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Motivation
Technlcal Documents in Modern Automatlon Industry

Defect of Manual Data Extraction & Entry:

Equipment maintenance
« Time-Consuming: large number of documents

Quality control
 Error-Prone: manual copying and typing

Supply chain management
* Inconsistent: inconsistent formats from different

Regulatory compliance
staffs in one project
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Difficulties

PDF file format variations: text-based,

scanned documents.

Layout complexity: multi-column,
complex tables, embedded images.
Large size: multiple tables in pages,

time-consuming.

University of Stuttgart

Accuracy
Measuremen
Linearizer

TSSP530..

W vishay.com

Vishay Semiconductors

IR Sensor Module for Reflective Sensor, Light Barrier,

and Fast Proximity Applications
FEATURES

» Low supply curent
= Snisiaing against EMI

« PIN dlode and sensor IC In cna package

» Visible light Is suppressed by IR fiter

ot

« Insensitive Io supply vollage ripple and noise
= Supply voltage: 25 V1o 5.5V
« Matenal categorzation: for definons of °C °F
o MECHANICAL DATA Max. Min. Max.
LINKS TO ADDITIONAL RESOURCES Pinning:
& 1-0UT,2-GND, 3=Vg 1650 32 3002
o DESCRIPTION
APPLICATIONS The Wf:" sarios uemm-:a mmn:; detector 1649 32 3000
Reflective sensors for hand dryers, towsl or S0P appications. an actve. low i
G-w-nmmmmmn responsa to Infrared bursts at 940 nm. Tha frequency of 205.4 32 4017
« Vending machine fal detection e Durst snoud 1o the camier fraquency
« Sacurty SNOWN IN 1a parts tadie.
-Pemmrwm:.n:vﬂ mu wm:v\um has not boan qualfiled according to 450 32 842
* Fast oy sensors or foya, tobalcs, dronss. and °
‘other consumer and industrial 761 32 1401
PARTE TABLE 262 328 503
38 kHz TSSPS3038 -
Comer oY |56 TSSPE3056
ackogo nmod 260.6 32 501
Ping T=0UT, 2= GND, 3= Vs
EOWxESEHxEED
Mounting Leaded 760 -328 1399
Appication Prosance sersar.fas prowemiy semsars
1373 -328 2503
205.7 32 402.2
450 Erd 841
762 Erd 1403
1842 211 3315
1399 32 2550
800 32.0 1471
100 -149.7 2119
206 -328 402
537.3 -149.7 999
100.9 32 2136
300 32 571
200 32.0 1471



Basis
Optical Character Recognition (OCR) Method

( Image Acquisition ) Pros:

l  All types of PDF (text-based and image-based).
Preprocessing « High accuracy with pre-trained ML models.
l * Time- and effort-saving.
( _ ) Cons:
Segmentation
l « Errors in special symbols.

« Limited supporting languages.

Text Recognition

( Postprocessing
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Data Parser Conception

{
type: 'Program’,
body: [
{
type: 'ExpressionStatement',
expression: { type: 'Literal', value: true, raw: 'true' },
e

sourceType: 'script’,

[8]

Text-based
extraction

PDF ) ] o Cross
document string-matching similarity validation

Key-value
pairs

semantic segmentation

PDF
N

[6]
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Implementation

OCR with Semantic Segmentation

InYa¥aXl

PDF

documents

pdf2image
 J

Images

layoutparser with ML model
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T Srraa e s esanIR @ e N I e Fay | MBO! ALLLE LINIT
T E i f TNTITTOTY .
Eﬁ"{ﬂmiﬁrlt e e i +616 Ui 4——| Table detection
Supply voltage (pin 3, F0.31p +6.0] v,
Supbiy cyrent pnd) & B ol WAl |
ARAMETER TEST CONDITION s i VALUE N Padd‘I'EOCR
[[/Supply vofgé pin H0.3fto FFG ‘
Supply current (i T 5 Text and bounding
box detection
utput volta in -0.5't
'oltage at output to pl - -0!3to (Vg +/C.3] V
"OUtpUt current (pin 1) To 5 \
[~ Junction t%mcem T 10 = Get horizontal and vertical
MAXIMUM R £ Hi boxes by appending each box
[ lPARAMETER TEST CONDITION lsymBoL VALUE UNIT 0 I
| lsupply voltage pin 3) Vs 0.3t046.0 Non-Max-Suppression
(| Isupply current (pin 3) I 5 mA
| loutpr A B C | D | E o . .
[ Tvottar 1 |ABSOLUTE MAXIMUM RATINGS <«— | Resultants: unique horizontal and vertical
boxes for each row and column
(Moute 2 |PARAMETER TEST CONDITION  SYMBOL WALUE UNIT
(Munat 2 |3upply voltagepin 3) Vs -03t0+60 V
i 4 |Supply current (pin 3) Is 5 mh loU of boxes and resultants>threshold
- 5 |Output voltage (pin 1) Vo -03to 55 Vi
(" 6 |Voltage at output to supply Vs-Vo -0.3 toVs+0.3) V Fill detected texts
7 |Qutput current (pin 1 lo 5 mA in boxes into cells
8 |Junction temperature Ti 100
9 |Storage temperature range Tstg -2bto+85
10 |Operating temperature range Tamb -25to+85 <\
11 |Power consumption TambBsC Ptot 10 mw Output

dataframe

14/3/2023



Implementation

Text-Based Extraction with Camelot

4 A B ® D E
1 |Columnl Column2 Column3  Columnd Columnb
output_Cam-page-1-table-1.csv 2 Vishay Semiconductors
3 |ABSOLUTE MAXIMUM RATINGS
4 |PARAMETER TEST CONDITION  SYMBOL  VALUE UNIT
outp ut_Ca m-pagE-Q-table-'I .Csv 5_|Supply voltage (pin 3) VS -03t0+60  V
6 |Supply current (pin 3) 15 5 mA
7_|Output voltage (pin 1) VO -031055 v
outp ut_Ca m-pag e-2-table-2.csv 8 v;tz;ev:t ggti:u[il:o supply VS-VO 0310 (VS + 0.3)V
9 |Qutput current (pin 1) 10 5 mA
10 |Juncti i 100 °C
Dutput_Cam-page-S-tabIe-1 -CSV 1 5?22'32 fgnn:g;r::ﬂ:grange Tlstg -25to +85 °C
12 |Operating temperature range Tamb -25to +85 °C
- -3- - 13p ti Tamb < 85 °C Ptot 10 mw
output_Cam-page-3-table-2.csv {2 Power consumotion am 0 m
Misrecognizes other objects as tables Performances better in recognizing special symbols
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Implementation

Cross Validation using Fuzzy Match

A A B 0 ‘ fuzzy match ‘ similarity score

1 0| 1 0
> \VPE4450F15 5 0 VPF44, 50F15 VPF44, 50F15 100
i PESa S0Pl i é\a’PFﬁld o VPF54.50F15 VPF54.50F15 100
5 |\VPF44 50825 5 3 ' _ VPF44, 50F25 VPF44, 50F25 100
6 6 4 \/PF54.50F15 4 i E c I
7 |VPF54.50F25 7 5 VPF44.50F25 . - .
8 |vPFa465F25 8 6 1 OCR_Columnd | fuzzy match | similarity score | J
9 |VPF54.65F25 g 7 VPF54.50F25 2 |VALUE VALUE 100 )
10 |VPF44.65F35 10 8 VPF44.65F25 .
11 |VPF5465F35 11 9 VPF54.65F25 3 -0.3 toth 0 —0.3 to +6.0 100 9
12 |VPF44 80F35 12 10 VPF44 65F35 a5 5 100 4
13 13 11 VPF54.65F35 T
14 |VPF54.80F35 14 12 VPF44.80F35 9 -0.3 to 5.8 r5 100 J
15 | VPF44.80F45 15 13 6 -0.3 toVs+0.3)  -0.3 to (VS + 0.3) 94
16 16 14 VPF54.30F35 g 4 r
17 |VPF54.80F45 17 15 VPF44.50F45 [ ,5 r5 100 )
18 |VPF44.100F70 18 16 g (100 100 100 5
19 19 17 VPF54.80F45 T
20 |VPF54.100F70 20 18 VPF44.100F70 9 |—2ito+Ba —2d to +83 93 I
21 |VPF44.100F90 21 19 10 |-25 to+E5 —-25 to +B5 100 .
22 22 20 VPF54.100F70 1 r
2(@ 23 21 VPF44.100F90 11 [10 10 100 .
24 24 22 . o i
25 25 2@ | VPF54. 100F90 VPF54.100F90 921
26 26

Camelot OCR Fuzzy match correction

v After fuzzy match, ‘O’ in OCR result is corrected to ‘0’.

v" White spaces and some symbols can be corrected.
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Implementation

Integration into Syntax Tree

VISHAY, TSSP530..
v www.vighay.com Vishay Semiconductors
ABSOLUTE RATINGS
PARAMETER TEST CONDITION SYMBOL WALUE UNIT
Supply voltage (pin 3) Vg 0313 60 v
Supply cunert (En 5 = 5 i
Ouipid woltage (pin 1) Vo 3toES v
Vollage al ouipul io supply Vi-Vo o3tops+0g v
‘OEpi cunert (pin 1) I B A
Jinciin mmperins i 00 =
‘Storage temperaturs rangs Tag 2510 -85 c
‘Operaiing temperaiure rage Tats 2510 -85 ©
‘Power corsumpson TeosE5 T Par 0 W
Mote
+ Stesses s m o
e e nay Gamage o e cvce Tsis 2 srssrateg oy
5 ot Impiect. Exposure 1o for afact the cevice reLabily
ELECTRICAL AND OPTICAL [(Tarab = 25 °C, Unless otharwise spocified)
TEST CONDITION svmBoL | MmN | Tve. | max | UNT
. Er=0,Vs =5V o 0.55 0.7 08 mA
e Ey = 40 Kix, sunight L) 0.8 mA
‘Supply voimge. Ve 25 B 13 v
-0, fast 1.
Transmesin astame SR s FoaLama w m
I = 50 mA
Output wottage kow (B 1) e g | v 100 m
Pus wih Ierance:
Minimum Iradiance g~ S < by < Uy 6. Esen, 04 o1 e
‘tast sgnal sec g, 1
Mamun imactance P e [ &0 wim
Oirestty A o Tl ereiceon o s deg
Reu. 1.6, 08-Jut-2021 2 Documant Number: 82780

THIS DOGUMENT IS SUBJECT TO
ARES|

CHANGE WITHOUT |
UBJECT TC SPECIFIC DISCLAIMERS, SET FORTH

NOTICE. THE PRODUGTS DESCRISED HEREIN AND THIS DOGUMENT
A
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A hierarchical data structure that
represents the syntactic structure of

text in a tree-like form.

"O":
"
e
"3":
"4":
"y

mEn:
"'?IT:
8"
mgny

mam: g
mgn
LK
"2":
"3n:
mgny
"5":
mEn:
WrkE
ITBIT:
"9":

v

"VLLUE",
"_0.3 to +6.07,
e

"_0.3 to 5.57,
"_0.3 to (Vs+0.3)",
e,

mioo",

m_25 to +857,

"_25 to +857,

nign

"UNIT",
wy
"I‘IIPA",
g
g
"I‘IIPA",
IFGCIT'
lrﬂcl’r'
IFGCIT'

ok

"location™: {

"O":
"
"
"3":
"4":
"y
ngn:
"'?IT:
g
ngny
}

mo.22m,
-—r
nall,
null,
null,
nall,
nmll,
null,
null,
null

Data frame format: columns

mamy o

ITGI':
mim:
"2":
"3
"4":

"Output wvoltage (pin 1)7,

o
r

"yan,
"_0,3 to 5.5m,
"v"'

"location”™: mmll

b

Data frame format: index
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Evaluation

Table Detection

_ Number of detected Number of real tables Extraction rate ¢ Completeness x
tables
4 4 1.00 0.94

Document 1

(Temperature)

Document 2 2 3
(Reflective)

Document 3
(Camera)
Document 4 (Motor)

Controller
Document 5
(Nebula)
Document 6 (DIN)

* Most tables are detected with high completeness.
* Some missing lines is tolerable.

Failed cases:

* No ruling lines at all.

* Objects around the table have similar structure.

University of Stuttgart 14/3/2023 11



Evaluation

Table Structure

Total adjacency Detected Correct Recall g Precision a
relations adjacency adjacency

relations relations

Table 1 0.723 0.739
Table 2 52 52 52 1.000 1.000 1.000

Table 3 31 39 26 0.839 0.667 0.743
Table 4 0.926 0.909

Table 1

tpOrts(rear

- - - nt.local management only)
Table 2 1.000 1.000 1.000 inection of a mouse or keyboard or combination of both
Table 3 127 94 0.862 0.740 0.797 1e.4 opto-isolated24V sourced) user assignable

A, 7user assignable

via optionalQS5873device)

58 58 1.000 1.000 1.000 creen and traditional tactile navigation buttons
EU:ENS55032,(CISPR22)Class B,ENS5035(CISPR24)

Sil &3 29 0.935 0.879 0.906 . .
e s in Predicted Table

186 167 137 0.737 0.820 0.776
40 40 40 1.000 1.000 1.000
* Almost no error with a neat structure. . o E,=0,Vs=5V
Failed cases: /' upply current (pin 9 E, = 40 kix, sunlight
* Merging rows/columns. Supply voltage

. . . E, = 0, test signal Fig. 1,
- Multiple lines in one cell. Transmission distance "7 IR diode TSAL6200,

IF =50 mA

University of Stuttgart 14_1/3/2023 12



Evaluation
Table Content
Levenshtein Number of true Number of Error rate after
distance characters corrected strings correction

Document 1
(Temperature)

Document 2
(Reflective)

Document 3
(Camera)
Document 4
(Motor)
Controller
Document 5
(Nebula)
Document 6
(DIN)

Main ErrorS: Maximum irradiance tpi - 5/f0 < tpo < tpi + 6/fo,
. . . ; test signal see Fig. 1

* Missing information.

» Special symbols such as ° |, <. \

Maximum irradiance tpi-5/fo<tpo<tpi+6/fo
University of Stuttgart 14/3/2023



Summary and Outlook

Functions:
- Data parsing from text-based and image-
based PDFs

« Automatically key-value-pairs extraction
from tables

* Loop through each page of PDF

* Well-structured multiple output formats
available

Outlook:

* NER and sematic analysis

 Store in database for user’s query

University of Stuttgart, IAS

Deficiencies:

* Relatively low accuracy for complex table
« Manual error correction

 Limited metadata provided

14/3/2023
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Basis
Text Mining

Texts from P . Text mining Text Ivsi Discovery of
different sources reprocessing techniques ext analysis knowledge

Preprocessing: filtering, stemming, lemmatizing.

Text mining methods: NLP, Named Entity Recognition, information extraction.

Text analysis: semantic analysis.

Discovery of knowledge: stored in knowledge database.

University of Stuttgart, IAS 14/3/2023 17



PDF Syntax-Postscript A page description language, provides

internal structure of documents.

Pros:
1 0 obj
rager 20 8o - [ - Preserves the file formatting.
( Header /m"j
Object 20 ot  Metadata accessible.
> << /Type /Pages /Count 1
Ob_]ect L md::] [3 0 R]I > .
File < Cons:
* Requires technical expertise to work with.

« Limited supporting tools and researches.

(5]

University of Stuttgart 14/3/2023 18



Makeup Language Conversion

Pros:
« Structured data, helps to identify different

elements of the PDF document.
» Use tags and attributes to define elements,
accurately extract symbols and units.
Cons:
« Conversion can be difficult.
(especially for image-based PDF)
* Increased system complexity.

 Data loss.

University of Stuttgart

root element

i \, R} child element

maovie

() (o) (o)
!—k—\

The Batman Adventure 2022 | first_name | ‘ last_name ‘

Matt Reeves

<movie lang=“English”>
<title>The Batman</title>

<genre>Adventure</genre>

</movie>

14/3/2023

19



NMS

» Firstly, the boxes whose confidence are smaller than a threshold should

be removed.

« Secondly, the box with a lower confidence among the boxes which
overlap too much with each other (loU > 0.1) should also be removed.

« At last, the process is repeated until only one unique box is left for each

class, which represents the final prediction.

University of Stuttgart, IAS 14/3/2023
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