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Abstract. Abstract

This paper introduces, examines and confirms thet patterns that identify
properties, functions, values, solutions in paliézrtature. Text patterns can aug-
ment the full innovation logic process. The reskgmoposed the use of adjec-
tives for property identification and verbs for @fions. It is furthermore shown
that there is a context independent relations katvpeoperties and functions, or
adjectives and verbs. Specific patterns will beppsd for each step in the inno-
vation logic process. The proposed Innovation Legaxcess contains three dis-
tinct steps; wish, shop and create. Artificial imation methods can be fueled by
using these text patterns in patent data. Patetd Deven Innovation Logic
demonstrates a systematic innovation approachctimabines the force of con-
temporary data mining methods on patent literatwith, a structured innovation
research methodology. A toothbrush is used aseastady. This paper contains
excerpts of the PhD ‘Patent Data Driven Innovatiogic’ [1].

Keywords: Patent Analysis, Al, property-function, Innovatibagic.

1 Introduction

Patents contain a large corpus of technical dataghnot available elsewhere. They
are therefore very interesting for both academdiadustry [2]. The patent database
is a large source of free technical knowledgedleatribes, explains and reveals current
technologies used, and provides solutions to pneblE8]. Patents are an increasingly
important source of technological intelligence tb@mpanies can use to gain strategic
advantage. They can be used as a stimulus for R&2arching for whether someone,
somewhere has already solved the problem, or dogmss one.

Text Mining and Knowledge Management technologresaasuming a key role for
many organisations, in order to propose competgieglucts or services it is necessary
to minimise the resources dedicated to the accempkint of repetitive tasks and to
focus on ‘creative’ activities [4].

The rapid increase in worldwide patent data reguatgorithms or ways to structure
the data to retrieve the information required, wittninimum time or effort. Text min-
ing of patents is the data science of analysingrgel amount of intellectual property
information, to discover relationships, trends, patterns in the data for decision mak-



ing. It is a multidisciplinary approach that makese of mathematics, statistics, com-
puter programming, and operations research togdirable knowledge from data, to
support decision making rooted in the businessectfb, 6, 7] and within innovation
methodologies.

In the paper we will explore how text patterns @entify innovation logic data.
Innovation Logic is a 3 step process for idea gatian. Firstly, Wish, is a step to iden-
tify the value factors in a product or process.ddéty, Shop, is to identify where to
look outside one’s domain to find new inspiratitechnologies, solutions. Third and
lastly, Create, is a process of varying propetiiesreate new or improved functions.
The aim of this paper is to demonstrate text padtéinat will automatically distil the
relevant information out of patent data. Below isuanmary of patent text mining for
systematic innovation methods [1].

1.1 Patent and Database Structure text mining

- Patent Document Format [4, 8, 9, 10]
- Citations [4, 6, 7,11, 12, 13]
- Patent Classification [7, 8, 14, 15, 16, 17]

1.2 Patent Text mining approaches

- Keywords [9, 11, 17, 18, 19, 20]

- Verb-Object [3, 4, 16, 21, 22, 23, 24]

- Subject-Action-Object (SAO) [4, 7, 25, 26, 27, 28, 30]
- Adjective — Verb [17, 31, 32, 33, 34]

1.3 Patent Text mining for innovation methods

- Function-Oriented Search (FOS) [27, 35, 36]

- Function Behaviour State (FBS) [2, 37, 38]

- Contradictions and Principles [10, 14, 25, 29, 39]

- Design-by-Analogy [16, 31, 40, 41]

- Trends and Forecasting [11, 42, 43, 44]

- Open Innovation and technology Transfer [30, 42,45}

2 Method

The main tool for this research was Patentinsping6]. It has two main steps; firstly,
to build a filter, and secondly to visualise théad@uilding a filter means distilling,
from the over 120 million patent documents, adisseveral thousand relevant patent
documents for analysis. The second part of theveo#t allows us to visualise the data
by slicing and dicing elements of it to depict miegful graphic illustrations, X-Y's,
maps, tables, text analysis or customised diagtarnmgerpret the patent data research
pool.



3 Results and Discussion

3.1 WISH - Performance, Harm, Interface, Cost

Cost-benefit analysis was founded by Jules Dupuitl848 [47]. Later Genrich
Altshuller [48] TRIZ founder, defined value as itlgabeing benefits over cost and
harm. In 1997, Claytons Christenson’s acceptahitibdel presented functionality, re-
liability, convenience and price [49] Adams [50] dets sustainability into environ-
mental, social and economic segments. An elaborsteamation of value factors
comes out of an unsuspected angle; software ddsg®O/IEC 25010 (2011) defines
an array of factors as quality requirements foteys and software engineering that
give a great summation of the different elementgadifie. Finally Kurosu [52] offers a
list of ‘lities under the third factor. Table 1 shows an overnaéthe approaches over
time.

Table 1. Approaches to value categorization [1].

Author Equation Factor 1 Factor 2 Factor3 Fac-
tor 4
Dupuit, J. (1848) cost/benefit benefit cost
Altshuller, G (1984) ideality benefits harm cost
Shackekt al (1991) acceptability utility use-, likability cost
Christenson, C. (1997)  buying hierarchy functionality reliability convenience  price
Adams, W.M. (2006) sustainability environmental  convenience price
ISO/IEC 25010 (2011) performance safety,security use-,portabilityost
Kurosu (2017) performance harm, safety ‘llities cost
Innovation Logic (2020) Value performance harm ‘interface cost

Category 1: Performance

The main approach to identify the performance kéntaa verb” pattern in same
sentence with toothbrush. A second approach iseanodifier patterimcrease noun:*
As shown in Fig 1.A, the main function of a tootién patent is cleaning (blue). The
inclusion of ‘brush head’ (red) in the word clowdnioise, as ‘brush’ can be interpreted
as a verb, making the pattern an action brush d tegher than the noun brush head.
Force and pressure (green) are performance ovesarit

Category2: Harm

Harm encompasses all elements in your solutionhttied a negative effect either
to the users, the system or the environment. Thiadepatterns of harm elements in
patent literature are nouns close to synonymsrobwe*, avoid*, prevent* (* being
any conjugation or ending). The pattern in Fig §fBws harm elements very specific
to the teeth cleaning process. In this way thevmatar can easily explore what he or
she is or isn’t working on, and what other investare proposing as patent solutions.



Overwrites including environmentally friendly, paimoise, problem, harm, fault, are
shown in green. The pattern includes a secondytextp namely the adjectives end-
ing with *less, *free e.g. germ-free. The terménrh-free is often a harm that has
been eliminated in the proposed patent. The refalt*-free pattern search is shown
in Fig 1.C. A similar text pattern that can helpetdract harm elements in a patent
pool is *less, shown in Fig 7. Both *free and Yewe related to the TRIZ ideality ap-
proach which claims: the ideal system is no systarhthe function remains.

wnness - Cleaning - cleaning effect

cleanlng of the teeth - force - length
oral cavity cleaning - oral hygiene - pressure

+ agenttree « anchor free bactena bristle-free + damaqe

B dental plaque - eco-riendy dly + environmentally-friendly
environment- fnendly . free + hands-free * p|a * playree
pro Iem - stape-t e - waste - water

abrasive-free * accesson + agent-free * air-free + aconaitee + ANCAOT- free

C samertee + Dristle- free bubble-free « burr-free « carbon-free + carefree « caries-fee + ca

ree + coating-free + contact-free + contamination-free «
wtse « dopositios « dopression free «

cntee
e + gap-free
handla.frae + naosses o hands.f hasstad

error-free * failu
cantee

D airess - anchorless - sen  bristle-less + brushless - buttonless « cwiess
reless - colorless + connectoniess + contactless - cordless dissipationiess « effortless
endless - S5 Matxeiess o Sashess o flawless ¢ foamiess wess + frct - gapless
« hairless « hmm\( SS * jontioss « rese Immess sless + lossloss + lugiess
ss + motionless + moress + mouth-regardiess + needleless teiess o pumbedess + OJOr

Fig. 1. Text pattern results A. Performance patterns BriHaatterns C. *-free and D. *-less

Category 3: Interface
o + comfortable - Convenlent + stk + gasy o brush « easy to carry

tocause + easy to clean - easytoarop « easytoenter « easy to fall + easytofom « easy to generate
¥asp + oasytohandio + easyto hoid ¢ + easy to manufacture - easy to operate
easy to produce « easy to reakz y to remove « t,,,-,w;.,... easy tO use - ﬂeX|b|I|ty - self

- easytolose - easy to manufacture
Feasyto operate tosonse - easy to popularize

<aoy to produce - - easy to remove
easy to replace - ¥ 10560 + easytoside « easyto slip + easy to smear *
d - easy o use - e - easy to wear «
G - compatibilit: - y
urspusability - dissolvability * -flexibility

nterch: 2ability

TSl asriecing

self-examination + self-excited
903 + self-healing

a + solf-leaming

seltlcleanmg sewctosmg sefconlrol selfcunng e
pensing + sef-dssohng + self-dosing

axplanatory - self-fanning - sH’oanwv selhgnppmg
self-holding + sef-dumination « ser + self-inflicted +
elf-locking - self- lubncaung selt-lumino
« self-positioning - self-powered - sett
+ setretresh « self-requiating + setcemont « 5

Fig. 2. Text pattern results E. Interface patterns F. Easgerb:* G. *llity and H self-*

Convenienc@9] concerns how the interaction ‘feels’ or iritexes with the solution.
A more appropriate grouping for usability, learriépiand portability, [51, 52] is the
term ‘interface’, as this is wider than ‘conveniehdl he textual patterns of ‘interface’
areeasy to verbs tr text patterns withability, *llity, self-* and overwrites likaeiser-
friendly, convenient, comfortablEig 2.E depicts the textual pattern faterface. As
the interface is all about making the user expegdesasier, a text pattern ‘easy to’
identifies elements of convenience, for examplsyea open, easy to apply, easy to
brush, easy to operate, easy to adjust, easy $e,reasy to store, easy to transport,



shown in Fig 2.F. A second valuable pattern isitjgicommonly referred to adities’.

de Wecket al. [53] claim thatilities are properties of engineering systems that often
manifest and determine value after a system isrpatinitial use (e.g. resilience, in-
teroperability, flexibility) [54]. Rather than beajnprimary functional requirements,
these properties concern wider system impacts ngipect to time and stakeholders.
Over the past decade there has been increasimgi@tt¢o ilities in industry, govern-
ment and academia [53]. The ilities extracted o EiG show mainly parameters con-
nected to the system usage, and therefore belonigiegtegory 3 (light blue), with
some terms belonging in the other categories (peedace dark blue, harm green and
cost red). As discussed in category 2, Fig 5 aed@&mnples like hands-free and wireless
belong in this category. The ideal easiness fuger (as referred to in Fig 2.E) ideally,
is that no action is at all required, it is autoimathe system performs the function
(main or sub) by itself. This is where the texttpat self* and self-* identifies ideal
solutions. It is part of the creative process tuklat all functions (mainly in category 1
and 3) whilst asking the question, can fiisction Xbe performed by itself. The pat-
tern self function Xcan be constructed. The patent database provigesdastarting
point (knowledge resource) for highlighting the tsoof ‘self-X’ functions being
achieved by other problem solvers. Examples of selutions are given in Fig 2.H.

Category 4: Cost

Price[49] relates to financial value. However, the aofst solution can include; cost
to obtain, cost to run [52], cost of production.eicmore appropriate category name
than price is ‘cost’. It is economical innovaticadding value by reducing cost. The
patterns are simply cost of noun:* and * cost gsicted in Fig. 3.

1cost *+ assembly cost « Dot o', cost * Drush cost « Copital COst * care 1+ cleaning cost * g

' COS! 2 of assembing ¢ { brust hessd t of changng

. cont + cost of increased - cos

t of manufacture “cost of manufacturmg storial « cost of materials + COs

* costof p(od.: .,; cost of produchon . .
ost o' rep ac ﬁg 1ol requres totsutace « cOSt Of toothbrush -+
3 . e J deViCo Cost - ¢ v t « fabrication cost QObD cost

« labor cost - life cost - lving cost uNg ¢ * maint

ufacture cost manufacturlng cost - material cost moid cost + opef

* processing cost - product cost - product|on cost P

- time cost - toothbrush cost - w« «_trang

Fig. 3. Text pattern cost of * and * cost

3.2 SHOP —connecting solutions across domains

Shopping is creating an open innovation map. likes asking the rest of the world
what is known about one’s research questions. Dpgion the setup of the query, the
map will explore the domains far from your knowndomain research approaches.
Applied to our toothbrush examples, there are stveays to come up with the abstract
terms defining the toothbrush or the cleaning temtherience. Three distinct ap-
proaches will be demonstrated in this paper howthere are more approaches [1]: 1.
Functions 2. Problems and 3. Combination Analysis



1. Functional branch

Looking for clean teeth in a function databasedffects for “clean solid”, bring 26
effects. Eleven effects -Acoustic Vibration, Catra, Ultrasonic Oscillation, Desorp-
tion, Electrolysis, Friction, Dissolution, Mechaai@ction, Brushes, and Electrochem-
ical- are also present in the patent pool of toathh. However the rest of the effects
are not and therefor new potential ways to perftvenfunction, they are shown in Fig
4 as “out of domain effects”.

out of domain effects

Acoustic Cavitation, Combustion, Spark Erosion, Electron Impact l Amethod forpreventing:orteducing contamination ‘

Desorption, Laser Evaporation, Radioactivity, Redox Reactions, cosmetics

Hydrodynamic Cavitation, Laser Guttering, Cryolysis, Photo-Oxidation, l Antimiciobial . dwi [
Optohydraulic Effect, Explosion, Thermo-destruction n domain effects nEimicrobis pre;m°'5tene Wipers

W construction

acoustic vibration + PSS * cavitation + s

dissolution « electrochemical - electrolysis - friction

cosmetics [ Antimicrobial action of copper in glass
v

|
‘ Hair brush having a sterilization function‘ medical
B

automotive »| surgical instruments

‘ Cylinder brush for automatic car washing l | clean solid | kitchen
bacteria P ————
" N [ Multifunctional knife ‘
cosmetics function state e bathroom
) . .
Tongue hygiene device |y [ Multifunctional hand-held shower spray [
r e b ~

construction
Combination |,
Analysis

— ‘ sports
kitchen
& slippage Hand-held racket structure |
food

Cleaning brush for juice blender ‘

ionic - jet - mechanical - utrasonic oscilation
v

‘| problems |—-—| hand-held I % Hand-held grinder |

cosmetjcs 4

‘{ Portable anti-skid chopsticks ‘

fishing

| Fingernail Brush and Liquid Soap Dispenser ‘

‘{ Grip of fishing rod and its production [

outdoor
SULIMCIVE ¥ ﬁ Umbrella grip with slippage prevention ‘
‘ Hand held, electric cleaning device ‘ office

ﬁ Pen with anti-slipping thermal finger bush |

Fig. 4.0Open innovation map (shop) for brushing teethtaothbrush

2. Problems branch

Problems can be harvested from a text pattermgdeiasoun:* problemorverb:*
problemin Title Abstract, Claims and Description to geaterthe terms as shown in
Fig 5.J. In relation to the value equation in, pneblems are colour coded as; perfor-
mance in grey, harm in green, interface in blue@u in red. All problems are poten-
tially an Abstraction to connect to other domaifs.take some specific problems by
means of example, take the problem of bacteriaptbblem of gripping, holding or
hand-held, and the slippage problem.

Bacteria

A filter is built with ‘kill bacteria’ in Title andDescription and NOT toothbrush in
Title or Abstract. The choice of Description isttiae Description is often the place
where the problems are described.

Hand-held
As a toothbrush is hand-held, it gives us an opmitst to mark this term as an Ab-
stract connection to other hand-held products. flitex is built as ‘hand-held’ and



‘easy’ and ‘hold’ in Title Abstract and Claims. tiis way, one can easily extract hand-
held devices with a pattern ‘hand-held’ noun, ares@xamples given in Fig 5.K. be-
low.

[ JTODIEIN * nygiene prooiem * T intection problem *
J - waagesoten « sspotien « manancesosen « manufacturing problem
* nasepecem o * pollution problen
lity problem - ressse pee: safety problem « swtstcageosiem « sealing problem
hrinkage prodiem « Slippage proble * spacing prob!em .

zing problem « storaae em « time nrahle

AUapparatus - b TRATNUTTCTU COTpUTeT

K held device - hand-heid dispenser + hand-held embodiment -
I-held gps * hand-held grinder * hanche hand held Iabeler

and-held machine + hansneismask « hand-held micropipettor + hanss + hand-held oper:

belt retractor - conveyor tensioning -
L xure gnpper gun holder - kitchen kmfe
needle roller - paper cup - rsewon - - shipping drums
shock absorption - shoe holder - v tape cartridge

-vial holder - === - wheel slippage

Fig. 5. Text pattern J. problems, K hand-held * and Lysdige problem

Slippage problem

The filter is built with(slippage OR ‘anti-slip’AND holdin Title or Abstract. The
noun groupsn this filter can give a first indication of tlther products with a slippage
problem as shown in Fig 5.K.

In this way, all three problems (and any other pgobof choice) can systematically
be connected to out-of-domain solutions after whtah patents can be explored for
technology transfer. Fig 4 (right) gives an ovewief the proposed problems arm of
the open innovation map the donor domain being ethilk blue connected to a series
of out-of-domain solutions.

3. Combination Analysis branch

The combination analysis combines 10 terms thaspeeific to the toothbrush do-
main. This has the starting point of the whole patlatabase except the patents in the
toothbrush filter. Taking the termsesan*, brush*, bacteria, antimicro*, grip*, slip*,
induct*, identif*, reach*andrins* in Title, Abstract and Claims, give us a list at@nts
that have up to 7 of the 10 terms, and that arénrtbe toothbrush pool. The top (highest
term matching) 790 patents were selected, to ceeadav filter that can be investigated
for other domain solutions. From these actions,fite arm of the open innovation
map can be constructed, the combination analysislay selecting the relevant patents
from different domains as shown in Fig 4. (right).

In conclusion, SHOP (Open Innovation mapping) ismaportant part of the patent
driven Innovation Logic through both the proposédteaction models and the direct
connection to specific patent literature. The applois structural and demonstrates a
boost in creative thinking within the often consitanvironment of engineering inno-
vation.



3.4 CREATE —varying properties

The third step in Innovation Logic brings variatioiproperties for new or improved
functions. A key finding of this research has b#®n correlation between properties
and adjectives, and verbs and functions. Propearéiede adjectives in patent literature.
This allows us to distil a set of properties of angduct by searching adjective:* prod-
uct, as shown in Fig 7. M on toothbrush. This fingdhas shown progress in patent
research in terms of what properties are patemibd{ properties are not patented or,
what are the evolutions of patents in propertyatéons in a certain product context?
As shown in Fig 8 below, a variation in porosityg.ehollow, connects in patent claims
to rinse, contain, store, etc. With an iterative of Find Related Terms [46], a list of
related terms can be identified, that is used symmusly with ‘hollow’ to complete
an adequate list of adjectives for the purposetudysng the porosity spectrum. The
adjectives list includesmpty, voided, unfilled, hollow, vacant, open, wogied, con-
cave, porous, spongy, foam, tubular, cylindricalyity, interior, hole, tube-shaped,
open, multi-hollowIn order to build the connecting functions, at feattern search in
26 025 patent documents witlollow in Title, hollow to verb:* depicts the results in
Fig 25, some verbs are selected below. From Fiy @an example list of verbs for
Innovation Logic can be selected, they incladbsorb, appear, assemble, break, con-
tain, cool, drain, filter, fit, grip, hang, hold,dentify, measure, stack, store and
transport If one looks at applying any property change pwaduct, the system can be
considered as a whole — hollow toothbrush, or amyponent or subsystem of the
toothbrush

Ty Y WUTTOTUYT

M brush + loni t00Mbrush « Ightemiting t00MDAUSH « gl kudtash + |shaged lohte
« mechanical toothbrush + X . A+ mobde loothbrush
i t0OthDrush + mubcomponent ooenan + st mulllfuncllonal toothbru
multipurpose 1oothbeush + musical toothbrush + lootony oy
ble toothbrush - o+ ochu i A« (M e + st
y toothbrush " sty ot + el Cloanwg oRbash + sl standeg ioBtesh + SONIC 100thd

« transparent Joothbrush + dwo-in-one toothbeush + ultrasoni

N o hoow + holiow to display « holiow to distridute «
hO"OW to enclose * hollow to enter « hoiow to escape « rwne
« hollow to expand hollo to expose i taste hollo» to leed hollo W to ml

* hollow

to float + hollow to flow how b * hollow to foid + hollOW tO fOl'
hollr )« hollow to hold hollow to house
hollow to indicate + nosow + hollow 10 inject * hollo /to mse

hoo to ﬂcwpo'a
. + holiow 10 isolate + hotowtopon « hetow ho'lo.' lollghlen holiow to lock
sure + hollow to melt «tom + hollow to moml . hollow 1o occupy + hollow to open N
pass holiow 10 penetrate « hatowt preneatn; + hollow o 1 + holiow to reach « ho’lo.v to release + holk
ollow to SaVe « rortosmou - holowto sk « rotowto stavs - 1 - hollow to store -

senier - hollow Chamber hollow channel - holiow column - hol
+ hollow container * hollow ¢or

O - hollow cyllnder - vt damet + hollow end
Miow filament + holiow for "o hcllowgroove * hosow n + hollow head

nonow housing - hoIIow interior - rewow . hollow member hollow neck
hollow needle + hollow opening - hollOw part - hollow passageway - msewsn - notow ppe!

Fig. 7. M. adjective:* toothbrush N hollow to verb:* andi@llow noun:*

Fig 7.0 shows hollow components in the toothbrustemt pool. Ten other 10 prop-
erty variations were similarly distilled in theréjactive — verb, property — function
relationships. They argegmentation, surface, shape, flexibility, pulsatistate, inte-
gration, senses, transparency and automation
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Fig. 8. Example property spectrum — function connection®othbrush patents
In summary, property variation for new or improvfadction, is an idea exploration

step within Innovation Logic. As demonstrated witlhe toothbrush case study, with

a set of property spectra, that the property Varatare present within patents and

categorisable along eleven property spectra. Bheflieleven is substantial and useful,

but not a complete list. It is a general list ttheit can be applied across domains. How-

ever, every system can have very specific proertiefunctions, say digestibility in

food and rolling resistance in tyres.

4 Conclusion

The language correlation in Wish (values), Shoptfalst problems) and Create (ad-
jectives to properties) has been shown to be s@odgeasily applicable to mine patent
literature for Innovation Logic. Being able to digroperty-function relations across
domains forms the backbone of this approach.

The main patterns to research the patent literatare identified as:

adjective noun:* to identify which type of propesgriations within which spectra
is present in a specific patent pool

adjective to verb:* to connect properties to vetia express a function in the sys-
tem, and thereby connecting the property variatioa set of functions

adjective *ing and properties in adverbial adjeesithat connect the improvement

adjective verb:* function by varying the action

Based on property-function relations that are preseproducts around us and, in
cases, patents within the database of more thamiilion documents, the abstract
framework can be applied to create the new, atittega checklist for innovators across
domains.

The language challenge is present, but as texysinddecomes stronger, specific
relations can be distilled in more accurate wayse ihventor does not always use the
correct language formulation, however, it is n@ &xception that makes or breaks the
rule, here from an inspirational point of view,tlifere are enough inventions across
domains that describe the property-function refgtihey can act as triggers for the
inventor to evaluate the change within their system
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In summary, it was shown that connections betwkemtoperties and functions are
locked across domains, and can be expressed ictiadgand verbs. The domain con-
text describes the system, the product, the processponent or article and is ex-
pressed in nouns.

Within the scope of this research, the systemrmigtdid to the quality of the patent
literature, as supplied by the provider. Only der{aarts of the patents are complete
with full text in all fields, such as description daims. Apart from the classical lan-
guage analysis challenges such as homonyms, inceclégerature abbreviations, such
as nm could stand for Nano meter (nm), but alsooNanlar (nM), in chemistry, or
Nautical mile (NM), a unit of length used for marie and aviation purposes, or New-
ton metre (Nm), in physics. Most foreign patentseh&nglish translations. However,
many of those are machine translated which is itgoblsy the limitations of the trans-
lation software. A substantial part of the patestiadase has no translation, which is a
blind spot for the text analysis tools.
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