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Abstract

Since the invention of the automobile, the automotive industry has been constantly changing
and adapting to overcome obstacles to remain competitive. In recent years, the accelerating
pace of innovation and trend toward outsourcing and cross-innovation are intensifying the job
of an innovator in this industry. The evolution of the internet and ever increasing advances in
techno-science, have resulted in masses of information accessible to production unit designers,
who already have highly information-intense jobs, and are now being overwhelmed with this

array of information. This particular challenge is known as Information Overload.

These employees spend approximately 20 % of their time obtaining information, this is in part
due to the hundreds of internal and external sources accessible by the user. As a result of Infor-
mation Overload, employees are avoiding academic literature, and tend to prioritize easy to use
sources, such as blogs and forums, reducing the quality of information being considered in
innovation. Although employees spend significant amounts of time searching for information,
nearly 20 % of design work is duplicated because searches are not successful in identifying

previous work.

Today, significant advances are being made in Information Retrieval, with search engines con-
stantly advancing and adapting. However, large search engines focus on generic searches for
the masses, often with a focus on profit. Current search solutions do not cater to employees with

specific search needs and are not tailored for user groups working in a specific domain.

As part of a trilogy of dissertations, with the goal of improving the working methods of pro-
duction unit designers, this work proposes a novel framework for designing a holistic infor-

mation assistant to provide optimal information throughout an entire project.

The framework begins by using observation and survey techniques to obtain a current state
analysis. Data about existing information practices is gathered, and a Data Flow Diagram is
created to illustrate all the information flows and data sources related to a project. To create a
personalised tool, user-orientation is key, and in this work, the software development methods
Personas and User-Stories provide user context to transform information needs into software
requirements. Once information needs and software requirements have been created, solutions
meeting the various and specific user needs are conceptualised. The sum of solutions, provides
an information platform with all necessary information is called AIIS — an Artificially Intelli-
gent Information Scout. AIIS and the original requirements are validated using Wizard of Oz
testing techniques. By building a User Interface and running mock tests, user interaction con-
firms whether the tool meets the needs of the user. In addition to validation, verification is
conducted using experiments and testing to assure functionality.



The proposed framework was applied and validated in a real industry setting, and the approach
is outlined in full in this work. Technical solutions for the identified requirements were concep-
tualised, and AIIS — an Artificially Intelligent Information Scout was created. The validation of
AIIS serves to validate the framework. AIIS solutions were found to be 250 % faster in some
cases, and applied solutions had a significantly higher average precision for search results, than
solutions currently in use. It can be concluded that this framework leads to the development of

a holistic information management system designed around user needs.

In this thesis, a framework and technical solutions have been developed and applied, that enable
an optimal, holistic, and practical realization of a highly intelligent search assistant, AIIS. The
potential of the novel framework and solutions has been demonstrated through various valida-
tion and verification techniques. The developed framework was implemented in an automotive
assembly unit development branch, however, transferability to other similar high information
intense jobs is realistic, and should be investigated in further work



Kurzfassung

Seit der Erfindung des Automobils hat sich die Automobilindustrie stindig veréndert und an-
gepasst, um den wachsenden Anforderungen gerecht zu werden und wettbewerbsféhig zu blei-
ben. In den letzten Jahren haben das zunehmende Innovationstempo und der Trend zu Outsour-
cing und Cross-Innovation die Arbeit eines Innovators in dieser Branche intensiviert. Die Ent-
wicklung des Internets und immer groBere Fortschritte in der Technowissenschaft haben dazu
gefiihrt, dass den Entwicklern von Produktionssystemen, die ohnehin schon sehr informations-
intensive Arbeitspldtze innehaben, massenhaft Informationen zur Verfiigung stehen und nun
mit diesem Informationsangebot iiberhduft werden. Diese besondere Herausforderung wird als

Informationsiiberflutung bezeichnet.

Diese Mitarbeiter verbringen etwa 20 % ihrer Zeit mit der Beschaffung von Informationen, was
zum Teil auf die Hunderte internen und externen Quellen zuriickzufiihren ist, auf die der Be-
nutzer Zugriff hat. Infolge der Uberlastung mit Informationen vermeiden die Mitarbeiter aka-
demische Literatur und neigen dazu, leicht zuginglichen Quellen wie Blogs und Foren den
Vorrang zu geben. Dies verringert die Qualitéit der Informationen, die bei der Innovation be-
riicksichtigt werden. Obwohl die Mitarbeiter viel Zeit mit der Suche nach Informationen ver-
bringen, wird fast 20 % der Entwicklungsarbeit dupliziert, weil die Suche nach bisherigen Er-
gebnissen nicht erfolgreich ist.

Heute werden bedeutende Fortschritte im Information Retrieval gemacht, wodurch die Such-
maschinen standig weiterentwickelt und angepasst werden. Grof3e Suchmaschinen konzentrie-
ren sich jedoch auf die generische Suche fiir die breite Masse, oft mit dem Fokus auf Profit. Die
derzeitigen Suchlosungen richten sich nicht an Mitarbeiter mit spezifischen Suchbediirfnissen
und sind nicht auf Benutzergruppen zugeschnitten, die in einem bestimmten Bereich arbeiten.

Im Rahmen einer Trilogie von Dissertationen mit dem Ziel, die Arbeitsmethoden der Entwick-
ler von Produktionseinheiten zu verbessern, schldgt diese Arbeit ein neuartiges Framework fiir
die Gestaltung eines ganzheitlichen Informationsassistenten vor, der wihrend des gesamten

Projekts optimale Informationen liefert.

Das Framework beginnt mit dem Einsatz von Beobachtungs- und Erhebungstechniken, um eine
Analyse des Ist-Zustandes zu erhalten. Es werden Daten {iber bestehende Informationsprakti-
ken gesammelt, und es wird ein Datenflussdiagramm erstellt, um alle Informationsfliisse und
Datenquellen im Zusammenhang mit einem Projekt zu veranschaulichen. Um ein personalisier-
tes Werkzeug zu erstellen, ist die Benutzerorientierung der Schliissel. In dieser Arbeit wandeln
die Softwareentwicklungsmethoden Personas und User-Stories, die den Benutzerkontext lie-
fern, die Informationsbediirfnisse in Softwareanforderungen fiir einen Informationsassistenten



um. Sobald die Informationsbediirfnisse und Softwareanforderungen erstellt sind, werden L-
sungen konzipiert, die den verschiedenen und spezifischen Benutzerbediirfnissen entsprechen.
Die Summe der Losungen, die alle notwendigen Informationen fiir den Benutzer bereitstellen,
wird als Informationsassistent bezeichnet. Zur Validierung der Anforderungen werden Wizard
of Oz-Testtechniken vorgeschlagen. Durch den Aufbau einer Benutzerschnittstelle und die
Durchfiithrung von Mock-Tests bestitigt die Benutzerinteraktion, ob das Werkzeug die Bediirf-
nisse des Benutzers erfiillt. Zusétzlich zur Validierung wird die Verifizierung anhand von Ex-

perimenten und Tests durchgefiihrt, um die Funktionalitdt sicherzustellen.

Das vorgeschlagene Framework wurde in einer realen Industrieumgebung angewandt und va-
lidiert, und der Ansatz wird in dieser Arbeit vollstindig dargelegt. Technische Lsungen fiir die
identifizierten Anforderungen wurden konzeptualisiert, und AIIS - ein kiinstlich intelligenter
Informationsscout - wurde geschaffen. Die Validierung von AIIS dient der Validierung dem in
dieser Arbeit vorgeschlagenen Framework. Es wurde festgestellt, dass die AIIS-Losungen in
einigen Féllen um 250 % schneller waren und dass die angewandten Ansitze eine deutlich ho-
here durchschnittliche Genauigkeit der Suchergebnisse aufwiesen als die derzeit verwendeten
Suchmaschinen. Es kann der Schluss gezogen werden, dass dieses Framework die Entwicklung
eines ganzheitlichen Informationsmanagementsystems erméglicht, das auf die Bediirfnisse der
Benutzer ausgerichtet ist.



Contents I
Table of Contents
1  Introduction 8
1.1  Motivation and Problem DeScription.............cccccovvueuioirieiiininieiiniieccecceeeceees 10
1.2 Goals and Boundary COnditions ............co.cceverueinenieinenieinienieeneneeeseeneeeeseeseeennens 11
1.3 TRESIS STIUCLUIE ...ttt ettt ettt ettt 12
2 State of the Art 13
2.1 Data, Information, and Knowledge............ccoereiriniiininieinieeeeeceeen 13
2.2 Design and Development of Production Units ...........cccooueeerereinenieenineinieneeene 14
2.2.1  Automotive Production and Changeable Assembly Units ...........cccccerveereennenee 15
2.22  Product Design and Development ............c..coeoiviemiiiiniiininiiiiiceneeceeenns 15
2.2.3  Information in Product DeSign ...........ccoceriririeieinieieieieieeieeeeie e 19
2.3 Information RESOUICES .......ccourueuiiriiieiiniriciiinieic ettt 20
23,1 Open INNOVALION ..c..oueiiiiiiriirieieicstee ettt et 21
232 OVEIVIEW OF SOUICES ....eveinriiiniieieiiieieicereteiee sttt nene 24
2.4 Information OVErload..........ccoeiiiriiiiniiniiiinicietnee ettt 27
241 Fundamentals...........cooooioiiiiiiniiiiiicte e 27
2,42 CONSEQUETICES .....veueeneenieeieuteteteateestetestesteeutensessesseeseentenseeseestentenbesseeseensessesseans 28
243 CAUSES ..ttt 30
2.5 The Science of SEArCh......c.cccveueiriiieiiinieciircc e 31
2.5.1  Information Retrieval ...........ccccooviiiiniiiininiiiineccececceseee e 31
2.52  Artificial INtelliGENCe.........ccooveuiiiiiiiiiiiiiiiiiccec e 33
2.6 From Knowledge to Data..........cceoivuiriiiniinieiniiiciieeestceestcee e 35
2.6.1  KNOWIEAZE ...c.veuieeiieieiicieeiete ettt ettt 35
2.6.2  Technology Intelligence — Desired Knowledge ..........ccooeieiiinieinenieinienee 36
2.6.3  Web Search Behaviour Based on EXpertise ..........ccocooueereieinieninenenieceeenn 37
2.6.4  Search Behaviour Based on Information...........c.eccceovvveinnicinncinnnccnennen 40
2.6.5 Knowledge DiscOVery SOIULIONS ..........cccceivuiueuiirieiiiininieicieciceeeencceeeeeeeeene 41



11 Contents

3 Call for Action 44
3.1  Fundamentals and Identifying the Research Gap ...........ccoocecievivieinecieineieeeeeene 44
3.2 Summary of Findings and Research QUEStions ............ccceceverieinenieineniecnerieene 46
3.3 Structure and Methods .........occeeiriiieiirinieriininieeineecree et 46

4  Information Overload and Information Needs 49
4.1  Effects of Information OVerload............cccccuveivinnieioinieiiniecineeceeeeeeeeeneas 49

4.1.1  Data Gathering MethOods..........cccueiriiieinieieiiieeeeeee et 50
412 RESUILS oottt e 52
4.1.3  Discussion Of RESUILS ......c.courueuiiririeininiiiiriecneceecereceeseeve e 55
4.2 Information NEES .........ccecerirueuirinieiiiniieicirteec ettt 56
4.2.1 Data Flow Diagram Method..........cccoeoiririeiiiineinineceeeee e 56
422 RESUILS e 60
423 Discussion Of RESUILS ......c.cccrueuiiririeiinirieieciiet e 62
4.3  Requirements for a Holistic Search ASSIiStant..........ccccecuerveruereeiienieneneeeeiee e 70
4301 PEISONAS ....ocuiiiiiiiiiiii e 72
432 USEE SEOTIES .veuenereiiieieieiineeieieist ettt ettt ettt ettt es bt se e bt s bt eesebesennenene 76

5  Artificially Intelligent Information Scout 80

5.1  Generic Exploration and MONtOring ..........ccccoeeeruerieirienieinenieinenieeneneeseeseiesiens 80
S5.1.1 Generic EXPlOTation........c.coueieiiieieieieieieieieeie ettt enas 80
5.1.2 GEneric MONILOTING ...c.evveeuieieriiriieiieiesieeteete e ste et esteteeteeneesesseeseeneeaesbeeneennenes 85

5.2 Domain-Specific Exploring and MONtoring ............coceeveerieirienieesieneeeenieeeeeenean 86
5.2.1 Information Retrieval with Machine Learning...........cccceceeveeereneineneenienieenn. 86
522  Domain-Specific MONItOTING. ......ccevueiiuiriiieiirienieerieieiesteeet ettt 90

5.3 Networking Knowledge .........coeeiririiiiiiiiiniiecee e 91
5.3.1  External NetWOrKing.......ccoecviriiiininiiiniinicinienictnienecteee ettt 92
5.3.2  Internal NetWOrKINng.......cccocvvirieiiinieiiiricieintee ettt 93

5.4 EXtracting ENtIIES.......ccoiueiiiiiieieiiieieese ettt 95

5.5 AQEregating SOUICES ......coueiiiirieieiiiteiete ettt ettt ettt ettt be st ebeeeneas 97



Contents III
5.6 LAN@UAGE ..c.eioiienieiieteeteee ettt ettt b ettt ne et e b et et nean 99
5.7  Adapt! — Adapting Information with AIIS..........cccooieiiriniiiiiieeeeeeee 101

5.7.1  Goals and Evaluation...........cccoveerinieeininiecinccineiecneeeieene e 101
5.7.2  Design and Development............ccceoueirieiririenieinieieicsieeeeese e 102
5.7.3  Technical Solution SOIVING ........cceciririiiriiniiiriicreeee e 103
58 AILS e 103

6  Verification and Validation 105
6.1  Validation with Wizard of Oz Prototyping...........cceceeeeirverieinienieieienieeeesieeeveens 105
6.2 Verification through EXperiment .............ccccooiiiriiiiiniiiiiieceeee e 110

6.2.1  Integration With Adapt!...........ccccooeoiiiniiiiiiiiiiieeeee e 111
6.2.2  SAVING TIMEC...c.ertiiiiiriiieitrietetetee ettt sttt 114
6.2.3  Internal NetWorking.........coceveoiriiriiininieiieie e 116
6.2.4  INteGrating SOUICES ......ceoueruertieuieiertietieiteiet ettt ettt et st sbe et etesteseeeneennens 116
6.2.5  Learning to RANK .......coccooieiiiiiieiiiiieiiieieteiecete et 117
6.3 Discussion Of RESUILS .......c.cccourueuiiiriiieininictiieicctrctcer ettt eaenene 119

7  Discussion 121
Tl SUMIMATY ottt b bttt ettt ettt be st eiene 121
7.2 LAMIATIONS .viuiieieiiieieiiiee ettt ettt 125
7.3  Recommendations for Future Research ...........cccccoveirniieoinncininnccreceene 126

8  Conclusions 128

9  References 130

10 Appendix 143
10.1  Data FIOW DiIagram ........coccouvirieiiiniiiiirieieicnieiei et 143
10.2  USEE SEOTY ottt sttt ettt sttt st sb et b e b b eene 148
10.3 Companies Examined in Market Analysis.......ccccoveeeeierierienenieieieniesceeceieeeeas 150
10.4 Input for Humanoid Robot Project .........cccooeeieieiieneniiicieeeeeeeeesceeee 152



v Contents

Abbreviations
AD Axiomatic Design
Al Artificial Intelligence
AlIIS Artificially Intelligent Information Scout
ANP Analytical Network Process
APIL Application Programming Interfaces
DFD Data Flow Diagram
DIN Deutsches Institut fiir Normung
DP Design Parameter
DSE Domain-Specific Exploration
DSM Domain-Specific Monitoring
ETS External Technology Searching
FR Functional Requirement
IE Information Extraction
IR Information Retrieval
ISO International Organisation for Standardisation
IT Information Technology
JSON JavaScript Object Notation
MAP Mean Average Precision
ML Machine Learning
NER Named Entity Recognition
NLP Natural Language Processing
OCR Optical Character Recognition
REST API Representational State Transfer Application Programming Interfaces
SFViz Social Friends Visualisation

UML Unified Modeling Language



Contents \'%

Figures

Figure 1.1: Potentially disruptive trends [55]....cccoviriririniieiieeee e 8
Figure 1.2: Receptor model of a Production Unit System [171]......ccccooeiiineiinineiiieceene 9
Figure 2.1: The Stairs of Knowledge [115].......ccccooiiiiiiiiiiiiiiiiciccceeceecees 13
Figure 2.2: Adapt! — A holistic method for the design and development of changeable assembly
SYSTEITIS ..tenteeteeutentete et et et ettt e st et e s b e e bt ea e et e st e ebeeb e e st et e e bt e bt en b e b e et e st en b e b e be e bt et e be e bt ebeenbentenaeens 16
Figure 2.3: Historic Growth of Cross-Industry Innovation based on [83, 161]....................... 21
Figure 2.4: Increase in Technology Analysis Publications by [68] ........ccccecevervinenncnene. 22
Figure 2.5: Scientific Classification of the Terms [132]......ccccceoiiiiiininniiieeieeceeee 22
Figure 2.6: The four modes of Technology Intelligence [87] ........ccccccoeiviniiinniiiiniicins 23
Figure 2.7: Information Retrieval...........cocooiiririiiiiniiinieccc et 32
Figure 2.8: Information Retrieval System based on [28]........cccceoivirieineniniineeireecee, 32
Figure 2.9: Rumsfeld Knowledge Matrix [136]......ccccciviiieirieiieiiiiieieieieeieeeeieeee e 36
Figure 2.10: Modes of Technology Intelligence [87] .......cocevevrireiineniiniiercieeeenee 37
Figure 2.11: Modes of search behaviour by knowledge, based on [76]........cccccoeirerninennnne. 38
Figure 2.12: Process model of information seeking from [76] .........cccccceovreniincncnnenccnnenn 39
Figure 2.13: Search Behaviour based on Information [99, 169, 176] .......ccccoecneniinencennenn. 40
Figure 2.14: Modes of Knowledge Discovery [103]......ccceoireieininiiinieeeieeieieee e 42
Figure 3.1: Framework for creating a holistic user-oriented search solution.... .47
Figure 4.1: Cases of duplicated WOTK .........cccoeiiirieiiinieieeieeeeee e 53
Figure 4.2: Excerpt from DFD ........ccoooiiiiiiiiieeeeeee et 59
Figure 4.3: Information MAatriX .........ccocoieiiiiiiiiiiiiiiecceee e 61
Figure 4.4: Data Matrix .
Figure 4.5: The modes of Information Needs ..........ccceciverieiriiiiiiiieneeeeeeee e 63
Figure 4.6: Exploration and Domain-Specific EXploration ..............ccccceveirenieinienieeeneiennn 64
Figure 4.7: Monitoring and Domain-Specific MONItoring...........cccoeveeereireneniecreeecnennes 67
Figure 4.8: Information Needs vs. Time ....

Figure 4.9: User-oriented reqUITEIMENLS ..........ccueuirieieririeierinieietenieeetesteeetesseeesesseseesesseeesenes
Figure 4.10: Persona variables ..........c.ccveriiireiiinieieinieiecneee ettt 73
Figure 4.11: Sam’s PEISONA.......ccueuiiiirieiiiiiieieiirieestee et 74
Figure 4.12: Sally’s Persona............. .15
Figure 4.13: EXCerpt 0f USET StOTY ...cc.eviuiriiiiirieieiceieteeetetet ettt 77
Figure 4.14: Current IR SEE-UP .....ccoeirieiriirieieiiieieete ettt 78
Figure 5.1: Methods of Technology Foresight [91] .....cccoeoieiriiiiiiiiieieeeeeeeee 81

Figure 5.2: Learning to Rank Framework [69] ........... .87
Figure 5.3: Machine Learning Pipeline based on [183].......ccooiiiviiiiiniiniiinccecen 88



VI Contents

Figure 5.4: Representation of an Edge Bundle Diagram .............cccocovieininieinenieineieeeeen 93
Figure 5.5: Representation of a Graph Database............ccoueerieiienieinenieinieeeeeeeeee 95
Figure 5.6: Information Extraction
Figure 5.7: External IR .........ccccoooiiiiiiiiiicce e
Figure 5.8: Internal TR .......cc.coiiiiiiiiii et e
Figure 5.9 Adapt! integrated with AIIS for optimal Information Support..........cccceceveeeennneee 101
Figure 5.10: AIIS Discovery Solutions MatriX .........c.cccceeeieerieieennennen

Figure 6.1: WOz prototyping set up based on [119]

Figure 6.2: WOz User Interface Input Template...........ccocoveerineninineinineseieceeeeeee
Figure 6.3: Internal and External Search Results for Domain-Specific Exploring................ 109
Figure 6.4: WOz External Networking Visualisation .............cccoceceoevineccineccnnnns ... 110
Figure 6.5: Design Parameters with and without AIIS (Excerpt of AD Hierarchy Tree)...... 113
Figure 6.6: Hours required to obtain search results .............occoceveeiiiniciininieieicceeeeeee 115
Figure 6.7: Internal Project Networking Graph ........c..cccoceveereneiinennneereecseecsee 116
Figure 6.8: Mean Average Precision COMPATiSON ........c.coeieuirieieiirieieienieeeiesieeeie e 119

Figure 7.1: The Modes of Information Needs...........cceeuririeirinciinencineneneceseecnaene 122



Contents VII

Tables

Table 1: Information Sources Production Unit Designers Need based on [113, 138]. ............ 24
Table 2: Frequency of Sources USed [45]....cueireiririeieeieeieieeee et 55
Table 3: Methods of Technology Foresight [91] ..o 83
Table 4: Auxiliary Methods, based on [91].......coeviiiiiniiiniieiceeeeeee e 84
Table 5: The Confusion Matrix [20] .......cceeirieieireieinieiereste ettt 88

Table 6: Machine Learning Pipeline COMPATiSON...........ccccveieuirieieuinieieieieeeieieee e eveenas 90



