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Figure 1: Example stele images.

ABSTRACT
Stone engravings on Vietnamese steles are an invaluable resource
for historians to study the life of the villagers in the past. Thanks to
pictures taken of stampings of the steles, they can be investigated
today in the form of digital images. Automatic keyword spotting
is a promising means to access the textual content of the images,
allowing to retrieve steles that contain a certain query term. In
this paper, we present a complete pipeline for retrieving Chu Nom
characters in Vietnamese steles that operates fully automatically on
the original images, without the need for preprocessing, segmenta-
tion, or human annotation. It combines a self-calibration approach
to character detection using deep convolutional neural networks
with a graph-based approach to keyword spotting that compares
templates of the search term with detected characters based on
structural properties.
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1 INTRODUCTION
Stone engravings on large steles found in Vietnamese villages are
an important resource for historians. They allow to study the his-
tory of Vietnam from the perspective of the villagers and are thus
complementary to historical manuscripts, which are focused on the
royal court and the clergy. In the Vietnamica project1, the goal of the
historians is to study the steles by means of a large body of digital
images, which were acquired by taking pictures of stampings.

To access the contents of the images, automatic document anal-
ysis methods could greatly support the efforts of the historians.
However, despite strong progress in the past decades, historical doc-
ument analysis remains a challenging problem and an active field
of research [2]. As illustrated in Figure 1, the steles contain a large
variability of layouts, ornamentation, engraving styles, and artifacts
due to damages. To cope with such variation, the current state of
the art in document analysis is mostly based on deep convolutional
neural networks [8, 17], which are trained with human-annotated
learning samples.

Unfortunately, comprehensive annotations do not yet exist for
the steles and are difficult to obtain: first, because a large number of
steles would be required to cover the different layouts and engraving
styles and, secondly, because expert knowledge is needed to read
the ancient Chu Nom script.

1https://vietnamica.hypotheses.org
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Nevertheless, initial attempts have been made to automatically
analyze the stele images, including a rule-based approach to layout
analysis using Voronoi diagrams [5], a learning-based approach to
layout analysis using convolutional U-Nets with only few approxi-
mate annotations [15], and an annotation-free method to character
detection [13], which uses self-calibration for convolutional object
detection networks to perform transfer learning from synthetic
pages with printed characters to real stele images.

In this paper, we go a step further and aim to automatically
identify keywords on the stele images. For this purpose, we propose
a complete pipeline that does not require any preprocessing of the
images or human-annotated learning samples to retrieve search
terms. That is, it can directly be applied to the raw images and can
thus be useful for an initial analysis of the document collection by
the historians.

The pipeline consists of two components: First, we extract indi-
vidual character images by means of self-calibrated object detection
networks as proposed in [13]. Afterwards, we use a graph-based
representation of the character images as well as the query term, to
match the structure of the characters and retrieve the most similar
character instances. The graph-based approach has already been
successfully applied to historical Latin manuscripts [16] and, more
recently, also to historical Chu Nom manuscripts [14]. We adapt
the method to the stone engravings and perform an experimental
evaluation of the entire annotation-free pipeline, to investigate its
potential and limitations for keyword spotting in Vietnamese stele
images.

The remainder of the paper is organized as follows. First, the
dataset is introduced in Section 2, followed by a description of the
keyword spotting system in Section 3 and the experimental evalua-
tion in Section 4. Finally, we draw some conclusions in Section 5.

2 DATASET OF VIETNAMESE STELE IMAGES
Our dataset is issued from a collection of inscriptions on steles
realized by the Ecole Française d’ExtrêmeOrient (EFEO) and Institut
Han-Nôm. The inscriptions on steles have been preserved by means
of stamping. This is a technique that consists of reproducing the
content of a stele on a sheet of paper. To do this, a binder, for
example banana juice, is put on the stone where a sheet of paper is
attached. Then, the stamper applies a roller coated with ink on the
entire surface of the stele. Thus, all the raised parts of the stele will
appear in black and the hollows in the stele, such as the inscriptions,
will appear in white.

A study by P. Papin [9] gives us information on the dating, the
places and the historical interest of the steles. Most of the steles
were erected between the XVII<4 and the XVIII<4 century, i.e. in
the middle of the restored Le dynasty. This period corresponds to a
period of weakening of the central power leaving more freedom to
the countryside. Thanks to this gain in autonomy, they developed
and recorded the changes in the daily life of the villages on steles.

The steles come mainly from the north of Vietnam (about 80%
of the corpus) and more precisely from the five provinces around
Hanoi which represent half of the corpus, and a third of the corpus
comes from the three provinces: Ha-Dong, Hai-Duong and Vinh-
Yên. It should be noted that these locations not concern the south of
the country. In the north, they specifically concern villages that are

rich enough to be able to build steles. That is to say, where they were
able to develop resources and trade, mainly in the rice-growing
plains and near waterways.

The vast majority of the corpus is on the scale of a village or
even a neighborhood of a village. These are internal documents of
the villages, sometimes of a peasant family itself. The majority of
the stele are religious steles of donations. Some steles are copies
on stone of minutes written on paper. This allowed decisions that
had been made to be displayed for all to see, without fear of their
deterioration due to weather conditions or armed conflicts. The
steles can also deal with questions of demarcation, markets, finances
or public construction. They are rich in social, economic, religious
and linguistic information about the villages.

In this paper we used a dataset2 of all the stele images for which
we had a transcription, with a total of 8 steles including 2,786
characters. The ground truth used for quantitative evaluation of
our keyword spotting system contains the exact character location
(bounding box) of each character on the stele images, together with
its Chu Nom unicode character.

3 KEYWORD SPOTTING SYSTEM
The proposed pipeline for annotation-free keyword spotting has
two components. First, a character detection network is trained on
synthetic page images and an unsupervised self-calibration to the
stele images is performed. Afterwards, a graph-based representation
is extracted from the detected character images as well as from
several template images of the search term. Finally, graph matching
is performed to retrieve the most similar characters. The two system
components are detailed below, followed by a description of the
evaluation measure used to evaluate the spotting performance.

3.1 Character Detection
For automatic character detection, we rely on a YOLO network [10]
and the self-calibration method introduced in [13]. In contrast to
typical object detection tasks, which aim to detect one or few ob-
jects in a natural scene, the goal of character detection is to find a
large number of small characters within a large document image.
The architecture of YOLOv5 used in our system is well-suited for
this purpose, as it performs detection at several scales, including
large scale with high resolution. It uses a Cross Stage Partial Net-
work (CSPNet) [18] as a backbone to extract convolutional feature
maps from the image. Afterwards, a Path Aggregation Network
(PANet) [6] is used as a neck to combine the feature maps across
different scales. Finally, a dual head performs both character classi-
fication as well as bounding box regression based on the feature
maps. For classification, a binary decision for being a character or
not is considered, instead of attempting to classify each Chu Nom
character individually.

The self-calibration process is illustrated in Figure 2. It starts by
generating synthetic stele images with a black border and a gray
background, on which printed Chu Nom characters are inserted
based on a font. Variations of the stele images are generated by
means of translation, salt and pepper noise, blur, and brightness
changes. After training an initial network on the synthetic data,
it is applied to the real stele images and the detection results are
2Available here: https://github.com/asciusb/steles_kws_database
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