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Brightness and Falloff 
 

Bryce features Linear Lighting Workflows which is a pre-requisite to get 
physically plausible results. This means that materials and light sources 
work linearly. Light sources can have linear and square falloff and they 
almost behave as such. 

 

Preamble 

There are generally two workflows, the linear one and the one based on gamma. If a com-
puter graphics application has a gamma workflow, materials and lights must conform to a 
known gamma. Using a linear workflow seems to be the preferred method in CG, though not 
everybody agrees and the best workflow is probably the one you are most familiar with. 
 
Gamma = 1.585 

A Bryce render can be rendered and output with gamma applied. There are no gamma 
controls that can be set and Bryce gamma is fixed at 1.585. This value was calculated by 
Dwsel (DAZ 3D Bryce forum name), and determined and confirmed by empirical methods by 
Horo. Using gamma in Bryce mixes up the workflow, the end result may come out pleasing 
and as desired nevertheless. There is a technical/scientific and an artistic aspect to digital 
artwork. 

 
Bryce Lights 

Bryce features a sun, point light sources (radials, spots), parallel lights – even with infinite 
width – and image based light (IBL). These lights are investigated. Additionally, the point light 
sources, also the IBL ones, can be made to behave like area lights and those are used for True 
Ambience (TA) renders. The area lights are not investigated here. 

 
Linear workflow means that if any parameter value is doubled or halved, the result changes 
also by the same ratio. The five rectangles above have decreasing brightness from left to right. 
The one to the right is always half as bright as the one to its left. 
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In order to precisely measure the brightness on the objects, the rendered images must be 
exported as 96 bit radiance hdr file immediately after the render has finished. This can then be 
opened in an HDRI (High Dynamic Range Image) enabled graphics application. Saving as 24 
bit bitmap does not yield the precision needed. 

 

Materials 

Materials behave linear for Diffusion and Diffuse colour. Hold down the [Shift] key when left 
clicking on the colour swatch to get the Colors dialog shown. Using the HSV (Hue, Saturation, 
Value) model makes it easy to adjust the brightness (value). Provided Diffusion is not changed, 
the brightness of an object with this grey colour applied to it and lit works linearly with the V 
setting; or almost – because there are only 256 discrete steps from 0 to 255. 

 
Starting with V=255 and halving that value to 127 results in half the light on the surface of the 
object. Setting V to 64 results in a slightly higher brightness than half of 127, and with V=63 
the brightness is slightly less than half of 127. Unfortunately, V cannot be set to 63.5, which 
would give exactly half the brightness. Halving V again to 32 gives again a slightly higher 
brightness than half and V at 31 a bit less than half. If V could be set to 31.75 the brightness 
would be exactly half. 

To sum this up: halving the V value results in half the light on the object with the imprecision 
of the coarse scale. Equally, doubling the V value will also double the light on the object but 
without an error because integers can be multiplied without rest or fractions. 
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Diffusion has a range from 0 to 100.000 with a precision of three decimal places. Provided 
diffuse colour, light intensity and distance of the object to the light source do not change, 
Diffusion is completely linear. Diffuse 25 results in a material half as bright as 50 and four 
times dimmer than 100. 

 

Lights 

Tests were performed with a Parallel Light set to infinite width, and again with a radial. Diffuse 
performed linear to the precision of the control, which can only set in integers from -999 to 
999. Only the positive light was tested. 

 
If you need a light at Diffuse 24.5, you have to decide for either 24 or 25. Or you set Diffuse 
to 49 (twice 24.5) and set the Uniform Color from white 255 to grey 127. If grey is used, i.e. 
red = green = blue, the brightness of the light changes linearly as shown above for the 
material. If you need Diffuse at 6.125, set it to 49 and make the colour 32 instead of 255. 

 
Falloff 

There are four options how light falls off with distance from the light source to the object. 
None has no falloff and each object in the scene gets the same amount of light, no matter 
how far away it is from the light source. This is how the sun works, the one in Bryce and the 
real one. 

Apart from None, there is Linear, Squared and Ranged falloff. Each of them works differently. 

In nature, light falls off with the square of the distance; double the distance of the object to the 
light source and there is only a fourth of the light on the object. This is often a bit drastic in a 
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render and linear falloff appears to be the better choice most of the time. Here, the light falls 
off at the same ratio as the object moves away from the light source. If a second identical 
object to the first is moved twice as far away from the light source than the first object is, the 
second will receive half the amount of light. 

Linear falloff is approximately linear. The graph shows in blue the theoretical brightness value 
and the red one what was measured. 

 
Squared falloff is neither completely square but a good approximation of it as the graph below 
shows. Please note that the scale at left is logarithmic. Here, if the second object is moved 
twice as far from the light source than the first, it will receive a fourth of the light. 
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Ranged does also have a falloff but it is neither linear nor square, a factor is applied that makes 
the light reaching the limit set by Range only about 10% of what it originally was. 

 
The graphs above show on the vertical (ordinate) the light on the object normalised to 1.000 
as the brightest light, and on the horizontal (abscissa) the distance of the object from the light 
source in BU. 

All three falloff types were measured for a parallel light with infinite width and a radial. After 
normalising the values, the results were equal to three decimal places. We can conclude that 
linear falloff follows quite close to the theory. Squared falloff on the other hand gets a bit out 
of hand with the distance. This is not overly dramatic unless a render is attempted with 
accurate light intensities over a wide distance range. Ranged decreases light from the source 
to the range set as a percentage; we could imagine a rubber band which is bright at left and 
dark at right. It can be stretched until it reaches the limit set by range. 

 

IBL 

In the IBL tab of the Sky Lab, there are also controls to adjust the light the HDRI emits. For this 
purpose, four HDRIs with one single light source were made. The brightness of the HDRIs was 
different: the light outputs were set to 1, 2, 5 and 10 fold. 

The backdrop was not used, the light turned so that it lights the objects, Intensity was applied 
to the light source, then HDRI Effect was used and when testing Falloff, Radius as well. 

Falloff does not work in the same manner as for the lights discussed above because the HDRI 
sphere is at infinite distance like the sun. This is even so if the radius is set to a small value. 

 
Intensity as Multiplier (Apply to light source) 

The Intensity control usually adjusts the brightness of the backdrop only, while HDRI Effect 
controls the light emitted by the HDRI. However, sometimes an HDRI just does not give off 
enough light. If Apply to light source is enabled, the Intensity control also acts as a multiplier 
for the HDRI Effect. 
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This multiplier acts linear, at least within the range tested from 2 to 80. It can be used to bring 
the light of the HDRI within the range HDRI Effect manages. Yes, HDRI Effect can be set to 
negative, but only positive values were tested. 

With HDRI Effect set to 850, the different HDRIs were loaded and the brightness at the object 
measured after exporting the rendered image as 96 bit HDRI. When using the HDRI with 
double brightness, the Intensity multiplier could be halved from 20 to 10 to get exactly the 
same brightness value on the object. When using the HDRI with the light source five times 
stronger, Intensity could be divided by 5 from 20 to 4. The HDRI with the tenfold light 
intensity lit the object at the same brightness when Intensity was reduced from 20 to 2. 

This experiment tells us two things: an HDRI with a brighter light, i.e. higher pixel values, also 
emits more light. And the intensity multiplier controls the light output by the same ratio. Of 
course, if an ordinary HDRI is used, things get a bit more complicated. Nevertheless, doubling 
the value of the multiplier is the same as multiplying all pixel values in the HDRI by two. Note 
that multiplying the pixel values in the HDRI does not increase the dynamic range; it only 
shifts the image towards brighter. 

 
Intensity (Backdrop) 

Intensity for the backdrop works precisely linear from dark halfway up. When half the 
brightness was reached, brightness fell short by 0.78%. It appears that this error increases to 
around 11% if 92% if the maximum brightness is reached. The brightness increases a bit 
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slower than Intensity is increased. The tests were made without tone-mapping the HDRI, 
because that would have introduced nonlinearity. The HDRI is linear tone-mapped in Bryce for 
display nevertheless, but this just squeezes the full dynamic range into the displayable range. 
We found increasing errors the brighter the image got and suspect that the default tone-
mapper introduces some sort of gamma. The Intensity control does works linear if used as a 
light multiplier for HDRI Effect. 

 
HDRI Effect 

This one works linear. Double the value and there is double the light on the object. Half the 
HDRI Effect value and there is half the light on the object. 

 
Falloff 

Falloff does not work the same way as it does for light sources. This is because the HDRI 
sphere is at infinite distance and behaves like the sun. Photograph a person standing in the 
sun, than make the person move back 500 m (or 550 ft.) and take another photograph. 
Provided no cloud moved over the sun and no tree or mountain is in the way, there won’t be 
a difference because 500 m are peanuts – the sun is 300 Million times farther away. 

What about the Radius? It gets active once either Linear or Squared Falloff is selected. The 
Radius just tells from when the falloff starts. The HDRI is still at infinite distance; Radius does 
not shrink the HDRI sphere. The light travels from the infinitely far away HDRI without falloff 
until it reaches the limit of the imaginary sphere described by the Radius and starts to fall off 
from there. Therefore, objects farther away still get the same amount of light. 

So, Falloff is rather an additional means to control the light reaching the objects. It influences 
how HDRI Effect works. HDRI Effect and Radius work together. Radius is linear and HDRI 
Effect works with falloff, either linear or squared. 

Confusing? If Falloff is set to Linear, the HDRI Effect value can be halved if the Radius is 
halved, or has to be doubled if the Radius is doubled to get the same amount of light on an 
object. 

How about Squared Falloff? Same story, but squared. If the Radius is doubled, HDRI Effect has 
to be set 4 times as high to get the same brightness on the object. Make HDRI Effect a fourth 
to compensate halving the Radius. 

Again, this is the light cast on the complete scene. There is no falloff of light between a near 
and a far object. There are no graphs for linear and squared IBL falloff because these controls 
work exactly as expected. 

 

Sun Intensity 

The sun’s Diffuse control works linear, at least within the tested range from 62.5 to 999. 

 

Why Doubling and Halving? 

All measurements were made with doubling and halving values and measuring the light 
received by an object. This 2-step approach is known from photography. Open the aperture 
by a full stop and the film gets double the light. Double the exposition time and the film (or 
electronic sensor) gets twofold as much light. For the test HDRIs, I went for the 1 – 2 – 5 -10 
step method and I regretted it – too much math involved. 
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Wrap Up 

Materials are linear with the meagre precision to be expected with the limited resolution of 
256 steps. Diffusion has a better accuracy since it can be adjusted to three decimal places.  

Diffuse value of a light source behaves linear with the precision that can be expected from 
integer values from 0 to 999. In fact, I increased Diffuse and decreased Diffusion on the 
material to get the same brightness of the object. 

Falloff for light sources is not as accurate as expected. This came as a surprise and I have no 
explanation for this. I repeated the measurements several times – with the same unsettling 
result. Linear falloff is not far from the truth, squared much more. The errors are in the same 
direction for both but squared is more pronounced. The falloff quality of ranged came as a 
surprise. If range is 100% (whatever it was set in BU), light dims by a constant factor so that it 
reaches about 10% of the initial intensity when it reaches the 100% of the range setting. 

IBL functions correctly. Without falloff, the multiplier and HDRI Effect behave as expected; 
also an HDRI with brighter light is represented correctly. Backdrop intensity follows exactly the 
setting for the lower brightness half and deviates increasingly towards the bright parts. 

Linear and square falloff work exactly as they should – at least in the range tested. It is just that 
you might have interpreted the functions differently. 

Bryce does have a linear workflow for the materials, lights and image based light. 

 

October 2012/horo 

 

 

 

 

 

Linear Light Revisited 

A year and a day after the above experiment was made, an additional series of renders was 
performed and here, the objective was to check whether the light output is linear if the 
rendered image is saved in 8/24 bit or in 16/48 bit. The quick answer is: yes, they are. 

The ground plane was set to black, a white cube was lit. The Diffuse value of this cube was 
varied to get a good representation in the darker parts. 

The renders were exported as 48-bit TIFF and saved as 24-bit TIFF 
to get the files out of Bryce in both cases. 48-bit Dithering was 
disabled. The pixel values for the 48-bit images were measured in 
HDRShop 1.0.3, the 24-bit ones in Photoshop CS3. 
 
The Sun 

The sun was set to 180° azimuth and 0° altitude, i.e. elevation. 
The sun colour set to white. 

At right the measurements for the sun diffuse. At 128, white got 
clipped. 

Diffuse Pixel Values 

Set to 16-bit 8-bit 

1 0.010 2 

2 0.020 5 

4 0.040 10 

8 0.080 20 

16 0.160 40 

32 0.320 81 

64 0.640 163 

128 1.000 255 

 

https://www.horo.ch/
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Spot Light 

For the spot light, the light colour, 
a shade of grey and Diffuse was 
varied. For the cube, grey colour 
and Diffuse were also varied to get 
the desired output range. 

The results are shown in the table 
at right. Colour brightness of the 
cube and the spotlight and the 
diffuse levels produce a consistent 
linear output. 

Cube Spotlight Pixel Values 

Grey Diffuse Grey Diffuse 16-bit 8-bit 

127 12.5 63 1 0.003 0 

255 12.5 63 1 0.006 1 

255 25 63 1 0.012 3 

255 50 63 1 0.025 6 

255 100 63 1 0.049 12 

255 100 127 1 0.100 25 

255 100 255 1 0.200 50 

255 100 255 2 0.400 101 

255 100 255 4 0.800 203 

255 100 255 8 1.000 255 

 

IBL Light and Backdrop

The WhiteSphere was used. It is a uni-
form white sphere with pixel values for 
red, green and blue 1.996. Quality 16 
was used for all renders. The light gene-
rated (HDRI-Effect) and the brightness of 
the backdrop (Intensity) was measured. 
Intensity was not used as a multiplier, 
the sky was set to black and the sun dis-
abled. The HDRI was not tone-mapped 
(what for with a dynamic range of 1:1?). 

Once the backdrop got clipped, it was 
set one step lower to assure it does not 
influence the light on the cube. 

IBL Setting 16-bit 8-bit 

Effect Intensity Cube Backdrop Cube Backdrop

0.01 0.01 0.001 0.004 0 1 

0.02 0.02 0.001 0.008 0 2 

0.04 0.04 0.002 0.016 1 4 

0.08 0.08 0.005 0.032 1 8 

0.16 0.16 0.010 0.064 2 16 

0.32 0.32 0.019 0.127 5 33 

0.64 0.64 0.039 0.250 10 65 

1.28 1.28 0.078 0.510 20 130 

2.56 2.56 0.156 1.000 40 255 

5.12 1.28 0.311 0.510 79 130 

10.24 1.28 0.622 0.510 159 130 

20.48 1.28 1.000 0.510 255 130 

 
Conclusion 

Bryce works in linear space for the colours and light. The labs and renders are displayed with 
gamma applied but the work space stays linear. 

The colours in the labs are only 8-bit and thus rather coarse. A render can be exported as 48-
bit image containing integer values. It can also be exported as 96-bit floating point image but 
this is a conversion to single precision floating point values from the 16-bit integers. Bryce 
renders internally using 16-bit integers for each of the three colours. When Bryce was 
developed, using integers was the fastest way because 16-bit CPU registers could be directly 
used for the calculations. 

We would like to get Bryce fully 32-bit floating point compatible: the labs, the colours, and the 
render. 

 

October 2013/horo 

 

https://www.horo.ch/
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