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Introduction 
Humans are able to perceive and adjust 

the intensity, the primary illumination 
direction, and the diffuseness, which are 
basic (low-order) properties of a light field 
(Koenderink et al, 2007). However, most 
research on the light field was based on 
photographs or synthetic renderings on a 
computer screen. We developed a method to 
investigate the visual light field in a real 
scene by using a novel experimental setup 
(see Figure 1), with which a real gauge object 
can be optically mixed into a real scene (Xia 
et al, 2013). The results of that study showed 
that observers can also judge intensity, 
direction and diffuseness (in)congruencies in 
real scenes. Here we address how sensitive 
observers are to the properties of the light 
field in real scenes and whether they can 
estimate three properties simultaneously. 

Methods 
The experimental setup is shown in Figure 

1. The lighting characteristics in cube B and 
C were varied by changing the displayed 
images on the two LCDs covering these 
cubes.  We   tested   observers’   sensitivities   for  
lighting intensity, direction and diffuseness 
by varying the pixel values, position and size 
of a white disk on the LCDs. The task of the 
observer was to adjust the lighting on the 
gauge object in cube C to fit the lighting on 
the scene in cube B. In the first experimental 
session, nine directions (a 3 by 3 array), five 
levels of intensity (28, 37, 47, 60 and 77 
cd/m2), and five levels of diffuseness 
(diameter of white disk being 7, 10.5, 14, 
17.5 and 21cm) were tested separately. In the 
second experimental session, 3 directions (in 
the center and in two opposite corners) were 
combined with 2 levels of intensity (37 and 
77 cd/m2) and 2 levels of diffuseness 

(diameter of 7 and 10.5 cm) and observers 
had to adjust all parameters simultaneously. 

 

Fig. 1. Experimental setup: in cube B, five 
geometrical shapes form a simple scene; in cube C, a 
white sphere serves as the gauge object; in cube A, a 
semitransparent mirror optically mixes the scene and 
gauge object together; two LCD screens covering the 

top of cube B and C provides the lighting. 

Results and conclusions 
We found that human observers were 

quite good at fitting the lighting intensity on 
the gauge object to that of the scene in both 
sessions. The estimated lighting direction on 
the gauge object correlated to that of the 
scene, but also showed systematical 
deviations from the veridical directions. In 
another study these deviations were found to 
be due to the scene layout and content (Xia et 
al, 2014). The estimated diffuseness tended 
to be overestimated and the participants were 
able to distinguish only three of the five 
levels of diffuseness. 
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