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Abstract: In order to objectively and quantitatively diagnose the conservation status of painting
cultural heritages, a digital image analysis program was used for the digital image of a Korean
Buddhist painting. A technical method for diagnosing the conservation status by analyzing the
color space of the Buddhist painting and calculating the shape information and damage area was
suggested. To verify the applicability of the program, a standard color chart on various ground
materials was produced. Color difference values of color information obtained using a color meter
and a digital image analysis program were compared. Work efficiency, according to image resolution,
was evaluated. It was possible to work efficiently with a size similar to that of an FHD image.
Through the comparative evaluation of the individual deviation by the user, the accuracy and
temporal advantages of the method using the digital image analysis program could be confirmed. As
a result of comparing by color region extraction conditions, it was confirmed that the error range of
the measured color information decreased as the 25 pixel diameter circle (average of circled regions
of interest) size region and the number of measurements increased. Color space information was
adjusted according to the characteristics of each damage type, and the shape of the damage was
classified. In addition, the conservation status was evaluated by quantitatively calculating the area of
damage with the Intensity Mean of the divided shape image.

Keywords: cultural heritage painting; digital image analysis; color information; conservation status;
non-destructive diagnosis

1. Introduction

Damage to painting cultural heritage is caused by various factors such as material and
manufacturing techniques, temperature and humidity, biological damage, and artificial
damage [1–3]. In particular, the surrounding environment where the cultural heritage is
stored is closely related to damage, and the color, texture, and type of damage may vary
depending on the characteristics of the ground material [4–6]. The conservation status of
painting cultural heritage has been diagnosed through visual observation, infrared and
ultraviolet imaging, ultrasonic examination, infrared thermography, and hyperspectral
imaging [7–11]. The state of conservation is evaluated under subjective judgment such
as the investigator’s experience and feelings. Therefore, if the investigators are different,
the evaluation results may vary, therefore, there is a limit to presenting an objective basis
for determining the conservation status. The conservation status diagnosis results need
to be made on a more quantitative and objective basis, as they can significantly affect
the establishment of preservation plans that directly intervene in cultural heritage [12].
Currently, in the field of cultural heritage, studies are being conducted to attempt a quanti-
tative evaluation of cultural heritage through digital image analysis [13–22]. The method
using digital images is a non-destructive method, which can synthesize RGB channels to
quantitatively represent all color areas [23]. If the color information of digital images is
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used, cultural heritage painting damages can be objectively distinguished. Most image
programs are designed for editing and printing photos, and only a few of them are used
due to difficulties in image analysis methods [24]. This study analyzed the color space
using the Image Analysis and Processing Program (PicMan) [25–27], which can analyze
the color of the image quantitatively and statistically, and found a way to diagnose the
conservation status by calculating the shape and area of the damage caused in painting
cultural heritage.

2. Materials and Methods
2.1. Subject

In this study, a large-scale Buddhist painting (gwaebultaeng) representative of Korean
Buddhist paintings was selected for the operation of a digital image analysis program.
The painting was designated as a Korean national treasure in recognition of its important
value among large-scale Buddhist paintings, and various colors and types of damage were
identified (Figure 1, Table 1). The painting was painted in 1652 using natural pigments on
silk. Conservation treatment work on the painting was carried out in 2000. The painting is
stored in the Yeongsanjeon Hall of Ansimsa Temple. It is stored in a state of being rolled
up inside the gwaebulgwe, and inside the gwaebulgwe (storage box in a gwaebultaeng)
there are several sheets of cotton cloth, neutral paper, dehumidifier, and insect repellent to
protect the gwaebultaeng [28].

2.2. Digital Image Analysis Program (PicMan)

The PicMan (WaferMasters, Inc., Dublin, CA, USA) digital image analysis program can
process digital images to quantify shape (scale, angle, area, etc.) and brightness information
(RGB, HSV, CIE-L*a*b*, Munsell Color, etc.), extracting measured data in CSV format. In
addition, it can easily distinguish shapes by adjusting the brightness level for the selected
color region and processing various types of image files (JPG, GIF, PNG, TIF, etc.) [25,29].
The main functions of programs that analyze painting cultural heritage’ damage include
the use of Point Value (extracts the mean value of color information), Threshold Switching
(extracts pixels based on a specific brightness value), and Find All Shapes with Partial
(recognizes and extracts pixels with the same brightness value as a given region). Other
functions include Color Mapping in HSV Space, which extracts the desired color region
based on HSV color space information, and Relief, which provides relief effects by shifting
the pixels on the x- and y-axes of digital images [27]. Since the digital image analysis
program processes color information based on color information, the damaged area may
be calculated through a quantitative value. However, differences may arise depending on
the conservation scientific knowledge that recognizes the damage, therefore, quantitative
numerical records of the calculated area are required.

Table 1. History of Ansimsa yeongsanhoe gwaebultaeng.

Name Ansimsa Yeongsanhoe Gwaebultaeng
(Buddhist Painting of Ansimsa Temple)

Designation A national treasure of Korea
Age The 1652 year

Material Pigment on Silk
Quantity 1

Size 866.0 × 485.6 cm
Weight 67.5 kg
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Figure 1. Subject status and damage type ((A) Ansimsa yeongsanhoe gwaebultaeng, (B) Exfoliation
of painting layer, (C) Re-painting, (D) Contamination, (E) Loss of background layer).

2.3. A Program-Applicability Validation Evaluation
2.3.1. Color Difference Value Comparison Evaluation

Standard color charts were produced on fabric (silk) and paper (dakji), the main
ground materials that comprise Korea’s painting cultural heritage [30]. Color information
was extracted using a colorimeter (Chroma Meter CR-400, Konica Minolta, Japan, Ø8 mm)
and a digital image analysis program. The shifting of the color difference (∆E) value of the
extracted color information was compared.

2.3.2. Comparative Evaluation of Work Efficiency by Image Resolution

When using a digital image analysis program, the efficiency of the program operation
was compared and evaluated, such as the available information according to the resolu-
tion of the image and the time required for processing. Based on the image’s resolution
(8766 × 5844 pixels), images reduced to 50% (4383 × 2922 pixels), 25% (2192 × 1461 pixels),
and 10% (877 × 584 pixels) were compared.

2.3.3. Comparative Evaluation of Operating Individual Deviation by Program and
User Proficiency

• Program-specific deviation comparison.

Moreover, the study distinguished between the existing method (Illustrator 2021,
Adobe, Mountain View, CA, USA) and the one using the digital image analysis program,
calculating and comparing the area for the same-color area.

• Comparison of deviations by program proficiency.
• When calculating the area of the same-color area using a digital image analysis program,

interindividual variances according to program proficiency were compared. User profi-
ciency was classified into four levels: beginner (users new to the program), intermediate
(users who have used the program for about three months), advanced (users who have
used the program for about five months), and expert (program developers).
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2.4. Digital Image Analysis of Painting Cultural Heritage
2.4.1. Construction of Basic Cultural Heritage Information

Before using the digital image analysis program, information concerning the scientific
analysis of the cultural heritage’s ground materials and pigments was collected, and its
current conservation statuses were investigated to identify the damaged area. In addition,
comprehensive humanities information and scientific data on conservation were established
and used for the program’s technological operation.

2.4.2. Comparative Evaluation by Color Information Extraction Conditions

The region of interest (ROI)’s size and number of measurements were assessed differ-
ently to select extraction conditions when extracting color information using a digital image
analysis program. The extraction area was extracted in sizes of 1 pix (single point), 5 pix,
10 pix, 25 pix, 50 pix, and 100 pix diameter circles (average of circle ROIs). The number of
measurements observed at 1–100 points was compared following the differences in color
information displayed according to the number of points.

2.4.3. Image Analysis by Damage Type

Color information (in RGB format) was extracted using the digital image analysis
program’s Point Value function for three major damage types in painting cultural heritage:
creases, exfoliation of the painting layer, and contaminations. The damaged and undam-
aged parts were compared using the extracted RGB intensity graph, and, based on color
information for each damage type, shape information was extracted using the Threshold
Switching, Relief, and Color Mapping in HSV Space functions according to each damage
type’s characteristics. After converting the extracted shape information into a black and
white (Black & White Binary) image, the area of damage was calculated using the mean
value (Intensity Mean) of the entire image’s color. The conventional method (1) is used to
calculate the number of pixels in the damaged area (PDa) for the total number of pixels in
the target (PFa), but, in this study, method (2) of calculating the Intensity Mean (IMt) of the
damaged area for the maximum intensity 255 (IM f ) was used.(

IM f − IMt

)
IM f

× 100 = Ratio (%) (1)

PDa
PFa
× 100 = Ratio (%) (2)

3. Results and Discussion
3.1. A Program-Applicability Validation Evaluation
3.1.1. Color Difference Value Comparison Evaluation

This study compared variations in the color difference values of color information
obtained using a colorimeter and a digital image analysis program (Figure 2). Following
the comparison results, the silk’s standard color chart showed a color difference of 0.4–3.1
(Table 2). Meanwhile, the paper’s standard color chart differed from at least 1.3 to as
much as 5.6 (Table 3). When extracting color information using a colorimeter, differences
in measured values occurred depending on the measurement object’s surface and the
surrounding environment. If color information is extracted using a digital image analysis
program, a difference occurs according to the used image’s photographing condition (a
light source, number of lights, color temperature, etc.). Meanwhile, although differences in
the acquired color information figures were observed, similarities in these figures’ color
difference values were confirmed. The variation in the color difference value ranges from
0.4 to 5.6, visually recognizable as the same color in color recognition standards while
ensuring reliability in using digital image analysis programs.
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Figure 2. Result of compared variations in the color difference value of color information obtained
using a colorimeter and digital image analysis programs.

Table 2. Result of color standard chart (fabric) color difference value.

Color Difference (∆E)
A and B

Shifting ValueA
(1 Point→2 Point)

B
(2 Point→3 Point)

Method Chroma
Meter

Digital Image
Analysis
Program

Chroma
Meter

Digital Image
Analysis
Program

Chroma
Meter

Digital Image
Analysis
Program

Cinnabar 8.0 10.6 8.7 7.8 0.70 2.76
Hematite 10.7 11.6 2.9 1.8 7.80 9.83
Malachite 11.9 11.1 1.7 1.6 10.14 9.49
Azurite 22.2 24.2 6.4 7.7 15.74 16.52
Realgar 13.2 14.1 3.9 3.6 9.30 10.47

Orpiment 9.9 13.2 2.3 2.5 7.57 10.65
Carbon 4.5 5.2 7.6 7.6 3.13 2.38

Lead
White 2.1 1.2 2.7 2.2 0.57 0.99

Table 3. Result of color standard chart (paper) color difference value.

Color Difference (∆E)
A and B

Shifting ValueA
(1 Point→2 Point)

B
(2 Point→3 Point)

Method Chroma
Meter

Digital Image
Analysis
Program

Chroma
Meter

Digital Image
Analysis
Program

Chroma
Meter

Digital Image
Analysis
Program

Cinnabar 12.5 15.7 8.6 6.1 3.92 9.53
Hematite 11.2 9.5 3.5 3.1 7.73 6.32
Malachite 19.1 21.6 8.0 8.2 11.08 13.42
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Table 3. Cont.

Color Difference (∆E)
A and B

Shifting ValueA
(1 Point→2 Point)

B
(2 Point→3 Point)

Method Chroma
Meter

Digital Image
Analysis
Program

Chroma
Meter

Digital Image
Analysis
Program

Chroma
Meter

Digital Image
Analysis
Program

Azurite 22.6 23.2 19.0 21.5 3.61 1.75
Realgar 20.4 15.0 5.7 4.0 14.66 10.95

Orpiment 10.7 8.1 2.6 1.7 8.04 6.45
Carbon 9.7 8.2 11.2 16.9 1.57 8.73

Lead
White 0.6 0.6 2.2 1.0 1.61 0.32

3.1.2. Comparative Evaluation of Work Efficiency by Image Resolution

In the original image’s resolution, the area of the base material with a color similar to
the area to be extracted was also selected, with the 50% reduced image showing similar
results. In the 10% and 25% reduced images, extracting only the areas that required high
resolution was possible. For the 10% reduced image, a portion of a detailed area was
calculated, but the accuracy of the detailed area was somewhat lower. It took about 90 min
to process the original image, 60 min for the 50% reduced image, and 5 min for both the 10%
and 25% reduced images (Figure 3). Because the performance of the computers processing
the image and the digital image capacity affected the operation’s speed, there appeared to
have been a difference in work speed according to the resolution. Low-resolution images
had the advantage of fast working speeds but extracting clear and detailed areas was much
more challenging compared to high-resolution images. Thus, this study showed efficient
work on 25% reduced images similar to the full high-definition (FHD: 1920 × 1080 pixels)
resolution. However, adjusting the resolution of digital images according to the purpose of
the information obtained before image processing was necessary.

Figure 3. Image processing and time-consuming results by resolution.
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3.1.3. Comparative Evaluation of Operating Individual Deviation by Program and
User Proficiency

• Program-specific deviation comparison.

When the damaged area of the painting was calculated using Adobe Illustrator, results
showed 100% for user A, 94.6% for user B, 83.3% for user C, and 97.3% for user D, and the
calculation took about 3–4 h. Meanwhile, when the area was calculated using PicMan and
compared with user A, it was 97.1% for user B, 101.9% for user C, and 97.6% for user D,
with the calculation taking only 10 min at most (Figure 4). By comparing the deviations
between users for each method, the existing method of using Adobe Illustrator showed
2.7–16.7% interindividual variance. Meanwhile, 1.9–2.9% interindividual variance was
observed for PicMan. The difference could be likely attributed to a worker omitting existing
area calculation methods depending on the damage type, causing errors in selecting the
damaged area and extracting the form. The digital image analysis program showed fewer
deviations when processing images based on color information.

• Comparison of deviations by program proficiency

Regarding user proficiency, a difference of 0.2–3.68% was observed under advanced
proficiency, where deviations of 0.5–2.3% and 0.2–2.8% in red and green areas were con-
firmed, respectively. Meanwhile, for the flesh area, a difference of at least 0.3% and a
maximum of 2.4% was observed, while the white area had a deviation of at least 0.3%
and a maximum of 3.7% (Table 4). Moreover, depending on proficiency, the minimum
deviation for each color was less than 1%, and the maximum deviation was less than 3%,
excluding the white area. For the beginner’s proficiency, the figure of the area calculated
was generally smaller than that of other proficiency levels, which can be seen as a difference
depending on the proficiency of the program. However, when calculating other proficien-
cies’ (intermediate, advanced, and expert) figures of the area, the size of the extracted area
was not necessarily large just because the individual was highly skilled or proficient. As
shown in Figure 5, when calculating the same color area, there was a difference according
to proficiency. Even in an advanced image analysis program, the size of the area calculated
was small if the proficiency in viewing colors was low. Conversely, even if there was a
difference in the proficiency in handling the program, similar areas were calculated when
the proficiency in viewing colors was similar. In this case, the worker’s proficiency deter-
mines the difference in information obtained through the results when verifying the color.
However, in the digital image analysis program, the selected color region can be seen with
figures, and quantitative data can be obtained regardless of proficiency if the category is
recorded, and its figures are adjusted. Therefore, even if four or more users are compared,
the results are considered to belong to a similar category.

Table 4. Results of calculating color area by proficiency.

Colors Beginner Intermediate Advanced Expert Range

Red Color 17.47% 20.31% 19.22% 19.74% 0.52–2.84

Green Color 5.57% 3.19% 8.19% 5.37% 0.2–2.82

Skin Color 11.51% 14.22% 13.10% 11.79% 0.28–2.71

White Color 5.69% 8.78% 9.07% 9.37% 0.3–3.68
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Figure 4. Comparison of area calculation results using Illustrator and digital image analysis program.
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Figure 5. Comparison of color area calculations by proficiency ((A) Comparison of deviation by
proficiency example of extraction area; (B) Comparison of intermediate to advanced green area
deviations; (C) Comparison of beginner to expert red area deviations).

3.2. Digital Image Analysis of Painting Cultural Heritage
3.2.1. Construction of Basic Cultural Heritage Information

Among the scientific analysis results of Ansimsa yeongsanhoe gwaebultaeng con-
ducted in 2018 [28], chromaticity measurement information and pigment analysis in-
formation were collected. By collecting information on the results of the chromaticity
measurement, it was found that white, black, red, green, yellow, and blue pigments were
used, and Table 5 provides information on these pigments. In addition, types of damage to
subjects identified by visual observation include creasing, the exfoliation of colored layers,
contamination, separation, screen loss, and past repair (Figure 6).

Table 5. Information on XRF and colorimeter measurement of Ansimsa yeongsanhoe gwaebul-
taeng [28].

No. Color Component L* a* b*

1 Lead White
[2PbCO3·Pb(OH)2]

80.8~84.4
(82.7)

−0.01~0.95
(0.50)

6.0~8.7
(6.9)

2 Ink Stick [C] 28.0~30.9
(29.4)

0.27~087
(0.57

2.2~4.7
(3.5)

3 Cinnabar [HgS],
Minium [Pb3O4]

35.7~69.5
(54.3)

2.2~38.6
(21.0)

6.3~34.5
(19.3)
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Table 5. Cont.

No. Color Component L* a* b*

4 Orpiment [As2S3] 64.0~71.3
(67.9)

4.4~6.7
(5.8)

25.0~37.2
(33.2)

5 Atacamite
[Cu2Cl(OH)3]

39.1~74.9
(58.2)

−18.6~2.4
(−8.1)

2.1~24.0
(14.2)

6 Azurite
[Cu3(OH)2(CO3)2]

25.0~77.1
(42.4)

−4.5~1.4
(−1.8)

−10.0~6.2
(−3.2)

Figure 6. The damage type of Ansimsa yeongsanhoe gwaebultaeng ((A) Repainting, (B) Exfoliation of
painting layer, (C) Restoration material and Contamination, (D) Delamination of ground layer [28]).
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3.2.2. Comparative Evaluation by Color Information Extraction Conditions

Although the mean value difference of RGB by measurement condition was not large,
the categories of the minimum and maximum values of RGB decreased as the size of the
measurement area and the number increased (Figure 7). After the 25 pix diameter circle
(Average of circled ROIs), the minimum and maximum value categories were similar. When
extracting color information from digital images, measurements should be made using
the size and frequency of a certain area to reduce the error range of the measured data. In
addition, the size of the measurement area should be smaller than the area to be extracted,
the color information should be flexibly extracted according to the scope of color or damage,
and the conditions of the digital image should be based on a worker’s judgment.

Figure 7. RGB intensity graph by measurement conditions.
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3.2.3. Image Analysis by Damage Type

Image analysis used images of the type of crease, exfoliation of painting layers, and
contamination (Figure 8).

Figure 8. Image by damage type for analysis ((A) Crease, (B) Exfoliation of painting layer, (C) Con-
tamination).

The results of the color information extraction of crease damage were R 233–237 (235),
G 221–225 (223), and B 197–206 (202), and the value of color information similar to the
target’s ground material appeared. In addition, the damage was mainly in horizontal
directions. In the exfoliation of the painting layer, the types of damage were divided into
plate type and powder type. Color information extraction results for plate-type exfoliation
were measured as R 103–132 (119), G 108–132 (122), and B 83–104 (95). Meanwhile, the
color information of the powder-type exfoliation was R 90–111 (97), G 110–122 (114), and
B 90–98 (93), and the R-value changed depending on the damage type. In addition, the
contaminated color information around red was R 137–167 (155), G 62–87 (71), and B 36–60
(47). Then, the contaminated color information around the green was R 72–99 (83), G 88–111
(96), and B 66–83 (71). The contaminated color information around the skin color was R
155–183 (164), G 119–157 (130), and B 62–110 (75). Moreover, RGB brightness levels were
found to be lower than undamaged colors (Table 6).

Table 6. Color information by damage type (RGB Format).

Type of Damage Color
Variable Red Green Blue Type of Damage Color

Variable Red Green Blue

Crease
Min 233 221 197 Contamination

(Red)

Min 137 62 36
Max 237 225 206 Max 167 87 60

Average 235 223 202 Average 155 71 47

Plate-Type
Exfoliation

Min 103 108 83 Contamination
(Green)

Min 72 88 66
Max 132 132 104 Max 99 111 83

Average 119 122 95 Average 83 96 71

Powder-Type
Exfoliation

Min 90 110 90 Contamination
(Skin Color)

Min 155 119 62
Max 111 122 98 Max 183 157 110

Average 97 114 93 Average 164 130 75

The location where the crack-type exfoliation occurred due to the crease on the screen
was repainted, thus, the color information with the surrounding painting layer was similar.
Therefore, to make the most characteristics occur horizontally, the x-axis was fixed at
zero using the Relief function, and the shape was distinguished by moving the y-axis.
The exfoliation of the painting layer increased the number of R-values according to the
exfoliation progress. Using Color Mapping in the HSV space of the program, the HSV
color space figures were adjusted and distinguished based on extracted color information.
Contaminations were also distinguished by adjusting HSV color space numbers, such
as the exfoliation of the painting layer, while contaminations in the red and skin colors
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could be calculated simultaneously due to the similar range of hue values. However, the
contamination in the green was processed and calculated independently (Figure 9).

Figure 9. Extract shape information by damage type ((A) Image transformation to gray scale, (B) Area
extraction with threshold switching after relief function, (C) Extraction of plate-type exfoliation by
turning the hue value in green area (D) Extraction of powder-type exfoliation by turning the hue
value in yellow area, (E) Extraction of red and skin contamination by turning the hue value from red
to orange area, (F) Extraction of green contamination by turning the hue value in green area).
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The extracted image was converted into a black and white (Black & White Binary)
image, while the area of each damage type was calculated by substituting the mean value
(Intensity Mean) of the entire color of the converted image into the equation. In addition,
the crease area was 0.6%, the plate-type exfoliation was 10.5%, the powder-type exfoliation
was 5.4%, and the contamination was 8.1%. If the image was not black-and-white, there
would be a difference in the value calculated by a change in the Intensity Mean figure.
Thus, applying the program technology to the full image resulted in an area of 2.1% for
exfoliation of the painting layer, 2.1% for restoration material, and 0.1% for contamination
(Figure 10).

Figure 10. Result of full image target program technology application.
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The study confirmed that the color information of the damage types in painting cul-
tural heritage possessed each characteristic. Differences in color according to the damage
type differed depending on where it occurred, and, even if the difference in color change
was significant, the degree of difference was not necessarily large. Therefore, when extract-
ing color information from painting cultural heritage’ damage, it was necessary to identify
the material’s characteristics that made up the target and the correlation between color and
damage before proceeding.

4. Conclusions

A program-applicability validation evaluation confirmed the reliability of color in-
formation that could be obtained using a digital image analysis program. By applying
the technology to the cultural heritage painting’s digital image, analyzing the color space
of significant types of damage and identifying the characteristics of each damage type
were possible. Based on the information, shape information on damage could be extracted,
which allowed the damaged area of the painting cultural heritage to be quantitatively
calculated. Color information analysis using the program should be based on a sufficient
understanding of the characteristics constituting the painting cultural heritage materials
and the color information of the digital image, rather than simply using the program’s
function. In addition to the digital image analysis program used in this study, conducting
complex processes, such as partial supplementation and passive image processing based on
the experience and judgment of the worker according to the damage type, is also necessary.
The technology used to assess the conservation status of painting cultural heritage using
digital image analysis programs and color space information can be applied accurately and
quickly compared to existing diagnostic methods. Objectively calculating the damaged
area identifies the scope and extent of the painting cultural heritage damage, making it is
possible to compare and analyze it. Quantitative numerical information on damage can
be used as an essential basis for establishing conservation plans or risk evaluation criteria.
In addition, the diagnosis method is expected to be used as monitoring data to determine
progress and damage changes as data accumulates.

Author Contributions: Conceptualization, H.S.L.; methodology, H.S.L.; software, T.H.E.; valida-
tion, H.S.L.; formal analysis, T.H.E.; investigation, T.H.E.; resources, H.S.L.; data curation, T.H.E.;
writing—original draft preparation, T.H.E.; writing—review and editing, H.S.L.; visualization, T.H.E.;
supervision, H.S.L.; project administration, H.S.L.; funding acquisition, H.S.L. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: This study was conducted with the support of the National Institute of Cultural
Heritage’s 2021 research project, ‘A study on quantitative calculation and evaluation of damaged
state of painting cultural heritage using imaging program’. I would like to thank Woo-Sik Yoo and
Jung-Gon Kim of WaferMasters, Inc. for their help in the program technology research of this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Jeong, H.Y.; Hwang, G.H.; Moon, S.W.; Park, J.M.; Hlaing, C.S.S. A Study of Damage at Monument of Mural Painting in Myanmar

Bagan. J. Cult. Herit. 2018, 22, 173–198. (In Korean with English Abstract)
2. Jeong, S.H.; Park, S.K. Research of Monitoring of Conservation Condition and Investigation Method of National Designated

Heritage-Focusing on Regular Monitoring of National Designated Movable Cultural Heritage. Annu. Rev. Cult. Herit. Stud. 2016,
49, 196–217. (In Korean with English Abstract)

3. Song, J.W.; Kim, M.N.; Lee, J.J. Study on Coloring and Aging Pattern of Bongchae used for Conservation Treatment of Paper
Cultural Properties. J. Conserv. Sci. 2019, 35, 416–429. (In Korean with English Abstract) [CrossRef]

4. Lee, H.S.; Kim, S.H.; Han, K.S. Scientific investigation for conservation methodology of bracket mural paintings of Daeungjeon
Hall in Jikjisa Temple. J. Conserv. Sci. 2018, 34, 107–118. (In Korean with English Abstract) [CrossRef]

http://doi.org/10.12654/JCS.2019.35.5.04
http://doi.org/10.12654/JCS.2018.34.2.05


Heritage 2023, 6 1854

5. Kim, M.J. A Definition of Conservation, Pattern of Deterioration, and Conservatory Environment. J. Mus. Stud. 2001, 4, 158–177.
(In Korean with English Abstract)

6. Kim, I.K.; Seo, Y.S.; Lee, J.H. Study on Environmental Factors for Movable Cultural Properties in Museum. J. Korean Soc. Environ.
Eng. 2009, 31, 811–816, (In Korea with English Abstract).

7. Martorana, R.; Capizzi, P. Joint Investigation with Ground Penetrating Radar and Infrared Thermography as a Diagnostic Support
for the Restoration of Two Wall Mosaics in the Church of St. Mary of the Admiral in Palermo, Italy. Heritage 2022, 5, 2298–2314.
[CrossRef]

8. Chae, S.J.; Yang, H.J.; Han, K.S. Nondestructive investigation of clay wall structure containing traditional mural paintings.-The
clay walls having mural paintings housed in the protective building in Muwisa Temple, Kangjin, Jeollanamde Province. J. Conserv.
Sci. 2006, 18, 51–62. (In Korean with English Abstract)

9. Baek, N.Y.; Song, Y.N.; Kim, M.J.; Chung, Y.J.; Lee, H.H. Study of Condition Analysis and Diagnosis on Oil Paintings with
Terahertz Imaging. J. Conserv. Sci. 2019, 35, 237–244. (In Korean with English Abstract) [CrossRef]

10. Chun, Y.G.; Kim, W.K.; Jo, Y.H.; Han, D.R.; Kim, S.D.; Lee, C.H. Pigment Analysis and Nondestructive Deterioration Diagnosis of
the Wall Paintings in Gwanyongsayaksajeon (Yaksajeon Hall of Gwanyongsa Temple), Changnyeong, Korea. J. Conserv. Sci. 2009,
25, 383–398. (In Korean with English Abstract)

11. Lee, J.J.; Ahn, J.Y.; Yoo, Y.M.; Lee, K.M.; Han, M.S. Diagnosis of Coloration Status and Scientific Analysis for Pigments to Used
Large Buddhist Painting (Gwaebultaeng) in Tongdosa Temple. J. Conserv. Sci. 2017, 33, 431–442. (In Korean with English Abstract)
[CrossRef]

12. Yoo, W.S. Comparison of Outlines by Image analysis for Derivation of Objective Validation Results: “Ito Hirobumi’s Characters on
the Foundation Stone” of the Maint Building of Bank of Korea. J. Conserv. Sci. 2020, 36, 511–518. (In Korean with English Abstract)
[CrossRef]

13. Charvillat, V.; Tonazzini, A.; Van Gool, L.; Nikolaidis, N. Image and video processing for cultural heritage. EURASIP J. Image
Video Process. 2010, 1, 163064. [CrossRef]

14. Kalliga, A.E.; Alexopoulou, A.G. Russian Icons, 17th–18th c. Non-Destructive, Non-Invasive Diagnostic Methodology for an
Integrated Study of Micrographic Triptychs from the Benaki Museum Collection. Heritage 2023, 6, 1325–1343. [CrossRef]

15. Song, H.R.; Jo, Y.H. A Study on Digital Color Reproduction for Recording Color Appearance of Cultural Heritage. J. Conserv. Sci.
2022, 38, 154–165. (In Korean with English Abstract) [CrossRef]

16. Kim, H.S.; Kim, D.S.; Song, J.I. A Study on Image Interpretations of Computed Radiography for Iron Samples Using Image
Evaluation Techniques. J. Conserv. Sci. 2022, 38, 360–374. (In Korean with English Abstract) [CrossRef]

17. Raicu, T.; Zollo, F.; Falchi, L.; Barisoni, E.; Piccolo, M.; Izzo, F.C. Preliminary Identification of Mixtures of Pigments Using the
paletteR Package in R—The Case of Six Paintings by Andreina Rosa (1924–2019) from the International Gallery of Modern Art Ca’
Pesaro, Venice. Heritage 2023, 6, 524–547. [CrossRef]

18. Bolognesi, M.; Furini, A.; Russo, V.; Pellegrinelli, A.; Russo, P. Accuracy of cultural heritage 3D models by RPAS and terrestrial
photogrammetry. Int. Arch. Photogramm. Remote Sens. Spat. Inf. Sci. 2014, 40, 113–119.

19. Calicchia, P.; De Simone, S.; Camassa, A.; Tatì, A.; Petrucci, F. Integration of Non-Destructive Acoustic Imaging Investigation
with Photogrammetric and Morphological Analysis to Study the “Graecia Veuts” in the Chihi Palace of Ariccia. Heritage 2022,
5, 3762–3784. [CrossRef]

20. Colantonio, C.; Lanteri, L.; Ciccola, A.; Serafini, I.; Postorino, P.; Censorii, E.; Rotari, D.; Pelosi, C. Imaging Diagnostics Coupled
with Non-Invasive and Micro-Invasive Analyses for the Restoration of Ethnographic Artifacts from French Polynesia. Heritage
2022, 5, 215–232. [CrossRef]

21. Palleschi, V.; Marras, L.; Turchetti, M.A. Interesting Features Finder: A New Approach to Multispectral Image Analysis. Heritage
2022, 5, 4089–4099. [CrossRef]

22. Pérez, M.; Cano, N.; Ruvalcaba-Sil, J.L.; Mitrani, A.; de Lucio, O.G. Technical Non-Invasive Study of an 18th Century Novo-
Hispanic Panel Painting. Heritage 2021, 4, 3676–3696. [CrossRef]

23. Yoo, Y.S.; Yoo, W.S. Turning Image Sensors into Position and Time Sensitive Quantitative Colorimetric Data Sources with the Aid
of Novel Image Processing/Analysis Software. Sensors 2020, 20, 6418. [CrossRef]

24. Yoo, W.S.; Kang, K.T.; Kim, J.G.; Yoo, Y.S. Extraction of Color Information and Visualization of Color Differences between Digital
Images through Pixel-by-Pixel Color-Difference Mapping. Heritage 2022, 5, 3923–3945. [CrossRef]

25. Yoo, W.S.; Kim, J.G.; Kang, K.T.; Yoo, Y.S. Extraction of Colour Information from Digital Images Towards Cultural Heritage
Characterisation Applications. SPAFA J. 2021, 5, 1–14. [CrossRef]

26. Yoo, Y.S.; Yoo, W.S. Digital Image Comparisons for Investigating Aging Effects and Artificial Modifications Using Image Analysis
Software. J. Conserv. Sci. 2021, 37, 1–12. [CrossRef]

27. National Research Institute of Cultural Heritage. Digital Image Analysis Program Manual for Diagnosis of Conservation Status of
Painting Cultural Heritage; Konkuk University and National Research Institute of Cultural Heritage (Korea): Daejeon, Republic of
Korea, 2022; ISBN 978-89-299-2570-3. (In Korean)

28. Cultural Heritage Administration. Research Report of Large Buddhist Painting: Gwaebultaeng 24, Ansimsa Yeongsanhoe Gwaebultaeng;
Cultural Heritage Administration (Korea)·Research Institute of Sungbo Cultural Heritage: Seoul, Republic of Korea, 2018.

http://doi.org/10.3390/heritage5030120
http://doi.org/10.12654/JCS.2019.35.3.06
http://doi.org/10.12654/JCS.2017.33.6.03
http://doi.org/10.12654/JCS.2020.36.6.07
http://doi.org/10.1155/2009/163064
http://doi.org/10.3390/heritage6020073
http://doi.org/10.12654/JCS.2022.38.2.09
http://doi.org/10.12654/JCS.2022.38.5.01
http://doi.org/10.3390/heritage6010028
http://doi.org/10.3390/heritage5040195
http://doi.org/10.3390/heritage5010012
http://doi.org/10.3390/heritage5040211
http://doi.org/10.3390/heritage4040202
http://doi.org/10.3390/s20226418
http://doi.org/10.3390/heritage5040202
http://doi.org/10.26721/spafajournal.2021.v5.690
http://doi.org/10.12654/JCS.2021.37.1.01


Heritage 2023, 6 1855

29. Yoo, W.S.; Kang, K.T.; Kim, J.G. Development of image analysis software for archaeological applications. Adv. Southeast Asian
Archaeol. 2019, 2, 402–411.

30. Park, C.S. Korean Buddhist Paintings and Their Materials and Techniques. Dongak Art Hist. 2013, 15, 327–350. (In Korean with
English Abstract) [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.17300/jodah.2013..15.012

	Introduction 
	Materials and Methods 
	Subject 
	Digital Image Analysis Program (PicMan) 
	A Program-Applicability Validation Evaluation 
	Color Difference Value Comparison Evaluation 
	Comparative Evaluation of Work Efficiency by Image Resolution 
	Comparative Evaluation of Operating Individual Deviation by Program and User Proficiency 

	Digital Image Analysis of Painting Cultural Heritage 
	Construction of Basic Cultural Heritage Information 
	Comparative Evaluation by Color Information Extraction Conditions 
	Image Analysis by Damage Type 


	Results and Discussion 
	A Program-Applicability Validation Evaluation 
	Color Difference Value Comparison Evaluation 
	Comparative Evaluation of Work Efficiency by Image Resolution 
	Comparative Evaluation of Operating Individual Deviation by Program and User Proficiency 

	Digital Image Analysis of Painting Cultural Heritage 
	Construction of Basic Cultural Heritage Information 
	Comparative Evaluation by Color Information Extraction Conditions 
	Image Analysis by Damage Type 


	Conclusions 
	References

