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Received6-2-2023 Technical documentation helps date the painting and determine the
Accepted2-9-2023 restoration method. Artistic documentation includes the knowledge of

the materials used in drawing and the artistic style. The artistic style
was analyzed using the spectral fingerprint of color and texture
based on the data of the spectral reflectance of each shade on
the surface of the painting, especially a distinct area in which the
texture of the brush appeared. This was done using Python and
artificial intelligence-related computer programs. The result showed
that the number of colors was nine with wavelengths of (613.48,
611.37, 594.01, 587.1, 599.42, 497.42, 603.03, 481.94, and 566.33)
nm. The texture of the brush was hard and with parallel lines. Sim-
ilarly, analyses and examinations were conducted on the painting to
determine its components. They helped in the identify the artist
and the period. Additionally, in the event of a change in color during
the preservation intervention was made, and the environment
provided was suitable. The study was conducted on a private oil
painting representing impressionism in Europe. It was found that
the painting suffered from many aspects of deterioration. XRD-
FTIR-Raman (SEM-EDX) analysis showed the use of iron oxide in
skin color, zinc oxide additives to obtain color gradations, and
chromium green mixed with a small percentage of ground green
Keywords: to obtain gradations in the hilly area of the painting. FTIR and
Artificial intelligence Raman analysis showed that the medium used was linseed oil.

Furthermore, the microscopy and stereomicroscope examination

Doi: 10.21608/ejars.2023.330909

ID CQ!_OER of the cross-section showed the cross-sectional structure, the
Archiving number of imaging layers, and several aspects of damage. Thus,
Digitization an archival record was produced for future monitoring to prioritize

treatment aspects, develop a current pre-treatment record, determine

the treatment needed, and provide information on the treatment
Python materials and methods used.

1. Introduction

Paintings tend to lose their aesthetic chara following up on the preservation of artw

cteristics with time. Therefore, it is essential orks, and monitoring their behavior during

to document and preserve them becausedisplay to investigate the value of color

they are part of our cultural heritage. Boc  measuremengnd its texture over timid].

umenting the artistic method of painting Artists usuallydescribepaintingsby space,

includes measurmcolors, knowing theha texture, shapesolor, tong andline. In ad

racteristics of color, and describitgxture, dition, the movement and texture of the

e.g, knowing the rough or smoogurfaces, brush, through which the painting can be

Computer vision
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dated, and the artist can be knof@h The
method wasnalyzed manually in the past,
which took more time and effort. Techno
logical development, artificial intelligence,
and modern devices have been employed
to save time and effort and obtain detailed
and accurate documentation. For instance,
artificial intelligence helps artists analyze
artworks and extract common patterns and
standard®etween paintingg3]. It can play

an important role in the field of colors,
including analysis or discussig4]. It can

transformations in the heritage Bf/zantine
icons over time[13]. Digital images are
divided based on colors into three types,
namely binary imagegrayscalémages, and
color images, where the sum of the intensity
of those colors determines the color of
each point of light. A digital image is repr
esented by a twdimensional array (X, y)
of the digital data, each representing a
value. In the case of storing color images
(RGB) with 24 bits, the contents of each
of these three colors are (8 bits), and-app

analyze and recognize the colors used in a I'oX. 16 million possibilities are produced

painting know the most common colors,
and extract distinctive color patterns and
color combinations in oil paintind$]. Dig-

ital archiving of art, especially opaintings,

is theprocess of archiving artistic data using
a specific system by studying its surface
characteristicsArchiving and digitizingart

is important due to its benefits, especially
as a strength in literacy for researchers in
the history of oil paintings and other -art
related areas. In addition, thisep helps
efforts to preserve cultural arts so that art
works survive6]. Digital image analysiss

the extractionof informationfrom animage
such as descriptive statisticg, color/brig-
htness, andistributionof color on asurface,
using edge dettion and lind8] identific-
ationtechniques, extracting texture, color,
and edges. Documentation is carried out
through the color imprint of the brush area
whose drawn contour lines between every
color edge are determined using Pytlzod
artificial intelligencerelated computepro-
grams[9] to study several visual features,
such as brush strokd40], texture, and
color [11]. Digital technologies have been
used in the problem of art preservation.
For instancegeographic informatiosystems
(GIS) ard 3D modelind12] havesuccess
sfully documented painted artworks fiudly
determine the changes in the artwbedore,
after, and during restoration. The change
detection was applied by identifying surface
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[14]. Colorimetryis the science that describes
colors in numbers and is applied in the
field of restoration and conservati¢hS]

to evaluate the differences between colors
in artworks before and after restoration,
monitor the phenomenon of fadirdo6]
resuting from exposure to colors in an
unsuitable environmerjiL7], and to study
color change Spectraiinformationis valuable

in color discrimination as an aid to color
recognitionalongsideothertechniqueswhere
opticalreflectance spectareused tadentify
colors[18] and create specific databases of
color spectral curve§l9]. Recently, ararc
haeological research team from tHelsinki
University undertook a campaign to apply
colorimetry on the frescoes of Pompeii to
study the colors from the surface of the
walls spectroscopically. Spectral characte
rization was performed on various artwarks
including Paleolithic cavepaintings medieval
polychrane sculpture, and modern oil pai
ntings[20]. Colorimetric measurements of
the color contentof colors (L*a*b*), wa
velength, color value, and saturation were
determined. HVS ignportantin determining
and measuring color properties. At the
same timecolored materials and tlground
were analyzed by EDXEM and Xxray
diffraction (XRD) to determine the chemical
composition of the color and Fourier tran
sform infrared spectroscopy/total reflectance
(FTIR) and Raman spectroscopy to deter
mine the mediumni oil painting. Docume



ntation was carried out by examinations by
optical microscopy and PLM polarizéght
microscopywhich wasusedin wall paintings

in the National Archaeological Museum in
Napoli [21]. A new approach was used to
analyze drawing usingomputational tools
based on the assumption that an artist's
brushcouldbedistinguishedy texture mow-
ements, and directions of the artist's brush
[22]. Furthermore, measurements could be
used as additional evidence in stylistic tasks
[23]. The artistic method of paintings was
documentedh several ways, such as drawing
contour lines between each color, extracting
color tones and thgercentagef their spread

on the surface, features in faces, decorations
drawings,or signature lettersand their angles
[24]. Moreover, the artistic method was doc
umented through the known wavelengths
called the spectral fingerprint amcktracted
brushstrokeso classify the types giainters
[25]. Brush strokes and color could help
identify the artist[26,27]. Paintings are
documented by selecting a part that shows
color, surface roughness, and bristfokes
[28] and documenting them based on their
length, thickness, aridclinationangle ofthe
brush strokdg?29], in addition to studying
the analytical eamination of the materials
involved in making the painting80]. Acco-
rdingly, the date of the painting is suggested
and the artists can be identified. Based on
the extractionof distinctive featuregdentified
throughbrushstroke analysendcolorimetry,

this study is believed to help understand
the production techniques of worksrough
the colorimetric record, which helps monitor
preservation conditions, such as color-cha
nge [31]. Artificial intelligence was used
using Python to recognize the painters
signature like any handwritten signature,
classify the contents of an image from the
shapes and elements in the image, and
clarify their location on the surfadg2].
The Python € programming language is
widely used in image processing and eom
puter viion. It is possible to read the oll
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painting and perform many operatiossich
asanalyzingcolors andshapesindobtaining
graphs. Moreover, the help of the Python
language OpeRV was used in comparing
paper and counterfeit currencies by disco
veringdimensions, recognizing colors, and
extracting edge detecti¢B3,34]

2. Materials and Methods

2.1. Materials

The study was carried out on an oil painting
belonging to the late nineteenth century,
titted War Battle from a private collection
dated1893 fig. (1). It was a landscape carried
out on a linen canvas covered with a white
ground layer. The scale was (80 cm widex
63 cm long) without a frame. The painting
depicted a war battle. It is not signed but
dated and depicts a group of soldiersviar.
The background of the houses and the sky
are in a realistic style.

Figure (1)Shows the archaeolocal painti(gattle
of the WaJ}, and the zoom parnf the
date of the painting

2.2. Methods
Documentation of the artistic style by extr
acting (colorfingerprint, brushiexture, and
identifying edges) using artificial intelligence
Documentation of the materials by exami
ning and analyzing samples of both red and
green colors falling from the edges aman
oving sootfrom the sampledefore analyzing
them.
2.2.1. Documenting of the artistic style
with artificial intelligence
The oil painting was converted intadggital
image by a 100negapixel camera, a 50m
lens, and a D50 flash located at the same
distance and angle on both sides of the oil




painting,fig. (2). It was converted by a eo
mputer into a grid of pixels, and the stored
values were then used for the digital image
to give each pixel its color and brightness.
The quality of a digital image depends on
the number of pixels; the more pixels, the
higher the quality. The old painting was
scanned with a million pixels to show the

Aimport numpy as np

Aimportcv2 as cv

Afrom matplotlib import pyplot as plt

Aimg= cv.imread('aaaal.jpegtvIMREAD
GRAYSCALE)

A assert img is not None, "file could not be
read, check with os.path.exists()"

Aedges = cv.Canny(img,100,200)

damaged aspects and extract the color andA plt.subplot(121),plt.imshow(img,cmap =

texture.

Carmera posilion

v

paintings Layers

‘

Figure (2) Shows placing the camera vertically on
the surface of the painting

2.2.1.1. Documentation of brush texture

and fingerprint color by Al
The extraction was done by separating
each color on a surface that could have a
very different texture than other adjacent
strokeg[35], which were caused by various
factors, such as the concentration of the
paint andhe direction of the brug]36].
2.2.1.2.Extracting and detecting edges

by artificial intelligence:
Documentingartistic oil paintings with art
ificial intelligence, using Python to extract
the grayscale, helped obtain straegealing
edges to identify thboundariesof the drawn
shapes, the boundarigsparatingeachcolor,
and color characteristics, such as the color
hue or value (light and dark gradatiosft
uration (gradation from intense to dull),
and the name of the color. Color in painting
HSV (HueSaturationValue) is morerelated
to how humans perceive the colors used
determine which colors the painter used in
paintings. This is done by entering the code
in Python to obtain the information about
the panel as follows:
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_'gray’)
Aplt.title('Original Image’), plt.xticks([]),
plt.yticks([])
A plt.subplot(122),plt.imshow(edges,cmap
_='gray)
Aplt.title(Edge Image’), plt.xticks([]), plt.
yticks([])
2.2.2. Microscopic Examination
Examination andlocumentationwvere carried
out using aoptical microscope(OM) and
scanning electron microscod&EM), to
study the layered structure of the painting
after preparing samples as cregstions.
2.2.3. Identifying the type of fiber canvas
A sample of textile fibers was treated with
a warm solution of cyaninelue at a con
centration of 1% for a few minutes. Then,
it was washed with water, and the fibers
were treated with dilute sulfuric acid. The
fibers were examined by a scanning electron
microscope.
2.2.4. Raman analysis
The medium was analyzed using Raman;
type: BRUKER-SENTERRA II. Raman's
spectra were recorded using a laser with a
power of 0.25 micrometers, a wavelength
of 785 nm, anaxposureduration 0f10,000
milliseconds in backscattering arrangements
180 degrees. The resolution was 4cm
2.2.5. X-ray analysis
Energy-dispersiveX-ray spectroscopyEDX)
and Xray diffraction (XRD) analyses were
used to find out both elemental and minera
logical composition of the painting is made.
In this context, SEM Model Quanta 250
FEG (Field Emission Gun) attached with
EDX Unit and Philips X-Ray diffraction
equipment model type pw/1840 with &



radiation and Nfilter at 40 K V, 30 MA,
and 0.02/sec scanning speed were tiged
realizing these targets
2.2.6. Fourier transform infrared spect-
roscopy (FTIR) analysis
The FTIR model Cary 630 FTIR spectrem
eter was used in the spectral range from 400
cm? to 4000 crt. It is a useful technique
for identifying chemical compoundprovides
information about thehemical or molecular
bonding of the material structuf@7], and
determines the mediuf8].

3. Results
3.1. Documenting of the artistic style

by artificial intelligence
3.1.1. Documentation of fingerprint color

by Al

Each color point applied to the surface of a
painting is a specific point within a three
dimensional space represented by a linear
combination of surface details. Tpainting
understudywvasdigitized. Then a filter was
used to give strong edge enhancenten
the shapes, get threlgmensional spaceep-
resented by a linear combination sifrface
details, and get thredimensional models
of the painting for documenting damage to
thepainting's surfacesuchascracks, peeling
and loss of color. An elevatiomap was
obtained showing thethickness of the fall
ing paint layer (2 mm), tab. (1). Tipainting
was done with a digital camera undertain
operating conditions of lighting thatanned

the surface and entered the image on progr _ ¥

ams[PhotoshopPainter 11; Tiny Eye]. All

the colors on the surface were documented -8

color code #b76547 # spread on theface

at 13.6%, a hue was 1&ind its wavelength
was 594.01nm. The color code #d4ad99
spread on the surface at 12.1%, a hue was
20°, and its wavelength was 587.1 nilme
color code #852b1b spread on the surface
at 9.2%, a hue was 9°, and its wavelength
was 603.03 nm. The color cod&d¥a8e
spread on the surface at 8.5%, a hue was
204°, andits wavelength was 481.94 nm.
The color code #753426 spread at 4.8%, a
hue was 11°andits wavelength wa599.42

nm. The color code #999596 spread at 0.9
%, a huewas 348, and its wavelength was
497.42. The color code #504d57 spread on
the surface at 0.7% spread, a hue 2&8°,

and its wavelength was 566.33 nm.

Table (1)Documentatiorsurfacetopographydatasets

Surface details flackingcracks

Surface details

Height map

through the wavelength of each color and r
the percentages of the spread of each color Figure (3) Shows the extraction of each color's pro

tone on the surface, fig. (3). The result was
that the painting had nine tones. The color
code 461718#spread on the surface at
29.1%, a huevas 359°, and its wavelength
was 613.48 nm. The color code #f4efef

perties and the percentage of each color
on the surfaces

3.1.2. Extraction of the edge detection
by (Python for data analysis) with
Al

spread on the surface at 21.1%, a hue wasEdge detection is an essential tool in extrac

0°, and its wavelength was 611.37 nhine
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ting features for some of the thicker areds



dense color planes, the appearancbrogh fingerprint[41,42]. Brushes can be measu
stroke textures, and creating brush texture red in length and width according to the
edges on the surface using Python based angle at which the brush head is projected
on artificial intelligence. The brushstroke onto the surface of the painting. We assume
is represented by lines, and low and high that thecoordinate system of thgainting is
strokes are defined according to colorinte X, y. The coordinates and color distribution

nsity, which clarifies the finer detajl§ig. are according to the movement of thieish
(4). The edge angle can be calculated, and figs. (6-b & c). The result of the measure
the edges of the shapes drawn ia gat ment is that the angle of the end of the

nting can be determined and documented descent of the brush bristles on theface

through colors. of the paintind43] is 45° degrees, fig. (d).

7

&

Figure (6) Shows. extraction of brush detection,

b. position bush on the surfaces.

3.1.3. Extraction of object detection by painting’s coordinate system is x &g,
Al measured brushstroke

It is a computer vision technique used to The brush type is Flat Hake. Siflat is 4
locate objects in images. It can be used to ¢cm, bristle width is 3.5 cm, and bristle

Fiure (4) Shows the xrc ion of edge dtection
by (Python for data analysis) with Al

count the number of objects in thainting, length is 2.9 cm. The artist used several

resulting in two horses in the middle of the types of brushes. Analyzing the brush str

painting from the bottorrfig. (5). okes through the direction of movement,
~r— TN ST o

the angles of the lines, and the lengthtlog
brush stroke from beginning to erelvealed
that the artist used types of different flat
brushes and types of different round brushes
[44]

, as shown in fig. (7).

Wil

: i \
Figure (5) Shows the extraction object detection
(the horses).
3.1.4. Documentation of the movement
of the brush strokes and type of

brush ~ - = ‘ i
The texture of the brush with a rough style Figure (7) Shows the movement of the brushes and
was extracted in some ard&9]. The tex the types of different types of brushes in
ture of the brush consists of parallel lines many areas.
of hard hair and has a rough appearance 3.2. Analysis and examinations of the
and texture. The artist loads the dry brush archaeological painting

with color before applying it to the canvas. 3.2.1. Examination by microscope

The movement of the end of the br{i$8] 3.2.1.1. Identifying the type of canvas

was circular and curved in some areas and The stain examination showed that the fib
paallel in other areas, fig. {6), and the ers were colored blue. Comparatistudies
texture of each artist with his brush is a were carried out to identify the apparent
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shape of the fibers, whiclere proven to
be linen fibers, as a result of the presence
of pectin substances in them. The SEM ex
amination showed that the fibers are ¢yl
ndrical cells with transverse septa between
them. This confirms that the fibers dieen.
The aspects of fibesdamage included fragi
lity, breakage, and weakness, which resulted
in poor storage. It can be noticed thanvas
deteriorationwvasareasorfor oxidation heat,
mechanical stress, and moisturefigs(8)

»~ iy
"

Figue 8) Shows SEM imge of linetextile sample
500X) that showed the linen fibers and
weakness.

3.2.1.2. Cross section
The red colosample taken from thmantle
consists of three layers: The linen support
layer, the ground layer, and the colayer.
The microscopic examination showed that
the artist applied a red color layer in two
layers: A lower part is thin, and its color is
rose, while the upper layer is thicker amaks
areddishhue. It became clear from tigelor
distribution of the granules &l the mixing
took place on the painting and not on the
pallet, as shown in fig.9¢a). The second
sample taken from the green color of the
background in the dunes consists of two
layers: The bottom layer is thick white,
while the top layer is thin greenitiw some
yellow granules, as fig.9(b), which shows
that the color layer is falling, as well as
cracks in color, ground, darkening color, and
deterioration of the canvas support.
J
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Figure @) Shows a cross section of thered sample
from a
of the dune area.

3.2.2. Raman analysis

Raman analysis, as shown f{@0), indic-
ated the presence of the linseed oil which
observed; vibrations at 17&81*, 1609.20
cm, 1587.69 cri, 1524.70 crit, 1330.74
cm*,1175.59c¢rit,1 136.11 crit, 971 cn',
985.43 crit, 950.78 crit, 866. 44 cri,
723.16 cnit, 619.76 crit, 598.83 crit. Cal

cite was also observed for the presence of
the spectrum at 280.56m*, 723.16cm* and
886.44 cril” and the most intense one at
1330.87 crit [45]. The analysis indicated
the presence of rabbit skin glue. It was
also observed for present use in the ground
layer by Raman bands at 619.%6n7,
799.72 cm’, 1034 cm*, 1136.11 cm™,
1448.02cm™ and 1609.20 cif{48].

30
L

100

Wavenumber cm-

Figure (L0) ShowsRamanspectra areecorded with
the 785nm laser

3.2.3. Analyses by (SEM-EDX) & XRD

The result of the EDX analysis showed, as
shownfig. (11-a), that the elements in the
colored materials used by the artist in this
painting were oxygen at 28.95%, carbon at
7.54%, zinc oxide at 10.43%, magnesium
oxide at 89%, aluminum oxide at 0.14%,
andcarbon dioxide, silicon oxide at 1.20,
calciumoxide at 2.41%, chlorineoxide at
2.98%, and iron oxide at 8.98%. The result

s o Ibdgreenrsénple s car f |



of the XRD analysis confirmed the EDX [g
resultsabout hematitefig. (11-b), whichsh
owed the presence of silica dioxide 1.5
%, zinc oxide at 1.5%, iron at 2.6%, carbon
at 39.4%, calcion carbonate at 13.8%nd
quartz at 22%. The presence of iron oxide
associated with quartz confirmed the red

color of hematiteFurthermoreEDX ana Figure(13) Showsa. & b. EDX andXRD patterns of

lysis of a sample of green from the dunes, aredcol or a s @l&diE®X6s scarf,
fig. (11-c) showedcarbonat 52.76%pxygen and XRD patterns of greensample from

at 12.61%magnesium at 0.07%Juminum the dune area

at 1.30%, silicon dioxide at 1.65%hro- SEM examination of the recblored area of
mium at 2.86%, barium at 10.39%, zinc at thes o | duni®mgig. (14-a) showedhat
2.44%, calcium at 3.49%, iron at 1.37p&- the irregularity in the surface, crackingyo-
tassiumat 0.20%, and sulfur at 10.82%. undlosing adhesive strength, separation of
XRD analysis confirmed the result of the both thepaint layer and the ground from the

EDX analysis about the use of earth green support, and theccurrenceof partial or total
mixed with chrome green, dg. (11-d) that separatiorbetweerthese layers as a resolt
the green color was con’1po.sed of calcium the mechanical reaction that arises between

carbonate at 45.7%, zinc oxide at 20.1%, E}/\(}()ﬁ}l:gﬁqrslgf;lceé]igle r%aeiztéﬁg;miog%r?:ém
and chromium wide at 25.3%. This result P 9 '

firmed th f o t ¢ fig. (14-b), showedcrakesandthe separation
confirmed the USe of two 1ypes of green o hoth the paint layer and the ground from
colors to give shadows tone.

the support.
B a b

b Figure (L4) Shows SEMphotomicrographef a. red
colorsamplefromt he sol di,erdéds uni f
b. green colosamplefrom the dune area

3.2.4. FTIR analysis

The resuked dateof the red color sampleby
ART-FTIR, fig. (15-a), revealed the appea
ranceof O-H stretchinggroupat wavenumber
3254cm', 3ASCH3 absstetpti on ¢
2 ching atwavenumbe22936 cnt,3 A S C H 2
absorptiongroup stretching atvavelength
2936 cn', C=0 (ester) stretching group at
wavenumberl738 cntt, and the Chl asym
metric bending absorption group whven
umber1443 cnt, which indicated the usef
linseedoil as an intermediate with colored
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