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a b s t r a c t

Learning-based partial differential equations (PDEs), which combine fundamental differential invariants
into a non-linear regressor, have been successfully applied to several computer vision tasks. In this paper,
we present a robust hybrid method that uses learning-based PDEs for detecting texts from natural scene
images. Our method consists of both top-down and bottom-up processing, which are loosely coupled.
We first use learning-based PDEs to produce a text confidence map. Text region candidates are then
detected from the map by local binarization and connected component clustering. In each text region
candidate, character candidates are detected based on their color similarity and then grouped into text
candidates by simple rules. Finally, we adopt a two-level classification scheme to remove the non-text
candidates. Our method has a flexible structure, where the latter part can be replaced with any
connected component based methods to further improve the detection accuracy. Experimental results
on public benchmark databases, ICDAR and SVT, demonstrate the superiority and robustness of our
hybrid approach.

& 2015 Elsevier B.V. All rights reserved.

1. Introduction

Text detection and recognition in natural scene images have
received more and more attention in recent years [1–4]. This is
because text often provides critical information for understanding
the high-level semantics of multimedia content, such as street
view data [5,6]. Moreover, the demand of a growing number of
applications on mobile devices has brought great interest in this
problem. Text detection from natural scene images is very challen-
ging due to the complexity of background, uneven lighting,
blurring, degradation, distortion, and the diversity of text patterns.

There have been a lot of methods for scene text detection, which
can be roughly divided into three categories: sliding window based
methods [7–9], connected component (CC) based methods
[5,10,11], and hybrid methods [12]. Sliding window based methods
search for possible texts in multi-scale windows in an image and
then classify them into positives using a lot of texture features.
However, they are often computationally expensive when a large
number of windows, with various sizes, need to be checked and

complex classification methods are used. CC-based methods firstly
extract character candidates as connected components using some
low-level features, e.g., color similarity and spatial layout. Then the
character candidates are grouped into words after eliminating the
wrong ones by connected components analysis (CCA). The hybrid
method [12] creates a text region detector to estimate the prob-
abilities of text position at different scales and extract character
candidates (connected components) by local binarization. The CC-
based and the hybrid methods are more popular than the sliding
window based ones because they can achieve a high precision once
the candidate characters are correctly detected and grouped. How-
ever, such a condition is not often met: the low-level operations are
usually unreliable and sensitive to noise, which makes it difficult to
extract the right character candidates. The large number of wrong
character candidates can cause many difficulties in the post-
processing, such as grouping and classification.

Recently, Liu et al. [13] have proposed a framework that learns
partial differential equations (PDEs) from training image pairs,
which has been successfully applied to several computer vision
and image processing problems. It can handle some mid-and-
high-level tasks that the traditional PDE-based methods cannot. In
[13] they apply learning-based PDEs to object detection, color2-
gray, and demosaicking. In [14], they use an adaptive (learning-
based) PDEs system for saliency detection. However, these meth-
ods [13,14] may not handle text detection well. This is because text
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is a man-made object and its interpretation strongly depends on
human perception. The complexity of backgrounds, flexible text
styles, and variation of text contents make text detection more
challenging than previous tasks.

In most cases, texts cover only a small area of the scene image
(Fig. 1). So it will be beneficial for post-processing, like character
candidate extraction, if we could narrow down the candidates of
text region and eliminate annoying backgrounds. Although we
cannot expect that the learned PDEs can produce an exactly binary
text mask map, because the solution of the learned PDEs should be
a more or less smooth function, learning-based PDEs can give us a
relatively high quality confidence map as a good reference. So we
use learning-based PDEs to design a text region detector. It is
much faster than sliding window based methods because its
complexity is only O(N), where N is the number of pixels in the
image. Some examples containing the detected region candidates
are shown in Fig. 1. To make our method complete and comparable
to others, we further propose a simple method for detecting texts
in the region candidates.

In summary, we propose a new robust hybrid method using
learning-based PDEs. It incorporates both top-down scheme and
bottom-up scheme to extract texts in natural scene images. Fig. 2
shows the flow chart of our system and Fig. 3 gives an example. A
PDEs system is first learnt off-line with L1-norm regularization on
the training images. In the top-down scheme, given a test image as
the initial condition we solve the learnt PDEs to produce a high
quality text confidence map (see Fig. 3(b)). Then we apply a local
binarization algorithm (Niblack [15]) to the confidence map to
extract text region candidates (see Fig. 3(c)). In the bottom-up
scheme, we present a simple connected component based method

and apply it to each region candidate to determine accurate text
locations. We firstly perform mean shift algorithm and binariza-
tion (OTSU [16]) to extract character candidates (see Fig. 3(d)).
Then we group these components to text lines simply based on
their color and size (see Fig. 3(e)). Next we adopt a two-level
classification scheme (character candidates classifier and text
candidates classifier) to eliminate the non-text candidates. Then
we obtain the final result (Fig. 3(f)). Our system is evaluated on
several benchmark databases and has achieved higher F-measures
than other methods. Note that the parameters and classifiers are
only trained on the ICDAR 2011 database [17] as only this database
provides the required training information. But the proposed
approach still yields higher precisions and recalls on the SVT
databases [5,6] than other state-of-the-art methods. We summar-
ize the contributions of this paper as follows:

� We propose a new hybrid method for text detection from
natural scene images. Unlike previous methods, our method
consists of loosely coupled top-down and bottom-up schemes,
where the latter part can be replaced by any connect compo-
nent based methods.

� We apply learning-based PDEs for computing a high quality
text confidence map, upon which good text region candidates
can be easily chosen. Unlike sliding window based methods,
the complexity of learning-based PDEs for text candidate
proposal is only O(N), where N is the number of pixels. So
our learning-based PDEs are much faster. To our best knowl-
edge, this is the first work that applies PDEs to text detection.

� We conduct extensive experiments on benchmark databases to
prove the superiority of our method over the state-of-the-art
ones in detection accuracy. Note that unlike previous
approaches, after computing the text confidence map, all the
procedures are very simple. The performance could be further
improved if more sophisticated and ad hoc treatments are
involved.

The rest of this paper is organized as follows. Section 2 briefly
reviews the related work. Section 3 describes the top-down
scheme and Section 4 describes the bottom-up scheme. We
discuss the relationship between our method and some related
work in Section 5. Section 6 presents experiments that compare
the proposed method and the state-of-the-art ones on several
public databases. We conclude our paper in Section 7.

Fig. 1. Examples of the detected text region candidates (in green boxes) by learning-based PDEs in natural scene images (Images in this paper are best viewed on screen!).

Fig. 2. Pipeline of the proposed approach.
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