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Technical Documents in Modern Automation Industry

Motivation

• Equipment maintenance

• Quality control

• Supply chain management

• Regulatory compliance

[2] [3]

Defect of Manual Data Extraction & Entry:

• Time-Consuming: large number of documents

• Error-Prone: manual copying and typing 

• Inconsistent: inconsistent formats from different 

staffs in one project



University of Stuttgart 4

Difficulties
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• PDF file format variations: text-based, 

scanned documents.

• Layout complexity: multi-column, 

complex tables, embedded images.

• Large size: multiple tables in pages, 

time-consuming.
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Basis
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Optical Character Recognition (OCR) Method

Pros:

• All types of PDF (text-based and image-based).

• High accuracy with pre-trained ML models.

• Time- and effort-saving. 

Cons:

• Errors in special symbols.

• Limited supporting languages.

• Costly.
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Data Parser Conception
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Implementation
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OCR with Semantic Segmentation
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Implementation
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Text-Based Extraction with Camelot

Misrecognizes other objects as tables Performances better in recognizing special symbols
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Camelot OCR Fuzzy match correction
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✓ After fuzzy match, ‘O’ in OCR result is corrected to ‘0’.

Implementation

Cross Validation using Fuzzy Match

✓ White spaces and some symbols can be corrected.
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Implementation
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Integration into Syntax Tree

A hierarchical data structure that 

represents the syntactic structure of 

text in a tree-like form.

Data frame format: columns

Data frame format: index
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Evaluation
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Table Detection

Number of detected 

tables

Number of real tables Extraction rate φ Completeness χ

Sensor

Document 1 

(Temperature)

4 4 1.00 0.94

Document 2 

(Reflective)

2 3 0.67 0.97

Actuator

Document 3 

(Camera)

1 1 1.00 1.00

Document 4 (Motor) 0 1 0.00 0.00

Controller

Document 5 

(Nebula)

1 1 1.00 1.00

Document 6 (DIN) 2 2 1.00 1.00

• 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.
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Evaluation
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Table Structure

Total Adjacency Relations in True Table Adjacency Relations in Predicted Table

Total adjacency 

relations

Detected 

adjacency 

relations

Correct 

adjacency 

relations

Recall β Precision α F1-score

Document 1

Table 1 94 92 68 0.723 0.739 0.731

Table 2 52 52 52 1.000 1.000 1.000

Table 3 31 39 26 0.839 0.667 0.743

Table 4 108 110 100 0.926 0.909 0.918

Document 2

Table 1 - - - - - -

Table 2 85 85 85 1.000 1.000 1.000

Table 3 109 127 94 0.862 0.740 0.797

Document 3

Table 1 58 58 58 1.000 1.000 1.000

Document 4

- - - - - - -

Document 5

Table 1 31 33 29 0.935 0.879 0.906

Document 6

Table 1 186 167 137 0.737 0.820 0.776

Table 2 40 40 40 1.000 1.000 1.000

• Almost no error with a neat structure.
Failed cases:

• Merging rows/columns.

• Multiple lines in one cell.
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Evaluation
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Table Content
Levenshtein 

distance

Number of true 

characters

Error rate Number of 

corrected strings

Error rate after 

correction

Sensor

Document 1 

(Temperature)

74 1488 5.0% 11 4.2%

Document 2 

(Reflective)

71 852 8.3% 9 7.3%

Actuator

Document 3 

(Camera)

103 720 14.3% 10 12.9%

Document 4 

(Motor)

- - - - -

Controller

Document 5 

(Nebula)

5 637 0.8% 2 0.3%

Document 6 

(DIN)

3 449 0.7% 2 0.2%

Main Errors:

• Missing information.

• Special symbols such as °, ≤.



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
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Summary and Outlook

Deficiencies:

• Relatively low accuracy for complex table

• Manual error correction

• Limited metadata provided

Outlook:

• NER and sematic analysis

• Store in database for user’s query
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• Preprocessing: filtering, stemming, lemmatizing.

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

• Text analysis: semantic analysis.

• Discovery of knowledge: stored in knowledge database.
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Basis

Text Mining
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PDF Syntax-Postscript

[5]

Pros:

• Preserves the file formatting.

• Metadata accessible.

Cons:

• Requires technical expertise to work with.

• Limited supporting tools and researches.

A page description language, provides 

internal structure of documents.
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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.

root element

child element

<movie lang=“English”>

 <title>The Batman</title>

 <genre>Adventure</genre>

 ...

</movie>
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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 (IoU > 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. 
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