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‘Factum Arte’ can be translated from the Latin as ‘made with 
skill’. Factum’s practice lies in mediating and transforming material. 
Its approach has emerged from an ability to record and respond to 
the subtle visual information manifest in the physical world around 
us. Hundreds of decisions are embedded as material evidence in the 
process of making an object of any kind. Archaeologists are trained 
to read this evidence, as are forensic detectives at a crime scene. 
Patrick Blackett, an experimental physicist, wrote that his work was 
to ‘cultivate an intimacy with the behaviour of the physical world’ – 
this is an equally good description of Factum’s aims.
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THE HAND OF THE ARTIST:
GRAPH ANALYSIS AND EL GRECO
Adam Lowe 

Adam Lowe is the Director of 
Factum Arte and the founder of 
Factum Foundation for Digital 
Technology in Conservation. T he digital recording and digital analysis of El Greco’s paintings will significantly 

enhance our understanding of this artist, famed for his idiosyncratic and highly 
personal paintings. He is the epitome of the individual artistic genius. Doménikos 

Theotokópoulos was an artist from Candia (the name given to Crete during its period as 
a colony of the Republic of Venice) who had worked in Venice and Rome before moving 
in 1577 to Toledo, where he ran a successful studio until his death in 1614. Artistic 
practice in Spain in the late 16th century was controlled by strict professional codes. 
Theotokópoulos worked with a team of painters and assistants including his son, Jorge 
Manuel Theotokópoulos, who continued to run the workshop for some time after his 
father’s death.

The analysis of the painted surface, recorded using high-resolution 3D laser scan-
ning and confocal profi lometry, will provide the data for a new graph-analysis software 
that is being developed at Case Western Reserve University in Cleveland. This research 
project is an initiative of the Factum Foundation and Case Western Reserve University, 
in collaboration with the Fundación Casa Ducal de Medinaceli and The Auckland 
Project. The analysis involves AI machine-learning (ML) techniques using neural-net 
methods reacting to the three-dimensional characteristics of the surface relief. The aim is 
to identify different hands at work during the production (and restoration) of El Greco’s 
paintings. The individual technique of each artist leaves its trace on the painted surface. 
These traces can be clearly read if they are recorded with enough detail. With El Greco, 
there are often several hands working together to produce a single coherent and recog-
nisable style.

The Baptism of Christ has already been recorded in the chapel of the Hospital 
of Cardinal Tavera, Toledo. The Annunciation, in the collection of Banco Santander, is 
scheduled for recording in the spring of 2020. The aim is then to record the other 
paintings from the Hospital of Cardinal Tavera that are amongst the last produced by 
El Greco and Jorge Manuel. Permission will be required from the National Gallery of 
Greece and the Metropolitan Museum to 3D scan the Concert of Angels and The Opening 
of the Fifth Seal in their collections. The aim is also to record and analyse two very 
similar crucifi xions by El Greco or his studio belonging to the Cleveland Art Museum 
and The Auckland Project. The close similarity of these two paintings suggests that El 
Greco’s studio may also have been using a system to improve the speed and accuracy 
of the copying. This collaboration between institutions will hopefully help establish the 
importance of recording the surface of paintings and reveal new information about the 
working practice of El Greco’s studio.OPPOSITE

Colour data for El Greco’s 
Bautismo de Cristo, 1608.
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MACHINE LEARNING TECHNIQUES

Artifi cial intelligence (AI) for image recognition and image analysis has been successful in 
recent years, with applications ranging from art to ecology, national security to health-
care. The same techniques for clustering and recognising images can be applied to any 2D 
array of image data, such as a render of surface topography. In the case of the El Greco 
paintings, one experiment will be to train a machine learning (ML) algorithm on regions 
that a specifi c connoisseur has attributed to El Greco (Category A) vs. regions attributed 
to his son (Category B). Then we will apply the trained algorithm to the unknown re-
gions. By applying the algorithm to unknown regions, the AI will suggest with a numer-
ically defi ned certainty that these regions fi t best into one of the trained categories (e.g., 
Category A with 85% certainty). We expect the results to illuminate the physical quali-
ties used in determining attribution, and perhaps lend insight into the role of reconstruc-
tion and damage in this determination. Further, information encoded at different length 
scales within the paintings will contribute to these results. Understanding which length 
scales the algorithm weighs highly for its determination could result in novel analytical 
tests for studying paintings. Additionally, we plan to study various imaging modalities, 
such as panoramic photography, for the ML algorithm, and understand the robustness of 
the results, so that we can begin to identify the surface information (height, direction-
ality, colour, etc.) contributing to the attribution.

Finally, clustering via AI can be applied to the measurements of the paintings. With 
clustering, the AI will group similar patches of the paintings with no training. By using 
various metrics to cluster the data spots or spot sizes, we may see groupings arise within 
and across the paintings. Then, meaning can be designated to the groupings using knowl-
edge obtained by archival and art-historical research. This method has been known to 
lend support to conclusions and enlighten new roads of interpretation.

Initial tests on the ability of machine learning to differentiate between artists using 
surface profi le images have been carried out using a methodology developed at Case 
Western Reserve University in Cleveland. Working with high-resolution 3D recording 
and data analysis software in a scientifi cally controlled environment, the team was able 
to identify the brush-marks made by two different hands with more than 90% accuracy 
after initial analysis. The three paintings by El Greco contain more ‘noise’ and have un-
dergone several undocumented interventions that will obscure some data. By use of 
different models and careful training using sections of each painting, it is hoped that we 
will be able to allocate characteristic traces to the way each hand applies the paint. It is 
anticipated that this will reveal the presence of several hands at work on each canvas. 

The project aims to offer a unique look at these paintings by El Greco through the 
fi lter of cutting-edge technologies. It is hoped that through digital analysis we will pro-
vide new data about how works are made, who made them, and how they have been con-
served, demonstrating that paintings are both complex and dynamic in terms of content, 
context and material evidence. The recording and ML analysis will hopefully contribute 
to the knowledge and appreciation of some of the most representative works of the last 
stage of El Greco’s career. Factum Foundation has been committed from its formation 
to the recording of the surface of paintings as a way to learn more about their historical 
and artistic signifi cance. The link with Case Western Reserve University will result in the 
writing of new software to analyse the 3D information.

OPPOSITE

3D relief data for El Greco’s 
Bautismo de Cristo, 1608.


