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Abstract

Craquelure is the distinct patterns of cracks that form in painting. These cracks are

determined by many factors, the most prevalent of these factors are the drying process, materials

of the paint, and material to which the painting is applied. These factors are based on region and

period. There are 4 distinct craquelure patterns from 4 European regions. These regions are

Dutch, French, Flemish, and Italian. Convolutional Neural Networks (CNNs) are machine

learning programs that are most notable  applied to images. This is because of their unique

convolutional layers. They have special techniques for processing images which make them

optimal for image classification. This project applied a developed algorithm CNN to craquelure.

A classification program that could tell the painting’s location of origin was desired. This was

achieved, with a program that was at least 75% accurate and at times 90% accurate for

determining the location of where a painting originated.
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Objective

The objective of the project is to develop a convolutional neural network to classify
paintings based on their distinct patterns of craquelure, or cracks.
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Craquelure, Machine Learning, and Convolution Neural

Network (Background Research)

Painting is a long tradition stretching back to at least 40,000 years. Over its long tradition

it has evolved immensely, from drawings on cave walls to realistics masterpieces worth millions

of dollars. Some of these paintings are so old that they have developed cracks in the paint. These

cracks may seem random but are actually distinct. These patterns in the cracks of the paint are

called craquelure.

Craquelure is the distinct patterns of cracks that form in painting. These cracks are

determined by many factors, the biggest of these factors are the drying process, materials of the

paint, and what the painting was painted on. These factors became based on region. There are 4

distinct craquelure patterns from 4 regions. These regions are, Dutch, French, Flemish, and

Italian.

Dutch craquelure has jagged smooth perpendicular, relative to the canvas, lines. The lines

meet at square junctions. The Dutch pieces with this kind of craquelure are mostly painted in the

1600s. French craquelure has curved lines not following a direction. They usually appear with

rippled circles and are most commonly painted in the 1700s. Flemish craquelure has parallel, in

relation to the wood grains it was painted on, lines. These also have square junctions and were
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painted between the 1400s and 1600s. Finally Italian craquelure has perpendicular, in relation to

the wood grains it was painted on, lines and looks very similar to Flemish craquelure. The Italian

craquelure paintings were made between 1300s and 1500s.

Since craquelure is distinct based on regions, paintings' origins can be deduced from their

craquelure. Effective techniques for classifications in recognizing patterns and learning from

them is computer-based, or machine learning.

Machine learning is a classification of computer science or software engineering

that involves a program evolving or ‘learning’ to accomplish a goal better. Machine learning

is used in everything from medical diagnosis to fraud detection. It can take past data and make

connections to accurately determine an outcome with new data. There are different types of

machine learning and the type that is used in this project is image classification.

More specifically a convolution neural network or CNN is typically used for image

classification in machine learning. CNN is a neural network; it uses a network of nodes that

model a brain. There are usually three types of nodes, an input, hidden, and output node. The

input is the information provided to the system. In this case it is a transformed  image. The

hidden nodes, in their most basic form, take information from the input nodes and either activate

or don’t, similar to synapse in the brain. Depending upon the amount of layers, the state of the

node will be passed onto all of the nodes in the next layer. Each node receives information from

each of the nodes in the previous layer. This process continues until an output layer is generated

where, in this project, a confidence value determination is made on each painting’s region from
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which the painting may have originated.. CNN is a specialized type of neural network because of

the unique techniques it uses. It uses a technique called maxpooling. Maxpooling takes a group

of values, determines  the maximum value of the group and returns  that value as the singular

value of the pool. For this developed algorithm, the associated values are pixels, specifically

associated with craquelure. Maxpooling has the effect of reducing the amount of parameters that

the CNN is learning. This results in a more efficient and more accurate classification.

Image classification is a type of machine learning that takes data from past images to

determine critical pathways to evaluate to classify  a new image. Some common examples of this

are facial detection, used for things like phones when taking photos, and vehicle detection, which

is used in self-driving car technology to determine what is a vehicle and what is not.

Image classification evaluates data from the whole image to find connections and

patterns. As image classification evaluates data from a whole image it can sometimes get

“distracted” and make connections between things in an image that is not desired. To optimize

what the program is focusing on, an image should be edited to limit “distractions”, as much as

possible without reducing accuracy and efficiency. This research used Black Top-Hat image

processing to limit potential erroneous critical pathways in the classification of neural networks.

Black top-hat image processing transforms an image so that it brings out the elements in

an image that are smaller and darker in an image. This is perfect for the darkened and small

cracks in the painting. This image transformation also helps the algorithm to draw connections

only between the cracks and nothing else in the image. Since it is drawing connections between
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the cracks and their spatial relationships, this transformation increases the accuracy of the

algorithm behind the CNN.
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Methodology
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Code used to train the Convolutional

Neural Network. This took the 400

training images and used them to find

connections between the certain

craquelure. Then the new images were

used to test the CNN and it turned out

to be relatively accurate.
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Results

This research utilized  a convolution neural network (CNN) to determine a painting’s

location of origin. The CNN released confidence values, for which region the painting was from,

for 20 images that were tested. There were 4 regions, Dutch, Flemish, French, and Italian, that

had 5 images each tested.

A Black Top-Hat image transformation was applied to the images downloaded in this

project. This was to improve the accuracy of the CNN by limiting the CNN’s parameters. Along

with this the CNN was chosen as the machine learning type for this project because of its image

classification abilities.

For an accurate CNN this experiment used 400 images for training. 100 images per

craquelure type. The 100 image number was decided from research of past image classification

projects.

The CNN had, on average, an 89% confidence value for the French paintings tested that

were, in fact, French. The CNN had similar results with the remaining regions. It had 84%

confidence value for the Italian paintings, 88% confidence value surrounding the Flemish

paintings, and 77% confidence value surrounding the Dutch paintings.
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This is a graph of the Confidence of the CNN when French paintings were tested. This clearly

shows the accuracy of the CNN when distinguishing craquelure.

This is a graph of the confidence value of the CNN when Italian paintings were identified. This

clearly shows the accuracy of the CNN when distinguishing craquelure.
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This is a graph of the confidencevalue of the CNN when Flemish paintings were identified.

This is a graph of the Confidence of the CNN when Dutch paintings were tested. The data clearly

identifies the marked difference between Dutch percent identified versus other potential regions.
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Comparison graph of the  the CNN accuracy for the different craquelure classifications.
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Conclusions and Analysis

The objective of the project was to develop a convolutional neural network to classify

paintings based on their distinct patterns of craquelure, or cracks. This objective was met. The

developed CNN could accurately determine the location of origin of 20 paintings with minimum

75% confidence value.

The CNN was most accurate with the French craquelure at 89% accuracy. The CNN was

least accurate with the Dutch craquelure at 77% accuracy. The reason for the high accuracy for

the French craquelure pattern is most likely due to the very distinct pattern that is correlated with

French regional paintings. The French craquelure pattern is very different from the other

craquelure as it has random and curved lines. Other craquelure patterns have significantly

straighter lines and commonly have square-like junctions. Since, the French craquelure is so

distinct it means that the CNN is less likely to erroneously classify the other craquelure patterns

as French. The reason for the Dutch low accuracy is considered to be due to the fact  Dutch

craquelure patterning is similar to the Flemish style because of vertical cracks, and also similar to

the Italian style because of branching that can sometimes become or allude to horizontal cracks.

In conclusion, the developed CNN was successful. It could reliably and accurately

determine the origin of a painting. To increase the accuracy of the CNN, expanding its training

images could help. This would lead to making more connections and honing in on the respective

variations of craquelure.
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Implications of this Research

As time goes on, more things are being uploaded to the internet. There are also more

intricate digital projects which are started that are hosted on the internet. Of these ,Google Arts

and Culture, is a database that has archived works in over 2000 museums. With all of the works

that are being archived, classification of paintings can be a time consuming process. With the

CNN that was developed in this project it can add another minutia to the  classification of

paintings and  provide efficiency to existing classification techniques.

Limitations of this Research

The prevalent limitations of this project are:

● Images need to have a good resolution of the craquelure,

● CNN can only determine craquelure from four regions, and,

● CNN can only identify paintings from select time periods.

For the developed algorithmic convoluted neural network to recognize the cracks they need to be

well defined, therefore an appropriate resolution is needed. As there are only 4 distinct types of

craquelure, it greatly restricts  the potential for classification of other regions. The craquelure

patterns also only appear between certain time periods so the CNN could not classify paintings

from outside those time periods, i.e. more recent artwork.
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