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ABSTRACT In engineering education, practice and research, a central issue is how traditional thought patterns can be broken up
by creative tools and impulses. This paper presents the outline for a method that supports the discovery of new sources of inspiration
in search fields such as literature, film, fine art or music, and enables engineers to generate design alternatives in high speed and
quantity. For this end, techniques from the design sciences, creativity and innovation research as well as digital information and
knowledge technologies are reviewed and integrated into the conceptual approach of Invention Engineering. The aim is to develop
and validate a process which provides artistic inspirations to engineers and is supported by algorithmic creativity and association
tools. Thus four separate research challenges need to be addressed: a) Analysis of creative processes in engineering disciplines
(inspiration, association, ideation, innovation) and their comparison to “Creative Patterns” of other domains; In addition, visions of
the past and the socio-technical framework conditions of their implementation need to be explored in order to establish a model for
the validation of the overall Invention Engineering method; b) Development of an “Inspiration Mining” method for obtaining
creative impulses from non-engineering areas (e.g. literature, music, visual arts, film et al.); Respective search results need to be
referenced with a semantic model and processed in a knowledge system (Idea Bank), which — as a kind of associative search engine —
provides input for idea generation; c)Translation of established creativity and innovation research into an “ldea Engine” for
generation of a large number of productive ideas; This can be done through combinatorial algorithms and methods of remote
association, textual and visual-spatial idea matrices, that provide a fertile basis for radically new design and engineering ideas; d)
Integration of the separate methods into a coherent process and validation of the creative support effect of the generated innovations
by means of engineering psychology. This can be done on the basis of selected visionary ideas from the past (e.g. science fiction) that
can be simulated on the basis of their associative foundations and implementation probabilities.

Keywords: Invention Engineering, Creative Technique; Innovation Management

BUHAXIJHULBKA IHKEHEPIS - HOBUW HIAXIJ 10 MIATPUMKU
TBOPYOCTI B IHKEHEPI{, IPAKTHL TA JOCJLJUKEHHI

Joc. P. HOHHIT, C. BICEHXbIOTEP

Daxynemem apximexmypu, TY /pe3zoen, [pezoen, HIMEYYUHA

AHOTALIA B 2anysi iHoiceHepHOI 0cimu, NPaAKmuky ma OOCHONCeHb YeHMPATbHUM NUMAHHAM € me, K mpaouyitiHi Mooeui
MUCTEHHSI MOJCYMb Oymu po36umi meopuumu incmpymenmamu ma imnyascamu. B cmammi npedcmasneno cxemy memooy, sikuii
niompumye 8IOKpUmMmsl HOBUX OJdcepesl HAMXHEHHs Y MAKUX cpepax nouwiyKy, sk aimepamypa, KiHo, 00pazomeopye MUcmeymeo u
MY3UKa, I 00360I5€ THIICEHEPam CMEOPIOGAMU AlbMEPHAMUGHI OU3AUHU WEUOKO Mma Y GeluKill Kitbkocmi. 3 yiclo Memoio memoou 3
OU3AUIHEPCLKUX HAYK, MEOPYOCmi ma iHHO8AYIl, a MAKoXC Yyu@dposoi ingopmayii ma mexHonozil Ni3HAHL Nepe2radarmvcs ma
iHmMezpyIomvbcsa 6 KOHYEeNnmyanvHuti nioxio euHaxioHuywvkoi inocenepii. Memoio € pospobka ma niomeepOdicenHs npoyecy, AKULL
3a6e3neyye Xy00dCHE HAMXHEHHS THXHCEHepam ma NIOMPUMYEMbCA ANOPUMMIYHUMU THCMPYMEHMAaMu meopyocmi ma acoyiayii.
Takum yunoM, NOMPIOHO SUPTWUMU YOMUPU OKpemi npobnemMu OOCTIONCEHHA: @) AHANI3 MEOPYUX NPOYeCie 6 IHICEeHEPHUX
oucyunuinax (HamxHenHus, acoyiayis, idei, IHHOBAYIL) ma iIX NOPIGHSAHHS 3 «KPeAMUGHUMU MOOEIAMUY THWUX obnacmell, Kpim moeo,
HEOOXIOHO BUBYUMU OAYEHHS MUHYI020 MA COYIATbHO-MEXHIYHI PAMKOGI YMOBU IX NPOBAOINCEHHS, W00 8CMAHOBUMU MOOelb Oisl
sanioayii 3aeanbHO20 Memooy GUHAXIOHUYLKOI iHJicenepil; 6) po3pobka memody «Hamxuennss Onsi HamxXHeHHs» ONs1 OMPUMAHHS
MeopuUx IMnYIbCié 3 IHICEHepHUX 2any3eul (Hanpukiaod, imepamypu, My3uki, o0Opazomeopuo2o Mucmeymea, KiHO ma iH.);
8I0NOBIOHT pe3yTbmamu NOULYKy NOBUHHI NOCULAMUCS HA CEMAHMUYHY Mo0enb i obpobaamuca y cucmemi 3uany (bauk 10ei), aka, sk
CBOEPIOHA ACOYIAMUBHA NOULYKOBA CUCMeEMA, A€ 8HECOK OJi 2eHePy8anHs i0ei; 8) nepeKkiad 6CMAHOBIEHUX OOCTIOHCEHb MBOPHUOCHIT
ma IHHOBayill y «08ucyH idei» Ons cenepayii 6enuxoi KibKOCMI HPOOYKMUGHUX I0ell;, ye MOJCHA 3podumu 3a 00HOMO20i0
KOMOIHAMOPHUX aneopummie ma mMemoois 8i00aneHoi acoyiayii, mekcmosux ma i3yaibHO-NPOCMOPOSUX Mampuyb ioetl, aKi 0arms
NI000UNY OCHOBY O/ PAOUKATILHO HOBUX OU3AUHEPCHKUX MA THIICEHePHUX 10ell; &) IHmezpayis OKpeMux Memoois y yinicHuil npoyec
i nepesipka egexmy meopuoi niOmpumMKy CMEOPeHUx IHHO8ayill 3acodamu IHICEHEPHOI NCUXOoN02il; ye MONCHA 3POOUMU HA OCHOBI
6I0ibpanux ysaenux ioetl i3 Mumyi020 (HANPUKIAO0, HAYKOBOI (anmacmuku), sKi Moxicymv 6Ymu 3MO0elb08ani HA OCHOBI ix
acoyiamugHuUx 0CHO8 ma UMOogipHOCmel peanizayii.

Knrouosi cnosa: sunaxionuyvra indicenepis, Kpeamuehi Memoou, iHHO8AYItIHUL MeHeOICMeHM

Introduction techniques or materials remained unused for a long time,
) ) ) ] S because it was based on old thinking and design patterns
The history and practice of engineering disciplines  that did not meet the potential of the new technical

such as architectural or civil engineering show that the  gchijevements. New design rules and applications are
potential of new possibilities from the introduction of new  ygually discovered slowly and often by chance. In
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contrast, visionary artists and works of art such as
Kasimir Malevich's suprematist paintings, Italo Calvino's
“Invisible Cities” or Fritz Lang's science-fiction movie
"Metropolis" have anticipated radical innovations in an
astonishing manner, and have become sources of
inspiration for the engineers and designers. The Art
Nouveau, Italian Futurismo or  poststructuralist
architecture were inspired by such external sources.

Our central issue in this paper therefore is how
traditional thought patterns in engineering can be broken
up by creative tools and impulses. We aim at the
development of a novel method, which should enable
engineers and designers to open up non-specialist sources
of inspiration, to generate and evaluate radically other
design and construction ideas in high speed and quantity.
We assume that new sources of inspiration can be
discovered in search fields such as literature, film, fine art
or music, and be made useful for the generation of ideas.
Their creative processes, structural models and formal
languages are to be accommodated as alternatives to
otherwise path-dependent patterns of thinking in design
and engineering.

Objectives

In order to explore new conceptual paths and to
increase the output rate of ideas and innovations, we
review approaches and techniques from the design
sciences [1,2], creativity and innovation research [3-5] as
well as digital information and knowledge technologies
[6,7], in this paper, in order to prepare the merger into a
comprehensive method of Invention Engineering. Doing
so, we fundamentally ask how radical new ideas are
coming into the world of design and engineering, and
what creative impulses and processes are central for the
discovery of radically new approaches in engineering,
design, and constructions. The attempt to harness artistic
works as inspiration for engineering by way of
algorithmic methods (e.g. semantic search, machine
learning) has not been undertaken so far and has high
exploration and venture character.

Methods

The paradigm shifts in civil and architectural
engineering that result from radical innovations in
material and construction only take place over long
periods of time. Due to the large construction and
utilization periods of artefacts like buildings, only slow
innovation cycles and low reproduction rates are possible.
Engineering disciplines thus have a particular need to
accelerate the research and innovation process, to
purposefully break up established thought patterns and
systematically exploit new impulses and resources of
ideas. Above all, there are in creativity and innovation
research as well as the attempts to scientifically depict the
design and construction process (“design sciences”)
pioneering approaches that should be pursued further for
this purpose.

Research on creativity, established in the cognitive
and behavioural sciences sees as critical creativity factors
in individuals and groups the “out of box” breaking-up of
existing thought patterns [5] and the semantic linkage of
distant objects (Remote Association) [8]. In addition,
many of the established learning and creativity techniques
such as Synectics [4,9] are based on principles of

exploration and the ability to use disturbances
productively [10].
Innovation research, which, in contrast to

creativity research, primarily investigates the effects of
inventions and discoveries in socio-technical systems,
emphasizes the principles of openness and disruption as
central factors. Classical innovation research emphasized
the moment of creative disturbance, even destruction [11].
More statistically oriented and dependency-oriented
scenario methods for technology forecast (Kondratjew
cycles, Delphi method) [12] also see external impulses
and disturbances as decisive trigger for surprising new
technical solutions. Such, the open innovation approach
describes how valuable impulses in innovation
ecosystems are based on the absorption of external
innovations [13], through targeted involvement of end and
extreme users [14] as well as through hacking processes
[7]. They also show the risks arising from path
dependencies and non-observance of external inventions
(“not invented here” syndrome) [15].

Especially in ICT and software development, these
findings have led to innovation processes such as Agile
Development or Scrum, which ensure high creative output
as well as successful implementation in markets and
organizations. They enable the rapid uptake of external
impulses and an "agile" realignment of the development
processes. This responsiveness and openness is a
fundamental condition of the innovation power of the
current ICT and software industry. In the civil and
architectural engineering and the related construction
industry, however, comparable procedures are lacking.

Although the added value of disturbances,
openness and agility has long been recognized in the field
of creativity and innovation research, they are not very
present and hardly used in the engineering sciences. The
few existing approaches to scientifically comprehend the
creative process for the creation of complex technical
artifacts are based on the systematic solution of complex
engineering problems by rule-based problem solving
strategies e.g. the decomposition of complex problems
into less complex problems [1,2]. Well-established design
science methods such as Genrich Altshuller's TRIZ [16],
Christopher Alexander's Pattern Language [17] or
Richard Buckminster Fuller's Synergetics have at best led
to practical computer aided invention tools, but not to
surprisingly new solutions.

More aggressive innovation is created at the
interface between Open Innovation and Design Science:
the Design Thinking process pursues external and
transdisciplinary impulses to generate disruptive product
and solution visions. Going beyond this result-oriented
approach again, more recent concepts of Art Thinking try
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to use results-oriented, exploratory processes instead of
the forced product and visions of Design Thinking [18].
On technical level, such approaches are broadly
employed in the research and innovation departments of
large technology companies (Fig. 1) where they are
increasingly being supported by “intelligent” interaction
and analysis technologies. Here established creativity and
innovation methods are enhanced with Al and database
procedures, thus forming a Digital Innovation

Engineering approach.

TN 1 8

Fig. 1 —Fujitsu Digital Future Center: Pattern Library of
creative solutions to support systematic generation of
innovations

While broadly established methods such as Pattern
Language or Design Thinking do not stand up to scientific
validation, the more robust Design Science methods
(Simon, Altshuller) only lead to incremental, path-
dependent innovations or optimizations. Discipline-bound
within their respective technical and conceptual
possibilities, they do not lead to radical innovation leaps,
as it may be expected from the discovery of ground-
breaking new engineering materials or processes. The
thinking of “hard” engineering can hardly integrate the
success factors of radical innovation (openness,
disruption, agility), while on the other hand a translation
of the methods of innovation and creativity research into
engineering-scientific conception processes and their
support by advanced digital tools is rarely attempted.

Results

It is necessary to provide non-specialist sources of
inspiration, e.g. from the visual arts, literature, music,
film, science fiction, etc., as a source of inspiration in
order to achieve radically different design and
construction ideas. In the future, engineers need to have
valid algorithmic procedures upon which - after careful
description of their particular challenges - they can
receive inspiring impulses and associations, leading them
towards radically new approaches in design work,
experimentation, modelling, etc. In order to effectively
explore new ideas paths and to generate and evaluate new
visions in high speed and quantity, structured concept-
finding processes are necessary Therefore we aim to fuse

useful approaches and principles from the fields of design
sciences, design and art thinking as well as creativity and
innovation research into a method of Invention
Engineering. Advanced methods of machine learning and
creativity-oriented data analysis open up excellent
opportunities to use previously unknown sources of
knowledge for engineers, and for inspiring radical new
conceptual paths [19].

As basic elements of the intended method we see a
digital AI assistant based on bot functionality which
proposes decision paths. Also, we have conceived a tool
for creating associative as well as logically linked idea
matrices in which users can freely navigate and ideas
"grow" quickly.

Our schematic future research outline combines
approaches and techniques, as outlined above, from the
design sciences, creativity and innovation research as well
as digital information and knowledge technologies. The
concrete goal of developing and validating a process
supported by algorithmic creativity and association tools
for the provision of artistic inspirations in order to
discover radically new engineering and constructions
approaches may be broken down in following four
separate research challenges, each of which targets at a
single method.

This research challenge aims at the analysis of
creative processes (inspiration, association, ideation,
innovation) commonly used in engineering disciplines,
and the comparison to "patterns of thought" of other
domains and open creativity techniques. In addition,
visions of the past and the socio-technical framework
conditions of their implementation need to be explored in
order to establish a model for the validation of the overall

Invention Engineering method.
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Fig. 2 — Creative Patterns: Investigating the structures of
creative thought and inventions

44

BICHUK HTY "XIII" Ne 1



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

Fig.3 — Inspiration Mining: Searching inspirational
objects with ML algorithms

This challenge comprises the development of

techniques and technologies for use in areas outside
engineering such as literature, music, visual arts, film et
al. To be able to discover ideas and concepts that can
provide creative impulses for engineering research, IT
technologies such as text mining, web crawling or
machine learning are available [21,22]. Respective search
results need to be referenced with a semantic model and
processed in a knowledge system (Idea Bank), which — as
a kind of associative search engine — provides input for
idea generation.
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Fig.4 — Idea Engine: Creative ideation based on
Inspirational Matrices
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Fig.5 — Integration: Establishing a coherent process and
methodology

Built on established creativity and innovation and
IT and AI technologies, an association-assisting tool
needs to be developed that helps engineers to quickly
generate a large number of productive ideas and to
evaluate them. With combinatorial algorithms and
methods of remote association, textual and visual-spatial
idea matrices can be developed that provide a fertile basis
for radically new design and engineering ideas [20].

The fourth research challenge addresses the
integration of above mentioned processes and tools into a
coherent methodology and process. Their validation is
possible on the basis of selected visionary ideas from the
past (e.g. science fiction) that can be simulated on the
basis of their associative foundations and implementation
probabilities. The creative supportive effect of the method
and the realization potential of the generated innovations
need to be assessed with means from fields like
engineering psychology.

Conclusion

The initial research program sketched above will
be pursued over the next months and years by the
WISSENSARCHTEKTUR Laboratory of Knowledge
Architecture at TU Dresden within larger research
consortia and projects. We target at implementing and
testing a complete Invention Engineering Process at TU
Dresden within the next two years, and explore the
research and innovation potential of the approach also
beyond the scope of engineering education, research and
practice.
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Byow nacka, nocunaiimecs Ha yio cmammio HACHYRHUM YUHOM:

Homnnir, /I;k. BuHaxigHumpka iHKeHepis — HOBHH MiAXiA 0 MIATPHMKH TBOPYOCTI B iH)KEHEPii, MPaKTUI Ta AOCIiIKEHH] /
Jx. Honnir, C. Bicenxsrtorep // Bicnux HTY «XI1l», Cepia: Hoei piwenns 6 cyuacnux mexnonoziax. — XapkiB: HTY «XIII». —
2019. —Ne 1. — C. 42-47. —doi:10.20998/2413-4295.2019.01.05.

Hooscanyiicma, ccolnatimecs Ha 9my CMamvio CedVIoWuUM oopazom:

Hounuur, k. M3o0perarenbekas WHXEHEpHs — HOBBIH TMOAXOJA K IOJJEPKKE TBOPUECTBA B HWHKECHEPUH, HPAKTHKE U
uccnenoanun / Iz, Hounur, C. Bucenxwrorep // Becmuux HTY «XI1H», Cepusi: Hosvie pewierus 8 cO8peMEHHbIX MEXHON02USX. —
XappkoB: HTY «XIT». —2019. — Ne 1. — C. 42-47. — d0i:10.20998/2413-4295.2019.01.05.

AHHOTAITHA B obnacmu unscenepro2o 06pazo8anust, Npakmuky u UCCIe008aAHUl YEHMPATbHLIM ONPOCOM AGNAEMCsL Mo, KaK
MpAoUYUOHHble MOOEU MbIWAEHUS MOZYm  Oblmb  pa3dumel MEOPUECKUMU UHCIMPYMEHMamu U umnyiscamu. B cmamve
npeocmasnena cxema mMemood, KOmopblii HOO0epHCUBAent OMKPbIMUE HOBbIX UCMOYHUKOE BOOXHOGEHUA 6 MAKUX chepax Nouckd,
KaK Jumepamypa, KUHO, U300pasumenbHoe UCKYCCME0 UNU MY3bIKA, U NO3BONAEM UHHNCEHEPAM CO30a8AMb ANbIMEPHAMUBHbIE
ousaiinvl Ovicmpo u 8 borvuwom xoauvecmse. C 3motil yenvio Memoosl U3 OU3AUHEPCKUX HAYK, TEOPUECMEa U UHHOBAYUL, d MAaKHce
yuposotl uHGopmayuu U MeXHONOSUL NO3HAHUL NePecCMAmpuearOmcs U UHMESPUPYIOMCS 6 KOHYEnmyaibHblll noOX00
uzobpemamenvckou  umdicenepuu. Llenvio asnaemca paspabomxa u noomeepiicoenue npoyecca, Komopwlil obecneuusaem
Xy0odicecmeeHHOe 600XHOBEHUE UHIICEHEPaM U  NOOOepICUBAEMCs  aNOPUMMUYECKUMU UHCIMPYMEHMamy meopyecmea U
accoyuayuu. Takum odpazom, Hy’HCHO peuwums yemoipe omoenbhvle npodiemMbl UCCIE006AHUA: a) AHANU3 MBOPYECKUX NPOYECCO8 6
UHIICEHEPHBIX OUCYUNIUHAX (800XHOBeHUe, accoyuayus, uoeu, UHHO8ayuu) u ux cpasmwenue c "kpeamuenvimu mooenimu” opyaux
obnacmeii; Kpome mozo, HEOOXOOUMO UZVUUMb BUOEHUE NPOUIOZO U COYUANLHO-MEXHUYECKUe DAMOYHbIE YCIO0BUSL UX 6HEOPEHUS,
umobvl  YCMAaHo8UmMs MoOelb OAA AIUdaAyuUU 00wWe20 Memooa U300pemamenvckoll uHxceHepuu; 6) paspabomka memooa
«BooxHoseHue 015 800XHOBEHUAY 0I5l NOLYHEHUS MBOPUECKUX UMNYIbCO8 NO UHICEHePHbIM obnacmetl (Hanpumep, aumepamypul,
MY3bIKU, U300PABUMENBHO20 UCKYCCMBA, KUHO U Op.) COOMBEMCMEYowue pe3yibmamsl NOUCKA OONNCHbI CCLIAMbCS  HA
cemanmuueckyio mooeab u obpabamvieamvca 6 cucmeme 3nanuii (Banx Hoeu), xomopas, kax ceoeobpasuas accoyuamueHds
nouckosas cucmema, oaem kA0 Ol 2eHePUPOSAHUA UOeU, 8) NePesoo YCMAHOBNEHHBIX UCCIE0068AHULL MEOPYECMEa U UHHOBAYULL 6
«osueamenv udeuy 0Jis 2eHepayuu OOIbUIO20 KOTULeCmEd NPOOYKMUGHBIX UOELL; MO MONCHO COelamb ¢ NOMOWbIO KOMOUHAMOPHBIX
AneOpUMMO8 U Memo008 YOAIeHHOU ACCOYUayuy, MeKCmosvlX U 6U3yalbHO-NPOCMPAHCIMBEHHBIX MAMpPuYy uoel, Komopsie 0aiom
NI0008UMYI0 OCHOBY O/l PAOUKANLHO HOBbIX OUSAUHEPCKUX U UHICEHEPHBIX ulell; &) unmezpayusi OmoenbHbIX Memooo8 6
YeroCmHbILl Npoyecc U Nposepra dPgexma meopueckoll NOOOEPHCKU CO30AHHBIX UHHOBAYULL CPEOCMBAMU UHHCEHEPHOU NCUXON02UU,
9MO MOJNCHO COeNamyb HA OCHO8e OMOOPAHHBIX 8000padCAeMbIX Udell U3 NPOUWL020 (Hanpumep, HAyYHoU anmacmuxu), Komopwvie
MO2ym Obimb CMOOEAUPOBAHBL HA OCHOBE UX ACCOYUAMUBHBIX OCHOBAHUIL U 6EPOAMHOCMEN PeaTu3ayUl.
Knrouegvie cnosa: usobpemamenbckas undICeHepus, KpeamusHsle Memoobl, UHHOBAYUOHHYIIL MEHEONCMEHN
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