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Abstract

Recent learning-based approaches show promising performance improvement for scene text removal task. However, these
methods usually leave some remnants of text and obtain visually unpleasant results. In this work, we propose a novel “end-
to-end” framework based on accurate text stroke detection. Specifically, we decouple the text removal problem into text stroke
detection and stroke removal. We design a text stroke detection network and a text removal generation network to solve these
two sub-problems separately. Then, we combine these two networks as a processing unit, and cascade this unit to obtain the final
model for text removal. Experimental results demonstrate that the proposed method significantly outperforms the state-of-the-
art approaches for locating and erasing scene text. Since current publicly available datasets are all synthetic and cannot properly
measure the performance of different methods, we therefore construct a new real-world dataset, which will be released to facilitate
the relevant research.

Index Terms

scene text removal, text stroke detection, generative adversarial networks, cascaded network design, real-world dataset

I. INTRODUCTION

Scene text is an important information carrier, and often appears in various scenarios. The problem of scene text removal
can be stated as follows: given an image with appropriate amount of text [e.g., Fig. [[{a)], the goal is to remove the text in
this image [e.g., Fig. [I(d)]. This task has many applications in our daily life, such as personal private information protection
(hiding telephone numbers or home address from public photos), text translation (removing the original text and pasting new
translated results), and so on.

Several approaches have been proposed to erase graphical text (e.g., subtitles) from color images [ 1|-[3]]. For the challenging
scenario of scene text removal, which usually has complex background and text with various fonts and sizes, etc, however, these
methods often produce results with visual artifacts. Inspired by the notable success of deep learning in image transformation [4]—
[6]], recent works have introduced deep-learning-based approaches to solve this problem and have achieved promising results [7]—
[9]. The learning-based methods can be roughly classified into two main categories, i.e., text removal without/with using mask.
The former simply takes the given image as input and removes all the texts from the whole input image. This kind of methods
often left noticeable remnants of text or distort non-text area incorrectly, and cannot remove text locally. The latter usually
uses a region mask, i.e., a rectangle or polygon mask roughly indicating the text region [e.g., Fig. [I[b)], as additional input to
facilitate the text removal.

Recent MTRNet [9] achieved noticeable improvement compared to prior works for scene text removal, by focusing on text
regions via auxiliary/binary mask. In fact, their pipeline is similar to the general image inpainting tasks [|10], [11]. However,
there is an apparent difference between them: for the text removal, the pixel values of original input image in the regions
indicated by auxiliary mask (i.e., text regions) are known; whereas the corresponding values are unknown (corrupted) for the
general image inpainting, i.e., the so-called missing regions. Generally speaking, when the regions to be processed (indicated
by mask) are larger, it becomes harder to fill or remove the corresponding regions not only for the image inpainting, but also
for the text removal. In addition, for the scene text removal problem itself, there is no need to remove regions not covered
by text strokes like MTRNet. In other words, the mask used by MTRNet covers some unnecessary/redundant regions (i.e.,
non-stroke areas), especially when text strokes are scattered sparsely. It is obvious that if we can extract the exact text stroke,
which means that we can preserve original contents of input image as much as possible, and then we could achieve better
result. However, such precise areas are difficult to obtain, to best of our knowledge, there is no related research to focus on
distinguishing text strokes from non-stroke area in the pixel-wise level.

In this paper, we propose a novel “end-to-end” framework based on generative adversarial network (GAN) to address this
problem. The key idea of our approach is first to extract text strokes as accurately as possible, and then improve the text
removal process. These two processes can be further enhanced via a simple cascade. In addition, current public datasets for
scene text removal are all synthetic, which to some extent affect the generalization ability of trained models. To facilitate this
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Fig. 1. Sampled results of the proposed scene text removal method. From left to right: (a) input image, (b) the region mask, (c) text stroke mask obtained
by our TSDNet, and (d) the final result. Each row shows a representative result of commonly appeared scenarios.

research and be close to real-world setting, we construct a new dataset with high quality. The main contributions of our work
include:
o We design a text stroke detection network (TSDNet), which can effectively distinguish text strokes from non-text area.
e We propose a text removal generation network and combine it with TSDNet to construct a processing unit, which is
cascaded to obtain our final network. Our method demonstrates the superior performance.
o We propose a weighted-patch-based discriminator to pay more attention to the text area of given images, making it easier
for the generator to generate more realistic images.
« We construct a high-quality real-world dataset for the scene text removal task, and this dataset can be used to benchmark
related text removal methods. It can also be used in other related tasks.

The remainder of this paper is organized as follows. Section [[I] reviews relevant existing work. Section [[II] introduces the
motivation and network details of our method. Section [IV] presents the performance evaluations for our method and detailed
comparisons with existing methods. Section [V] draws the conclusions and discusses the future working directions.

II. RELATED WORK
A. Scene text detection

Scene text detection is a fundamental step of scene understanding and is widely studied in the field of computer vision [12].
With the aid of deep learning, the performance of scene text detection framework has been significantly improved and surpassed
traditional methods by large margins. Shi et al. [13] decompose text into two locally detectable elements of segments and
links, which are simultaneously detected by a fully-convolutional network. Liu et al. collect a curved text dataset called
CTW1500 to facilitate the curved text detection task, and propose a method with the intergration of transverse and longitudinal
sequence connection. Chen et al. [15] propose the concept of weighted text border and introduce attention module to boost the



detection performance. To obtain better detection performance, multi-scale pyramid input is widely used with the consumption
of much more running time. He et al. [[16] achieve remarkable speedup via a novel two-stage framework including a scale-based
region proposal network and a fully convolutional network. CRAFT [17] effectively detect arbitrary text area by exploring
each character and affinity between characters. In this work, we adopt this method as the tool to measure the performance of
scene text removal (more details in Section [[V-B).

B. Text/non-text image classification

Another relevant research is text/non-text image classification, which identifies whether a image block contains text or not.
Zhang et al. 18] first propose an effective method for text image discrimination, which is the suitable combination of maximally
stable extremal region (MSER) [19]], CNN, and bag of words (BoW) [20]. Bai et al. [21] propose a mutli-scale spatial partition
network to efficiently solve this task by predicting all image blocks simultaneously in a single forward propagation. Zhao
et al. [22] investigate this task from two perspectives of the speed and the accuracy. They use a small and shallow CNN to
accomplish high speed and then apply the knowledge distillation to improve its performance. Very recently, Gupta and Jalal
[23] combine a text detector EAST [24]] and classification subnetwork to achieve text/non-text image classification. Different
from these previous works, our method mainly captures the exact position of text stroke, i.e., in the pixel-wise level, instead
of image block/patch-wise level, to effectively facilitate the text removal network.

C. Scene text removal

Existing approaches of the scene text removal can be classified into two major categories: traditional non-learning methods
and deep-learning-based methods.

Traditional approaches typically use color-histogram-based or threshold-based methods to extract text areas, and then
propagate information from non-text regions to text regions depending on pixel/patch similarity [1]-[3]]. These methods are
suitable for simple cases, e.g., clean and well focused text, whereas they have limited performance on complex scenarios, such
as perspective distortion and complicated background, etc.

Recent learning-based approaches try to solve this problem with the powerful learning capacity of deep neural networks.
Nakamura et al. [7] first propose a scene text erasing method (ST Eraser) based on convolutional neural network (CNN), and
conducted text erasing patch by patch. This patch-based processing fails to localize text with complex shape and inevitably
damaged the consistency and continuity of erased result. More recently, Zhang et al. [§] design an end-to-end trainable
framework (EnsNet) with a conditional GAN to remove text from natural images. Different from [7] which erases text in an
image patch by patch, EnsNet can erase the scene text on the whole image in an “end-to-end” manner. For these two works,
they do not use mask, and thus need to localize and remove text simultaneously. Such kind of methods often suffer from
inaccurate text localization and incomplete text removal. To solve this, Tursun et al. [9]] develop a mask-based text removal
network (MTRNet). Auxiliary mask is used to provide information on where the text is, and enables MTRNet to focus on text
removal better. The additional information provided by mask is the main reason why MTRNet outperforms previous studies.
MTRNet also supports partial/local text removal by providing mask purposefully. All of these existing approaches often leave
some text strokes unchanged or generate unpleasant contents because they cannot appropriately and exactly pay attention to
the text strokes. Another shortcoming of current methods is that their training datasets are all synthetic, because the collection
of real-world datasets are difficult and time-consuming.

In addition, a closely related problem to scene text removal is the general image inpainting, which aims at synthesizing
plausible contents to fill missing/hole regions of the corrupted input images. Image inpainting has been extensively studied
with the aid of deep learning methods. More recently, several GAN-based approaches are proposed for this purpose [10]], [25]],
[26] and show strong ability of generating reasonable contents for missing regions. We also use the GAN framework in our
approach for text removal.

III. PROPOSED METHOD

Region mask is commonly used in general image inpainting studies to indicate which regions should be filled. MTRNet [9]
first introduces region mask into text removal task, and achieves good performance. Yet such direct introduction and application
is inappropriate because it ignores the difference between scene text removal and general image inpainting. Region mask is
suitable for image inpainting where it properly specifies the to-be-filled region. When directly applying in the text removal mask
like MTRNet, unfortunately, it cannot reach pixel-level accuracy in distinguishing which regions are text strokes. Regarding
the above inappropriateness, we believe that a more accurate text stroke mask can help to improve the performance of text
removal methods. We therefore propose to decouple the text removal task into two sub-tasks: text stroke detection and stroke
removal, and solve them separately. In the following, we explain the details of our network architectures and the training losses
used in our network.
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Fig. 2. The overall structure of the proposed generator, which consists of cascaded Text Stroke Detection and Text Removal Generation. ¢ indicates the
concatenation of image, region mask and stroke mask. The convolutional kernel size of the first layer of G and G’R is 5 x 5, and the remaining kernel size
is 3 X 3 in our proposed generator.

A. Network architecture

We design and implement a text stroke detection network, and then combine it with our proposed text removal generation
network to construct a processing unit. The final network is obtained by cascading this unit and combining with a weighted-
patch-based discriminator.

1) Cascaded generator: The proposed generator is designed for the following two purposes, i.e., 1) to detect text strokes in
the input image accurately; 2) to inpaint the detected text strokes with proper content. To achieve the first goal, we construct
a text stroke detection network (TSDNet). For the second goal, we propose a text removal generation network (TRGNet). The
whole generator is obtained by cascading the group of TSDNet and TRGNet, as shown in Fig. 2] Note that, the parameters in
these four networks are not shared. Technically, both TSDNet and TRGNet employ a U-Net-like architecture [27], since by
comparing with simple encoder-decoder framework, the U-Net architecture with skip connection helps to recover the structure
and the texture details of unmasked area from input images, as well as to avoid over-smoothing and undesired artifacts to some
extent.

The inputs of the TSDNet (noted as Gp), are a text image I and a binary mask M (indicating the text regions). The output
is a float matrix Mg with the same size as M, ranging from 0 to 1, in which larger value indicates higher confidence that
corresponding position of image I is covered by text stroke.

M, = Gp(I, M). (1)

The ground-truth of text stroke distribution is a binary mask Mg¢, in which 1 means corresponding position of I is covered
by text stroke. Different from M which only specifies the rough region of certain text, Mg is a pixel-level annotation of text
strokes. Practically, Mg can be obtained by binarizing the difference between paired text image I and text-free image Ig¢
(see more details in Section [[V-A), and this stroke annotation is only used in the training stage as the supervised information
to train TSDNet.

After obtaining the stroke mask Mg, the TRGNet G is then applied to erase text from the input image I. G takes three
items as input, namely, text image I, binary mask M, and obtained stroke mask Mg from G p, and outputs text-erased image
Itea i.e.,

Ite - GR(Ia Ma MS) (2)

A TSDNet followed by a TRGNet (the first row of Fig. [ can already detect and erase text effectively, but the result images
(Ite) sometimes contain awkward artifacts and slight remnants of text. We observed that a simple cascade can eliminate such
artifacts and bring visual improvement significantly. The designed architecture is as follows: the second TSDNet G/, takes
Iie, M, and My as input, and outputs M. Then, the second TRGNet Gh takes Ite, M, and M/ as input, and outputs the
final text-erased result Ij,. Through combining the previous outputs, G’ obtains more accurate text stroke distribution in an
incremental manner, and thus G’; can reduce artifacts and inconsistency effectively.

Previous studies such as EnsNet and ST Eraser, which simply take an image/patch as input and try to erase text without
any prior information, showed relatively limited performance. In this work, we use a binary mask (specifying the text region)
as additional information to decrease the difficulty of detecting and erasing text at the same time, and design a TSDNet to



Fig. 3. Architecture of our proposed weighted-patch-based discriminator. * means element-wise multiplication between two branches with broadcasting. The
convolutional kernel size is 5 X 5.

provide more accurate instruction on which area should be removed. By doing so, we successfully decouple text removal into
text stroke detection and stroke removal, and propose an effective solution and framework to solve these decoupled problems.

2) Weighted-patch-based discriminator: As text removal only needs to alter partial content of input image, thus a patch-based
discriminator (see Fig. E[) is more suitable to effectively concentrate on altered areas. In this work, we use the discriminator
proposed in SN-PatchGAN [26], to discriminate the text-erased image patch by patch. We further improve the original
discriminator by attaching an additional convolutional branch D, to discriminator D for assigning different weights to different
patches according to mask M. The Dy, has the same architecture as the D, but each layer only has one channel and weights
in convolutional kernel are fixed to 1. By doing so, the patches covered by more text will be paid with more attention.

B. Training loss

In this subsection, we present our loss functions for the generator and discriminator. To verify that our proposed method is
valid, we use relatively simple loss function when training our network. For TSDNet Gp and G’;, we use simple 1 loss,

Lrsp = E[[[Ms = Mgill1 + A - ML — Mgilla], 3

where \; balances the ; loss of Gp and G',. We set A, = 10 in all our experiments, as most text strokes have been detected
by G D-

For scene text removal task, our main goal is to remove the text and preserve the non-text regions, therefore, more attention
have to be paid to masked area (indicated by M), especially detected stroke area (indicated by Mg/ML). More precisely, we
define the corresponding weight matrix My, and M/, for G and G'; as following, respectively:

Mw:]].+)\mM+)\sM57

/ / 4
M, =1+X, M+ ;- M,
where 1 has same shape as M and its all elements are 1. Then, the total loss of Gr and G’ is defined as
Lr1r6 =BT © My~ Tgt @ My |1
&)

+ A ||I::e QM:N 7Igt GM:N”l ;

where © is the element-wise product operation, and A, is the balance parameter. In all our experiments, we set A,, = 5,
As = 5, and A\, = 10.



For the objective function of patch-based GAN, we use the hinge version of adversarial loss [29], [30]. The corresponding
loss function for generator and discriminator are respectively defined as

& = —E[Du(M) © D(L,,)]. ®)

o =E [ReLU(l - Du(M)© D(Igt))} +

(7
E [ReLU(l + Dy (M) & D(I;e))} .
Note that, ©® means element-wise product with broadcasting in terms of depth.
To summarize, the total loss for our cascaded generator is the summation of Eqn. 3] [5 and [6}
L = Lrsp + Lrre + LE ®)

Moreover, we observed that the perceptual loss [4] and the style loss [31] have no noticeable improvement for our task.
One reason is that scene text is usually located in relatively flat area. The total variation loss [32]] has no apparent effect on
the erased result either, and thus is not used in our method.

IV. EXPERIMENTAL RESULTS

To evaluate our proposed method quantitatively and qualitatively, we compare our method with recent state-of-the-art text
removal methods and general image inpainting methods, on synthetic dataset and our collected real-world dataset. Ablation
study is also conducted to evaluate different components of our network.

A. Dataset

To train the deep model for text removal task, paired text image and text-free image are required. However, it is difficult
to obtain such paired data for real-world scene images, this is why synthetic datasets are used for constructing text removal
dataset in previous approaches. Currently, there are only two synthetic datasets, i.e., the Oxford synthetic scene text detection
dataset [33] and the SCUT synthetic text removal dataset [8]]. These two datasets adopted the same synthetic technology
proposed by [33]], and shared the same drawback, i.e., given a text-free image as background, a few or more images with
synthesized text are obtained. For instance, the Oxford dataset synthesized 800,000 images using only 8,000 text-free images,
which means that each 100 text images are synthesized using the same background image, leading to insufficiency of the
diversity of background. Such kind of repetition would cause negative affect to the generalization ability of models.

In addition, synthetic data is only an approximation of real-world data. Current text synthesis technologies cannot generate
realistic enough text images, which would restrain the text removal ability of models trained on synthetic data. When existing
text removal methods are trained on synthetic dataset, and then tested on real-world data, we found that there often exists
obvious text remnants and unsatisfactory artifacts, which is quantitatively analyzed in Section To this end, we propose
to construct a real-world dataset for the text removal scenario.

To construct such dataset, we first collect 5,070 images with text from ICDAR2017 MLT dataset [34], and 1,970 images
captured from supermarkets and streets, etc. Then, post-processing are applied to obtain corresponding text-free images, region
masks, and text stroke masks. We manually remove the text from these collected images and obtain text-free images as ground-
truth using the inpainting tools in Photoshop®. The region masks are annotated by using VGG Image Annotator tool [35]]. For
the ground-truth stroke mask, we first compute the difference between paired text images and text-free images, and then turn
it into a binary image. To enrich the diversity of our dataset, we also use synthesis method and then manually select 4,000
images with high realism. In total, we obtain 11,040 images as training set (Train_rw). Several samples of our dataset are
shown in Fig. 4] To construct testing set (Test_rw), we additionally collect 1,080 real-world images and apply the same above
post-processing to obtain the text-free images, region masks and text stroke masks.

In this work, we mainly conduct the experiments and comparisons on our real-world dataset. In the meanwhile, we also
conduct experiments on a public synthetic dataset, i.e., the Oxford dataset [33]], which is much larger than the SCUT dataset [8]].
For the Oxford dataset, we randomly select 75% of the whole dataset as training set (Train_ox), and then randomly select
2,000 images from remaining set as testing set (Test_ox). Note that, for these two datasets, i.e., our real-world (RW) dataset
and Oxford dataset, there is no overlapping between training set and testing set.

B. Evaluation metrics

We evaluate the performance from two different aspects: (1) can the method remove text from an image completely; (2)
can text area be replaced with appropriate content. An accurate text detector is often used for the former evaluation metric.
As for a text-erased image, the cleaner text is erased, the fewer text will be detected. In this work, we use the state-of-the-art
text detector CRAFT [17] and use DetEval protocol [36] for evaluation (i.e., recall, precision, and f-measure). For the second
evaluation metric, we adopt general image inpainting metrics, and mainly use the following three indicators: 1) mean absolute
error (MAE); 2) peak signal-to-noise ratio (PSNR); and 3) the structural similarity index (SSIM).
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Fig. 4. Samples of our dataset. From left to right: images with text, text-free images, region masks, and text stroke masks.

C. Implementation details

We implement our network using TensorFlow 1.13. The GPU version is TITAN RTX of NVIDIA® corporation. Input images
are resized to 256 x 256. Adam optimizer with a minibatch size of 16 is used to train our network, and its 5 and [
are set to 0.5 and 0.9 separately. Initial learning rate is set to 0.0001. The model is trained for 10 epochs on our dataset and
6 epochs on Oxford dataset.

D. Dataset comparison

Fig. 5] shows the comparison between Oxford synthetic dataet and our real-world dataset using two different networks
(MTRNet and our proposed network). Each group of images contains the input (left), the result of model trained on Oxford
dataset (middle), and the result of model trained on our dataset (right). It is obvious that the text in right image of each group
is better removed, especially for our method (the second row in Fig.[5), which has no noticeable remnant and better preserves
the original image details, such as lighting effect. This indicates that our dataset is more suitable for the scene text removal,
even though the number of images in Oxford dataset is much larger than that of ours.

E. Comparison with state-of-the-art methods

We quantitatively and qualitatively compare our method with state-of-the-art text removal methods: ST Eraser [7]], EnsNet [8],
and MTRNet [9], as well as recent image inpainting method: GatedConv [26]. We use the official implementation of EnsNet
and GatedConv, and re-implemented ST Eraser and MTRNet.

Table [I| reports the quantitative comparison of the above five methods on the Oxford dataset and our dataset. We can find
that our method is superior to other methods in MAE, PSNR,and SSIM by a large margin. When training on Train_rw and
testing on Test_ox, our method achieves the best performance, and this phenomenon also exists when training on Train_ox and
testing on Test_rw. This observation further indicates that our network has better generalization capability. For the cross-dataset
validation, the results of training on Train_ox and testing on Test_ox are relatively similar with that of training on Train_rw
and testing on Test_ox (see Table |Il column 9-14). However, the performance of training on Train_rw and testing on Test_rw is
obviously better than that of training on Train_ox and testing on Test_rw (see Table [[] column 3-8), e.g., the PSNR and SSIM
of EnsNet are improved by 7.37 (from 26.41 to 33.78) and 8.13% (from 87.30% to 95.43%), respectively. These two results
imply that our dataset is more suitable for this scene text removal task, especially for the real-world applications.
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Fig. 5. Oxford dataset vs. Our dataset. We use different datasets to train the same method and compare the generalization ability of obtained models. The
first row corresponds to the results of MTRNet and the second row corresponds to that of our method. Every three consecutive images (in row) form a group.
For each group, from left to right: (a) the input image, (b) text removed result by model trained on the Oxford dataset, and (c) the text removed result by
model trained on our dataset.

TABLE I
QUANTITATIVE COMPARISON OF OUR METHOD AND STATE-OF-THE-ART METHODS. ALL METHODS ARE TRAINED AND TESTED ON THE OXFORD
DATASET AND OUR DATASET SEPARATELY. FOR PSNR AND SSIM (IN %), HIGHER IS BETTER; FOR MAE, R (RECALL), P (PRECISION), AND F
(F-MEASURE), LOWER IS BETTER.

Testing set Test_rw Test_ox
Training Method MAE PSNR SSIM R®%) P%) F% MAE PSNR SSIM R%) P%) F%)
set Original image - 43.25 40.68 41.93 4824  67.93 56.42

ST Eraser(2017) 2.52 2720  91.13 6.23 20.55 9.56 2.67 2794 9024 1442 4927 2231
EnsNet(2019) 1.22 3378 9543 1.94  20.18 3.53 1.89 31.37  93.03 7.25 49.84  12.65

Train_rw MTRNEet(2019) 1.62 3431  96.34 0.55 17.14 1.06 2.31 31.81 9236 049 3727 096
GatedConv(2019) 1.42 34.82  96.10 0.04 1.49 0.08 2.50 3042 8952 0.01 6.25 0.03

Ours 0.75 3944 97.56 0.35 10.23 0.68 1.63 3440 93.97 0.05 15.38  0.10

ST Eraser(2017) 4.26 21.52 8220 2834 36.17 31.78 577 2092 77.05 2156 48.60 29.87
EnsNet(2019) 2.55 2641 8730 23.77 3456 28.17 1.75 32776 9320 4.07  46.09 748

Train_ox MTRNEet(2019) 1.89 3253 92,68 11.07 3495 1682 224 31.79  92.06 1.79 4275 3.43
GatedConv(2019) 1.48 3432 9593 0.02 1.27 0.04 2.16 31.31 9130 0.03 17.86  0.06

Ours 1.23 36.23  96.64 0.33 10.89  0.64 1.72 3448 9447  0.00 0.00 0.00

Our method has the best performance among four scene text removal methods when evaluated by recall, precision, and
f-measure. These three metrics are often lowest for GatedConv, because GatedConv first fully removes the text area and then
fill the so-called missing region. Such processing can avoid incomplete text removal, bringing lowest recall, precision and
f-measure, but can also bring obvious over-smoothing and boundary inconsistency to inpainted area, as shown in the following
qualitative comparison.

Fig. |6 shows the text-erased images of all five methods. Compared with other text removal methods, our method is more
effective in erasing text and inpainting text area with proper content. In the first row of Fig. [6] our result preserves more
consistent texture details with original non-text areas, whereas that of other methods has obvious text remnants or visual
inconsistency. Comparing the results in the fifth row, our result has no text remnant and well maintains the original structure,
i.e., the light transition. Furthermore, the text-erased images of our method show more reasonable texture details than that of
GatedConv (comparing the fifth and sixth column in Fig. [6). The reason is that GatedConv first replaces the masked area with
blank images, which will lose the useful detail information, thus resulting in the filling of texture itself becomes relatively
more difficult. These results indicate that the reasonability of distinguishing text stroke area from non-text area in the masked
region, which can guide the network to focus on text stroke area and preserve the useful information of original input image.

As analyzed earlier, using text region masks instead of text stroke masks is an important reason why existing scene text
removal methods have limited performance. Inspired by this, our proposed novel and generic framework decouples the text
removal problem into text stroke detection and stroke removal, and achieves superior performance. Following the pipeline of
our “end-to-end” framework, a two-stage method, i.e., first extracting text strokes with a semantic segmentation algorithm and
then filling these holes with image inpainting approach (e.g., GatedConv [26]]), may be possible to handle this task. Fig. [7]
compares the results of our method, GatedConv, and this two-stage method. In this experiment, we simply use the detected
stroke mask via our TSDNet as the output of the first stage for the two-stage method. In the third and sixth row of Fig. [7}
we find that the results of this two-stage method [(c) and (d)] both are visually unpleasant, whereas the results of our method
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Fig. 6. Qualitative comparison of all methods. The top three rows are synthetic images, and the rest are real-world images. From left to right: input image,
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[(a)] are consistently good. Noticeably, the final result of this two-stage method is sensitive to the output of the segmentation
stage, i.e., the detected text stroke mask, when directly using the stroke mask provided by our TSDNet, there is plenty of text
remnants [see Fig. [/(c)], and this phenomenon is improved by dilating the corresponding stroke mask [see Fig. [7(d)]. The
possible reason is that GatedConv relies so much on the surroundings of the masked area that a tiny noise would effect the
final text removal results noticeably. On the contrary, our “end-to-end” framework only takes the detected stroke mask of our
TSDNet as the middle information, and thus is robust to stroke mask.

F. Multi-lingual text removal and selective text removal

In this subsection, we also illustrate more results about multi-lingual text removal and selective text removal. We train
MTRNet [9] and our method on our real-world dataset, and the corresponding results are reported in Fig. 8] Compared with
MTRNet, our method can successfully remove the text in various languages. The reason is that our text stroke detection network
focuses on the text, even learns the difference between various languages, and thus provides more useful information for the
consecutive text removal generation network than the region mask.

In addition, our method can also accomplish the selective text removal. Given an auxiliary mask, where the desired removal
text is indicating by a polygonal mask, our method can purposefully remove desired texts and does not affect the other text.
Several sampled examples are shown in the last three rows of Fig. [§]



Berghauernjoghurt
& Marille

(@

(b)

Berghauernjoghurt
& Marille

SCHOKIS

Bergbauernjoghurt
& Marille

(©

(d)

10

Fig. 7. Comparison of our method with a two-stage method. For each group (including three rows), the first and second rows are the inputs of network, and
the third row is the final result. From left to right: (a) our method; (b) GatedConv with rectangle mask; (c) GatedConv with stroke mask, which is detected

by our TSDNet; (d) GatedConv with dilated stroke mask.
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our output, and detected stroke mask of our method. Both models are trained on our dataset.

TABLE I
ABLATION STUDY. MODELS ARE TRAINED ON TRAIN_RW AND TESTED ON TEST_RW. TMAE IS THE MEAN ABSOLUTE ERROR BETWEEN DETECTED
STROKE MASK AND GROUND-TRUTH STROKE MASK.

Method MAE PSNR SSIM(%) tMAE%)
Baseline 1.59  35.00 95.42 -
WD 1.00  38.31 97.22 -
TSDNet 098  38.17 97.33 7.63
WD + TSDNet  0.92 38.47 97.48 4.85
Cascade 0.75 39.44 97.56 4.73

G. Ablation study
Next, we study the effect of different components of our network. The corresponding results are reported in Table [T and

Fig. 9

1 )lBaseline: For baseline model, we use a single TRGNet G (shown in Fig[J) as the generator, and use the discriminator
proposed in SN-PatchGAN [26] as the discriminator (i.e., D in Fig. [3). The inputs of TRGNet here are a text image I and a
binary mask M. Comparing Table || and [IT, we find that such designed baseline model already shows similar performance with
previous text removal methods, including EnsNet which does not use auxiliary mask and MTRNet which uses region mask.
The visual results are also good as shown in the second column of Fig.

2) Weighted-patch-based discriminator (WD): Original discriminator proposed in SN-PatchGAN treats all patches equally.
In our work, masked regions indeed are the focus of our attention. We propose a weighted-patch-based discriminator, which
can pay more attention to masked area via assigning higher weight. Comparing the rows of “Baseline” and “WD” in Table [[I}
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it shows that our proposed discriminator can significantly improve the performance of the baseline model with the help of this
weighted design. For example, the first row in Fig. [0] shows that our proposed weighted-patch-based discriminator can help to
maintain the structure consistency of given image.

3) Text stroke detection network (TSDNet): A TSDNet is added into baseline model to prove the effectiveness of accurate
text stroke extraction. As shown in Table |I_1'|, baseline model with TSDNet obtains much higher PSNR, SSIM, and much lower
MAE (compare the rows of “Baseline” and “TSDNet”). Our proposed TSDNet can effectively distinguish whether the given
area is text stroke or not. And this useful information can help TRGNet to remove masked areas more purposefully. When
combining the WD and TSDNet (see “WD+TSDNet” in Table [[I), the performance can be further improved. Comparing the
results in the second row of Fig. [9] it can be seen that our TSDNet can help to completely remove text from image (see the
character “T”).

4) Cascaded TSDNet and TRGNet (Cascade): Cascading of TSDNet and TRGNet can help to fix minor mistakes and slight
text remnants of the first unit of TSDNet and TRGNet, such as, completing partial-detected text stroke, removing text residual,
and fixing visual artifacts. We also experiment three cascade, and the text-erased results are a little bit blurry. A possible reason
is that part of high frequency information is lost during cascading.

5) The effect of stroke detection: The text stroke detection is an important ingredient of our generic framework, here, we
further discuss the effect of stroke detection performance on the final text removal. When inserting TSDNet into the Baseline,
the performance is obviously improved, which validates our design of the TSDNet. Furthermore, the text stroke detection
performance is enhanced via the cascaded design (tMAE of “Cascade” is significantly smaller than that of “TSDNet” in
Table |m), in the meanwhile, the text removal performance is better. This further illustrates that the improvement of stroke
detection can enhance the final text removal result.



V. CONCLUSION

In this work, we proposed a novel GAN-based framework to solve scene text removal task via decoupling text stroke
detection and stroke removal. We designed and implemented a text stroke detection network and a text removal generation
network, and constructed the final model by cascading the group of above two networks. Quantitative and qualitative results
illustrate the superior performance of our proposed network. Our study implies that it is beneficial to know the position of text
strokes for the scene text removal problem. To the best of our knowledge, our study is the first to reveal the importance of
accurate text strokes to text removal task. In the meanwhile, we also constructed a versatile real-world dataset, including text
images, ground-truth text-free images, and auxiliary masks, which can be used to benchmark text removal methods. Moreover,
our approach can be used for quickly constructing the large scale text-free image dataset from images with text, and pixel-wise
text stroke annotations can be obtained as well (i.e., binarizing the difference between paired text image and text-free image).
This kind of dataset will provide more and fine-grained supervised information to further improve the performance of scene
text detection and recognition tasks.

Our method might generate implausible result if the text area is too large. We believe that a larger dataset with more diverse
data can help to mitigate existing shortcomings. In the future, we plan to collect more real-world text images and construct
a larger and richer dataset that can be used for both text removal task and other related research, e.g., realistic text synthesis.
In this work, we use the text region masks in an “off-line” manner, considering not very perfect performance of the current
automatic text detectors and the requirement of partial text removal applications. We would like to design a more “complete”
framework combining automatic text detection, which supports the refinement of possible detection errors and the selection of
specific text region with simple user guidance. It would also be interesting to study text removal problem in the semi-supervised
manner. We plan to share our source code and real-world dataset to the research community.
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