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Lighting conditions are one of the most important 
factors for good photographic exposure. In enclosed 
spaces, like a photography studio, we can control the 
light in several ways. We can adjust the type of light 
source, the shape of the light source, its intensity, and in 
some cases the colour temperature of the emitted light. 
The distance of the light source from the observed 
photographic scene a�ects the amount of light that 
reaches the desired target, and therefore the actual 
lighting conditions on the photographic scene. 
However, the environment surrounding the photo-
graphic scene is often overlooked. 

The emitted light interacts not only with the objects 
within the photographic scene, but also with any 
obstacle in the path upon which a light ray falls. Light 
rays can be re�ected, partially re�ected, absorbed, or 
scattered from any surface in the immediate vicinity of 
the scene, depending on the material properties of the 
objects they encounter. In the case of re�ection, the 
observed scene is additionally illuminated by the 
re�ected light, since the re�ecting surface in the near 
environment acts as another light source. Light-ab-
sorbing surfaces, on the other hand, do not a�ect the 
scene in the same way, since the light is absorbed and 
not multiplied by the re�ection. Re�ections from the 
surrounding environment can therefore a�ect the 
intended lighting conditions of the observed scene in 
ways that we did not anticipate.

This study compares the lighting situations in scenes:
- di�erent colour backgrounds (white, grey, black, 

orange, blue),
- re�ective materials as backgrounds (silver and gold),
- positioning often used objects in the background, 

such as extra lights,
- darkroom with minimal environmental in�uence.
The general illumination conditions at the observed 
photographic scene are described using spectrophoto-
metric methods, while image analysis is used to numeri-
cally describe the di�erences in uniform illumination of 
ColorChecker DC test chart. For the image analysis we 
developed a Python programme, whose actions are 
represented with the following pseudocode:

import images
read RGB values of all patches on all images
import measured RGB values of all patches
convert all RGB values to CIE XYZ
convert CIE XYZ to CIE Lab
calculate colour differences dE00 

for test images and imported colour values
calculate colour differences dE00 

for test images and darkroom image
convert CIE XYZ to CIE Luv
convert CIE Luv to CIE LCHuv
get average differences 

for each component in CIE LCHuv
plot results

Research has shown that surfaces in the environment should 
have the lowest possible re�ectance, no obvious coloration, 
and low brightness values so that the photographic scene is 
a�ected as little as possible by the environment. Each of 
these three parameters has been shown to have a signi�cant 
e�ect on the observed colour properties of the scene.
We have observed a large in�uence of the properties of the 
light source on the colour conditions of the scene in cases 
where the emission spectrum of the light source overlaps 
with the re�ection spectrum of the material under study, 
resulting in the majority of the light being absorbed and 
therefore the background having less in�uence on the illu-
mination di�erences of the scene.

The results show that the lighting conditions in the 
scene change drastically when the background is 
changed. In darker environments such as darkroom, 
grey and black backdrops, and grey and black lights, the 
colour di�erences are the smallest, indicating the best 
colour rendering conditions, seen in Figure 1. This is due 
to the combination of: (1) low surface re�ectance of the 
materials, (2) their CIE xy values have no obvious chro-
maticity, and (3) the brightness aues are relatively low.
We expected the white background and white lights to 
give similar results, but they show a higher colour di�er-
ence, although their re�ectance rates are in the same 
range as the darker backgrounds and show no obvious 
material chromaticity. However, their CIE Y values are the 
highest of the entire test group. This indicates that the 
brightness of the background material is a su�cient 
parameter to a�ect the colour di�erences that appear in 
the photographic scene. This �nding prompted us to 
analyse the brightness and colour properties separately 
in the further course of the study.
We would expect the blue and orange backdrops, along 
with the gold re�ector, to produce the greatest colour 
di�erences, as a colour shift is clearly observed in spec-
trophotometric analysis of the scenes. The same is 
observed in the sample for silver re�ector, while it has 
no colour shift in previous analysis. This suggests that 
the ability of the material to re�ect light can strongly 
in�uence the colour di�erences produced in a photo-
graphic scene and can be less predictable.
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Figure 2 shows results with similar trends for each 
CIE LCHuv component. In general, the brightness di�er-
ence Δ CIE L is most a�ected out of the three parameters 
and becomes proportionally larger with background 
brightness. The di�erence between chromaticity and hue 
for grayscale background situations (backgrounds and 
lights) never exceeds the normalized value of 0.2, indi-
cating that the light re�ected from the background does 
not contain any additional chromaticity not generated 
by the light source. For coloured samples (orange and 
blue backdrop, silver and gold re�ector), not only the 
Δ CIE C chromaticity values are the highest, but also the 
Δ CIE Huv, indicating a shift in hue. The Δ CIE Huv for blue 
backdrop deviating from this thesis only due to illumina-
tion conditions, since the emission spectra of light source 
overlaps with the absorption spectra of the material.

Figure 1   Mean colour di�erence ΔE00 of the sample between 
measured colour values of the ColorChecker DC and tested setups.

Figure 2   Normalized di�erences for each component in CIE LCHuv colour 
space between measured colour values of the test chart and tested setups.

Results for the darkroom, black backdrop, black light show 
low ΔE00 values and are closely followed by grey backdrop  
and mixed lights. These �ve setups also produce the lowest 
chromaticity and hue di�erences, while darkroom, black 
backdrop, and black lights have low Δ CIE L values. Therefore, 
we evaluate the darkroom, black backdrop and black lights 
setups as the most successful in having no e�ect on the 
colour properties of the scene and suggest that such setups 
should also be used in research analysing the colour proper-
ties of scene elements.


