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Abstract

The quality of the document images is a crucial factor for the performance of an Op-
tical Character Recognition (OCR) model. Various issues from the input data hinder the
recognition success such as heterogeneous layouts, skewness and proportional fonts. This
paper investigated several algorithms for data pre-processing including image deskewing,
table and document layout analysis to improve the accuracy of the OCR model and then built
an end-to-end scanned document management system. We verified the algorithms using a
well-known OCR software namely Tesseract. The experiments on a real dataset shown that
our methods can accurately process document images with arbitrary angles of rotation, and
different layouts. As a result, the accuracy by words of Tesseract can boost 23% for documents
with complex structures. The quality of the output text allows to build a system to store and
search documents efficiently.

Index terms

Optical Character Recognition (OCR); Table Recognition; Image Deskewing; Document
Layout Analysis

1. Introduction

Optical character recognition (OCR) is converting images of documents of typed,
handwritten or scanned text into machine-encoded text. OCR systems have been widely
used in many practical applications such as invoice management [1], [2], CAPTCHA
recognition [3], [4], building digital libraries [5], [6], and number plate recognition [7],
[8]. The high quality of input data is one of the key factors to improve the recognition
performance and thus affects the applicability of OCR systems.

Building an accurate OCR engine is a challenging problem. Many issues related to
the input images that hinder OCR systems from achieving a high character recognition
rate [9]. For example, noises, different font sizes and types, and skewing lead to errors in
separating characters [10], [11]. Thus, the character-based algorithms can not work well.
Moreover, heterogeneous layouts of documents containing tables, columns will degrade
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the performance of encoder-decoder based deep neural networks, e.g. Tesseract, that
recognize the whole lines of text [12].

This paper aims to enhance the accuracy of OCR engines by pre-processing input
data and build a searchable system for electronic documents. Our work focuses on
processing several document types that are commonly appeared in the business work of
government departments in Vietnam. Based on data observation, we have found that most
of documents have high resolution and clean background so no contrast enhancement
and background subtraction methods are needed. We developed the pre-processing
techniques including image deskewing, table recognition, and document layout analysis.
Applying the techniques will provide the input with quality sufficient enough for the
OCR engine. The experiments on a real dataset of electronic documents shown that
our pre-processing techniques can boost the accuracy of the OCR engine significantly.
For application purpose, we built a system for storing, indexing and searching scanned
documents to support the operation work of some agencies and organizations in Vietnam.

In summary, this paper makes the following contributions:

« Applying three pre-processing techniques to enhance the accuracy of OCR engines.
o Building an electronic document management system (eDMS) to promote the
business work of companies and agencies.

The rest of this paper is organized as follows: Section 2 surveys studies related to
pre-processing techniques for OCR engines. The proposed methods are described in
Section 3. Section 4 presents the dataset, measurement and experimental results with
discussions. Section 5 concludes our work and findings.

2. Related work

Converting document images to text has a wide range of real applications such as
recognition and information extraction for business documents (passports, invoices, and
bank statements) [13], [14]. Although various efforts to improve OCR performance,
there is no universal solution for all electronic document types with different quality
such as blurred, skewed, rotated, and complex structures [15]. In [16], Shen et al. tried
to separate objects from the background. The purpose is to remove image background
before feeding into the OCR engine. This helps to reduce noises in input images and
hence improve the OCR performance. Following noise reduction approaches, Ye et
al. proposed a method for text identification in images and video frames based on
Support Vector Machines (SVMs) [17]. This method can process images with complex
background to only extract text. Similarly, Shivananda et al. presented a hybrid model
for separating text from the complex background [18]. The model combines connected
components analysis and an unsupervised thresholding.

According to each kind of documents, many solutions have been investigated to obtain
a high recognition rate. Brisinello et al. applied four different preprocessing methods to
boost Tesseract’s performance on images with low quality, low resolution and colorful
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background [19]. In [20], Bhagvati et al. introduced some important factors to help
OCR system achieve high accuracy on Telugu and other Indian scripts. The factors
were determined based on the characteristics of these characters.

For documents containing tables, Naganjaneyulu et al. proposed a heuristic-based
table detection algorithm using hough lines and harris corner [21]. The main drawback
of this algorithm is time-consuming. Shafait et al. used components of the layout analysis
module of Tesseract to locate tables in documents [22]. This work only focuses on
locating tables in document images, does not reconstruct the table structures in the
output.

Recently, many researchers have applied deep learning-based methods for table detec-
tion and reconstruction. To locate tables, Gilani et al. used a region proposal network
followed by a fully connected neural network [23]; Qasim et al. proposed a graph
network [24]. Schreiber et al. [25] detected tables using Faster R-CNN [26] and semantic
segmentation [27] for structure analysis. In [28], Paliwal et al. presented an end-to-
end model for both table detection and structure analysis. The main drawback of deep
learning-based methods is the need of a large amount of labeled data and computational
time.

This work aims to process document images that may be rotated, skewed and contain
tables. For rotated images, Hough transformation [29] is adopted to adjust the document
orientation. For documents with tables, we need to perform two tasks including table
detection and structure analysis. The details of our proposed methods will be presented
in the next section.

3. Proposed methods

This section will describe our methods for input data normalization to improve
accuracy of OCR engines. Generating accurate text is an important factor to leverage
OCR model to practical applications. The data were collected from several companies
and agencies. After observing, we have found that the scanned documents have different
quality and can not feed directly to the recognition system. To address the main issues,
we investigated the pre-processing techniques including image deskewing, table and
layout analysis. Figure 1 shows the flow to combine such techniques to normalize the

input images.
table table
region reconstruction
input image image table
image deskewing rotation detection
non-table document
region layout analysis

Fig. 1. The pipeline of the text recognition system with input data pre-processing.
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3.1. Image deskewing

3.1.1. Image deskewing: Scanned documents usually skewed because they were not
placed correctly on a flatbed scanner. This seriously affects the accuracy and speed of
the OCR. Therefore, detecting and correcting the skew of scanned images are one of
the crucial parts in OCR systems. This process is called image deskewing. To deskew
scanned documents, we apply the Hough transform algorithm [29] to locate text lines
in the images. This can be achieved by selecting appropriate parameters and filtering
redundant lines. After that, we estimate the skew angle and make a rotation to align the
document with four corners of the image. Figure 11 describes the entire scanned image
deskewing process as mentioned above.

() (b) (©

Fig. 2. Image deskewing process: (a) Input image, (b) Text lines detection using Hough transform, and
(c) Output image

3.1.2. Page orientation correction: After rotating by the angle of text lines, the page
orientation may be upright or upside down. The orientation now is estimated using
algorithms in [30] and then we adjust the page to the correct position.

3.2. Table analysis

The purpose is to extract table components in the document to recognize separately
and reconstruct in the output file. For encoder-decoder based OCR models that encode
and generate the whole text lines instead of single characters, the scanned documents
containing tables make a high error rate. The reason is that a line may contain text
fragments of different cells and a cell may have some segments of text lines. This makes
the decoder difficult to predict the output text and arrange the content. To address the
issue, we extract sub images of each single cell to feed into the recognition model.

The steps to split a table into cells includes 1) locating the table, 2) finding cell
vertices, and 3) determining the table structure. The rest of this section will describe
more details about our method.

54



Journal of Science and Technique - Le Quy Don Technical University - No. 210 (9-2020)

3.2.1. Table detection: To locate, we detect all lines in the images and then predict the
set of lines that may form the table. Table lines are filtered by using image morphology
operators [31] with appropriate structuring elements. This method is selected because
tables are composed by vertical lines and horizontal lines. To apply the operators, we
used dilation to highlight both vertical and horizontal lines in the image. Figure 3
illustrates using the dilation operator and a structuring element to emphasize vertical
lines on an image. B,, ) denotes the structuring element named B with the width and
height of w and h respectively. In Figure 3, w is 1 and A is 3. The red point in B
shows the origin of the structuring element. It can be seen that the dilation image has
grown upwards and downwards compared to A. Additionally, the bigger h, the longer
the vertical lines are. We use the structuring element with the width greater than the
high for horizontal line detection and the width smaller than the high for vertical line
detection. An example of table detection is shown in Figure 4.

n

A A (® Bun

Fig. 3. Dilation of image A by structuring element B

Fig. 4. Table detection using image morphology

3.2.2. Cell extraction and table construction: After locating tables, sub regions of
cells are extracted. A table may have heterogeneous structures in which a cell may
be the result of merging several cells. Thus we need to analyze the table structure to
feed each single cell into the recognition engine, then output the texts into the similar
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format. The table analysis process has three main steps including 1) finding bounding
rectangles, 2) merging cell corners, and 3) line alignment among cells.

Bounding rectangles. Canny algorithm [32] is applied to filter the edges in the table
region. We find the inner contours and the consider the bounding rectangle of each
contour as a cell. Figure 5 shows an example of cell extraction for a table. We denote
S as the set of the rectangle vertices.

S:viyj,,izl,_nandj:m (1)

where n is the number of cells and v; ; denotes the j* vertex of the i cell. These
vertices are used to construct the table layout for the output text.

Chimng chi
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TCF B2 DELF B2
Diplome de Langue

Goethe- Zertifikat B2
Zertifikat Deutsch fiir den

CIEP/Alliance frangaise diplomas

Goethe -Institut

R,
Chinese Hanyu Shuiping Kaoshi (HSK) |l

I HSK level 6
3 Japanese Language Proficiency Test N2
(JLPT)
TPKHU - Tect 1m0 pyccKOMY S3BIKY KaK
9 |meOCTparHOMY (TORFL - Test of Russia TPKU-2

as a Foreign Language)

Fig. 5. Table cells detection

Merging cell corners. The vertex set S is reduced by merging points at each corner.
Because cells are bounded by the inner rectangles (Figure 5), the corner points of
adjacent cells are not identical. To merge such points, we first compute the Euclid
distance among elements in S. Then, the vertices having the distances less than a
threshold Ad are considered to belong to the same position. Ad is estimated according
to the gap of text lines at image deskewing stage. Figure 6 illustrates the vertex merging
process, where the vertices in the dashed circles are merged.

9
N

T
N

Fig. 6. Vertex merge process.

Line alignment among cells. After vertex merging, we determine all vertical and
horizontal lines of the tables based on the cell vertex coordinates as in Figure 7.
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Algorithm 1 presents the steps to construct the table from the vertex set. Starting points
of vertical lines are called top anchor vertices and highlighted in red in Figure 7.
Similarly, left anchor vertices are the starting points of horizontal lines, highlighted in
green. The Algorithm 1 takes the vertex set as the input and find all top anchor and
left anchor vertices. This process is illustrated in Figure 7. As described in Algorithm
1, the x coordinate of a vertex is ignored if its distance along x axis to any left anchor
vertex is less than the threshold At,. Similarly, we use the threshold At, to remove
non-top anchors. At¢, and At, are estimated from the gap of text lines and shared the
same value. The algorithm starts from a top-left vertex, and collects all top and left
anchors.

Algorithm 1 Table reconstruction
INPUT: Vertices set V = vy, v ... vy, Vi, is top-left vertex
OUTPUT: Top anchor vertices set V., left anchor vertices set
Vi
Initialize anchor vertices: V, = {V,,,}, V,, = {V,,,}
for V; in V do
for V; in V,, do
if |Vjz — Viz|| < At, then
continue
else
V, =V, u{Vi}
end if
end for
for Vj, in V, do
if | Vi, — Viyll < At, then
continue
else
V, =V, U{Vi}
end if
end for
end for

Fig. 7. Table reconstruction

Finally, the exact structure of the table is determined. We create a set of table lines
by connecting all top anchor and left anchor vertices. Given any point in the vertex set,
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Fig. 8. Table construction result

based on the distance to these lines, we can find the line that the vertex belongs to.
After this step, the region of each single cell is identified. The sub image corresponding
with this region is fed into OCR engine to recognize the text in the cell. Figure 8 shows
the result of table analysis.

3.3. Document Layout Analysis

The purpose of this step is to separate a document into paragraphs and a paragraph
into text lines. We use X-Y Cut algorithm [33] that applies on the projection of the
number of black pixels (in the case of white paper backgrounds) on the X and Y axes
to split the components in the image. An example of the projection is shown in Figure
9. The separation based on the projection is illustrated in Figure 10.

.-...__

UBND HUYEN TAM NONG CONG HO/ A XA HOI C HU NGHIA VIET NAM
PHONG NOIL VU Bijc lip - Ty do - Hanh phie

$: 529 /TB-PNV Tam Néng, ngay 01 thing 9 niim 2020 -'

Fig. 9. The projection of image on X and Y axis

TRNIY HUY EN TAM NONG] CONG [IOA XA 1101 CILU NGLIA VIET NAM
PHONG NQI1 VY Déc 13p - Tw do - Hanh phic
an Nong, ngd daig 9 eini 202

Ba: 529 /TB-PNV]

Fig. 10. Components separated based on the XY-cut algorithm
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4. Experiments
4.1. Dataset

The dataset consists of 120 scanned images of Vietnamese documents dividing into
two groups in which one contains tables (40 images) and one does not contain tables
(80 1mages). Such two groups are called Table and Non-Table sets. We use the results
on the documents containing tables to verify the quality of the table analysis method.
The results on documents without tables are used to verify image deskewing, and layout
analysis algorithms.

4.2. Evaluation Measures and Experimental Setting

To evaluate the performance of the methods, we use the measures of text similarity,
and word error rate (WER) to estimate the distance between the ground truth and the
predicted texts. To obtain the ground truth texts, we compared each scanned document
and its OCR output to correct the errors.

The similarity of two texts is computed by difflib library'. Given two text 7} and T5,
we find all matching blocks in which each block is defined as the form (7, j,n) such

that 7' [i : i +n| == Ta[j : j + n|. The Similarity measure then is computed as follows:
o 2 % Zli |si])
Similarity = —===L""2 (2)
Y |Th| + | T3]

where K is the number of the matching blocks and |s| denotes the length of the sequence
s.

Our preprocessing methods are verified using Tesseract 4.0 that enables line recogni-
tion using LSTM networks. The experiments are to compare our preprocessing methods
with those of Tesseract.

4.3. Results and Discussion

Table 1 compares the OCR accuracy according to the Similarity and WER in two
cases with and without applying our proposed methods (eDMS) for Tesseract on Table
dataset. For this dataset, we applied all the techniques including deskew, table and layout
analysis. Our preprocessing methods improve Tesseract significantly. Specifically, the
Similarity score is enhanced 0.23, and WER is reduced 23%. Figures 12 and 13 show
the Similarity and WER for each document. As can be seen, our methods boost the
accuracy of all the documents according to both Similarity and WER. Specially, several
documents are unable to process by Tesseract resulting in very low performance, e.g.
the third and twentieth documents. By applying our methods, Tesseract can recognize
accurately.

"https://docs.python.org/3/library/difflib.html
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To verify the deskew algorithm, we rotated the documents with different angles and
try the recognition engine. Figures 14 and 15 shows Similarity and WER with different
angles for two scenarios with and without application our deskew algorithm. It should
be noted that our method can detect any rotated angle while Tesseract (which has also
included image rotation as a preprocessing method) only works with angles around 0°

and 270° (£4°).

We also compared our deskew algorithm with that in Tesseract. Figure 11 shows an
example in which our method is more efficient.

(@) (b) (©

Fig. 11. Image deskewing (a) Input image, (b) Deskew method in Tesseract, and
(c) Proposed deskew method

To sum up, preprocessing data is essential for OCR engine to process non-standard
input. This work present several techniques including deskew, table and layout analysis.
These techniques are beneficial for Tesseract, a text line-based OCR recognition to
process the several type of documents.
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Fig. 12. Similarity on 40 images of Table dataset
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Fig. 13. WER on 40 images of Table dataset

Table 1. The performance of our proposed methods on the Table dataset

Measure Tesseract 4.0 eDMS
similarity  0.64 £ 0.21  0.87 £ 0.09
WER 0.46 + 0.19 0.2 + 0.1

Error analysis. We observed the results and analyzed the characteristics of input
images that our preprocessing methods are unable to correct. Figure 16 shows the failure
cases including (a) containing seals, (b) mixing printed and handwritten characters, (c)
containing noise lines causing by the scan process, and (d) blur table lines.

4.4. A smart scanned document management system

After obtaining the correct contents, we build a management system that enables to
store and search scanned documents by text conveniently. This system is beneficial to
the business work of various agencies and organizations where they archive a huge
amount of paper documents. As an example, we surveyed an agencies and found that
there are 15GB of scanned documents in recent two years.

The architecture of the system is shown in Figure 17. Given a paper document, after
scanning and uploading, the system will convert the image to the text. A document
then is stored in a tube of the scanned image and the OCR text. The system allows
users texting to search and return both the original image and the content. To search
efficiently, we use Elasticsearch?, a highly scalable open-source full-text search and
analytic engine.

5. Conclusion

This paper presented three image preprocessing methods to improve the OCR perfor-
mance for scanned documents. The experimental results have shown that our methods

Zhttps://www.elastic.co/
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Fig. 14. Similarity on non-Table dataset with different skew angle
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Fig. 15. WER on non-Table dataset with different skew angle

can process documents rotated by arbitrary angles and analyze tables with complex
structures. As a result, the method boosts Tesseract significantly. The paper also intro-
duced a smart scanned document management system that supports the paper work of
many agencies and organizations.
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Appendix A

Results obtained from eDMS system

The output of the eDMS system for some scanned documents types are shown in

Figures 18, 19, 20, and 21.

CONG DOAN NN&PTNT VN CONG HOA XA HOI CHU NGHIA VIET NAM
CONG DOAN TRUONG DHLN Dic lap - Ty do - Hanh phic

Ha N, ngdy 05 thing 02 nam 2020

03/CV-CD
iy thye hign Chi thi 0SCT-TTg vé phing.
ching dich bénh viém duimg ho hip cip do
ching mdi cia vi rit Corona (nCoV) giy ra

Kinh giri: Cc cong dodn tryc thue.

Dich bénh viém duéng hé hip cip do ching méi cia vi riit Corona (nCoV)
giy ra dang dién bién phirc tap tai Trung Quéc. Dén nay dich bénh da lan rong ra
hau hét cic tinh, thinh pho cua Trung Quoe va da ly lan ra nhiéu quic gia, ving
lanh tho. Day la dich bénh méi, nguy hiém, co kha nang lay lan nhanh, chua c6
vaccine, thuoc diéu tri dic hi¢u. Bénh ldy truyén tir nguoi sang ngudi qua tiép xic
gin hofc nudc bot. Truée nguy co dich bénh ny co the Iy lan va bing phit tai
Viét Nam, ngiy 28/01/2020, This tuéng Chinh phi da ban hanh Chi thi s6 05/CT-
TTg vé phong, chong dich bénh viém duimg ho hip cip do ching méi cia vi rit
Corona gily ra.

Thyc hign Cong_ vin sb 17/TLD ngiy 04/022020 cia Cong doin
NN&PTNT Viét Nam vé viée thyc hién Chi thi so 05/CT-TTg vé phong, ching
dich bénh viém duémg ho hap cip do ching méi cia vi rit Corona (nCoV) va
Thong bio s6 183/TB-DHLN-DT ngay 02/02/2020 ciia Hiéu truong Truimg Dai
hoc Lam nghiép vé viéc thc hi¢n phong dich bénh viém dudmg ho hip cip do
ching mdi cua vi rit Corona, Ban Thuéng vu Cong doan Truomg yéu cau cic
cong doan tryc thue thyc hién nghiém tic, hi¢u qua mot so nhiém vy quan trong
sau day:

1. Niim chic va thyc hién nghiém cic ndi dung chi dao cua Chi thi 05/CT-
TTg ngiy 28/01/2020 ciia Thit tuémg Chinh phu, Cong dién so 121/CD-TTg ngay
23/01/2020 vé viée phong, ching dich bénh viém dudmg ho hip cip do ching mai
cua vi rit Corona va Cong vin so 1696/TTg-KGVX ngiy 17/1212019 vé viée
phong ching dich bénh mia déng xuin nam 2019 - 2020.

2. Chir dong tuyén truyén, vin dong ning cao nhin thirc, trich nhiém cia
cin b, cong chirc, vién chirc va nguéi lao dong (sau diy duge viét tit ld CBVC,
LD) doi véi cong tic phong, chong dich bénh nay. Cong doan don vi, mdi cin by
cong doan phi coi viéc phong, chong dich nhw “chdng gidc” nhim bio vé sitc
khoe, tinh mang cho CBVC, LD va nhin dan, han ché thip nht ngudi bi lay
nhiém bénh dich nay.

3. Cha dgng phoi hap v6i chinh quyén va Tram Y té cua truémg tich cyc
trién khai mdt 50 cong viée dé ngin chin sy xam nhp va ldy lan cua dich bénh,
cung cip thong tin diy di, kip thoi vé tinh hinh, cic bién phap phong chéng dich
bénh viém duémg hé hip cip do ching mdi cua vi rit Corona dé CBVC, LD hiéu
19 vi tich cyc phong chong bénh diing cich.

(a)

CONG DOAN NN&PTNT VN CONG HOA XAHOI CHU NGHIA VIET NAM
CONG DOAN TRUONG DHLN Doc lan- Twrdo - Hanh
56 01/CV-CBD Ha noi, ngay 05 thang 02 nam 2020
V/vthire hién Chi thi 05/CT-TTg vé phong,
chong dich bénh viem dwong ho hap cap

do chung méi cua virit Corona (nCoV) gay
ra

Kinh glti: Céc cong doan trire thude

Dich bénh viém durémg ho hdp c&p do chiing méi clia vi rat Corona (nCoV) gay ra
dang dién bién pm’rc tap tai Trung Qude. Dén nay dich bénh da lan rong ra hau hét ede
tinh, thanh pho clia Trung Qudc véda lay lan ra nhiéu quc gia, ving lanh tho. Day la dich
bénh méi, nguy hiém, co khé nang lay lan nhanh, chita 6 vaccine, thubc diéu tri dac
hiéu. Bénh lay truyén fir ngudi sang nguoi qua tié pxiic gan hodic mrée bot. Trude nguy
co dich bénh nay c6 thé lay lan va bing phat tai Viét Nam, ngdy 28/01/2020, Thl tudng
Chinh phl da ban hanh Chi thi s6 05/CT-TTg vé phong, chang dich bénh viem dwong ho
hép cdp do chling méi clia vi rit Corona géy ra.

Thure hién Céng van s6 1//T1LD nghy 04/02/2020 clia Cong doan NN&PTNT Vidt
Nam vé viéc thre hién Chi thi s6 05/CT-TTg vé phong, chong dich bénh viem duong ho
hdp cdp do chiing m6i clia vi rit Corona (nCoV) va Thong bédo s6 183/TB-DHLN-DT ngay
02/02/2020 clia Hiéu trirdng Truomg Dai hoe Lim nghiép vé viéc thue hién phong dich
bénh viém dudng ho hdp cdp do ching méi clia vi rt Corona, Ban Thudng vu Cong
don Trirong yéu cau cic cong doan trire thude thye hién nghiém tic, higu qua mot so
nhiém vy quan trong sau day:

. Nam chic va thye hién nghiém céc ndi dung chi dao clia Chi thi 05/CT-TTg ngay
28/01/2020 ctia Thi: tuéng Chinh phil, Cong dién 56 121/CD-TTg ngay 23/01/2020 vé
viéc phong, chéng dich bénh viem dwong ho hadp cap do chiing méi cda vi rit Corona va
Céong van s3 1696/TTg-KGVX ngay 17/12/2019 vé vide phong chéng dich bénh mia
dong xuan nam 2019 - 2020,

2. Chil dfng tuyén truyén, van dong nang cao nhén thite, trach nhim clia can bo,
céng chitc, vién chie va ngudi lao déng (sau iy duce viét tat la CBVC, D) dbi véi cong
téc phong, chong dich bénh nay. Cong doan don vi, méi cin b cong doan phai coi viée
phéng, chong dich nhr “chéng gidic™ nhim bdo vé sitc khée. tinh mang cho CBVC, LD va
nhén din. han ché thap nhat nguoi bi lay nhiém bénh dich nay.

3. Chit d6ng phoi hop vGi chinh quyén va Tram Y (€ ciia trudng tich cy tri€n khai
mbt s6 cong viée d& ngan chin st xam nhAp v lay lan clia dich bénh, cung c&p thong tin
ddy dii, kip thoi vé tinh hinh, cc bién phap phong chong dich bénh viem dwong ho hdp
cdpdo cmmg m6i clia vi rit Corona d€ CBVC, LD hi€u 1o va tich cye phong chong bénh

(b)

Fig. 18. A document just contains text
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CONG DOAN NNEPTNTVN CONG HOA XAHOI CHU NGHIA VIET NAM
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V/u thire hign Chi th 05/CT-TTg vé phong,
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Trubmg Dai h
bénh viem dwong ho hdp cap do chilng mGi cila vi rut Corona, Ban Thuong vu Cong.
doin Triromg yéu edu cic cong doan trie thude thize hién nghiém tic, hidu qué mot s
‘ohigm v quan trong sau day:

1. Nam chéc va thie hign nghiém céc ndi dung chi dao ciia Chi th 05/CT-TTg ngay
28/01/2020 cila Thi txfing Chinh phi, Cong dién s6 121/CD-TTg ngay 23/01/2020 v
viee ph
Cong van 50 1696/TTg-KGVX ngay 17/12/2019 vé viée phong chong dich bénh mia
dong xuin nam 2019 - 2020,

2. Chl dng tuyén truyén, vin ddng ning cao nbéin thie, trich nhiém clia cén b,

‘ohn dan. han ché thalp nht nguroi bi lay nhiém bénh dich nay.

3. g o v i quyda v Tram ¥ € cla g ey o K
mdr a dich béuh,

i,
czvdn o e v i Corona 48 CEVE, LD G re va ich e phon chang b

(b)

Fig. 19. A skewed document image
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Fig. 20. A document contains tables.
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duge phan tich
hang thang, quy, © thang, 9 thang,
nam),

3. Trién khat thre hién Diéu tra Doarh
nghiép hang nim.

4, Bao cdo so ket, tong két cong tac
théng ké Cong nghiép.

5. Bién soan Nién gidm Thong ké Céng
nahiép.

6. Ude Céng nghiép quy, 6 thang, 9
thang, nam phuc
Vo dia phuong.

7. Chim diém thi dus cde Chi cuc
Théng ké.
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Fig. 21. A document with a complex structure table
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NANG CAO CHAT LUGNG NHAN DANG

KY TU QUANG HOC CHO HE THONG QUANLY
VAN BAN THONG MINH

Tém tit

Chét lugng anh 1a yeu t6 quan trong ddi v6i hiéu nang ctia m6 hinh Nhan dang ky tu
quang hoc (OCR). Céc van dé khic nhau tit dif liéu dau vao céan trd sy thanh cong trong viéc
nhan dang nhu bd cuc khong dong nhat do lech (dnh bi xoay hodc méo) va €0 chu khac
nhau. Bai bdo nay da nghlen cliu mot s6 thudt toan tién xd 1y di liéu bao gom khtr 1éch,
phan tich cAu tric bang va bd cuc tai liéu dé nang cao do chinh xdc cia mo6 hinh OCR va
sau do6 xay dung mot hé thong tong the cho viéc quéan ly tai liéu. Chiing toi da kiém dinh
cac thudt toan bang phan mém OCR néi tiéng 1a Tesseract. Cac thir nghlem trén tap du liéu
thuc cho thay rang cac phLIdng phdp ctia chiing t6i c6 thé xt 1y chinh xac hinh 4nh tai liéu
vi cac goc quay tuy y va cac bo cuc khdac nhau. Do do, do chinh xac theo tit trong Tesseract
c6 thé tang 23 % dbi v6i cdc tai lieu c6 ciu tric phu’c tap. Chét lugng clia viin ban dau ra
cho phép xay dung hé théng luu trit va tim kiém vin ban mot cach hidu qua.
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