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This study identifies the technology structure of the digital healthcare field using patent data and compares the
characteristics between techniques in the technical structure analysis. 2,064 patents obtained from USPTO, and
analyzed by LDA to extract 15 technology topics, and documents classified as Doc2vec performed 15
technology groups through Spherical K-means clustering. As a result, LDA derived component technology of
digital healthcare such as implantable medical devices, but Doc2ve-based clustering was confirmed promising
technology of digital healthcare, including blockchain, telehealth service. This study are expected to be useful
for establishing technology strategies and commercializing technologies for digital healthcare companies in the
future.
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22009 92 Sjd o2 Ak vl gl 53] P27 o
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Org dxA o) gL gA 2 agA A H3siA A
oJ3tA Yot A Atel wetA TR E A xA o) 9 AntE F 2
Ao, e-health, m-health, u-health 5= EAJ3}e] E7]3}3L St
(Kim and Kim, 2019). WHOE ¥]£3 FDA, OECD 59| 54
717l s YA E & 2(dgital health)S F2) 2 02 AL&3}
I o, g ATl A W "o A AxA o] 7
I ICT 7]&o] A3 & o}9E2E MPo2 gAY &
2A A E AFL3FAL U TH(Lee, 2014; Kim et al., 2018; Kim et al.,
2021).
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ATk Kim er al.(2018)2 HAE A2A o 71&E& A A4A
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o 714 Y - I - 24 0}9\111}. E3F Kim and Kim(2019)
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al.(2019)2 Ao E dute]2E FA4
A st Ak o] 71 gl #9 7lE e F
O A& S84t o] Wol = Dantu et al.(2019
olHE EYrdyog BA5Y [oT 7|&S ¥
& FAE 213t 21, Farahani et al.(2018)3 2 ]
Mg Bl HA AxA o Ve s ot AT E EATT
Jev gAg A0 7]& AE o R 3 7
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Or
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OA L Qo BRE okt 54 T el 23S BtEo] 227
of 71€& T4 d7EE UAR 270 A9 47 7]
et 45kl A AA Y 71?? £ gty = gt
= A7 S webA & A7 56l HolEE E8et] A
A BHAAN gAY L2A 9 ‘:‘Ok Ao Ve F2E
ANSE A FH o= 3

22718 T2 E4 7Y

F2Ao] ok Ay W YA A $H(digital transformation)
ol whEA W= L 9lo} 719 Aol o] go] EABIE
2 F&2 4L AsiAe bAHd Aol Basit 7|
& 72 B4 7ML 71E BAY JEoE2RH AR Jes
FZdte WA we} IA vl& @ (fractional assignment) 7}
o] 2k & (discrete assignment)e] F 7HA] FE o2 FRE £

AE Hgof w
TAE SN
=] 2 o|t}(Lee and
Kang, 2018). EZ w98 & thaFof |42l ZA ol
A8 FAE AsoE FAste A ZPoH(Blei ef dl,
2003), LSI(latent semantic indexing), pLSI(probabilistic latent se-
mantic indexing), LDA (latent dirichlet allocation)S E &g+ T}
& 7] o] A LSI= SVD(singular value decomposition)E ©]
43t £A-29] & (Document-Term Matrix)2] A& 4
FoEMN TA Z& o] 3 A on|E BHsE W ol
CH(Deerwester et al., 1990). LSI= F+@o] &o]3tth= 44 o]
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Figure 1. Fractional Assignment Vs. Discrete Assignment
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O 2 7HAd T4 ZA YW E 4
B3 ©ol9 ¥ WEE A
(Hofmann, 1999). pLSI®} LDAE & EYE o] 3t #4]
o FAE gAghe= FollA T Ao Slou pLSI=
25 A (corpus) ] 710 whet v/ o] S AP A OE F
7hetthe o] 243 thBlei ef al., 2003). LDAE ©] &3
pLSIQ] A B3 OL—VE]éOiH u]_”rr-zﬂ?_] HXAE 7];]
groll A o 7] 9l FA1 & Folll& A &-E (generative proba-
bilistic) & o], EX 1} ©of ol 7] 23le] M T2
S AN MY F % E2 0 2 3th(Blei, 2012).
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st B 2 A A 3hBlei ef al., 2003; Park and Song, 2013).
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(Venugopalan and Rai, 2015), F2++-5 7 F8(Kang and Lee,
2018), 915 A5 (Lee and Lee, 2019) 5 TF3E Hopo] 7]& B
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Dirichlet Per-document Per-word Observed Per-topic Topic
parameter  topic proportions topic assignment word word distributions  hyperparameter
b4 Y > g E) <
« 04 Zd,i Wd,i O 3
N K
D
gene 0.04
dna 0.02
genetic 0.01
e
life 0.02
evolve 0.01
organism 0.01
\/

brain 0.04
neuron  0.02
nerve .01

data 0.02
number 0.02

computer 0.01

\—/‘

T&EE LA R s s 7AEE 7w 24 AR S
A7 E] FE&HI YoH, o] F A EHY AR 34
o = Doc2Vec 71 o] 2 S48 1 9lth

Doc2Vec &4, w743 22 7HH A o] 9 Bl ~E(variable-
length pieces of texts)°ﬂ g dE 298 gFsle ¢uEF

ot} Word2vecs &3¢ 71d < Doc2VecS Word2veed 7|
E 727} AR 8 Doc2Vecd Word2vee B £33 714
(distributional hypothesis)oll 7] Z3}o] ¥ 3k o] v] o] Tho] 7}
AR Wt A Yelhd-S 7H4 8k 9 th(Radu ef al., 2020). TF
o Word2veco] ©of Ay 2l A3 g £ ddd =
2l Doc2vec A T E HWHE BRI HoA Aol
7t EA g
TA W dolEs 4 Doc2Vece 32l
(artificial neural network) i, Fdo] yH
o W P07 7 75 A &S AHE R Doc2vec7}t 5
7] A7 A |2 Eo] i3k dubAQl M E Ed-S Bag-of-words
21, Bag-of-words= @ol 9 =4 9 W& FA AT &
]7} AATH WA Doc2vec A Woll EA)8HE 22 To
A7 St A H T8 WE S AT EA WE 7l
/‘1 A oJulE 7k EA S0 THRES H AN 7 vt
Bag-of-words 2@ R T} Doc2Vec©] F4H A5 Bdthe A
o] A4 02 ZHETHLe and Mikolov, 2014) Z, Doc2vec &
THUZL EANEYTT 5 YL AT E A o] =2 214
A o & 2 Ao Yepol A A7) Wi £7F ¢
259 8ol A3tE = A S 34 (Yuk and Song, 2018) 3+ 7

3171 <13}

€,

.|_,

° 2 H7tEth 620 Doc2VecS A AA S 188ty <
o] o] Fo]7] 7]& € 2Ewnto]\d 7]% <l TF-IDF, Text Rank T
Hl e doj M E 52 FonR 7| EF2 838
7} A1 S TH(Wang et al., 2020).

Doc2vecol Al A7} L8l e Dol 58 o Zsl= a0z
DBOW(Distributed bag of words) =@ 2} DM(Distributed mem-
ory) Zdlo] £, F 2l o] 2= <Figure 3>3 2tk
A DBOW RH& oju gt A7} Fo| A 1 &4 7F 2t

I e RS dqFste dagFoH, Foizl EA A
Holg o)z 3330 3T BN 54 Tolrt 539
SEE AUF FolE YA 02 Fo| o|FolAtk DBOW
w92 o] WE S AA5EA @7] Wl DM 220 H)3) A
AE)= golE %o Atk= Ao 9t ¥ word2vecd

CBOW R 3} frALe DM Ed-& 4] vl EE (D)7} 714
A Yol= CBOW B2 5Yd F2E 2=t Oli SR
A7F 28T Qe B & d&dte Edol 59
Bde FAY AREA v 4 £AE 2T DQ}W E
25 5354 Fth(Le and Mikolov, 2014).
,E; DBOW =& thH] DM 2929 A %o ¢ &
A ooz B AT DM EE S &85}
st4iTh.

St Doc2vece | AEH 7|H 53 Adtsly tjge &
A TS ERAHCE 353 T g Aot ool wet SH G 4
B9 FAEO] 7] 235t EAE FHIFOEHN 7&9] Wl
ol & gAY 47| &S TE8l=H Doc2vecs &3t
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Figure 3. DBOW Model Vs. DM Model (Le and Mikolov, 2014)

X 243 A H O 2 Doc2Vees 83 F ~H
3 FAF 71 15E BFS A F(Kim et al,, 2020)7F
o, Doc2vecS ©o]-&3te] B oF4 WA 7|&9 W3}

o
=

A WK(Trappey et al., 2019) ICT R&D £k
Z(Heo et al., 2018)°] &85 u} ),

O LDA EFREYL =F EJE HEI 4%
dolHE ENE &4 Fobd 7|e5d B4, 7 7% 4
S TRt A7 APHUAT o)A H LDA EZ RIS
o] EA4 JAFAA 7e FAE EHA
onZ BTN =1LDA EYRdy S %}o sto A g &
2A 9 71& EY S ghotet At E§ Doc2vees 8 2 H
A Ajfete] 41 e SolatA 253 & F A
A 71E 5 gAse o] 851 Qe Ao Sl
wpbA B Ao A= Doc2vee 7] HHY F8 2FH B41S E
ZUAE dxA o9 7] FH2HE ST

off i 4y Hr 2
m N O o x4
O

o nﬂ> iy 8 o
J}L Mo TR o H1
o

ARG 29 A G E AAEE T =
LDA EZRYHP o8 7|&¢ EY S £330 384l = AAYE
AX o] E S Doc2vec O 2 Yu| sk Ak S

3l| Spherical k-means 2 &8 A H %‘}04
3t} 4Tl = LDA 7)) 7] & B
Y 2HY AAE HuFoEN 7 ]‘ﬂ ZF2bold & =3,

32 vlole 4 2 AA

£35 AAAH 290 WINTELIPSE 1%‘3}04 20113 4H
2020374k W= £ A (USPTO) 298 53 5 tAE &
"ﬂMQ]r #HHE 719 =7t A Fol Xi°ﬂ z3En e E

£ FE5th 55 AA s A AA 4L =5 H )
L9 5871 THF2A HIAQ018)E vtg oz tAE &
2A|of o] E3+E = 70E < smart healthcare, ubiquitous health-
care, mobile healthcareS F7}3}o] <Table 1>} 7o) A5l

. 53 & a3 oH, T8 dolHE AYstal ¥ 2064719
3. A7 532 o §35to] dlol o] 28 %Hﬂw. <Figure 5> %
A% 0AY D2A0) B39 958 E9 FoIF vehiv
31 ﬂ?zﬂ]ﬂ‘ﬂi [e) = o A O 3
NI4HE 1HOE £ E0) 27PAE Mol gThe B2 B9
B Ao Ty 99 AL <Figure 4>9 2ol 4TA R FAE T F AT H5ol U 537F 42 WA oF 11 67 2o
g Hole e £ R AAe e v Esgor A& AT IHAS W A LA 0 Zope) VAT
RH U4 B2A0 B B8 22T ol E AN he o BARTEAL LS nk
Step 1 =
et
me’;.g (USPTO)
Data collection &
Preprocessing
P N
Step 2 = = Step 3
LDA Topic Modeling Embedding DocZvec
. 5 Spherical
Topic Extraction K—m%is%ﬁasteﬁng
Technology Topic Technology Cluster
Step 4
. e
Doc2vec Clustering

Figure 4. Research Framework
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Table 1. Query for Keyword Search

o]M 9 -

Keyword

((digital* smart* ubiquitous* mobile*) and (healthcare
g

wellness* fitness* clinic* medical*)).ti,ab. and

(wAD>=20110101)

400

350

300

250

200

150

100

50

Undisclosed

2011

2012 2013 2014 2015 2016 2017 2018

2019 2020

Figure 5. Annual Changes in the Numbers of Digital Healthcare

Table 2. Technology Topics of Digital Healthcare

Patents

%3}% éEﬂ u](stemmmg)
% ].E H]ib‘]-_,]u]x-l X4

4,622 D270 33 7%
4.1LDA 7|8t 71& &9

AR A e 7P 53 252 W F OS2 LDAE F35t
o OAE d2A0} 71E9) AR EZS £254TH LDA &
P& A3l R HAA topicmodelsE FAsF &34
(Hornik and Griin, 2011), & %2 714/\ W &% (Gibbs sam-
pling)& A-&3stith AEH W3 FE 1,000, aft> 71 &
e Agetdon, Bg A 7123l slgske 015 A
st BEY & 1070, 157, 2070, 307 & &84 0.1, o
T 1570 W A o] 7H Hold A0 2 AdHe HF &
e SNE AAet 29 EYY F4 E}Oiﬂ Ca
HF 53] 249 &< Fzxstd, 4 EF Y vo|H & 53
319t} <Table 2>E LDA &8 &< 53 3249 15719 7]
& £33 £98 94 dol2 ek Zlo|n), E9o Wsk
E3 1) Fo] & AN AL Hel sty

15719 714 E5e AAAW, 984G HH, o]0
S48 92A9 G4 A fotE 25 Lateha
2.2 Yetgtt 71 Hlgo] & [T-01] loT 7]€2 ¢
718hE FAL EE AMES A8 9] 7] &9 2EH
AR AIL loH, A aH L, v AS Y STt
G ol A o] ol oT 71&o] A3 H
g Aol th(Lee, 2015). 5 ofuj el tjupo] 2 Bl of Zg
Aol o2 e £E M ARARE T 71E2 53
A AEE] TFHA B2A o AMu2AE AT
AEE APt QO =R [T-01]2 [T-03] Mobile healthcare
application, [T-12] Data security, [T-15] Wearable device S Z 3}
g 7le EY Adug 22 d#A4S T EBF [T-15]
Wearable device #E|ol wel Foh & (portable), F23

rx
Rl

s

Nt g
xolnigrlf
bl fo ot 2 . ol

[z}

OHTHUI

Technology Topics Relevant word Proportion
[T-01] [oT communication, internet, security, system, packet 9.13%
[T-02] Business intelligence system, support, business, intelligent, path 7.60%
[T-03] Mobile healthcare application service, network, scheme, connectivity, dvertisement 7.53%
[T-04] Home healthcare support wireless, service, home, support, report 7.25%
[T-05] Portable device device, interface, wireless, portable, handheld 6.98%
[T-06] Telediagnosis patient, database, diagnostic, biometric, clinician 6.72%
[T-07] Smart emergency application user, emergency, analysis, application, pattern 6.31%
[T-08] Medical imaging image, target, capture, camera, storage 6.30%
[T-09] Healthcare consulting service identifier, entity, message, management, response 6.20%
[T-10] Real-time locating system information, location, indicate, feedback, search 6.18%
[T-11] Biosensor & Monitoring system monitor, parameters, track, alarm, sensor 6.16%
[T-12] Data security data, server, encrypt, protocol, program 6.14%
[T-13] Medical supplies & equipment attach, wheel, vehicle, RFID, container 5.93%
[T-14] Implantable medical device signal, antenna, control, beacon, pulse 5.78%
[T-15] Wearable device wearable, sensor, measurement, sign, application 5.77%
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(attachable), ©]2)/5-& & (eatable) O & ¥ ™ (Jeong, 2014), Z
7] BERl FHF A 7e BAS AA o]/ B LY o]E
AOR dddth gk o272 F A of Hofol A EEAA
gejo] Foig tynpo] 2~ shute] Fakgk vl [T-05] Portable de-
vice©] 9] 7'd ?1 [T-15] Wearable device 2t} B F0] =2 A
o7 #AE

Uol7h LDA 719k 7] EY o A= o B4 Y ol A YA
S8 AE FRl gsAHg REE ve FAF EelEo o
Ag o] o] 54 7]7]¢) [T-13] Medical supplies & equip-
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Table 3. Technology Clusters of Digital Healthcare

< Yed Aojth, S22 M3E HA HFo
WAoo 2 Bo3g

[C-01] IoT in healthcare, [C-12] Al in medical imaging, [C-15]
Healthcare virtual assistant, [C-09] Blockchain in healthcare$} 72
2 7l& 2Y2HE F3 d2A o 4 UedA gAE W
o] FtatAl AP s FUT 5 Atk 53] oT 7|«
S QAR AL N2E e AT F s B oy A
ANz 24 9 BUEE, & HolHY A% - AE - B
Rt} Zo] gAY dXxAo 7] Ak Ao A V&
o dFst= ASE EMHT [C-15] Healthcare virtual assis-
tant& A= o] 7H Fou AAL B HY 1A - &
2 A4 ) ol &5 0Y(Tian et al., 2019) 7122 97 An] 2
ST Ao Z AL

& d2A 0 vlolE7t A B%EF 5 Aul2, 94
IRE ATty A% 7|x ARE AHEEHHA HlolE 3
2 #Hee 28 B 7EY Fa40] gopA L glon, #d
Bopol 7]& /= Eakek Aol th(Agbo et al,, 2019). o]l
wreh HQ1e] AA o dolE e #e] 9 Ao}, R HEL 3}
o &&= [C-09] Blockchain in healthcare”} & 2A o] 4+
o F8 71€E FEHUT Yol EEAQ 71&2 49
o5 HolHE FYH L= #e| 3t [C-08] Personal health re-
cord (PHR) platform, A 15-& E3+¢ diojg Bt 71&2
[C-13] Data security in healthcare 2t = 24 3 A#HA E 714
I YE AR gotEn

o] ¥ & Doc2vec 718e] 7€ S| 2H A A= TAE 7]
o] 7]9kste] Hith o5 MR 2E Al gk 71€ < [C-10]
Telehealth service$} [C-14] Remote patient monitoring®] &% 5
At o8 vl &S A7eta o5 AH2E A)Ade] sl &
270 Aol A 94 o5 Mu ~E Ffslr] 93 240

Hir
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Technology Clusters Proportion
[C-01] IoT in healthcare 17.20%
[C-02] Smart emergency medical system 12.16%
[C-03] Mobile healthcare management system 9.88%
[C-04] Biosignal measurement system 6.30%
[C-05] Portable medical device 5.86%
[C-06] Personalized healthcare 5.81%
[C-07] Wearable medical device 5.43%
[C-08] Personal health record (PHR) platform 5.18%
[C-09] Blockchain in healthcare 5.14%
[C-10] Telehealth service 4.99%
[C-11] Digital diagnostic system 4.94%
[C-12] Al in medical imaging 4.51%
[C-13] Data security in healthcare 431%
[C-14] Remote patient monitoring 4.31%
[C-15] Healthcare virtual assistant 3.97%
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Table 4. Classifications of Digital Healthcare Technology Topics and Clusters

Type

Technology Topics based LDA

Technology Clusters based Doc2vec

Products and Services

T-05
T-15

Portable device
Wearable device

[C-05] Portable medical device

[T-05]
. [T-15] .
1l-in-one, C-07] Wearable d
Hardware Sin, 12 il:c:nerod ct [T-08] Medical imaging {C 12} Alej;a meedii:i/;c?ma in
- u -
gep P [T-14] Implantable medical device gug
Component [T-13] Medical supplies & equipment
Medical - . o .
[T-03] Mobile healthcare application [C-03] Mobile healthcare management system
Healthcare Contents
[T-01] IoT [C-01] IoT in healthcare
Software . . o
Middleware, Platform, [T-12] Data security [C-13] Data security in healthcare
Communication network | [T-02] Business intelligence [C-09] Blockchain in healthcare
[T-04] Home healthcare support [C-08] Personal health record(PHR) platform
: ) . L [C-04] Biosignal measurement system
Diagnosis [T-11] Biosensor & Monitoring system . .
. . . [C-14] Remote patient monitoring
service [T-06] Telediagnosis . ] )
[C-11] Digital diagnostic system
Service [C-02] Smart emergency medical system

Healthcare service

[T-07] Smart emergency application
[T-09] Healthcare consulting service
[T-10] Real-time locating system

[C-06] Personalized healthcare
[C-15] Healthcare virtual assistant
[C-10] Telehealth service
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