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Patent Data: Focusing on Patent Index and Topic Modeling* **

Lee, Hyun-Sang*** - Qiao, Xin**** - Shin, Sun—-Young***** - Kim, Gyu—Ri****** . Oh, Se—Hwan*******

r T With the development of artificial intelligence technology, competition for artificial intelligence
LAbstract ) technology patents around the world is intensifying. During the period 2000 ~ 2021, artificial intelligence
technology patent applications at the US Patent and Trademark Office have been steadily increasing, and the growth rate
has been steeper since the 2010s. As a result of analyzing Korea's artificial intelligence technology competitiveness through
patent indices, it is evaluated that patent activity, impact, and marketability are superior in areas such as auditory
intelligence and visual intelligence. However, compared to other countries, overall Korea's artificial intelligence technology
patents are good in terms of activity and marketability, but somewhat inferior in technological impact. While noise
canceling and voice recognition have recently decreased as topics for artificial intelligence, growth is expected in areas
such as model learning optimization, smart sensors, and autonomous driving. In the case of Korea, efforts are required as

there is a slight lack of patent applications in areas such as fraud detection/security and medical vision learning,
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(B 1) 271 U3XIs Sz

(Table 1) Al patent applications by country

Rank Country ap;i\lli?;égfons S(P:,Z;e Rank Country ap;l)\lliiétoi];ns S?)Z;e

Total 84,927 | 100.0 8 Israel 1,326 1.6
1 United States 54,181 03.8 9 Taiwan 1,320 1.6
2 Japan 8,261 9.7 10 India 991 1.2
3 Korea, Rep. 3,473 4.1 11 France 941 1.1
4 China 3,061 3.6 12 Netherlands 879 1.0
5 Germany 2,571 3.0 13 Ireland 507 0.6
6 Canada 1,736 2.0 14 | Australia 464 0.5
7 United Kingdom 1,426 1.7 15 Sweden 423 0.5

source: Authors’ calculations based on the KIPRIS database
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(Unit: no. of patent applications)
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(Fig. 1) Patent application by Al technology
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(Fig. 2) Comparison of the average number of patent applications by period
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= 3,06174(3.6%), =4 2, 57174(3 0% 59 +=2=2 J
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o]=-g A|9Jstal 20004~20194 717 B 1FA]

o] EZHFM = 73‘05%%4 o] Al (X 1)9]

Y55} 71 FA Hloh (& 2)9 &49l 71& $A7t
o 3t} 29 299102 [BM 5,019, 72 1,568%,
nlo] AZAIE 14837, AH4A7E 1,209 50] A4

£ A3 ek

A9 100 29 F v =349 710 veE
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228 714EE AR A

(Unit: no. of patent applications)
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(Fig. 3) Trends in Al patent applications by country
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E 2) AZXIS 7

(Table 2) Top patent applicants in Al technology

2 ALO

2 49| S5158

Rank Applicant Country No. of applications Share (%)

Total 144,351 100.0
1 [BM Us 5,019 3.5
2 Google US 1,568 1.1
3 Microsoft Technology Licensing Us 1,483 1.0
4 Samsung Electronics KR 1,209 0.8
5 Amazon Technologies UsS 824 0.6
6 Intel Corporation US 690 0.5
7 Microsoft Corporation US 607 0.4
8 Facebook US 592 0.4
9 Sony Corporation P 586 0.4
10 Canon Kabushiki Kaisha JP 459 03

source: Authors’ calculations based on the KIPRIS database

£9], Microsoft Technology Licensing, Microsoft
Corporation©] E7}9] &¢Qlo2 HAH).

2.39

Hl

ASK|

orr

&

Jim

5 Zue

£ HojA+= 20009~20194 717 5 vl= S313 9
A

VS 7€ 2953 2 555918 ddez £2

H3) 723 UK HR 7128

39 E4Eg &
8 &

S| P4 vl

) ESg=A
WA 43 34 2990 E5E 5FL

sl B4R F ESEP)Y} E5EF

A E7]
AADE

SAoZ AnEct WA (& 3)9 E5FLE S

s

(Table 3) Patent share of major countries by Al technology

Technology U Japan Korea China Germany
Learning/Reasoning 0.634 0.086 0.059 0.049 0.030
Linguistic intelligence 0.705 0.072 0.021 0.029 0.023
Auditory intelligence 0.539 0.126 0.098 0.055 0.026
Visual intelligence 0.529 0.161 0.046 0.044 0.039
Complex intelligence 0.619 0.087 0.119 0.024 0.008
Al service 0.764 0.041 0.012 0.009 0.026
Al convergence 0.716 0.043 0.032 0.030 0.029
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(B 4) 723 S5 HE 7|84 E5&SX|S
(Table 4) Patent activity index of major countries by Al technology

Technology U Japan Korea China Germany
Learning/Reasoning 0.994 0.888 1.440 1.364 1.003
Linguistic intelligence 1.106 0.742 0.520 0.805 0.756
Auditory intelligence 0.845 1.300 2.391 1.514 0.851
Visual intelligence 0.830 1.655 1.134 1.210 1.277
Complex intelligence 0.970 0.898 2.911 0.661 0.262
Al service 1.197 0.422 0.301 0.260 0.849
Al convergence 1.122 0.447 0.794 0.826 0.974
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(Table 5) Patent impact of Korean applicants by Al technology
e No. of registered No_. of forward CPP PII TS
patents (A) citations (B) (B/A) ((B/M/(D/C)) (B/(D/C))
Learning/Reasoning 304 2,719 8.94 0.56 168.92
Linguistic intelligence 213 3,967 18.62 1.16 246.46
Auditory intelligence 342 7,231 21.14 1.31 449.24
Visual intelligence 869 12,777 14.70 0.91 793.80
Complex intelligence 6 45 7.50 0.47 2.80
Al service 50 642 12.84 0.80 39.89
Al convergence 174 4135 23.76 1.48 256.90
Total 1,958(C) 31,516(D)
B 6) 303 Q75 i 7144 Ssiags
(Table 6) Patent impact of major countries by Al technology
Country Technology PlI TS Country Technology PlI TS
Learning/Reasoning 0.58 | 3106.25 Learning/Reasoning 0.80 269.24
Linguistic intelligence 1.03 | 9084.24 Linguistic intelligence 1.49 444.12
Auditory intelligence 1.52 | 375257 Auditory intelligence 1.37 287.33
Us Visual intelligence 0.93 | 10196.24 | China | Visual intelligence 0.85 687.00
Complex intelligence 2.05 114.60 Complex intelligence 0.69 2.08
Al service 136 | 6761.55 Al service 0.79 41.28
Al convergence 0.92 | 4459.55 Al convergence 0.88 172.96
Learning/Reasoning 0.57 288.83 Learning/Reasoning 0.61 102.92
Linguistic intelligence 1.15 906.60 Linguistic intelligence 1.13 303.38
Auditory intelligence 1.33 651.65 Auditory intelligence 1.82 203.81
Japan | Visual intelligence 0.99 | 3086.82 | Germany | Visual intelligence 0.89 644.15
Complex intelligence 2.79 16.71 Complex intelligence - -
Al service 0.88 225.84 Al service 1.29 229.12
Al convergence 0.99 242.55 Al convergence 0.84 150.62
3) S 0] Qo] ute} shke] o] g} ol2) 27le] 29

SN SOAR B ARSRALPR)E B H 592 98T B4 SARA fuesss 5
8 AbEch AHERASE HUAEHS FHOR ) EASUT T Bol Y 18 AEu o]
A, Y25 (Patent Family)@ B39 44 S7RITHT 2 4 ek, thek, AAK 02 sjge|=s)t
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(Table 7) Patent family of Korean applicants by Al technology

Technology No. of regis(tAe)red patents | No. of C(:cgrrl]tirli;e?Bv)v/ patent | Average no];acr); ﬁﬁt;g}zﬁs w/patent
Learning/Reasoning 304 887 2.92
Linguistic intelligence 213 617 2.90
Auditory intelligence 342 1,068 3.12
Visual intelligence 869 2,725 3.14
Complex intelligence 6 17 2.83
Al service 50 179 3.58
Al convergence 174 586 3.37
Total 1,958 6,079 3.10
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(Fig. 6) Probability of 18 hidden topics in Al technology patents
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[ 1] 93X5 Soles

(Classification of artificial intelligence patents)

GOGN20, GO6N3

Class Subclass CPC code Search keywords
QlZAAY 1Y GOG6N3 AI3As, 714, WA, Sard, Loy, WA,

6;}%\;11%% AR 5d GOGN20 ZHEshs BIA| ok, Bl AR, B 7HESHS, 7belehs
(Learning/ A wol A Remforcementlearmng A7 ‘%]’, ATAAY, FEUEYF,
Reasoning) | 1 o1& 2 GOON> Ay, Aojsls, B, et Ry, day, A5e,

23} 7]dt 2 GO6N7 SALTZE EEHEHA SVM
I GO6K9, 06F16, GOGF17,
Rl GOG6N20, GO6N3
1A el GOGF40, GOGF17,

- o GOON20, GOON3 | ojojmely, mais), v, 1924, Qef4%, BAA,
(L.Ln"*u] | asgseg GOGF16, GOGF17, | OIS, /1AMel, BALE, 444, ciofier, ofay
e | A9 GOGN2D, GOON3 | 91, BASS, BAold, Aeiolz], 4uAM,

daE Az | 06RO GOGFl6, | IO BHASH, FEA, MASY
Se=rre GO6N20, GO6N3
Qlolz GOGF40, GOGF17,

A5
(Auditory
intelligence)

G10L17, G10L21,

G10L25
o4/03F 914 GloLgdG%O;Nzo,
%}é/%g&: 5‘-:]_% G10L1G366CI}\1036N2Q

oK /o5 G10L19, G10L21,
A 717 G10L25, GO6N20,

GOON3

SAQA, AN, SHRA, chsloli U, SHHES, STT,
AUNSHAE, SR, wolxued, 24,
EPCRES

N4
(Visual
intelligence)

A3 Q5%

GOGK9, GOGF16,
G0G6T7, GOGN20,
GOON3

249 24/

GOGK9, GOGF21,
GOG6T7, GOGN20,
GOGON3

B B, WAL, e 7N 9 B4, G olah,
AU, AZEIA, VEle B4 U o2, A7k 4 ol
A ol 4 o1, Aid A8l A2,

(Al service)

G16H70, G06Q10,
G06Q40

o]u) | /G4 A GOGF40, GOGKO, A3, AAACL, oI AR, BAEY, ol ZAA, CNN
GOGN20, GO6N3
oju|A] /G4 GOG6T7, GO6T13,
BT GOG6N20, GO6N3
GOGF16, GOGF4O,
A4} 9% o] GOGN20, GO6N3,
. G06Q50 I . .
EAA AAols], F7tolsl, dHEAG, A7tols, A, 274U
(Complex o A GO6N20, GO6N3 AgEe 2%, 244, ZHED, AT AL ol
intelligence) | 57H/2% A5 GO6N20, GO6N3 He| g 53 A ol
o AR e GOGN20, GO6N3
FEIA Y GOGN20, GO6N3
G06Q50, GO6C20,
AZAS Al A G16H20, G16H50,

924 719 24

source: Korean Intellectual Property Office (2020)
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[52 2] ESX|E (Patent index)

(Patent Impact Index, PII)

Category Patent index Description
(1) E471&Eokd ERZY2l0] A E312Yo|H Aot HlFo g
E5R ESFR(E9E o)
(Patent Share, PS) (14D PS = 571 & 204 £33 80U S35 + SH71&0]
E58EA
(Patent Activity) (118) B4 A75AVH AR ESA%S 0.2 B4 74 Rokel A5
L AA g, A 1ETHE A, o 7 e Rkl A EEEE E
ESUEAS L AZ57 22g oy
(Activity Index, Al) (AR Al = (E37]&Hokol A EHZY9N9) EalEUAS + EA7|&Hof
o4 E52Y4%) + (53299 HH Es12 944 + A4 53]
297%)
(18) 54 S2E8S o E6]d 38 (forward citation) 3155 7]
Holet % Aete] E5)71 34 7|4 95 Gkt AGHYLAS n]
(Cites Per Patent, CPP) | (#]4}) CPP = E47]&Hofo] 4| E42 Y] SEEF T84 + 8 &
9{‘_]?_]."] [Pl O]_I"
(18) SATEARAD 424 129 GAlIL 2YE6E fgoa 3
Z0l0] 71%4E3 32 Wl E5SEA 40 2, B4 SEES
C ctorsted 2 gAoR 34 7)% o] djgt IS 24k 1A 7% 29
501989 A A% 2 W7} PIvh1 o4 A9 AA 99 1 ofst AL AH F9iE o
(Patent Impact) - o]

(A PII = (ER7]&Eolo| 4 EY20l0] EEE3 1082 =
HO]:oﬂ/q EZJ%%.OL’] o ‘-|‘-|°1T) -~ (Zﬂzﬂ 01 rq?_—g-f,\— - ﬁ

A S=531)

71&E A5
(Technology Strength, TS)

e Aol 2SS B PO 9N S UI YA P 9
9 A48 netle] 8 7149 ol O, AH 128 Liehd
(A TS = 939 A% x JT2 149§ SHA%

8

E5AR4
(Patent Marketability)

AZEE A4
(Patent Family Size, PFS)

(4-8) 2] 53] (Patent Family)e 53519] £4159] Ao w2t 574 53
£93} BEE o] b w710 2¢d ‘301 4‘1] SESIE O
23 14?”1?4 55 2717t BoH E515 B3 APAANAZR)] &
£ 9u

(A4 PES = £471&Hokol A E4FAY B4 U5 5714/5747]

ERoplA A B WEelEs =7k

source: Korea Institute of Science and Technology Information. (2006); Korean Intellectual Property Office and Korea Intellectual Property

Strategy Agency (2020)



| HESEN U S |

[H2 3] 23 X|s 7= E5{LH 1871 ETHET! (18 hidden topics in Al technology patents)

Topic Topic name Top probability words
_ nesks A5} network, neural, layer, output, train, input, convolut, artifici, intellig, activ,
Topic 1 (Model optimization) connect, oper, loss, neuron, paramet, hide, memori, respect, recurr, modul, task,
odel optimization comput, implement, deep, architectur, pool, updat, multipl, weight, fulli
bEE] account, transact, secur, payment, card, financi, number, transfer, smart, symbol,
Topic 5 (FinTech) check, merchant, instrument, credit, read, purchas, issu, ledger, reader, print,
Inlec bank, custom, cryptograph, accord, flag, charg, lock, hold, identifi, identif
N signal, audio, voic, nois, command, frequenc, channel, stream, sound, output,
Topic 7 Lo|= &Y control, modul, input, microphon, filter, communic, accord, transmit, oper,
p (Noise canceling) transmiss, apparatus, respons, cancel, wireless, spectrum, band, time, recognit,
convert, activ
A7 0] medic, patient, treatment, health, concept, tensor, diseas, condit, clinic, procedur,
. =2— . ] o[ . . . . .
Topic 8 (Healthcare) diagnosi, identifi, diagnost, assess, subject, drug, relat, plan, surgic, indic,
calthcare physiolog, report, record, care, healthcar, specif, analysi, term, unstructur, inform
o4 014 unit, speech, recognit, recogn, accord, speaker, result, utter, apparatus, acoust,
Topic 10 (Voi ition) output, obtain, voic, inform, input, analysi, model, speak, synthes, acquir, extract,
oice recognition convers, phonem, correct, synthesi, sound, evalu, predetermin, select, pitch
FOJE Zgtor point, cluster, dimension, distanc, coordin, space, estim, pair, depth, cloud,
Topic 12 (P Joud) dimens, repres, patch, plane, center, obtain, imag, model, respect, calibr, surfac,
oint clou measur, vertex, curv, mesh, comput, posit, locat, local, refer
g 23 vehicl, detect, posit, area, object, imag, unit, accord, control, camera, drive, move,
Topic 15 n driving) direct, road, distanc, calcul, apparatus, predetermin, trajectori, acquir, captur,
utonomous driving speed, movement, obtain, autonom, driver, estim, rang, angl, chang
Ap7|eHA] /5ot categori, field, risk, transact, instanc, version, hash, game, analyt, core, aggreg,
Topic 21 (Fraud d ion/ ity) categor, valu, indic, identifi, particular, hypothesi, implement, fraud, lead, caus,
raud detection/security) | relar, comput, classif, type, assign, updat, delta, datum, affect
HA5}5} sampl, represent, dataset, templat, transform, fingerprint, kernel, phase, latent,
Topic 29 (Anal = | h—‘ istry) voxel, embed, modal, landmark, problem, emb, obtain, spectral, repres, right,
nalytical chemistry, select, similar, variat, volum, fluid, refer, chemic, comput, distribut, licens, space
T AZd o] display, control, oper, input, screen, mode, accord, graphic, user, select, gestur,
Topic 30 (Display) convers, detect, touch, interfac, apparatus, indic, anim, respons, modul, unit,
isplay chang, electron, command, panel, caus, posit, icon, manipul, area
M| 24 /8 object, track, detect, scene, identifi, locat, real, view, camera, world, physic, time,
T . = Tl | . . 1 A d d h f
opic 33 (Obj king/d on) environ, posit, relat, type, indic, caus, accord, chang, program, respons, refer,
Ject tracking/detection) | iransitori, imag, captur, updat, select, malwar, appear
He]u|t]of content, class, present, identifi, portion, user, multimedia, select, food, playback,
. = . . . .
Topic 35 (Multimedia) metadata, broadcast, viewer, program, indic, geoloc, type, addit, narrat, relat,
ultimedia media, caus, display, play, publish, respect, extract, emb, view, transitori
ATEAIA sensor, detect, environ, monitor, physic, augment, locat, robot, realiti, zone,
Topic 37 s ) control, measur, oper, marker, movement, temperatur, autonom, lane, posit, mark,
mart sensor, environment, sens, occup, indic, vehicl, radar, pressur, respons, apparatus, relat
o)z A Y frame, line, region, boundan current, shaj Fe bound, bodi, project, locat, volum,
Topic 39 (Medical vision | ing) imag, contour, accord, vessel, seed, identifi, reconstruct, posit, detect, threshold.
€aical vision learning, refer, previous, leav, caleul, slice, initi, offset, valu, aerial
o|u]A] 3t A7 light, imag, camera, optic, view, surfac, captur, scan, reflect, illumin, detect,
Topic 41 1 ical ing) project, vision, field, beam, sourc, resolut, pattern, visibl, emit, infrar, len,
mage optical processing) | gubsystem, portion, radiat, accord, depth, spatial, laser, posit
SERIA imag, captur, face, motion, person, portion, compress, facial, refer, tile, camera,
Topic 43 E ition) subject, hand, descrlﬁ)tor identifi, depict, detect, match, print, accord, posit,
ace recognition vector, featur, aircraft, extract, obtain, caus, apparatus, live, locat
AAY BA time, metric, period, domain, seri, histor, measur, predict, behavior, anomali, rate,
Topic 45 (Ti is) traffic, threshold, subject, oper, flow, interv, futur, indic, estim, member, travel,
ime series analysis cost, monitor, failur, threat, paramet, forecast, caus, current
el candid, question, answer, confid, respons, select, dialogu, correct, input, passag,
. QARH eI : .
Topic 50 (OA model) identifi, program, user, pair, threshold, evid, accord, survey, match, support, evalu,
QA mode type, knowledg, similar, respond, relat, inform, obtain, indic, respect
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