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Research Group Visual Analytics (TIB)

» Since November 2015 at TIB
« Lead: Prof. Dr. Ralph Ewerth
« 20 members (thereof 3 postdocs, 13 PhD students)

Research interests:

« Multimodal & cross-modal information retrieval

« Deep learning for the analysis and annotation of media data

* Interactive search, exploration, and visualization of media data
* Information extraction for the Open Research Knowledge Graph

« Digital library as a virtual place of learning
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Research Projects (past 5 years)
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Motivation

* Number of patent applications rapidly growing

“‘ TIB

2021 filings
2020 filings
Growth

3,401,100
3,281,900
1 3.6

Patents Wl 3.4million

Source (WIPOY): https://www.wipo.int/en/ipfactsandfigures/patents

» Patent search is an important task:
— Assessment of the novelty of an invention
— Retrieval of related work

— Identification of plagiarism

EP 3 640 106 A1

9E

(12) EUROPEAN PATENT APPLICATION

(43) Date of publcation:
22.04.2020 Bulletin 202017

{21) Application number: 191847720
(22) Data of ting: 20.03.2019

1)

) EP 3 640 106 A1

(84) Designated Conracting States:
ALAT

» Current search systems and approaches mainly rely on text or metadata (restel et al. 2021]

« But patents are multimodal and figures contain important information!

IWIPO: World Intellectual Property Organization
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https://www.wipo.int/en/ipfactsandfigures/patents

Motivation

‘ TIB

Image-based and multimodal patent retrieval systems are required!

Technical specifications Experimental settings Experimental results
(e.g., technical drawings) (e.g., structured diagrams) (e.g., charts)
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« Current search systems and approaches mainly rely on text or metadata [krestel et al. 2021]

« But patents are multimodal and figures contain important information!
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New Opportunities
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[Radford et al. 2021]

‘ TIB

Large Language Models
(LLMs)
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[Dai et al. 2023]
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Vision-Language Models
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Challenges

» Finetuning necessary to adopt models to the patent domain

Multimodal patent retrieval is not a trivial task

Vs

Which city is this?

é Singapore.

Why do you think so?

lﬁ The city has a statue of a merlion.

-
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The wheel loader 101 comprises an
equipment 111 for handling objects or
material. The equipment 111 comprises a
load-arm unit 106 and an implement 107 in
the form of a bucket fitted on the load-arm
unit.A first end of the load-arm unit 106 is
pivotally connected to the front vehicle
section 102. The implement 107 is pivotally
connected to a second end of the load-arm
unit 106. ...

[Pustu-Iren et al. 2021]

Multimodal training (and test) data is sparse and descriptive image captions rarely provided

— Time-consuming manual annotation required

— Automatic approaches to map semantically related text to images

‘ TIB
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ExpResViIP

Exploitation of research results through visual patent retrieval

EVisPat #ome

Search Results (5539 Patents)

B = @o

Query Image

wig1

EP17181433A1 EP14850731A1 EP13877372A1 EP17747470A1 EP13755559A1
1 100.00% 2 91.86% 3 88.33% 4 88.19% 5 87.32%

LEANING VEHICLE

DRIVING SKILL EVALUATION GENERATOR MOTOR UNIT, POWER
RIDER CHARACTERISTICS METHOD, DRIVING SKILL OUTPUT ENGINE, AND WVEHICLE HOST COMPUTER, OPERATION-
DETERMINING METHOD EVALUATION PROGRAM, DRIVING SKILL DETERMINATION SYSTEM,
SKILL EVALUATION DEVICE, AND OPERATION-SKILL DETERMINATION
VEHICLE EQUIPPED THEREWITH METHOD, AND OPERATION-SKILL
DETERMINATION PROGRAM

EVisPat

Prototype




| | : & TIB
Project Overview @V]SPat ,

fur Bildung

ExpResViP: Exploitation of research results through visual patent retrieval % Bundesministerium
und Forschung

* Funding: Federal Ministry of Education and Research (BMBF)
« Duration: July 2020 — August 2023

« Homepage: https://projects.tib.eu/expresvip/

« Team: Junaid Ghauri, Dr.-Ing. Eric Muller-Budack, Prof. Dr. Ralph Ewerth

* Project Partners:

\

=
F hofer |AIS? = FraunhOfﬁg Former team members:
- raunnorer Kader Pustu-Iren

. é\\\efs"fé'f «  Gerrit Bruns
— Leibniz Headquarters ng : gP‘

— University Hildesheim (IWIST?)  &ader 3

ysaP®

o

S 2003

Hnstitute for Intelligent Analysis and Information Systems
’Department for Information Science and Natural Language Processing
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https://projects.tib.eu/expresvip/

| : & TIB
Project Goals @V]SPa't ,

Visual and textual search for patents

— Lexical (keyword-based) text search
— Semantic text search

— Image-based semantic search

Automatic analysis of visual elements in patents
— Basic image analysis (e.g., illustration type, optical character recognition)

— Advanced image analysis (e.g., visual concept recognition)

Establishing semantic image-text relationships in patents

Development of a patent retrieval prototype

Slide 13



Architecture

EVisPat #
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What’s CLIP?
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L)
[ ]

What's CLIP? (:5)

Good News
CLIP allows for image retrieval, cross-modal retrieval, and
zero-shot concept recognition for arbitrary concepts!

Bad News
CLIP is not optimized for patents!

How can we create image-text pairs for patents to finetune
vision-language models such as CLIP?

Slide 16



Automatic Identification of Image-Text Relations @V-Ispa.t ’ TIB

« Optical Character Recognition using EasyOCR!

prer FiG. |_0.36 : » ._U
10 1 104_0.66 16 / 2 (- j
. . . l -

1os_vo.99 / j 17 ./ . e o ; ‘IJ B . |

125_1.0 151_1.0 106 118099 117097 116-0.97 - Fi
| (157 - 118 116/ 12610 | 05

Existing Problems:

___________ 105__0.99

[109]

SNANN'ANNNANNNANY

q

- , =g/ 18 - Missing detections
wdoon s odid o\ o 'i_.T  Fragmented detections
) (200 e TN ¥ . Wrong Recognition

Notation

recognition___confidence
Overlayed Text

1EasyOCR: https://github.com/JaidedAl/EasyOCR Slide 17



https://github.com/JaidedAI/EasyOCR

Automatic Identification of Image-Text Relations @V-Ispa.t , TIB

« Optical Character Recognition using EasyOCR!
» Extraction of reference signs in the text
« Text parsed from xml file of the patent
 Removal of stop words
* Regular expression to find numbers that are the candidates for reference signs
* Mapping of reference signs to OCR outputs

* Rule-based approach to assign concepts to the reference signs

“The wheel loader 101 comprises an equipment 111 for handling ﬂ = ;j i

objects or material. The equipment 111 comprises a load-arm unit RO

106 and an implement 107 in the form of a bucket fitted on the
load-arm unit. A first end of the load-arm unit 106 is pivotally
connected to the front vehicle section 102. The implement 107 is R 02
pivotally connected to a second end of the load-arm unit 106.”... FIG.I1

1EasyOCR: https://github.com/JaidedAl/EasyOCR Slide 18
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DEMO TIME

EVisPat #ome

Search Results (5539 Patents)

SVisPat

vig1
EP17181433A1 EP14850731A1 EP13877372A1 EP17747470A1 EP13755559A1
91.86% 3 88.33% 4 88.19% 5 87.32%
Fi 1 \ B

Prototype

GENERATOR MOTOR UNIT, POWER LEANING VEHICLE
RIDER CHARACTERISTICS DRIVING SKILL EVALUATION QUTPUT ENGINE, AND VEHICLE
METHOD, DRIVING SKILL
DETERMINING METHOD EVALUATION PROGRAM, DRIVING
SKILL EVALUATION DEVICE, AND
VEHICLE EQUIPPED THEREWITH

HOST COMPUTER, OPERATION-
SKILL DETERMINATION SYSTEM,
OPERATION-SKILL DETERMINATION
METHOD, AND OPERATION-SKILL
DETERMINATION PROGRAM
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Current Query: (text:windmill AND section:description)

EP09700678B1

EP07012714B1

FIG 1

)

Method for controlling of at least one
element of a first component of a
wind turbine, control device and use
of the control device

FIG. 1

TURBINE ASSEMBLY

Example 1: Lexical Search

Search Results (332 Patents)
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EVisPat e

Current Query:

EP09785200B1

]

41
i IIII%

A WIND TURBINE ROTOR

P 2

o T

o 'i./ ol Wl Il
m%ﬂ 7

Example 2: Lexical Search (with bool

(text:windmill AND section:description) AND (text:turbine AND section:description)

EP09734051B1

Fig. 1 (Prior art)

UPWIND WIND TURBINE WITH
BLADES SUPPORTED ON THE
LEEWARD SIDE

Search Results (168 Patents)
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2 12 L
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EP07717965B1

WIND TURBINE
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EP07796806B1

Prior Art
Fig. 1
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SVisPat Example 3: Image-Text Relations

Q= 0 &+ DESCRIPTION CLAIMS DRAWINGS CITATIONS
US-A- 4183715 US-A- 4 316 699
US-A- 4403 916 US-A-5354 175

Reference signs Wind Turbine 102 X

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may giv 106 nacelle Q& losition to the European patent granted. Notice of opposition shall be

filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid| 110 blades o

DESCRIPTION 108 b &

- ) 104 tower Q
RefName wind turbine

102 wind turbine [

The search found 4 matches in 1 panels e

Wind Turbine 102
Best mode for carrying out the invention

[0034] The wind turbine 102 illustrated in Fig. 1 is a modern conventional turbine that comprises a tower 104 supporting a nacelle 106 (also called the
windmill housing). A substantially horizontal main shaft projects from the nacelle 106, a rotor being mounted on said shaft, said rotor comprising a hub
108 and two or more blades 110. The rotor can be made to rotate by the wind. Preferably, the wind turbine 102 is a so-called upwind turbine, where
the wind impinges on the rotor before it impinges on the tower 104, and where the nacelle 106 is able to yaw, i.e. rotate around a vertical axis with
respect to the tower 104, the rotor thereby adjusting itself to the wind direction at any given moment. Moreover, the wind turbine is preferably provided
with three blades 110 extending substantially radially outwards from the hub 108 and being formed as so-called shell bodies made of a polymer material
reinforced with glass fibres, carbon fibres, or other reinforcement fibres. Each blade 110 comprises a root section 116 near the hub 108 and a blade tip
114.




EVisPat wome Example 4: Semantic Text Search

Search Results (2962 Patents)

® = @O

Current Query: lane assistant for autonomous driving
5
EP10787353B1 EP18168865B1 EP16796646A1 EP13753282B1 EP13176640A1 EP13176640B1
1 49.70% 2 43.33% 3 42.32% 5 41.21% 6 41.19% 7 41.19%
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Filter Image Type

[ Block Circuit [ Chemical
[CJ Drawing J Flowchart
[J Geneseq. J Graph
[ Math CJProgram
[CJ Symbol [ Table
Filter Perspective
[ Front/Rear View
[CJ Perspective View
[ Side View
[ Plan View

EP07788560B1
1 100.00%

WIND GENERATOR BLADE WITH
DIVERGENT TRAILING EDGE

Current Query:

EP11007383B1
96.25%

Windenergieanlagenrotorblatt mit
einer dicken Profilhinterkante

Example 5: Image Search

Searc atents)
EP15763959B1 EP14167925B1 EP09251339B1 EP12182807B1
3 95.58% 4 95.31% 5 95.30% 6 95.28%

FIG. 2
BAIGNOIRE DE SOMMET D'AUBES

D'UNE TURBINE DE
TURBOMACHINE

Klappe zur Anordnung in einem
Stromungskanal einer
klimatechnischen Anlaoe

A blade for a rotor having a squealer
tip with a partly inclined surface

Wind turbine blade having a tensile-
only stiffener for passive control of

o e
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Filter Image Type

[CJ Block Circuit [J Chemical
[J Drawing ] Flowchart
[J Geneseq. [J Graph
[J Math [J Program
[J Symbol [ Table
Filter Perspective
[J Front/Rear View
[J Perspective View
[ Side View
[ Plan View

EP10741899B1
1 83.04%

VERFAHREN UND VORRICHTUNG
ZUM TRANSPORT UND ZUR

Current Query:

EP16275119B1

81.91%

FIG. 2
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Ape. 22,2000 Sheot | ol &

EP07764453B1

3 81.46%

Fig. 7
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TURBINE NACELLE, METHODS
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Example 6: Image Search
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EVisPat #

« Platform for image-based, lexical, and semantic search in patents
« Based on state-of-the-art approaches from natural language processing and computer vision
« Automatic extraction of image-text relations (linking of image components to keywords)

« Faceted search based on image information (e.g., illustration type)

Future Work
« Multimodal and cross-modal search
— Proof-of-concept using a multimodal re-ranking approach [pustu-iren et al. 2021]
« Adaption of vision-language models to patents (e.g., via fine-tuning with image-text pairs)
 Image retrieval based on image or object regions

« Explainability of retrieval results

Slide 26



ViP@Scale
Visual and Multimodal Patent Search at Scale

./ ViP@Scale

Visual and Multimodal Patent
‘ Search at Scale

Enter your guery here...
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Patent: EP1033035 Patent: EP11666638 Patent: EPB256738 Patent: US0200100023. Patent: EP1120055



." ViP@Scale

Visual and Multimodal Patent
‘ Search at Scale

ViP@Scale — Project Overview

‘ TIB

Visual and Multimodal Patent Search at Scale SRRl BE D

Patentamt

European
Patent Office

Office européen
des brevets

 Funding: European Patent Office (EPO)
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* Project Goals:
— Object localization and instance segmentation in patent figures
— Large-scale (multimodal) representation models for patent images
— Application of the multimodal models to downstream tasks, e.g., (cross-modal) image retrieval

— Evaluation on large-scale test sets using patent collections from the EPO
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Current Status

1. Data acquisition & preprocessing 1. Index patent figures 1. Generate image-text pairs
2. Data analysis 2. Design evaluation pipeline 2. Adopt VLMs for patents
3. Demo application for: 3. Establish baseline score 3. Other approaches (e.g.,
— Image retrieval constrastive learning for images)
— Cross-modal image retrieval
_g >1 million patents
(all domains) & InstructBLIP
[Dai et al. 2023]
c ~10 million images @ --g »
Al (aobtigures, 0o * Flamingo
GPT-4 [Alayrac et al. 2022]
. Vision-Lan Model
=3 Milvus Index s10 anguage Models
(VLMSs)
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Preliminary Results — Cross-modal Retrieval

Q, Patent Search

Enteryour guery here...

a shoe for skiing‘

OR

Upload animage

ek

)

a1

IJ%,

5

oS
=

Patent: EPlE33085 Patent: EP1l166663 Patent: EPO356783 Patent: US0200100023. Patent: EP1128055

Slide 30



@' ViP@Scale

Visual and Multimodal Patent
‘ Search at Scale

Fine-tuning of VLMs for Patents
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U.S. Patent Mar. 25, 1986 4,577,895

« Adaption of CLIP (or other VLMSs) to the patent domain
« Pairs of image and text required

« OCR outputs and mapping to text provided by EPO

 Text reference enriched with context from full sentence

fig.l

FIG. 1 is a longitudinal sectional view taken through the joint showing it in
engaged position

T J
5 é. o7 s

FIG. 1 shows a pipe connection 10 which includes a pin member 11 and a
box member 12 having interengaged threads 13 and 14 in one step, and N\
Interengaged threads 15 and 16 in a second step. 5 > g

 Problem: Most text references are not descriptive and not suitable for finetuning VLMs

« Component labels from OCR outputs can be used to generate captions for the figures
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Enrichment of Image-Text Pairs using LLMs

Please create a image caption for a patent with the following keywords:

1 vehicle

10 steering wheel
31imaging device

32 changeover switch
33 display device

34 speaker

"An innovative vehicle steering wheel system with integrated imaging device (31),

changeover switch (32), display device (33), and speaker (34) for enhanced control and

communication capabilities."
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Enrichment of Image-Text Pairs using LLMs

Given a patent on autonomous driving, please create a image caption for a patent with the
following keywords:

1 vehicle

10 steering wheel
31imaging device

32 changeover switch
33 display device

34 speaker

Title: Autonomous Driving System Patent

Image Caption:
Figure 1: An innovative autonomous driving system for vehicles. The patent showcases

advanced technology including a steering wheel (10), an imaging device (31) for real-time

environmental perception, a changeover switch (32) for manual and autonomous driving

modes, a display device (33) providing critical information to the driver, and a speaker (34)
for auditory feedback. This cutting-edge system redefines the future of automotive safety

and convenience.
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Enrichment of Image-Text Pairs using VLMs
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Can you provide a detailed patent description of this
image given that the image components are as follows? 1
1 vehicle; 10 steering wheel; 31 imaging device; N
32 changeover switch; 33 display device; 34 speaker

6 The steering wheel is located on the dashboard, and
there is an imaging device located on the steering wheel.
There is also a changeover switch located on the steering
wheel, which can be used to switch between different
modes of operation. A display device is also present on
the dashboard, and there is a speaker located on the side
of the steering wheel."

& InstructBLIP

[Dai et al. 2023]

Note: Much smaller LLM compared to GPT-3.5 applied (flan-t5-xl)
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Large-scale Classification of Art-historical Images

(b) 11H(JOHN THE BAPTIST) 31A72 KW
46C11 25G3 46C53 2512 GPT
11162 (ABRAHAM)11(+2) BLIP
(a) Queue Structurlal Digits
11I 62 (ABRAHAM) 11 (+2)
Basic Notation Bracketed Text KJys

Baseline (not finetuned) ——LAION-400M

village, path, road, migration, tree, traffic, world, o - - a
plant, land, transporting, ... O ¢ ¢ & ¢ o (0)
a low resolution photo of a rural-looking societ = ‘5 2 iﬁ 2 =
travelling tragf)ic and transporting culture. / B EI § % % % I:I ‘ ‘ ‘ ‘
The image depicts a landscape with a path leading to a ~ & S - H OEo@E -~ O
mountain, which is likely a migration route for people.
Text Transformer -.. LTy LT T LTy o Iy
=l .7 LT, LT LT, . LT,
n f—

o 7 %‘ & ;'ré' E >l .7 LT LT LT - LT,

O ;; 5 _g ¥ o P8 .. LT - LT

! S %‘,’_ S %l’- ! TR SRR FI R ST o R

n u —.. NTT1 ANTE2 ANTE3 INT1a NN

Vision Transformer Contrastive Loss

Strategy # of Training Images per Iconclass Concept
>0 > 10 > 100 > 1000
KW 0.1862 0.2025 0.2545 0.3953
BLIP 0.1922 0.2106 0.2596 0.3961
GPT 0.1902 0.2063 0.2583 0.3916
0.1845 0.2017 0.2540 0.3936
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Outlook

L

Vision-Language Models (VLMs) for multimodal patent retrieval can provide:

» Dbetter retrieval results by
— adopting VLMs to the patent domain
— re-ranking of the top-k results

* improve search through user interactions:

Please only include results that show technical drawings from autonomous driving!

« Dbetter explainability of retrieval results:

Can you tell me what these patents have in common and what differentiates them?
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