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Trend Analysis of Safety Technology Using

Patent Information

Yuri Choi

Department of Safety Engineering, Graduate School,
Pukyong National University

Abstract

With the rapid development of industrial technology, the industrial
structure has continuously changed through the period of rapid growth.
Accordingly, safety technologies have been gradually expanded to apply
and converge in various industrial fields, not limited to specific
industrial areas. As a result, it became important to analyze and predict
trends of safety technologies in order to establish strategies for
developing safety technologies by industry and safety technological
competitiveness. In particular, since patents are high in accessibility and
practicality as a source of technical information, many studies have

been carried out on technology prediction using patent information.



However, since existing studies using patent analysis often analyze
safety technology trends only for specific industries or focus on only
one aspect of static or dynamic, comparative analysis of safety
technologies developed in different industries in industrial safety field
analysis has a difficult threshold. Therefore, this study presents a
method of trend analysis of safety technologies by industry, taking into
account both static and dynamic aspects through analysis of indicators
using patent information. Specifically, patent documents containing
safety-related keywords are collected from the WIPSON database to
extract patent data contained in the industry under analysis.
Afterwards, the development trends of safety technologies by industry
are identified and analyzed through the analysis of indicators such as
marketability, growth, activation, etc. suitable for industrial field. In
addition, the results of various indicator analyses of safety technologies
are visualized to facilitate objective comparative analysis between safety
technologies to businesses and technology developers who need to
understand the technology. As a result, it is expected that the safety
manager will use the patent analysis of safety technologies to provide
information to companies and technology developers, helping them
develop safety technologies that are applicable to practice and predict

future promising technologies.



=

A

Al%

1.1 4+ W%

| H A A

)

715 7

)

ool upef A

o)

il
oy
<
e

AL
00

o

I 422 ¢lth(Jang et al., 2019).

9]

%

o}

EU9 &4 F4 7|7 228 Ed B2

(OECD) 7}4=7} =

#3sha

H
L

B

HEU)e] 5uj=

[
H

A

OB #H<
A tHEurostat News, 2017). o] <} #Zo] Ak A

7

2]

9]

o~
T

sk
=

]

o

s}
ol

el

)

o

o
4% 2 %

1 O]l

oy

e

1A

;OL
50

o ohet o}

o
T

ﬁo
<

mK

%7} =

=TER 7

ZES

C)E]_
tHSong and Suh, 2019; Jeon and Suh, 2019). B

el dFe =

—
fite)

(Kim and Hwang, 2009).

o

el
A

=K

)



27b A4

F 7 dy}o](Delphi) 7] ¥} 7ol

B

X

™

—
fite)
vzl

T

)A
el

A5k of
12 2o QA AETL

A

= 2=
= T

B7h ezl thal o azal

3

il

N

o)

-

bt A

°

g

A d@ot. wel @3to](Delphi) 7] ¥

o~
T

=

=

BEEN!

St

°

=
=

NH

it
<
ol
A

ol
aig
NV

p—

0
X
DS

™

N
o
X

—

O

fite)

;OU
A
el
<
B
</
)
oF

o

]

7hel A

LN

=

d

S
!

o] 7HT= A

al7

-

w

XA

el
;OO

‘._mo

o)
G

™
el

I

73 °]

3}

=

bol mo} 4

°

Ned5s 4

il

o]

]

2009).



|
—_

A

wK

Q7F A

j
a-

3

4= v 2t

A7k Al

B
M
il
ok

B

A= oA

i

it
i+

wK

pa

7N

=TS

A 2F(Choi et al., 2008)el A

ik-ls

wK
0

B

o
A

CPPA

-
1

© A=2 YE

[e3]
2R

al

[ S B L e ) i

S

o AA

535 2 AEE olF

X
i)
N

(Suh, 2017)olM = At

2y 2 A

7))k

o~
=

]

7
(ARM: Association Rule Mining)

B
X
i)

—
fite)

co—classification)<

il

i)
oy
=

v

el

%0

)

0

ol

7IEwoF -9 53818 w4 (Jeong et

%

d

(:1)_]:

A AR A

Faheek

0
B

X
i)

3

il

o
N

al., 2016)°A =

(CPP), 7]

i, +2 57
Pl ey

T



_ZTI

o

= 7

B EYH AE(Geum et al., 2013)2] ol A

3|
~

o) He

fol shEL

£3

o

=
—=

7} ISI Web of Science H]©] € H] o]

% (USPTO)

5

2E

g

A7V MFE 2

7E
AL =

1 14702 A

9]

AHP(Analytic

e

3)

‘(H

]

—
fite)

3

ik

=
=

At
=
=

=
=

Hierarchical Process)

3

il

bl o,

S

Mureto] A4

] =1

o
+

—

e

2}

p—

N A=A <

Z

&

7HYun et al, 2011)0 A= =&

3

WA

ml
=

14

il

o

sttt 238y 7= Wst

B
_ZTI

el
ES
B
_Z_ﬁl

——

0
X

fvze)

T
ged

i

ol
el
H
"
)
=
e
!

&9



3

Hr

B/

el

_ZTI

-
il
alg

3

il

I
—_
fite)
;OH
2]

il

oF

[
)

X

1 WIPSON database®l] A <t

9]

=

sldelH =

- =
-

1

2]

o

—
fite)

—

NH

3

il

p—

0
o

—
fite)

to

W

oy
%

—
fite)

_ZTI
&
o
"

vze)

s
%

+

el
T
i)
25

)

W

HpEro 2 v 7] E

=
=

i)

uH

el
Nfo

w

it

.
fite)

o
o
i

12 P = u].o]

- -

o

o

B

p—

0
X

o

R 7N EAE

9% 719



AR

2.1

i

olgdo M 7]

il

el

)
-

o

A A 7le Aol o

=13
=

eV e RS

el

%

Mo

] AHog wagw fady

9]

|2} A AFo] tH(Hunt et al.,

= X

0]
s

b

I
il

-

_ZTI

el

5

}

3

A Jun et al., 2014).

PN
-

Sk

2=
~Tog

o
=

-

bo -t o] B

)

A A

=
=

=13
=

3

of i

MA =S

L
[}

e 53

o]

tan g7 44

)

A e

Ry

3

) AolEE

5%

p=H
=

J =)o)

9]

1=

el

2 o
A 28 A

sah,

7}

t}

j
a-

Fek S3ideld

ke
1

ol

Fol AbgAbel 2 A}

)

RETA
[}

?;51_

%

)

-

o %

ki3

ATHJun et al., 2014). ©] &

=
T

A2

A (source) &

(Lee et al., 2009). ©]



)

-

)

o2 AFEHI oW (Daim et al.,

o

519 7]

Ak A=

2006),

T A H(Griliches, 1990). ©]

sk
=

= AA

H}-3}

7=

s &

—
fite)

A
Ny

el

%0

il

)

)

—
fite)

A

™

B
ol

el

AL
;OO



I

w02 e whaloltt.

ol
K

al

b

x| AN FAAH o

of

fite)
fvze)

X
_ZTI
il

)
7
Ny

_70

o

_70

o]

=

=

12 FAskE ol E
Fal A TH(Shin, 2007). 1

7]

©

=

=
=

)

717

=

feis
A1 7] a1 9l t}(Patent Information Promotion

Fo] ol -7t
A&He g S7}

°

J=

4 apsle) Aol we

7

HAE

S

=

=
ok
ol

3

H

b qleh de] Z7ba
=

°

& OECD, "]=
3y

<

2
ETEA, 7

=

Center, 2007). w}A]

3t
T+

|
—_

1% 20 A7)
bol A shol wel Fig. 1
o] o}t o

[PC(International Patent Classification: =7 A &3] &

HAEE 8

S

=

=
£ g 53] ok

-

1

of

Fo1A 9l om(Suh, 2017),

ul
=

]

(e}

o
-
o

o)
i)

o
-

™
[
)

X

el

B

3

il
)

uep 2ol

ol

il

=K

B



o y -] L
F§F LA sl AW A& B O oY AN £ETD
Z o]t}
<Safety management field> <patent field : IPC code>
Machine

Construction, ™|
electricity \\h
ty N j A human necessity
f/} B: performing operation; transporting
# G chemistry; metallurgy
D: textiles; paper
E: fixed constructions
F: mechanical engineering: lighting; heating; weapons;

chemistryi‘«.‘

Manufacturing 1 //
human 2~/ /
ar

System / /8 .
;,Z? [+ A | blasting

Food, 772 \| G: physics

Transportgf?"' r H: electricity

1

Fig. 1. Safety management based on IPC



STEP 1 Collecting patents related to safety technology

«—— Wipson database

L

STEP 2 Preprocessing patents data

' Selecting patent class related
to industry classification

¥

STEP 3 Analyzing patents indicator

lUtiIlizing static and dynamic
indicators

L

STEP 4 |dentifying the status of technology and trends

«—— Text mining

Fig. 2. Research procedure
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Table 1. Patent indicator of static and dynamic analysis

Patent indicator

Patent information

source

Country scope of protecting

Korean intellectual property

Marketability a technology office
Static De SGCHTY
; i . aree of technology Squicciarini and
analysis Diyersity convergence Dernis(2013)
Ripple effect Degree of teghnology Korea Instltute_of Patent
application Information
Growth Degreev of technology Korean mtelleg:tual property
increase office
Dynam_lc Activation Newness of technology Korea Instltute_of Patent
analysis Information
Novelty Degree of technology Korea Institute of Patent

importance

Information

_14_



Table 2. Index of Patent indicator

Patent indicator Equation

. Number of family patents /
Marketability Number of granted patents

Static Diversit Number of classified patent codes /

analysis y Number of granted patents

; Number of cited patent /

Ripple effect Number of granted patents
Growth Number of granted patents per year
. Registration patent number for 3 years /

Dynamic Activation Total granted patent number
analysis

Average number of patents cited for 3 years /

Novelty Average number of patents cited for total period
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Number #= R 29 Edd=s gad  FHEE FVHs 32 238s 33Y 5EHsS E=HE E5Y  EHUs EHY EHUUEEY EHYUFY
1 US939939%i Travel safe A system £US14/982:2015.12.29 2015 US9399398 2016 2016.07.26 1 Twin Harbor Labs, LLC us
2 US9380851Safety razcA containeUS14/972(2015.12.16 2015 59380850 2016 2016.07.05 1 Bonfit America Inc. us
3 US939277 Safety dev A stiff elorUS14/924¢2015.10.28 2015 Us9392771 2016 2016.07.19 0
4 US8370161Pet safety A pet safe US14/87242015.10.01 2015 Us8370166 2016 2016.06.21 0
5 UUS933391.Real time A real tim US14/846(2015.09.04 2015 Us59333913 2016 2016.05.10 0
6 US926664! Safety con The prese1US14/83072015.08.19 2015 US201600:2016.02.11 US9266649 2016 2016.02.23 0
7 US938779!Safety sigr According US14/819¢ 2015.08.05 2015 Us201601.2016.06.02 US9387799 2016 2016.07.12 0
8 US929270 System an Disclosed US14/747(2015.06.23 2015 Us98292701 2016 2016.03.22 1 AO Kaspersky Lab RU
9 US5935401 Magazine A magazir US14/74512015.06.22 2015 US201503 2015.12.31 Us59354011 2016 2016.05.37 1T ANFCS, LLC us
10 US9251681 Personal s A system ¢ US14/743£2015.06.18 2015 Us9251686 2016 2016.02.02 1 iISHADOW TECHNOLOGY INC. us
11 US923623! Safety net A safety n US14/73172015.06.04 2015 US9236239 2016 2016.01.12 0
12 US937558!Safety gla:An autom US14/725:2015.05.29 2013 Us9375589 2016 2016.06.28 0
13 US939336.Fail safe p A method US14/71512015.05.19 2015 US201502:2015.09.10 US9393365 2016 2016.07.19 1 Medimop Medical Projects Ltd. IL
14 US935284! Power saft A power s US14/715:2015.05.18 2015 US201503/2015.11.12 US9352849 2016 2016.05.37 1 Textron Innovations Inc, us
15 US917825; Structure 1 Disclosed US14/712¢2015.05.14 2015 US201502:2015.09.03 US9178252 2015 2015.11.03 1 LG Chem, Ltd. KR
16 US935400'Remote ccA remote US14/709¢2015.05.12 2015 US9354009 2016 2016.05.31 0
17 US926132. Bowstring A bowstrir US14/707 2015.05.08 2015 US201502: 2015.08.27 US9261323 2016 2016.02.16 1 Copper John Corporation us
18 US9328941Vehicle sa A vehicle : US14/699< 2015.04.29 2015 US201502:2015.09.03 Us9328940 2016 2016.05.03 1 CALSONIC KANSEI CORPORATION JP
19 US934487. Method al Public safeUS14/692¢ 2015.04.21 2015 US201502.2015.08.13 UsS9344872 2016 2016.05.17 1T MOTOROLA SOLUTIONS, INC. us
20 US920580: Device for A method US14/684:2015.04.13 2015 US201502 2015.07.30 Us9205804 2015 2015.12.08 0
21 US930814:Wheelchai A wheelch U$14/684:2015.04.13 2015/U5201502'1 2013.10.15 Us9308144 2016 2016.04.12 0
22 US935897 Virtual mc Example s US14/68372015.04.10 2015 US9358975 2016 2016.06.07 1 Google Inc. us
23 US938139 Appliance The applic US14/682! 2015.04.09 2015 Us9381320 2016 2016.07.05 0
24 US937552 Safety fea' An autom US14/682¢ 2015.04.09 2015 US20150212015.07.30 US8375527 2016 2016.06.28 1 NxStage Medical, Inc. us
25 US931014!Firearm sa This inven US14/677 2015.04.02 2015 US20160002016.03.17 Us9310149 2016 2016.04.12 0

Fig. 4. Patent data
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Table 3. IPC code section

Section Contents
A HUMAN NECESSITIES
PERFORMING OPERATIONS;
B
TRANSPORTING
C CHEMISTRY; METALLURGY
D TEXTILES; PAPER
E FIXED CONSTRUCTIONS
MECHANICAL ENGINEERING;
F LIGHTING; HEATING; WEAPONS;
BLASTING
G PHYSICS
H ELECTRICITY
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Table 4. Status of industrial accidents in 2017

Industry classification

Number of disaster

Number of deaths

Construction Industry 25,649 579
Manufacturing Industry 25,333 433
Transportation Industry 4237 121
Electric or gas Industry 87 4

Mining Industry 1,653 417
Fishing Industry 59 3

Forestry 1,124 16
Farming Industry 555 6
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Table 5. Technology field of selected patent class

Industry Patent . .
classification Class Detailed technology field
Safety Industry A62 LIFE-SAVING; FIRE-FIGHTING
Transportation B3 SHIPS OR OTHER WATERBORNE VESSELS;
Industry RELATED EQUIPMENT
E04 BUILDING
Construction
Industry
B66 HOISTING; LIFTING; HAULING
B26 HAND CUTTING TOOLS; CUTTING; SEVERING
Manufacturing
Industry
B% CONVEYING; PACKING; STORING, HANDLING;
THIN OR FILAMENTARY MATERIAL
ENGINEERING ELEMENTS OR UNITS; GENERAL
Machinery MEASURES FOR PRODUCING ANDMAINTAINING
Tndustry F16 EFFECTIVE FUNCTIONING OF MACHINES OR
INSTALLATIONS; THERMAL INSULATION IN
GENERA
Gas Industry 23 COMBUSTION APPARATUS; COMBUSTION

PROCESSES
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Table 6. Number of patent classes extracted by year

Patent
class A62 B26 B63 B63 B66 E04 F16 F23
Year

2006 12 11 8 18 15 7 29 7
2007 4 10 10 16 10 8 24 10
2008 6 7 11 13 12 6 30 5
2009 3 6 3 13 18 9 11 0
2010 8 14 3 19 13 16 36 5
2011 8 16 5 16 19 16 30 1
2012 11 15 4 25 12 19 26 5
2013 18 19 8 18 19 22 45 5
2014 10 15 7 26 25 24 45 4
2015 36 11 8 24 29 38 78 8
SUM 116 124 67 188 172 165 34 50
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Table 7. Static analysis of classes

Class Marketability Diversity Ripple effect
A62 4.28 (3 247 (3) 425 (3)
B26 6.02 (1 233 (4) 1493 (1)
B63 243 8 2.06 (7) 3.34 (5
B65 369 (5) 2.30 (®) 453 (2)
B66 5.77 (2) 1.9 ®) 340 (4
E04 2.81 (6 261 (1 307 (D
F16 418 (4) 251 (2) 319 6
F23 2.66 (7) 2.08 6) 1.98 (8)
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Table 8.. CAGR of each of safety technologies

Patent Class

A62 B26 B63 B65 B66 E04 F16 F23

CAGR

(%) 1298 0 0 35 760 268 11.62 149
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Table 9. Text mining results for safety technology trends(1-1)

Class A62 B26 B63 B65
strap blade water valve
harness detection shroud sheet
apparel cutting storage tank
seat cutter apparatus safe
2006 belt spring hydro container
shoulder structure opening connected
material support inflatable material
webbing configured mast removal
opening elements drive pipe
human cable watercraft nozzle
strap
: blade water safe
Crgﬁ%?;nagl cuttir}g blades tank
W detection flotation seal
i handtled opentmhg C(ﬁll’l
mounte switc roller
2007 exfitgqﬂ%lgle slide impeller stopping
dide drive anchor _liquid
; latch plurality dispensing
inflatable : Py :
coupled pivot p031t10ned container
washer mechanism ramp
fall blade boat belt
plate actuator support needle
strap sheath keeper housing
cable handle strap elongated
2008 lock levers watercraft strip
positioning locking actuator lock
garment mechanism impeller reel
comprises protective attached weight
keeper relative control invention
mounting disposed flap direction
emergency blade valve housing
support razor hydraulic mechanism
breathable skin backup elements
pressure contact boat pistol
2009 disclosed control firing locking
fireman shaving pressure container
fill handle sail external
prescribed cutting actuator internal
analgesia mechanism directly moving
order vibration flotation liquid
support blade airbag signal
emergency cutting connected container
mert handle positioning housing
breathable razor bottom belt
2010 pressure teeth hinge mechanism
prescribed housing ladder cover
strip holding inflation razor
apparatus slide rigid disposal
absorbent detection actuating wall
fire detect structure release
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Table 10. Text mining results for safety technology trends(1-2)

Class A62 B26 B63 B65
water blade inflatable container
hole cutting bladder tank
tapered housing base outer
structure detection seat opening
2011 seat guard water valve
shell coupled material inner
strap knife strap conveyor
spray movement diving circular
wherein handle engagement closure
attachment configured pressure track
connector blade vessel container
strap cutting water safe
lifeline handle elongate base
tubular sensor tubular signal
2012 frame relative winch overlay
housing movement buoyant seat
pressure light signals outer
connected detection control inner
self blades hull attached
material razor liquid cover
structure blade hull cover
belt handle diver opening
breathable cutting buoyancy tank
apparatus guard designation valve
2013 rope light opening segments
slide housing boat port
attached base canister receptacle
waist extending lifeline pour
connector sensor gear container
frame detection housing base
apparatus blade strap container
structure housing frame tank
strap head support pressure
electrical shield flotation shield
2014 spool razor _ seat valve
attachment acceleration inflation wall
locking configured tactical wedge
support cutting holding fuel
connector movable attached food
shaft portions winch safe
rope cutting inflatable container
harness blade edge opening
coupling handle leading locking
latch knife steering material
2015 fall sheath section conveyor
strap opening connector pressure
slot fence comprises chamber
mechanism food bottom movement
hook control watercraft vacuum
anchor structure attached distal
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Table 11. Text mining results for safety technology trends(2-1)

Class B66 E04 F16 F23
elevator support valve lighter
distance ladder pressure stopper

speed post plate pusher
braking plurality section circuit
2006 direction rail control mounted
lever structure flow striker
fixed panel mounting driving
frame plate fluid wheels
engaging adjustable apparatus latch
sliding scaffolding movement grip
lock base valve pilot
frame clamp pressure casing
brake pole piston controller
support strap fluid shutter
2007 control attached flow base
lift pool water control
shaft mechanism housing candle
positions pump connection frame
actuating tube control lighter
guide shelter spring slide
shaft cover valve cylinder
control plate flow section
drive filter mechanism chamber
signal post fluid fluid
2008 crane chamber coupling candle
value chemical section outlet
guide clamping water pressing
data pump pressure switch
braking existing receiving combustion
ift faceplate shut invention
elevator support valve
rope housing spring
governor present bearing
circuit invention chamber
2009 overspeed pool inlet
sheave structure guard
connected column locking
arranged inner mounted
control defines seal
shaft opening gate
elevator panel valve slide
shaft window flow supply
sheave component control base
guard support hose valve
2010 movement emergency pressure chamber
apparatus pole spring temperature
drum barrier beam voltage
hook attached water hole
control elongated pneumatic mounted
invention breathable mechanism push
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Table 12. Text mining results for safety technology trends(2-2)

Class B66 E04 F16 F23
elevator pool valve electrical
link cover connector conductor
lift swimming male burn
control outer coupling tube
2011 circuit barrier voltage igniter
load pedestal coupled spark
section inflatable socket embodiment
guide water gear insulator
arrangement arms locking insulating
mechanical platform switching flow
elevator support valve charcoal
signal frame fluid torsion
gear roof control valve
control barrier force ignition
2012 drive pole disposed flint
power tube energy ignitor
slip apparatus case electric
detection drain absorbing embers
hydraulic component section grate
speed steel release heating
elevator support valve flame
switch barrier pressure display
circuit ladder latch combustion
apparatus post hook nozzle
2013 latch anchor fluid water
controller roof flow detonation
configured structure connected logic
hook mounting spring tube
gate extending housing decorative
coupled attached sleeve fire
elevator insulation valve closure
drive rail housing frame
support barrier mechanism shaft
arranged safing flow candle
2014 light lockout actuator fire
state locking piston valve
control anchor fluid spray
signal support connected flint
hydraulic structure control friction
sensor mounted sleeve fuel
control base valve speed
elevator support pressure fire
connected extending mechanism blower
contacts roof brake water
2015 load attached locking drain
gear anchor disc display
circuit section fluid liquid
support engagement latch valve
movement wall control flow
brake pool hook nozzle
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Table 13. Change of safety technology trends

Dynamic index Class Rising keywords
Growth F16 lock, latch, hook
peiion |11 bl prosi, s, o
Novelty B26 handle, sensor, razor, connection
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