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Abstract Historical palm leaf manuscripts often contain dense unstruc-
tured text lines. The large diversity in sizes, scripts and appearance
makes precise text line segmentation extremely challenging. Existing line
segmentation approaches often associate diacritic elements incorrectly
to text lines and also address above mentioned challenges inadequately.
To tackle these issues, we introduce SeamFormer, a novel approach for
high precision text line segmentation in handwritten manuscripts. In
the first stage of our approach, a multi-task Transformer deep network
outputs coarse line identifiers which we term ‘scribbles’ and the bina-
rized manuscript image. In the second stage, a scribble-conditioned seam
generation procedure utilizes outputs from first stage and feature maps
derived from manuscript image to generate tight-fitting line segmenta-
tion polygons. In the process, we incorporate a novel diacritic feature
map which enables improved diacritic and text line associations. Via
experiments and evaluations on new and existing challenging palm leaf
manuscript datasets, we show that SeamFormer outperforms competing
approaches and generates precise text line segmentations.
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1 Introduction

Identifying text lines in ancient handwritten documents is an important problem
in document image understanding [53,14,8,15,17,26]. Since historical documents
usually contain text written in a highly unstructured manner with dense and
non-standard layouts, the problem is challenging. The challenge aspect is par-
ticularly apparent for palm leaf manuscripts of South-East Asia and the Indian
subcontinent. Western manuscripts predominantly use processed animal-skin
(vellum) as their base material. Though these are not immune to ravages of
time, palm leaf manuscripts are relatively more fragile. Also, palm leaves are
thin, delicate and prone to damage. Moreover, the already faintly written text
may fade over time and become indistinguishable from digitization noise. Doc-
ument analysis tasks on palm leaf manuscripts involve characteristic challenges
such as degradation, low contrast, variable inter-character and inter-line spacing
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Figure 1. An example to illustrate the importance of precise line segmentation in
palm leaf manuscripts. The ground truth upper and lower portions of the enclosing
line annotation are shown in red. The prediction is shown in blue. The green shaded
portions indicate crucial text fragments omitted by prediction causing the semantic
interpretation of text to change. For e.g., pink dashed region encloses a word ధరమ్
from the Indic language Telugu which means ‘moral duty’. The incorrect boundary
prediction causes the resulting line to contain a word ధర with a drastically different
meaning. ధర means ‘price’.

and morphological distortions in character shapes [38,44,25]. The large diversity
in spatial dimensions, languages, scripts, writing styles and presence of non-
textual elements further compound the challenge for text line segmentation.

The output of text line segmentation is often processed by a subsequent
Optical Character Recognition (OCR) module. Obtaining high precision seg-
mentation maps of text lines which could be used as masks compactly enclos-
ing the reference text is extremely crucial. Using such masks within the OCR
pipeline reduces semantic noise from adjoining line fragments generally present
in the text-line’s bounding box and potentially increases OCR performance. In-
dic and South-East Asian manuscript texts are characterized by orthographic
text fragments such as diacritics. These components typically exist at varying
distances from the parent text line. Due to the semantics associated with such
components, omission or incorrect association of diacritics to text lines during
segmentation can result in a dramatically modified linguistic interpretation of
the text (see Fig. 1). Therefore, it is essential to develop segmentation ap-
proaches for palm leaf manuscripts which are highly precise. The performance
of existing line segmentation approaches fall short in this aspect.

To tackle the challenge, we propose SeamFormer, a robust text line seg-
mentation framework for palm leaf manuscripts. SeamFormer is configured as
a two stage pipeline (Sec. 3). In the first stage, the manuscript image is pro-
cessed by a multi-task Transformer deep network to obtain the binarized image
and coarse identifiers for each text line which we term ‘scribbles’ (Sec. 3.1).
In the second stage (Sec. 3.2), the extracted scribbles, binarized image and
custom-designed feature maps are fed to a scribble-conditioned seam generation
algorithm which generates the desired tight fitting polygons enclosing the indi-
vidual text lines. Via experiments and evaluations on new and existing palm leaf
manuscript datasets, we show that SeamFormer generates significantly superior
line segmentations compared to other competing approaches (Sec. 5).

The source code, pretrained models and associated material are available at
this link: .

https://ihdia.iiit.ac.in/seamformer
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2 Related Work

Many approaches have been proposed for text line segmentation in other (i.e.
non palm leaf) historical documents. To encourage research, many historical
document datasets with line segmentation annotations have been introduced
and utilized in competitions at premier document analysis venues - refer to the
comprehensive survey paper by Nikolaidou et al. [34] for details.

Early approaches favoured the use of classical digital image processing tech-
niques followed by post processing. Alaei et al. [1] employ a painting technique
for foregrounding smearing to tackle unconstrained handwritten text line seg-
mentation for diverse languages. Grouping techniques utilizing nearest neigh-
bor [35], learning algorithms [39], and heuristic rules [28] have also been employed
for text line segmentation. Projection profiles are another popular top-down ap-
proach to isolate text lines [10,19,31,37,54]. However, profile-based approaches
cannot cope with highly curved lines and uneven layouts. Adaptive Local Con-
nectivity Map (ALCM) [45,46] is another technique for localizing and extracting
text lines directly from gray-scale images. Generally, these approaches employ
handcrafted processing elements with hyperparameters which do not general-
ize well across multiple datasets. The methods tend to require dataset specific
techniques for isolating text line elements (e.g. strokes, diacritics) and often fail
to disentangle touching components across consecutive text lines – a common
occurrence in handwritten documents.

In recent years, a number of deep learning based approaches have been em-
ployed as well [40,7,6,9,29,36,30,27]. Most of these approaches use a variant of
the popular U-Net [41] architecture. These methods have the appeal of being op-
timized end-to-end and work well on Western historical manuscripts. However,
the approaches require drastic downsampling of input image which eliminates
crucial inter-line information. Coupled with the boundary smoothing that oc-
curs when the network predictions are upsampled, this leads to imprecise and
unsatisfactory line segment boundary predictions for other types of historical
manuscripts such as ours (i.e. palm leaf).

Relatively few works have tackled line segmentation for palm leaf manuscripts.
In their survey paper, Kesiman et al. [25] consider palm-leaf manuscripts from
South-East Asia and evaluate numerous line segmentation approaches developed
for other (non-Asian) historical documents. Chamchong and Fung propose an
adaptive partial projection (APP) technique [13], an improvement over their
earlier partial projection approach [12] for line extraction in Thai manuscripts.
Valy et al. [51] propose an approach which also employs connected components
and projection profiles to determine medial positions of text lines followed by a
path finding approach to mark the text line boundaries in Khmer manuscripts.
Kesiman et al. [22] employ a similar approach for Balinese manuscripts. Apart
from the assumption of a component-based script, these approaches inherit the
shortcomings of projection-based works mentioned previously.

Works which employ deep neural networks for palm leaf manuscript text line
segmentation are even fewer. Jindal and Ghosh [21] use a Faster-RCNN model to
obtain bounding boxes for a collection of Indic palm leaf manuscripts. However,
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this approach cannot tackle the curvature of lines which is present in almost
all manuscripts. Prusty et al. [38] and Sharan et al. [44] propose approaches
which modify the Mask-RCNN [20] framework for segmenting various semantic
regions including text lines in Indic manuscripts. Despite their relatively better
performance and ability to tackle line curvature, these approaches produce overly
smoothed line boundaries and even tend to have false negatives (i.e. missed lines)
on some occasions.

Seam generation, an approach involving optimization over image-derived en-
ergy maps [5], is a popular approach for text line segmentation. Saabni and
El-Sana introduce a seam generation algorithm based on an energy map cal-
culated using Signed Distance Transform (SDT) for Arabic manuscripts [42].
However, the approach involves repeated energy map computations for each line
and significant dataset-specific post-processing to tackle overlapping components
and diacritics. Asi et al. [4] improve upon the aforementioned approach by re-
placing SDT with a geodesic distance transform energy map. This method fails
to tackle elongated letters and widely separated diacritics. Nikolaos et al. [3]
use a medial line obtained using a projection profile approach to guide seam
generation for line segmentation in multiple historical datasets. However, the
method requires dataset specific parameter tuning for various pipeline stages.
Alberti et al. [2] first employ a deep network to obtain a binarized version of the
image. Seam generation is applied on the binary image to obtain coarse region
boundaries, followed by a graph-based connected component procedure to obtain
the polygonal line boundaries. The approach is not suitable for highly skewed
and unevenly curving text found in palm leaf manuscripts.Nguyen et al. [32] also
apply seam carving approach to binarised images. For enhancing the seam gen-
eration process , along with the energy map they have introduced a global cost
function for better detection of the ascenders, descenders and diacritics. The
approach is not suitable for skewed or curved text and requires heavy dataset
specific parameter tuning for its proposed cost functions.

In existing approaches [42,4,3,2,27], seam generation is generally used to
separate text lines rather than them. As a result, extraneous isolated
character fragments and noisy background elements present beyond the line’s
text content are often included as part of the line. In contrast, our approach
generates polygons which compactly enclose the text lines. As a novel element,
we introduce a custom energy map in our polygon generation stage which em-
phasizes proper association of diacritics to the parent text line. Another marked
departure from existing methods is the absence of final post-processing. This
enables our approach to generalize across multiple palm leaf manuscript datasets
containing documents with varying scripts and text line densities.

3 Approach

Given the input palm leaf manuscript image, our objective is to
generate tight-fitting polygons enclosing each of the text lines. Our processing
pipeline has two stages – ‘scribble generation’ (Sec. 3.1) and ‘text line polygon



Title Suppressed Due to Excessive Length 5

STAGE - I STAGE - II

Manuscript

Scribble Map

Text Line Polygons

Binarized Manuscript

Figure 2. An outline of our SeamFormer pipeline for manuscript line segmentation
(Sec. 3.
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Figure 3. Stage I: Scribble Generation Module - see Sec. 3.1.

generation’ (Sec. 3.2) – see Fig. 2. In the first stage, the manuscript image is
processed by a deep network which generates coarse binary medial blobs for
each individual text line and a binarized version of the image. The medial blobs
are further processed to extract coarse spatial identifiers for each line termed as
‘scribbles’. In the second stage, scribbles from first stage and custom-designed
feature maps derived from binarized image are fed to a seam generation algo-
rithm which generates the desired tight-fitting polygons enclosing the individual
text lines.

We set up a multi-task variant of Vision Transformer (ViT) deep network archi-
tecture [16] to obtain two outputs - the binarized version of the input manuscript
image and the medial blob masks for each text line (see Fig. 3). In a conventional
ViT architecture, position-encoded patches of input image are processed within
a Transformer [52] framework employing multi-head attention to obtain output




