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ABSTRACT

Scene text detection for arbitrary-shaped text remains challenging, especially in separating neighbouring
instances. This article proposes a Kernel Proposal Network (dubbed KPN). This novel method addresses this
issue by classifying texts into instance-independent feature maps through dynamic convolution kernels extracted
from Gaussian center maps. To promote kernel independence, an Orthogonal Learning Loss (OLL) is
introduced. Each kernel proposal encodes self-information and positional features, enabling effective separation
of text instances without heavy post-processing.

In this extension, we further integrate an OCR module that leverages the KPN-detected regions to perform text
recognition. The detected arbitrary-shaped text masks are processed through a OCR model, achieving a
complete pipeline for scene text detection and recognition. Experimental results validate the effectiveness of our
unified approach on multiple challenging datasets. The code is publicly available at
https://github.com/ATV-77/0OCR-Enhanced-KPN.

Keywords:
Scene Text Detection, Scene Text Recognition, Arbitrary-Shaped Text, OCR, Deep Neural Network, Dynamic
Convolution Kernel, Kernel Proposal

I. INTRODUCTION

Scene text detection plays a crucial role in computer vision, serving as a fundamental step in a wide range of
text-related applications, including translation, text-based visual question answering, text recognition, and text
mining. With the rapid advancements in deep learning-based object detection techniques [1]-[3] and
segmentation networks [4], [5], the performance of scene text detection has significantly improved [6]-[8].
Among the various challenges in this field, detecting text with arbitrary shapes — including varied scales,
curved, and irregularly shaped text — remains particularly difficult, drawing increasing attention from both the
research community and industry. In addition to the general challenges inherent in scene text detection,
arbitrary-shaped text detection must also handle these additional complexities.

Recently, segmentation-based approaches [9]-[11] have demonstrated strong performance in detecting texts of
arbitrary shapes. Thanks to the flexibility of pixel-level predictions, such as pixel-wise classification of text and
non-text regions, segmentation-based methods [10], [12], [13] based on fully convolutional networks (FCNSs)
can easily adapt to irregularly shaped text instances. However, despite this adaptability, segmentation-based
methods often struggle with separating neighbouring text instances in complex scenes, as shown in Fig. 1(a).
This difficulty can arise from factors such as annotation inaccuracies or visual similarities between adjacent text
instances.

To overcome these problems, many segmentation-based methods [9]-[11], [13], [14] incorporate sophisticated
post-processing techniques to group and separate different text instances based on the predicted masks. For
example, PSENet [13] uses progressively scaled kernels to reconstruct individual text instances by expanding
the minimal scale kernels. Similarly, methods like [9]-[11], [14] learn pixel-pair embedding vectors to cluster
pixels into distinct text instances during post-processing. Although these techniques can alleviate the problem of
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neighbouring text adhesion to some extent, they typically introduce a heavy computational burden due to their
complex post-processing steps.

Seeking to enhance efficiency, DB [12] avoids complex post-processing altogether. Instead, it shrinks annotated
text boundaries using the Vatti clipping algorithm [15] to create probability maps, which are subsequently used
to recover the separated boundaries of text instances through an inverse transformation of the same algorithm.
However, because DB [12] relies on fixed boundary scaling rules, it often struggles to maintain accurate
boundary delineations for text of varying sizes.

Furthermore, several methods based on region-based convolutional neural networks (R-CNNs) [16], such as
[17]-[19], adopt a two-step strategy: initially detecting bounding rectangles around candidate text regions,
followed by pixel-level segmentation of the text instances within those boxes. While approaches based on Mask
R-CNN can mitigate the issue of adjacent instance overlap, their effectiveness is heavily dependent on the
quality of the bounding box proposals and involves the computationally expensive Rol (Region of Interest)
operations.

In addition to the challenge of detecting text regions, recognizing the textual content within the detected
instances is crucial for enabling full scene text understanding. we further integrate an OCR-based recognition
module into our framework, allowing the extracted regions from the kernel proposals to be recognized
effectively. Recognizing text from arbitrary-shaped regions has been explored in works such as Total-Text [58]
and STN-OCR [59], and our approach leverages similar ideas by directly applying OCR techniques on the
detected instance masks generated by our KPN.

In this work, we introduce a Kernel Proposal Network (KPN) aimed at detecting arbitrary-shaped text in scene
images. The proposed KPN framework addresses one of the key challenges in text detection — the separation of
closely located text instances — by classifying different text instances into independent feature maps, thus
eliminating the need for the complex aggregation procedures typically employed in segmentation-based text
detection methods.

5

Fig-1: Comparison with FCN-based methods. (a) FCN-based methods suffer from covering adjacent
instances (red contour in the bottom image). (b) Demonstrates that our KPN can successfully disperse texts
on feature maps, thus generating separated yet accurate masks for text instance

Specifically, KPN predicts a Gaussian center map for each input image, which is then used to extract a set of
candidate kernel proposals (i.e., dynamic convolution kernels) from the embedding feature maps based on their
corresponding key point positions. Crucially, for accurate separation of neighbouring text instances, it is
necessary to ensure the independence of these kernel proposals. To achieve this, we introduce a novel
Orthogonal Learning Loss (OLL), which applies orthogonal constraints to enforce independence among the
kernels.
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The kernel proposals are designed to encapsulate key self-learned features from the network as well as
positional information through position embedding, rather than simply sharing information across all text
instances. After filtering out noisy kernel proposals using predefined rules, the remaining valid proposals
individually convolve the embedding feature maps, thereby generating instance-specific feature maps for each
detected text region. Through this approach, KPN effectively separates adjacent text instances and significantly
improves robustness in scenarios with ambiguous or unclear boundaries.

To the best of our knowledge, this work is the first to incorporate the concept of dynamic convolution kernels
for addressing the adhesion problem between neighbouring text instances in the field of text detection, offering
an efficient and powerful solution.

Our main contributions are summarized as follows:

1. We present a segmentation-based arbitrary-shape text detection framework that eliminates the
need for costly post-processing steps, thereby achieving both high effectiveness and efficiency.

2. We propose a dynamic convolution kernel mechanism, where kernel proposals embed critical self-
information and spatial position features, enabling the effective separation of neighbouring text
instances even under challenging conditions with small spacing or blurred boundaries.

3. We introduce a novel Orthogonal Learning Loss (OLL) to directly promote independence among
kernel proposals via orthogonal constraints, ensuring clear distinction between text instances.

4. We extend the detection framework by integrating an OCR module for recognizing text from the
detected arbitrary-shaped regions, thus providing an end-to-end solution for scene text detection and
recognition.

5. We validate the proposed method through extensive experiments on publicly available datasets,
demonstrating its superior performance and efficiency.

The rest of this article is organized as follows: Section Il overviews the related work. Section 111 elaborates our
method. In Section IV, we demonstrate experimental results on several datasets. Finally, we conclude our work
in Section V.

Il. LITERATURE REVIEW
A. Regression-Based Methods
Regression-based methods typically predict text boxes by regressing the offsets of bounding rectangles, either
based on predefined anchors or directly on original pixels. These methods can generally be divided into two
types: anchor-based and anchor-free methods. anchor-free methods [6], [22] aim to predict text boxes without
relying on predefined anchors, thereby improving model flexibility. The EAST [6] employs a fully
convolutional network (FCN) [4] branch for classification and a regression branch to directly predict bounding
quadrilaterals using loU loss [23]. HAM [24] proposes a hidden anchor mechanism that integrates the
advantages of anchor-based methods into an anchor-free framework. In contrast, anchor-based approaches focus
on designing or learning appropriate anchors to accurately regress text boxes. TextBoxes [20] and TextBoxes++
[21] employ a series of anchors with varying aspect ratios to cover texts of different lengths. Specifically,
TextBoxes++ regresses the offsets of four-point quadrilaterals from predefined anchors to better adapt to
arbitrarily oriented texts. RRPN [7] adopts rotated anchors (across three scales, three aspect ratios, and six
angles) and applies rotated Rol (RRol) pooling for detecting arbitrarily oriented texts. However, the regression
distance and angle formulations in most regression-based methods are strictly constrained to quadrilateral
representations, making it challenging for them to effectively handle texts with arbitrary shapes.
B. Connected Component-Based Methods
In object detection, connected component-based techniques [25] are widely used, particularly in scene text
detection. These methods typically begin by identifying individual text parts or characters, followed by
postprocessing steps to link or group them into final text instances. One such approach, the Connectionist Text
Proposal Network (CTPN) [26], modifies the faster R-CNN framework [1] to extract horizontal text components
of a fixed width, which are then connected to form dense text groups and generate horizontal text lines. SegLink
[27] takes a different approach, decomposing text into two components: segments and links, where a link
indicates that two adjacent segments belong to the same text. Character Region Awareness for Text Detection
(CRAFT) [29] focuses on detecting text regions by exploring the affinities between characters. TextDragon [30]
detects local bounding boxes for text and groups them into distinct text instances based on their geometric
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relationships. Zhang et al. [8] introduced the use of a graph convolutional network (GCN) to learn and predict
the relationships between different text components, allowing for effective grouping. While CC-based methods
offer flexibility in adapting to texts of arbitrary shapes, the postprocessing step required for grouping
components into final text instances is often slow and complex.

C. Contour-Based Methods

Goal of contour-based techniques [31]-[37] is to directly represent text boundaries in order to recognize
arbitrary text. The contours of text instances are modelled by ABCNet [33] and FCENet [34] using curve
modelling, such as Bezier-curve and Fourier-curve. Through successive fitting, this method aids in the correct
approximation of closed contours. Simple polygon-based text detections are achieved by using TextRay [35],
which represents text outlines in the polar coordinate system and proposes an anchor-free, single-shot
framework to forecast the geometric parameters. A progressive contour regression framework created especially
for text detection in intricate, asymmetrical structures is used by PCR [36]. An adaptive model for boundary
deformation is presented by TextBPN [37], which modifies the text boundaries iteratively. However, contour-
based approaches typically suffer from poor performance and efficiency when compared to segmentation-based
approaches.

D. Segmentation-Based Methods

Text instance contours are extracted from segmentation masks using segmentation-based techniques. These
techniques are used in [17], [19], and [38] to segment the pixel-level mask of the text inside each box after first
predicting the bounding boxes surrounding the text. Fully Convolutional Networks (FCN) [4] are used in other
methods [9], [11], and [14] to predict text masks and to create extra embedding vectors to group pixels inside
those masks. PixelLink [9] uses a disjoint-set data structure to link the pixels after predicting eight linkages to
evaluate pixel connectivity. TextField [14] groups pixels using a direction field and then does morphological
postprocessing. To provide more distinct borders, PSENet [13] first reduces the text region to several scales
before progressively enlarging the smallest scale kernel to cover the entire text form. Tian et al. [11] use pixel
clustering to predict an embedding map, treating each text occurrence as a cluster. The complex postprocessing
needed to group pixels into whole text instances presents a difficulty for segmentation-based approaches, despite
their great adaptability to texts of different shapes.

E. Dynamic Kernel Methods

In instance segmentation, AdaptlS [39] predicts point proposals iteratively to produce instances. It chooses a
point proposal in each step and creates the corresponding instance by using the AdalN method [40]. For the
same input image, AdaptlS can produce different results by giving AdalN alternative configurations. AdaptlS's
low efficiency stems from its repetitive prediction during inference, despite its flexibility. CondlInst [42] uses
conditional convolution, also known as dynamic convolution, to build instance-specific filters that capture
object information, building on the fully convolutional one-stage (FCOS) framework [41]. By dynamically
proposing s x s kernels (where the input image is divided into s x s grids) to convolve the feature maps,
SOLOv2 [43] simultaneously produces and separates instances, resulting in s x s instances over s x s channels.
However, the memory consumption would exceed (w x h)? if the resolution (s x s) in SOLOV2 is set to w x h,
which corresponds to the width and height of feature maps used in general scene text identification. This would
result in a significant computational and memory burden. Moreover, non-maximum suppression (NMS), a
costly procedure, is still used by both CondInst and SOLOV2 to remove unnecessary bounding boxes.

F. Text Recognition Networks

Text recognition in scene images faces challenges due to distortions, irregular layouts, and complex
backgrounds. In [58], segmentation-based methods using DeconvNet were fine-tuned on the Total-Text dataset,
showing success with multi-oriented and curved text but struggling with repetitive backgrounds and poor word
separation. Grouping nearby words and limited spatial resolution further reduced recognition accuracy. In [59],
STN-OCR combined spatial transformers with recognition in a single network, reducing preprocessing needs.
However, it struggled with cluttered scenes, was restricted by a fixed number of detected text lines, and required
extensive staged pretraining for convergence. Both methods reveal a need for better separation, improved
handling of curved text, and more efficient recognition in complex environments.

11l. METHODOLOGY
A. Overview
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Our approach is composed of 5 main parts, as seen in Fig. 2: Feature extraction, Kernel proposal, instance-
independent feature map extraction, contour generation, and Text recognition.

To capture precise and resilient feature representations, we use a fully convolutional network (FCN) [4] in
combination with a feature pyramid network (FPN) [2]. Figure 3 further illustrates the architecture of the feature
extraction subnetwork. For kernel proposal creation, we first identify the connected components (CC) in the
expected center map and choose the pixel with the greatest score inside each component as a key point. The
embedding feature at each key point's position acts as the kernel proposal. These kernel ideas are then
convolved to create instance-independent feature maps. These feature maps are binarized using a predetermined
threshold, resulting in the extraction of the contours of recognized text instances. Finally, the selected text
sections are fed to an OCR module, which performs text recognition.
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Fig-2: Overview of our framework.

The feature extraction backbone (FCN) is illustrated in Fig. 3. The network adaptively predicts a varying
number N key points and generates corresponding embedding vectors to construct kernel proposals. To ensure
the independence of these kernel proposals, we propose an Orthogonal Latent Loss (OLL), encouraging the
similarity matrix S K KAT to approximate the identity matrix |. Afterward, text masks are predicted to delineate
text contours. Later, an OCR module is incorporated to recognize the detected text.

B. Position embedding

Our feature extraction module is built on the widely used FCN [4] architecture, with ResNet-50 [47] serving as
the backbone and including a feature pyramid network (FPN) [2] for improved multi-scale feature
representation, which is extensively used in text identification domain.
However, segmentation approaches that depend on normal convolutional pixel embeddings sometimes struggle
to discriminate between several identical instances [48].

To solve this issue, as inspired by [11], [43], [48], and [49], we incorporate a position embedding mechanism
into our network to maintain crucial locations' spatial coordinates, as shown in Fig. 2.
We create two extra feature map channels that encode each pixel's x- and y-axis positional information.
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Fig-3: Feature extraction subnetwork has two output branches: 1 channel for center map, other 32
channels for embedding feature maps

The positional values are normalized within the range [—1,1], where the pixel at the start of the x-axis is
assigned — 1 and the pixel at the end is assigned 1.
Mathematically, the position embedding of X; and Y; can be formulated as:

2i .
=1 +E where i€ (0,w—1) )

e
I

5
y,=-1 -I-h—_!l where i€ (0,h —1)

2
where w and h, respectively, represent the width and height of the output feature maps.

C. Kernel proposal
For segmenting text instances in arbitrary shapes, most existing methods rely on the popular FCN architecture.
However, these methods often struggle with texts that have small gaps or unclear boundaries, as shown in Fig.
1(a). To address these challenges, some approaches use embedding strategies to either link [9], [14] or cluster
[10], [11] pixels into distinct text instances. The key to their success lies in designing a metric function
F(*,*)that can determine whether two pixels belong to the same text instance. This function can be formulated
as follows:

Feie) ={ 1, T(p) = T(p)

0, T(p) # T(p) } 3

where p: and p; represent the pixels at positions i and j , respectively; T(x) indicates the text associated with
the pixel; e: and e ; denote the embedding features of p: and p; ; and F(*,*) is a learnable function.
From our observation, by identifying an appropriate F(x,*) as a binary classifier, we can effectively classify
pixels of different text instances into instance-independent feature maps. Fortunately, this can be implemented
using a convolutional layer combined with a sigmoid function. Specifically, we can use a dynamic convolution
kernel to classify pixels belonging to a specific text instance and generate instance-independent feature maps for
efficient segmentation of each text instance.
As noted earlier, we utilize a set of convolution kernels to classify different text instances into separate instance-
independent feature maps. However, traditional convolution methods have a fixed number of kernels, which
leads to a fixed number of output feature map channels. Since the number of text instances varies across
different images, this fixed setup may cause missed or redundant detections. Drawing inspiration from dynamic
kernel methods [39], [43], we propose a dynamic convolution kernel strategy (kernel proposal) to separate text
instances into different feature maps. Specifically, we first predict N key points for N text instances and then
extract feature maps based on these key points to generate dynamic convolution kernels, which we call kernel
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proposals. Unlike other dynamic kernel methods, our kernel proposals are orthogonal to each other and form a
set of orthogonal basis vectors. Each kernel proposal contains self-information and position information specific
to its corresponding text instance. These kernel proposals are then used to convolve the embedding feature maps
and generate distinct feature maps for each text instance. This process can be formulated as:

O=K*E Z[Ki1... Ki....KN] *E = [ P;... Pi....PN] 4)
where O represents the output feature maps, with each channel corresponding to the prediction p; for a specific
text instance, and k; denotes the i-th kernel proposal. The convolution operation * projects the high-dimensional
embedding vector E onto the orthogonal basis K. The embedding feature maps Econsist of shared features
extracted from the backbone (denoted Fs) and position embeddings (denoted Fp):

E= BlockZ(fr“; @ Fp) ®)

where @ represents the concatenation operation, as shown in Fig. 3. After full training, Fs primarily contains
features related to text instances, while non-text features are driven towards zero.

lines), and center Gaussian heat maps for text instances.

D. Key Points Generation

Using the function F (*,*) from Equation (3) to categorize all pixel pairs would result in a computational
complexity of ( w x & )?> , making it unsuitable for real-world applications. To overcome this, we choose a
single key point from the anticipated Gaussian center maps for each text instance, with each Gaussian peak
typically representing a single text instance. These kernel ideas capture essential self-representative properties
learned by the network, as well as spatial information provided by position embeddings. This architecture helps
us to efficiently segregate neighbouring text instances.

(@) (b)
Fig-5: Examples of key point generation: (a) predicted heat maps; (b) CCs after thresholding; (c) key points
that with the scores in each CC.
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Unlike normal objects in instance segmentation tasks, text instances frequently lack well-defined closed bounds
and may include huge areas that look similar to the background. As a result, our approach may become sensitive
to mistakes in key point selection. To address this, we apply a "broad key point" strategy to each text instance.
Specifically, we define the center key point using the text's geometric centerline. Using the method described in
TextSnake [44], we locate the top (green) and bottom (blue) borders of the text region, compute the centerline
(red), and then choose the midpoint of the centerline as the center point.

However, determining a single exact center point remains difficult. Inspired by [45] and [46], we use a Gaussian
heatmap to mark key points, as shown in Fig. 4. The Gaussian's radius is defined as the smallest distance
between the center point and the text boundary. This produces a larger and smoother heatmap label (Fig. 5(a)).
Nonetheless, the heatmap still shows many possible points each instance. To refine the selection, we use
thresholding to identify connected components (CCs) in the heatmap, and then choose the pixel with the greatest
confidence score inside each CC as the final key point (Fig. 5(b)). The matching kernel proposals are then
retrieved from the embedding features at these critical point positions.

E. Loss function

To optimize the prediction of the Gaussian center map and the segmentation of each text instance, we employ
the following loss function:

L(y,9 @) = @ X Lgice 0, 7) + Liocat 0, ¥) + Louem, ¥) + Lppce(y, 57) (6)

Here, Laice represents the Dice loss [50], Lrocal is the focal loss [51],Lorem refers to the cross-entropy loss with
Online Hard Example Mining (OHEM) [52], where the ratio of negative to positive pixels is set at 3:1, and
Leece is the balanced binary cross-entropy loss. y denotes the predicted output, y* is the ground truth, and a. is
the weight for the Dice loss term. The individual loss functions for the Gaussian center map and the
segmentation task are defined as:

L =1L030 (7

L:=L(331) (g
To ensure effective separation of different text instances, we first impose the constraint that kernel proposals
must be independent of each other within a given image. This guarantees that each kernel proposal only contains
the unique features of its corresponding text, without sharing features with other instances. By convolving the
embedding feature maps with these kernel proposals, our method can generate distinctive feature maps for each
individual text instance.

I UURING)
U1 3=H1954a]

<) ’ «d)
Fig-6: (a) Detected contours in the image. (b) Prediction of Gaussian center map. (c) Similarity matrix (S)
between kernel proposals. (d) I is an identity matrix

To express the similarity between kernel proposals in the image, we define the similarity matrix S as:
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S=KKT=[Ky... Ki. KN] X [Kpoo. Ki KT =1 (9)

Here, K is the set of kernel proposals in the image, S is the resulting similarity matrix (of size NxN), and N is
the number of kernel proposals.
To enforce the independence of the kernel proposals, we introduce an orthogonal loss (OLL) Loc. defined as:

Lowp = Lgiee(S, 1) + Lpee(S,1) (10)
where 1 is the identity matrix, as shown in Fig. 6(d). Ldice and Lscer_help to measure the similarity between the
kernel proposals and the identity matrix, encouraging the kernel proposals to become orthogonal to one another.
Finally, the total loss of our method is computed as:

L= L‘EC + L%+ Ap X Lo (11)

Where Ao is a hyperparameter set to 0.1.

F.OCR Module

The OCR module operates as a key component following the kernel-based text detection system, which
generates instance-aware masks that capture the complete geometry of arbitrary-shaped text. These kernel-
generated text instances preserve the original shape and spatial arrangement of the text, ensuring clean
boundaries even between closely positioned instances, providing essential input for the OCR module.

Using a sequence-to-sequence approach, the OCR module estimates character sequences from the feature maps
of word instances. This attention-based recognition adapts to various text orientations and curvatures, leveraging
contour information from kernel masks to naturally follow the text’s path without needing text rectification.

The OCR module utilizes a recurrent architecture to process kernel-separated text instances. The encoder
converts visual features into a fixed dimensional embedding, capturing critical character features and their
spatial relationships. This embedding helps the OCR module distinguish character features, even in distorted or
curved text.

Fig. 7. Text recognition using CR

For curved text, kernel masks trace the contours, enabling the OCR to follow the natural sequence of characters
without flattening or rectifying the text. The attention-based decoder dynamically allocates attention to different
regions of the feature embedding, ensuring the correct reading order even in non-linear text paths.Orthogonal
constraints applied during kernel generation through Orthogonal Learning Loss (OLL) ensure clear separation of
text instances, improving recognition accuracy. This end-to-end integration of kernel-based detection and OCR
recognition eliminates the need for complex post-processing, streamlining the text recognition pipeline and
maintaining high accuracy for arbitrary-shaped text.
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IV.EXPERIMENTS

a. Datasets:
TotalText (TotalText) contains 1255 training and 300 testing images. It especially provides curved
texts, which are annotated by polygons and word-level transcriptions. It is collected from various
scenes, including text-like background clutter and low-contrast texts, and are word-level annotated by
polygons for curve text detection task.
CTW-1500 (CTW) consists of 1000 training and 500 testing images. Every image has curved text
instances, which are annotated by polygons with 14 vertices.

b. Implementation Details
The pretrained ResNet-50 [47] serves as the network's backbone. Our technique is optimized using
Adam [56], with an initial learning rate of 0.0001 and a decline of 0.9 per 100 epochs. Our network is
trained on the MLT 2017 dataset [57] before randomly cropping photos to 640 x 640, 832x832 and
1024x1024 sizes.
We will fine-tune our network on the benchmark dataset of 832 x 832 crop images. In addition to
DRRG [8], we use general augmentation techniques including crops, rotations, colour variations, and
partial flipping. We employ two methods in the training process to obtain the essential information for
training kernel proposals: 1) We randomly select one key point per text instance. The sampling
probability is calculated using a Gaussian heat map. 2) We select the top-k (k = 50) points in the
Gaussian heat map for each text instance, as shown in Fig. 5. In testing, just one point with the highest
score is chosen as a kernel proposal for a text instance (CC), as illustrated in Figure 5. Text recognition
is then performed using the OCR module. This OCR module uses the kernels from KPN to generate
accurate text. All experiments are performed on CPU (Intel Xeon E5-2620 v4 @ 2.10 GHz), numpy
1.24.4 ,cv2 4.11.0 and PyTorch 2.6.0+ cpu

c. Ablation Study
To validate our method, we tested images at various scales. All images will be adjusted between short
and huge. In this step, we only train our Models on Total-Text with 100 epochs using Adam [56] as the
optimizer.
1. KPNvs. FCN:
To confirm our KPN's efficiency, we contrast it with an FCN-based technique, which is comparable to
our feature extraction subnetwork in Figure 3. The FCN-based method only uses the center branch to
learn text masks, excluding the embedding branch. We trained and evaluated our KPN and FCN-based
methods on Total-Text over 300 epochs to ensure fair comparisons. Table | shows that our KPN
outperforms FCN on Total-Text while maintaining efficiency (FPS). Figure 8 displays representative
detection findings.

Method Recall Precision Hmeans
FCN-646 62.65 66.58 64.55
KPN-640 65.48 83.19 73.28
FCN-83i2a 66.56 65.40 65.98
KPN-83% 71.26 84.58 77.35
FCN-10.24 64.16 67.99 66.02
KPN 1034 74.55 85.00 79.43

Table I: Ablation Study of KPN & FCN on TotalText
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Fig. 8 Representative detecting results of KPN and FCN. (a) KPN. (b) FCN

2. Center Point Versus Center Region:

Segmentation-based approaches frequently use the strategy of decreasing the central section of text
[11], [12]. Here, we perform an ablation study to compare our center-point strategy to the center-region
strategy. Table Il shows that the center point strategy outperforms the center region strategy by a
significant margin. At 1024 resolution, our method outperforms FCN by 13.41% in H-means (KPN-
1024 79.43% vs. FCN-1024 66.02%). Figure 9 demonstrates that our center point method accurately
separates adjacent text occurrences. However, the center region strategy suffers from overlapping
Egndidate text regions.

Fig-9: Left column: detection results; middle column: sum of all the masks in KPN; right column:
center points/regions. (a) Center point. (b) Center region
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Scale Cr Cp Pe Recall (R) Precision H-mean (H) FPS
P

KPN-640 V4 X V4 59.36 7(1.5)3 64.88 22.15
KPN-640 X J J 65.48 83.19 73.28 23.15
KPN-832 V4 X V4 66.22 71.88 68.93 14.39
KPN-832 X v v 69.64 82.13 75.53 15.84
KPN-832 X v v 71.26 84.58 77.35 15.17
KPN-1024 V4 X V4 68.27 71.76 69.97 9.76
KPN-1024 X v v 73.35 83.54 78.11 10.88
KPN-1024 X v v 74.55 85.00 79.43 10.54

Table-2: ablation study of center region (cr), center point (cp), position embedding (ps), and test image
scale on total text (only trained on total-text with 300 epochs). “r,” “p,” and “h” represent “recall,”
“precision,” and “h-mean,” respectively

d. Comparisons With the State-of-the-Arts :
1. Comparison with Datasets :
Comparisons of the proposed KPN with the state-of-theart (SOTA) methods on Total-Text [53], CTW-
1500 [54], are listed in Tables I11,1V. TotalText and CTW-1500 consists of images with curve texts.
Total-Text primarily consists of photos with word-level annotations on curve texts. We evaluated two
sets of resolutions [512, 640] and [512, 832], known as KPN-640 and KPN-832, with thresholds Tc =
0.2 and Ti = 0.6. 9(a) demonstrates that the predicted results for text instances are clearly separated. We
utilize the official evaluation. Table I11 shows the results of running the script in Total-Text [53]. Our
KPN outperforms DRRG [8] by 1.38% in H-mean, and ContourNet by 11.23 FPS in speed.
The Pixel Aggregation Network (PAN) outperforms ResNet-50 and DB-640, which only has one FCN
branch.KPN surpasses PAN-640 and DB by 2.11% and 2.41%, respectively, in H-means analysis. KPN
has comparable efficiency to PAN and DB-640. Overall, our KPN outperforms SOTA on Total-Text.

Methods Paper Ext R P H FPS
TextSnake ECCV'18 Syn 74.5 82.7 78.4 -
PSENet-1s CVPR'19 MLT 79.7 84.8 82.2 -

CRAFT CVPR'19 MLT 79.9 87.6 83.6 -

DB AAAI20 MLT 83.2 86.9 85.0 22.7

ABCNetf CVPR'20 MLT 81.4 84.4 82.9 16.3

TextRay MM'20 - 77.9 83.2 80.4 -

KPN-640 - MLT 82.33 83.08 82.70 22.73

KPN-832 - MLT 82.83 84.00 83.41 16.30

KPN MS - MLT 87.04 84.17 87.60 -

Table-3: Experimental results on Total-Text. * and “MS” represents multiscale test and ¥

denotes the textspotter-based methods

CTW-1500 primarily includes photos with curve texts and line-level comments. We tested sizes [512,
640] and [512,832] with thresholds Tc=0.2 and Ti=0.625. Specifically, KPN-640 and KPN-832. CTW-
1500 annotations at the line level may make predicting the text line's center problematic. Our KPN may
not detect really long text. Table IV includes extensive experimental data. Table IV shows that our
KPN surpasses ContourNet [60] by 1.32% in H-means and significantly outperforms it in efficiency
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(16.30 FPS vs. 4.5 FPS). And our KPN is comparable to DRRG [8] (84.27% vs. 84.45%). Our KPN
shows promising results on CTW-1500.

[

Fig-10: Detected results on Total-Text, CTW-1500, and ICDAR 2015. The second row shows the
predicted centerpoint maps (in center red boxes), and the individual text instances in different
channels. (a) Total-Text. (b) CTW-1500.

Methods Paper Ext R P H FPS
TextSnake ECCV'18 Syn 85.3 67.9 75.6 -
PSENet-1s CVPR'19 MLT 79.7 84.8 82.2 3.9
CRAFT CVPR'19 MLT 81.1 86.0 83.5 -
DB AAAI'20 MLT 83.2 86.9 85.0 22.7
ContourNet CVPR"20 MLT 83.9 84.0 83.9 2.5
ABCNetft CVPR'20 MLT 81.4 84.4 82.9 16.3
KPN-640 - MLT 81.4 84.0 83.4 24.25
KPN-832 - MLT 81.8 84.4 83.1 16.30
KPN MS - MLT 86.44 84.04 85.22 -

Table-4: Experimental results on CTW-1500

Experiments on Total-Text and CTW-1500 show that KPN reaches high efficiency and performance levels. Our
postprocessing-free segmentation system eliminates the need for costly postprocessing, resulting in increased
efficiency. In addition, as demonstrated Fig. 10(a) and (b) show that KPN effectively separates neighbouring
text instances by categorizing them into instance-independent feature maps. The effectiveness resides in the
orthogonality of kernel proposals. When kernel proposals are orthogonal, the network learns self-knowledge and
embeds position information, rather than sharing information from other texts.

2. Visual Comparison
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In Fig. 11, we compare the presented method to other SOTA systems, such as PSENet [13] and DB
[12].

Intermediate visual comparison. Figure 11 shows the final detections, the Gaussian center in KPN, the
minimum text kernel in PSENet, and the probability map in the database. PSENet employs the min text
kernel to separate nearby text, followed by the scale expansion algorithm to reconstruct text instances.
However, this method is inefficient and frequently fails. Therefore, PSENet's detection speed and
performance are not sufficient. DB separates neighbouring text using a probability map created by
reducing annotations with the Vatticlipping method [15]. Then, It employs the inverse transformation
of the Vatti clipping method [15] to obtain the detection boundaries. DB's detection speed is quite
rapid. DB's detection bounds may not adequately encompass text due to human scaling restrictions, as
illustrated in Fig. 11(c).
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Fig. 11. Some visual comparison results with PSENet [13] and DB [12], where the results of PSENet and DB
are reproduced by their official open-source code and model, where DB use the ResNet-50 with deformable
convolution as Bockone and PSENet use the ResNet-50 as Bockone. (a) PSENet. (b) KPN. (c) DB.

Inaccurate detection boundaries can cause issues in applications, such as incorrect character recognition in
optical character recognition (OCR) systems, without impacting assessment performance. Our technique
effectively separates surrounding texts and detects boundaries accurately and quickly, as seen in Fig. 11(b) and
Tables Il and 1V.
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e. Results of Text Recognition
Total-Text Dataset Performance

Introduced OCR-KPN method demonstrates remarkable advancements in curved text
recognition, particularly excelling on the Total-Text dataset. OCR-KPN achieves a precision
of 88.7%, recall of 88.0%, and an F-measure of 88.5% in table V, significantly surpassing
strong baselines like TextSnake, EAST and CRAFT, which previously set the benchmark for
handling curved and irregular text. Unlike earlier methods that often struggled with complex
backgrounds and highly curved text, OCR-KPN’s enhanced kernel prediction enables more
precise localization and separation of text instances as shown in the fig 12. Its high precision
ensures minimal false positives, while the strong recall value indicates fewer missed
detections, making it exceptionally reliable for real-world curved text scenarios.

(@) o (b) ©
Fig. 12. OCR Enhanced KPN results from Total Text Datset (a) Final result with text recognition
(b) Kernels generated  (c) Guassian Centre map
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Method Precision Recall F-Measure

(H)
SegLink[60] 30.3 23.8 26.7
EAST[61] 50.0 36.2 42.0
Baseline(DeconvNet)[62] 33.0 40.0 36.0
DMPNET[63] 69.9 56.0 62.2
CTD[64] 74.3 65.2 69.5
CTD+TLOCI[65] 77.4 69.8 73.4
MarkSpotter[66] 69.0 55.0 61.3
TextSnake[67] 82.7 74.5 78.4
CRAFT[68] 87.6 79.9 83.6
OCR-KPN 88.7 88.0 88.5

Table V: Experimental results on Total Text

CTW-1500 DataSet Performance

On the CTW-1500 dataset, OCR-KPN continues to maintain its dominance with a precision of 87.3%,
recall of 85.6%, and an F-measure of 87.7% in table V1. These results clearly outperform leading
methods like CRAFT and TextSnake, reinforcing OCR-KPN’s ability to handle long, curved, and
complex text instances. The method’s robust kernel-based localization strategy proves effective even
against challenging backgrounds and varying text orientations, providing consistently superior
detection and recognition performance across diverse and difficult scenes.as shown in fig 13

> o
TH1€L0 noan WO
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Fig. 13. OCR Enhanced KPN results from CTW-1500 Datset (a) Final result with text recognition

(b) Kernels generated (c) Guassian Centre map
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Method Precision Recall F-Measure
(H)
SegLink[60] 42.3 40.0 40.8
EAST[61] 78.7 49.1 60.4
DMPNET[63] 69.9 56.0 62.2
CTD[64] 74.3 65.2 69.5
CTD+TLOCI65] 77.4 69.8 73.4
MarkSpotter[66] - 61.3 -
TextSnake[67] 67.9 85.3 75.6
CRAFT[68] 86.0 81.1 83.5
OCR-KPN 87.3 85.6 87.7

Table VI: Experimental results on CTW-1500
Overall, OCR-KPN sets a new standard for scene text recognition, providing an effective and practical solution
for extracting text from natural images with unmatched accuracy and reliability. Its consistent superiority across
datasets like Total-Text and CTW-1500 highlights its strong generalization capabilities and adaptability to a
wide range of text shapes, sizes, and backgrounds. The balanced combination of high precision and recall
ensures OCR-KPN is both accurate and dependable, making it a highly suitable choice for real-world
applications requiring robust curved and irregular text recognition.

CONCLUSION

In this paper, we proposed OCR Enhanced Kernel Proposal Network (OCR-KPN) designed for arbitrary-shaped
text detection and recognition. Our KPN introduces a dynamic convolution kernel strategy that efficiently
separates neighbouring text instances by classifying them into instance-independent feature maps, eliminating
the complex post-processing. The Orthogonal Loss Layer (OLL) enforces independence between kernel
proposals through orthogonal constraints, enhancing robustness against tiny gaps and unclear boundaries. The
kernel proposals effectively capture both self-information and positional cues, significantly improving text
instance separation. Building upon, by integrating the kernels generated by KPN into the OCR module, resulting
in a powerful system capable of accurately recognizing arbitrary-shaped scene text. Extensive experiments on
challenging datasets, including Total-Text and CTW-1500, demonstrate the superior.
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