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Technology Watch in Generic Terms

 Assemblage of methodologies, both human and computer based,
required to understand the status of science and technology

A way for the
— detection,
— exploration,
— assessment and
— communication of promising technologies
» Define, facilitate and drive innovation management process

o Extract useful information from large volumes of structured and
unstructured S&T text

o Statement on potential impact of new technologies




Technology Watch in Generic Terms (2)

..but:
 Technology watch is non-predictive!

* No prediction of future characteristics and timing of new

technologies

 Technology watch does not provide technology forecasts




Technology Watch - Types of Technologies

 Emerging technologies
— Technologically immature or mature

— Have not yet achieved potential level of acceptance and market
penetration

— Part of a new technology path

e Sustaining technologies

— improve performance of established product through current
technology paradigms




Technology Watch - Types of Technologies (2)

» Disruptive technologies

Scientific discoveries that break through usual
product/technology capabilities

Introduce a package of attributes very different from the
mainstream customers’ historical set

May provide inferior product features wrt. some parameters
measured by mainstream market, at least in the short run

Provide dramatic improvements in the long run

 Enabling technologies
Prerequisite for other technologies, products and processes




Technology Watch in the CREATE Context

Purpose:
» Early detection of emerging technologies
« Early perception of potential impact

Value:
* Providing advice to long term strategic decisions in the aeronautics
sector

— Research policies

— Funding policies

— Product line management

— New business development

— Highlight new opportunities and threats




Technology Watch in the CREATE Context (2)

Additional aims

» Identification of experts and research hubs
 Technology signatures regarding readiness and capability
» Collaboration and social network analysis

o Targeting of R&D resources

« Patent opportunity and technology gap identification

* Feed for technology prediction models




CREATE
Technology Watch Workshop

The Technology Watch Case Study




Technology Watch Case Study

* lllustrative process
« Actual case study — high temperature polymers




lllustrative process - iterative
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Requirements overview

« Comprehensive retrieval of relevant, validated information

« Effective collaboration between technical subject and information science
experts

 The development and application of bespoke classification schemes
« Development and use of a flexible analysis toolset:

— Large scale access to key scientific, technical and patent literature
databases

— Database tools

— Text analysis tools

— Visualisation tools
o Collaboration with internal and external stakeholders
 Process must be iterative




Overview 2

Definition of search terms and sources
Information retrieval

— Patents

— Scientific and technical literature
Text processing and data cleansing
Expert review and application of classification scheme
Identification and visualisation of emergent links
Identification of trends




Key capabilities required

 |nformation Science and Architectures

— Retrieval and analysis of scientific, technical and patent literature;
creation and application of data architectures, concept-based and
inferential taxonomies; visualisation; and applied text analysis

o Data mining and text analysis

— Data mining, algorithm creation, automatic classification, text extraction,
software development

o Subject matter experts

— Unparalleled access to internal subject matter experts across key
technology areas

— Access to wide network of experts from academia, industry and
government




Technology selection

Problem statements, known
technology issues

Selection of initial technologies for
review

Definition of technology parameters
and interdependencies

| Final technology selection

||
=_~

Technology
selection *




Search and retrieval

Initial identification of information
sources

Scoping searches |
Finalisation of search parameters

Comprehensive search and retrieval

4

Technology Search and

selection * j> retrieval j> Subject expert lead

Information scientist lead

Joint lead

Process output




Data modelling

Development and application of
common classification and data
schemas Subject expert lead

Information scientist lead

Data cleansing and normalisation
Bibliometric analysis

Joint lead

Process output

Technology Search and Collation and
selection * j> retrieval j> data modelling




Data modelling techniques

Fundamental techniques:
« Definition of concepts
— Entity identification
» Person, Institution, Material, Application, Year
— Entity relationships
* [nstitution-Institution links, Material-Application links
— Entity description
« Construction of concept taxonomies
» Dependencies between taxonomies




Analysis

Subject expert lead

Information scientist lead

Joint lead

Process output

Technology
selection * )

Search and
retrieval

Network analysis: collaboration,
technical dependency, research
hubs

Temporal analysis: technology
trends

Capability analysis: geographic
capabilities, gap analysis, expert
identification

Collation and
data modelling

analysis and
visualisation

4

Data mining,




Expert review

Iterative review of outputs from data
collection and analysis exercises

\ Primary source review |

Expert panel discussions and
brainstorming sessions
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High Temperature Polymers Case Study

* Choice of technical area to study
e Sources:

— INSPEC

— Compendex

— Aerospace

— Scopus

— ISl

— Patent databases

» [terative search string development with subject matter experts
— Alternative terms
— Time period to be covered




Key word review

. General
. Search for “plastics” as well as “polymers”

. Search for polymer* (this covers polymer, polymers,
polymeric and polymerization)

e Ceramic-polymer composites (for structural
applications as composite matrices)

. Ceramers

. Organic-inorganic hybrid
. Polyimide / silicates

. Clay

. High temperature matrix polymers (for
structural applications as composite matrices)

. Polyimide (these have processing problems) also
referred to as PMR

. Imide oligomers (i.e. modified polyimides)
. Cyanate esters
. Cyclic phosphazenes

. Perfluoroether (a toughening agent that has
advantages in high-temperature hybrid polymers)

. Cyanate ester resin modified with a phosphazene
group that has been reacted with a phenol
compound

Fuel cell materials

proton exchange membrane fuel cells (PEMFCS)
polymer electrolyte fuel cell (PEFC)

direct methanol fuel cells (DMFCs)
Organic/inorganic composite membranes

inorganic heteropolyacid (HPA) additives (added to
membrane material for better high temp. operation)

silica - poly (vinyl alcohol) hybrid polymer
(electrolyte membrane material)

organic/inorganic nanohybrids (polymer electrolyte)
polybenzimidazole (PBI)

perﬂl;orosulfonylfluroride copolymer resin (Nafion
resin

1,8-bis(triethoxysilyl)octane (TES-Oct) and 3-
(trinydroxysilyl)-1-propanesulfonic acid ((THS)Pro-
SO3H) via sol-gel process

H3PO4-doped polybenzimidazole (PBI)
Flame retardant / Fire resistant materials
Flame retardant

Fire resistant

Intumescent

Nan-composites

Bisphenol

cyclotriphosphazene-containing polyimide
bisphthalonitriles




Records returned

Number of Source
records
546 INSPEC
259 Compendex
228 Patents
411 ISI Science Citation Index




Primary Analysis

» Key Institutions
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Primary Analysis

« Key Authors

e 4 1 ] 3 A
(Cleaned) 11 120 13 14 15 16 17 18 19 2 21 25
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Results database

Title

Author(s)

Source

Abstrack

Deszcriptors

Identifiers

Application
A aterials
Process
Chernic.al
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Cormrmetts

POLYIMIDE-POLYSILO=AME-SEGMENTED COPOLYMERS A5 HIGH-TEMPERATURE
POLYMER ELECTROLYTES
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JOURMAL OF POLYMER SCIEMCE PART B-POLYMER PHYSICS

Bazed on the Fact that the flexibility of the polymer backbone will affect the ion
tranzpart and zometimes enhance the ionic conductivity, copolpmer electralytes of
1.2 4 5-benzene-tetracarboxylic diankwdride [PMDA), 4-aminophenyl ether [ODA], and
aminopropyldimethyl-terminated polydimethylzilozane [PSi], with or without doping of
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Link.
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Dawnload b arked Results |
Update Marked Items |

Back |
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Concept areas for high temperature polymer research

High temperature Institutions
polymers




Toolset examples: Taxonomy creation

Taxonomy editor
Chemical Process
ChemTerm ProcessTerm

4

4

haterial Application

MaterialTerm
Adhesive
|| Barrier/Coating/sheathing
| |Electrolyte/membrane
Fibre composite
| |Fibre/clath
| |Finished component

Enam

ApplicationTerm
|__|Electronics (packaging, adhesive,
| |Fire retardent

| _|Food packaging

|| Structural composites

Mot relevant

|| Not application specific
Hinh tarmnara tirn mramAne ina

|v




Toolset examples : Taxonomy application

[

Title: POLYIMIDE-POLYSILOXANE-SEGMENTED COPOLYMERS AS HIGH-TEMPERATURE Fiequest Marked ltems
POLYMER ELECTROLYTES

Clear Marked ltems |

Update all marked records

Autharfs] [TIAM, SB; PAK, 5. G Applicati Process Material Chemical
Source JOURNAL OF POLYMER SCIENCE FART B-POLYMER PHYSICS Mark 41l lkemg “Wear-resistant ~ Adhesive ]
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Clembirani, remunl s
Identifiers - Update Update Update Add Delete
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Delete Fecord [Single value field] [Single value field] [Single value field] [Multiple value field]
Application |Fue\ Cellz/B atteries v
Materials [Electialyte/memtrane
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v
Chemical | Edit Chemicals attached to this record I Izt

Notes [i5i Link.
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Materials Applications mapping

Elecironics (packaging, adhesive, thermal barrier) - 94

High-temperature processing - 1

Manufacturing - 4

Medicalll_aboratory - 4

Mo material -53

\ Coatings/barrier layers - 3
Kot application specific- 78
pp pecific. o \
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) General - 131) S D
4 (=) > X ‘
Eiliration/dispersion - 2
Polymer (buf Aot HT 7)- 52 e o :
o
g
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9 Food packaging
Food packaging -7

e

Siructural composites - 57

Turbomachinery - 1 I

Fuel Cells/Batteries - 48

Wear-resistant - 3




Collaboration map

Hergenrother, PM - 10

BASF AG: Germany - 3

USAF: USA -6 UNN AKRON: USA - 3

NASA Langley Res. Center: USA - 3

Morthwestern Univ: USA -3

E. |. DU PONT DE NEMOURS AND COMPANY: E_|. DU PON -3

Almaden Research Cent: USA - 3

Infineon Technol: Germany - 3
L)

Arizona State Univ.. USA - 3 State Univ. of New York: USA - 3

Tech Univ Denmark: Denmark -

Univ Patras

PATER, RH - 3|

MATSUG, S - 3

LINKOUS, CA - 3
Mai, KT - 4
“amaguchi, 5. - 3]

Tokyo Inst Technol: Japan - 11

Shin, E. Eugene - 4

Morgan, Roger J. - 3

Labadig, JW -3
Hedrick, JL - 5




Hub analysis

IMFIMEDK TEC

" " Edit Node - Case Western Reserye Lni
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Foarm Documents

Document Description

High-temperature palymer electrolptes for PEM fuel
cellz: study of the oxpgen reduction reaction [ORR]
at a Pt-polpmer electrolyte interface: CHE MICAL
EMGIMEERIMG SCIEMCE: NOW-DEC: Liu, Zv;
‘whainright. J5: Savinell. BF: Caze Western Reserve
Univ, Dept Chem Engn, EB Yeager Ctr

Electrochern Sci. Cage Advy Power Inst, Cleveland.
OH 44106 U54; 2004

E dit Docurment List I
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single year technology matrix

Examples
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Further examples of visualisation and analysis




Examples — QinetiQ collaboration network

MBDA UK Ltd.: United Kingdom - 4 |Cavendish Laboratory: United Kingdom - 2| |Lancaster University: United Kingdom - 3| |Nat\0nal Physical Laboratory: United Kingdom - 2|
) PN 1 i i
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| & 21
SBMS: Urited Kingdom - 2|

LY
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ture Country A
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ture Organisation A
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Nuclear reactor - 31
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Technology signature Organisation C

Example
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Examples — competitive patent analysis

1 COTC Acyclic or carbocyclic compounds .

2 |Tokals v s | Dinenioy iy M

COTCE Acyelic ar carbacyelic campaunds

3 [153 . 10 14 13 13 3
T ™ T
©.g. catalysiz,colloid chemistry; Their
4 |45 relevant apparatus. 40 5 1
T
obtained otherwisethan by reackions only
A (14 invalving carban-to-carbonunsaturaked 1 Qinetic2
E |13 ZOTD Heterocyclic compounds T
Cle L s .
hekeracyclic campoundscontaining Technologies vwith
T & wlemenks ather than carbon, 4 CI:ImFIE‘tI'tII:II'I
03K Materialz for mizcellancous
g |5 applications, notprovided For elsewhere: . [i]
COTE General methods of organic Techniologie:s
9 (7 chemizkry; Apparatustherefor . 2 1 withiout competition
obtained by reactionsonly involving
i |5 carban-ta-carbon unzaturakedbands | 3
ABIE Preparations Far medical, dental, ar
|3 tailek purposes 2 1
= T
optical operation ofwhich iz modified by
12 |3 changing the opticalpropertics of the 3
13 |3 B0 Eeparation 3
T L
general;Adhesive processes nok
4 |2 provided for elzewhere;Use of materials 1
COE Mon-metallic clements;
16 |2 Compounds thereof 1 1
LS T
Production of liquidhydrocarbon
16 |2 mizxtures, c.g. by 2




Examples — international research hubs

(CHILDRENS HOSP & MED CTR - 3)

LIRS KEMT - 2

JT IMT 54 -1

Lk LEEDS - 2

IMIMGER. - 5

RO -3 LN PITTSBURGH &




Examples — international collaboration

USA 111




Examples — patent landscape




Examples — technology trends






