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ABSTRACT

One effort to maintain the validity of the Al-Qur'an manuscript is the
analysis and verification of the manuscript by experts (Pentashih). Currently,
manuscript verification without translation takes 30 working days.
Therefore, to support Pentashib in reviewing the manuscript, technology is
needed to expedite the Pentashib process and prevent analysis errors caused
by Pentashib fatigue. This study conducts a writing analysis of the target
manuscript by referring to the template manuscript, implementing image
preprocessing stages, applying SSIM for analysis, and employing the pixel-
matching method. This method examines the manuscript's writing by
comparing two block images at the pixel level. Block images are produced
by preprocessing the manuscript images before image-matching analysis is

performed. Image preprocessing comprises: cropping the outer frame,
cropping the inner frame, segmenting the page into row images, adjusting
margins, aligning image sizes, segmenting rows into block images, and
aligning positions between block images. Pixel value differences are
calculated at the same positions across each column and row of the template
and target block images. Block image positions with pixel values > 200
occur in 5 consecutive columns, adjacent rows with a distance = 1, and an
SSIM value = 0.9, both images meet the mismatch criteria. These findings
indicate that the proposed approach provides an efficient and accurate
solution for automating the verification of the Indonesian Standard Mushaf-
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1. Introduction

Data can be in the form of text, images, sound, and video that can be processed, stored, and
disseminated as information [1], such data cannot be analyzed before being processed [2]. Image data
processing aims to improve image quality prior to subsequent processing [3]. Digital image processing
uses computerized signal processing to process digital images [4]. This study uses image data as the
research object, namely the Indonesian standard Al-Qur'an manuscript [5], which was originally text
data and then converted into image data. The Qur'an consists of 30 parts (juz), 114 surabs, and 6,236
verses [6]. To ensure its accuracy, every copy of the Qur'an to be published in Indonesia must undergo
a verification process carried out by the “Lajnabh Pentashiban Mushaf Al-Qur'an” (LPMQ) unit. This
institution was established by the Ministry of Religion, with the qualifications of a verifier including:
memorizing the entire Qur'an, understanding the sciences of the Qur'an, and mastering verification
techniques [7]. The LPMQ conducts research, inspection, and correction of the master copy of the
Quran manuscript to be published by carefully and repeatedly reading it through the verifiers to ensure
no errors are found, including the Ministry of Religion's translations and interpretations [8].
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The verification process for one 30-juz Mushaf takes approximately one month because every
punctuation mark, tajwid, and verse arrangement must be carefully and repeatedly checked to ensure
accuracy. Proofreaders will check the completeness, sequence, and physical condition of the manuscript
before conducting further checks [9]. This proofreading process presents several challenges, including
the need for significant time, high precision demands, and susceptibility to human error due to fatigue.
These limitations highlight the need to adopt technologies that can accelerate and improve the accuracy
of the verification process. The visual verification process of the Qur'an involves a detailed examination.
Technology that can compare the text in the image of the original manuscript or trusted reference
(template) with the text in the image being examined (target).

The verification of the Qur'an can be performed using image-matching technology to facilitate
automatic comparison between the original manuscript and the text being examined, thereby enabling
faster, more accurate detection of writing errors, letter differences, and punctuation errors. The text
being discussed will be referred to as the target image (text from the publisher), and the original text
could be referred to as the template image, which is the text owned by LPMQ and used by publishers
as a reference in writing and compiling the Mushaf text. The template and target images use the same
font, and the same size. The technique employed is pixel-based image matching [10], also known as
pixel matching.

Image matching employs several algorithms based on image content, features, structure, color,
grayscale, and texture to identify image similarities. The image feature method involves extracting feature
points from each image and matching them to those in another image. This method requires less
computation, but has better robustness [11]. Image matching is a widely used technique in computer
vision, with various applications; it is typically framed as a classification problem with a binary match/no-
match output [12].

The term describing the elements of a digital image is a pixel, which has a specific location and value
[13]. Not only in images, but other research has also applied pixel language models for text classification
by language [14]. The connectivity between pixels represents the region and boundaries of a digital
image. To determine if two pixels are connected, it is necessary to know whether the two pixels are
adjacent and have the same gray level [15]. Pixel matching is a technique in image matching that
compares pixels between two images. This method can be used to identify differences or similarities
between two images by comparing pixel values at corresponding positions. If the pixel difference
approaches 0, the two images can be considered similar; conversely, if it approaches 255, the two images
are considered dissimilar. Pixel matching is an appropriate method for this study because the target
image data and template images share similarities in text form, punctuation, and character spacing. Thus,
they can be matched to identify similarities and differences by calculating pixel differences, as the initial
step in the image matching process using the pixel matching method.

Image matching [16][17] have been used in various studies, including in article [11], which compares
the matching of two images using SIFT and GCD under different conditions, namely matching two
original images, matching images after rotation, and matching with other images. SIFT is not well suited
to matching manuscript images because the lettering exhibits similar visual patterns, making it difficult
for SIFT's keypoint-based matching to distinguish between lines or pages accurately. This article [12]
used image-matching algorithms, namely SIFT, SURF, and ORB, to calculate the similarity between
matched images and classify them into predetermined similarity categories. Mushaf manuscripts often
exhibit similar letterforms, such as & ,& <, so SIFT, SURF, and ORB will fail to distinguish between
visually similar images. Other studies have used template-matching techniques to recognize letters using
OCR (Optical Character Recognition) applications by calculating the degree of similarity between two
images. The correspondence point value is calculated from the minimum error, which indicates the level
of similarity [18]. The template-matching technique is unsuitable for this research because it matches a
small template to a large image by shifting it and selecting the optimal position based on correlation
values, so that images are considered similar solely because they are visually similar, even when they may
differ. This technique may be more appropriate for image datasets than for text datasets [19]. Other
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research uses image-matching methods to compare images and generates an average match value based
on changes in image capture angle, scale, and rotation [20]. Another study employs image matching via
feature matching with a Convolutional Neural Network (CNN) [21]. Using the template-matching
method, Kiew ez al. [22] developed an image recognition application for vehicle tracking based on license
plates. Subsequent research employs template matching to enhance the minimum distance classifier
[23].

Previous research has used the same data as our study and employed image matching. Among these
is the recognition of Hijaiyyah letters using template matching with Optical Character Recognition
(OCR). In that article, it was stated that the research worked well for letters with unique geometric
shapes, such as | and . However, there were still errors for similar letters, such as ¢ ,z, and & [24], so
the recognition of Hijaiyyah letters using template matching was not entirely successful. Another similar
study involves extracting text from videos using OCR. The research focuses on 28 Arabic letters and 15
test images; however, if font variations are present, the dataset must be modified [25], even though a
single Arabic letter can exhibit multiple calligraphic variations, necessitating repeated adjustments to the
dataset. Another article employed template matching to convert the Mushaf page image into a binary
image, then searched for keywords in the binary image using word image matching with Normalized
Cross Correlation [26]. This matching aims to identify keywords in a Mushaf page image, rather than to
detect writing errors in the image. Previous research characterized ancient document images composed
of Arabic and Latin characters using image matching, fractal dimension, and image retrieval methods.
The objective of this research was to classify page images as ancient Arabic or Latin documents [27], not
to identify their content. This study [28] evaluated various feature-extraction and classification
approaches for Arabic OCR systems over the past 10 years on an Arabic dataset. The evaluation results
show that SIFT achieves the highest accuracy (94.28%), whereas other techniques, including commercial
systems, have lower accuracy. SURF is faster but also has lower accuracy (90.46%). This research
primarily compared the performance of several feature-extraction and classification methods, rather than
analyzing writing errors in the Mushaf manuscript. Another study performed Arabic word recognition
on encrypted digital documents for document management, but the new study was conducted on 10
document images containing 200 words using SURF feature extraction, achieving an accuracy of 96%
[29], not for analyzing writing errors in page images.

From the studies described, no analysis of errors in the Mushaf manuscript has been conducted; only
a few recognitions of Arabic letters and words have been performed using feature extraction and
machine-learning-based OCR. Our research builds on prior work by matching images of Mushaf
manuscript pages using pixel matching. This involves matching two images on each target page and
template page. This matching process begins after image acquisition, preprocessing, and pixel-difference
calculation, and proceeds to image-mismatch analysis. The researchers chose the pixel-matching
technique because they had previously tested several methods for analyzing writing mismatches in
manuscript images, and it proved the most suitable for implementation. This study contributes to the
detection of script errors in the Mushaf by introducing an automated, efficient approach based on pixel-
level matching between page images.

2. Method

This study employs the pixel-matching method to analyze discrepancies in writing by comparing
template and target images based on pixel values and positions. If two block images differ slightly, they
will be detected as different; therefore, the accuracy for detecting writing errors must be 100%.
Meanwhile, modern methods such as machine learning and deep learning are not sufficient with only
100% accuracy. If the accuracy value is very high, further review and analysis are needed, such as research
criticizing the high accuracy in disease diagnosis using machine learning algorithms [30], which states
that maximum accuracy does not guarantee reliability and can even be obtained through infeasible
experiments. Therefore, it is necessary to report the minimum and average accuracy values to assess
model stability, as well as the importance of transparency and comprehensive evaluation. Another study
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[31] states that high accuracy does not guarantee reliability and is prone to errors, so it is not enough to
have a well-trained model but also requires a fault-tolerant architecture.

Image matching has various image matching techniques, such as template matching, SIFT, ORB,
SUREF, and pixel matching. SIFT, ORB, and SURT are not used because they are easier to detect features
with high contrast rather than letter images that have very similar structures and patterns. This study
also analyzed image matching of Mushaf manuscripts using template matching; however, the results were
inaccurate because the sliding-window approach is not suitable for Mushaf manuscripts, which exhibit
similar, nearly identical writing styles. The sliding window is a stage in which a small template is matched
to a larger image by shifting it and finding the optimal position. For Mushaf page images with similar
letter shapes, false matches will be found.

The research stages are shown in Fig. 1, beginning with planning, data acquisition, image
preprocessing, pixel calculation on the image block, image mismatch analysis, and image matching
analysis results. Planning, in the form of problem identification, was carried out by interviewing sources,
including the head of the LPMQ institution and the Pentashih, to obtain information on the current
tashib system and the time required for pentashiban for several manuscript types. Data acquisition is the
stage of collecting template and target data, which initially consists of master files per-juz in PDF format
converted into image data per page in PNG format. Template data refers to the official reference
manuscript owned by LPMQ, and target data refers to publisher-provided data to be analyzed.

2.1. Image Preprocessing

Image processing is the processing of digital images with computerized image input and output [15].
The image preprocessing stage prepares the template and target images before matching. The input data
consists of template and target images in PNG format, converted from color to grayscale [13]. Next is
the adjustment of the frame design, as each page of the Quran has an outer frame design with various
variations in shape, size, and color. To facilitate the image matching analysis process, it is necessary to
crop [32] he outer frame on each page so that the research focuses on the writing of verses on each page,
using Equation (1). The cropping process of the outer frame starts from the top left ordinate to the
bottom right, from the top row y to the bottom row y + h, and from the leftmost column x to column
X + w dengan h is the image height w is the image width.
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Not only is there an outer frame, but there is also an inner frame in the manuscript as a separator
between letters. Equation (2) detects the image area of the lines. Equation (3) detects the empty area
between two images, and equation (4) detects the empty areas above and below.

Crop Region = Image [y:y + h, x:x + w] 8

contour : h.,y > 10 and wp; > % 2)
where hp, represents the total number of lines in the image, corresponding to its vertical resolution,
while w,,; denotes the number of columns, reflecting the horizontal resolution. In addition, w indicates
the overall width of the analyzed image, typically expressed in pixels, and is used as a reference for spatial
measurements and further image-processing operations.

Yempty = Y1 T hl'hempty =y,—01t+ h) (3)

where y;represents the vertical starting position (row coordinate) of the first image row, indicating
where the top of image row 1 is located in the overall image. The variable hjdenotes the vertical position
or height reference associated with the second image row, which helps define the relative placement
between consecutive image rows. Meanwhile, y,specifies the vertical starting position (row coordinate)
of the second image row. To describe the gap between these two rows, Yempyindicates the vertical starting

represents the height of this empty

position of the empty region located below image row 1, while hepp,

area separating image rows 1 and 2. Together, these parameters precisely define the vertical layout of
image rows and the intervening empty space within the analyzed image.

y=1vy,+ hyandh=H— (y+h) )

where y = 0 and h=y; measure the height of the empty area from the top of the image to the beginning
of the first row. Meanwhile y = y,, + h, and h = H — (¥ + h) are used to calculate the empty space
at the bottom after the last image is finished.

Each normal page has fifteen lines. After cropping the frame on each page, the page will be segmented
into lines. Segmentation can use OCR techniques [33], but in this study, it was obtained through several
processing stages because the page images have varying numbers of lines. The segmentation steps include
horizontal projection to calculate the intensity in each line. If the projection value is high, the line is a
text line; otherwise, it is a space between text lines. Horizontal projection is shown in Equation (5).
Marking rows containing text is shown in Equation (6). If a row is not detected, it is divided into 15
rows as shown in Equation (7). Equation (8) shows how the template row image is aligned with the
target row image.

projection [y] = Y., binary (x,y) 5)
sten) = T roleton 122 0
y; =i * f—s @)
Template,esizea = Resize (Templateorigima, Weargets Hearget ) ®

Research on various line detection and line segmentation methods has been extensively conducted
[34], although in this study we have not used modern segmentation techniques; however, projection-
based segmentation has been able to perform line segmentation effectively.

After adjusting the size [35] of the template and target images, both images have the same width and
height. This is followed by line segmentation into blocks to facilitate matching the two images, as the
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smaller image size makes it easier to analyze pixel values, pixel differences, and the positions of different
image areas. Equation (9) shows line segmentation into blocks.

Xena = W — 1% Wyioer
Xeng =W — (i + 1) * Wpiock
block; = img[0: H, Xstart: Xena ©)

After image preprocessing, once the lines have been segmented into block images, it is necessary to
align the positions [36], of the template and target block images so that they are in the correct positions.
Equation (10) shows the alignment of the positions of the template and target block images before
matching.

iMGsnifeea(x,y) = img2(x — dx,y — dy)
diff(x,y) = |limg1(x,y) — img2(x — dx,y — dy)|
score = Y, (dif f(x,y) * mask(x,y))? (10)

The final stage of image preprocessing is masking [37] the verse numbering frame. This is necessary
because each publisher uses a different verse-numbering frame design, similar to the outer frame on each
page, which also varies. Therefore, masking must be performed on the verse numbering frame area in
both block images so that the matching process does not need to be performed. The masking steps for
the verse numbering frame are outlined in equation (11).

A = area(contour)

. max(M Ama
Ratio = (—)
min (M A,ma)

500 < A < 6000 and 0.7 <2< 1.2 (11)

2.2. Pixel Matching

The image matching stage uses template and target block images as input data to be compared. The
image rows are segmented into 5 blocks to simplify the pixel analysis process. If the number of block
segments per row exceeds 5, too many letters and punctuation marks will be cut off in that row, resulting
in inaccurate error analysis. If the number of blocks is less than 5, there will be too many pixel columns
per block, making pixel analysis per block more difficult. Dividing the row into 5 blocks results in an
average of 201-203 columns per block.

After obtaining the pixel values in the block image, the pixel difference is calculated using Equation

(12).
Pixel dif ference = |P1 (x,y) — P2(x,y)| (12)
where P1 (x,y) denotes pixel value of template, while P2 (x,y) represents the pixel value of the target.

2.3. Measuring block image similarity

Before matching images based on the pixel difference between two block images, it is necessary to
visually assess the structural similarity between the two template and target block images using the
Structural Similarity Index Measure. The SSIM formula for two images is given in Equation (13). SSIM
is used to improve the accuracy of detecting the input signature against the reference signature, thereby
improving the accuracy of matching two signature images [38]. Other studies have also used SSIM to
evaluate the accuracy of overlapping-region calculations from phase correlation during large-image
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e
stitching [39]. In another article, it is stated that SSIM is a technique that closely approximates human
visual perception compared to similar methods across various medical imaging modalities [40]. In this
study, SSIM is used as an initial step in measuring the similarity between two block images. However,
since SSIM has the drawback of maintaining a high value even when there are small differences between
two images, a more in-depth analysis using pixel difference values is necessary.

SSIM (x,y) = [1(x, )] * [c(x, )]F * [s(x, »)]"

(2pxty+C1)(20xy+C2)

SSIM(X.}’) = (#J2C+u}2/+cl)(o',z(+0'32,+cz) (13)

2.4. Analysis of block image mismatches

The discovery of indications of writing errors, if they meet the criteria, including having a pixel
difference value >200. This value is repeated across 5 columns within a row and occurs in adjacent rows
with a distance of 1. Fig 10 and Fig 12 show the results of the analysis between block images that have
indications of writing errors. This stage is explained in more detail in the results and discussion.

3. Results and Discussion

3.1. Grayscale

The process of removing the inner and outer frames, as well as converting RGB colors to gray levels,
can be seen in Fig 2.

() (b) (@]
Fig. 2.(a) RGB to gray level conversion results (b) Removing the outer frame (c) Removing the inner frame

Fig 2(a) shows the results of conversion to gray level in the template image, (b) is an example of the
results of removing the outer frame, and (c) shows cropping of the inner frame.

3.2. Removing frames and page segmentasion

Resized Template Target
R A P AT R T R T AN PR LK (U R PR O ey Rt ]
R SRES PS8 A A S O PP S S A= R R
Resized Template: (1007, 06)
Target (1007, 06)

Resized Template Target

oot ez ges AL CR L ANT UG Teed 2 Ges A b ot e ter G
» » NPy _‘,‘:)—gﬂjw‘;—’d/dg——:yﬁ }:%J‘;—g}k}"d‘,—* [ERJRyCL N

Resized Teaplate 5

E (oo,

Resized Template Target
TPy D R A CRP I L CCTR T P o

OG5 O BLESILLIH T L5 (5 BEEISeH e

Resized Template: (1099, 96)

o " 1000, o8)
(2) (b)

Fig. 3. (a) Page segmentation into rows (b) Alignment of template image size to target image.

Page segmentation into lines is shown in Fig 3(a) and image size adjustment is shown in Fig 3(b). In
the Ustmany type of Mushaf manuscript, one page consists of 15 lines, so page segmentation is necessary
to divide the page into 15 lines. Size alignment is performed on the template image relative to the target
image, as the target image is smaller.
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3.3. Segmentation of lines into blocks

Line segmentation into blocks is shown in Fig 4. This process aims to segment lines into blocks.
One page comprises 15 lines; thus, there are 75 blocks in the template and target images.

Resized Template Target

I

N T P oI o R T Py 3 S o > P (1}
SRS A g AR SRS AP S S A B el A=A

Resized Template Target

8 Bl o Er g B OGEY

Target
-~ )

T4 8 il
A RAS S T Y

Resized Template Target

Saainag g s sirmtEaiieg,

Fig. 4.Results of row to block segmentation

3.4. Alignment of block image positions

The alignment stage between the template block image and the target is shown in Fig 5, because
even though they look the same, their positions are different. This will cause matching errors. Therefore,
it is necessary to align the positions of both block images.

Target Template (Aligned) Overla

il 2o 2o

-

Fig. 5.Position alignment process of block images

3.5. Masking

An example of the masking results is shown in Fig 6. This process aims to obscure the verse-
numbering frame. This is necessary because the verse numbering frame of each Mushaf manuscript has
a different design. Therefore, it is necessary to mask these objects to avoid requiring matching.

s: < @5 =<
Fig. 6.Position alignment process of block images

3.6. Pixel Analysis

The pixel value differences between the template and target block images are shown in Fig. 7. The
results of the pixel difference calculation for the two images are presented in column 1. The figure
explains the calculation of the pixel difference between the image on page 54, row 5, column 1. The
block image consists of 201 columns and 103 rows.

An example of similarity calculation results using ssim and image mismatch analysis results is shown
in Fig 8. If the SSIM value is 0.9, the two images have structural similarities. The analysis was performed
on page 100, rows 1 to 15, where each row consists of image blocks 1 to 5.

After determining the similarity between two block images, pixel analysis is performed by computing
pixel difference values between them. The results of the pixel difference calculations on the block images
will be analyzed further by looking at the columns and rows that have pixel difference values > 200 if the
threshold value occurs at the limit of 5 columns and 5 rows in succession, with a distance between them
= 1. In Fig 9, there is a block image that shows a mismatch, as seen in the difference in punctuation
marks in the blue box area. The details of the difference can be seen through the visualization of the
pixel difference values in the block image shown in Fig 10.
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Column 1:

Pixel Value - Template Image:

[255.255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255.
255.255.255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255.
255.255.255.255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255.
255.255.255.255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255.
255.255.255. 255. 255. 255. 255. 255. 254. 254. 255. 255. 252. 243.
228.209. 222. 246. 255. 255. 253. 254. 255. 255. 255. 255. 255. 255.
255.255.255.255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255.
255.255.255.255.255.]

Pixel Value - Target Image:

[255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255.
255.255.255.255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255.
255.255.255.255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255.
255.255.255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255.
255.255.255.255. 255. 255. 255. 255. 251. 215. 159. 107. 107. 159.
236.255.255.255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255.
255.255.255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255. 255.
255.255.255.255.255.]

ixel Difference :
0. 0. 0. 0.0.0 0.0 0 0 0 0 0 0O

OOO
hooeo’

P
[

0
0.
0.
0
8
0
0

Fig. 7.Example of reading and calculating pixel differences

The detection of differences in writing in Fig 9 is the result of an analysis of writing mismatches
based on pixel difference values that become threshold values, and occur consecutively in 5 columns and
5 rows with a maximum distance of 1. The pixel analysis of the image block in Fig 9 is shown in Fig 10.

Lol
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Result: 4 Mmh
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# File: l007111167017b]0ck705.png

SSIM: 0.8220
Result: 4 Match
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Fig. 9. Difference in block image

The blue-circled area indicates a group of pixels in the range of rows 93 to 107 and columns 1 to 23.
This area meets the criteria for writing inconsistency in block image 5, row 5, page 54 of the Mushaf
manuscript. Since there is a pixel difference value of 2200 occurring in column 2, row 107 to column 22,
row 94, further analysis is needed to determine whether it meets the criteria for writing inconsistency in
that block image.
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Fig. 10. Visualization of pixel locations on block images
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From Fig 9 and Fig 10, further analysis is needed to determine whether the block image meets
the criteria for writing inconsistency. The pixel difference threshold of 2200 occurs consecutively in
columns 3 to 15 and rows 99 to 104 with a distance of 1. The results of this analysis can be seen in Table

1.
Table 1.  Analysis of image mismatch results on page 54, row 5
Pixel Difference Detection Results >200 Position Mismatch (row,
Block 5 (column, row) column)
9

3: 104, 3: 104,

4: 104, 4: 104,

5: 103, 5: 103,

3 oad 6: 103, 6: 103,
Lz 7:102, 7:102,
’ 8: 102, 8: 102,
9: 101, 9: 101,

10: 101, 10: 101,

11: 100, 11: 100,
12: 100, 12: 100,

P 12: 99, 12: 99,
PN 14: 99, 14: 99,
- 15: 98, 15: 98,
17: 97, 17: 97,

19: 96, 19: 96,

On page 54, line 5, block 1, an image mismatch was found, indicating a writing error. The program
identified the writing error as follows: columns 3 to 19 of the target image showed a positional mismatch

from position 98 to 104.

Image mismatch detection also occurred on page 54, line 6, block 5, as shown in Fig. 11. The visual
dissimilarity is marked with a blue box. The area where the pixel difference occurred is shown in Fig.

12.

Template Target

(,.\9 1315 (..\Eyld

Fig. 11. Writing mismatch detection

Fig. 11 shows areas with indications of discrepancies in writing, as pixel differences exceeding the
threshold occur in rows 18 to 31 and columns 1 to 22, indicated by blue circles. However, further analysis
is needed to determine whether these meet the criteria for indicating writing errors. The pixel analysis
of the block image in Fig. 11 is shown in Fig. 12. The blue-circled region comprises pixels in rows 17
to 31 and columns 1 to 22. This area meets the criteria for a mismatch in the block image on the 5th
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line of the 6th page of the 54th manuscript. Since a pixel difference>200 occurs in columns 1-31 and
22-18, further analysis is needed to determine whether it meets the criteria for writing inconsistency in
the block image. Fig. 13 shows the total number of pixel differences in each column in Fig. 11 that were
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detected as writing discrepancies.
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The analysis results based on Fig. 11 and Fig. 12 indicate that pixel differences exceeding the
threshold are located in columns 4-19 and 21-28. Those that meet the criteria of repeating in 5 columns
and 5 rows with a distance of 1 result in an area from row 21 to 28 in columns 4 to 17, as shown in
Table 2. Thus, the visualization results of Fig. 12 and the analysis results in Table 2 are consistent,
indicating that the image block from row 5 to 6 meets the criteria for writing errors in the target image.
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Fig. 12. Visualization of areas with pixel differences = 200
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Fig. 13. Total number of pixel value differences per column

Table 2.

Analysis of image mismatch results on page 54, line 6

Pixel Difference Detection Results

Block 5 5200 Position Mismatch (row, column)
goiumn : ifne ;3’ Line 21, Column 17
colu$2 6: I;Ee 27’ Line 22, Column 15
Column 7: line 26’ Line 22, Column 16
CZlumn 8: linz 26’ Line 23, Column 13
C lu 9: ; 25’ Line 23, Column 14
otumi 7 lfle ) Line 24, Column 11
Column 10: line 25, .
PR . Line 24, Column 12
\ \J\« Column 11: line 24, Line 25. Column 9
ﬁ"’*j" D Column 12: line 24, ; ’
. Line 25, Column 10
Column 13: line 23, Line 26. Col 7
Column 14: line 23, L%ne 26, Column 8
Column 15: line 22, LTEC 27’ ColumE 5
Column 16: line 22, LTne 27’ Column ¢
Column 17: line 21, L;nz 28, Cgluzn 4
Column 19: line 20, o
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Image mismatch detection also occurs on page 110, line 6, block 5, as shown in Fig. 14. The visual
dissimilarity is marked with a blue box, indicating a shift of two points on the waqaf. The visualization
of the area where the pixel difference occurs is shown in Fig. 15.

. Template Target
%7 e o % - 2
L

= {)5';5:"’;

Fig. 14. Writing error detection

Fig 14 shows the area where differences in writing are indicated, with the total difference in pixel
values located around that area, as shown in Fig 15.
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Fig. 15. Total number of pixel value differences per column

An example of a block image that meets the writing error criteria has already been described. The
following is an example of the results of writing analysis on a block image that matches the template
image and the target shown in Fig. 16, where the ssim value shows 0.9, there is an area that has a pixel
value difference of = 200, but is not located in 5 consecutive columns and is not in adjacent rows.

SSIM Score (refined): ©.9694

T g
- \ A \ e
& 2 . \ ® Z . \ # Pixel Difference Detection Results 2200:
J_, J_, Column 34: line 97,
- - » Column 51: line 92,
- e

> [UNDETECTED] Mo 5 consecutive columns found.

mplate Tarast SSIM Score (refined): ©.9738

A \ A \
N \ 17\ \ # Pixel Difference Detection Results 2200:
4» \ ‘UJ , » Column 208: line72-74, line 20,

3 [UNDETECTED] No 5 consecutive columns found.

Tt SSIM Score (refined): @.963@

Ju—
4 it /\- § 7 /- - # Pixel Difference Detection Results 220:
) )

> [UNDETECTED] No 5 consecutive columns found.

Template et SSIM Score (refined): &.9759
~ =23 ~ =8
\ A, ! \&; \ A s ! \ E" # Pixel Difference Detection Results 2200:
Rl bl > [UNDETECTED] Mo 5 consecutive columns found.

Fig. 16. Image of blocks that do not meet the criteria for writing errors

The analysis was conducted on three juz of a manuscript submitted to the publisher and on randomly
selected block images, particularly those identified as incorrect by the proofreader. To date, the block
images declared incorrect have been identified as incorrect, and the correct block image samples have
been identified as correct.
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3.7. Efficiency of manuscript image verification

The evaluation was conducted using the start and stop functions to measure the compilation time
[41] of the image mismatch analysis algorithm. The test was conducted on several manuscript pages,
and the results are presented in Table 3.

Table 3. Image matching compilation time

Number Runtime
fp Page

O SES millisecond second
1 42 1952 1.95
5 42, 43, 44, 45, 46 9525 9.53
10 42, 43, 44, 45, 46, 47, 48, 49, 50, 51 20193 20.19

42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,

20 58, 59, 60, 61 45490 45.49

The trial was conducted on 1, 5, 10, and 20 pages of the Mushaf. One juz consists of 20 pages, so for
30 juz, it can be estimated that it will take 45.49 seconds * 30 = 1,364.7 seconds, which is equivalent to
22.7 minutes. Currently, proofreaders require 30 working days to examine and analyze the 30 juz of the
Quran manuscript without translation. The application of technology can accelerate the proofreading
process and assist proofreaders by providing recommendations for pages, lines, and positions that meet
criteria for writing inconsistencies.

Accuracy is measured as the proportion of analyses that are correct, calculated from the counts of
true positives, true negatives, false positives, and false negatives. The data analysis was carried out on 4
pages, with no writing errors: pages 26, 54, 110, and 330. The total number of blocks across 4 pages is
300. The image of not matched detected not matched (TN) appears on page 54, line 5, block 1; page
110, line 6, block 1; and page 330, line 6, block 5. The image of matched detected (TP) is on 4 pages,
minus 3 blocks; obtained 297, with TN and TP values, an accuracy of 100% is obtained.

TP+TN

Accuracy = TP+FN+TN+FP (14)
297+3
_— = - 0,
Accuracy = 397101370 % 100%
_ 300 o o
= 255 X 100% = 100%

4, Conclusion

Image matching in the Uthmanic Standard Mushaf Al-Qur'an manuscript, using pixel-matching
techniques, can be employed to analyze writing errors. With this approach, the analysis process has been
accelerated, and publisher manuscripts can be checked against LPMQ-owned manuscripts. The
implementation of the matching technique involves comparing the template block image and the target
image based on pixel difference values with a predetermined threshold, applied to five consecutive
columns and rows adjacent to each other with a distance of 1, and measuring structural similarity using
the SSIM technique, thereby enabling the detection of writing errors in the block image. Analyzing 30
juz takes 1,364.7 seconds or approximately 22.7 minutes. This is faster than the manual analysis process,
which takes 30 working days. The image-mismatch analysis stage in the Mushaf writing manuscript
successfully identified writing errors and indicated the positions of mismatches in the incorrect data test,
and correctly identified that the template and target block images matched in the correct data test. For
further research, it would be beneficial to analyze block image data across all pages of the Mushaf and
other Mushaf manuscripts, and to compare these results using different image preprocessing techniques.
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