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Abstract: Optical Character Recognition (OCR) is a technology used to recognize
text from images or digital documents, such as passports. One popular OCR tool is
Tesseract as it offers high accuracy. However, OCR accuracy is often affected by
various factors, including image noise and/or non-text elements. This article
discusses the application of the SymSpell algorithm for post processing to improve
OCR accuracy on standard Indonesian passports. OCR will be focused on the Visual
Inspection Zone, specifically the Place of Birth and Issuing Office values. Unlike the
Machine Readable Zone which is composed of individual codes and a clear
background, the Visual Inspection Zone often experiences OCR errors due to
holograms blocking the text and spaced layouts. SymSpell is an edit distance based
spelling correction algorithm designed to process data quickly and efficiently, even
on very huge datasets. In this study, SymSpell is used to detect and correct errors in
OCR results that are compared to a corpus word list. Experimental results with 10
tested scans and passport photos showed that the integration of SymSpell with the
Research and Development methodology was able to improve the OCR accuracy
rate by 21,43% for certain Place of Birth and Issuing Office data from the Visual
Inspection Zone. With this approach, OCR systems can provide more reliable results
for practical applications.

Keywords: Corpus; Optical Character Recognition; Passport; SymSpell; Tesseract;

INTRODUCTION

The era of digitalization has changed a lot of behavior in daily work (Kurniawan, 2023), without exception in
the process of inputting data from file documents. A widely used approach to accelerate data entry from an image
is Optical Character Recognition (OCR). OCR is a technology that recognizes text in digital images (Mubeen et
al., 2022). One of the most popular OCR tools is Tesseract (Moussaoui et al., 2024), Tesseract came with high
accuracy in character recognition (CeliK, 2021). However, OCR accuracy is significantly affected by noise,
document degradation, and non-text elements (Konanykhin et al., 2023).

Passport is a state-owned document that serves as proof of identity when abroad (Paspor Biasa — Kantor
Imigrasi Kelas | Non TPI Depok, n.d.). Passports are used when entering the borders of other countries. Then the
authorities of the destination country will stamp the visa or attachment sheet attached to the passport page as proof
of permission to enter a country. Considering the importance of the passport it has become a mandatory document
used for issuing international flight tickets and visas. Ticket booking service and visa providers are required to
always accelerate the quality of their services in terms of inputting passport data, this is in line with this research
which discusses improving the quality of OCR on passport data.

Passport identity page contains 2 main areas, MRZ (machine-readable zone) and Visual Inspection Zone. The
MRZ area, composed by individual codes, met the standard of ICAO 9309, which can be captured and processed
using OCR systems (Bessmeltsev et al., n.d.) then extracted to be information needed. But the data contained in
the MRZ is limited to name, passport number, gender, date of birth, expiration date. While other data that is no
less important like Place of Birth and Issuing Office must be taken from the Visual Inspection Zone. There are
several challenges while reading Visual Inspection Zone ranging from holograms that cause noise in the image
like shown in Figure 1 below, as well as the spaced layout which may make OCR getting errors.
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Fig. 1 Example of noise in Indonesian passport

OCR errors can have a significant impact, especially in the context of identity verification. For example, an
error in recognizing the letter “O” as “0” or “I”” as “1” may cause a failure in the data matching system. To address
this issue, a OCR post-processing text error correction approach is needed to improve system reliability (de
Oliveira et al., 2023). OCR post-processing has significantly improved during the past few years (Hemmer et al.,
2023). Both Place of Birth and Issuing Office values from Visual Inspection Zone are predictable values. OCR
systems may experience misreadings but if coupled with OCR post-processing these misreadings can be minimized
with spelling correction algorithms.

Wolf Gabre introduced the Symmetric Delete Spelling Correction (SymSpell) algorithm in 2012 as an
extension of Peter Norvig's algorithm (Garbe, 2012a). SymSpell is an edit-distance based algorithm designed to
quickly correct spelling errors, even in large datasets. It optimizes the search process through a precomputed hash
map approach, which enables efficient word matching with a low error rate. Wolf Garbe (2012a, 2012b) disclosed
that one of the applications for SymSpell is OCR post-processing. By applying SymSpell to the OCR results of
passport data, it is possible to detect and correct text errors automatically, improving data recognition accuracy.

Implementation of the SymSpell algorithm for post-OCR has been done by some researchers before. Citing
Bjerring-Hansen (2022), introduced a heuristic OCR correction pipeline for 19th-century Danish Fraktur texts,
combining safe error corrections, context-based selective adjustments, and SymSpell spell-checking, achieving a
73% improvement in word accuracy and demonstrating the viability of non-ML approaches for resource-
constrained projects (Bjerring-Hansen et al., 2022). The study on myOCR by Thura Aung et al., (2024) introduces
a Myanmar Optical Character Recognition system that combines CNNs for feature extraction, BiLSTM for
sequence modeling, and CTC for decoding, with post-OCR corrections prominently featuring SymSpell for
statistical correction alongside neural and LLM-based methods, achieving a chrF++ score of 99.31 and reducing
Word Error Rate to 0.66% (Aung et al., 2024).

SymSpell accuracy and performance proofing has been done by Audah et al., (2023) and Ferdiansyah et al.,
(2023). Both researchers compared SymSpell with other spelling correction algorithms. Audah et al., (2023)
comparing SymsSpell with Damerau-Levenshtein Distance with the Trie Data Structure, the result is that SymSpell
has better performance on non-context sentences with 99.39% accuracy and 66.79% for accuracy with the best
match. Second comparison by Ferdiansyah & Nuryana, (2023) is comparing SymSpell with the Burkhard Keller
Tree for Indonesian spelling correction. The SymSpell algorithm leads in computation time which records the
highest time at 0.05 seconds, while BK Tree is only able to record the highest time at 56 seconds.

This research explores the application of OCR post-processing with the SymSpell algorithm to correct text
errors based on the corpus of Place of Birth and Issuing Office on passport data to improve accuracy of OCR
results. We also discuss some optimization strategies such as image preprocessing in the OCR process to improve
text reading accuracy. With the good performance of the SymSpell algorithm and the close accuracy of tesseract-
OCR library as mentioned above are expected to be a practical solution to improve the quality of OCR data on
passport documents.

METHOD
According to the working principle of SymSpell, it's as follows: SymSpell is an edit distance algorithm that
generates words without modifying transposition, replacement, or insertion operations on the word. The only
operation used is deletion, then relating it to the original element. Speed of SymSpell depends on the Symmetric
Delete spelling algorithm, and memory requirement is managed by prefix indexing (Tolegenova, 2022). Example
of a SymSpell operation can be seen in table 1 which tests the error word KATYA.
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Table 1Example operation of SymSpell edit-distance
KATYA KARYA Term
ATYA ARYA
KTYA KRYA - )
KATA KAYA Ed|t—dllstance.
KAYA KARA
KATY KARY
TYA RYA - )
AYA AYA Ed|t—d|25tance.
etc.. etc..

As seen from table 1, there is an example of similarity in the word KAYA at edit-distance 1 and the word
AYA at edit-distance 2. With the similarity of words found from the combination of letter deletion, the word
KARY A will be included in the right word recommendation for searching the word KATYA.

Symspell is applied to the existing passport OCR system to correct word errors from the OCR results.
According to Sukmadinata (2012) in Wynarti (2018) research expresses that the Research and Development
method is either used to make new products or improve existing products. Therefore, this research will use the
Research and Development (RnD) method framework to apply the SymSpell algorithm to the optical character
recognition system to reduce the system reading error rate. The steps of Research and Development for this
research are as follows.

Research and
information collecting

Develop preliminary
form of product

v

Preliminary field
testing

L 4

Planning

L 4

Main field testing & Main product revision

Fig. 2 Research and Development (RnD) steps used in this article

1. Research and Information Collecting
The first step of Research and Development in this research is Research and information collecting. We
collect any information about the SymSpell algorithm, and supporting data that will become the corpus for
the symSpell algorithm. This research uses 2 corpuses, the first is a corpus of a list of regencies and cities in
Indonesia to predict the value of place of birth, then the second corpus is a list of immigration branch offices
in Indonesia to predict the value of issuing offices on passports.

2. Planning
The planning stage will make a plan to develop a problem solution based on the data and knowledge obtained
from the Research and Information collecting stage. Planning involves preprocessing strategies such as
changing the color scheme to grayscale and adjusting the brightness to reduce noise in the image. Followed
by making all words in the corpus and OCR results into one word by removing spaces.

3.  Develop Preliminary Form of Product
The plan that has been made will be implemented at this stage into a prototype to be tested.

4.  Preliminary Field Testing
After the prototype is built, limited testing is carried out to determine the performance of the tesseract-OCR
and SymSpell algorithms in identifying place of birth and issuing office data on passports. Testing is
performed by OCR processing on 10 different passport images. The measurement of success is seen by
comparing before and after processing using the SymSpell algorithm.

5. Main Product Revision
The results of limited testing will provide input for the system to work better, the existing input or evaluation
will be improved at this stage.

6. Main Field Testing
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After the system is made, tested with limited testing, then has been improved from the results of limited
testing, the last stage is the final testing of the product that has been made. Testing at this stage will be the
final result of the implementation of the system in this study.

RESULT

Pre-processing

Preprocessing contains the preparation stage of passport image data before the OCR process. The passport
image is being split into two parts, which are MRZ (Machine Readable Zone) and Visual Inspection Zone areas,
then the color is changed to gray and the brightness is set at 120 percent using a sharp javascript library. This part
is separated because each area will be processed using a different data train by tesseract. MRZ areas will be
processed using the mrz.traineddata model, this model has been trained by DoubangoTelecom with the dataset of
more than 7 thousand images (.tif) with ground truth (.gt.txt) from Google images augmented by several synthetic
data (DoubangoTelecom, n.d.).
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Fig. 3 Visual Inspection Zone
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Fig. 4 Machine-Readable Zone

To ensure that the ratio of images to be processed is consistent, we apply a cropping process after the user
selects an image on the image upload form.
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REPUBLIK INDONESIA
REPUBLIC OF INDONESIA
PASPOR s 1o P ——
PASSPORT P DN

NAMA LENGKAP

17 AUG 1945

269AN20T1

Oa0n vava moworLmats

©aeaa 000000000000 OAOOBO0DDO-XYZ KANTOR IMIGRASI
P<IDNLENGKAP<CNAMACCCCCCLLLLLLCLCCLLLLCLLLLLLKLKL
X000000<<9IIDN450817951601269<<<<<<<LLL<L<L<IT

- - EEIEER

Fig. 5 Cropping passport image
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OCR Processing

Our OCR process uses the tesseract library with two different data trains. For the MRZ part we used
mrz.traineddata and for the visual inspection zone we used ind.traineddata. The reading process in the visual
inspection zone is specifically done in the area of the place of birth and the issuing office column.

OCR Post-processing

From the results of the OCR process, the values obtained are then processed using SymSpell. The values of
birthplace and issuing office obtained previously were normalized first by removing spaces and special characters
to reduce noise in the data. The values are then processed using the SymSpell algorithm to find whether there is a
word in the word list in the corpus or a word that is considered similar. If SymSpell returns a recommendation
word then the system will take the recommendation and display the results to the user. However, if SymSpell also
cannot find a word recommendation from the corpus then the system will give a null or empty return. The OCR
post-processing flow can be seen as follows.

OCR Processing O
return null or Recommendation
empty result found

d
?
Yes
return recommend-
ation word

Fig. 6 OCR post-processing flowchart

Removing whites-
spaces and
special characters

SymSpell error check

Preliminary Field Testing
We performed limited testing of the planning stage implementation with 10 different passport images with
maximum edit-distances value of 3 for the SymSpell algorithm. These tests were conducted using the default
parameters of tesseract OCR with 3 is values for PSM, 3 for OEM and ind.traineddata for train data. The results
can be found in table 2.
Table 2. Preliminary field testing results

No Place of Birth Issuing Office
Raw OCR SymSpell Result Raw OCR SymSpell Result
1 BALI BALI
2 BANDUNG BANDUNG
3 BANDUNG BANDUNG
4 sakarta D JAKARTA DEPOK DEPOK
5 BEKASI BEKASI
6 JAKARTA. JAKARTA JAKARTA UTARA JAKARTA UTARA
N ergait
7 JAVARTA | JAKARTA A BARAT
8 JAKARTA: JAKARTA BEKASI BEKASI
9 .JAKARTA JAKARTA TANJUNG PRIOK TANJUNG PRIOK
10 JAKARTA TIMUR. JAKARTA TIMUR

Main Product Revision

From the preliminary test, the SymSpell algorithm successfully corrected 2 words from the OCR system
reading error. Then SymSpell also failed to find a word recommendation in the issuing office column number 7
with the corpus. The error occurred because the issuing office value number 7 had too much noise so it could not
find a match with the corpus at the maximum edit-distance value of 3. In other cases, the OCR system also failed
to read 3 data in the birthplace column and 2 data in the issuing office column.

In order to handle this particular issue, we used a different setting for tesseract on the PSM (Page segmentation
modes) value. Previously we used the default setting value of 3 (Fully automatic page segmentation, but no OSD).
In Main field testing we changed the PSM value to 12 which is Sparse text with OSD. PSM 12 is designed to read
text from images that have irregular and sparse layouts, OCR will scan the image in its entirety allowing the output
of a lot of unnecessary text.
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To overcome the amount of noise in the OCR read text, SymSpell algorithm processing is done line-by-line.
When SymSpell succeeds in finding a word recommendation for more than one line, the word from the line that
has the lowest edit-distance will be selected and then the recommended word is displayed to the user. In addition,
we provide the computation time to determine whether processing multiple lines will make the processing time
suffer.

Main Field Testing
Testing at this stage still uses the same data as preliminary field testing to find out the differences after the
revision process. The results of main field testing can be seen in table 3.

Table 3
Main field testing results
Place of Birth Issuing Office
No Raw OCR SymSpell Co_mputatlon Raw OCR SymSpell Co_mputatlon
Result time (ms) Result time (ms)
TemPer ane
1 | MAAaaw BALI 0.0047 BANGGA! | BANGGAI 0.0045
BALI
2 BANDUNG BANDUNG 0.0042
WieerLann /
3 PaeDet | g ANDUNG 0.0050
BANDUNG
4 sakarta D JAKARTA 0.0051 DEPOK DEPOK 0.0040
aa
5 JAKARTA JAKARTA 0.0047 BEKASI 0.0055
BEKASI
an | MANDON
WA pMa
eee te IAAA JAKARTA
6 aenceaan JAKARTA 0.0054 UTARA 0.0051
JAKARTA
JAKARTA. UTARA
Yiioea aa
N ergait
7 JAKARTA JAKARTA 0.0076 0.0069
A BARAT
|
AAA N aa
“Yebrar LAhm
1 PAICE an OeRG
8 ORTA JAKARTA 0.0217 BEKASI 0.0079
AA
JAKARTA:
BEKASI
TANJUNG TANJUNG
9 JAKARTA JAKARTA 0.0057 BRIOK PRIOK 0.0057
nbe ie
JAKARTA JAKARTA
10 n JAKARTA 0.0053 TIMUR. TIMUR 0.0043
JAKARTA

From the main field testing column issuing office example number 5, the OCR system generates two lines of
text, which are “aa” and “BEKASI”. When the SymSpell algorithm processes the 2 words the algorithm produces
word recommendations from both words. For the word “aa” it produces the city “AGAM” with an edit-distance
of 2, and the word “BEKASI” produces an edit-distance of 0. The system selects the word from the line that has
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the lowest edit-distance, which is the word “BEKASI”. With this approach, the algorithm successfully selects the
correct word.

DISCUSSIONS

Based on the test, it showed that SymSpell can work properly to correct minor misspellings of ocr readings.
For major misspellings, a larger maximum edit-distance is needed in order for SymSpell to recommend more
similar words. However, a large edit-distance can lead to worse computation time. Therefore, the maximum edit-
distance value that is ideal for a project needs to be considered.

This research still has limitations, including the corpus of place of birth and issuing office used are the names
of cities in Indonesia, if there is passport data whose value of place of birth or issuing office outside the country
then the algorithm cannot find the right word. In addition, the types of passports used in this study only support
ordinary Indonesian passports. Other passports such as official passports or foreign passports may have different
visual inspection zone layouts.

CONCLUSION

The symSpell algorithm for post-processing OCR passport data successfully improves accuracy in accordance
with the expected output. The increase in accuracy at the final stage was achieved by 21.43% with average
computation time at 0.00629 ms. This result was gained from the comparison before and after post-processing
using the SymSpell algorithm. Whereas before post-processing only 14 values of place of birth and issuing office
were successfully read correctly, then increased into 17 values that match the values in the passport with the help
of the SymSpell algorithm. The results of the revision process made the main field testing have better accuracy
than the preliminary field testing because three previously unidentified data could be corrected in the main field
testing. Changes in PSM settings (page segmentation modes) in tesseract and changes in the SymSpell algorithm
approach are the most significant factors in this stage of improvement.

However, even though the improvement has been successful, this research can still be developed further. In
this research test found some values that are not being read by the tesseract, this can be addressed by methods such
as adjusting the brightness dynamically to adjust the original lighting conditions in the passport image to the point
of optimal lighting for the tesseract. Image classification to determine the type of passport can also be adopted,
because there are several types of passports and each has a different layout of visual inspection zones, so the
reading of the place of birth and issuing office must be adapted to the type of passport being processed. The corpus
dataset can also be added so it can provide recommendations for cities outside Indonesia.
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