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Abstract: Arabic is tougher to spell check on computers than other languages because the letters
are shaped and placed in a way that is different from other languages. The spelling and accuracy
of Arabic information have a big effect on how well it is in academic research, government
documents, and teaching materials. This is because spelling mistakes can make a piece of writing
hard to read and understand or distort its meaning. We need clever technology that can
automatically discover and rectify spelling issues in texts from multiple areas, including Word
and PDF files or digital photos. The purpose of this work is to make an Arabic text processing
system that employs both automatic spelling mistake detection and repair and statistical analysis
to measure the quality of the text in numbers, such as the number of correct and incorrect words
and the error rate. The system utilizes a significant amount of new technology. The system
initially utilizes optical character recognition (OCR) to extract text from pictures and data.After
that, it fixes any mistakes in the text using the ar corrector library, which has an Arabic
dictionary. The whole cost falls down, and the words that were repaired are more correct. We
utilize the Levenshtein distance from the original word to figure out how much each suggestion
costs. We use dynamic programming to find the best arrangement of words in the whole text.
Keywords: Checking spelling, fixing text automatically, and dynamic programming.

1. Introduction:

The Arabic language is one of the most complex languages in terms of morphology, spelling, and grammar,
due to its diversity in letter forms and differences in word structure depending on context and meaning.
This complexity has posed a major challenge for researchers in the field of natural language processing
(NLP), especially with regard to the task of detecting and correcting spelling and linguistic errors in Arabic
texts. [2] A new approach to designing a multilingual spell checker and corrector has been presented.
Experiments have shown that the proposed algorithm guarantees finding the intended word with an
accuracy of nearly 100%, if the word is present in the dictionary. ]3[ One of the first multi-system
approaches to correcting grammatical errors in Arabic is the Enhanced Arabic Editing Selection (ArbESC+)
system. The system uses several models to collect correction suggestions, which are represented by
numerical features. A classifier determines and implements the appropriate corrections based on these
features. To investigate the Arabic web spell checker Checker Spell Web, it can handle a large percentage
of words covering classical Arabic in general and modern classical Arabic in particular using a computer
dictionary. There are digital texts all over the place, and schools, newsrooms, and scientific research are all
employing more and more automated tools. We need to quickly create systems that can read, check, and
repair Arabic very well. This project was done to address a need by making a dynamic system that can
discover and mend spelling issues in Arabic texts using Levenshtein distance and dynamic programming.
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The method's purpose is to make spell checking better by using arithmetic and language correctness
together. You can also use it with text from other locations, such Word and PDF files and photographs
taken with a digital camera. The approach also does a full statistical study of the text's quality by counting
the number of correct and incorrect words and working out the mistake rate and distribution. This is a
significant step forward for learning Arabic. It combines artificial intelligence and linguistic analysis to
create a useful application that helps people write better Arabic. This technology also sets the stage for
future language apps that will be able to better understand what sentences mean and how they are put
together.
2. Research objective:
The purpose of this project is to build a system that can read Arabic texts and discover and fix spelling
issues in both documents and digital photos. The system uses the Levenshtein distance method to figure out
how bad words are and dynamic programming to get the best correction sequence that costs the least and is
the most correct linguistically. The technology also gives you analytical and statistical information on the
quality of the writing, such as how many words are correct and how many are wrong. It also shows you
mistakes in documents and pictures so that people may readily judge them.
3. Importance of the research:
This study is significant as it employs both linguistic and statistical approaches to rectify Arabic texts,
hence enhancing the quality of academic content. You can also utilize the proposed method to assist you
look at academic research and official papers. In the future, this will lead to the development of more
advanced language systems that can understand context and correct grammar and meaning errors.
4. Research problem:
It's challenging for computers to read Arabic language since the letters seem different depending on where
they are in a word. It's tougher to detect and rectify spelling issues in papers and digital photos that aren't all
the same or come from different places. Also, dictionary-based solutions don't always provide you the best
or most appropriate changes for the situation. This could lead to wrong results and make your Arabic
writing worse.
5. Theoretical aspect:
5-1 Linguistic errors in digital and image documents[ 4, 8 ]
Recent years have seen a significant increase in the reliance of academic institutions on digital and image
documents, which has increased the need for intelligent tools capable of detecting and correcting linguistic
errors with high accuracy. Spelling errors are among the most common problems in documents resulting
from manual entry or text extraction from images (OCR), as these errors negatively affect the quality and
accuracy of scientific content. The most important of these errors are as follows:
5.2 Types of linguistic errors in digital and image documents [11]
5.2.1 Optical character recognition errors (OCR-specific errors)
These errors occur during the process of converting images into digital text, the most prominent of which
are:

» Substitution errors: This is the process of replacing a character with another that is similar in

appearance.

» Insertion errors: adding letters that are not present in the original word.

» Deletion errors: the loss of one of the letters of the word .

»  Segmentation/spacing errors: the process of merging two words or separating one word into two

words.
» Hyphenation errors: Errors resulting from the end of a line or the formatting of the text on the page.
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5.2.2 Linguistic errors (language of the content itself)
Even after successfully converting text from an image to digital text, there may still be traditional linguistic
errors such as:

» Spelling errors

» Grammatical errors

»  Morphological errors

» Syntactic errors Sometimes.
contextual errors (“real-word" errors) also appear, where the word is spelled correctly but is not
appropriate for the overall context of the sentence, which is difficult to detect using traditional methods.
5.2.3 Errors due to the quality of the original image
OCR accuracy is greatly affected by the quality of the original image, as noise and distortion of letters lead
to an increase in errors in the resulting text.
5.2.4 Impact of these errors on academic documents .

1. Decreased research quality.

2. Distortion of OCR results, causing incorrect statistical analysis.

3. Misunderstanding of content by the reader.

4. Rejection of research by some journals due to numerous errors

5-3 Methods of detecting spelling errors [3]

5-3-1 Dictionary-Based Detection (4 and 2)

This method relies on comparing each word in the text with a list of correct words in the dictionary. If no
entry in the dictionary matches, the word is considered incorrect. This method is the most commonly used
in detection systems because it is straightforward and highly accurate.

W € Dictionary 1

otherwise 0} = Error(w) ........(1)

5-3-2 Detection Using Language Models (N-gram / Language Models).

This method relies on calculating the probability of a word appearing in a given context using statistical models such
as N-gram. If the probability of the word is abnormally low, it is classified as a spelling error even if it resembles a
correct word.

Count (wi_n1) i-1
: = plw;\w,,;— T ¢/
COunt (Wll__ylH.l p( L\ wi—n++1 ( )

5-3-3 Statistical Error Detection

This method is based on comparing the distribution of words in the text with the natural distributions of correct words
in the language. Words that show a significant deviation from this distribution are considered incorrect.

5-3-4 Detection using OCR Confidence

When extracting text from images, the OCR system provides a "confidence" value for each word. Words with
confidence below a certain threshold (e.g., 70%) are often the result of OCR errors and are treated as suspicious.

if w= 0 > Confidence(w) Suspicious
5-3-5 Proposed hybrid detection for spelling errors.
This research proposes a hybrid detection mechanism for spelling errors in Arabic texts extracted from all types of
digital and image documents, including Word files, PDFs, and digital images. This mechanism relies on a systematic
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integration between detection based on the Arabic dictionary and the confidence level resulting from the optical
character recognition system. The aim is to improve the accuracy of identifying incorrect words before moving on to
the correction stage. This is the first stage in the proposed system for processing Arabic texts.

5-4-Detailed steps for the detection mechanism [6,7]

Step (1) Text input :

The detection process begins with entering text from various sources, including Digital text documents such as Word
and PDF files that can be copied, where the text is extracted directly Image documents such as images and non-
copyable PDF files, where they are converted to digital text using optical character recognition, The extracted text is
represented as follows:

Wy, Wy, oo te W3 =T oo o...(3)

with a confidence score for each word if it was extracted from OCR:
[1,0] 2 C(W;) ........... (4)

Values close to 1 indicate high and accurate optical recognition, while low values indicate the possibility of
errors resulting from image distortion, punctuation marks, or similar Arabic letters (5 ,» s , &, & ,<).

Step 2: Dictionary check of words

Each word in the text is checked against an Arabic dictionary to verify that it is linguistically correct. This
is expressed mathematically by the function.

w; € D ) 1} _

wieD 0l D(W;)..........(5)

where (D(W;) = 0), which indicates that the word is not found in the dictionary.
Step 3: Confidence rating (for texts extracted from OCR)

For texts generated by OCR, the confidence level associated with each word is analyzed using a specific
threshold @ to identify visual ambiguity as follows:

Cw)<D 1) _
Cw;)) =D ,o}

Words extracted from other documents are considered O(W;) = 0
Step (4): Apply the hybrid decision function .

The results of the dictionary check are combined with the confidence level using a logical decision function
that aims to identify words that are incorrect.

D(WL)ZOYO(WL) ,1
otherwise , 0

} =HW;) .......(7)

where a value of 1 indicates that the word is misspelled, while a value of 0 indicates that the word is
spelled correctly.
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Step (5): Extract the set of suspected words
The output of the hybrid detection stage is a set of words that have been classified as suspicious. This set is
defined as follows.

{1=HW)\W}=E.....(8)

5.5 Proposed spell checking stage

After completing the hybrid detection stage and extracting the set of words suspected of containing spelling
errors, we move on to the spelling correction stage, which aims to suggest the correct alternative for each
incorrect word and select the optimal correction based on mathematical criteria through the following steps.

1. Inputs for the correction stage Let the set of words detected in the detection stage be

{1=HW)\W}=E
where W; represents the word in question.
2. Candidate Generation
W; a set of candidate words for correction is generated from the Arabic dictionary D.

D o {ci, ¢y, =SW)) e . 9
so that each candidate word is within a specified editing distance
€ > Lev(w;, ¢j) ... ..... (10)

3. Calculating Levenshtein Distance
The correction process relies on the Levenshtein distance to measure the degree of difference between
the incorrect word and the candidate word. The distance is defined as follows.

delet Lev(a;_q.4,b;.1) + 1
add Lev(ay 1, bj—l...l) +1 min = Lev(a,b) ........(11)
replace  pey(a;y1,b; 1) + 1(a; # by)
where 1(.) index function.

4. Correction cost function
For each candidate cj a cost function is calculated based on the edit distance and the confidence level of
the OCR.

(C(w; — 1).B + Lev(w;, cj).a = Cost(wl-,cj) e (12)
Where 3, « Weight coefficients
C(w;) OCR confidence level for the original word.

Selecting the best candidate (correction)
In the case of single correction, the lowest cost candidate is selected:

min
argcj € S(Wi)COSt(Wi.cj) =c" ... (13)

5.6 Correction using dynamic programming [10,12,13]
Dynamic programming is one of the effective algorithmic methods for solving sequential problems that depend on
sequential decision-making. This approach is based on the principle of finding the optimal solution to the overall
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problem based on optimal solutions to its sub problems. The importance of this method lies in its ability to reduce
computational costs by storing and reusing partial results, making it suitable for processing texts that consist of a
sequence of interrelated words. Since the process of correcting spelling errors in Arabic texts cannot be handled
efficiently by correcting each word independently, due to the contextual errors or inconsistent linguistic choices that
this may cause, dynamic programming has been adopted as a mathematical framework for selecting the best corrective
sequence for the entire text. . In this way, the text can be represented as a sequence of words:

fwi,wy, oo, Wi 3 =T

where representsw; each word (a correct word or a suspected word resulting from the hybrid detection
stage) so that this sequence reduces the total cost, which represents the objective function:

n
minz Cost(W;, ¢;) v vev oo . (14)
i=1

with the context condition: S(w;) 3 ¢;
where at each step, the candidate that achieves the lowest cumulative cost is selected, taking into account the previous
word, which ensures consistency of correction at the level of the text as a whole. In this way, correction is not viewed
as a local process, but as a comprehensive contextual process aimed at improving the quality and spelling accuracy of
the final text.

5.7.0utputting the corrected text
The final output is the corrected text.
1,y =T ........(15)

while retaining the correct words unchanged.
5.8. Merging the correction results with the documents
After correction, the corrected words are highlighted in red within the Word documents, and then a

statistical report is generated that includes.

Number of incorrect words

=E Rate ... ....... (16
Number of incorrect words rror kate (16)

6-Practical aspect:
This aspect of the research aims to apply the proposed theoretical framework in practice by designing and
implementing an integrated system for detecting and correcting spelling errors in Arabic texts extracted
from digital and image documents in a sequential manner, starting with several stages, namely
1. Work environment: The proposed system was implemented using the Python programming
language because of its extensive support for natural language processing and Arabic texts, in
addition to the ease of integrating statistical and mathematical algorithms. The implementation
environment relied on Google Colab interactive development platforms because of the flexibility
they offer in testing and re-implementation.

2. The data used :in this research was tested on a text stored in three formats (Word, PDF, scanned
image). The text below will be tested in three formats.
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First: Language and writing verification in Word format

The oldest known written language in Mesopotamia was Sumerian, an isolated agglutinative language.
Semitic dialects were spoken in Mesopotamia early on alongside Sumerian. Later, the Semitic language,
Akkadian , became the dominant language, although Sumerian was retained for administrative, religious,
literary, and scientific purposes. Various varieties of Akkadian were used until the end of the Second
Babylonian period. Then Aramaic, which had become common in Mesopotamia, became the official
regional administrative language of the Persian Empire. The use of Akkadian ceased, but both Sumerian
and Akkadian continued to be used in temples for several centuries.

Assuming that the text is entered from a Word file, the text will be extracted directly without going through
the OCR stage and will be represented as a vector of words.

T — {"(‘ﬁ\ n’ n:\ﬂn , ":‘\_.I}..’\SA"I e, HA:“)A}MMHI — nw\n' .., "4,;.\5\]\"’ . "O})g"}

Since the source is digital, give a confidence score of 100% to each word.

1. Dictionary check stage
Each word is checked using the Arabic dictionary D

If the words are in the dictionary

,1
= D(W;
Ifnot the words are in the dictionary , 0} W)

pry={1"1,41,....,0,..,1,..,0,.1}
Where:
Sumerian D ?

Al-Akdiya D ?

A value of (0) in the dictionary check function indicates that the word does not match any entry in the
Arabic dictionary in its current form. This does not necessarily mean that it is linguistically incorrect, but
rather that it is a candidate for checking and correction in a later stage.

2. . Syntactic verification stage
At this stage, the linguistic structure of adjacent words is analyzed and morphological and syntactic errors
in the text above are detected. It appears that all grammatical structures in the text are correct, so this stage
can be skipped without affecting the rest of the system.
That is s(w;, w;j;1) =0

3. .Hybrid decision function
At this stage, the results of the lexical check and syntactic analysis will be combined using equation 7. The
results were H(w;) = 0.
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4. .Extracting suspicious words.
E = {"a e )", "apesyI"}
The above group contains only words that will pass to the correction stage.
5. Correction stage using dynamic programming
At this stage, corrective alternatives for each word are generated based on the dictionary, and then the
Levenshtein distance is calculated using dynamic programming. The results were as follows.

Distance Alternative Incorrect words
1 4 e sl 42y o)
1 FISY] S

Where the least costly alternative is chosen.

5. Statistical analysis

The text contained 128 words, with 2 errors, while the error rate before correction was 1.56%. After
correction, the error rate became 0%.

text contained errors before correction After correction
128 words 2 %1.56 %0

Part of a program for correcting text in Word format.

# S—

# ilile Aadles Adla Word

# S—

def process_docx(filename, word_probs=None):
doc = docx.Document(filename)
total_words, correct_count, incorrect_count = 0,0,0
for para in doc.paragraphs:
words = para.text.split()
if not words:
continue
corrected_words = optimal_correction({words, carrector, word_probs)
para.clear()
for orig, corr in zip{words, corrected_words):
total_words += 1
run = para.add_run{corr + " ")
if orig == corr:
correct_count +=1
print(f" ] {orig} fssaa")
else:
incorrect_count +=1

run.font.color.rgbh = RGEColor(255,0,0)

Second: Checking in image or PDF format
When entering the text below in the form of a scanned image or PDF into the system, we
notice that the words are not visually confirmed, but first pass through an optical character
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recognition (OCR) system, which assigns a confidence score (a numerical value between 0
and 1) to each word, indicating the degree of certainty with which it has been recognized.

dmen g daan
L;l\_‘:;&_i_:’l_._a\):\.uz‘d.}):_nm‘rsbj 63._!.)@}-.-&‘-._\_'115_;1__1.391)3i Jméﬂjwb}&ueﬁi
R W Tott L N - P at- g G TR LI | e PR R PN L L P B
Lo tadiay IS 4 e padl O e s 0 le cpasledl ARl o eSal chela cAuashI cAaal

s Caeadiol Aeagt e AalEs o calieal Aaddall g oFnatl g ednanll g oFa lat el e S
Bl G AT 8 AadlS Cameal 08 S|l el SY i v 25 ALl ALl 5 yialt Aalgs
e AS OS1p cAas) aladsiil C B8 g A G Ag p plal peeDA Ae HI AnanlEy 5 1oy Aall

LOs 8 amal e LT 8 anan (O 3 Y CalS aaasi g Ay ya gl

1. After processing the image, the text is represented as a vector of words with a confidence score for
each word.
23 & 4 e 45 4l ) 4l Al Word

0.98 0.99 0.98 0.97 0.99 0.96 0.97 0.98 | Confidence
level

4y sl Y Lo | Gl jie | A e Y S [ sl Word

0.69 0.68 0.74 0.70 0.96 0.99 0.97 0.95 | Confidence
level

We note that the Sumerian word obtained a score of((4 <) = 0.69 due to the visual

similarity between (3,5) and the (4=xS¥!) word obtained a score of 0.68 due to the visual
overlap between the letters « and .. When compared with the confidence threshold, , the two
words are visually questionable.

2.Dictionary verification stage: In parallel with the visual evaluation, the existence of the word in the
Arabic dictionary in the system is verified according to equation (5), where the two words (Sumerian
and Akkadian) were found to be questionable. To achieve higher accuracy in detection, the results of
the visual confidence and dictionary check are combined using a hybrid decision function, and it was
found that H(W;) = 0 correction. for the words nominated for.

3. Correction stage using dynamic programming: The correction stage relies on generating
linguistic alternatives from the Arabic dictionary, then testing the optimal alternative using
the Levenshtein distance calculated through dynamic programming. The results were as
follows.

Distance Alternative Incorrect words
1 4y o) 42y o)
1 LY Sy
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The least costly alternative is selected, after which the corrected words are replaced and the final text,
free of spelling errors, is returned ready for statistical analysis.

4. Statistical analysis:
The number of words in the text was 128, and the number of incorrect words was 2. The
error rate before correction was 1.56%, while the error rate after correction was 0%. A copy
of the text processing program in PDF format is attached as Appendix 2.

text contained errors before correction After correction
128 words 2 %1.56 %0

7-Conclusions:

1. The results show that using only dictionary-based detection is not adequate to find all the
mistakes, especially those that happen when Arabic letters look similar or the image quality
iS poor.

2. The hybrid detection method, which combines dictionary checking and OCR confidence,
has been shown to make it easier for humans to find misspelled words.

3. It's clear that dynamic programming works at the spell-checking stage to find the best
answer for the complete text, taking into consideration how words fit together and what they
mean in context.

4. The research found that spelling mistakes in Arabic digital and picture documents,
especially those induced by optical character recognition (OCR) technology, are a serious
problem that makes academic papers less accurate and of inferior quality.

8-Recommendations:

1. The study recommends adopting the proposed hybrid model, which combines dictionary
based checking with the confidence level of the optical character recognition (OCR) system,
as an effective approach to detecting spelling errors in Arabic texts extracted from digital and
image documents.

2. It is necessary to integrate dynamic programming into the spell-checking stage, as it
provides greater linguistic consistency when correcting entire academic texts compared to
correction based on individual words.

3. The results recommend adjusting the confidence level criteria in the OCR system flexibly
to match the quality of the original document, with the aim of reducing errors resulting from
visual interference or the similarity of Arabic letters.
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Appendix (1) Copy of program results
print(f" X dase e e dsall: {fn}")

WARNING: easyocr.easyocr:Using CPU. Note: This module 1s much faster with a GPU.
WARMNING: easyocr.easyocr :Downloading detection model, please wait. This may take several minut

rrogress: | [NENNERERNERERRDERRIR Il | 12¢.0% CompletelARMING:easyocr
Progress: | [ NENNEERERNERENRNEENERN NN RRN NNl | 100.0% Complete| < = oword

Mo file chosen Upload widget is only available when the cell has been executed in the cun
saving wissliy 4alh, docx to 4y 4l docx
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