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ABSTRACT

This study identified technological trends through an analysis of patents for the industrialization
of personal protection and convenience equipment using information and communication technology
(ICT) as a part of efforts to prevent farm work-related disasters. The analysis was conducted
on patents registered and published between January 1974 and May 2016 by the world’s five
largest intellectual property offices, including the KIPO, USPTO, JPO, EPO, and SIPO. The results
of the analysis indicate that the US (36.8%) and South Korea (30.9%) led technological research
and development (R&D) with frequent patent applications. An analysis of the technological market
revealed that these countries are in the growth and maturity stages, in which the number of
patents and number of patent applicants grow rapidly. In terms of the technological market shares
of major countries, the US recorded the highest market shares in the field of sensing systems
for workers’ dangerous conditions and convenience protection equipment based on the internet
of things (IoT) convergence. South Korea marked the highest share of 41.8% in the field of sensing
devices for dangerous conditions in the working environment. An analysis of the trend of patent
applications by specific technologies disclosed the following results: sensing systems for workers’
dangerous conditions accounted for the highest share (49.2%), followed by IoT convergence—based
convenience protection equipment (26.3%) and sensing devices for dangerous conditions in the
working environment (24.6%). Based on this study, ICT—based personal protection and convenience
equipment technologies are expected to be actively developed in the future. It will be necessary
to secure national competitiveness through R&D investments and commercialization in personal
protection and convenience equipment appropriate for farm work as well as through the acquisition
of patent technologies and intellectual property rights.
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FAE=E7]THILO 2003)e] W= FHe] B4,
445 A 3Tl Ao R o] AAIA S
B2 TR obdskA] 53 Ao Q1A EaL §)
o, old] gk A A A B4
gdes FET ok HZ fEjvetirz T
ojQle] QbR Bl kA oldell 3 WHE 0l
AlgY2016. Vel w2} sl HAAE =R H
Bogh 4 Sl b Al digk o T
T8Ao] Eobxlth. 53] w2y A el &
AstEEA Tl A, a&HeR Y
IS Bodt o Q= VIRIES 9 Holu]el tigh
A i W BFo] @7 HATHHwang et al, 2013;
Kim et al. 2014). 2okl <] Al 52
3 ddE 23, FoF, kL, 2247 e
5ol 2y #HHA s A8t glon, kA
Aol $13F =72 JiI B g ek Holdu] 7t
M 2 B EI Qlth(lee et al. 2010). Htole
SHEOF] FH A S fI7E Wjtew
2lgskal Fget A% AR 3 2 ddo] 7ksdt
ICT (Information and Communication Technologies)
7% Ago] Al=HI JrHKim et al. 2016a).
T siRokel T B A, MY 7]
=, Hldleld, FEhE, e A, HAE, Asd
23 olx) 2838 (wearable) 7]7] 55 883} ICT
T 71 o] EletA RyHL et ol2fgH
ICT 7[R} 7] Abgdioke] obd Bl 2w we, 7]
3} oS, ot AlSlEAl AS Sl A Y
2 R&D 7Rt 5 Al eg F3Ea gt g
FZol| ICT 719 el 7IAY Ak $419
71l Hgake] 44, b, BA 5 de
AL Eo|7] S8 7 Al ArleR AdEHE
FAlelek(Yu et al. 2011), ¥HH FiEof] &
i Sl ICT 79k 7l dite S8 4 &
2] & A SAe] 7T FA 0 At FAIQ
SRR T} Hol T ko] A S % ICT

T FHLE A3 7HQIE S B Hodn] B A
q
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al. 2007; Shin et al, 2011), M€ 2Ed|2= ALY &
oF WHAlE- o9 (Hwang et al. 2008; Hwang & Lee
2012), vl wA] wapgistel] A5k AH(Llee &
Choi 1996), #AF<)Xl A8 F2PR /PHKim &
Choi 2004), H]'da}9-2= o] Ad 2Edx 3hs
gk ZAE Jeh(Hwang et al. 2010), 4k 24 #F
£ 2ZIE Il (Hwang et al. 2009; Kim et al.
20160), SAF WE Foll @5k A7} Atk Moon
et al, 2012). HogH] 7dke] 9ol i A
2 Het A7 1 s 93 7R ARbAe) 29
SFeks ek Al g ke (e et al,
2010), ¥ FHAY] A=A oS 25k Ha) B
Z7] MHLlee et al. 2014), AEF HAX7}$)(RDA
2014), WF-Ege] A8 4k Fol /PLHIATKSeo et
al. 2015), 2 £, ICT 7]wke] 2 ok A|2=H)
SollA] Q1A 287 Alx ol Z|ukel g A; S
ALaL ZEAPER] o] gk 7] 2977 R E AL (Kim et
al. 2016a), o] ATelME LAY Al =
A ICT §F 7l AX 7ls, 34 MENA 71,
Qe Fo) 2 7]%2 A oJ3trhKim et al, 2016b), L
ot AS7HA] ] A QRS 9 ol
H] 2pA e gk T2oh B 7R Aol e

s
i
T

ARiRoto] AR HIL S 1CT G714l vl
Giops oht 27)eklle] PR g Aow we
), olo] 1} B0l ele] AT
S Aa1e] B8 9 71% el that A9
A7) Baalt. olsh e BHo Sale ety
b A 1 ARAREE wgske Sow A
A 9 Az A% Sde] Fag Frold

(Korean Intellectual Property Office 2000).
b B AFoMe whele] dAE oA
At 7B S P Ho ] Aol 284 & 9l
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Table 1. Categorization of patents and technologies

Main Category Subcategory Search overview and technology scope

* Systems that sense workers’ exercise or health conditions including products
that use sensing information on the body’s physiology, movements, etc.

Wearable . ;
. * Equipment that has sensors attached to the worker’s body or clothes
device (AA) L .
Worker hazardous * Sensors that are attached to workers and can identify their dangerous
states detection conditions
system (A) * Systems that are attached to objects and identify workers’ dangerous
Attached to conditions or have them recognize their dangerous conditions

objects (AB) Sensor technology that has sensors attached to objects, but can identify

individuals’ conditions

Sensor technology that senses risk factors in the surrounding environment
Wearable device * Equipment that makes individuals recognize sensed danger signals
(BA) * Sensor technology that has sensors attached to individuals and can

Work environment o . . iy
identify their surrounding conditions

risk factors

. Devices that sense safety conditions in objects surrounding workers or
detection system (B)

Attached to farm work environments
objects (BB) * Sensor technology that has sensors attached to mobile devices

Sensing via sensors attached to fixed facilities or places

* Compact equipment that can protect farm workers

Protective Personal production equipment combined with high technologies such
equipment (CA) as sensors, information and communication technology (ICT)

convergence, and the IoT

Internet of things
(I0T) convergence: ~Convenience

protective and equipment (CB)
convenience

* Compact equipment to increase the convenience of work

Convenience equipment combined with high technologies such as
sensors, ICT convergence, and the IoT

Application of * New materials or technologies that can block the access of biological

equipment (C) ) .
new materials (CC)  risk factors to the human body or can protect the human body

* Other convergence—based convenience protection equipment that does
Miscellaneous (CD)  not fall within the above categories, but is of interest using new
technologies
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ICT §43 7142 989 /Moles o ol4]
of A I FUFFE Auin, 197030 2
B S51%4l0] AFEa, 19905 o A o
& Z7PIE Bolth} 1990d) ol FRE Ha7iA)

#3537} 2412 Holm Ik 20109 o5
1} Hgo] e
Z7h B, 20144 o]FE vk o] YhEsls)
IoT 7140] BAShHRA ICT §53 7148 283
Mol 5 Holulo] gk 71<ze] Baslr 22

+ IT (information technology) %

Table 2. Convergence of information and communication technology in farming activities

Period Category

Country and number of patents
KIPO USPTO JPO EPO  SIPO  Total

Worker hazardous  Wearable device (AA)
states detection

system (A)

Attached to objects (AB)

154 206 51 17 89 571

14 16 27 1 5 63

Work environment  \earable device (BA)
1974.01 risk factors detection

42 6 4 1 6 59

~  system (B) Attached to objects (BB) 90 79 48 3 37 257
2016.05 Internet of things  Protective equipment (CA) 27 51 9 3 28 118
(oT) c.onvergencei Convenience equipment (CB) 41 47 43 3 16 150
protective and
. Application of new materials (CC) 26 13 7 0 13 59
convenience
equipment (C) Miscellaneous (CD) 4 2 4 0 1 11

Total

398 474 193 28 194 1,288
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Table 3. Leading patent applicants, regions, and detailed areas of information and communication

technology convergence

Patent application areas (N, %) Recently Major
Applicant Nationality Total KIPO USPTO PO PO PO 10 years tecbnical
(2004-2014) fields
BT USA 22 000) 22(100) 0(0) 0(0) 000) 21 AA, BB
LG Korea 20 15(75) 2(10) 1(5) 000) 2(10) 19 AA, BB
SS Korea 19 15(75) 3(16) 0(0) 15 000) 15 AA, BB
TT Korea 18 18(100) 000) 000 0(0) 0(0) 18 AA, BA, BB
JA USA 17 000) 11(65) 0(0) 6(35) 0(0) 17 AA
ET Korea 15 15(100) 0(0) 0(0) 0(0) 0(0) 15 AA, BA, BB
NK USA 15 0(0) 427 11(73) 0(0) 0(0) 14 AB, CB
SA Saudi Arabia 14 0(0) 5(36) 9(64) 0 0(0) 14 AA, AB
NT Japan 12 000) 7(58) 4(33) 1(8) 0(0) 9 AA
PL Japan 11 19 19 6(55) 000) 3(27) 8 AA, AB
PS Japan 10 2(20) 3(30) 5(50) 000) 0(0) 5 BB, CB
TY Japan 8 0(0) 0(0) 8(100)  0(0) 000) 8 AA, BB
FB USA 8 000) 8(100) 0(0) 0(0) 000) 6 AA

AA: Wearable device, AB: Attached to objects, BA: Wearable device, BB: Attached to objects, CB: Convenience equipment

=0

HlEo] FE AR YERT,
aeja =7PE f - 9] 53] 2454 A% fﬂ%
oA U=2lell eJgk Zo] 95.5%, =<l
A 4.5%% 2o = 79 719 2
n]=e Bro} JA 5o =elel] oJgt
o] 68.2%n= 915 skl i, 1 5
(n=11), &=(n=5), ARF-HelefH]okn=5) &2
o] of=elell oJgt Z9o] 31.8%=EE KB
NT, PL, PS & =<l 52.3%°] A& X}X]o}_]_
v} ARg-tolEhrlol S 2=le] 47.7%
£ Hol f - o= S35t 719] nlsdt
AR

_O(J o] j=17%e)
2 Ho|a

dE

7}4\02 %=

=3F

4. MR ICT 7|s¥8 Sdl/l=

7]* A v et

Alzgl(A)e] 44392 22 FHES Ho
20001 o wwlgk Sk sifEle] wha = AL
b oz FE3t 7S fAlsha

[
)
K

slovt,

et Al 7]

& wobs HH, 7l 283 FX(AA)7}F 53 A
£90] 90.0%% YEAHO R E9kI, F2F HX]F A
(AB)& 8oz 10.0%9] HH&S Bk
Al 2H8-3 FX](AA) 71s Roke= 1996d-S AlHS

B
2 2014371/ B3 L1

Al

]
1}o
R
olx
I R&do g F43]
2k A2 8(AB)= 20108
o}, F7hgo] wlulst
AE e A AlZ=E=I(B)
[

3 9ler, 20004

ok, 2 AAE G (BB)

213

] 2013 0]F
ZAPE AT <
20003t o] F- U F9o] Tkl =

olaL glor, e 7

@7} B e Ao
1A 83 A (BA) 714



SY=Z0[0 H80[ 7

2 AfES Ho|a glr}. 1Al IoT §5% 71K
9 HoPH|(C) 71 fok= ZA|9] 26.3%E Hol
AL, 1994 EF9 olF FTHIE AT}
2007'd o] F &gt E5|& o] Mg gk Hol
JH)(CB) 7| o] 53] Afr&ol 44.4%= =7
et oH, 21 gtell B gn|(CAE 34.9%, Ao
Z8(CC)e 17.2%, 71E} 3.60 =915 Bt HE
Zn)(CA)el Holgu|(CB)2] 7% 1998 o] FHE]
53] 2157 54% eke FAE 2,
oz 2124 28(CC) V& Foke e & 7|
2% o] njste] 297457} wekon), A 20124

oF F7h FAE Holx gl Aoz

fols

=

o1
i
15
re
o

S B3l 54 4
Ael, A vEYAE £235 2 AR J)Es B

E(A), Z—P‘d 789l 187A Al="B), loT §53%
MAEZ L Holgu|(C) 3714 7% Hok= skt
Table 4= ¥lEoF 5319 EA e HofErt, 7]
= wopd R Aqirtke] 917 A Al=dle] Q1A AhE-
F AX(AA)7} 1217(59.00) 2 71 =2 Hj&S B

AL, o g Aol fjFas A Al=Hle]

2 AAF AA7Y 403119.5%), A8 fldas
A Alz=ele] AHQl A8 AABA) 2033(9.8%),
T8 7HQ1ES 3 Holm|olA o] 71K S|
(CA) 1171(5.4%) T9] o= YERst

Table 5= #AREoF 5319 Al 7]l thgh 24
Adtelet, ICT 53} 7es &8¢ /s 9 A
opgH] Al=E] A %S Ak A o, 2
A" Ne g $FAlehes SAled, 22al e
Feksls 749 2dal s Al Q1A= o)
FFHoR EFT 5 Ak A e 2 Al
oF sk AAM= v‘i—‘e‘ T AL, BAlTEe A
ST A Alo], 2 B,
dHA(FL) PHo= Aﬂ%f_-i} shdct. A el A
3 X (2197071 AFEHE 41X (1067)) B) =
gavs Bt 37 *ﬂ/\i 7]—rtﬂ A Ax7Y 3670
(16.4%)7} 718 =& vl&S Bl 7%= AA 24
(11.0%), 2= AllA 1721(7.8%) 5o o g
ot Agekd Ao AL wivk A7 304
(28.300) 0% 7P Bol AEHIUL, thFo & Al Al
M= 2374(21.7%), A5 A= 1471(13.2%), Est
A= 1173(10.4%) 02 e, ojoh 22 Avhk=
227t FHe] 8 ARk o RE At
A AMETE T2 4 Ak o] Ago] Bastd A

O

Table 4. Patents for information and communication technology convergence in agriculture

Period Category

Number of patents
KIPO USPTO JPO EPO SIPO Total

Worker hazardous  Wearable device (AA) 60 43 8 2 8 121
states detection
system (A) Attached to objects (AB) 2 0 2 0 0 4
Work environment  \Wearable device (BA) 14 1 2 1 2 20
2009.01 risk factors detection
~  system (B) Attached to objects (BB) 21 16 2 0 1 40
2016.04 Tnternet of things Protective equipment (CA) 3 6 1 0 1 11
(oT) c.onvergencel Convenience equipment (CB) 0 1 1 0 0 2
protective and
. Application of new materials (CC) 0 6 0 0 0 6
convenience
equipment (C) Miscellaneous (CD) 0 0 1 0 0 1
Total 100 73 17 3 12 205
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Table 5. Components of information and communication technology convergence systems

Unit: N (%)

Method

Category

Sensor or device

Total

Position 36 (16.4) Motion 9 (4.1)

Acceleration 24 (11.0) Impact 9 4.1)

Temperature 19 (8.7) Illuminance 9 (4.1)
Environmental Angular velocity 17 (7.8) Infrared ray 5 (2.3)

Voice 3 (1.4) Bar code 1 (0.5)

Sound 3 (1.4) Magnetometer 1 (0.5)
Ultrasonic wave 3 (1.4) Speed 1 (0.5)

Smoke detection 2 (0.9) Flooding sensing 1 (0.5 219

signors Gas detection 15 (6.8) Vibration 5 (2.3) Heat 2 (0.9) Flow sensing 1 (0.5) (100
. Camera 14 (6.4) Inclination 4 (1.8) Oxygen 2 (0.9) Radiation 1 (0.5)
Detection
Method Humidity 13 (5.9) Dust 4 (1.8) Atmospheric pressurel (0.9) Touch 1 (0.5)
Pressure 9 (4.1) UV-rays 4 (1.8) Electric leakage 1 (0.5) Pollution level 1 (0.5)
Heart rate 30 (28.3)  blood pressure 11 (10.4) Respiration 4 (3.8)  Blood components 1 (0.9)
Physiological Body heat 23 (21.7) Oxygen saturation 11 Galvanic skin response Electric leakage 1 (0.9) 106
(10.4) (GSR) 2 (1.9
sensors 1 ’ | ol (100)
Electrocardiogram Eletroencephalogram
(ECG) 14 13 (EEG) 7 (6.6) Body fa 2 (19
Radio frequency Code division multiple __ . - -
identification (RFID) access (CDMA) \;(ﬁ(rzelg;s ficlicy (Wi-F AD-Hoc 1 (2.6)
17 (43.6) 3 (7.7 '

Wireless Bluetooth 5 (12.8) 802-Protocol 2 (5.1) P2P 1 (2.6) Ulera wide bend ( ) 3
Commun 1 (2.6) (100)
ication Radio f ) Ubiquitous sensor Wireless body area
Method 43(11(()) 3)fequer1cy network (USN) network (WBAN) Zigbee 1 (2.6)

' 2 6.1 1 (2.6)
Cable 15 (65.2) Optical signal 2 (8.7) 1CA (Is?et cell 23

Cable autoantigen) 1 (4.3) (100)

Serial port 2 (8.7) Signal cable 2 (8.7)  Transfer circuit 1 (4.3)
Rescue signal 27 (33.3) Camera 6 (7.4) Control motor 2 (2.5)
74

Devices Soring device 25 (30.9) Engine 3 (3.7) Control valve 1 (1.2) (100)
Coni Air-bag 7 (8.6) Angle control 2 (2.5) Power down 1 (1.2)

opin
pine Management center 33 (41.3) PC 19 (23.8) Eyeglasses 2 (2.5) Automotive panel 1 (2.5) 80
method Output
Mobile phone 20 (25.0) Wrist watch] 3 (3.8) Patch 2 (2.5) (100)
Warning Warning horn 64 (46.4) Warning sign 38 (27.5) Vibration 36 (26.1) 138

(100)
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Fig. 4. Application trends of major sensors by year.
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Fig. 5. Example of a matrix diagram that exhibits relationships among sensors
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