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This paper aims to enhance the performance of Printed Arabic Optical
Character Recognition (OCR) systems through the application of Deep
Learning techniques, specifically by adapting the YOLOv4 model
originally designed for Object Detection tasks to perform recognition

of individual Arabic characters.
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1.1 Clarity and Precision

Journal of Computer Science

Original Research Paper

The title of the paper is clear and precise. It explicitly
identifies:

A Printed Arabic Optical Character Recognition System using
Deep Learning

Salah Alghyaline

Department of Computer Science, the World Islamic Sciences and Education University, Amman, Jordan

. The research domain: Arabic Optical Character
Recognition

. The text type: Printed Arabic
. The technical method: YOLOv4
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1.2 Representativeness of the Research Content

Journal of Computer Science

Original Research Paper

The title accurately reflects the technical core of the paper,
particularly the use of a deep learning—based object
detection model. However, it does not explicitly indicate
the nature of the scientific contribution, such as

A Printed Arabic Optical Character Recognition System using
Deep Learning

Salah Alghyaline

Department of Computer Science, the World Islamic Sciences and Education University, Amman, Jordan

performance improvement, methodological novelty, or
comparative evaluation.
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1.3 Academic Relevance and Appeal

Journal of Computer Science

Original Research Paper

The title is relevant and appealing to researchers in:

« Artificial Intelligence

A Printed Arabic Optical Character Recognition System using
Deep Learning

Salah Alghyaline

Department of Computer Science, the World Islamic Sciences and Education University, Amman, Jordan

« Computer Vision

 Arabic Language Processing

Nevertheless, it does not highlight the application context
(e.g., printed books or document digitization), which
constitutes an important part of the paper’s practical
relevance.
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1.4 Constructive Critical Remark

Journal of Computer Science

Original Research Paper

The title could be strengthened by emphasizing the
research contribution or outcome, for example:

A Printed Arabic Optical Character Recognition System using
Deep Learning

Salah Alghyaline

Department of Computer Science, the World Islamic Sciences and Education University, Amman, Jordan

“Improving Printed Arabic OCR Accuracy Using
YOLOv4”
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2.1 Inclusion of Core Elements

The abstract includes the essential components of a
scientific abstract:

A general background on Arabic OCR challenges

The main objective of the study

The proposed methodology (YOLOv4-based OCR)

The dataset used
Quantitative performance results

Thus, it satisfies the structural requirements of an academic
abstract.

Abstract: Recognizing Arabic script is challenging for many reasons: The
Arabic language is cursive and morphologically rich. There is a high
similarity between Arabic letters. Moreover, Arabic has many diacritics and
dots, and they change the letter's phonetic transcription. This study proposes
a Printed Arabic Optical Character Recognition approach (PAOCR) based
on the state-of-the-art You Only Look Once (YOLO) object detector. Four
techniques were proposed and implemented to design an end-to-end Arabic
OCR system. First, the YOLO4 object detector is customized and trained on
deep Convolutional Neural Networks (CNNs) to recognize Arabic
characters. Second, the overlapped bounding boxes are processed to keep the
most accurate box for each character. Third, the Hunspell library checks the
word spelling and corrects the wrong ones. Fourth, edit distance is used to
compare OCR misspelled words with Hunspell's suggestions and choose the
closest correct word. The experimental results in the Arabic Printed Text
Image (APTI) dataset showed that the Word Recognition Rate (WRR) of
customized YOLO4 Arabic OCR is 66.7%, whereas applying the three
proposed techniques with YOLO4 achieved 82.4%. A comparison with two
existing OCR systems Tesseract and ABBYY showed that the proposed
approach achieved a 95.7% Character Recognition Rate (CRR), whereas
Tesseract and ABBYY achieved 92.3 and 84.8%, respectively.

Keywords: Optical Character Recognition, Arabic OCR, Convolutional
Neural Network, YOLO4




MIDOCEAN

REB ABSTRACT CRITICISM

2.2 Definition of the Research Problem

Although the abstract refers to the difficulty of Arabic OCR,
it does not explicitly articulate the research problem in a
precise or problem-driven manner. The challenge is
described broadly, without clearly identifying a specific gap

in prior work.

Abstract: Recognizing Arabic script is challenging for many reasons: The
Arabic language is cursive and morphologically rich. There is a high
similarity between Arabic letters. Moreover, Arabic has many diacritics and
dots, and they change the letter's phonetic transcription. This study proposes
a Printed Arabic Optical Character Recognition approach (PAOCR) based
on the state-of-the-art You Only Look Once (YOLO) object detector. Four
techniques were proposed and implemented to design an end-to-end Arabic
OCR system. First, the YOLO4 object detector is customized and trained on
deep Convolutional Neural Networks (CNNs) to recognize Arabic
characters. Second, the overlapped bounding boxes are processed to keep the
most accurate box for each character. Third, the Hunspell library checks the
word spelling and corrects the wrong ones. Fourth, edit distance is used to
compare OCR misspelled words with Hunspell's suggestions and choose the
closest correct word. The experimental results in the Arabic Printed Text
Image (APTI) dataset showed that the Word Recognition Rate (WRR) of
customized YOLO4 Arabic OCR is 66.7%, whereas applying the three
proposed techniques with YOLO4 achieved 82.4%. A comparison with two
existing OCR systems Tesseract and ABBYY showed that the proposed
approach achieved a 95.7% Character Recognition Rate (CRR), whereas
Tesseract and ABBYY achieved 92.3 and 84.8%, respectively.

Keywords: Optical Character Recognition, Arabic OCR, Convolutional
Neural Network, YOLO4
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2.3 Presentation of Methodology
The abstract mentions the use of YOLOv4 but does

not justify its selection over other OCR or sequence-

based models. This weakens the methodological

argument presented at this stage.

10

Abstract: Recognizing Arabic script is challenging for many reasons: The
Arabic language is cursive and morphologically rich. There is a high
similarity between Arabic letters. Moreover, Arabic has many diacritics and
dots, and they change the letter's phonetic transcription. This study proposes
a Printed Arabic Optical Character Recognition approach (PAOCR) based
on the state-of-the-art You Only Look Once (YOLO) object detector. Four
techniques were proposed and implemented to design an end-to-end Arabic
OCR system. First, the YOLO4 object detector is customized and trained on
deep Convolutional Neural Networks (CNNs) to recognize Arabic
characters. Second, the overlapped bounding boxes are processed to keep the
most accurate box for each character. Third, the Hunspell library checks the
word spelling and corrects the wrong ones. Fourth, edit distance is used to
compare OCR misspelled words with Hunspell's suggestions and choose the
closest correct word. The experimental results in the Arabic Printed Text
Image (APTI) dataset showed that the Word Recognition Rate (WRR) of
customized YOLO4 Arabic OCR is 66.7%, whereas applying the three
proposed techniques with YOLO4 achieved 82.4%. A comparison with two
existing OCR systems Tesseract and ABBYY showed that the proposed
approach achieved a 95.7% Character Recognition Rate (CRR), whereas
Tesseract and ABBYY achieved 92.3 and 84.8%, respectively.

Keywords: Optical Character Recognition, Arabic OCR, Convolutional
Neural Network, YOLO4
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2.4 Reporting of Results
The inclusion of numerical accuracy results is a

strength. However:
 The significance of these results is not discussed

» No comparison with existing state-of-the-art

systems is highlighted in the abstract

11

Abstract: Recognizing Arabic script is challenging for many reasons: The
Arabic language is cursive and morphologically rich. There is a high
similarity between Arabic letters. Moreover, Arabic has many diacritics and
dots, and they change the letter's phonetic transcription. This study proposes
a Printed Arabic Optical Character Recognition approach (PAOCR) based
on the state-of-the-art You Only Look Once (YOLO) object detector. Four
techniques were proposed and implemented to design an end-to-end Arabic
OCR system. First, the YOLO4 object detector is customized and trained on
deep Convolutional Neural Networks (CNNs) to recognize Arabic
characters. Second, the overlapped bounding boxes are processed to keep the
most accurate box for each character. Third, the Hunspell library checks the
word spelling and corrects the wrong ones. Fourth, edit distance is used to
compare OCR misspelled words with Hunspell's suggestions and choose the
closest correct word. The experimental results in the Arabic Printed Text
Image (APTI) dataset showed that the Word Recognition Rate (WRR) of
customized YOLO4 Arabic OCR is 66.7%, whereas applying the three
proposed techniques with YOLO4 achieved 82.4%. A comparison with two
existing OCR systems Tesseract and ABBYY showed that the proposed
approach achieved a 95.7% Character Recognition Rate (CRR), whereas
Tesseract and ABBYY achieved 92.3 and 84.8%, respectively.

Keywords: Optical Character Recognition, Arabic OCR, Convolutional
Neural Network, YOLO4
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2.5 Critical Observation

The abstract is descriptive rather than analytical. It
would benefit from explicitly stating the scientific
contribution and explaining how the proposed

approach advances the field.

12

Abstract: Recognizing Arabic script is challenging for many reasons: The
Arabic language is cursive and morphologically rich. There is a high
similarity between Arabic letters. Moreover, Arabic has many diacritics and
dots, and they change the letter's phonetic transcription. This study proposes
a Printed Arabic Optical Character Recognition approach (PAOCR) based
on the state-of-the-art You Only Look Once (YOLO) object detector. Four
techniques were proposed and implemented to design an end-to-end Arabic
OCR system. First, the YOLO4 object detector is customized and trained on
deep Convolutional Neural Networks (CNNs) to recognize Arabic
characters. Second, the overlapped bounding boxes are processed to keep the
most accurate box for each character. Third, the Hunspell library checks the
word spelling and corrects the wrong ones. Fourth, edit distance is used to
compare OCR misspelled words with Hunspell's suggestions and choose the
closest correct word. The experimental results in the Arabic Printed Text
Image (APTI) dataset showed that the Word Recognition Rate (WRR) of
customized YOLO4 Arabic OCR is 66.7%, whereas applying the three
proposed techniques with YOLO4 achieved 82.4%. A comparison with two
existing OCR systems Tesseract and ABBYY showed that the proposed
approach achieved a 95.7% Character Recognition Rate (CRR), whereas
Tesseract and ABBYY achieved 92.3 and 84.8%, respectively.

Keywords: Optical Character Recognition, Arabic OCR, Convolutional
Neural Network, YOLO4
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3.1 Thematic Framing and Background

The introduction provides an appropriate
background on OCR technology and the linguistic
characteristics of the Arabic script. This
contextualization is logically structured and

academically sound.

Introduction

Optical Character Recognition (OCR) applies image
processing technology to convert printed and handwritten
text images into editable text The aim is to use the editable
text for further processing (Patel er al, 2012). OCR
applications includes automatic cheque recognition
(Mchta et al., 2010), handwriting form recognition ( Fanany,
2017), Automatic License Plate Recognition (ALPR)
(Alghyaline, 2020). text reading for blind people
(Liambas and S dis, 2016) and digi ion of historical
documents (Bukhari er al, 2017). Humans can casily
recognize printed and written text with high accuracy, and
they do that after years of tramning during school time.
However, they could face some problems recognizing the
written text because the handwriting is different from one
person to another. Thercfore, many cfforts were made to
develop accurate and fast OCR systems. Each language has
its specifications and many OCR spproaches were proposed
for different languages: English OCR (Mchta et al., 2016;
Chaudhuri ef al., 2017a; Afroge ef al., 2016; Zanwar et al.,
2020). Japanese OCR (Srihari et al., 1997; Nguyen and
Nakagawa, 2016), Chinese OCR (Yin et al, 2019;
Li et al., 2016), Indian OCR (Mathew er al., 2016;

Chaudhurt ez al., 2017b) Arabic OCR systems (Al-Amin
and Alsaade, 2017; Nashwan et al., 2017). Languages
are classificd as cursive and non-cursive and it is more
challenging to recognize the cursive alphabet. Also,
there arc handwriting and printed texts OCR, and it is even
more challenging to recognize handwriting texts. Arabic
1s onc of the most difficult languages (Boudelaa e al., 2010;
Farghaly and Shaalan, 2009; Lu et al., 1999), it 1s night-
to-left script and the letters are joined together (cursive).
Most of the Arabic letters in the word are connected and
there is a high similanty between their shapes. Some
comparative studics (Alkhateeb er al., 2017) show that the
word recognition rate of existing Arabic OCR systems is
under 75%. Deep learning features showed superior
accuracies in the object recognition ficld (Girshick, 2015;
Redmon et al, 2016; Bochkovskiy et al, 2020). The
vanation in the character’s style, size and font type and the
cursive nature of the character makes it more challenging
to develop an accurate Arabic OCR system. YOLO4
represents  the  state-of-the-art  object  detector
(Bochkovskiy et al., 2020). YOLO4 runs in real-time with
around 65 FPS speed. Many real-time applications adopt
YOLO due to its high accuracy and speed (Alghyaline,
2019; 2020, Jiang et al., 2022).
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This study proposes a pnnted Arabic OCR approach.
YOLO4 is customized and tramed to recognize Arabic
characters. However, YOLO does not yicld a reasonable
recognition rate because one character may have multiple
recognition results. This study mmproves the YOLO4 OCR
recognition accuracy using three techniques: Removing the
redundant recognition results by processing the overlapped
bounding boxes and keeping the boxes with the highest
accuracy. In addition, a spelling checker with edit distance is
used for correcting the wrong words. The experimental
results on the well-known database called Arabic Printed
Text Image (APTT) (Slimane et al., 2009) show that using
these techniques significantly improves the OCR for the
Ambic language. The proposed approach achieved 82.4%
Word Recognition Rate (WRR), whercas the YOLO4
approach achieved 66.7% WRR. Furthermore, a comparison
with existing commercial and open-source OCR systems
shows that the proposed approach achicved higher WRR and
Character Recognition Rate (CRR).

model to recognize Korcan characters based on
AlexNet and GoogleNet CNNs architectures.
Stolyarenko ef al. (2011) used scale Invanant Feature
Transform (SIFT) descriptor with sliding windows to solve
the Arabic OCR problem. (Addakin and Bahaj, 2012)
proposed an online OCR approach for handwritten Arabic
characters. The approach converts the mput images into
binary images; then, the converted images are used to tram a
neural network to recognize Arabic characters. The networks
mnclude mput layer, two hidden layers, and output layer.
(Yousefi er al, 2015) proposed system to recognize
handwritten script. The approach starts by normalizing the
bascline end the position of letters. Long Short-Term
Memory (LSTM) network is used for letter classification.
(Radwan e al., 2016) proposed OCR for printed text, a
ncural network with three sliding windows, is used to
segment the Arabic chamcters. Another neural network with
two convelutional layers and two max-pooling layers is used
for character recognition. (Ahmed ef al, 2017) proposed
CNNs architecture for Arabic OCR. The method converts
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3.2 Identification of the Research Problem
The paper discusses several known challenges in
Arabic OCR (e.g., cursiveness, diacritics, character

shape variation). However:

 The research problem is not formulated as a clear
research question

» The discussion remains general and descriptive
rather than problem-focused

Introduction

Optical Character Recognition (OCR) applies image
processing technology to convert printed and handwritten
text images into editable text The aim is to use the editable
text for further processing (Patel er al, 2012). OCR
applications includes automatic cheque recognition
(Mchta et al., 2010), handwriting form recognition ( Fanany,
2017), Automatic License Plate Recognition (ALPR)
(Alghyaline, 2020). text reading for blind people
(Liambas and S dis, 2016) and digi ion of historical
documents (Bukhari er al, 2017). Humans can casily
recognize printed and written text with high accuracy, and
they do that after years of tramning during school time.
However, they could face some problems recognizing the
written text because the handwriting is different from one
person to another. Thercfore, many cfforts were made to
develop accurate and fast OCR systems. Each language has
its specifications and many OCR spproaches were proposed
for different languages: English OCR (Mchta et al., 2016;
Chaudhuri ef al., 2017a; Afroge ef al., 2016; Zanwar et al.,
2020). Japanese OCR (Srihari et al., 1997; Nguyen and
Nakagawa, 2016), Chinese OCR (Yin et al, 2019;
Li et al., 2016), Indian OCR (Mathew er al., 2016;

Chaudhurt ez al., 2017b) Arabic OCR systems (Al-Amin
and Alsaade, 2017; Nashwan et al., 2017). Languages
are classificd as cursive and non-cursive and it is more
challenging to recognize the cursive alphabet. Also,
there arc handwriting and printed texts OCR, and it is even
more challenging to recognize handwriting texts. Arabic
1s onc of the most difficult languages (Boudelaa e al., 2010;
Farghaly and Shaalan, 2009; Lu et al., 1999), it 1s night-
to-left script and the letters are joined together (cursive).
Most of the Arabic letters in the word are connected and
there is a high similanty between their shapes. Some
comparative studics (Alkhateeb er al., 2017) show that the
word recognition rate of existing Arabic OCR systems is
under 75%. Deep learning features showed superior
accuracies in the object recognition ficld (Girshick, 2015;
Redmon et al, 2016; Bochkovskiy et al, 2020). The
vanation in the character’s style, size and font type and the
cursive nature of the character makes it more challenging
to develop an accurate Arabic OCR system. YOLO4
represents  the  state-of-the-art  object  detector
(Bochkovskiy et al., 2020). YOLO4 runs in real-time with
around 65 FPS speed. Many real-time applications adopt
YOLO due to its high accuracy and speed (Alghyaline,
2019; 2020, Jiang et al., 2022).
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This study proposes a pnnted Arabic OCR approach.
YOLO4 is customized and tramed to recognize Arabic
characters. However, YOLO does not yicld a reasonable
recognition rate because one character may have multiple
recognition results. This study mmproves the YOLO4 OCR
recognition accuracy using three techniques: Removing the
redundant recognition results by processing the overlapped
bounding boxes and keeping the boxes with the highest
accuracy. In addition, a spelling checker with edit distance is
used for correcting the wrong words. The experimental
results on the well-known database called Arabic Printed
Text Image (APTT) (Slimane et al., 2009) show that using
these techniques significantly improves the OCR for the
Ambic language. The proposed approach achieved 82.4%
Word Recognition Rate (WRR), whercas the YOLO4
approach achieved 66.7% WRR. Furthermore, a comparison
with existing commercial and open-source OCR systems
shows that the proposed approach achicved higher WRR and
Character Recognition Rate (CRR).

model to recognize Korcan characters based on
AlexNet and GoogleNet CNNs architectures.
Stolyarenko ef al. (2011) used scale Invanant Feature
Transform (SIFT) descriptor with sliding windows to solve
the Arabic OCR problem. (Addakin and Bahaj, 2012)
proposed an online OCR approach for handwritten Arabic
characters. The approach converts the mput images into
binary images; then, the converted images are used to tram a
neural network to recognize Arabic characters. The networks
mnclude mput layer, two hidden layers, and output layer.
(Yousefi er al, 2015) proposed system to recognize
handwritten script. The approach starts by normalizing the
bascline end the position of letters. Long Short-Term
Memory (LSTM) network is used for letter classification.
(Radwan e al., 2016) proposed OCR for printed text, a
ncural network with three sliding windows, is used to
segment the Arabic chamcters. Another neural network with
two convelutional layers and two max-pooling layers is used
for character recognition. (Ahmed ef al, 2017) proposed
CNNs architecture for Arabic OCR. The method converts
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3.3 Use of Previous Studies
While the introduction references prior work, it:
* Lacks critical comparison

* Does not clearly identify limitations or gaps in existing
studies

* Fails to explicitly show how the current study addresses
those gaps

This contradicts the lecture’s emphasis on critical analysis

of previous literature rather than mere review.

Introduction

Optical Character Recognition (OCR) applies image
processing technology to convert printed and handwritten
text images into editable text The aim is to use the editable
text for further processing (Patel er al, 2012). OCR
applications includes automatic cheque recognition
(Mchta et al., 2010), handwriting form recognition ( Fanany,
2017), Automatic License Plate Recognition (ALPR)
(Alghyaline, 2020). text reading for blind people
(Liambas and S dis, 2016) and digi ion of historical
documents (Bukhari er al, 2017). Humans can casily
recognize printed and written text with high accuracy, and
they do that after years of tramning during school time.
However, they could face some problems recognizing the
written text because the handwriting is different from one
person to another. Thercfore, many cfforts were made to
develop accurate and fast OCR systems. Each language has
its specifications and many OCR spproaches were proposed
for different languages: English OCR (Mchta et al., 2016;
Chaudhuri ef al., 2017a; Afroge ef al., 2016; Zanwar et al.,
2020). Japanese OCR (Srihari et al., 1997; Nguyen and
Nakagawa, 2016), Chinese OCR (Yin et al, 2019;
Li et al., 2016), Indian OCR (Mathew er al., 2016;

Chaudhurt ez al., 2017b) Arabic OCR systems (Al-Amin
and Alsaade, 2017; Nashwan et al., 2017). Languages
are classificd as cursive and non-cursive and it is more
challenging to recognize the cursive alphabet. Also,
there arc handwriting and printed texts OCR, and it is even
more challenging to recognize handwriting texts. Arabic
1s onc of the most difficult languages (Boudelaa e al., 2010;
Farghaly and Shaalan, 2009; Lu et al., 1999), it 1s night-
to-left script and the letters are joined together (cursive).
Most of the Arabic letters in the word are connected and
there is a high similanty between their shapes. Some
comparative studics (Alkhateeb er al., 2017) show that the
word recognition rate of existing Arabic OCR systems is
under 75%. Deep learning features showed superior
accuracies in the object recognition ficld (Girshick, 2015;
Redmon et al, 2016; Bochkovskiy et al, 2020). The
vanation in the character’s style, size and font type and the
cursive nature of the character makes it more challenging
to develop an accurate Arabic OCR system. YOLO4
represents  the  state-of-the-art  object  detector
(Bochkovskiy et al., 2020). YOLO4 runs in real-time with
around 65 FPS speed. Many real-time applications adopt
YOLO due to its high accuracy and speed (Alghyaline,
2019; 2020, Jiang et al., 2022).
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This study proposes a pnnted Arabic OCR approach.
YOLO4 is customized and tramed to recognize Arabic
characters. However, YOLO does not yicld a reasonable
recognition rate because one character may have multiple
recognition results. This study mmproves the YOLO4 OCR
recognition accuracy using three techniques: Removing the
redundant recognition results by processing the overlapped
bounding boxes and keeping the boxes with the highest
accuracy. In addition, a spelling checker with edit distance is
used for correcting the wrong words. The experimental
results on the well-known database called Arabic Printed
Text Image (APTT) (Slimane et al., 2009) show that using
these techniques significantly improves the OCR for the
Ambic language. The proposed approach achieved 82.4%
Word Recognition Rate (WRR), whercas the YOLO4
approach achieved 66.7% WRR. Furthermore, a comparison
with existing commercial and open-source OCR systems
shows that the proposed approach achicved higher WRR and
Character Recognition Rate (CRR).

model to recognize Korcan characters based on
AlexNet and GoogleNet CNNs architectures.
Stolyarenko ef al. (2011) used scale Invanant Feature
Transform (SIFT) descriptor with sliding windows to solve
the Arabic OCR problem. (Addakin and Bahaj, 2012)
proposed an online OCR approach for handwritten Arabic
characters. The approach converts the mput images into
binary images; then, the converted images are used to tram a
neural network to recognize Arabic characters. The networks
mnclude mput layer, two hidden layers, and output layer.
(Yousefi er al, 2015) proposed system to recognize
handwritten script. The approach starts by normalizing the
bascline end the position of letters. Long Short-Term
Memory (LSTM) network is used for letter classification.
(Radwan e al., 2016) proposed OCR for printed text, a
ncural network with three sliding windows, is used to
segment the Arabic chamcters. Another neural network with
two convelutional layers and two max-pooling layers is used
for character recognition. (Ahmed ef al, 2017) proposed
CNNs architecture for Arabic OCR. The method converts
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3.4 Statement of Research Objectives
The objectives of the study are implied but not

explicitly stated in a structured or numbered form,

which reduces clarity regarding the study’s direction

and scope.

Introduction

Optical Character Recognition (OCR) applies image
processing technology to convert printed and handwritten
text images into editable text The aim is to use the editable
text for further processing (Patel er al, 2012). OCR
applications includes automatic cheque recognition
(Mchta et al., 2010), handwriting form recognition ( Fanany,
2017), Automatic License Plate Recognition (ALPR)
(Alghyaline, 2020). text reading for blind people
(Liambas and S dis, 2016) and digi ion of historical
documents (Bukhari er al, 2017). Humans can casily
recognize printed and written text with high accuracy, and
they do that after years of tramning during school time.
However, they could face some problems recognizing the
written text because the handwriting is different from one
person to another. Thercfore, many cfforts were made to
develop accurate and fast OCR systems. Each language has
its specifications and many OCR spproaches were proposed
for different languages: English OCR (Mchta et al., 2016;
Chaudhuri ef al., 2017a; Afroge ef al., 2016; Zanwar et al.,
2020). Japanese OCR (Srihari et al., 1997; Nguyen and
Nakagawa, 2016), Chinese OCR (Yin et al, 2019;
Li et al., 2016), Indian OCR (Mathew er al., 2016;

Chaudhurt ez al., 2017b) Arabic OCR systems (Al-Amin
and Alsaade, 2017; Nashwan et al., 2017). Languages
are classificd as cursive and non-cursive and it is more
challenging to recognize the cursive alphabet. Also,
there arc handwriting and printed texts OCR, and it is even
more challenging to recognize handwriting texts. Arabic
1s onc of the most difficult languages (Boudelaa e al., 2010;
Farghaly and Shaalan, 2009; Lu et al., 1999), it 1s night-
to-left script and the letters are joined together (cursive).
Most of the Arabic letters in the word are connected and
there is a high similanty between their shapes. Some
comparative studics (Alkhateeb er al., 2017) show that the
word recognition rate of existing Arabic OCR systems is
under 75%. Deep learning features showed superior
accuracies in the object recognition ficld (Girshick, 2015;
Redmon et al, 2016; Bochkovskiy et al, 2020). The
vanation in the character’s style, size and font type and the
cursive nature of the character makes it more challenging
to develop an accurate Arabic OCR system. YOLO4
represents  the  state-of-the-art  object  detector
(Bochkovskiy et al., 2020). YOLO4 runs in real-time with
around 65 FPS speed. Many real-time applications adopt
YOLO due to its high accuracy and speed (Alghyaline,
2019; 2020, Jiang et al., 2022).
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This study proposes a pnnted Arabic OCR approach.
YOLO4 is customized and tramed to recognize Arabic
characters. However, YOLO does not yicld a reasonable
recognition rate because one character may have multiple
recognition results. This study mmproves the YOLO4 OCR
recognition accuracy using three techniques: Removing the
redundant recognition results by processing the overlapped
bounding boxes and keeping the boxes with the highest
accuracy. In addition, a spelling checker with edit distance is
used for correcting the wrong words. The experimental
results on the well-known database called Arabic Printed
Text Image (APTT) (Slimane et al., 2009) show that using
these techniques significantly improves the OCR for the
Ambic language. The proposed approach achieved 82.4%
Word Recognition Rate (WRR), whercas the YOLO4
approach achieved 66.7% WRR. Furthermore, a comparison
with existing commercial and open-source OCR systems
shows that the proposed approach achicved higher WRR and
Character Recognition Rate (CRR).

model to recognize Korcan characters based on
AlexNet and GoogleNet CNNs architectures.
Stolyarenko ef al. (2011) used scale Invanant Feature
Transform (SIFT) descriptor with sliding windows to solve
the Arabic OCR problem. (Addakin and Bahaj, 2012)
proposed an online OCR approach for handwritten Arabic
characters. The approach converts the mput images into
binary images; then, the converted images are used to tram a
neural network to recognize Arabic characters. The networks
mnclude mput layer, two hidden layers, and output layer.
(Yousefi er al, 2015) proposed system to recognize
handwritten script. The approach starts by normalizing the
bascline end the position of letters. Long Short-Term
Memory (LSTM) network is used for letter classification.
(Radwan e al., 2016) proposed OCR for printed text, a
ncural network with three sliding windows, is used to
segment the Arabic chamcters. Another neural network with
two convelutional layers and two max-pooling layers is used
for character recognition. (Ahmed ef al, 2017) proposed
CNNs architecture for Arabic OCR. The method converts
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3.5 Logical Flow and Coherence

The introduction follows a general logical
progression; however, the transition from problem
description to proposed solution is abrupt and lacks

sufficient theoretical justification.

Introduction

Optical Character Recognition (OCR) applies image
processing technology to convert printed and handwritten
text images into editable text The aim is to use the editable
text for further processing (Patel er al, 2012). OCR
applications includes automatic cheque recognition
(Mchta et al., 2010), handwriting form recognition ( Fanany,
2017), Automatic License Plate Recognition (ALPR)
(Alghyaline, 2020). text reading for blind people
(Liambas and S dis, 2016) and digi ion of historical
documents (Bukhari er al, 2017). Humans can casily
recognize printed and written text with high accuracy, and
they do that after years of tramning during school time.
However, they could face some problems recognizing the
written text because the handwriting is different from one
person to another. Thercfore, many cfforts were made to
develop accurate and fast OCR systems. Each language has
its specifications and many OCR spproaches were proposed
for different languages: English OCR (Mchta et al., 2016;
Chaudhuri ef al., 2017a; Afroge ef al., 2016; Zanwar et al.,
2020). Japanese OCR (Srihari et al., 1997; Nguyen and
Nakagawa, 2016), Chinese OCR (Yin et al, 2019;
Li et al., 2016), Indian OCR (Mathew er al., 2016;

Chaudhurt ez al., 2017b) Arabic OCR systems (Al-Amin
and Alsaade, 2017; Nashwan et al., 2017). Languages
are classificd as cursive and non-cursive and it is more
challenging to recognize the cursive alphabet. Also,
there arc handwriting and printed texts OCR, and it is even
more challenging to recognize handwriting texts. Arabic
1s onc of the most difficult languages (Boudelaa e al., 2010;
Farghaly and Shaalan, 2009; Lu et al., 1999), it 1s night-
to-left script and the letters are joined together (cursive).
Most of the Arabic letters in the word are connected and
there is a high similanty between their shapes. Some
comparative studics (Alkhateeb er al., 2017) show that the
word recognition rate of existing Arabic OCR systems is
under 75%. Deep learning features showed superior
accuracies in the object recognition ficld (Girshick, 2015;
Redmon et al, 2016; Bochkovskiy et al, 2020). The
vanation in the character’s style, size and font type and the
cursive nature of the character makes it more challenging
to develop an accurate Arabic OCR system. YOLO4
represents  the  state-of-the-art  object  detector
(Bochkovskiy et al., 2020). YOLO4 runs in real-time with
around 65 FPS speed. Many real-time applications adopt
YOLO due to its high accuracy and speed (Alghyaline,
2019; 2020, Jiang et al., 2022).
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3.6 Constructive Critical Remark

The introduction would be significantly strengthened by:

Clearly defining the research gap
Formulating a main research question
Explicitly stating research objectives

Positioning the study more critically within existing
literature
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Abstract: Recognizing Arabic script is challenging for many reasons: The
Arabic language is cursive and morphologically rich. There is a high
similarity between Arabic letters. Moreover, Arabic has many diacritics and
dots, and they change the letter's phonetic transcription. This study proposes
a Printed Arabic Optical Character Recognition approach (PAOCR) based
on the state-of-the-art You Only Look Once (YOLO) object detector. Four
techniques were proposed and implemented to design an end-to-end Arabic
OCR system. First, the YOLO4 object detector is customized and trained on
deep Convolutional Neural Networks (CNNs) to recognize Arabic
characters. Second, the overlapped bounding boxes are processed to keep the
most accurate box for each character. Third, the Hunspell library checks the
word spelling and corrects the wrong ones. Fourth, edit distance is used to
compare OCR misspelled words with Hunspell's suggestions and choose the
closest correct word. The experimental results in the Arabic Printed Text
Image (APTI) dataset showed that the Word Recognition Rate (WRR) of
customized YOLO4 Arabic OCR is 66.7%, whereas applying the three
proposed techniques with YOLO4 achieved 82.4%. A comparison with two
existing OCR systems Tesseract and ABBYY showed that the proposed
approach achieved a 95.7% Character Recognition Rate (CRR), whereas
Tesseract and ABBYY achieved 92.3 and 84.8%, respectively.

Keywords: Optical Character Recognition, Arabic OCR, Convolutional
Neural Network, YOLO4
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Abstract: Recognizing Arabic script is challenging for many reasons: The
Arabic language is cursive and morphologically rich. There is a high
similarity between Arabic letters. Moreover, Arabic has many diacritics and
dots, and they change the letter's phonetic transcription. This study proposes
a Printed Arabic Optical Character Recognition approach (PAOCR) based
on the state-of-the-art You Only Look Once (YOLO) object detector. Four
techniques were proposed and implemented to design an end-to-end Arabic
OCR system. First, the YOLO4 object detector is customized and trained on
deep Convolutional Neural Networks (CNNs) to recognize Arabic
characters. Second, the overlapped bounding boxes are processed to keep the
most accurate box for each character. Third, the Hunspell library checks the
word spelling and corrects the wrong ones. Fourth, edit distance is used to
compare OCR misspelled words with Hunspell's suggestions and choose the
closest correct word. The experimental results in the Arabic Printed Text
Image (APTI) dataset showed that the Word Recognition Rate (WRR) of
customized YOLO4 Arabic OCR is 66.7%, whereas applying the three
proposed techniques with YOLO4 achieved 82.4%. A comparison with two
existing OCR systems Tesseract and ABBYY showed that the proposed
approach achieved a 95.7% Character Recognition Rate (CRR), whereas
Tesseract and ABBYY achieved 92.3 and 84.8%, respectively.

Keywords: Optical Character Recognition, Arabic OCR, Convolutional
Neural Network, YOLO4
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Abstract: Recognizing Arabic script is challenging for many reasons: The
Arabic language is cursive and morphologically rich. There is a high
similarity between Arabic letters. Moreover, Arabic has many diacritics and
dots, and they change the letter's phonetic transcription. This study proposes
a Printed Arabic Optical Character Recognition approach (PAOCR) based
on the state-of-the-art You Only Look Once (YOLO) object detector. Four
techniques were proposed and implemented to design an end-to-end Arabic
OCR system. First, the YOLO4 object detector is customized and trained on
deep Convolutional Neural Networks (CNNs) to recognize Arabic
characters. Second, the overlapped bounding boxes are processed to keep the
most accurate box for each character. Third, the Hunspell library checks the
word spelling and corrects the wrong ones. Fourth, edit distance is used to
compare OCR misspelled words with Hunspell's suggestions and choose the
closest correct word. The experimental results in the Arabic Printed Text
Image (APTI) dataset showed that the Word Recognition Rate (WRR) of
customized YOLO4 Arabic OCR is 66.7%, whereas applying the three
proposed techniques with YOLO4 achieved 82.4%. A comparison with two
existing OCR systems Tesseract and ABBYY showed that the proposed
approach achieved a 95.7% Character Recognition Rate (CRR), whereas
Tesseract and ABBYY achieved 92.3 and 84.8%, respectively.

Keywords: Optical Character Recognition, Arabic OCR, Convolutional
Neural Network, YOLO4
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Abstract: Recognizing Arabic script is challenging for many reasons: The
Arabic language is cursive and morphologically rich. There is a high
similarity between Arabic letters. Moreover, Arabic has many diacritics and
dots, and they change the letter's phonetic transcription. This study proposes
a Printed Arabic Optical Character Recognition approach (PAOCR) based
on the state-of-the-art You Only Look Once (YOLO) object detector. Four
techniques were proposed and implemented to design an end-to-end Arabic
OCR system. First, the YOLO4 object detector is customized and trained on
deep Convolutional Neural Networks (CNNs) to recognize Arabic
characters. Second, the overlapped bounding boxes are processed to keep the
most accurate box for each character. Third, the Hunspell library checks the
word spelling and corrects the wrong ones. Fourth, edit distance is used to
compare OCR misspelled words with Hunspell's suggestions and choose the
closest correct word. The experimental results in the Arabic Printed Text
Image (APTI) dataset showed that the Word Recognition Rate (WRR) of
customized YOLO4 Arabic OCR is 66.7%, whereas applying the three
proposed techniques with YOLO4 achieved 82.4%. A comparison with two
existing OCR systems Tesseract and ABBYY showed that the proposed
approach achieved a 95.7% Character Recognition Rate (CRR), whereas
Tesseract and ABBYY achieved 92.3 and 84.8%, respectively.

Keywords: Optical Character Recognition, Arabic OCR, Convolutional
Neural Network, YOLO4
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Abstract: Recognizing Arabic script is challenging for many reasons: The
Arabic language is cursive and morphologically rich. There is a high
similarity between Arabic letters. Moreover, Arabic has many diacritics and
dots, and they change the letter's phonetic transcription. This study proposes
a Printed Arabic Optical Character Recognition approach (PAOCR) based
on the state-of-the-art You Only Look Once (YOLO) object detector. Four
techniques were proposed and implemented to design an end-to-end Arabic
OCR system. First, the YOLO4 object detector is customized and trained on
deep Convolutional Neural Networks (CNNs) to recognize Arabic
characters. Second, the overlapped bounding boxes are processed to keep the
most accurate box for each character. Third, the Hunspell library checks the
word spelling and corrects the wrong ones. Fourth, edit distance is used to
compare OCR misspelled words with Hunspell's suggestions and choose the
closest correct word. The experimental results in the Arabic Printed Text
Image (APTI) dataset showed that the Word Recognition Rate (WRR) of
customized YOLO4 Arabic OCR is 66.7%, whereas applying the three
proposed techniques with YOLO4 achieved 82.4%. A comparison with two
existing OCR systems Tesseract and ABBYY showed that the proposed
approach achieved a 95.7% Character Recognition Rate (CRR), whereas
Tesseract and ABBYY achieved 92.3 and 84.8%, respectively.

Keywords: Optical Character Recognition, Arabic OCR, Convolutional
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Introduction

Optical Character Recognition (OCR) applies image
processing technology to convert printed and handwritten
text images into editable text The aim is to use the editable
text for further processing (Patel er al, 2012). OCR
applications includes automatic cheque recognition
(Mchta et al., 2010), handwriting form recognition ( Fanany,
2017), Automatic License Plate Recognition (ALPR)
(Alghyaline, 2020). text reading for blind people
(Liambas and S dis, 2016) and digi ion of historical
documents (Bukhari er al, 2017). Humans can casily
recognize printed and written text with high accuracy, and
they do that after years of tramning during school time.
However, they could face some problems recognizing the
written text because the handwriting is different from one
person to another. Thercfore, many cfforts were made to
develop accurate and fast OCR systems. Each language has
its specifications and many OCR spproaches were proposed
for different languages: English OCR (Mchta et al., 2016;
Chaudhuri ef al., 2017a; Afroge ef al., 2016; Zanwar et al.,
2020). Japanese OCR (Srihari et al., 1997; Nguyen and
Nakagawa, 2016), Chinese OCR (Yin et al, 2019;
Li et al., 2016), Indian OCR (Mathew er al., 2016;

Chaudhurt ez al., 2017b) Arabic OCR systems (Al-Amin
and Alsaade, 2017; Nashwan et al., 2017). Languages
are classificd as cursive and non-cursive and it is more
challenging to recognize the cursive alphabet. Also,
there arc handwriting and printed texts OCR, and it is even
more challenging to recognize handwriting texts. Arabic
1s onc of the most difficult languages (Boudelaa e al., 2010;
Farghaly and Shaalan, 2009; Lu et al., 1999), it 1s night-
to-left script and the letters are joined together (cursive).
Most of the Arabic letters in the word are connected and
there is a high similanty between their shapes. Some
comparative studics (Alkhateeb er al., 2017) show that the
word recognition rate of existing Arabic OCR systems is
under 75%. Deep learning features showed superior
accuracies in the object recognition ficld (Girshick, 2015;
Redmon et al, 2016; Bochkovskiy et al, 2020). The
vanation in the character’s style, size and font type and the
cursive nature of the character makes it more challenging
to develop an accurate Arabic OCR system. YOLO4
represents  the  state-of-the-art  object  detector
(Bochkovskiy et al., 2020). YOLO4 runs in real-time with
around 65 FPS speed. Many real-time applications adopt
YOLO due to its high accuracy and speed (Alghyaline,
2019; 2020, Jiang et al., 2022).

’//// Science © 2002 Salah Adghyaline, This open-aceess acticle is distribated under a Creative Commons Attrisation {CC-BY) 4.0

% Put

atl

Seluh Alghyalise / Joumal of Comgater Science 2022, 18 (11): 10381050
DOI: 10,3840 cavp. 2022, 1008, 1650

livease

This study proposes a pnnted Arabic OCR approach.
YOLO4 is customized and tramed to recognize Arabic
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recognition rate because one character may have multiple
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accuracy. In addition, a spelling checker with edit distance is
used for correcting the wrong words. The experimental
results on the well-known database called Arabic Printed
Text Image (APTT) (Slimane et al., 2009) show that using
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Ambic language. The proposed approach achieved 82.4%
Word Recognition Rate (WRR), whercas the YOLO4
approach achieved 66.7% WRR. Furthermore, a comparison
with existing commercial and open-source OCR systems
shows that the proposed approach achicved higher WRR and
Character Recognition Rate (CRR).

model to recognize Korcan characters based on
AlexNet and GoogleNet CNNs architectures.
Stolyarenko ef al. (2011) used scale Invanant Feature
Transform (SIFT) descriptor with sliding windows to solve
the Arabic OCR problem. (Addakin and Bahaj, 2012)
proposed an online OCR approach for handwritten Arabic
characters. The approach converts the mput images into
binary images; then, the converted images are used to tram a
neural network to recognize Arabic characters. The networks
mnclude mput layer, two hidden layers, and output layer.
(Yousefi er al, 2015) proposed system to recognize
handwritten script. The approach starts by normalizing the
bascline end the position of letters. Long Short-Term
Memory (LSTM) network is used for letter classification.
(Radwan e al., 2016) proposed OCR for printed text, a
ncural network with three sliding windows, is used to
segment the Arabic chamcters. Another neural network with
two convelutional layers and two max-pooling layers is used
for character recognition. (Ahmed ef al, 2017) proposed
CNNs architecture for Arabic OCR. The method converts
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Introduction

Optical Character Recognition (OCR) applies image
processing technology to convert printed and handwritten
text images into editable text The aim is to use the editable
text for further processing (Patel er al, 2012). OCR
applications includes automatic cheque recognition
(Mchta et al., 2010), handwriting form recognition ( Fanany,
2017), Automatic License Plate Recognition (ALPR)
(Alghyaline, 2020). text reading for blind people
(Liambas and S dis, 2016) and digi ion of historical
documents (Bukhari er al, 2017). Humans can casily
recognize printed and written text with high accuracy, and
they do that after years of tramning during school time.
However, they could face some problems recognizing the
written text because the handwriting is different from one
person to another. Thercfore, many cfforts were made to
develop accurate and fast OCR systems. Each language has
its specifications and many OCR spproaches were proposed
for different languages: English OCR (Mchta et al., 2016;
Chaudhuri ef al., 2017a; Afroge ef al., 2016; Zanwar et al.,
2020). Japanese OCR (Srihari et al., 1997; Nguyen and
Nakagawa, 2016), Chinese OCR (Yin et al, 2019;
Li et al., 2016), Indian OCR (Mathew er al., 2016;

Chaudhurt ez al., 2017b) Arabic OCR systems (Al-Amin
and Alsaade, 2017; Nashwan et al., 2017). Languages
are classificd as cursive and non-cursive and it is more
challenging to recognize the cursive alphabet. Also,
there arc handwriting and printed texts OCR, and it is even
more challenging to recognize handwriting texts. Arabic
1s onc of the most difficult languages (Boudelaa e al., 2010;
Farghaly and Shaalan, 2009; Lu et al., 1999), it 1s night-
to-left script and the letters are joined together (cursive).
Most of the Arabic letters in the word are connected and
there is a high similanty between their shapes. Some
comparative studics (Alkhateeb er al., 2017) show that the
word recognition rate of existing Arabic OCR systems is
under 75%. Deep learning features showed superior
accuracies in the object recognition ficld (Girshick, 2015;
Redmon et al, 2016; Bochkovskiy et al, 2020). The
vanation in the character’s style, size and font type and the
cursive nature of the character makes it more challenging
to develop an accurate Arabic OCR system. YOLO4
represents  the  state-of-the-art  object  detector
(Bochkovskiy et al., 2020). YOLO4 runs in real-time with
around 65 FPS speed. Many real-time applications adopt
YOLO due to its high accuracy and speed (Alghyaline,
2019; 2020, Jiang et al., 2022).
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This study proposes a pnnted Arabic OCR approach.
YOLO4 is customized and tramed to recognize Arabic
characters. However, YOLO does not yicld a reasonable
recognition rate because one character may have multiple
recognition results. This study mmproves the YOLO4 OCR
recognition accuracy using three techniques: Removing the
redundant recognition results by processing the overlapped
bounding boxes and keeping the boxes with the highest
accuracy. In addition, a spelling checker with edit distance is
used for correcting the wrong words. The experimental
results on the well-known database called Arabic Printed
Text Image (APTT) (Slimane et al., 2009) show that using
these techniques significantly improves the OCR for the
Ambic language. The proposed approach achieved 82.4%
Word Recognition Rate (WRR), whercas the YOLO4
approach achieved 66.7% WRR. Furthermore, a comparison
with existing commercial and open-source OCR systems
shows that the proposed approach achicved higher WRR and
Character Recognition Rate (CRR).

model to recognize Korcan characters based on
AlexNet and GoogleNet CNNs architectures.
Stolyarenko ef al. (2011) used scale Invanant Feature
Transform (SIFT) descriptor with sliding windows to solve
the Arabic OCR problem. (Addakin and Bahaj, 2012)
proposed an online OCR approach for handwritten Arabic
characters. The approach converts the mput images into
binary images; then, the converted images are used to tram a
neural network to recognize Arabic characters. The networks
mnclude mput layer, two hidden layers, and output layer.
(Yousefi er al, 2015) proposed system to recognize
handwritten script. The approach starts by normalizing the
bascline end the position of letters. Long Short-Term
Memory (LSTM) network is used for letter classification.
(Radwan e al., 2016) proposed OCR for printed text, a
ncural network with three sliding windows, is used to
segment the Arabic chamcters. Another neural network with
two convelutional layers and two max-pooling layers is used
for character recognition. (Ahmed ef al, 2017) proposed
CNNs architecture for Arabic OCR. The method converts
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Introduction

Optical Character Recognition (OCR) applies image
processing technology to convert printed and handwritten
text images into editable text The aim is to use the editable
text for further processing (Patel er al, 2012). OCR
applications includes automatic cheque recognition
(Mchta et al., 2010), handwriting form recognition ( Fanany,
2017), Automatic License Plate Recognition (ALPR)
(Alghyaline, 2020). text reading for blind people
(Liambas and S dis, 2016) and digi ion of historical
documents (Bukhari er al, 2017). Humans can casily
recognize printed and written text with high accuracy, and
they do that after years of tramning during school time.
However, they could face some problems recognizing the
written text because the handwriting is different from one
person to another. Thercfore, many cfforts were made to
develop accurate and fast OCR systems. Each language has
its specifications and many OCR spproaches were proposed
for different languages: English OCR (Mchta et al., 2016;
Chaudhuri ef al., 2017a; Afroge ef al., 2016; Zanwar et al.,
2020). Japanese OCR (Srihari et al., 1997; Nguyen and
Nakagawa, 2016), Chinese OCR (Yin et al, 2019;
Li et al., 2016), Indian OCR (Mathew er al., 2016;

Chaudhurt ez al., 2017b) Arabic OCR systems (Al-Amin
and Alsaade, 2017; Nashwan et al., 2017). Languages
are classificd as cursive and non-cursive and it is more
challenging to recognize the cursive alphabet. Also,
there arc handwriting and printed texts OCR, and it is even
more challenging to recognize handwriting texts. Arabic
1s onc of the most difficult languages (Boudelaa e al., 2010;
Farghaly and Shaalan, 2009; Lu et al., 1999), it 1s night-
to-left script and the letters are joined together (cursive).
Most of the Arabic letters in the word are connected and
there is a high similanty between their shapes. Some
comparative studics (Alkhateeb er al., 2017) show that the
word recognition rate of existing Arabic OCR systems is
under 75%. Deep learning features showed superior
accuracies in the object recognition ficld (Girshick, 2015;
Redmon et al, 2016; Bochkovskiy et al, 2020). The
vanation in the character’s style, size and font type and the
cursive nature of the character makes it more challenging
to develop an accurate Arabic OCR system. YOLO4
represents  the  state-of-the-art  object  detector
(Bochkovskiy et al., 2020). YOLO4 runs in real-time with
around 65 FPS speed. Many real-time applications adopt
YOLO due to its high accuracy and speed (Alghyaline,
2019; 2020, Jiang et al., 2022).
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characters. However, YOLO does not yicld a reasonable
recognition rate because one character may have multiple
recognition results. This study mmproves the YOLO4 OCR
recognition accuracy using three techniques: Removing the
redundant recognition results by processing the overlapped
bounding boxes and keeping the boxes with the highest
accuracy. In addition, a spelling checker with edit distance is
used for correcting the wrong words. The experimental
results on the well-known database called Arabic Printed
Text Image (APTT) (Slimane et al., 2009) show that using
these techniques significantly improves the OCR for the
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approach achieved 66.7% WRR. Furthermore, a comparison
with existing commercial and open-source OCR systems
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Transform (SIFT) descriptor with sliding windows to solve
the Arabic OCR problem. (Addakin and Bahaj, 2012)
proposed an online OCR approach for handwritten Arabic
characters. The approach converts the mput images into
binary images; then, the converted images are used to tram a
neural network to recognize Arabic characters. The networks
mnclude mput layer, two hidden layers, and output layer.
(Yousefi er al, 2015) proposed system to recognize
handwritten script. The approach starts by normalizing the
bascline end the position of letters. Long Short-Term
Memory (LSTM) network is used for letter classification.
(Radwan e al., 2016) proposed OCR for printed text, a
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(Liambas and S dis, 2016) and digi ion of historical
documents (Bukhari er al, 2017). Humans can casily
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and Alsaade, 2017; Nashwan et al., 2017). Languages
are classificd as cursive and non-cursive and it is more
challenging to recognize the cursive alphabet. Also,
there arc handwriting and printed texts OCR, and it is even
more challenging to recognize handwriting texts. Arabic
1s onc of the most difficult languages (Boudelaa e al., 2010;
Farghaly and Shaalan, 2009; Lu et al., 1999), it 1s night-
to-left script and the letters are joined together (cursive).
Most of the Arabic letters in the word are connected and
there is a high similanty between their shapes. Some
comparative studics (Alkhateeb er al., 2017) show that the
word recognition rate of existing Arabic OCR systems is
under 75%. Deep learning features showed superior
accuracies in the object recognition ficld (Girshick, 2015;
Redmon et al, 2016; Bochkovskiy et al, 2020). The
vanation in the character’s style, size and font type and the
cursive nature of the character makes it more challenging
to develop an accurate Arabic OCR system. YOLO4
represents  the  state-of-the-art  object  detector
(Bochkovskiy et al., 2020). YOLO4 runs in real-time with
around 65 FPS speed. Many real-time applications adopt
YOLO due to its high accuracy and speed (Alghyaline,
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Optical Character Recognition (OCR) applies image
processing technology to convert printed and handwritten
text images into editable text The aim is to use the editable
text for further processing (Patel er al, 2012). OCR
applications includes automatic cheque recognition
(Mchta et al., 2010), handwriting form recognition ( Fanany,
2017), Automatic License Plate Recognition (ALPR)
(Alghyaline, 2020). text reading for blind people
(Liambas and S dis, 2016) and digi ion of historical
documents (Bukhari er al, 2017). Humans can casily
recognize printed and written text with high accuracy, and
they do that after years of tramning during school time.
However, they could face some problems recognizing the
written text because the handwriting is different from one
person to another. Thercfore, many cfforts were made to
develop accurate and fast OCR systems. Each language has
its specifications and many OCR spproaches were proposed
for different languages: English OCR (Mchta et al., 2016;
Chaudhuri ef al., 2017a; Afroge ef al., 2016; Zanwar et al.,
2020). Japanese OCR (Srihari et al., 1997; Nguyen and
Nakagawa, 2016), Chinese OCR (Yin et al, 2019;
Li et al., 2016), Indian OCR (Mathew er al., 2016;

Chaudhurt ez al., 2017b) Arabic OCR systems (Al-Amin
and Alsaade, 2017; Nashwan et al., 2017). Languages
are classificd as cursive and non-cursive and it is more
challenging to recognize the cursive alphabet. Also,
there arc handwriting and printed texts OCR, and it is even
more challenging to recognize handwriting texts. Arabic
1s onc of the most difficult languages (Boudelaa e al., 2010;
Farghaly and Shaalan, 2009; Lu et al., 1999), it 1s night-
to-left script and the letters are joined together (cursive).
Most of the Arabic letters in the word are connected and
there is a high similanty between their shapes. Some
comparative studics (Alkhateeb er al., 2017) show that the
word recognition rate of existing Arabic OCR systems is
under 75%. Deep learning features showed superior
accuracies in the object recognition ficld (Girshick, 2015;
Redmon et al, 2016; Bochkovskiy et al, 2020). The
vanation in the character’s style, size and font type and the
cursive nature of the character makes it more challenging
to develop an accurate Arabic OCR system. YOLO4
represents  the  state-of-the-art  object  detector
(Bochkovskiy et al., 2020). YOLO4 runs in real-time with
around 65 FPS speed. Many real-time applications adopt
YOLO due to its high accuracy and speed (Alghyaline,
2019; 2020, Jiang et al., 2022).
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characters. However, YOLO does not yicld a reasonable
recognition rate because one character may have multiple
recognition results. This study mmproves the YOLO4 OCR
recognition accuracy using three techniques: Removing the
redundant recognition results by processing the overlapped
bounding boxes and keeping the boxes with the highest
accuracy. In addition, a spelling checker with edit distance is
used for correcting the wrong words. The experimental
results on the well-known database called Arabic Printed
Text Image (APTT) (Slimane et al., 2009) show that using
these techniques significantly improves the OCR for the
Ambic language. The proposed approach achieved 82.4%
Word Recognition Rate (WRR), whercas the YOLO4
approach achieved 66.7% WRR. Furthermore, a comparison
with existing commercial and open-source OCR systems
shows that the proposed approach achicved higher WRR and
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Transform (SIFT) descriptor with sliding windows to solve
the Arabic OCR problem. (Addakin and Bahaj, 2012)
proposed an online OCR approach for handwritten Arabic
characters. The approach converts the mput images into
binary images; then, the converted images are used to tram a
neural network to recognize Arabic characters. The networks
mnclude mput layer, two hidden layers, and output layer.
(Yousefi er al, 2015) proposed system to recognize
handwritten script. The approach starts by normalizing the
bascline end the position of letters. Long Short-Term
Memory (LSTM) network is used for letter classification.
(Radwan e al., 2016) proposed OCR for printed text, a
ncural network with three sliding windows, is used to
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two convelutional layers and two max-pooling layers is used
for character recognition. (Ahmed ef al, 2017) proposed
CNNs architecture for Arabic OCR. The method converts




MIDOCEAN

3¢ Ly G9ad Wasds 3.6
e Lol 50505 oS
Cnasn il Sgmndll sy
ooy s Sl i Luaa »
dal s Slaa¥l S

Tyl G Blay o8 duulyull iy @

Introduction

Optical Character Recognition (OCR) applies image
processing technology to convert printed and handwritten
text images into editable text The aim is to use the editable
text for further processing (Patel er al, 2012). OCR
applications includes automatic cheque recognition
(Mchta et al., 2010), handwriting form recognition ( Fanany,
2017), Automatic License Plate Recognition (ALPR)
(Alghyaline, 2020). text reading for blind people
(Liambas and S dis, 2016) and digi ion of historical
documents (Bukhari er al, 2017). Humans can casily
recognize printed and written text with high accuracy, and
they do that after years of tramning during school time.
However, they could face some problems recognizing the
written text because the handwriting is different from one
person to another. Thercfore, many cfforts were made to
develop accurate and fast OCR systems. Each language has
its specifications and many OCR spproaches were proposed
for different languages: English OCR (Mchta et al., 2016;
Chaudhuri ef al., 2017a; Afroge ef al., 2016; Zanwar et al.,
2020). Japanese OCR (Srihari et al., 1997; Nguyen and
Nakagawa, 2016), Chinese OCR (Yin et al, 2019;
Li et al., 2016), Indian OCR (Mathew er al., 2016;

Chaudhurt ez al., 2017b) Arabic OCR systems (Al-Amin
and Alsaade, 2017; Nashwan et al., 2017). Languages
are classificd as cursive and non-cursive and it is more
challenging to recognize the cursive alphabet. Also,
there arc handwriting and printed texts OCR, and it is even
more challenging to recognize handwriting texts. Arabic
1s onc of the most difficult languages (Boudelaa e al., 2010;
Farghaly and Shaalan, 2009; Lu et al., 1999), it 1s night-
to-left script and the letters are joined together (cursive).
Most of the Arabic letters in the word are connected and
there is a high similanty between their shapes. Some
comparative studics (Alkhateeb er al., 2017) show that the
word recognition rate of existing Arabic OCR systems is
under 75%. Deep learning features showed superior
accuracies in the object recognition ficld (Girshick, 2015;
Redmon et al, 2016; Bochkovskiy et al, 2020). The
vanation in the character’s style, size and font type and the
cursive nature of the character makes it more challenging
to develop an accurate Arabic OCR system. YOLO4
represents  the  state-of-the-art  object  detector
(Bochkovskiy et al., 2020). YOLO4 runs in real-time with
around 65 FPS speed. Many real-time applications adopt
YOLO due to its high accuracy and speed (Alghyaline,
2019; 2020, Jiang et al., 2022).
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recognition rate because one character may have multiple
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with existing commercial and open-source OCR systems
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neural network to recognize Arabic characters. The networks
mnclude mput layer, two hidden layers, and output layer.
(Yousefi er al, 2015) proposed system to recognize
handwritten script. The approach starts by normalizing the
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Memory (LSTM) network is used for letter classification.
(Radwan e al., 2016) proposed OCR for printed text, a
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