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Distinguishing Manuel Panselinos from Michael Astrapas and Eutychios: A
CIELAB Color Analysis of 13th Century Macedonian School Frescoes

Antigoni Vlisidi', Apostolos Vlyssides?

Abstract

The chromatic analysis of frescoes using the CIELAB method represents a novel, non-destructive
approach for the preliminary study of an artist, based on the colorimetric analysis of their work as a
whole. By employing sophisticated mathematical relationships, this method reveals an artist's color
preferences and tendencies, which appear to be unique to each individual. Quantifying these
preferences through CIELAB analysis allows for the establishment of a personal "color identity"
expressed through stochastic mathematical relations. Consequently, the effective disclosure of
these chromatic profiles requires the analysis of a sufficient number of representative images.
Applying these principles to a case study of two prominent 13th-century masters of the Macedonian
School, Manuel Panselinos and the Michael Astrapas and Eutychios, this research demonstrated a
strong, individual linear correlation between the chromatic variable AC+ and the variable Ab+ in their
respective paintings. This linear relationship serves as a unique chromatic property for each painter,
constituting a distinct "color signature." The establishment of a comprehensive database utilizing the
CIELAB method to register these chromatic signatures could prove invaluable for the attribution of
unsigned works. This potential was validated in the present study, which confirmed the hypothesis
that Panselinos was the artist responsible for the unsigned frescoes in the Chapel of Saint Efthymios
in Thessaloniki. Ultimately, the creation of a global CIELAB-based chromatic database for artists
and their frescoes would significantly facilitate the further study and authentication of Byzantine
monumental painting.

Keywords: Art, CIELab Colorimetric Method, Macedonian Hagiography School, Panselinos M.,
Astrapas M.

Introduction

Byzantine Iconography is the pictorial depiction of saints and religious scenes inspired by the
Synaxaria and the lives of the Saints. This art form emerged during the early years of the Byzantine
Empire, a period when the Emperor held absolute authority, and matured through significant theological
transitions, most notably the conflict between iconolatry and iconoclasm. In the art of iconography, there
are strict rules and aesthetic codes that every iconographer must follow to methodically achieve the
intended spiritual outcome. Ultimately, an icon is not merely a religious painting, but a composition
imbued with profound symbolism [1].

In the depiction of religious subjects, specific iconographic rules have been established. It is
mandatory for iconographers to faithfully reproduce the physical characteristics of sacred figures, as
these have been handed down through early hagiographic texts or various visual models known as
"archetypes." Consequently, this practice has resulted in the cross-century repetition of a strictly defined
formula for each holy person [2]. Furthermore, it is essential that the figures exude a deep sense of
spirituality. Saints are depicted as solemn yet merciful, never smiling and devoid of any secular
expression. Byzantine iconography primarily draws its themes from the Old Testament, the Gospels,
and the lives of the Saints. A prime example of these rigorous aesthetic standards is the prohibition of
shadows; every element is rendered bright and distinct, as if illuminated by the "Uncreated Light" of
God. This divine light effectively abolishes the constraints of cosmic space and time. Consequently,
elements separated by vast chronological distances are often unified within a single composition. In this

' Department of Materials Science and Engineering, School of Chemical Engineering, National Technical University of
Athens,Greece
2 Organic Chemical Technology Lab in National Technical University of Athens, Greece (Corresponding Author)

2790


https://doi.org/10.62754/ais.v7i1.1322
https://journals.ap2.pt/index.php/ais/index

Architectural Image Studies, ISSN: 2184-8645

tradition, the scale of objects does not adhere to linear perspective based on proximity to the viewer.
Instead, size is determined by the hierarchical importance of the subject, transcending temporal and
spatial limitations. This is further emphasized by the fact that all environmental elements, including
mountains, are oriented toward the center of the icon, utilizing what is known as "reverse perspective."
Ultimately, in the art of the icon, conventional space, time, and perspective are entirely abolished in
favour of a spiritual representation [2].

Within these rigorous frameworks, an artist has limited scope to develop a highly individualized
painting style that would be easily recognizable at first glance. However, a significant degree of creative
freedom lies in the application of color. This latitude allows each artist, whether consciously or
subconsciously, to establish a distinct pattern of colors and shades across their entire body of work.
Consequently, by analysing these chromatic patterns through appropriate statistical techniques, the
unique artistic "signature™ of the iconographer can be effectively revealed [3, 4, 41].

The most prevalent method for expressing color measurements is the Lxaxb* color space [5],
which encompasses two primary models: the CIE 1976 (CIELAB) and the Hunter model [6, 7]. While
the latter employs "square root" coordinates, the CIELAB model utilizes "cubic root" coordinates and is
the most widely adopted [8]. A key advantage of the CIELAB system is that its gradation closely aligns
with human color perception. The CIELAB method is effectively utilized across various industrial
sectors, such as food quality assessment [9, 10, 11] and biological process control, where product color
is inherently linked to quality [12]. Recently, the development of lightweight, portable instruments—such
as spectrophotometers—has enabled in-situ, non-destructive measurements, making colorimetric
analysis highly attractive for the study of cultural heritage monuments. This approach provides rapid
results, facilitates statistical processing, and allows for comparative studies with historical data from the
same or similar monuments. The CIELAB system is structured around three axes: L=x
(lightness/darkness), a* (red/green), and bx (blue/yellow) [13]. The direct measurement of these
fundamental variables, alongside calculated derivatives such as ALx, Aax, Ab*, Aho, ACx, and AEx
(Table 1), provides a robust tool for the mathematical expression of an image's chromatic characteristics
[14, 15, 16]. Ultimately, the cross-correlation of these chromatic variables, when collected from a
sufficient corpus of an iconographer's work, can reveal their unique and specific artistic signature.

Table 1. The CIELAB Variables Used in This Study

Variables Equation/description References

Lightness ranging from 0 (black) to 100
L* (white). (5]
Difference AL*= L*sample - L*standard

Green/red component ranging from
a* negative (green) to positive (red) values. (5]

Difference Aa*=a*sample — @standard

Blue/yellow component ranging from

negative (blue) to positive (yellow) values
b* [3]

Difference Ab*:b*sample — b*standard
he* = tan -1(b*/a*)

Hue (h°) - [17]
Difference Ah°* = tan -'(Ab*/Aa*)
Chroma C* = (a2 + b*?)°8 (8]
(CY) Difference AC* = (Aa*? + Ab*2)0.5
Chromatic
_ DAa*/Ab* [18]
quotient
Total color E*=(L*2 + a*2 + b*2)0° (9]
E* Difference AE*= (AL*2 + Aa*2 + Ab*2)05
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Differences between the measured
correspondence variable from
spectrophotometer and  correspondence
substrate of every image. This difference
eliminates the possible effects of the image
substrate and homogenizes the results.

A(variable)

Furthermore, non-destructive testing (NDT), with a particular emphasis on spectral imaging within
the visible spectrum, represents the cutting edge of diagnostic methodologies. It serves as a vital tool
for art historians, scholars, conservators, and researchers alike [20].

The CIELAB method, as a non-invasive technique, is particularly advantageous due to its rapid in-
situ application and the absence of costly consumables. It allows for the comprehensive inspection of
an object's entire surface and provides mapping capabilities, enabling the examination of extensive
areas within an image [21, 22]. The CIELAB color space has already been successfully employed to
quantify the temporal deterioration of monuments and statues [23, 24, 25]. Additionally, spectral and
multispectral image analysis have been utilized as simple, cost-effective methods for the formulation
and design of specialized conservation paints [26, 27, 28].

Material and Methods
Chromatic Analysis of Fresco Images via the CIELAB Color Model

Color measurements were performed using a Dr. Lange spectrophotometer (Hach Lange LMG
183), a portable colorimetric device. The instrument utilizes a standard d/8¢ circular viewing geometry
and a D65/10%Mcirc$ illuminant. Before each measurement session, the device was calibrated using
two reference standards (LZM 268): a black standard (X=4.07,Y=4.35,7=4.59) and a white standard
(X=83.78,Y=88.60,7=90.39). The spectrophotometer’'s sensors, equipped with specialized filters,
simulate the tristimulus response of the human eye, with color detection achieved through an integrated
artificial light source.

To measure the primary color variables (Lx,a*, and bx), each image, regardless of its original
dimensions, had to be scaled to a uniform area of 2.5x2.5 cm, corresponding to the field of view of the
LMG 183 spectrophotometer. This resizing was performed using the advanced capabilities of
CorelDRAW graphic design software. By employing this scaling method, the qualitative and quantitative
ratios of the colors remain constant, ensuring that the colorimetric values are preserved while
representing the chromatic profile of the entire image.

Consequently, the fresco images were analyzed using the CIELAB color model, a visually uniform
3-D color space defined by three coordinates: L* indicates lightness, ranging from 0 (black) to 100
(white); ax represents the green/red component (negative for green, positive for red); and bx represents
the blue/yellow component (negative for blue, positive for yellow) [29, 30]. Furthermore, the hue angle
he [17], Chroma Cx [18], and the total color difference AE* [19]—all derived from the CIELAB model—
were calculated according to the mathematical relationships presented in Table 2.

The color of each fresco image was determined by averaging three consecutive measurements
(shots) from the spectrophotometer's illuminant to ensure accuracy. The fundamental color variables
Lx, a*, and b* were instantly displayed on the device's screen, while the remaining CIELAB parameters
(Ahe, AC*, and AEx*) were derived using the mathematical equations presented in Table 1.

The primary objective of this study was to perform a chromatic analysis via the CIELAB method
on a representative corpus of frescoes by two distinguished 13th-century Byzantine masters: Manuel
Panselinos and the duo Michael & Eutychios Astrapas. Through the mathematical processing of these
variables, the research aimed to identify the distinct color expression of each artist, as well as any
underlying commonalities in their color design. This comparative analysis is particularly significant, as
both workshops belonged to the same artistic tradition—the Macedonian School—and were active
during the same period (late 13th to early 14th century) [24].

1st Case Study: Paintings of Manuel Panselinos

To investigate whether an artist follows a distinct, personal color pattern—consciously or
subconsciously—across their entire body of work, this research focuses on the CIELAB color
parameters of thirty representative works by Manuel Panselinos. A preeminent Byzantine master of the
Palaeologan Renaissance, Panselinos is renowned for introducing emotional depth (pathos) into the

2792



Architectural Image Studies, ISSN: 2184-8645

frescoes and icons of the late 13th and early 14th centuries. Based in Thessaloniki, the second-largest
city of the era, he is widely regarded as the most influential figure of the Macedonian School of painting
[30]. Born in Thessaloniki in the late 13th century, Panselinos dedicated his career to monumental
fresco painting and iconography. His most significant works are preserved in several monasteries of
Mount Athos, including Vatopedi, Megisti Lavra, and most notably, the Protaton Church in Karyes, which
houses his masterwork [31, 32, 33]. Art historians have long identified a singular stylistic identity in his
oeuvre, characterized by the use of soft color palettes, the symmetrical rendering of figures, and a
unique approach to composition and proportions, particularly in the depiction of faces. The thirty icons
and frescoes selected for this study [34] are illustrated in Figure 1.

25 26 27 28 29 30

Figure 1: Hagiographies by Manuel Panselinos that included in this research
29 Case Study: Paintings of Michael and Eftychios Astrapas

Michael Astrapas and Eutychios are among the few painters of the Byzantine era whose signatures
have been preserved to the present day [35]. Their artistic output has been linked to numerous mural
cycles across Serbia, North Macedonia, and Greece. The distinct qualities of their style represent one
of the most significant artistic currents of the late 13th and early 14th centuries, often referred to as the
"First Palaeologan Renaissance" or the "Voluminous Style" (Mannerism). Specifically, the wall paintings
examined in this research belong to the following monuments: the Church of Panagia Perivleptos in
Ohrid, the Ziéa Monastery in Serbia, the Monastery of Panagia Olympiotissa in Elassona (Greece), the
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Monastery of St. Prochoros P¢&injski in Serbia, the Chapel of Sts. Joachim and Anne at the Studenica
Monastery, the Church of St. George at Staro Nagoric¢ino, the Banjska Monastery, and the Monastery
of St. Nikita in Cuger. These eight monuments are either directly attributed to the workshop of Michael
Astrapas and Eutychios or are closely associated with their artistic guild. The thirty icons and frescoes
selected for this study [36] are illustrated in Figure 2.

Figure 2: Hagiographies by Michael and Eftychios Astrapas are included in this research
Regression Analysis

Statistical regression analysis was employed to evaluate the relationships between the CIELAB
color variables and their respective standard deviations. Linear regression models were tested to
identify the strongest correlations among variables, as expressed by Pearson’s correlation coefficient
(R2). The objective was to achieve the highest possible R2 value [37, 38] while maintaining the lowest
feasible standard deviation. The existence of a strong linear relationship among CIELAB variables—
characterized by a high R2 coefficient and a correspondingly low standard deviation—serves as
compelling evidence that an iconographer possesses a distinct, personal method of color application.
The primary aim of the investigation presented in this paper is to provide empirical proof of this unique
chromatic signature for each hagiographer.

Results and Discussion
Analysis of CIELAB variables for the hagiographies of M.Panselinos

The measured (L*,a*,b*) and calculated (Ahe, ACx, AE*) CIELAB variables for the iconographic
images shown in Figure 1 are summarized in Table 2. Figure 3 illustrates the most statistically significant
linear relationships between these variables. Additionally, Table 3 presents the corresponding
correlation coefficients and their respective standard deviations for each of these relationships.
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Table 2: Results of Measurement and Calculations of Variables for the Pancelinos’ Hagiographies
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No of AL* pa* Ab* A ACH AE*
image

1 71,0 0a i o7 21,2 741
) 71,0 045 19,3 ot 215 742
s 61,5 7 18,9 066 20,3 64,8
4 63,1 8,97 20,1 1,25 22,0 668
. 60,5 788 16,3 178 18,1 63,1
. 65,7 . 17,4 1 19,0 68,5
; 51,9 6,06 12,7 169 14,1 53,8
8 604 8,29 18,7 1,22 20,4 63,7
o 64,9 65 16,3 07 17,6 67,2
0 64,8 778 19,6 070 211 68,2
» 65,6 709 155 7 17,7 68,2
12 53,6 5,23 9,84 3,11 1.1 54,8
. 64,6 001 18,0 o1 20,5 67.8
» 68.7 13,9 242 554 28,0 742
15 64,6 9,57 19.6 1,91 218 681
5 61,7 585 15,9 o4 16,9 64,0
17 65,6 4,5 14,2 0,01 14.9 67,2
18 55,5 6,19 116 3,18 13,1 57,0
19 63,1 2,34 9,29 1,09 9,58 63,9
20 541 10,0 215 15 23,7 59,1
o 551 239 10,3 010 10,8 56,2
- 65,3 16,3 27.0 ; 316 725

11,53

23 48,3 3,13 6,81 1,45 7,49 48.9
24 65,3 3,65 6,63 -3,99 7,57 65,7
25 48,3 3,13 6,81 1,45 7,49 48.9
2 62,8 61 12,7 78 14,1 64,3
27 65,3 3,66 12,7 0,37 132 66,6
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55,3 12,3 12,7 56,8
28 ’ 3,32 ’ 0,65 ’ ’
5 ’ 4 ’ 8 1
54,1 54,5
29 3 5,22 3,97 0,95 6,56 3
68,2 13,1 14,0 69,6
30 ’ 4,97 ’ -0,54 ’ ’
2 7 8 6
65,6 15,5 17,7 68,2
Mean value ’ 7,09 ’ -1,77 ’ ’
7 6 9 5
Standard  Deviation
(s.d.) 7,68 3,35 5,71 2,40 6,29 8,45
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18 30
16 Aa* =0,25(AL*) - 8,41 +/- 6,1 . Ab* = 0,48(AL*) - 13,82 +/- 9,05 ®
R?=0,222 25 R*=0,32 .
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3G: Linear relation between Aa* and AL* 3H: Linear relation between AL* and Ab*

Figure 3: The most interesting linear relations between CIELAB variables of the exanimated thirty frescoes painted
by M. Panselinos

Table 3: Correlation coefficients R2 and standard deviation (s.d.) of the linear relations between CIELAB
variables calculated from the results of the table 2

AL* Aa* Ab* Ah* AC* AE*

R2 s.d. R2 s.d. R2 s.d. RZ | sd. | R? s.d. Rz | s.d.
AL* | - - 0,22 | 297 |0,32 4,5 0,31 12,1
Aa* | 0,222 | 297 |- - 0,84 2,12 0,9 3,73 |04 | 553
Ab* | 0,32 4,5 0,84 | 212 |- - 0,992 | 0,55
Ah* - -
AC* | 0,31 12,1 | 0,9 3,73 | 0,992/ | 0,55 - - 0,5 | 5,03
AE* 0,4 5,53 0,5 503 |- -

Based on the results presented in Table 3, the best fit among these relationships is observed in
Figure 3E (Abx—AC+x), yielding a coefficient of determination R2>0.99, a standard deviation s.d.=0.55,
and a slope of 1.15. These values indicate that the overall chromatic profile of Panselinos’ icons is
predominantly characterized by yellow hues, with a significantly lower contribution from other colors.
Furthermore, the relationships depicted in Diagrams 3B, 3G, and 3H demonstrate that the lightness of
the images (ALx) does not significantly influence the overall color composition. Additionally, the
correlation shown in Figure 3C (Abx—Aax, with R2>0.84 and s.d.=2.12) suggests that the iconographer
maintains a relatively constant color ratio throughout his oeuvre.

Analysis of CIELAB variables for the fresco images of Michael Astrapas and Eutychios

The measured (L*,ax,bx) and calculated (Aho,AC*,AEx+) CIELAB variables for the iconographic
images illustrated in Figure 1 are summarized in Table 4. The most statistically significant linear
relationships between these variables are depicted in Figure 5. Furthermore, Table 5 presents the
corresponding correlation coefficients and their respective standard deviations for these relationships.

Table 4: Results of measurements and calculations of variables for Michael and Eutychios Astrapas
hagiographies

No of AL* Aa* Ab* Anh* AC* AE*
image

1 47,75 7,14 -0,15 -0,02 7,14 48,28
2 45,36 2,34 2,69 2,23 3,57 45,50
3 60,96 2,44 -0,73 -0,31 2,55 61,01
4 53,65 -1,52 -5,39 0,43 5,60 53,94
5 52,69 -1,14 0,96 -1,12 1,49 52,71
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6 65,10 4,36 4,08 1,36 5,97 65,37
7 44,82 3,81 0,87 0,23 3,91 44,99
8 53,90 217 -1,42 -0,77 2,59 53,96
9 49,62 0,27 8,77 1,81 8,77 50,39
10 54,86 0,91 -3,66 -1,21 3,77 54,99
11 56,13 8,45 14,49 -6,90 16,77 58,58
12 57,83 12,96 19,99 35,25 23,82 62,54
13 52,89 5,05 15,97 0,02 16,75 55,48
14 62,72 1,05 16,33 -0,16 16,36 64,82
15 54,09 -0,08 22,60 0,25 22,60 58,62
16 50,62 3,04 18,90 -0,07 19,14 54,12
17 46,19 1,68 13,28 -19,68 13,39 48,09
18 56,16 -4,65 21,22 -6,66 21,72 60,22
19 62,95 -1,39 6,13 -3,21 6,29 63,26
20 59,74 4,72 16,90 0,47 17,55 62,26
21 57,36 5,21 14,27 -0,43 15,19 59,34
22 53,85 1,65 16,83 0,98 16,91 56,44
23 57,48 3,68 20,50 -0,86 20,83 61,14
24 42,47 0,32 6,63 -3,25 6,64 42,99
25 53,45 1,85 16,83 -0,34 16,93 56,07
26 60,12 -6,93 11,10 32,32 13,09 61,53
27 59,93 2,55 10,68 1,73 10,98 60,93
28 47,10 -0,45 15,62 -0,15 15,63 49,62
29 60,55 2,64 10,69 1,28 11,01 61,54
30 49,43 4,19 15,29 0,56 15,85 51,91
Mean value 54,33 2,21 10,34 1,13 12,09 56,02
Standard Deviation (s.d.) | 5,92 3,75 8,20 9,77 6,77 6,20

70.00 70

00.00 [ ‘ -------- -."'."".".."'o'"”". o0 Y * ...0. ...... LT

50.00 “.‘ o o ¢ 50 | * .""'."' e .

40.00 ® 40 °

20,00 AC* = 0,34(AE*) + 51,897 20 AC* =0,132(AL*) + 52,73

20.00 R2=0,138 20 R2 = 0,02

10.00 10

0.00 0
0.00 10.00 20.00 0.00 10.00 20.00 30

4A: Linear relation between AE* and AC*

4B: Linear relation between AL* and AC*
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Figure 4: The most interesting linear relations between CIELAB variables of the exanimated thirty frescoes painted

by Michael and Eutychios Astrapas

Table 5: Correlation coefficients R? and standard deviation (s.d.) of the linear relations between CIELAB

variables calculated from the results of table 4

AL* Aa* Ab* Ah* AC* AE*
R2 s.d. R2 s.d. R2 s.d. R2 s.d. R2 s.d.
ALY | - - 0,03 3,75 | 0,018 | 5,92 0,022 | 6,77

2799



Architectural Image Studies, ISSN: 2184-8645

Aa* | 0,03 3,75 | - - 0,02 8,2 0,04 6,7 0,002 | 6,2
Ab* | 0,018 | 5,92 | 0,02 8,2 - - 0,95 6,77

Ah* -

AC* | 0,022 | 6,77 | 0,04 6,7 0,95 6,77 - - 0,5 5,03
AE* 0,002 | 6,2 0,5 503 |- -

According to the results in Table 5, the best fit among these relationships is observed in Figure 4E
(Abx—ACx), with R2>0.95 and a standard deviation s.d.=6.7. This finding is consistent with the results
obtained from Panselinos' works; however, in this case, the slope of the linear regression is 0.78. It can
be concluded from both cases that the chromatic variable ACx exhibits a strong linear correlation with
the variable Abx. Consequently, the slope of this regression line may represent the unique, individual
color signature of each iconographer.

Application of CIELAB Color Analysis in a Case Study

To evaluate the model's efficacy in identifying an unknown artist, the unsigned frescoes of the
Chapel of Saint Efthymios were selected as a case study. The chapel, founded in the 11th century, is
situated in the southeast corner of the Basilica of Saint Demetrios in Thessaloniki. Its interior is adorned
with numerous unsigned frescoes dating back to 1303 AD. While these works are stylistically classified
under the Macedonian School, Professor E.N. Tsigaridas has proposed the hypothesis that their creator
was Manuel Panselinos [39, 40]. To empirically validate this attribution, the CIELAB model was applied
to fourteen representative frescoes from the chapel (see Figure 5). The analysis aimed to determine
whether the chromatic profile of these works aligns with the established "color signature" of Panselinos.

14

Figure 5: Frescos from the chapel of Saint Efthymiou

The measurement data (Lx,a*,bx) and the calculated CIELAB variables for the frescoes under
study are presented in Table 6. Furthermore, the corresponding linear relationship between Abx and
AC+ is illustrated in Figure 6. This figure demonstrates, once again, a highly significant correlation
between these two variables, as evidenced by a coefficient of determination R2=0.97.

Table 6: CIELAB variables for the frescos of Figure

Ne AL* Aa* Ab* AC*
1 49,5 4,2 5,2 6,67
2 54,2 2,2 8,0 8,27
3 50,4 2,9 9,2 9,65
4 65,0 1,9 1,6 2,5

5 52,1 3,5 6,4 7,28
6 47.8 1,2 54 5,57
7 62,7 1,7 43 4,57
8 67,2 1,7 4,7 5,02
9 50,1 1,8 4,5 5,00
10 51,4 1,9 2,6 3,27
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11 494 -0,6 1,8 1,94
12 51,2 0,7 5,7 5,76
13 52,7 0,9 2,5 2,70
14 47,9 2,9 6,2 6,87
12.00
AC* = 1,005(Ab*) +0,4567
10.00 (Ab¥) + L
8.00 R?=0,970 e
2 . .’Q_,....
6.00 ’g .’_._.6--.'
4.00 o -
2.00 L
0.00 Ab*>>
0 2 4 6 8 10

Figure.6: Linear relation between AC* and Ab* from table 6

A comparative analysis of Figures 3E, 4E, and 6 reveals that the regression line for the frescoes
in the Chapel of Saint Efthymios aligns significantly more closely with the established profile of Manuel
Panselinos than with that of the Astrapas workshop. This high degree of correlation provides compelling
empirical evidence supporting the attribution of the Saint Efthymios frescoes to the hand of Manuel
Panselinos.

35
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Figure 7: Correlation line of relation AC*— Ab* for the frescos of chapel of Saint Efthymiou in comparison with the
corresponding lines of Panselinos and Astrapa

Conclusion

The CIELAB analysis of frescoes is proposed as a novel, non-destructive methodology for the
preliminary study of art through the chromatic analysis of digital images. This method utilizes rigorous
mathematical relationships to reveal the distinct color preferences and stylistic tendencies of an artist.
The effective disclosure of these patterns requires the analysis of a statistically significant corpus of
work by the same individual. During the comparative analysis of the works of the preeminent 13th-
century masters of the Macedonian School—Manuel Panselinos and the duo Michael Astrapas and
Eutychios—a strong linear correlation was identified between the variables AC+ and Abx. This
relationship proved to be unique for each iconographer, effectively constituting a personal "chromatic
identity" (Color ID). The practical utility of this ID was further demonstrated by validating the attribution
of the unsigned frescoes in the Chapel of Saint Efthymios in Thessaloniki. Consequently, the
development of a comprehensive color database for iconographers would significantly advance the
systematic study and authentication of hagiographic art.
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