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The following are two most commonly used tables in PDFs

Resume

Name Li Chunxue
Nation Han photo
Date of birth February25, 1991 Sex Female

Weight 44kg Birth place |Heilongjiang
Ma jo1 English Height 160cm
In standard PDF, the table lines, text, and image The regular table in the scanned
E-mail Yimeng0223@163. com lel 13936634354

objects contained in it have known coordinates. PDF seems easy to process and Job chiective Yanguose iniervretation

English level CET-4, CET-6, TEM-4, TEM-8, good spoken and wrtte English

Unicode, and even the type. It's relatively simple to its information can be obtained ajor course|PPELisiTi ag,Englshening,Englsh fnerpreton, oral English

English intensive, English extensive

restore it to a table with the original information. easily by ordinary image it i) ongiang Tnternational University
processing technigues. We can

Table example obtain near-perfect recognition

2012-1013; Par-time English Teacher

-

1. master oral English, masteroffic software

Hallo Hello [ (797 |[Bonjour| results through open-source

. Strong communication and

} ! : . ! OCR resourceful.
Guten Tag \anBET Hola Ciao Moin * Self-assessment |[Ayodsaifcetiraur inotherlanguages than English
( A . Russian(good)
By CAIZ5IX | |Bonjour| |Hallo, |[Tag
Hello OHESIM ] | {REF Hi Hola

e —— R e ———
It's a scaned PDF
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Background and Challenges

, 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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The tables in the PDFs or photos, which are generated by old scanners or are taken by cell phones, might be
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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

. PD F Copyright © 2022, PDF Association
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Route map

Non-text element
detection model

° Elcment-wise Sum

up*N | Up-sample with ratio N
cony 3*3 convolution

Other non-text element: signatures,watermarks,imagesm, etc

table region image

table region -
mage

Seal e oo L

gt Orspe Coaroknosal ‘11 Downtampleg M Xx
Lavens Lavens Lavens

Table line segmentation model

prapimg
;

I.n er

Table classification model

"state"
o

isl-lt]-[alajt]t]e]

probability map text detect

binary map

FTEFY

- hd 5
=
TR

Text detection model
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- to the searched

Predicted

sequence

Per-frame
predictions
(disbritutions)

Deep
bachirectional

LST™M recognifio

Feature
sequence

Convolutional
feature maps

Input image

OCR model

celis, and infer
their attrilwutes

Infomation
Jusion module
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Layout analysis
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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 structure

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 UZNet to extract both vertical and horizontal table lines respectively. The structure diagram of the table
segmentation model is as follows:

Model Tricks:

« Data enhancements
table col line - Adding background noise
- Adding interference lines
- Rotating, affine, bending image etc.
- Changing tones or colors

table row line

« vertical and horizontal table lines dealt separately

input table image

« bce-loss & dice-loss joint optimization

table line segmentation

m PD F Copyright © 2022, PDF Association
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Obtaining table structure
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XXX XXX XXX XXX XXX XXX XXX XXX XXX
We divide tables into full-line tables
(normal tables), less-line tables (tables > ~ ~ > > > o o o
with only horizontal lines or only vertical ———
lines), and wireless tables. Then we use viY “l—
divergent restoration algorithms and “ “:l
strategies to obtain better restoration —»M “=_.
effects from these types of tables. For &4 “F ______________________
instance, we adopts SE-ResNet as the R :‘ ..'.f"‘"';’_:";'ii:“’k B D B
classification model. The input to the | o e i S et S ] LN

model is a proportional fusion of the table-
line segmentation result, the grayscale
Image and the edge detection map.

Input image

segmentation

add grayscale image and

dege detection image

/. PDF
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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.

original image row line col line all potential cell
vertices
f e ————— —————————————————————
. PD F Copyright © 2022, PDF Association
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In complex situations like Zif_?j‘j“"'fL,Eiilzz?mw
) . -ni_ﬂizfnx“iflnrnnizﬂﬁxf table line 1th line
photographing, the segmentation 7»1,’»\\ s[egmemarion Idenoismg> Tomplemw

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- campletion
processing base on the segmentation
results.

4th line

completion Ciéglii?in
First of all, de-noising the segmentation '
results. Then, completing the table lines
through an iterative algorithm.
processed result
—— M
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After getting all the potential cell vertices, we model an undirected graph with all potential =552
vertices. Each vertex contains the information of neighbor vertices that may exist in four

13 tlm'-;wm:\;}?gtmﬁalt v.!stiot No
directions of V-current: As shown in figure 3 below: V-left, V-right, None, V-down. g

search vertex pt2 on the nzhtof ptl

Then we apply these logical rules to all the cells and finally extract the structure of the table, No
as shown in figure 4 below.The flowchart demonstrates one of our traversing strategies.

\;t%%gﬁ has not No

saarch vertax pt3 vnder pt2

No 4
thers 15 no cell with ptl as
the l=ft-top vertax
15 there anv potential vertex No

on the left of pt3 that has not

Sa2T] S8ar
Yes

L

search vertex ptd on the loft of pt

table line cell vertices cell vertex graph reconstruct results

E —————E
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Text detection scheme for table restoration

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

-« PDF

association

This 1s a test file for table

Thus 1s a test file for table

P %"
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Thus 1s a test file for table

This 1s a test file for table

This 1s a test file for table

This 1s a test file for table

This 1s a test file for table

This 1s a test file for tabl

——etrGstNEERSEEE

) b gb - v -~ )
(IS amonmr musT De e same as e vaine of me Net
ASSeIs mmus e Ner Liadumy ana may be caliea Net

the Net Azzets minus the Net Liabilities)

[famounz] famonnt]

[amomnt] [famount]

[column subrotal A3]

which shonld be the
same amounras Al -

[column subrotal B3]

which showld be the
same amonntas Bl

A2 - B2
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Text detection scheme for table restoration
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Embedding the Transformer Block in the neck of

DBNet(Open source text detection method) to :’ - me.l\
improve the contextual information and the = [ -
effective receptive field coverage. Besides, we Formation
apply a pixel-level stochastic elastic transform in

gt oS

data augmentation to improve the accuracy of
arbitrary text detection.

Feed
Forward
r 1 N | Add & Norm Iﬂ
Add & N A
~LAdd & Norm Multi-Head
o1 Feed Attention
Forward t : Nx
N Add & Norm _Je=
Add & Norm '
02 Masked
Multi-Head Multi-Head
Attention Attention
03 t f——_
\_‘ J . _))
P I ®_<) @_® Positional
04 E Encoding
| Output
Embedding Embedding
Input Outg
(shifted rigt
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Text detection scheme for table restoration

'R ay
« The popular CRNN scheme is adopted to get OCR results. "state” Preded N P
Transcription t o Si/rotated - -
: . Layes -[s]-[t]-Jala]t]t]e! p';:."“f_ 2 3
» The features proposed by CNN are fed into the classifier branch : : el
to obtain the orientation of current text line. * .
bidirectional
Recurrent LST™
Lavers
|
,fg Feature
——- sequence
il }‘/ : \: 9 : ' onvolutic
SR e B s LR o
o -+ T ah) ! e )
— 2 Bvo . ARNSE i
AN m* ~ a . H‘ Convolutional |
i 03; % - -~ ﬁ » Layers
o + 4 - ‘{£ — Convolutional
g ‘ 13'7‘{ & ,,l " 5 i §a feature maps
ﬁ% = OO R L
&u m . ) -~ ! |
i REEHE RIS ~
LN g{ o \O ¥~ h A S ‘ .A‘ ‘ Input image
s - [o¢ —
0 6 3 2 AX.CUM 4" O g & ﬁ Figure 1. The network architecture. The architecture consists of

Difficult OCR scenes with multi orientations

three parts: 1) convolutional layers, which extract a feature se
quence from the input image; 2) recurrent layers, which predict
a label distnbution for each frame; 3) transcniption layer, which
translates the per-frame predictions into the final label sequence.

e e
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Text detection scheme for table restoration

« 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

7+ PDF

association
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p oo @ bold region
————
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bold detectnion model

:( font v
¥

NE (ARERLL &M font classificatnon model
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input image
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char recognmition model

color recognition
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System design and implementation

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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Architecture of Table Reconstruction

Scheduler

Cache

Algorithm

Inference Framework

Deployment and Device

Copyright © 2022, PDF Association
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TensorRT

Scheduler

MQ

Openvino

ONNXRuntime

Tracing




System design and implementation
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System design and implementation

en_¢% L
f Memory
CPU

:w‘@»

| Intel® Core™ 'I‘!iréefansuming per page
intel 7-8700 CPU @ 3.20GHz 1138 S

Number of threads .
Requests per minute

k 12 5.23
f CPU Memory

N N

Intel® Xeon® 128 GB
Gold 6240 CPU @ 2.60GHz Time-consuming per page
Number of threads 2 8 S
nVID|A® (ZEU Requests per minute
K 4 x Nvidia T4 186.26
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Real Cases

Problems

(auses

e
| Feeling nervous
|

Getting short-sighte

(L)

Too much homework: Have no time

to enjoy hobbies

d | Read and write in a bad wav: Spend

much time on compulters

|
|
|
|
\
|
-

\(l\i('t'

Make plans for studies and hobbies; |
\
|

Find time to relax as much as you

can

Do homework and read books in a
correct way; Use computers to do|

something important

| Feeling alone
| ;

Have no idea how to get on well with

others

\I;ll\t‘ more

friends and understand

each other; Share your problem \silh‘

your friends |

Problems

Causes

Advice

Wang Xiaoman is 15 and she is from China. She studies in Class 2,
Grade 8. She is a little short and of medium build. She has short hair,
She likes sports and she is very popular at school.

Jason is 17 and he comes from the United States. Now he lives with
his parents in China. He is in Class 9, Grade 9. His favorite subject is

history. Look! He is wearing a white T-shirt and he has short curly

| hair.

This is Jill. He is 14 and he is from Japan. He studies in Class 6,
Grade 8. He is very tall and has short straight hair, He likes reading
and painting but he is a little quiet,

Long

mob

cub

pad

flag

Selina is 16 and she comes from Canada. She is in Class 2,Grade 9.
She is good-looking and likes telling jokes. She has long hair. She can

sing well and she is in our school music club.

pub

pig

w—esomnmettp@TT

Feeling nervous

Too much homework:Have no time

to enjoy hobbies

Make plans for studies and hobbies]

Find time to relax as much as you

can

Wang Xiaoman is 15 and she is from China.She studies in Class 2,
Grade 8.She is a little short and of medium build. She has short hair)

She likes sports and she is very popular at school.

Getting short-sighted|Read and write in a bad way;Spend

(G AL #7)

much time on computers

Do homework and read books in a
correct way; Use computers to do

something important

Feeling alone

Have no idea how to get on well with

others

Make more friends and understand

each other;Share your problem with

your friends

Jason is 17 and he comes from the United States.Now he lives with
his parents in China.He is in Class 9, Grade9.His favorite subject is
history. Look!He is wearing a white T-shirt and he has short curly

hair.

This is Jill. He is 14 and he is from Japan.He studies in Class 6,
Grade 8.He is very tall and has short straight hair.He likes reading

and painting but he is a little quiet.

-« PDF
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Selina is 16 and she comes from Canada.She is in Class 2, Grade 9.
She is good—-looking and likes telling jokes.She has long hair. She can

sing well and she is in our school music club.
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Real Cases
s % o'

5 — R OV e
Name Happy

Age (7 i) 2 years old
Color Black and white
Smart, cute

What it is like | Smart
et

a month

eat vegetables \ \

eat donuts \ \ l

Favorite food ' Chicken hamburgers

watch TV \ \ X 0 .;kc' .\\"uu-hing TV ne L
’ \ ? Walk on two legs,
play football \ \ ‘ [ WHAPR Gon o dance
1 . ?

Name Happy

{ 5 oy IT"\ P o . - .
A we (".‘k A mon 1 h never f\ g(' ( ‘EF L”R’ ) Z vears o l (l

Color Black and white

cat vegetables
What it is like Smart. cute

eat donuts ‘ , ' .
Favorite food |Chicken hamburgers

watch TV Like Watching TV

. Walk on two legs,
play foothall What it can do '

dance
R — SeesccamnsstplyT

R
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i Chunxue o ) Li_Chunxue b R A A ) |
;l__,i“','"i.-«’*, —] Han photo W EMELTARAR \
= [ Han Phiy, 2 : 2. =
#ﬁ?ﬂm,_\;s, 1991 Sex February25, 1991 Sex emle 2’: wyIm e SR AL |
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Summary and outlook o

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

Benefiting from deep learning technigues, 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

[image in page23, left]

https:/[appwk.baidu.com/naapi/doc/view?

ih=887&0=jpg_6_0 &iw=730&ix=0&iy=0&aimw=730&rn=1&doc_id=40375504f111f18583d05ac4&pn=1&sign=2a5859911c2357671151333435ffbfe 3&type=1&app_ver=2.9.8.2&ua=bd_800_
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