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Change in illuminant direction alters perceived surface roughness
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Roughness Transfer Function

INTRODUCTION
How does illuminant direction affect visual 
judgments of surface roughness? 

The roughness transfer function τ(r1)=r2 gives the degree of 
roughness r2 of a surface illuminated by ϕ2 that appears 
equal in roughness to surface r1 illuminated by ϕ1.

Illuminant Direction 
We tested three illuminant directions ϕ:
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Stimuli
Roughness is defined here as the range of 3D surface facet 
heights chosen randomly from a uniform distribution 
[-r/2, r/2] where r = 0.125i 2 cm for i = 1, 2, ..., 8.

0.13 0.50 1.13 2.00 3.13 4.50 6.13 8.00

50o

60o

70o

ϕ

Roughness r (cm)

All stimuli were rendered binocularly using the Radiance software and 
displayed in a mirror stereoscope.
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Do roughness judgments become more veridical with more 
cues to the illuminant direction?  

Results

EXPERIMENT II

Task
Experimental Condition

stereo stimuli
Control Condition

stereo stimuli
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X Significance test conducted using Bonferroni-adjusted alpha level of 0.0028 per test (0.05/18).  Reported p-value is overall across observers.

+ mean prediction error reported for all observers;  prediction error = 

(Only one observer shown)

Cues to the illuminant do NOT improve the degree of roughness constancy (p > 0.05X).  

τ70o     50o  can again be predicted by combining τ70o     60o and τ60o     50o (with 5.3% pred. error+).

2-IFC Task: "Which one is rougher?"
(procedure similar to Experiment I; 6 observers)
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Testing Transitivity

We fit psychometric functions to each observer's data to find the points of 
subjective equality for each condition (only one observer shown).

EXPERIMENT I
How does perceived roughness change with varying 
illuminant direction?

2-IFC Task: "Which one is rougher?"

2-up, 1-down/1-up, 2-down interleaved 
staircases varying match roughness (r

2
)

3 illuminant directions (ϕ=50o, 60o, 70o)

6 test roughness (r
1
) levels (indicated in 

bold under Stimuli) 

4 observers

stereo stimuli

Results

Observers are NOT roughness constant.

As illuminant angle ϕ decreases, subjective visual roughness increases.

Is the roughness transfer function τ transitive?

linear model fit, τ(r1) = αr1 identity line (line of roughness constancy)
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																								(with prediction error of 3.66%+)
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[Image (top left): Bryce Canyon hoodoos photographed by Frans Lanting, National Geographic, 2005.]
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