed

✦ Pass incident light distribution through BTDF

✦ Resample transmitted light and store as 
window output distribution (as before)



Old mkillum rendering



New mkillum rendering



New mkillum Settings

✦ Up direction (to orient BTDFs on windows):
u=[+Z]

✦ Fenestration thickness (for sampling):
t=[0]

✦ BTDF data file (alt. samples/steradian):
d=[48]



rtcontrib -c Option

Permits optical calculations



New rsensor Program

✦ Sponsored by Architectural Energy 
Corporation to support SPOT program

✦ Computes signal value for a given photometer 
location and spatial sensitivity distribution

✦ Input is octree and one or more sensor 
sensitivity array(s) in ASCII spreadsheet

✦ Output is one RGB value per sensor



Example Spatial Data
Elevation 
angle, f

Azimth 
angle, q, 

degrees -->
degrees 0 2 4 6 8

0 9.90E-01 9.94E-01 9.94E-01 9.95E-01 9.95E-01
2 8.46E-01 8.39E-01 8.43E-01 8.33E-01 8.39E-01
4 6.89E-01 6.84E-01 6.78E-01 6.72E-01 6.68E-01
6 5.67E-01 5.96E-01 5.61E-01 5.90E-01 5.55E-01
8 5.40E-01 5.39E-01 5.40E-01 5.40E-01 5.42E-01
10 4.52E-01 4.47E-01 4.45E-01 4.43E-01 4.44E-01
12 3.60E-01 3.57E-01 3.55E-01 3.53E-01 3.53E-01
14 2.66E-01 2.62E-01 2.61E-01 2.59E-01 2.59E-01
16 1.90E-01 1.88E-01 1.88E-01 1.86E-01 1.86E-01
18 1.52E-01 1.51E-01 1.51E-01 1.49E-01 1.50E-01
20 1.30E-01 1.30E-01 1.30E-01 1.29E-01 1.29E-01



New Planisphere View



A.K.A. “Stereographic”

✦ Avoiding confusion with binocular stereo

✦ Requested by Axel Jacobs of LEARN

✦ New view type option -vts

✦ Angle-preserving projection most often used 
for daylighting applications 

✦ View angles must be less than 360°



Axel’s Example Scene

Radiance View Types

The standard RADIANCE repertoir command o!ers quite a selection of di!erent views or
projections. They are selected with the -vt (as in ’view type’) option to rpict or rvu:

v Perspective view. This is what you would get from a camera.

l Parallel view. What’s used in architectural drawings.

c Cylindrical panorama. This view is like a standard perspective vertically, but projected
on a cylinder horizontally (like a soupcan’s-eye view).

h Hemispherical fisheye view. A hemispherical fisheye is a projection of the hemisphere
onto a circle. The maximum view angle for this type is 180o.

a Angular fisheye distortion. An angular fisheye view is defined such that distance from the
center of the image is proportional to the angle from the central view direction. An
angular fisheye can display a full 360o.

s Planispheric fisheye. This projection is also known a ’stereographic’ projection. When
using this alternative term, be careful not to confuse it with a stereoscopic pair of
images, which, when presented appropriately, may give to the impression of a looking
at a real 3D scene. Stereographic projections are often used in sun path diagrams, to
test the overshadowing caused by obstructions. This projection was added to Radiance
in version 3.9, in Spring 2008.

Fisheye Views

To see what the di!erence between the three di!erent fisheye projections is, let’s create a
simple scene, like the one shown in Fig. 1. We will put our virtual camera on the window sill
of the small building at the top centre of the image. Additionally, the altitude and azimuth
lines are mapped onto the sky hemisphere.

Figure 1: Simple scene for testing di!erent fisheye projections. The view is from the sill of
the window of the smaller building.

In general terms, all Radiance fisheye views try to map the hemisphere onto a plane. Since
this is not possible without distorting the image, it is advantageous to know what the result
will be, and where the highest distortion will be in the image. The three fisheye projections
have in common that they are azimuthal projections. This means that the azimuth lines are
preserved, and only the altitude is distorted. In other words, the direction of the reference
point at the zenith to other points is preserved, but not necessarily the distance [?].

Equiangular Projection

The equiangular projection (-vta) is the simplest of the three. The altitude lines in the
image are evenly space. The distortion is the same at the centre of the projected view as it
is around the edge.
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Angular Fisheye View

Figure 2: Equiangular fisheye projection

Although optical systems can be constructed for a number of different projections, most
common camera lenses, such as the very popular Nikon FC-E8 fisheye lens, produce a roughly
equiangular image.

Hemispherical Projection

This projection (-vth), which is also known as azimuthal orthographic projection, shows the
hemisphere as it would appear from a view point infinitely far away. This results in a very
high distortion around the edges of the image: Objects far away from the view direction are
appear very short, and may not even show up in the image.

(a) Construction (b) Result

Figure 3: Hemispherical fisheye projection

The hemispherical projection is not defined for angles greater than 90o, which is why the
corners of the image are alway shown in black.

Stereographic Projection

The planispheric or stereographic projection (-vts) is constructed by projecting the altitude
onto a plane tangential to the zenith. The vantage point of the construction lines is at the
nadir, e.g. the point on the sphere that is opposite to the zenith overhead.

The stereographic projection is often used in combination with sun path diagrams to
assess sun light availability and overshadowing from external obstructions with regards to
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Hemispherical View

Figure 2: Equiangular fisheye projection

Although optical systems can be constructed for a number of di!erent projections, most
common camera lenses, such as the very popular Nikon FC-E8 fisheye lens, produce a roughly
equiangular image.

Hemispherical Projection

This projection (-vth), which is also known as azimuthal orthographic projection, shows the
hemisphere as it would appear from a view point infinitely far away. This results in a very
high distortion around the edges of the image: Objects far away from the view direction are
appear very short, and may not even show up in the image.

(a) Construction (b) Result

Figure 3: Hemispherical fisheye projection

The hemispherical projection is not defined for angles greater than 90o, which is why the
corners of the image are alway shown in black.

Stereographic Projection

The planispheric or stereographic projection (-vts) is constructed by projecting the altitude
onto a plane tangential to the zenith. The vantage point of the construction lines is at the
nadir, e.g. the point on the sphere that is opposite to the zenith overhead.

The stereographic projection is often used in combination with sun path diagrams to
assess sun light availability and overshadowing from external obstructions with regards to
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Planisphere View

(a) Construction (b) Result

Figure 4: Planispheric (stereographic) fisheye projection

a particular window. It has the advantage of amplifying the height of objects located near
the edge of the image. If the view is rendered so that the zenith is in view direction, as is
the case with sun path diagrams, a higher angular resolution around the horizon, i.e. where
the neighbouring buildings are located, is the result.
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So Far in 4.0

✦ Added rvu -n option for parallel processing

✦ Rewrote main using raypcalls library

✦ Not currently working for Windows

✦ Linear speed-up with number of processors

✦ Process count changed via “new” command

✦ Also supported with rad -N option




