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1. INTRODUCTION

The usage of text extraction and localization are widely noticed in the application area of translation
services, content management, and software development. In text extraction, the particular pieces of
information are identified followed by retrieval from large corpus of text that can be subjected to both
unstructured and structured data using optical character recognition (OCR), natural language processing
(NLP), and regular expression [1]. The process of text extraction is widely adopted in search engines, web
scraping, document parsing, and data mining. In text localization, the position of the text is identified in order
to meet the contextual demands and linguistic requirements where the text contents are translated and
customized to meet the demands of local users. The process of text localization is carried out using machine
translation, translation memory, and localization management system [2]. There are various challenges
associated with text extraction and location where the primary one is related to sub-optimal text quality and
varied formats. Variability of structure also poses a significant challenge in extraction of suitable text where
it is quite challenging to understand the context. Further, more complexities are added during extraction of
text with multiple languages as well as domain-specific terminologies. While performing extraction from
scene text or from complex background, there are also higher possibilities of missed text elements or
inappropriately identified text eventually leading to errors. There is an immense future scope of text
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extraction that are more likely to be formed by the pace of evolving technologies. Text detection when
combined with artificial intelligence (Al) can offer more capability towards categorizing complex classes of
information [3]. Another potential future scope of text extraction is related to proliferated demands of real-
time data analysis from various consistent updating sources, feeds of social media, and live streams. essential
for analyzing and monitoring trends and events of real-time [4]. Content generation and knowledge graphs
are another evolving future scope of text extraction where various forms of reports and summaries can be
automatically be generated, thereby, saving manual effort, time, enhances productivity. Enhanced handling of
dialects and varied languages are another essential scope of text extraction to offer efficient multilingual
capabilities and language-particular frameworks. A distinct form of linguistic feature and cultural context can
be effectively handled by language-particular frameworks while multilingual capabilities can assist in
handling multiple languages. There is also an immense need of text extraction tool specifically for various
domains of services e.g., financial reports, medical records, and legal documents. In such aspect, the text
extraction system can furnish more customized information on the basis of utility, enhanced relevance,
behavior, and user preference. Finally, the more frequent usage of text extraction is witnessed from various
scenes where multi-modalities are adopted. Such perspective of text extraction calls for integrating text
extraction schemes with varying datatypes e.g., video, audio, and images. will offer extensive comprehensive
insights of knowledge from the acquired text. Further, the textual contents can be correlated to Al with
various forms of data in order to provide more extraction of data along with holistic understanding. Although,
the conventional meaning of text localization is more focused towards translation-based processes, but the
importance of identifying and converging the textual area from the scene text can be highly complementary
towards text extraction process. However, the core challenges that almost all the research communities are
encountering currently is to introduce scalable performance of text extraction. This is really a bigger issue as
acquiring textual contents from massive volumes of data demands a precise tool with higher robustness as
well as efficient infrastructures. The biggest challenge still resides for providing accurate and faster
extraction of text from larger data volumes in current era.

There are various existing review works towards text extraction process which are required to be
discussed in study background to have more fair idea of existing contribution. A unique work is designed by
Ibrahim [5] which can perform detection of plagiarism text using Al. Cao et al. [6] have presented vivid
discussion of text detection approaches from natural scene along with comprehensive discussion of protocols
used for evaluation and dataset trends. Discussion of different variants of algorithms towards text
classification have been presented by Gasparetto et al. [7] with a special emphasis on deep learning-based
schemes. Adoption of deep learning approaches in research work towards similar direction of extraction of
information is presented by Yang et al. [8] considering extraction of multi-modal information, event-related
information, and relationship among entities based information. The paper has also presented discussion of
multilevel dataset suitable for such algorithms. The work carried out by Alkendi et al. [9] have presented
review of multiple handwritten text identification approaches in context of both research-based works as well
as certain commercial system. A review on unique topic associated with matching of textual entities has been
presented by Jiang and Cai [10] where the authors highlights ongoing challenges associated with newly
evolving approaches of Al. Malashin et al. [11] have presented discussion of an adaptive model where
search-based optimization is used for text extraction.

The identified problems arrived after reviewing the above-mentioned studies are as follows: i) there
are highly scattered form of the review work at present which offers descriptive information about all
individual approaches; however, fails to state a proper taxonomies of the frequently evolved approaches;
ii) there are few research work which reports of limitations of core classes of methodologies involved in text
extraction and localization; iii) there are various research papers with similar core technologies but using
different research methodologies that has not been yet identified in the area of text extraction; and
iv) simplification of research gap and current trends of methodological classes are few to be identified in
existing review work.

Hence, the aim of proposed study is to carry out a insight description of the core methodological
classes for text extraction and localization approaches from recent studies. The value-added information
stated in this manuscript as a part of contribution are as follows: i) to highlights the core classes of frequently
adopted methods towards text extraction and localization that has not yet been reported in prior studies;
ii) to highlight the strength and weakness of associated methodological classes of text extraction in order to
infer its degree of effectiveness; iii) to highlight the current research trends for identifying the frequently
adopted methods as well as their individual methods along with identification of evolving approaches; and
iv) to highlight the research gap in form of unsolved problems that are yet awaiting for an effective solution.
The next section presents discussion of research methods adopted to construct this review study.
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2. METHODS

The proposed method targets to construct a proper taxonomy of methodologies by reviewing the
existing approaches of text extraction and localization. Figure 1 showcases the research method adopted for
this purpose. The first step is towards performing database exploration associated with text extraction, text
detection, localization, and classification. The initial screening is performed by reviewing the abstract and
title followed by eliminating the duplicates. The study considers two different papers with exactly similar
methods to be duplicates apart from two similar manuscripts. The inclusion criteria are: i) only journal papers
published between 2019-2024 are included, and ii) journals from reputed publishes e.g., MDPI, Springer,
ArXiV, IJECE, EURASIP are used. The exclusion criteria are: any theoretical or discussion or review papers
and conference or proceedings papers.

|: Database Exploration
| Initial Shortlisting Abstract Screening

- |

Screening Method

Duplicates Removal

Final Selection

Y

Screening implementation

Inclusion & Exclusion
Criteria

Screening result

Y Y
Gap Research
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Figure 1. Adopted methodology

After duplicates removal, the final screening is carried out by screening the complete research method
reported within the manuscript as well as implementation and result sections too. Further, a research trend
analysis is performed to understand the frequencies of publications associated with each individual approaches
under core methodological classes of text extraction and localization. The final step is to review the problems
that have not reportedly being mitigates over a consecutive period of time in order to acquire research gap.
The next section discusses about the outcome of proposed review work.

3. RESULTS AND DISCUSSION

This section presents various types of text detection as well as localization schemes from the video
identified from the existing literatures. It has been noted that usage of such scheme has been witnessed
towards developing and investigating automatic subtitles, content analysis, video indexing, and many more
applications. Various distinct methodologies have been adopted towards detection of textual contents from
multimedia addressing different variants of research problem. The highlights of the identified methods of text
detection and localization are categorized and discussed as follows:

3.1. Reviewed approaches
3.1.1. Conventional computer vision methods

Table 1 highlights the summary of effectiveness of conventional computer vision methods. There
are three essential approaches towards text detection and localization using computer vision methods viz.
edge detection, connected component analysis, and region-based methods. Edge detection assists in
identifying the structure and boundaries of text regions using multiple approaches viz. noise reduction,
gradient calculation non-maximum suppression, double thresholding, and edge tracking by hysteris.
Conventional methods e.g., canny edge, Sobel operator, Prewitt operator, Laplacian of Gaussian, and Hough
transform are used for edge detection. Connected component analysis is capable of determining and
analyzing regions with connected pixels either in grayscale of binary and can significantly assists in
extracting and isolating text area. Region-based method performs segmentation of an image to more logical
region followed by text extraction and applying OCR. It also performs merging regions and bounding box
refinement as post processing prior to text extraction.
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Table 1. Summary of effectiveness of computer vision methods

Approaches Papers Advantage Limitations
Edge detection [12] Ability to detect edges with high accuracy Computationally more intensive
under different text orientation
Connected component [13] Highly flexible and effective for simple Involves computational complexities,
analysis text. sensitive to noise
Region-based methods  [14], [15] Better scalability and can handle diverse Highly sensitive to noise, involves

fonts and layouts of text complexity due to multiple steps

3.1.2. Learning-based approaches

In contrast to conventional approaches of text extraction and localization, machine learning and deep

approaches are slowly evolving to prove its capability towards improving accuracy and adaptability. Table 2
summarizes the effectiveness of reviewed learning-based approaches. These learning approaches involves
using a standard dataset followed by performing training operation to extract and recognize text region as
well as textual characters. Following is more information about approaches:

From perspective machine learning approach, sliding window and feature-based methods are frequently
adopted towards text detection. The sliding window assists in detecting and isolating the text by moving a
window of fixed size over an image for determining the region of interest. Prior to text extraction, it also
performs filtering and bounding box refinement. This approaches also calls for applying various
classifiers e.g., support vector machine (SVM) or random forest. Feature-based methods are another
frequently adopted approaches in machine learning where detection of text is carried out using varied
visual characteristics e.g., color and intensity, texture, shape, and morphology.

From the perspective of deep learning approach, there are various frequently used approaches based on
potential neural network architecture. This approach offers a capability to learning sophisticated features
and complex patterns. The preprocessing operation in deep learning offers an enhanced model
performance using noise reduction, normalization, and data augmentation. Deep learning methods also
involves efficient pre-trained models that are highly specific to domain in order to enhance the robustness
and accuracy performance. PyTorch and TensorFlow are more frequently adopted framework reported in
existing literatures. Convolutional neural network (CNN) is one of the prominent deep learning methods
known for its superior capability of acquiring hierarchical features for assisting in efficient text detection
as well as recognition. CNN is mainly used for character recognition and text-region detection. Region-
based CNN (R-CNN) performs classification of identified region of interest using pre-trained models
mainly. You only look once (YOLO) can perform real-time detection of text by predicting class labels
and bounding box using neural network. Single shot multibox detector (SSD) using similar approach of
YOLO method towards text extraction.

Table 2. Summary of effectiveness of learning methods

Approaches Papers Advantage Limitations
Sliding Window [16] Adaptable to varied form of Fixed window size, overlapping issue,
text, simplicity computationally intensive
Feature-based methods  [17], [18] Interpretable, adaptable Needs manual tuning of threshold and
parameters, sensitive to noise and
fluctuating text styles
CNN [19]-[21]  Highest accuracy, autonomous Demands massive trained and annotated
feature learning data, highly computationally intensive
R-CNN [22], [23] Flexible, and highly accurate Computationally intensive, induces higher
detection complexities towards implementation
YOLO [24], [25] Performs end-to-end detection, ~ Complex text localization, higher training
real-time performance complexity
Single shot multibox [26], [27] Can extract text at multiple Demands maximum fine tuning, demands
detector scales, real-time extraction higher number of annotated data, higher
resource consumption
RNN and LSTM [28], [29] Effective in understanding RNN suffers from vanishing gradient
context, capable of handling problem
varying text length
Transformer [30], [31] State-of-the Art performance Demands large trained data, demands

substantial memory and resource

Apart from above-mentioned learning approaches, attention mechanism is also reportedly used for
managing sequences of input with varying length. It is noted that when transformer or RNN is integrated with
attention layer, it improvises the performance of text recognition. However, such models is witnessed with
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loophols of higher computational resource dependencies for inference and training with increased
complexities although, these models are reportedly characterized with better context handling and enhanced
focus on features. There are also end-to-end models that combines both extraction and identification in one
model used specifically for recognition of scene text. Such models can be developed by integrating
convolution RNN and text bounding boxes where text are obtained from images. These approaches offer
reduced computational effort towards extraction and recognition with higher streamlined workflow; however,
they also suffer from extensive training data demands and model complexity. Object detection methods are
also reportedly adopted in deep learning approached which is meant for localizing and classifying objects
within images. Various frameworks like YOLO, SSD, and faster R-CNN are used for this purpose. These
models are known for offering real-time detection using YOLO along with detection capability of multiple
objects at same time; however, they suffer from overlapping region of text problem and demands higher
number of labelled data for training.

3.1.3. Text recognition and localization approaches

Table 3 showcases essential properties of this method from existing reviewed studies. This method
is known for its robust extraction process of text as well as interpretating them obtained from image source.
This model performs joint operation of extraction of text, localization of textual content, and recognition of
text. Various approaches used under this method are efficient and accurate scene text detector (EAST),
character region awareness for text detection (CRAFT), TextBoxes++, tesseract OCR, convolution RNN, and
attention-based sequence-to-sequence text recognition (ASTER).

Table 3. Summary of effectiveness of text recognition and localization model

Approaches Papers Advantage Limitations
EAST [32] Robust, better accuracy, speed and accuracy Do not perform text recognition, post
processing is quite complex
CRAFT [33] Versatility, precise character-level detection -do-
TextBoxes++ [34] Enhanced localization, multi-scale detection Implementation complexity, training
complexity
Tesseract OCR [35] Simpler usage, supports multiple language, open Limited to text recognition, inconsistent
source performance
CRNN [36] Contextual information extraction, can handle Complex training and implementation,
varying text shape and length demands extensive annotated training data
ASTER [37] Attention methods increase accuracy, can handle Demands apriori knowledge for tuning,
varying text shape and length resource intensive

3.1.4. End-to-end approaches

Table 4 showcases properties studied after reviewing existing implementation schemes towards
these end-to-end approaches. This approach consists of mainly two core method TextNet and connectionist
text proposal network (CTPN) which is meant for perform extraction, detection, and recognition of the text.
TextNet emphasizes towards both identification of text followed by recognition of text with lesser training
operations involved in it. CTPN is responsible for yielding text proposals and they are highly ideal for
complex backgrounds with textual contents. TextNet, using CNN approach, is specially used for detection of
real-time text and document analysis while CTPN, using RNN, is used for digitization of document with
complex form of layouts and detection of scene text.

Table 4. Summary of effectiveness of end-to-end approaches

Approaches Papers Advantage Limitations
TextNet [38] Adaptable, higher accuracy, Demands higher computational resources, demands extensived
unified approach labelled data
CTPN [39] End-to-end solution, effective Tedius post processing is required to eliminate non-text region
for multiple text lines and extract text, computationally intensive for complex scenes

3.1.5. Temporal consistency approaches

Table 5 highlights the characteristic of temporal consistency approaches noted from existing studies.
This approach is specifically meant for extracting text from videos as well as from image sequences targeting
to retain efficient localization and recognition of text. This approach is mainly used for detecting live text
from video streams and scanning document with consistent input. Typical methods used for this purpose are
moving average filtering, Kalman filtering, frame-by-frame matching, simple online and realtime tracking
(SORT), text-reidentification, and multi-frame fusion. The practical consideration towards this approach is
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framerate, text movement, and computational resources. Out of various variants of this approaches, they have
been categorized mainly based on tracking-based method and optical flow methods for simplification in
taxonomies of literatures. The tracking-based method mainly uses SORT methodology for emphasizing on
movement of extracted region of text while optical flow method is meant for evaluating motion vector of
textual object between sequences of frames. Farneback algorithm and Lucas-Kanade algorithm are frequently
adopted approaches for optical flow-based text extraction.

Table 5. Summary of effectiveness of temporal consistency approaches

Approaches Papers Advantage Limitations
Tracking-based [40] Can handle occlusion, consistency across frames, Gradual deviation of tracked position,
method enhanced accuracy demands on previous detection
Optical Flow [41] Supports motion estimation of text, extracts low- Highly sensitive to noise, limited to smooth
level information, doesn’t demand previous motion, high resolution videos give
detection, simplified deployment increased computational complexity

3.2. Essential findings of study

From the prior section, it has been noted that there are 5 different classes of methods used for text
detection and localization. It has been also noted that each class of methods have reported of its beneficial
features and limitations too. However, it is required to acquire an overall picture of current trends of existing
methodologies that can offer a potential insight towards frequently adopted methods. It is also necessary to
converge to a specific point of on-going research issue extracted after review of existing classes of text
detection and localization methods. This section offers highlight of essential findings of study with respect to
research trend visualization and identification of research gap.

3.2.1. Research trend

It has been noted that there are approximately 162,301 publications towards the above-mentioned
five discrete classes of methodologies of text extraction and localization. Only the papers published between
2019-2024 available in IEEE Xplore, Springer, and MDPI has been observed and recorded. Various other
journals also have been referred to witnessed nearly the similar trends of publications. Figures 2 to 6
showcases the graphical outcomes of these classes of methodologies. It is noted that maximum publication is
noted for feature-based methods (n=63,862) followed by CNN approach (n=20,567), and CTPN method
(n=20,571). The lowest count is observed for Sliding window methods (n=1) while other methods are quite
scattered from cardinality of publication viewpoint. There are no publications towards connected component
analysis, TextNet, and ASTER methods with respect to implementation papers.

Some of the essential findings from the research trend exhibits witnessed from Figures 2 to 6 are as
follows: i) adoption of deep learning approaches [CNN (n=20567), R-CNN (n=16544), YOLO (n=2513),
SSD (n=396), RNN (n=6023), LSTM (n=9974), and transformer (n=7173)] has been on consistent rise,
ii) Although, there are less number of recorded works for temporal consistency-based approaches, but they
are next on rise of adoption after deep learning-based approaches, iii) The overall publications trends towards
text recognition and localization methods are quite less in contrast to other methods even bearing some
potential advantageous features towards text extraction.
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Figure 2. Trends of computer vision methods
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3.2.2. Research gap

The identified research gap obtained after reviewing the existing classes of methodologies towards
text extraction and localization are as follows: i) existing research models encounters significant challenges
while extracting textual contents from documents characterized by complex background and layouts. ii)
There are lesser reporting of study model considering complex form of document (in form of distortion or
low-resolution) for text extraction leading to sub-optimal accuracy performance. iii) There are few algorithm
which claims of faster and lightweight operation considering practical environment either towards
localization or towards extraction of text. iv) Existing system has not witnessed with any solution where text
extraction process is integrated with semantics for better localization accuracy. v) Although there are
algorithm reported to overcome text extraction issues from natural scenes, but they are associated with
increased computational burden. vi) Existing system have less number of benchmarked models considering
varying test environment to prove its applicability on near real world applications.

3.3. Discussion

The outcomes of this study provide critical insights into the various approaches used for text
identification and localization across multimedia sources. The data shows a clear trend of rising usage of
deep learning-based systems, such as CNNs and region-based CNNs (R-CNNSs), due to their improved text
recognition accuracy. A crucial piece of supporting evidence is the observed increase in publications about
CNN-based models, with over 20,000 studies published between 2019 and 2024. These deep learning models
excel at handling complicated text recognition problems, overcoming many of the limits faced by traditional
methods like edge detection and connected component analysis, which are computationally more costly and
less resistant in noisy situations.

When compared to past studies, the findings of this study are consistent with the patterns
highlighted in other works that emphasize the dominance of machine learning and deep learning models in
text extraction tasks. However, it also notes some gaps in the current literature, particularly in methods such
as temporal consistency approaches, which have received little research attention despite their expanding
importance in video and sequence-based text detection. The study’s merits include its extensive analysis of
various approaches and detailed categorization of procedures. However, one restriction is the little emphasis
on the integration of semantic understanding into text localization, which might potentially improve accuracy
even more. Furthermore, while the study highlights significant advancements in text detection, it also
uncovers the surprising finding that the number of publications in text recognition and localization is lower
compared to other methods, suggesting a potential underrepresentation of this area in ongoing research.

In conclusion, the purpose of this study was to provide an in-depth assessment of current trends in
text identification and localization technologies, as well as important insights into their effectiveness and
limitations. The study’s significance stems from its capacity to combine diverse methodologies and identify
topics for further research, particularly in resolving the constraints of complex backgrounds, low-resolution
text, and real-time application contexts. Unanswered questions include how to further minimize processing
overhead while boosting accuracy, as well as how to include contextual and semantic understanding into text
identification systems. Future study should look into lightweight models for practical applications, more
robust methods for a variety of real-world settings, and the use of multimodal data to improve text
localization across several media types.
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4. CONCLUSION

This study looked at the various approaches for text detection and localization in multimedia,
emphasizing their importance in applications like automatic subtitles, video indexing, and content analysis.
The study stresses the growing importance of deep learning-based methods such as CNNs and R-CNNs,
which provide more accuracy and adaptability in a variety of text recognition tasks. While some may argue
that classical methods remain relevant because to their lower computational requirements, deep learning
methodologies’ improved performance and scalability make a compelling case for wider adoption. The paper
contributes towards the following novelties viz. The manuscript presents 5 categories of methodological
classes of text extraction (computer vision methods, learning-based approaches, text recognition and
localization approaches, end-to-end approaches, temporal consistency approaches) that has not been reported
before in any prior review works; thereby offering a compact snapshot of methods. The review has studied 22
individual methodologies belonging to each of the above-mentioned five methodological classes in order to
understand its potential strength and weakness. The review work contributes towards a simplified and novel
trend analysis of existing system to find increasing number of sophisticated approaches (e.g., learning based
approaches and temporal consistency approaches) while less innovation has been yet witnessed for more
simplified schemes towards text extraction. The paper finally contributes towards explicitly identified
updated research gap based on last 5 years study models. The future work will be oriented towards presenting
a simplified computational model towards addressing the identified research gap for evolving more cost-
effective text extraction and localization approaches.
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