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Research Context

Medieval Manuscripts and
Decoration
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* Medieval manuscripts are central cultural assets that not only
transmit texts but also communicate through their visual design

Image Source: Klosterneuburg Abbey
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Source: Clementinae, and other text(s) Source: Klosterneuburg Abbey
von Clemens V. - Leiden University
Libraries, Netherlands - Public Domain.
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» Decorative, floral ornamentation executed in ink (often
red/blue) added after text was written
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Research Context

Challenges and Motivation
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* Many manuscripts available, however ...
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* Limited amount of studies on individual florators

« Domain experts face too much data, need help exploring it

« Atool is needed that is explorative, explainable to foster
trust in experts

Image Source: Klosterneuburg Abbey
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Introduction

PeuAFleu

* PeuAFleu is an interdisciplinary research project of
the University of Applied Sciences St. Pdlten in
cooperation with Klosterneuburg Abbey i‘ i

» Positioned at the Intersection of Digital Humanities =SAR
and Computer Vision

0 Abbe
oy

» Objective: Al-assisted stylistic analysis of pen ‘
flourishing in 13th- and 14th-century medieval :
manuscripts from the Abbey's library, aimed at
grouping penwork stylistically
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Research Context

Corpus

* Hundreds of Klosterneuburg manuscripts from this time with
penwork, few of the ornamental decorations studied

+ CCl 71 and 615

* Missals with lavish decoration
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. Group B is found in both manuscripts CCIl 71 fol. 51r C| 71 fol. 67r FCC| 615 fol. 273v
CCl 73 Group A

;

» Several hundred images with training data

« CCI73

» Florator of numerous manuscripts also found in other
collections

» Every image was analyzed and labeled by hand
— Ground Truth!

Image Source: Klosterneuburg Abbey
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CCl 73 fol. 7r CCl 73 fol. 67v CCl 73 fol. 81r
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Technical Approach
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Approach

Architecture

Segmentation Dens_e Extraction of Characteristics
Patching
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Approach

Architecture

Scanned in high-resolution (4435px x 5975px)

Blur applied to non-flourishing areas

Pages are split by flourishes

Computational Analysis of Medieval Pen Flourishing

Pen flourishing masks created by automated segmentation
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Architecture

Scanned in high-resolution (4435px x 5975px)

Pen flourishing masks created by automated segmentation

Blur applied to non-flourishing areas

Pages are split by flourishes
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Approach

Architecture

» Patches extracted from a regular overlapping grid
« Every patch could represent an important characteristic

« Accounts for every potentially relevant feature and focusses
on local characteristics

» Patches with >20% pen flourishing foreground (masks) are
retained

Computational Analysis of Medieval Pen Flourishing 11
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Patching CCI 71 fol. 169r1 (71 B) CCl 73 fol. 143v2 (73 C)
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Image Source: Klosterneuburg Abbey
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Approach

Architecture

» Patches extracted from a regular overlapping grid
« Every patch could represent an important characteristic

« Accounts for every potentially relevant feature and focusses
on local characteristics

» Patches with >20% pen flourishing foreground (masks) are
retained
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Approach

Architecture

» Extract characteristics of each patch
(DenseNet-121) and compress (custom
trained Autoencoder)

* Characteristics could include ...
« Texture
« Color
« Curvature

* Not an image anymore but a numerical
representation of the characteristics

« Assumption: Similar characteristics
have similar numerical
representations
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Approach

Architecture

» Extract characteristics of each patch
(DenseNet-121) and compress (custom
trained Autoencoder)

* Characteristics could include ...

* Texture ev, € R1024
- Color C >
Compressor
 Curvature
ev, € R1024

* Not an image anymore but a numerical
representation of the characteristics

« Assumption: Similar characteristics
have similar numerical
representations
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Approach

Architecture

 Cluster all patches of the dataset to identify
visual clusters

» Assign each patch of a given flourish to one of the
identified visual clusters

« Count occurences of different visual clusters to go from
many local to one global representation per flourish

* Assumption: Flourishes with similar visual cluster
counts are similar to each other

Computational Analysis of Medieval Pen Flourishing 15
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Most relevant visual clusters
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Image Source: Klosterneuburg Abbey
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Evaluation

Most relevant visual clusters
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Evaluation

Similarity Visualization

« Each point represents one flourish

» Color encodes the different florator groups

Computational Analysis of Medieval Pen Flourishing

Visual Cluster Count Dimension 2
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Automated Classification

+ Classification performance measured by a classifier trained on top of the global representations of the pen flourishing

» Leverages similarity of a given set of pen flourishes to assign them to the same or a different florator group

1.0

0.8 -

Score

0.4

0.2 1

0.0-

Classification Performance

1.00

0.6 1

U.Y5

0.04 0.95 U.95 095 094
0.90 0.93 g2 093

0.90

Groups
B 71 B
71D
73 A
B 73C

Precision Recall F1

Metric
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Prototype

ldea

» Uses our proposed method in a user-friendly tool for
art-historical research

« Similarity measure used for pen flourishing retrieval
and much more ...

Similar Patches

Computational Analysis of Medieval Pen Flourishing 20
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Demonstration
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Takeaways and Outlook

Next Steps

1 Scale up: Extend dataset to more manuscripts, periods, and stylistic schools for broader
validation

2 Qualitative Evaluation: Conduct user study with art historians for the tool

Computational Analysis of Medieval Pen Flourishing 22
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Pen Flourishing Data
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Approach

Data

Total Number of
Florator Groups

38

Total Number of
Florator Groups
(Used)

A

Total Number of Pen
Flourishes

2,102

Total Number of Pen
Flourishes (Used)

/88

Image Source: Klosterneuburg Abbey

Group E

Kibler et al. | Transparent Similarity Estimation of Medieval Pen Flourishing
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Approach

Data

Total Number of
Florator Groups

38

Total Number of
Florator Groups
(Used)

A

Kibler et al. | Transparent Similarity Estimation of Medieval Pen Flourishing

Total Number of Pen
Flourishes

2,102

Total Number of Pen
Flourishes (Used)
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Approach

Data

Total Number of
Florator Groups

38

Total Number of
Florator Groups
(Used)

A

Kibler et al. | Transparent Similarity Estimation of Medieval Pen Flourishing
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Approach

Data

Total Number of
Florator Groups

38

Total Number of
Florator Groups
(Used)

A

Total Number of Pen
Flourishes

2,102

Total Number of Pen
Flourishes (Used)
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Number of Pen Flourishing Samples per Group

Dataset Splits
HE Train
Test

Group

Kibler et al. | Transparent Similarity Estimation of Medieval Pen Flourishing 27
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Data

Total Number of
Florator Groups

38

Total Number of
Florator Groups
(Used)

A

Total Number of Pen
Flourishes

2,102

Total Number of Pen
Flourishes (Used)

/88
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Pen Flourishing Example per Group

Group B Group D Group E Group G
CCl 71 fol. 23v3 CCI 71 fol. 226v1l CCI 73 fol. 43r2 CCI 73 fol. 158v3

Image Source: Klosterneuburg Abbey

Kibler et al. | Transparent Similarity Estimation of Medieval Pen Flourishing
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Model Transparency

CCl 71 fol. 72v1 (B) CCl 71 fol. 131v1 (B)
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1 Similarity-Level Transparency masese| et nODIC

Why are flourishes similar?

2 Cluster-Level Transparency ll - I ﬁ I I. I I

Which features are most characteristic for each group?

Image Source: Klosterneuburg Abbey

Histogram 1 Histogram 2

YHMUTUNME - M = Ssimiarity Score

Contribution Scores
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Evaluation
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