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COLOUR RENDERING UNDER THE COMBINATION

OF DAYLIGHT AND ARTIFICIAL LIGHT

Many interiors are lit by daylight and artifi-
cial light, and the CIE colour rendering index
(CRI) of the artificial source alone is not a
characteristic of the complex situation. Inde-
ed, coloured objects in this situation are illu-
minated by a combination of illuminants
which is not uniform in space, and which is
varying with time. So, it seems interesting to
analyse the distribution of the CRI in the
lighted space.

First, a typical situation is defined. The arti-
ficial relative spectrum is assumed to be in-

dependent of time and space. The daylight
relative spectrum is assumed to be indepen-
dent of space, at a given time "t". The interre-
flections of light do not influence the colour
rendering. The visual field is simplified as it
is usually done in colour rendering experi-
ments : the coloured object is seen on a neu-
tral background and receives a natural (EN)
and an artificial (EA) illuminances. Therefore,
the relative spectrum variation in the interior
is expressed by the proportion of the combi-
nation :
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An analysis of daylight spectra [1] showed
that typical daylight could be represented by
"D" illuminants. As the time dependence of
the daylight spectrum is rather random (as it
is influenced by the weather and the turbidity
of the atmosphere), it is preferred here to
consider typical spectra, rather than a rigo-
rous sequence of daylight spectra. The diffu-
se component of clear sky is represented by
standard D illuminant with colour tempera-

ture from 6000°K to 12000°K. The global
radiation for a clear sky is represented by
D5700K ( since 97 percents of the analysed
spectra were between 5200°K and 6200°K],
and the overcast sky by Dgs.

The CIE test-colour method [2] has been
applied to the following spectral power dist-
ribution: :
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It is the combination of the artificial (sp)
and the natural (sN) relative spectra, at the
location "P" of the coloured object, and at
time "t". So, only the proportion a, expresssed

by (1), depends on time and space and, mo-
reover, it is always comprised between 0 and
1. The colour rendering of the artificial-

~ daylight combination is therefore fully repre-




sented by the graph of the color rendering
index Rj(a), for the proportion 0<a<1.

Several experiments has then been perfor-
med, applying the CIE test-colour method to
nine typical artificial illuminants (H.P. sodi-
um, H.P. mercury, incandescent and fluore-
scent lamps), and three typical daylight
spectra (D5700K, Dg5 and D10000K). Figu-
res will be shown that give examples of the
results obtained, namely the colour rendering
of some CIE test-colours under the combina-
tion of daylight and H.P. sodium light.

. The conclusions of the experiments are the
following :

- for high colour temperature artificial
lights, which have (nearly) the same chroma-
ticity as daylight, the dependence between
the CRI and the proportion a is linear, which
means that the colour rendering of the artifi-
cial-daylight combination is always better than
the artificial light source alone (RjA) :

Ri(a) = RiA + & (100 - RjA) ©)

* significant non-linearities appear for arti-
ficial lights with colour temperature less than
3500°K (see fig. 1). However, these non-
linearities often lead to a concave graph Rj(a).
Therefore, it can also be concluded that the
colour rendering of the artificial-daylight
combination is often better than the artificial
light source alone.

* only if the artificial light source has excel-
lent colour rendering properties, can one find
combinations with lower colour rendering
indices : the worse situation has been obser-
ved for the combination (a=0.5) of the incan-
descent lamp and D10000K, which leads to a
general CRI of 91, instead of 100 for each
source separately.

* These conclusions do not depend on the
algorithm used to calculate the colour rende-
ring indices [1]. Indeed, the experiments have
also been carried out with the Nayatani
chromatic adaptation transformation
(instead of the Von Kries one), the CIELAB
uniform colour space, and a fixed reference
illuminant (which was the daylight compo-
nent) : the conclusions were the same as abo-
ve.

Possible applications of this study are the
following :

* to readily obtain, from the calculation of
the illuminances (E4 and Ey), the distribu-
tion of the colour rendering indices in a room
lit by daylight and artificial light. The linear
expression (3) can be used as a first ap-
proximation in most cases. This could be
applied in the determination of the best loca-
tions for workstations, in conjunction with
the visual comfort requirements;

* a statistical analysis of the variation of the
colour rendering properties in those spaces,
from the statistical distribution of daylight
illuminances. For example, in reference [1],
the yearly average colour rendering indices
have been defined.
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