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Abstract

Valentine Bernasconi

Automated Body Pose Estimation on Painting: 
A Crisis of Uncertainty

Keywords | Digital art history, AI art research, 
Computer sciences

Defining a project in digital art history is both 
exciting and promising, offering the potential to 
uncover artistic trends and inspirations over time and 
to train machines to see what has been overlooked 
by traditional art historical practices. However, 
the reality of these interdisciplinary projects often 
falls short of expectations due to the limitations of 
large digital corpuses and computational methods. 
Machine learning models, typically trained on natural 
images from contemporary life, do not achieve the 
same accuracy with paintings, partly because the 
ideal corpus of paintings does not yet exist. Many 
paintings remain undigitized, and not all collections 
are prepared for computational analysis, lacking the 
annotations needed for effective machine learning 
training. Furthermore, assumptions about the digital 
material and fundamental notions of art history 
can lead to a narrow, formalist vision of the field.
Drawing on a project focused on the computational 
and historical analysis of hands in Early Modern art, 
this paper reflects on the gap between initial research 
questions and the adjustments needed when applying 
AI and art historical methodologies. It highlights 
the challenges of navigating between the divergent 
and demanding fields of art history and computer 
science, especially when confronting preconceptions 
and uncertainties. The paper questions the feasibility 
of finding a middle ground between these disciplines, 
suggesting that the integration of AI into art historical 
research requires not only technical adjustments but 
also a reevaluation of methodological approaches to 
accommodate the complexities of art. Cite as: Valentine Bernasconi, “Automated Body Pose Estimation on 

Painting: A Crisis of Uncertainty” in From Hype to Reality: Artificial 

Intelligence in the Study of Art and Culture, ed. Eva Cetinić, Darío 
Negueruela del Castillo, 2024, Hertziana Studies in Art History, 
vol. 03, 2024, pp. 75-81. Doi: https://doi.org/10.48431/hsah.0309.

https://doi.org/10.48431/hsah.0309


1. Conducting a digital project in art 
history

Starting a project in digital humanities often 
follows a standard procedure which consists of 
gathering a large collection of data and then 
cleaning and processing it with computational 
models for information extraction and statisti-
cal analysis. It is the data processing pipeline.1 
From a digital art history perspective, the 
process also implies adapting to specificities of 
the field of art history through the definition of 
research questions, with a core understanding 
of the corpus of study, as well as the devel-
opment of methodological solutions to adapt 
computational methods.

It is within this context that this research on 
the understanding of hand gestures in early 
modern paintings was conducted. Painted 
hands represent a complex object of study from 
an art historical perspective,2 and constitute a 
challenging field of exploration from a digi-
tal perspective3 with the recent development 
of performative computer vision methods for 
body-pose estimation.4 At the intersection of 
art history and computer science, the research 
project primarily aimed to outline the evolu-
tion and use of specific hand poses in time 
and place through the creation of interactive 
tools for visualization. It explored the possi-
bility to reach a comprehensive understanding 
of hand poses in the early modern period, with 
the analysis of their specific codification and 
potential gestural systems. Quickly reduced 
to a more humble scope after the first cura-
torial steps towards the creation of a corpus 
of hands, the project had to align with the 

reality of working with artistic and art histor-
ical material, and address important and too 
often hidden issues of the framework imposed 
by the digital environment. Above all, it raises 
questions about the possibility of globally 
studying hand gestures on a corpus limited by 
its metadata and poor computer vision results, 
as well as the way results can be properly 
addressed when built upon curatorial biases. 
These two primary factors also outline funda-
mental issues in the way we conduct projects 
in digital art history and how some assump-
tions on both the digital and art historical 
realm impact research.

2. Implications on processing historical 
data

The dataset and its curation represent a foun-
dational layer to research conducted in the 
digital realm. The very first step consists of 
understanding the material, and to perform 
adequate cleaning in order to further process 
it with computational models. In our case, the 
dataset consists of the photographic collec-
tion from the Bibliotheca Hertziana:5 Digitized 
photographs of paintings broadly ranging from 
the 14th to the 17th Century, and their corre-
sponding metadata. This metadata includes 
the titles, authors, and dates of creation 
of the artworks, and were inconsistently 
produced in German, English, French, and 
Italian. ‘Inconsistency’ is a keyword in such 
an interdisciplinary context as it expresses the 
diverging reality of information representation 
between art history and computer science: The 
transcription of the knowledge produced in 
art history does not naturally meet the digital 

Valentine Bernasconi Automated Body Pose 
Estimation on Painting: A Crisis 
of Uncertainty

1 Kaplan 2015.
2 See the works of Dimova 2020, Barasch 
1987, Gombrich / Huxley 1966 Wittkower 
1977.

3 See the works of Impett 2020, Madhu et al. 
2022, Bell / Schlecht / Ommer 2013, Impett / 
Süsstrunk 2016.
4 Cao et al. 2021, Güler / Neverova / 

Kokkinos 2018, Jin et al. 2020.
5 See more details of the photographic 
collection at Url: https://foto.biblhertz.it.

https://foto.biblhertz.it
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requirements. Still, the photographic collec-
tion of the Bibliotheca Hertziana is an extreme 
case: Titles come in different languages and are 
not standardized according to specific iconog-
raphies, the names of artists are not consistent 
from one annotator to another and may be 
referred to with a nickname or surname, dates 
come with many question marks and with 
non-numerical formats and broad formula-
tions, and the place of creation of an artwork 
is usually missing.

The inspection of this metadata established 
the initial curatorial steps, where titles and 
authors had to be standardized with the help 
of the Integrated Authority File6 and Iconclass 
norms,7 question marks removed, and dates 
formatted into brackets of times. In the 
process, information was lost, such as the 
markers of uncertainty of some data, as well 
as the typical model of knowledge produced 
by art historians. The example of the ques-
tion mark used to address the uncertainty of 
date attributions is strongly evocative of this 
loss. Based on the favored type of representa-
tion system, the information becomes right or 
wrong, and the removal of a question mark at 

the end of a year means shifting the data from 
the unsure into a true and established fact.8

The next step consisted of extracting hands 
from the paintings with the help of a machine 
learning model for human body-pose esti-
mation. The process involved a model called 
OpenPose,9 which uses a system of keypoints to 
describe the position of the bodies detected on 
any given image. As we can see in fig. 1, based on 
these keypoints, the hands were automatically 
extracted from the original images in order to 
build a collection of hands. Additionally, a set 
of features were created from the keypoints to 
better characterize the pose of the hands, such 
as the use of unit vectors for the direction of the 
fingers, and the angles shaped by the joints. 
Such geometric characterization better helps 
the comparison of different poses, regardless 
of their formal aspect.10

As it has been shown and discussed before,11 
paintings are difficult material from a 
computer vision perspective. OpenPose was 
pre-trained on natural images12 and gives 
a lower accuracy when applied to artworks. 
Hence, many bodies were not found in images, 

Figure 1. Different steps for the extraction of hands in paintings
Composition by the Author.

6 Also called GND (Gemeinsame Normdatei), 
see Url: https://gnd.network/Webs/gnd/
EN/Home/home_node.html for more 
information.
7 Brandhorst / Posthumus 2017.
8 Standards have been established for the 
representation of temporal uncertainty in 
computer science. Yet, as one of the primary 

goals was to create a chronological order for 
the representation of the hand pose, a choice 
was made to remove this uncertainty, thus 
shifting the uncertain information to a form 
of truth.
9 Cao et al. 2021.
10 For example, the features were used for 
the creation of an artwork browser based 

on the hand pose input of the user. See 
Bernasconi 2022.
11 Bernasconi / Cetinić / Impett 2023, Madhu 
et al. 2022.
12 By natural images, we here refer to 
photographs representing scenes of our 
everyday and contemporary life.

https://gnd.network/Webs/gnd/EN/Home/home_node.html
https://gnd.network/Webs/gnd/EN/Home/home_node.html
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and consequently not all the hands are pres-
ent in the final collection. Furthermore, many 
hands detected were not correctly estimated. 
Based on the visual information provided by 
the keypoints, the collection of hands had to 
be manually cleaned, reducing the corpus of 
study from 18,641 detected hands to a total of 
5,993 correctly estimated hands.

3. Addressing uncertainties of machine 
curation

These two simple curatorial steps—a preamble 
of further research on hands—show import-
ant issues that impact potential results of the 
work and the way research questions should be 
addressed from a digital art history perspec-
tive. First, there is the question of uncertainty 
induced by the results from the machine learn-
ing model. The material produced, a total of 
5,993 hands, is not only a fairly small amount 
of data from a computational perspective but it 
is also the expression of missing information 
when put back in the context of their origi-
nal artworks. Indeed, it is difficult to speak 
about gestural patterns within a composition 
when barely two hands out of five bodies were 
detected on a single painting. Consequently, 
the primary question about outlining gestural 
systems has to be rephrased to interrogate 
the way a narrative can be properly built from 
the lack of accuracy of the computer vision 
system. It now becomes an acknowledgement 
of what the digital methods ‘obscure’13 rather 
than what they develop.

Furthermore, the missing metadata and the 
re-formatting of the latter introduce another 
layer of uncertainty regarding its exactness, 
provenance, and certainty. A phenomenon 
observed in multiple projects that is now 
being progressively addressed.14 These issues, 
brought by the use of computational processes 
on art historical material, shed light on 
the important notions of bias and subjec-
tivity. Whether it is the description of the 
hand pose through keypoints, the computer 
scientist implementing the machine learn-
ing model, the art historian registering data 

in an archival system, or the digital humanist 
processing metadata, every decision represents 
a bias that has to be made visible and taken 
into account when addressing potential results 
of a digital project. As further explained by 
Frédéric Kaplan “data are never given, but taken 
and transformed […] at each step of the data 
processing, choices are made and biases apply. 
Understanding these technical choices is crucial 
to develop new interpretive theories.”15 In our 
context, a proper trade-off has to be found 
between the right amount of cleaning processes 
and the preservation of the original content in 
order to make claims and outline tendencies in 
the dataset. Yet, no ground truth can be estab-
lished from the results, and more data resolutely 
does not mean a more objective truth.16

This deceptive aspect of digital methods not 
only results in a current difficulty to build 
more art historical knowledge but it is also a 
matter of the fundamental assumptions made 
in both the field of computer science and art 
history. Indeed, the peculiar context requires 
some expertise on two complex fields that 
have different approaches in the treatment 
of data and the establishment of new knowl-
edge. Therefore, we do not only need a better 
understanding of the subjective choices that 
occur in the curation process, but also in the 
way we perceive and apprehend the field of 
art history, how computational approaches 
can or should be integrated to it, and the 
novelty they may bring.

4. Reconsidering fundamental 
assumptions

The assumptions made about the practice of 
art history and the simplification of concepts 
this entails are one of the main issues that 
prevent the successful development of a field 
of digital art history. In our case, the research 
did not start by questioning the notion of 
influence and potential artistic intentions in 
an art historical context, nor the computa-
tional approach itself which implies a strong 
formal approach to art history, nor the actual 
implications of working with a digital image. 

13 Rodríguez-Ortega 2019, p. 11.
14 Panagiotidou et al. 2023, Daquino et al. 2022.

15 Kaplan 2015.
16 Boyd / Crawford 2012, p. 667.
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Yet these three assumptions impact the way 
we shape research questions and engage with 
art historical material in the digital envi-
ronment. There is an actual need to refine 
our general understanding of the field of art 
history and its concerns, as well as the digital 
material used, in order to better address them 
in computational perspectives.

First, as we have seen from many digital art 
history projects,17 research very often presup-
poses an artistic influence of one artist on 
another. They are looking for similar patterns 
within a dataset, trying to make visual connec-
tions as if the images were part of a giant 
network, without questioning the meaning 
and implications of such an influence. In art 
history, the notion raises various positions 
and arguments. The one of connoisseurship 
involves the possibility to recognize an artist 
behind an artwork through the reconstruction 
of potential external factors that could have led 
to its creation. These factors involve a prac-
tice in a workshop, a regional or time period 
production, a commission, or the requirements 
of the art market.18 Nevertheless, contemporary 
practice of art history tends to devalue connois-
seurship 19 as it involves formal and iconological 
approaches that do not align with the vision of 
a ‘new art history.’20 Assuming visual connec-
tions amongst artworks is assuming a world 
made of influences, which underrate the artistic 
intention.21 Hence, in order to align with actual 
art historical concerns, the question whether 
artists are actually influenced by other artists 
and their cultural context or if a work of art 
is the result of an artistic intention should be 
acknowledged, addressed, and possibly further 
investigated from a computational perspective.

Another question brought by the digital prom-
ise is the actual possibility of offering new 
developments and methods for the field of 
art history, knowing that most computational 
approaches imply formalism, an analysis 
based on the sole apprehension of the visual 

aspect of the artworks. It seems that the field 
of digital art history is bound to perform some 
type of pure formal connoisseurship, bring-
ing back to the table issues and concerns from 
the past century, when the field of art history 
attempted to move on from these methods. 
Yet, as questioned by Rodriguez-Ortega on 
the neo-formalist perspective and the scope of 
analysis afforded by computational methods, 
“is it possible to do something different?”22

The ambition of a computational practice has, 
in fact, more to offer than a digital mimicking 
of traditional art historical practice at a large 
scale, and, in order to shape new narratives, 
there is a critical need for a better understand-
ing of the computational environment. This 
awareness starts with what we are attempt-
ing to analyze, our object of study, that is, at 
a primary level, a digital image. As already 
pointed out a decade ago,23 in most cases we 
are treating these images as works of art, when 
they are in fact digital copies, a non-tangible 
file made of binary encodings, preserved in 
the black box of a server. While working with 
a photographic collection, we actually find 
ourselves in the lineage of an unresolved prob-
lem of objectivity of photography, “the main 
tools of art historians,”24 and a long tradition of 
image manipulation for rhetorical convenience. 
As summarized by Lum on the consideration 
of a photographic truth: “When an image is 
needed, it does not matter the means.”25

Nevertheless, the digital layer added to these 
photographs consists of a mathematical 
transformation, the ‘mathesis’ of Drucker,26 
from which a computational interpretation of 
the painted hand is performed and a further 
layer, made of keypoints to express the pose of 
the hand, is added. The novel definition of the 
image represents a turning point in the formu-
lation of new methodological propositions in 
art history. Based on a computational vision of 
the hand and the creation of features for the 
comparison of poses, we define the framework 

17 Seguin et al. 2016, Shen / Efros / Aubry 
2019, Shen et al. 2022, Saleh et al. 2016, 
Champenois / Joyeux-Prunel 2023.
18 Elsig 2019, p. 12.
19 Elsig 2019, pp. 30–31.
20 Harris 2002, p. 7.

21 Summers 1986, p. 309.
22 Rodríguez-Ortega 2019, p. 10.
23 Drucker 2013, pp. 8–9.
24 Daquino 2019, p. 12.
25 Lum 2020.
26 Johanna Drucker describes mathesis as 

“knowledge represented in mathematical 
form, with the assumption that it is an 
unambiguous representation of thought” 
(Drucker 2001, p. 141).
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of a postural approach in opposition to the 
formal one. In this context, we shift from 
aesthetic values of the image to a synthetic 
and geometric vision of the pose of the hand, 
where we do not focus on the form anymore, 
neither essential nor inessential,27 but rather 
on an interpretation of its sign.28 Although we 
cannot escape comparative methods that have 
driven the field of art history since the arrival 
of photography,29 and which are now an essen-
tial aspect of computational approaches,30 it is 
based on such new conception of the voir in 
the creation of the savoir,31 along with a proper 
formulation of the research intention, that 
new methodologies and research questions 
can be established regardless of the uncertain-
ties inherent to a digital art history.

27 Beyond the principles established by 
Heinrich Wölfflin in an attempt to shape a 
universal approach to art in his Principles to Art 
History, S. Pearl Brilmyer and Filippo Trentin 
distinguish two types of form as theorized 
by John Ruskin, the essential and inessential 
forms. Where the first would consist of “the 
basic outline or shape of a thing, figural 
qualities that allow an entity to be identified or 
recognized for what it is: a mountain, a dog, 
Jesus,” the inessential form is not fundamental 
to the recognition of the object but rather 
determining to the existence of the work of art 
(Brilmyer / Trentin 2019, p. 485).
28 Here we consider the images from 

an interpretative layer, formulated for the 
purpose of the computational process. It 
implies a conception of the painting where 
the latter “ne nous donne pas à voir sa cause 
formelle, elle nous la donne à interpréter,” as 
phrased by Georges Didi-Huberman in Devant 
l’image (Didi-Huberman 1990, p. 279).
29 Caraffa 2011, p. 15.
30 Drucker 2012, p. 87.
31 In French, the notion of voir, seeing, and 
savoir, knowledge, have the same root and 
implies that savoir, knowledge, derives from 
voir, seeing. Furthermore, the difference 
between gazing and seeing, le regard et 
voir, in consideration of the savoir is, in 

French, determinant in the distinction of 
looking at a painting and seeing a painting. 
The machine is trained to scan the image, 
looking at the pixel for a specific piece of 
information defined as relevant by the savoir 
of the programmer who knows what to see. 
As explained by Didi-Huberman, regarding 
the image, “La voir, et non la regarder: car 
voir sait mieux s’approcher, anticiper ou bien 
mimer l’acte, supposé souverain, du savoir” 
(Didi-Huberman 1990, p. 273).
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