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Gothic microarchitecture is a design phenomenon widely observed in late
medieval European art, comprising sculptural works that emulate the forms
and structural composition of monumental Gothic architecture. Despite
its prevalence in preserved artifacts, the design and construction methods
of Gothic microarchitecture used by artisans remain a mystery, as these
processes were orally transmitted and rarely documented. The Basel gold-
smith drawings (“Basler Goldschmiedrisse”), a collection of over 200 late
15th-century design drawings from the Upper Rhine region, provide a rare
glimpse into the workshop practices of Gothic artisans. This collection con-
sists of unpaired 2D drawings, including top-view and side-view projections
of Gothic microarchitecture, featuring nested curve networks without anno-
tations or explicitly articulated design principles. Understanding these 2D
drawings and reconstructing the 3D objects they represent has long posed a
significant challenge due to the lack of documentation and the complexity
of the designs. In this work, we propose a framework of simple yet expres-
sive geometric principles to model Gothic microarchitecture as 3D curve
networks, using limited input such as historical 2D drawings. Our approach
formalizes a historically informed design space, constrained to tools tradi-
tionally available to artisans—namely compass and straightedge—and enables
faithful reproduction of Gothic microarchitecture that conforms to physical
artifacts. Our framework is intuitive and efficient, allowing users to inter-
actively create 3D Gothic microarchitecture with minimal effort. It bridges
the gap between historical artistry and modern computational design, while
also shedding light on a lost chapter of Gothic craftsmanship.
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1 Introduction

The term Gothic microarchitecture, as used by art historians, refers
to a phenomenon widely observed in the design of late medieval
European art: sculptural works that emulate the forms and struc-
tural composition of large-scale Gothic architecture [Bucher 1976].
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Fig. 1. Top left: Inv.U.X1.28 (10.4 x 15.3 cm). Image source: Kunstmuseum
Basel (Public Domain). Basel goldsmith top-view drawing with reflectional
and 4-fold rotational symmetries. Right: our reconstructed result with its
top view shown on bottom left (the curve and its rotated or reflected replicas
are shown in the same color).

This design phenomenon reached its apogee in the 15th century,
particularly (if not exclusively) manifested in religious contexts,
above all in church furnishings and liturgical objects (see Fig. 2).
Formal features essential to Gothic monumental architecture—such
as pointed and ogee arches, pinnacles, crockets, ribs and articulated
profiles—pervaded the full range of artifacts and miniature struc-
tures populating church spaces, including reliquaries, altar canopies,
baldachins and sacrament houses, realized in wood, metal and stone
[Binski 2014; Bork 2011; Kavaler 2012; Timmermann 2009]. Over
the course of this period, Gothic microarchitecture grew increas-
ingly ambitious and daring in its geometrizing design, eventually
surpassing its architectural counterparts in structural complexity
and formal innovation. One of the enduring, unsolved questions
raised by the study of this phenomenon concerns the processes
and methods of design practice. How did Gothic artisans, equipped
with only a compass and a straightedge, conceive and develop these
intricate creations?

The design and construction processes were never formally doc-
umented, but instead passed down through master-apprentice re-
lationships, so that much of this knowledge has been lost [Bucher
1972]. Countless examples of Gothic microarchitecture are preserved
in museums and churches, yet their original blueprints or construc-
tion plans have rarely survived. However, a singular exception is
the corpus of late Gothic design drawings from the Upper Rhine
region, known as the “Basler Goldschmiedrisse” (Basel goldsmith
drawings) housed at the Kunstmuseum Basel [Falk 1979; Tanner
1991]. Dated to the end of the 15th century, this collection of over
two hundred ink-on-paper drawings represents the most significant
repository of such designs, both quantitatively and qualitatively. As
such, they offer a rare window into the workshop of Gothic design,
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Fig. 2. Microarchitectural superstructure of the main altarpiece at the
church on mount Magdalensberg, Carinthia, Austria. Anonymous mas-
ter of the elder Villach Workshop, 1502. Image credit: Wikimedia Commons,
licensed under CC BY-SA 4.0.

presenting a unique opportunity to examine and reconstruct the
fundamental procedures and geometrical operations that de ned
Gothic artistic practice [Burckhardt 1864; Ueberwasser 1930].

Fig. 3. Freeform design exploration using our user interface.

Our contributions(1) We formulate the Gothic microarchitecture
modeling problem as reconstructing 3D curve networks from given
top-view projections, which may originate from digitized historical
drawings or user-provided sketches. (2) We formalize the design
space for Gothic microarchitecture, incorporating positional and

Of particular value for such an endeavor is a subgroup of the Basel tangential constraints to ensure that the side view resembles the

drawings, comprising approximately seventy ground plans or top-

ogee arches an important characteristic we observe in historical

view projections of microarchitectural elements (e.g., see Figures 1 drawings and physical artifacts. Our curve parameterization enables

and 4). Notably, and somewhat counter to modern intuition, these

interactive editing in the side view while maintaining a xed top

top-view schemes represent the initial stage of the Gothic design View, ensuring that all edits remain within the de ned design space.

process. Starting with the ground plan allowed the designer to de ne
the rotational and re ectional symmetries that shaped the overall
structural con guration [Germund 1997; Miller 1990].

(3) We demonstrate that our method reliably and faithfully repro-
duces 3D Gothic microarchitecture from the Basel goldsmith draw-
ings, maintaining consistency with the style and features of Gothic

The next step in the design process involved generating a side artistic products, as veri ed by art historians. (4) Our formulation
view or elevation of the structure. Medieval German sources reveal- can be interpreted as a simple yet expressive modeling language for

ingly refer to this stage as Auszug (extraction process) [Shelby
1977]. This term denotes the extrusion of the design alongltfeis,

yielding the side view of a given ground plan. However, the speci cs
of this step pose signi cant challenges to architectural historians.

curve-dominant architecture: using basic curves and speci ed sym-
metries, multi-layered and intricate structures can be created from

a single drawing. This approach extends beyond modeling Gothic
microarchitecture and can be applied in a broader context, such as

Certain geometry-based rules and formal constraints guided the free-form architectural design (see Fig. 3). Code and web demo for

translation of the ground plan into an elevation, but the few his-
torical treatises in existence supply little information on the exact
procedures [Bork 2014].

In this work, we make the rst attempt to mathematically formu-
late the geometric principles underlying the extraction process. Our

this paper are at https://github.com/llorz/SIG25_goldschmiedrisse.

2 Related work

Biarcs.A biarc consists of twatircular arcgoined with 1 conti-
nuity, interpolating two input endpoints and their respective tangent

approach is based on the Basel corpus of drawings, as well as physi-directions while ensuring smooth transitions [Bolton 1975; Sandel
cal examples, allowing us to model Gothic microarchitecture from 1937]. Biarcs are mathematically interesting as special cases of spi-
input 2D ground plans or top-view projections. The principles are  rals with monotone piecewise continuous curvature [Kurnosenko
grounded in traditional tools, such as the compass, and are designed 2009, 2013; Zwikker 2011]. Due to their simplicity and high precision
to be generalizable to other historical artifacts. Our work illuminates  in approximating smooth curves, biarcs nd widespread applications
the geometric principles underlying late Gothic design practices, across diverse elds such as computer graphics, architectural de-
making the Basel drawings comprehensible as 3D structures for the sign and civil engineering. Notable uses include path planning with
rst time. Facilitating interactive and intuitive modeling, this also ~ smooth transitions for CNC machines and robotic trajectories [Meek
revives a sophisticated and historically signi cant design method, and Walton 1992; Walton and Meek 1994], structural stability in

bringing it into the digital age. This e ort holds great potential for

architectural arches [EI-Mahdy 2014], shipbuilding [Bolton 1975],

art historians, designers and enthusiasts alike, advancing the study, garment sewing pattern design [Ye et 2023], highway and rail-

restoration and creation of Gothic architecture.
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way alignment [Brustad and Dalmo 2020] and over ow spillway
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