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Abstract. Etruscan mirrors constitute a significant category in Etr-
uscan art, characterized by elaborate figurative illustrations featured on
their backside. A laborious and costly aspect of their analysis and doc-
umentation is the task of manually tracing these illustrations. In pre-
vious work, a methodology has been proposed to automate this pro-
cess, involving photometric-stereo scanning in combination with deep
neural networks. While achieving quantitative performance akin to an
expert annotator, some results still lack qualitative precision and, thus,
require annotators for inspection and potential correction, maintaining
resource intensity. In response, we propose a deep neural network trained
to interactively refine existing annotations based on human guidance.
Our human-in-the-loop approach streamlines annotation, achieving equal
quality with up to 75% less manual input required. Moreover, during the
refinement process, the relative improvement of our methodology over
pure manual labeling reaches peak values of up to 26%, attaining dras-
tically better quality quicker. By being tailored to the complex task of
segmenting intricate lines, specifically distinguishing it from previous
methods, our approach offers drastic improvements in efficacy, transfer-
able to a broad spectrum of applications beyond Etruscan mirrors.

Keywords: Binarization · Interactive Segmentation · Human-in-the-
Loop · Etruscan Art · Cultural Heritage

1 Introduction

With more than 3,000 identified specimens, Etruscan hand mirrors represent
one of the biggest categories within Etruscan art. On the front, these ancient
artworks feature a highly polished surface, whereas, on the back, they typically
depict engraved and/or chased figurative illustrations of Greek mythology [5]. A
primary component of their examination involves the labor- and cost-intensive
task of manually tracing the artworks; an exemplary mirror is illustrated in Fig. 2
together with the sought-after tracing.
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(a) Initial Prediction Y (b) Human Interaction ∆ (c) Refined Prediction Y0

Fig. 1: Illustrating interactive refinement of segmentation masks: Starting from
an initial segmentation Y, the user can add (�+) or erase (��) parts to bring
it closer to the ground truth Y� (in blue), creating an updated mask Y�. Next,
using a separate model conditioned on the human input � and Y, we aim that
for the refined segmentation Y0 it holds that jjY0 �Y�jj1 < jjY� �Y�jj1.

In previous works, Sterzinger et al. [13] propose a methodology to automate
the segmentation process through photometric-stereo scanning in combination
with deep learning; expediting the process of manual tracing and contributing
to increased objectivity. Although their segmentation model – trained on depth
maps of Etruscan mirrors to recognize intentional lines over scratches – already
quantitatively achieves performance on par with an expert annotator, in some
instances it lags behind. Based on this, manual inspection and potential refine-
ment by humans are still required, therefore, although alleviated, the tracing
remains resource-intensive.

In this paper, we continue their line of work and propose a methodology to
simplify the remaining required refinement by adding interactivity to the process:
Starting from an initial prediction, we aim to reach qualitatively satisfying results
as quickly as possible while keeping necessary labor to a minimum. We achieve
this by training a deep neural network to refine the initial segmentation based
on a series of hints, i.e., parts being added or erased, illustrated in Fig. 1.

In summary, our contribution entails the development of an interactive re-
finement network for improved annotation results obtained in less time, requiring
less labor. Compared to refining the initial segmentation manually, fusing forces
and performing the refinement interactively offers not only a drastic reduction in
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