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Deformed Table Restoration

in Scanned PDF

Best practice: 

Better table reconstruction results for scanned PDFs or Pictures under complex scenes.
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Background and Challenges01

The following are two most commonly used tables in PDFs

In standard PDF, the table lines, text, and image 
objects contained in it have known coordinates、
Unicode, and even the type. It's relatively simple to 
restore it to a table with the original information.

2

The regular table in the scanned 
PDF seems easy to process and 
its information can be obtained 
easily by ordinary image 
processing techniques. We can 
obtain near-perfect recognition 
results through open-source 
OCR.

It's a scaned PDF

1
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Background and Challenges01

The tables in the PDFs or photos, which are generated by old scanners or are taken by cell phones, might be skewed, blurred, 
deformed, or interfered by stamps and watermarks, and some texts might also be underlined, bolded, or color-changed. 
Therefore, it’s incredibly challenging to reconstruct such complex tables from pixel information.
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Background and Challenges01

The problems we need to solve:

1. Layout analysis（line, text, image, seal, signature etc.）


2. Distorted table lines, crooked text, misaligned cells


3. Recognition and restoration of table structure


•Get the table line

•Remove the interference（redundant line and noise）

•Supplement line

•Confirm cells


4.Assemble all the parts


5.Refine text(color, size, font, bold, paragraph) and image
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Route map02
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Layout correction03

• Document perspective correction


• Document bending correction
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Layout analysis03

Table, text, underline, image, seal, signature and all elements can be detected by well designed detection model ( In our case, 
text and other objects are detected separately through two models). 
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Obtaining table structure03

The traditional table line extraction algorithm is only useful in oversimplified cases, such as tables with straight lines and plain 
backgrounds. However, the real cases would always be complicated.  To solve such a dilemma, we adopt the saliency 
segmentation model U2Net to extract both vertical and horizontal table lines respectively. The structure diagram of the table 
segmentation model is as follows:

• Data enhancements

• Adding background noise

• Adding interference lines

• Rotating, affine, bending image etc.

• Changing tones or colors


• vertical and horizontal table lines dealt separately


• bce-loss & dice-loss joint optimization

Model Tricks：
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Obtaining table structure03

We divide tables into full-line tables 
(normal tables), less-line tables (tables 
with only horizontal lines or only vertical 
lines), and wireless tables. Then we use 
divergent restoration algorithms and 
strategies to obtain better restoration 
effects from these types of tables. For 
instance, we adopts SE-ResNet as the 
classification model. The input to the 
model is a proportional fusion of the table-
line segmentation result, the grayscale 
image and the edge detection map.
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Obtaining table structure03

After dividing the row and column lines of the table, it is easy to find that the intersection of the row and column grid lines is the 
potential cell vertex. As shown in the figure below, endpoints that are a certain distance away from the table intersection could 
also be potential cell vertex.
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Obtaining table structure03

In complex situations like 
photographing, the segmentation 
results might have several defects, 
such as noises and broken lines. Hence, 
to get a more accurate table structure, it 
is recommended to do a post-
processing base on the segmentation 
results.


First of all, de-noising the segmentation 
results. Then, completing the table lines 
through an iterative algorithm.
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Obtaining table structure03

After getting all the potential cell vertices, we model an undirected graph with all potential 
vertices. Each vertex contains the information of neighbor vertices that may exist in four 
directions of V-current: As shown in figure 3 below: V-left, V-right, None, V-down.


Then we apply these logical rules to all the cells and finally extract the structure of the table，
as shown in figure 4 below.The flowchart demonstrates one of our traversing strategies.
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Text detection scheme for table restoration04

In complex table scenarios, text detection and recognition 
tasks would be more difficult because of the effect of arbitrary-
shaped text, dense text, table line interference, horizontal and 
vertical text ambiguity, etc.

Bad cases：

1. Multi-line texts are detected as one line(vertically or 
horizontally)


2. A couple of texts are missed


3. Noises are recognized as text lines


4. Horizontal texts are detected as vertical
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Text detection scheme for table restoration04

Embedding the Transformer Block in the neck of 
DBNet(Open source text detection method) to 
improve the contextual information and the 
effective receptive field coverage. Besides, we 
apply a pixel-level stochastic elastic transform in 
data augmentation to improve the accuracy of 
arbitrary text detection.
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Text detection scheme for table restoration04

• The popular CRNN scheme is adopted to get OCR results.


• The features proposed by CNN are fed into the classifier branch 
to obtain the orientation of current text line.

Difficult OCR scenes with multi orientations
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Text detection scheme for table restoration04

• Bold detection module: estimate bold attribute


• Font recognition module: analyze the type of 
fonts


• Paragraph detection module: analyze the 
paragraph information between the text 
bndboxes


• Text recognition module: recognize character 
based on detected text boxes


• Text color recognition module: determine the 
text color of the texts
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System design and implementation05

The service architecture consists of four levels: 
underlying hardware (cluster and service equipment), 
inference framework, algorithm module and 
scheduling module. And 5 main services: scheduler 
of the scheduling module, layout, classifier, table, and 
OCR of the algorithm module. The system can run on 
GPU hardware or pure CPU environment.
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System design and implementation05
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System design and implementation05

CPU 

Intel® CoreTM

i7-8700 CPU @ 3.20GHz

Number of threads

12

CPU 

Intel® Xeon®

Gold 6240 CPU @ 2.60GHz

Number of threads

72

GPU 

4 × Nvidia T4

Memory

128 GB

Time-consuming per page


2.8 S 
Requests per minute


186.26

Memory

16 GB

Time-consuming per page


11.38 S 
Requests per minute


5.23
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Real Cases05
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Real Cases05
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Real Cases05
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Real Cases05
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Summary and outlook06

• Tables in scanned PDFs can be recognized and reconstructed by a series of algorithms, whether it is regular or deformed.


• Benefiting from deep learning techniques, picture-form-table regain its original and rich information.


• The entire set of technologies can rely on cloud or local GPU for computing, or run locally with CPU.


• User-experience get a sharp increase because the technologies speed up the whole process of reconstructing tables.


• The OCR and table structure recognition should still be improved, since they are not perfect.


• Calculation is not only time-consuming but also resource-consuming, so optimizing works are completely necessary for the future.
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[Image in page 21&22]

 From the TAL_OCR_TABLE table recognition competition dataset
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 https://appwk.baidu.com/naapi/doc/view?
ih=887&o=jpg_6_0_______&iw=730&ix=0&iy=0&aimw=730&rn=1&doc_id=40375504f111f18583d05ac4&pn=1&sign=2a5859911c2357671151333435ffbfe3&type=1&app_ver=2.9.8.2&ua=bd_800_
800_IncredibleS_2.9.8.2_2.3.7&bid=1&app_ua=IncredibleS&uid=&cuid=&fr=3&Bdi_bear=WIFI&from=3_10000&bduss=&pid=1&screen=800_800&sys_ver=2.3.7


[image in page23, right]

 http://www.innocom.gov.cn/gqrdw/c101430/201804/0e7b46ce49a842af9e200be593028d08/files/34974c607b404045a6429e90ceed0f6c.pdf


[image in page24, right]

 https://gimg2.baidu.com/image_search/src=http%3A%2F%2Fwww.mianfeiwendang.com%2Fpic%2F3a32322434789161cdfc65c4%2F1-1056-
jpg_6_0_______-836-0-0-836.jpg&refer=http%3A%2F%2Fwww.mianfeiwendang.com&app=2002&size=f9999,10000&q=a80&n=0&g=0n&fmt=auto?
sec=1658887052&t=ca5497b8378cec4ccdba28d4903d0164
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Q/A06

Questions & Answers



Copyright © 2022, PDF Association 28

 PDF Days Europe 2022

Thank you, Danke schön!
!!"#$%

Reporter: 熊⻰⻜ / Xiong Longfei

E-mail：xionglongfei@kingsoft.com


