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ABSTRACT

This work provides a dual approach to the study of natural light inside the Sistine Chapel, of a purely
quantitative type (measurements of absolute values) and a linked to perception aspects (spectral mea-
surements), in the context of the great artificial lighting project implemented in 2014.

The impossibility of proceeding with standard illuminance measurement instrumentation led to an
alternative approach based on the fundamental relationship between illuminance and luminance on Lam-
bertian surfaces; a graphical-experimental method of acquiring the reflection coefficients of Sistine paint-
ings was developed to supplement in situ luminance measurements.

The quantitative study was the starting point for qualitative reflections on light in order to investigate
the opportunities and criticalities of daylighting: criticalities attributable to possible perceptual imbal-
ances between different parts of the visual field and opportunities attributable to the genius loci which
can be highlighted by the connection with the external light environment and its variability over the
course of the day and the seasons.

The concept of the naturalness of the lighting environment was investigated as a function of the vari-
ability of some quantitative variables (illuminance, luminance) and qualitative variables (emission spec-
trum and correlated parameters: CCT correlated colour temperature, CRI colour rendering index) related
to light and variables linked to the effect of light on the colours of the frescoes (CIE coordinates, SDCM
standard deviation of colour matching).

The method can be applied to any confined space and produce useful results for the optimisation of
exhibition spaces or, more generally, spaces characterised by the coexistence of requirements for use and
conservation with natural and/or artificial light.

© 2022 Consiglio Nazionale delle Ricerche (CNR). Published by Elsevier Masson SAS. All rights reserved.

1. Introduction

issue of components harmful to the work of art (UV and IR-free
light sources) has been resolved, there is still the need to find a

One of the most important challenges in lighting design in the
field of cultural heritage is achieving the right balance between
natural and artificial lighting.

Today, LED technology represents an indispensable support for
lighting works of art thanks to its versatility of use and its poten-
tial in the field of chromatic quality. Once the strictly conservative
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balance between the many aspects -technological and otherwise-
that the planning of a cultural asset involves, such as the poten-
tially infinite capacity for “enhancement” with the interpretations
of the client.

It is of fundamental importance to be able to quantify the com-
ponent of light radiation that affects the artworks, in this case the
frescoes, so that it responds to the levels of good conservation and
does not trigger degradation processes.

This is the case of the Sistine Chapel, one of the most impor-
tant places of Catholic religion and art. A symbolic place of the
universal Church as the site of the Conclave and the election of
the Pope, when it is open to the public it is visited by an aver-
age of 25,000 people a day. The LED lighting project for the Sistine
Chapel, inaugurated in 2014, coincided with the 450th anniversary
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Fig. 1. Location of the Sistine Chapel within Vatican City (on the left St.Peter’s Basilica).

of Michelangelo’s death and the 20th anniversary of the comple-
tion of the restoration of the Last Judgement. Thanks to the new
lighting, this is an ideal opportunity to promote a better vision and
understanding of the complex symbolic narrative embodied in the
paintings, which cover an area of 2500 square metres.

The precious paintings (and therefore the effects of artificial
light) are placed at the same height as the large windows. In fact,
in Michelangelo’s intention, it was the daylight that had to exalt
the paintings to the maximum, so much so that even the compo-
sition of the figures was made according to the incidence of light
on the walls. It is no coincidence that they chose the right-hand
wall to paint stories from the life of Christ, including “Christ Giving
the Keys to St. Peter” in which Christ establishes the Church and
appoints Peter as the first Pope of Rome. In fact, the right-hand
wall (the north wall of the building), which welcomes the visitor’s
gaze from the Sala Regia of the Palaces, was considered to be “in
favour of light” because in the morning hours it received natural
light from the large windows facing south-east, unobstructed by
tall external buildings.

Precisely for this reason the study of natural light is of funda-
mental importance.

1.1. The Sistine Chapel

The Sistine Chapel is located in the Vatican City in the heart of
the Apostolic Palaces that were created with religious, residential
and representative functions.

It was built between 1477 and 1481 at the behest of Pope Sixtus
IV, who wanted a "Magna Chapel" where he could hold religious
services when the Court returned from Avignon. To execute the
complex iconographic and didactic programme he had in mind, he
called upon the greatest painters of the time from Florence, who
introduced the Renaissance style to Rome. Since they had to rep-
resent the primacy of the Christian religion over the Jewish one,
from which it had its origins, they painted the stories of the Old
and New Testaments in a linear sequence on the long walls, juxta-
posing episodes from the life of Jesus with those from the life of
Moses in a complex scheme of parallels and references.

Later, as is well known, other popes (Julius I and Paul III) en-
trusted Michelangelo Buonarroti with the decoration of the ceil-
ing and the “Last Judgement” with results that were so exceptional
from an artistic point of view that they became icons at the centre
of attention.
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The building has a rectangular structure, with a single hall: it
measures 40.23 m in length, 13.41 m in width and 20.70 m in
height and is oriented with the main east-west axis. The ceiling
has a lowered barrel vault with sails and spandrels above the 12
strongly splayed round-headed windows. Inside, the vertical space
is tripartite and divided by two cornices: the first, at a height of 5
metres, separates the area of the so-called “false drapes" from the
15th century panels; the second, at the level of the window impost
(11 metres high), protudes to a greater extent than the previous
one and defines a narrow “walkway” that divides the 15th century
scenes from the so-called “Gallery of the Popes” (Fig. 1).

1.2. The lighting project

This work fits into the groove already left open during the
project and installation phase of the new lighting system, also in
relation to the change of lighting system.

The previous lighting system provided for the presence of a
large number of metal halide projectors located on an articulated
iron support outside the windows, in the depth of the wall and a
diffusing panel located between the projectors and the windows.

Which lighting should be given to an identity masterpiece such
as the Sistine Chapel? The Vatican Museums, led at the time by
Prof. Antonio Paolucci, wanted to set up an interdisciplinary round
table of international scope from the very beginning, to encourage
the exchange of ideas between the many professionals involved in
the project: those within the Vatican institutions and the leading
experts in the field of lighting design, art history, conservation and
protection of the cultural heritage.

For the project “Nuova luce per la Cappella Sistina” was formed
the LED4ART Consortium, made up of OSRAM GmbH (Germany),
University of Pannonia (Hungary), Institut de Recerca en Energia
de Catalunya (Spain), Fabertechnica studio (Italy).

In 2011 LED4ART signed an agreement with the Vatican Muse-
ums to initiate a joint study on the natural and artificial lighting
conditions and consequently proceed with the design and imple-
mentation of a new lighting system for the Sistine Chapel.

The project involved the use of the latest generation of LEDs
with very high optical efficiency, combined with sophisticated con-
trol units capable of governing the entire system, from the single
diode to the complete system. The decision to bring the lighting
fixtures - previously installed outside the large glass windows - in-
side the Sistine Chapel involved studying the building and its func-



V. Cimino, M. Frascarolo, M. Mucciante et al.

tions, the materials to be used, the engineering and the creation
of discreet and non-invasive fixtures, so as not to alter the phys-
iognomy of the Sistine Chapel and to conserve its peculiarity as a
place of worship.

The custom-made luminaires named V400 are positioned on the
stringcourse cornices at a height of about 10mt and dedicated to
the lighting of the vault and the Quattrocentisti thanks to a detailed
positioning of the LED bar and a system of refractors.

Once the spatial and geometric distribution of the light had
been decided, work was carried out on the qualitative aspects,
defining the optimal spectrum. The result is a soft light, without
theatrical accents or emphases, with a very high colour render-
ing index. The contribution of the initial monochromatic red (R),
green (G), blue (B) and the white (W-warm white) LEDs spec-
trum was remodelled in the research by means of colourimetric
studies based on the principle of “corresponding colours” theorized
by Prof.Shanda [4,12]. It is based on the exploitation of the four
monochromatic channels of the new LED fixtures, in order to cal-
ibrate the light ad hoc with respect to the specific colors of the
frescoes.

The optimization starts from a series of preliminary colorimet-
ric measurements, conducted in contact with the frescoes, which
made it possible to acquire the reflectance spectra of 280 individ-
ual pigments, that is, the exact colour shade chosen by Michelan-
gelo. These pigments were then traced back to 26 reference sam-
ples, which were assumed to be representative of all the others.

This information was integrated into the basic light spectrum
by suitably mixing the individual monochromatic channels until a
perfect chromatic correspondence was obtained.

2. Research aim

It is extremely difficult to quantify the illuminance in environ-
ments of this historical and artistic value and the bibliography is
not rich of references to similar application cases. For this reason,
during the data collection phase, an alternative method has been
developed to overcome the difficulty of taking continuous mea-
surements on the precious walls of the Chapel, in contact with the
surfaces and at different heights.

The study aims to analyse incidence of natural light on the two
longitudinal walls of the Chapel (north and south), on the entire
wall of the Last judgment and on the Vault. The impact of daylight
was worthy of in-depth study from a quantitative point of view, in-
tended as measure of the amount of light incident on the frescoed
walls and perceptive point of view intended as study of the spec-
tral alterations due to the contribution of daylight and how these
could be perceived by the observer.

The final objective is the evaluation of how much the day-
lighting quota contributes to the natural perception (not static,
museum-like) of the space and the frescoes, without distorting the
choices made - on a quantitative and perceptive level - in the de-
sign of the artificial light.

3. Instruments and methods

The approach proposed in this study to measure the illumi-
nance on the frescos (Table 1) was extended to the entire surface
of the frescoes after being tested and validated beforehand on an
easily accessible portion (the scene of the “Punishment of the Sons
of Korah”, at a height of 5 metres) where comparative measure-
ments of illuminance and luminance were performed with the use
of canonical instrumentation.

On this portion of frescoes extemporary illumination measure-
ments were made using a light intensity measuring instrument
(luxmeter) temporarily placed next to the surface of the wall. The
values obtained were then compared with the results, under the
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same measurement conditions, of the indirect acquisition method
explained below.

In the next phase, a comparative analysis of the spectra result-
ing from the combination of artificial and natural light was per-
formed, in order to define not only the chiaroscuro effects, but also
the variations with respect to the optimal spectrum defined during
the calibration phase of the LED system

3.1. Quantitative analysis

Given that the geometry of the Sistine Chapel is simple, but
the external fabric is complex, a preliminary study was carried
out in Autodesk Ecotect to assess the path and incidence of the
sun throughout the year. This analysis outlined a clear influence
of the volume of St Peter’s Basilica which, located immediately
to the south of the Sistine Chapel, casts its shadow on it during
most of the year. In addition, the deep recesses in the windows
almost completely prevent the sun’s rays from penetrating the in-
terior (Fig. 2).

The measurement of illuminance inside the Sistine Chapel was
a procedural challenge from the beginning due to restrictions
imposed by the Vatican Museums'management and by common
sense. Indeed, although the literature reports important applica-
tion cases like Smithsonian Institution Museum [2] or Hall of Two
Hundred in Florence [3], where the proceeding has provided the
use of software simulation or fixed sensors on the surfaces [5,8],
it was unthinkable to introduce them into the Chapel and apply
them widely on the frescoes. Equally, it would not be sufficiently
valid to work only with simulated tests [6,7].

In the present case, the procedural challenge therefore proved
difficult from the outset. The concomitance of the colourimetric
analyses that were being carried out in the Sistine Chapel by the
Cabinet of Scientific Applications of the Vatican Museums was the op-
portunity to develop an alternative procedure of an experimental
nature.

The first part of the work resulted in obtaining illuminance val-
ues (Ix) from luminance values (cd/sqm), acquired remotely using
a TechnoTeam LMK Light video-photometer, without the need for
elevated structures and without interfering with the public’s en-
joyment of the Chapel.

The whole system is based on the basic assumption that fres-
coes behave in a similar way to an ideal (Lambertian) diffuser and
that therefore the following relationship applies:

Lxm
P

With E, illuminance
L, luminance
p, pigment reflection coefficient

E =

Before proceeding with the measurements it was decided to re-
strict the measurement area to a smaller portion of the surfaces,
but at the same time large enough to be representative of the great
chromatic variety of the frescoes. Taking advantage of the com-
positional geometry of the frescoes, 17 “quadrants” of similar di-
mensions were defined and delimited so as to contain an adequate
number of figures and where the representative colors of the sur-
rounding area prevailed (Fig. 3).

The measurement sessions covered three days which have been
chosen to be representative of two solstices and a single equinox,
considering that the other equinox has similar characteristics as re-
gards the 24-hour path of the sun. Unfortunately, it was not pos-
sible to choose the exact day of the solstices and the equinox be-
cause each access to the Sistine Chapel was agreed with the di-
rection of the Vatican Museums according to a busy schedule of
appointments already set. It was also essential to wait for the sky
conditions (clear/overcast) necessary for the measurements.
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Table 1
Description of the method.
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Fig. 2. Simulation of the solar path on a typical day (18th April, 12:00 a.m.) on Autodesk Ecotect.
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Fig. 3. Identification of measuring quadrants on the frescoes.

The days were December 4th (overcast sky), June 6th (clear sky)
and April 18th (clear sky).

The measurement of luminance was made possible thanks to
the use of the video-photometer Technoteam LMK 984 (lens tt 8 571
F 8 mm) placed in an enclosed area to avoid interference from the
public and in a central position in order to frame the entire sur-
vey area. The measurements were all carried out with the artificial
lighting system turned on, for obvious reasons related to the at-
tendance of the Chapel by the public. The first measurement of the
day was performed with the system off, immediately followed by
one with the system on. The subsequent measurements were per-
formed every 15 min from 9:30 to 17:00. In this way it was possi-
ble to separate the impact of the artificial lighting system from all
the other measurements performed during the day.

Using the videophotometer’s native software, the 17 measure-
ment “quadrants” were identified on the false-colour image ac-
quired and the average luminance values were obtained for each
individual quadrant.

Analysis of the luminance diagrams shows that the two longitu-
dinal walls of the Chapel have markedly different levels, certainly
because of exposure. In particular, the results of the measurements
on 18th April were analysed, which was the day on which the
highest luminance values between the three days of measurement.
This date also confirms the predictions that can be easily deduced
from the geometric position of the Chapel in the architectural lay-
out of the Vatican State. In fact, in April there is the maximum
influx of daylight into the space as the sun’s rays are high enough
not to be opposed by the St.Peter’s Basilica and not too much to
be blocked by the deep splay of the windows.

A crucial point of the method is the analytical-experimental
identification of the reflection coefficients of the materials and,
more precisely, of the set of pigments representative of the infi-
nite palette of colours that characterise the frescoes.
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In collaboration with the Cabinet of Scientific Applications of the
Vatican Museums, 15 colours were selected to represent all the
main colors present on the frescoes, and a colourimetric measure-
ment was conducted for each one. The measurement was carried
out using the colorimeter Konica Minolta CR-10 Plus. The measure-
ments were performed by placing the instrument in direct contact
with the surface of the frescoes. The colorimeter contains, inter-
nally, its own standard D65 lighting source and therefore excludes
interference from the lighting source of the Chapel. It records the
different response of substances to the same light stimulus in the
various wavelengths of the visible spectrum; it was thus possible
to obtain a specific reflectance curve for each point investigated.

The choice of pigments was entrusted to the technical analysts
of the Vatican Museums; the type of pigments and the reflectance
values are shown in the second and third columns of the Fig. 5.

The values obtained were the fundamental reference for the
next phase.

On each quadrant among those described in the phase of acqui-
sition of luminance values, sized to be sufficiently representative
of the surrounding portion of frescoes, the chromatic area pertain-
ing to each of the 15 reference colours was geometrically defined
to defining their percentage weight on the quadrant itself (Fig. 4).
From the weighted average of the colours present in each quad-
rant and the relative individual reflection coefficients, which derive
from the colorimetry measurements performed, the average reflec-
tion coefficient was extrapolated (Fig. 5).

Once the reflection coefficient was determined and the lumi-
nance values were known, we were able to derive illuminance val-
ues representing the distribution of light on the frescoes, net of the
chromatic characteristics of the materials (Fig. 6).

Specifically, quadrant 10, which faces the “Gallery of the Popes”,
is the point most affected by natural light, with a maximum peak
of 5 cd/sqm, and therefore subject to the greatest risk of quantita-
tive and qualitative imbalance with respect to the planned (artifi-
cial) light. On the other hand, on the opposite wall - the southern
one - quadrant 4, the “Stories of Moses”, is the least illuminated.
These two scenes were therefore chosen as a sample for the subse-
quent phases of the work; for completeness, it was decided to also
integrate a representative portion of the wall of the “Last Judge-
ment”, considering quadrant 8.

3.2. Perceptive analysis

A quantitative analysis was followed by a study to assess the
impact of daylight on the paintings from a perceptual point of
view.

After the first study phase, with numerical measurements, on
the weight of the quantity of daylight on the artificial component,
it was decided to proceed with measurements that can also evalu-
ate the qualitative and perceptive response on the chromatic char-
acteristics of the light.

This was done by means of environmental measurements on
the different lighting scenarios and point measurements on one of
the scenes of the Quattrocentisti painters.

3.2.1. Environmental measurements

The KonicaMinolta CS-2000 spectroradiometer was used in or-
der to obtain measurements of light reflected on a normalized
white tile described in values of spectral distribution, CCT cor-
related colour temperature and CRI colour rendering index, both
with the lighting system on and with daylight only (Fig. 7).

The measurements were carried out at night, in a special ses-
sion authorized by the Direction of the Vatican Museums, with the
Chapel empty. The spectroradiometer was positioned centrally in
the space, placing the normalized white tile at an intermediate
height of 10 m, roughly in the middle of the Quattrocentisti series.
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Fig. 4. Identification of related colour areas on one of the three reference frames.

i ¥ COLOR 1D colorimetry analysis SURFACE [m’] gg#;’r ::;F:Cc:[;'; P WEIGHTING FACTOR P
E 1 incarnadine 32 2,5 22,8 42,1 0,23 9,6
=3 2 light blue 48 0,3 2,8 34,0 0,03 1,0
% 3 light green 50 0,1 0,6 31,0 0,01 0,2
g 4 lilac 104 04 34 12,7 0,03 0,4
= 5 dark red desaturated 106 04 34 13,0 0,03 04
12} 7 blue 111 16 14,7 30,8 0,15 45
3 8 reddish gray 112 4,2 38,0 25,0 0,38 9,5
0 s dark gray 114 0.1 14 12,0 0,01 02
o 10 light brown 115 1,0 9,4 40,3 0,09 3,8
S 1 neutral white 03 28 50,0 0,03 14
a 12 bright white = 0,1 0,7 65,0 0,01 0,5
overall percentage 100 weighted average 31,5
# COLOR ID colorimetry analysis SURFACE [m’] 58#2? :JJ;TCC:I:; p WEIGHTING FACTOR P
1 blue 111 16 75 308 0,07 23
74 light blue 48 0,7 3,1 34,0 0,03 1,0
= 3 neutral white 12 5,5 50,0 0,06 28
g 4 bright white - 0,5 2,4 65,0 0,02 16
T 5 yellow 65 1,7 8,0 36,7 0,08 2,9
5 6 dark gray 114 1,3 6,3 12,0 0,06 0,38
8 7 incarnadine 32 0,5 2,5 42,1 0,02 1,0
' 8 lilac 104 0,3 14 12,7 0,01 0,2
o 9 black - 0,5 2,5 5,0 0,02 0,1
‘é" 10 red 102 1,2 5,5 21,2 0,06 1,2
g 11 light green 50 10 49 31,0 0,05 15
12 dark green 33 7.3 34,6 20,0 0,35 6,9
14 gray 1,9 8,7 25,0 0,09 2,2
15 brown 1,5 7,3 22,0 0,07 1,6
overall percentage 100 weighted average 26,1
2 # COLOR 1D colorimetry analysis SURFACE [m’] 'ngL:FSS:!::FAACCEE[:; P WEIGHTING FACTOR p
i 1 blue 111 0,1 0,7 30,8 0,01 0,2
E 2 neutral white - 0,4 2,7 50,0 0,03 13
o 3 yellow 65 2,6 18,3 36,7 0,18 6,7
ZI 4 gray - 9,8 69,3 25,0 0,69 17,3
S 5 dark gray 114 0,8 5,7 12,0 0,06 0,7
il 6 incarnadine 32 0,1 0,4 42,1 0,00 0.2
Y 7 red 102 0,4 2,8 21,2 0,03 0,6
g overall percentage 100 weighted average 271

Fig. 5. Calculation of reflection coefficients with weighted means.
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Fig. 6. Hourly trend of luminance and illuminance average values on a typical day (18th April, daylighting).
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Fig. 7. Spectral and colour rendering measurement under natural and artificial light.

The spectrum of natural light reaching the frescoes is deter-
mined by the combined effect of the spectrum of solar energy
arriving on the windows and the spectral transparency of the
stained-glass windows [9]. In order to study the individual con-
tribution, and therefore also to evaluate the performance of the
stained-glass windows, spectral transparency measurements were
carried out on the different portions of the stained-glass that make
up the windows (Fig. 8). Using the values measured on the glass,
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weighted according to its size, it is evident that the glass, while
guaranteeing artistic chromatic effects, does not substantially mod-
ify the spectrum of incoming sunlight. In fact, the blue, red and
yellow coloured components do not exceed 6% of the total surface
area.

At the end of this phase of analysis the values of CCT correlated
colour temperature and CRI colour rendering index are presented,
as measured in the two conditions of lighting system on and off,
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Fig. 8. Study on the incidence of coloured windows in the chromatic quality of the natural light.

Table 2

Comparison of correlated colour temperature and colour rendering on a typical day.

System switched ON

System switched OFF

minimum maximum minimum maximum
Colour correlated temperature [k] 3336 3607 3390 3714
Colour rendering index [%] 93 96 93 98

at the moment of greatest incidence of light (12:00a.m.) inside the
space on the typical day 18th April (Table 2).

3.2.2. Spot measurements

There are various tools available for an objective evaluation of
the perceptual shift between different colours. MacAdam Ellipses
are regions drawn in the CIE1931 colour space around a point
taken as a sample of a whole range of colours indistinguishable
by the human eye. MacAdam selected 25 sample points around
which 7 ellipses or phases are outlined; the ellipses adjacent to
each other are increasingly distinguishable in terms of colour. This
system is used to optimise the binning process of LED sources but
can be applied in colour analysis for perceptual evaluation.

Among the 15 reference pigments identified in the first part of
the work, the 4 pigments most present were extrapolated to use
them in spectroradiometry measurements under different light-
ing conditions (daylight, artificial and combined). Taking the co-
ordinates of the point illuminated with only artificial light as a
reference, the amount by which natural light shifted the colour
point within the ellipse to which it belonged was observed and
the SDCM value (standard deviation of colour matching) was cal-
culated (Fig. 9).
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4. Results and discussion
4.1. About validation phase

The process presented in this article has been validated in an
initial phase. A series of contact measurements were carried out
on the scene of the “Punishment of the Sons of Korah”, on the south
wall of the Sistine Chapel. This zone was chosen because presented
the highest concentration of points of colorimetric measurements
already carried out and because it was the most accessible to take
the measurements safely with respect to the public of visitors.

A scaffolding was positioned in such a way as to be able to
carry out the measurements without interfering with the surface
of the fresco. On the same points it was performed the measure-
ments of all the parameters that contribute to the definition of the
formula subsequently used in the article (L, E, p). The measure-
ments of illumination E, which is the variable of the study, were
acquired in this phase through the use of a luxmeter positioned in
contact with the surface of the frescoes.

The good correspondence between the results of the equation,
with and without the variable E, demonstrated the validity of the
method.
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Fig. 9. Perceptual evaluation using MacAdam ellipses.

4.2. About the study

The analysis of the luminance and illuminance measurements
showed an imbalance between the north and south walls of the
Chapel. In the central hours of the day, the sun’s rays penetrate
the windows from the south, creating a ratio between the illumi-
nance of quadrants 4 (south wall) and 10 (north wall) of a max-
imum of 1:3 at 12 noon. However, from a global point of view
(daylight + artificial light), the relative difference remains within
the limits of the conservation regulations [11] and is perceived to
a very limited extent thanks to the contribution of artificial light.

Taking into consideration that the Sistine Chapel has a high pro-
file of usage, which generates high values of annual light levels, it
was opted for a relatively low average artificial illuminance which,
in the absence of high luminance levels in the field of view (not
visible fixtures, set back on the cornices), is also more than satis-
factory in terms of perception.

None of the conservative concepts are underestimated. The con-
tribution of natural light, although the Chapel is characterized by
such large windows, does not exceed the maximum amount of
light recommended by Technical Specification (ISO, CEN, UNI) both
in terms of punctuality and in cumulative terms during the year
[1]. The italian regulatory authority UNI published the technical
specification number 16,163:2014 that is the official version of the
European CEN/TS 16,163. The guidelines defines the procedures to
engineer lighting suitable for conservation purposes and gives rec-
ommendations on the minimum and maximum acceptable illu-
minance levels. The specification makes surfaces decorated with
fresco paintings fall into the low photosensitivity category for which
a continuous lighting level of maximum 200 Ix and an annual total
light dose of 600.000 Ix/h/year is allowed.

If the total amount of natural and artificial light in the Chapel
is considered, we have the following values for the most and least
illuminated cases (which indicate compliance with the standards):

Artificial: 80 Ix (mean value of the project)
Natural: 14 Ix - 58 Ix
Natural + Artificial: 94 1x - 140 Ix

The error in the estimation of the luminance values and the
reflection coefficient p is reduced to the error from the technical
data sheet of the instrumentation used.

The illuminance and CCT correlated colour temperature val-
ues measured were then inserted into the Kruithof Diagram, which
shows the relationship between these parameters and the percep-
tion of pleasantness of light. It should be pointed out that this di-
agram was created in a time context far removed from the sensi-
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tivity to current light tones and outside a strictly artistic/pictorial
context, but it is nevertheless an interesting reference tool. Kruithof
Diagram remains interesting on a methodological level although its
use is now outdated due to the change in the culture of light in
society and with advances in technology [10].

Both light conditions (artificial and combined with daylight) are
slightly outside the defined area of pleasantness (Fig. 10). However,
the position of the two results in comparison is relevant: the com-
bined spectrum is closer to the central area and this confirms the
positive assessment generated by the actual, albeit subjective, ex-
perience. The contribution of daylight improves the perception of
space and colours.

In addition to these considerations, if Kruithoff's area of appre-
ciation were to be rewritten today, there would certainly be a de-
viation from the original version. This deviation depends on cul-
tural and customary factors; for example with the usual outdoor
illuminance levels we would have, according to Kruithoff, an opti-
mal CCT of approximately 2200 K, which corresponds to sodium-
vapour lamp and therefore represents a condition of poor chro-
matic quality especially on materials with a low red content, such
as marble, travertine or concrete.

From a perceptive point of view, a series of measurements over
the course of the day and at points at different heights shows
that the artificial spectrum, augmented by the daylight, does not
present any significant alterations that could be translated into im-
balances. The artificial spectrum, modified on some wavelengths
by the natural component, does not appear to be affected, thereby
compromising the quality of vision, but on the contrary is “en-
riched”.

In the case of the Sistine Chapel in particular, it is essential
to emphasise the "beneficial contribution" of natural light. Indeed,
the extensive use of green earths pigments on the Last Judgement
creates a different reading of the context compared to the vault
where red earths pigments predominate. Where artificial lighting
fails and cannot rebalance this phenomenon, it is the contribution
of daylight that intervenes.

Comparison of the histograms provided by the CRI calculation
method (R1 to R14) confirms that the colour quality of the artificial
installation remains more or less the same even in the presence of
natural light.

Perceptual analysis using MacAdam ellipses shows that, at all
four sampled measurement points in the Sistine paintings, the
colour variations detected remain within 3 SDCM (standard devi-
ation of colour matching). This range is within perceptible vari-
ations and does not cause significant alteration to visual percep-
tion. Generally speaking, the minimum shifts detected fall within
the above-mentioned aspects of natural perception.
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Fig. 10. Perceptual evaluation using the Kruithof diagram.

5. Conclusions

It can therefore be deduced that, although the lighting condi-
tions vary over time, there are no particular conservation risks or
excessive alterations to the visual perception of the paintings in
the Sistine Chapel. With regard to the perceptive effects through-
out the day, this lighting system favours the spatial-temporal con-
textualisation of the environment and results in a diversified per-
ception of the architectural and iconographic space, with more nat-
ural effects.

The working methodology used in the case study led to a posi-
tive assessment of the integration of the natural and artificial com-
ponents of lighting, which was not taken for granted prior to the
analysis process.

In a more general sense, the methodology is applicable to all
areas in which the combination of perception and conservation
needs to be assessed and, if necessary, optimised. And, above all,
in areas of such value where the measure and the quantification of
values is not easy to achieve.

The work also constitutes a starting point for the definition of
a method for measuring the perceptual deviation of colours char-
acterised by a polychromatic reflection spectrum, including in re-
lation to the level of illumination.

To this end, the involvement of a significant sample of users
is envisaged, through the compilation of evaluation forms, in or-
der to place the subjective data, in statistically significant numbers,
alongside the objective data collected instrumentally.
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