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Abstract

This paper presents the interdisciplinary research conducted at Tel
Aviv University in the framework of the ERC Synergy project, MiDRASH.
Our work combines scholarly domains of Hebrew paleography and deep
machine learning. We aim to automatically cluster medieval Hebrew script
types-modes beyond the limits of contemporary human paleography. Cur-
rently, we are working on Ashkenazi square script. Successful algorithms
will be applied to other medieval Hebrew script type-modes, allowing
improved clustering of the least-studied script types, such as Byzantine
and Yemenite, and deepening our understanding of the sub-clustering of
Oriental, Sephardic, and Italian scripts. This, in turn, will lead to the dis-
covery of new paleographic patterns, improved layout segmentation based
on script types, and more.

We begin with a dataset of single pages from 55 manuscripts in Ashke-
nazi square produced by the project’s EPHE team. Beyond the general
definition of the script type-mode, the dataset is not labeled with either
the date or exact region of copying. Current paleographic research sug-
gests that Ashkenazi square is divided into French and German groups,
with stand-alone manuscripts produced in England (before 1290) [1]. In
this innovative research, we aim to verify if the automatic clustering cor-
responds to the existing paleography theory and to try to find more sub-
clusters based either on time or place of copying.

So far, we have used several methods for automatic clustering. Follow-
ing the method outlined in [2, 3, 4], we employed SIFT and Bag of Visual
Words (BOVW) to represent the text region images. Subsequently, we
created a 2D plot of the text regions using PCA, allowing the paleog-
rapher to visually verify the presence of any meaningful clusters (Figure
1). Based on paleographers’ intuition that the text regions may construct
clusters by their global patterns, we used Local Binary Pattern (LBP) to
represent the text region images and we created a 2D plot of the text re-
gions using PCA, allowing the paleographer to visually verify the presence
of any meaningful clusters (Figure 2).

Since the conventional algorithms were not successful at detecting the
features that lead to paleographical clusters, we decided to experiment
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with a more deterministic way. A paleographer defined a set of high-
priority paleographical features and we designed these as a hierarchical
multi-labeling classification problem that is a hierarchical tagging with
multi-labels and mutually exclusive sub-labels.

We are developing an algorithm to measure the similarity of text region
images by leveraging style features. Our approach employs ControlNet [5],
a neural network architecture designed to incorporate spatial conditioning
controls into diffusion models [6]. We suggest incorporating graph repre-
sentation [7] for handwritten text as an additional control input. This
representation encodes letters similarly to human pose labels and can be
computed automatically. By training ControlNet with the control input
of handwriting’s graph representation, we anticipate that the model will
learn style features and facilitate the measurement of paleographic simi-
larity in text region images.

Figure 1: Visualization of main text regions in 2D plot by projecting
dimensionality-reduced SIFT+BOVW features.
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Figure 2: Visualization of main text regions in 2D plot by projecting
dimensionality-reduced LBP features.
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