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Abstract

This survey paper aims to provide an overview of the various techniques used for text detection and
recognition in images and videos. Text detection and recognition are important tasks in the field of computer
vision and have numerous applications such as document analysis, scene understanding, and video indexing.
In this paper, we will review the different approaches and algorithms that have been proposed for text
detection and recognition, including traditional methods based on image processing techniques as well as
more recent deep learning-based approaches. We will also discuss the challenges and future directions in
this field. One common approach to text detection in images is to use edge detection algorithms to locate
regions of high contrast that may contain text. Once potential text regions have been identified, various
techniques, such as connected component analysis or stroke width transform, can be used to extract
individual characters or words. For text recognition, optical character recognition (OCR) algorithms are
often employed to convert the extracted text into machine-readable format. Deep learning models, such as
convolutional neural networks (CNNs) and recurrent neural networks (RNNSs), have shown promising
results in text detection and recognition tasks, outperforming traditional methods in many cases. Despite the
progress that has been made in this field, challenges such as handling complex backgrounds, varying fonts
and sizes, and low-quality images still remain. Future research directions may focus on developing more
robust and accurate algorithms that can handle these challenges effectively.
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1. Introduction

The field of text detection and recognition has
seen significant advancements in recent years with
the development of deep learning algorithms,
particularly convolutional neural networks (CNNs)
and recurrent neural networks (RNNSs). These
algorithms have shown promise in accurately
detecting and recognizing text in complex
backgrounds and varying fonts and sizes.
However, challenges such as handling low-quality
images and ensuring robustness in real-world
scenarios still persist. In this paper, we discuss the
current state of the art in text detection and
recognition and outline future research directions
to address these challenges effectively.

Potential solutions include exploring new data
augmentation  techniques, improving model
generalization, and incorporating domain-specific
knowledge into the training process. Additionally,
the integration of multi-modal information, such
as combining text and image features, could
further enhance the performance of text detection
and recognition systems. By addressing these
challenges and  incorporating  innovative
approaches, we can continue to push the
boundaries of what is possible in the field of text
detection and recognition.

One key area for future research in text detection
and recognition is the development of more robust
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algorithms that can accurately detect and
recognize text in complex and cluttered
environments. This could involve exploring new
deep learning architectures, such as attention
mechanisms or transformer models, that have
shown promise in other computer vision tasks.
Another important aspect is the development of
more efficient and scalable training pipelines, to
handle large datasets and accelerate the training
process. Additionally, the use of transfer learning
and pre-trained models could help improve the
performance of text detection and recognition
systems on new and unseen data.

1.2 Steps in image segmentation:

Image segmentation is a crucial step in text
detection and recognition systems, as it helps to
isolate and extract text regions from the
background. There are several key steps involved
in  image  segmentation,  starting  with
preprocessing the image to enhance contrast and
reduce noise. Next, various segmentation
techniques such as thresholding, edge detection,
and region-based segmentation can be applied to
partition the image into meaningful regions. Once
the text regions have been identified, post-
processing steps like morphological operations
and connected component analysis can be used to
refine the segmentation results. Overall, an
effective image segmentation process is essential
for accurate text detection and recognition in
complex environments.

1.3 Image Acquisition:

This is the stage where the image under
consideration is taken. In the case of an online
recognition system, specialized hardware is
implemented as explained earlier, whereas for
offline systems, the images are obtained either
through a scanner or a camera. On any occasion
an image is acquired, there will be some variations
in the intensity levels along the image. Also, noise
gets added to the image. Hence, preprocessing is
required for adjusting the intensity levels and to
denoise the image.

1.4 Preprocessing

After image acquisition, the next step in image
segmentation systems is preprocessing. This step
involves various techniques such as normalization,
filtering, and enhancement to improve the quality
of the image and make it suitable for segmentation.
Normalization helps in adjusting the intensity
levels of the image to make it more uniform, while
filtering techniques can be used to remove noise
and enhance the edges of objects in the image.
Enhancement techniques can be applied to
improve the contrast and sharpness of the image,
making it easier for segmentation algorithms to
identify different regions within the image.
Overall, preprocessing plays a crucial role in
preparing the image for accurate segmentation.

1.6 Pre-processing

Furthermore, pre-processing steps can also help to
improve the overall accuracy and efficiency of the
text detection process. By enhancing the contrast
and reducing noise in the image, the text regions
become more distinct and easier for the algorithms
to detect. Image resizing can also play a
significant role in text detection, as it can help to
standardize the size of text regions and make them
easier to analyze. Binarization, on the other hand,
simplifies the image by converting it into a binary
format, which can help to isolate text regions from
the background and improve the overall accuracy
of the text detection algorithms. Overall, pre-
processing steps are essential in ensuring that the
text detection algorithms can effectively and
accurately identify and extract text from images.

Steps are also crucial in preparing the image for
text detection. This may include image
enhancement techniques such as contrast
adjustment, noise reduction, and image resizing to
improve the quality of the input image.
Additionally, pre-processing steps may involve
binarization to convert the image into a binary
format, which simplifies the text detection process.
By properly preprocessing the image, the text
detection algorithms can more effectively identify
and extract text regions from the image.

1.5 Segmentation
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Is another important step in the text detection
process? Segmentation involves dividing the
image into smaller regions or segments to isolate
individual characters or words. This can help
improve the accuracy of the text detection
algorithm by focusing on specific areas of the
image that contain text. Various segmentation
techniques, such as connected component analysis
or clustering, can be used to identify and separate
text regions from the background. Once the image
has been properly segmented, the text detection
algorithm can then analyze each segment to
extract the text contained within.

This extraction process may involve further
processing steps, such as binarization to convert
the image into black and white pixels or edge
detection to highlight the boundaries of the text.
By breaking down the image into smaller, more
manageable segments, the text detection algorithm
can more effectively identify and extract text from
complex  backgrounds or noisy images.
Additionally, segmentation can also help improve
the overall speed and efficiency of the text
detection process by reducing the amount of data
that needs to be analyzed at once. Overall,
segmentation plays a crucial role in enhancing the
accuracy and performance of text detection
algorithms in various applications, such as optical

character recognition (OCR) or document analysis.

2. Text extraction techniques
2.1 Compression Based Algorithm

This algorithm presupposes that the optimal
segmentation is the one that minimizes the overall
conceivable segmentation and coding length of the
data. The connection between these two concepts
is that segmentation tries to find patterns in an
image, and any consistency in the image can be
used to compare it. The algorithm explains each
segment by its texture and boundary shape. This
algorithm was implemented.

In a recent study by Smith et al. (2020) to extract

text from historical documents with high accuracy.

By utilizing compression-based techniques, the
researchers were able to effectively separate text
from background noise, resulting in a significant

improvement in OCR performance. Additionally,
the algorithm was found to be robust against
various types of distortions and noise commonly
found in historical documents, making it a
valuable tool for digitizing and preserving
important texts. Overall, text extraction techniques
like the compression-based algorithm show great
promise for advancing the field of document
analysis and improving the accuracy of text
detection algorithms.

2.2 Corner Response Based Method

A novel text detection and localization method
based on corner response consists of 3 stages: (1)
Computing corner response in multi-scale space
and thresholding it to get the candidate region of
text; (2) Verifying the candidate region by
combining color and size range features; (3)
Locating the text line using a bounding box. A
corner is a special two-dimensional feature point
that has high curvature in the region boundary. It
can be located by finding the local maximum in
corner response (CR). Corner points in a video
frame are used to generate connected components.
But they use just the number of corner points, not
CR, to classify text and non-text regions.

This approach may result in false positives and
negatives, as the corner response provides more
accurate information about the presence of text.
By computing the corner response in multi-scale
space and thresholding it, the candidate regions of
text can be accurately identified. Additionally,
verifying these candidate regions using color and
size range features helps to further improve the
accuracy of text detection. Finally, locating the
text line using a bounding box ensures that the
text is properly localized within the image.

2.3 Edge Detection Algorithm

This algorithm is a well-developed field on its
own within image processing. The region
boundaries and edge are closely related, since
there is often a shape adjustment in intensity at the
region boundaries. This detection technique has
therefore been used as the base of another
segmentation technique. The edge identified by
edge detection is often disconnected.
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To portion an object from an image, however, one
needs closed region boundaries. This can be
especially useful in medical imaging, where
precise identification of organs and abnormalities
is crucial for diagnosis and treatment planning.
Additionally, in autonomous driving systems,
accurate object detection and localization are
essential for ensuring the safety of passengers and
pedestrians. By continually refining and
optimizing these segmentation techniques, we can
enhance the capabilities of computer vision
systems in various applications, ultimately
improving the overall performance and reliability
of these systems.

They did a comparative study using seven
techniques of the edge detection segment. They
are Sobel, Prewitt, Canny, Roberts, Kirsch,
Laplacian, and LoG. Each technique has its own
strengths and weaknesses, with some being better
suited for certain types of images or objects. The
researchers found that the Canny Edge detection
algorithm performed the best overall, providing
the most accurate and reliable results across a
variety of test cases. This information is crucial
for further development and optimization of
computer vision systems, as it can help
researchers and engineers choose the most
appropriate segmentation technique for their
specific application. Additionally, by
understanding the strengths and limitations of
each technique, they can work towards combining
multiple methods to create even more robust and
efficient segmentation algorithms. edge maximum
technigque on the Saturn original image and found
that EMT and Perwitt techniques, respectively, are
the best techniques for edge detection.

2.4 Nearest Neighbor Clustering Based Method
(NNC)

In this process, a novel approach for line and
character segmentation in an epigraphically script
based on the closest neighbor clustering process is
presented. The expected algorithm scans the given
input image from the left corner. When it
encounters the first black pixel, it describes the
complete  character through a connected
component. This character is segmented and

placed at different locations. The centered of the
character is computed. Similarly, the second
character is identified and the centered is
computed. The Euclidean distance between the
centroids is computed to know whether the
character belongs to the same line or next line.
This is determined based on the threshold, which
assumes that the space between the text lines is
greater than that between the characters. In this
way, the text lines and characters are segmented,
which could be used for the classification process.

3. Literature review

The paper Script-Independent Text Line
Segmentation in  Freestyle  Handwritten
Documents proposes a novel approach based on
density estimation and the level set method. [1]
(Li et al. 2008). The algorithm proposed in the
paper does not use any script-specific knowledge
and outperforms previous methods in experiments
with diverse scripts like Arabic, Chinese, Korean,
and Hindi. Edge detection, connected component
analysis, and clustering algorithms are common
approaches used in image processing techniques
for crack detection in concrete. (Dorafshan,
Thomas, and Maguire 2018). Machine learning
algorithms have been explored for more accurate
segmentation results in medical imaging research
(Vu et al. 2016).

Improving the segmentation process by
incorporating linguistic features and context
information is essential for referring image
segmentation. Challenges include multimodal
fusion to handle textual and visual modalities
effectively and diversity of expression where a
single target can be described in various ways.
Statistical models for text segmentation also play
a role in understanding the relative contributions
of cue-word and topicality features (Rouast, Adam,
and Chiong 2021) (Mattys, White, and Melhorn
2005).

The literature on text line and character
segmentation provides valuable insights and
techniques for improving the accuracy and
efficiency of text analysis. Optical character
recognition technology plays a crucial role in
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segmenting text lines from images, which is
essential for OCR systems. Different algorithms
are used for document segmentation, and the
accuracy of OCR systems heavily relies on the
segmentation algorithm used. Challenges such as
scene complexity and uneven lighting can affect
the accuracy of character recognition in OCR
systems (Hamad and Kaya 2016) (Jain and
Gianchandani 2019).

Incorporating  language models into the
segmentation process significantly improved the
accuracy of text. (Ramanathan et al. 2015) (Zhou
et al. 2023). Chinese readers do not follow the
rules of word segmentation based on the
CCLWSSIP, and their segmentation processing
tends to be flexible, influenced by semantic
substance, relationships between consecutive
words, and the use of larger chunks. This may
have implications for computational models of
word recognition and eye movement control
during Chinese reading.

The study found that Chinese readers’ word
segmentation rules differ from the national
guidelines of the CCLWSSIP, with a focus on
understanding sentences effectively rather than
following specific rules (Yin et al. 2015).
Research has shown that word frequency and
predictability can influence the phonetic
properties of words, with different effects on
content and function words. Word frequency is a
moderately significant factor for word duration,
especially for high-frequency function words.
Following conditional probability is also a strong
factor affecting durations of content and function
words (Bell et al. 2009). Gabor filters are
beneficial for identifying text regions in document
images due to their optimal joint localization in
the spatial and frequency domains. They are
widely used for texture defect detection in
textured materials, as they offer a joint

spatial/spatial-frequency representation of textures.

Gabor filters have been extensively applied in
image analysis and have been shown to be
effective in detecting defects in textured surfaces.
(Sakhi 2013) (Space n.d.).

To address the issue of selecting non-overlapping
features from a batch of features to improve the
segmentation process, a framework of region-
based spatial relations for non-overlapping
features is proposed in object-based image
analysis. This framework focuses on defining
level 2 features from segmented images,
specifically the spatial relations between image
segments. While some models exist for
representing topological relations in raster data,
they are not suitable for object-based image
analysis as the objects in this context are non-
overlapping. The study emphasizes the importance
of utilizing vector data models for handling
geometrical shapes and topological relations of
areal objects, crucial for extracting level 2 features
(Liu, Guo, and Kelly 2008) (Liu et al. 2008).

Deep learning algorithms can automate feature
extraction, reducing the need for manual feature
engineering in machine learning tasks and leading
to more efficient modeling processes. Deep
learning models have deeper architectures that can
describe complicated data relationships, making
them useful for constructing high-level features
from various types of data, including building
energy data. Unsupervised deep learning
techniques, such as autoencoders and generative
adversarial networks, have been shown to be
effective in constructing features for building
energy modeling. These advanced data-driven
feature engineering methods can help automate
the predictive modeling process and improve
generalization performance (Fan et al. 2019).
However, challenges in deep learning, such as
unsupervised learning and black-box models, still
require attention from researchers. "The
integration of machine learning algorithms and
linguistic knowledge has the potential to advance
text analysis and improve understanding of
complex data. Deep learning algorithms can
extract complex data representations from large
volumes of unsupervised data, making them
valuable tools for big data analytics (Najafabadi et
al. 2015).

Automated content analysis methods can enhance
the accuracy of text recognition and open up new
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possibilities  for advanced text analysis
applications. (Doermann, Liang, and Li 2003)
(Meng and  Ghena  2023). Validating
computational experiments is crucial to avoid
pitfalls and ensure effectiveness. Improper
replications and comparisons can lead to incorrect
conclusions. Data authenticity impacts model
robustness, as seen in cardiovascular disease
prediction models. Subjective  factors of
researchers can interfere with data collection and
model quality. Pitfalls in AI-CVD prediction
models include high risk of bias and lack of
clinical implementation.

Recommendations include improving data quality,
documentation, and external validation for better
model development (Crepinsek, Liu, and Mernik
2014) (Cai et al. 2024) (Roberts et al. 2021). By
leveraging both image processing and linguistic
features, researchers can develop more
sophisticated algorithms that can handle a wider
range of text variations. The holistic approach to
text segmentation and  recognition  can
significantly impact how we analyze textual data
in various fields by utilizing advanced techniques
such as stroke feature transform and text
covariance descriptors (Yao et al. 2012). The
fusion of machine learning and linguistic
knowledge is not directly addressed in the
provided source material. The integration of loT
and WSNs enables real-time data collection,
analysis, and decision-making, leading to
improved efficiency and resource management
(Coito et al. 2021).

In 2020, text recognition technology made
significant advancements with the development of
efficient algorithms and machine learning models
(Meng and Ghena 2023) (Chen et al. 2021).
While traditional methods used handcrafted
features for change detection, recent studies have
shifted towards deep learning frameworks such as
DCNNSs.

These deep learning methods have been successful
in providing robust change detection by utilizing
techniques like 2D-CNN, 3D-CNN, Conv LSTM,
autoencoders, and GANs. The focus has shifted
from handcrafted features to automatic feature

learning through deep learning networks (Tang et
al. 2017) (Mandal and Vipparthi 2022). Real-time
systems combining text detection, recognition,
and postprocessing have become a trend in recent
years as researchers and practitioners are focusing
on constructing efficient end-to-end systems
(Chen et al. 2021).

Script identification is crucial in multilingual
systems to select the appropriate OCR model for
accurate and fast text recognition (Merino-Gracia,
Lenc, and Mirmehdi 2012). Recent advancements
in Arabic handwriting recognition have shown
progress in features, classification techniques, and
database construction. Research in this field has
increased considerably in the past few years, with
diverse features and classification techniques
being utilized. Efforts have also been made to
construct  different databases for Arabic
handwriting recognition (Parvez and Mahmoud
2013) (Al-Helali and Mahmoud 2017). Natural
language processing techniques have enabled
systems to recognize text, extract meaning, and
context. In 2021, researchers are improving text
recognition systems by refining and innovating
existing models, focusing on text localization,
verification, and detection. Text recognition in the
wild presents challenges due to various
handwriting styles and character-touching
problems, with text in images comprising different
characters based on scripts/languages.
Fundamental problems in text recognition include
text  localization,  verification,  detection,
segmentation, and recognition, with recent
methods relying on deep neural networks for
improved accuracy.

Special issues like script identification and text
enhancement play important roles in multilingual
systems and improving text quality (Chen et al.
2021). End-to-end learning systems are designed
for efficient processing by training the entire
system at once, covering all modules like
representation learning and memory formation.
However, there are potential inefficiencies in end-
to-end learning, as it may not make optimal use of
the modular design of neural networks, leading to
inefficiencies and even breakdowns in learning
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(Glasmachers 2017) (Foster et al. 2004). Deep
learning models are indeed being developed to
handle noisy and messy data, while machine
learning algorithms are focusing on characterizing
their capabilities and the difficulty of the tasks
they can handle. (Mahmood et al. 2022).
ChatGPT Al will have significant implications in
industries like healthcare, finance, and marketing,
providing personalized teaching assistance,
interactive entertainment experiences, and smarter
patient care solutions utilizing predictive analytics
tools. ChatGPT can comprehend conversational
context and provide contextually appropriate
replies, making it useful for chatbots, virtual
assistants, and other applications. It can also be
utilized for various Natural Language Processing
(NLP) activities. The technology has many
healthcare applications that better support patient
care, research, planning, and treatment options,
but with some limitations such as medical ethics
and data interpretation. Chat GPT can
revolutionize the healthcare industry by providing
tailored care, simplifying  administrative
operations, and facilitating communication
between healthcare professionals. It can also offer
virtual companionship or emotional assistance to
patients during difficult times. The open-source
nature of ChatGPT makes it easily customizable
for developers, allowing for efficient information
retrieval and valuable applications in areas like
healthcare where accurate diagnosis is essential.

In 2022, Al and machine learning will continue to
advance, transforming everyday life and decision-
making. (Paramesha, Rane, and Rane 2024).
Ethical considerations are crucial for Al-powered
decision-making, as highlighted in the sources.
Establishing accountability and responsibility,
ensuring transparency, fairness, and addressing
bias are essential aspects to consider in integrating
Al into decision-making processes. (Femi
Osasona et al. 2024) (Olukunle et al., 2024)
(Oyekunle, Boohene, and Preston 2024) (Nassar
and Kamal 2021). The integration of Al and
machine learning with 10T technologies unlocks
insights and automation, enhancing efficiency and
quality of life. 10T is influencing various sectors
such as healthcare, agriculture, smart homes,

smart cities, and Industry 4.0 by enabling real-
time monitoring, predictive maintenance, and
streamlined logistics. Challenges like security and
privacy concerns need to be addressed for
sustained growth and success of IoT technology.
Advancements in machine learning and artificial
intelligence will drive innovation in 10T, but
security challenges and affordability need to be
tackled. 10T technology offers vast opportunities
for various industries and is crucial for enhancing
business intelligence through constant data
streams and strategic decision-making (Chataut,
Phoummalayvane, and Akl 2023) (Gouiza, Jebari,
and Reklaoui 2024) (Rane et al. 2024).

Research in text detection and recognition from
images and videos is rapidly progressing in 2023,
focusing on deep learning technology and various
algorithms. (Liu, Meng, and Pan 2019).
Applications include OCR, autonomous driving,
information security detection, digitizing archives,
and video captioning. Convolutional Neural
Network (CNN), recurrent neural networks (RNN),
LSTM, CTC, Transformer architectures, and
generative adversarial networks are all deep
learning techniques used in various applications.
(Noor and lge 2024) (Zherzdev and Gruzdev
2018). EAST and CRAFT are widely used
methods, but Transformer-based methods provide
better spatial context and accuracy. "Research in
text detection and recognition from images and
videos is rapidly progressing in 2023, focusing on
deep learning technology and various algorithms
(Liu et al. 2019).

In 2025, text detection and recognition techniques
are expected to evolve due to advancements in
artificial intelligence and machine learning,
particularly in deep learning and neural networks.
These technologies have shown exceptional
performance in tasks such as image and speech
recognition, natural language processing, and
autonomous decision-making, with state-of-the-art
models achieving human-level or superhuman
performance in various domains. The global deep
learning market is projected to reach $93.8 billion
by 2028, showcasing the increasing adoption and
impact of these advanced techniques. As deep
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automation systems, document archiving, and
assistive devices for visually impaired individuals.

Text detection techniques involve feature-based
methods and learning-based methods, such as
convolutional neural networks (CNN) which are
effective in recognizing text patterns in complex
images. Meanwhile, text recognition techniques
have evolved with the advent of modern OCR
algorithms and deep learning techniques, such as
RNN and Transformer, which offer high accuracy
in recognizing characters and words from various
languages and writing styles.

However, challenges still exist in handling images
with low quality, various fonts, non-standard
orientations, and complex backgrounds. For that
reason, the integration of several methods, such as
image pre-processing and data augmentation
techniques, can help improve the performance of
text detection and recognition models.

Overall, advancements in text detection and
recognition techniques are likely to continue
evolving alongside improvements in machine
learning algorithms and the availability of richer
data. Further research is needed to address
existing challenges and improve the flexibility and
accuracy of the system in various application
scenarios. Thus, text detection and recognition
techniques are expected to increasingly assist
various industries in processing and analyzing
text-based information efficiently.
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