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Abstract

This work introduces methods for decod-
ing and encoding cartographic signs at
scale. First, it uses class-agnostic object
detection to extract 63 million signs from
99,715 historical maps. It then adapts
vision foundation models to produce ex-
pressive, interpretable visual embeddings
while suppressing material confounders,
supporting comparative research in map
semiotics and historical geography.

1 Introduction

Symbols and icons in archival maps represent an
expansive source of evidence for historical geogra-
phy and semiotics. However, they have never been
targeted at scale, and the few existing works never
engaged with the diversity of map signs, aiming at
robust, scalable, and generalizable detection and
encoding (Smith et al., 2025; Sutty and Duménieu,
2024). In this work, we present a two-stage frame-
work for detecting cartographic signs in histor-
ical maps and generating interpretable sign em-
beddings that capture both semantics and stylis-
tic variations. We then demonstrate the scalability
of the approach, and the potential for discovery
by extracting 63 million signs from 99,715 his-
torical maps and visualizing them. The method-
ological challenge consists in making point signs,
defined as geographic features depicted as dis-
crete, extensionless cartographic objects, tractable
at scale, while maintaining an explicitly generic
scope across collections, sign repertoires, and car-
tographic styles. The present research frames au-
tomated sign extraction less as a tool for exhaus-
tive reconstruction than one for distributional anal-
ysis of map signs, enabling comparative research
on historical geography and cartographic semi-
otics.

2 Automated detection of map signs

The first part of the study assesses the practicality
of automated point sign extraction from historical
maps, robust to both content and form diversity. In
this perspective, CaSiDD, the Cartographic Sign
Detection Dataset, is introduced as an open bench-
mark resource comprising 18,750 sign labels from
796 distinct map patches, curated from 20 distinct
map libraries across five countries (Petitpierre and
Jiang, 2025). Annotation is performed in a class-
agnostic fashion rather than following a closed on-
tology of geographic-cartographic objects. This
design choice aims to broaden the scope of de-
tection capabilities by engaging with the diversity
of existing map symbols. The operationalization
of point signs through annotation also makes ex-
plicit some of the limitations of automated object
detection paradigms, including the core assump-
tions of clear instance boundaries and minimal
overlap, which are often unverified in practice. A
YOLOvV10-X detection model (Wang et al., 2024)
is then trained on CaSiDD. Quantitative validation
highlights high precision (81.1%), but lower recall
(41.5%), which is primarily explained by inter-
pretive divergences. For instance, repeated, short
horizontal lines symbolizing wetlands (in the bot-
tom example) might either be considered clusters
of repeated, individual icons, or texture; likewise,
marshes or hill icons are unclearly bounded, thus
multiple object annotations and alternative predic-
tion results could be considered valid. Overall,
the high precision and lower recall advocates in
favor of distributional research usages—such as
comparing the relative prevalence of tree species
in a certain region—over geographic reconstruc-
tive ones, as the model cannot reliably produce ex-
haustive feature layers.






