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Image Extraction – an old Problem..?

 Short Overview on Chemical Structure Reconstruction

 CSR in Patents

 Page Segmentation + Image Classification

 Error Detection + Prediction

Markush Structures

Content Production Pipeline

 Conclusions
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Overview: Fraunhofer SCAI.Bio

 Information extraction in the life sciences

 Biology

 Chemistry

 Medicine

 Pharmacology

 Working on

 Textual sources (PubMed, Journals)

 Image sources (Journals, Thesis)

 Techniques

 Dictionary based approaches (ProMiner)

 Machine learning (Linda)

 Expert systems (chemoCR)
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Image Reconstruction is a famous Problem

 Kekulé: OCR-optical chemical (structure) recognition, R. McDaniel
and Jason R. Balmuth. J. Chem. Inf. Comput. Sci., 32(4):373–378, 1992.

 Chemical Literature Data Extraction: The CLiDE Project, P. Ibison, M.
Jacquot, F. Kam, A. G. Neville, R.W. Simpson, C. Tonnelier, T. Venczel and
A.P. Johnson, J. Chem. Inf. Comput. Sci., vol. 33(3): 338-344, 1993.

 Apparatus and method for optical recognition of chemical
graphics, R. Casey, S. Boyer, B. Oudot and K. Zilles, US Patent 5157736,
1992. OROCS

 Optical recognition of chemical graphics, S. Boyer, Document Analysis
and Recognition, Proceedings of the Second International Conference on
Document Analysis, 627–631, 20-22 Oct 1993.
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But what happened to them?



New Initiatives

 Optical structure recognition software to recover chemical
information: OSRA, V.I. Filippov and C.M. Nicklaus, J. Chem. Inf.
Comput. Sci., 39(3):740-743, 2009.

 CLiDE Pro: The latest generation of CLiDE, T.A. Valko and P.A.
Johnson, J. Chem. Inf. Comput. Sci., 49(4):780-787, 2009.

 Automated extraction of chemical structure information from
digital raster images, J. Park, R.G. Rosania, A.K. Shedden, M. Nguyen,
N. Lyu and K. Saitou, Chemistry Central Journal, 3:1-16, 2009.
ChemReader

 Machine learning and expert knowledge based evaluation of the
chemoCR reconstruction result, O. Domanova, Master Thesis, Bonn-
Aachen International Center for Information Technology, University
Bonn, 2009.
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„Advanced Patent Search“

 Keywords (full text, title, abstract, claims)

 Publication / Application Number

 Applicant(s) / Inventor(s)

 Classification (ECLA, IPC)

 Date (filing, issue)

 WIPO

 USPTO

 EPO

 GOOGLE Patent Search

© Fraunhofer SCAI Dr. Marc Zimmermann, ICIC 2009, Sitges

 Keywords (full text, title, abstract, claims)

 Publication / Application Number

 Applicant(s) / Inventor(s)

 Classification (ECLA, IPC)

 Date (filing, issue)

 WIPO

 USPTO

 EPO

 GOOGLE Patent Search



Advanced Searching from the Perspective of a Chemist

What is really interesting is – find me documents containing...

 similar structures

 structures containing a polycyclic aromatic ring system

 structures fulfilling my pharmacophore

 core structure in Asian patents

 a synthesis protocol

 biological target information

 …
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structure information



Idea: SCAIView Patent Retrieval
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Goal: Multi-modal Information Extraction

ProMiner (NER)
proteins
protein families
protein complex
compound
process
drug class
disease
pathways

proteins
protein families
protein complex
compound
process
drug class
disease
pathways
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Patent Space
IndexchemoCR

SCAIView



Chemical Page Segmentation and Image Classification
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 Example for an image without chemical content and it´s
reconstruction with chemoCR

 Effective reconstruction of big image stacks

 Full page scans: classification of page segments

Motivation for Image Classification
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 Example for an image without chemical content and it´s
reconstruction with chemoCR

 Effective reconstruction of big image stacks

 Full page scans: classification of page segments



Concept of Image Classification

 Problem

No well defined rule, whether a image is a structural formula
or not.

 Approach

Calculate comparable image features and use machine
learning
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or not.

 Approach

Calculate comparable image features and use machine
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120
°

Number of black pixel
Total number of pixel

Most frequently
detected angle

A lot more image
features

0,1

120°
...
...
...
...

Image
classification
based on features



Some Examples from Patents (I)
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Some Examples from Patents (II)
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Beautiful Artwork But Wrong Molecule
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Quality Measure: Graph Matching

 SimilarityMCD (Minimal Chemical Distance)

Module from InfoChem

 Graph-matching on

Reconstruction result of chemoCR

 The reference molecule

 Results in

Numerical value, [0,1]

OK
bad
OK
bad
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Automatic Assessment of the Reconstruction Quality

 SimilarityMCD in [0,1]

 1.0 – fully correct reconstruction

 Threshold

 Aim

Minimize false positive rate

≥ Correct
Database,
Analysis,
Virtual
Screening,…
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 SimilarityMCD in [0,1]

 1.0 – fully correct reconstruction

 Threshold

 Aim

Minimize false positive rate

SimilarityMCD = 0.95

Database,
Analysis,
Virtual
Screening,…

< Wrong
Manual post
processing by
an expert



Challenge

 Problem

 Predict the quality of the

reconstruction result without a

reference molecule

 Solution

Machine learning

 Expected results

Quality of new reconstructions

estimated by trained models
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 MISSED
 BOND_MISSED

 COMPLETE_BOND_MISSED

 ORDER_BOND_MISSED

 CHIRAL_BOND_MISSED

 SYMBOL_MISSED

 ATOM_SYMBOL_MISSED

 ISOTOPE_SYMBOL_MISSED

 CHARGE_SYMBOL_MISSED

 RADICAL_SYMBOL_MISSED

Chemical Error Classification System
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Chemical Error Classification System

 Assigned based on comparison of

Result of the reconstruction

Reference molecule

 Hierarchical system

 4 super classes

AS_STRUCTURE

 ERROR

MISSED

ADDED
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Some preliminary Results

*) mean squared error

*)
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Category: Complex Molecules (I)

EP 0751952 B1: Displacement
Chromatography of Proteins

EP 1056475 B1: Dendrimere
Fullerene derivate

© Fraunhofer SCAI Dr. Marc Zimmermann, ICIC 2009, Sitges

EP 0211490 B1: Antibiotics
of the Vancomycin-Class EP 1327146 B1: Compounds

with a branched Linker



Category: Complex Molecules (II)
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Why is Markush famous?

 Dr. Eugene A. Markush (1887-1968)

 Founder of Pharma Chemical Corporation Bayonne,
NJ in 1917

 Did not(!) invent generic structures

 Patent for method of preparing a generic group
of pyrazalone dyes for wool or silk
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 Dr. Eugene A. Markush (1887-1968)

 Founder of Pharma Chemical Corporation Bayonne,
NJ in 1917

 Did not(!) invent generic structures

 Patent for method of preparing a generic group
of pyrazalone dyes for wool or silk

 The claim was challenged as
being too unspecific

 Granted in 1924 by the US
commissioner of Patents

First claim of patent US 1506316



Markush Structures in Principle

 No general definition

 Core structure

Multiple elements

Nested elements

 Additional information

R-group definition
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Markush Structure Analysis

 Core Structure

Nested elements → Order?

 Link node most powerful

Creates just valid structures

 Additional Information

 Structure list

 Formal string

 Structured text

Natural language
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Textual Annotations
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R-group
Chem. Element
Relation

R-group
Chem. Element
Relation



Wanted: an Editor
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Some Examples from Patents (I)
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Some Examples from Patents (II)
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The Grand Patent Challenge: Content Production

• Is it computationally feasible?
• How do we use a protocol DB?
• What is the best job size?
• What‘s in there?

UNICORE
D-Grid

JUGGLE: Computing Element

© Fraunhofer SCAI Dr. Marc Zimmermann, ICIC 2009, Sitges

SCAI
• Storage Element: Input (200Gb) and Output
• License Server
• ProtocolDB



Job Definition in the Grid

What is the optimal job size?

 Load balancing

 Context

 Dependencies

 Queuing mechanism

 Job management

 Failures

 Overhead
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Different Scheduling Strategies

 Let us assume:

We process 25,000 documents

A document has on average 20 pages

A page contains on average 10 molecules
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Per Document Per Page Per Chemistry

Number of Jobs 25,000 500,000 5,000,000

Run Time (sec.) 2400 120 12

Where do we achieve the best crunching factor?



Missing files (NFS down,
package lost, not installed, ...)Firewall (ports:

MySQL, denial of
service attack, time
outs, ...)

Technical Issues and Pitfalls

UNICORE
D-Grid

User accession rights
(files, scheduler, installed
tools and libs, ...)
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User accession rights
(files, scheduler, installed
tools and libs, ...)

Too many
requests on
license server

Too many
connections
in database

Resources (reservation,
priorities, ...)



Outlook: Next Generation?

Pate
nt

PDF

Pate
nt

PDF

Pate
nt

PDF

Pa-
tent

PDF

Patent

PDF

Page 1 ...

Text
Chemical
structure
Table
...

Text

processing

Structure

(chemoCR)

Table

analysis

Image

annotation

Patent

PDF

Page 2
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Web based Retrieval System
Linking Text and Structural Searches

Extraction Pipeline as Web service
Licensing per Tokens
Automatically Scheduling



Results from the Image & Text Extraction

Images Total AVG.

Documents 23,945

Run Time (h) 45,360 0.1

Pages 692,576 28.9

Structures 531,505 22.2

Max page 946
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Max page 946

Data (Gb) 100.9

Full Text Total
Docs

AVG.

Genes/
Proteins

824,415 30.27

IUPAC 128,997 2.39
Drug 170,857 45.66



SCAI Chem Patents Focus on Documents

 Collection of 56 000 patents also available as text and image

IPC Class/At least one
Entity mention

Number of Patents

A61 Medical Science 34,704

C12 Enzyme Technology 4,851

A61 + C12 35,381
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A61 + C12 35,381

Gene/Protein 43,103

ATC Class 52,552

MeSH Disease 38,474

MedDRA 55,748

Drug Name 44,001

IUPAC 52,720



Example of IUPAC Annotation
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But: Huge chemical Name Regions in the same Patent
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Category: largest Document (I)

 946 pages

 EP 1144403 B1

 SUBSTITUTED PYRAZOLES AS P38 KINASE INHIBITORS

 G.D. Searle LLC
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Category: largest Document (II)

 715 pages

 EP 0904262 B1

 CONFORMATIONALLY RESTRICTED AROMATIC INHIBITORS OF
MIRCOSOMAL TRIGLYCERIDE TRANSFER PROTEIN AND METHOD

 BRYSTOL-MYERS SQUIBB
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Category: That‘s Organic Chemistry
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Category: Sort of Chemistry
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Conclusions

 Image reconstruction is an ongoing effort

 Patents offer a lot of challenges

 In need of critical assessments and gold standards

 Image reconstruction

Retrieval tasks

Hardware infrastructures

 In need of strategies

Deal with reconstruction errors

 Extended file formats & search algorithms

Result visualizations
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