ISSN 2288-4866 (Print)
ISSN 2288-4882 (Online)
https://www.jiisonline.org

J Intell Inform Syst 2023 September: 29(3): 185~209 http://dx.doi.org/10.13088/jiis.2023.29.3.185

-2 SE2G) o728 AISAER &6 __I_L
BERTOPICE %09_" l_t_l"—-A oxX—To og>|: ﬁ
Uze 27)g
=DICHSW HIZLIATMZONSH 4574 BK21 WSiE =0ICHEn ZYOHE/HIZUA (THEEH
(Jeonghun0077@kookmin.ac. kr) (kykwahk@kookmin.ac. kr)

47F ARjEw ] ek I T vlge] FEE v 9tk 43F AAEH I #¥E 7]€2E loT(Internet of
Things), ¥l E]o]E], Q1FA]5, VR(Virtual Reality), 3D ZHE], 25-F38} Fo| 9lon ot 7|&E £ Sk 53]
25 Rok= HdlolH, AFAE, VR, HAY EQF 2 7|&d A% 2108 Jtidt). o]d et 218 289 o
7 O JYEI glon /5, 3, 39, HAEY, 1% £oF ol A4 gtk o d AgelA A28 45
g gt A7t FEE B YA ofF wEd wigk FEd o]24] Xt Slrh shANE $Eg oAAF o] Tt
T 2ol g AF7E FE o] FAA L T o] A AAEFTE AT S AR Ve webA @
Ao QIR F3AE 7les vzUzd A8 4 JeAd g =o7F Basith ofE s B A= A, Az
2E A548 7€y %S 4B ET. =4, LDA(Latent Dirichlet Allocation) E¥ 2.9 %7} BERTopic EHEdH W
He vl A7 A3, 1992:3~2002' 7k Aol A= RE-2E FE A8 i N 71249 FEA-8 thef
= H 1 AT 20033~2012d0l= ARSH ol thE A77F wol APHA oM d2AE, A4 T Zo] #IY
A9 A7 FHHAT 20133202200 =91 E, wE, AH 59} 2L Aulx BEYEo] SAsI oM, AL
A Fgo] g A7 ALESATE T oA A mzY 2ol 8T 5 9l FEdE ol2A] R AL Btk
123 LDAEH ZH 3} BERTopic EHEdd WHS Hwd Ax} LDA) W} BERTopico] T $+3 WHYS
grelatsirt.

FAo] . EYREY 58 A7, BERTopic, A-ZH 4524, 43 418

=gy 120239 28 10 =Erde 120234 83 92 AMerEY 1 2023E 8 312

re

H1RS : Regular Track WAMKR: 27|
1. M2 MAled, Aol Azl AFste] Aol AL

Q12)8hel= 2o o] £0j7)51 Itk Celuch, 2020)
4;-(]_ /1‘_]_' @_'ué]% 2016]’3 _}_\_513,]_/_\_ T;]-E_/_\_Oﬂ/ﬂ %% 01940]]_1;_ Z‘“E(]}:}Oﬂ/ﬂ% E]Z]EE'q —E-%]-(dlgltal twm)%
A AZAZH(WEF) A A5 AFEHA dHE o]-&% 2RI FY w¥o] o]FoA 1 Yt

Tkt 71eEo] FEN] AESAT 421 4 (Malik and Brem, 2021). ©]¢} o] 43} 4+}i 5™
g3 FHE 7]<o= loT(Internet of Things), A E o3t x| ZHE-S 83} thokdl A
d o8, 1FA%5, VR(Virtual Reality), 3DZHE], 7} A3 ok

2R F So] gt} 431 A EH Athol= ot old] e} %, 33, §9, d2E™, 1F &
¥ 7|ES0] FHEHA EFS = T USSR ofF Sl A o B BEE0] T4k Atk

Ittt 28 RololAx HldolE, AFA%S, (Prentice and Nguyen, 2020; Zeng et al., 2020). TFF
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olel 2REo] AL EAY & YA AT
24e 34% & vk AR AEge

(Henschel et al., 2020; Chuah and Yu, 2021). ©2hA]
ST At 2 2l Y2l

B O]‘rri w227 H3ih. 217
T= Agsl AbE el 91
A3As. 1‘4 u 2o 9 FE Bt B
= Feolgkal & <= At(Joe

B A5HE 7ee] 79
HA2E & AT S

et al., 2020). 7
A Tl 53 ¢

A AIREGE Alte]
% AAE 4L 5 9
(Onnasch and Roesler, 2021
HT AL

A2 B

to

~—

220l 7%

Hofel A= <l
23o] 7HQl &3k
(Lu et al., 2019). 3HARF 27] H]-& &A, H|ZY X
ndo] B, 7|9 5o EAE obAHA =R
AR]2=8] tiFs7E o] Hok o7k A&l A QIZ-

S8 JEA G B3 ATE MBI AT 5
e HHsE AL ou] Y Yol

T3 B ATIME QILER JEAE ATE
Aviy) gete] ERudy e g
9 mal P AT B A 7] 95 ALE
%) BH

ot olg} 72y(Chen et al., 2019), 22<1 2]
(Bi et al. 2019) 48 v|tjo] Z8l=(Yu and Egger,
2021) 5= A=t ARSH AL Itk B R ElF 0
3 ?_] 1 of] = LSA(Latent Semantic Allocation),

=
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LDA(Latent Dirichlet Allocation), PLSA(probabilistic
Latent Semantic Analysis) 5©| 2™, 7} Zo]
AHEEI T E WS LDA W o) th(Gallagher
et al., 2017). # - NLP(Natural Language Processing)
Fofo] ¥ 3 &4 BERTopic(Grootendorst, 2022)
2 Top2Vec(Angelov 2020)2} 22 2L WY
S]-—r Qith LDA W AT §8-4
F Zopoll A JSHAA R SAIREe =
S AEs] Wil 29 WEhe HEhA|
Shth= o] SlthKukushkin et al., 2022). 3F
o BERTOplCT: O]u.]]r/] H]—/xl& Esﬁ 1:]—019] uﬂ
& mejstel S QYRR 23 o Y3
a7 Edo] 42D 5 9l Aoz sljHch
2]t} BERTopic] 7-9- LDA®Y H13l] 48 AL
7F BA gorg £ T tekst ZokllA 5
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BERTopic 7t¢] A%< Wla3skal, BERTopice
ol QRREER FeAg A S ARy
ok QIREER FoAE AT BEYES A

O 22X AR AF =S ujeldlit
w3 2 AF7E LDAS BERTopicS Hlw g
S =23 AEA 753l 2= BERTopic®] &4
< gRlsh, 7]& AHSEE B8 2l LDAS
A5 BH o g AMEE o e ZAE AR
Z7}2 HRI(Human-Robot Interaction)2] E3 &4
o ojA] owgt darglEo] AzHA] Aok
B ¢ 70X BERTopic# LDAS] A% vlaE o
T4 A <(coherence score)E HlnLdle] A
vl st EY 7ke] A, Tolg @zl 3|
o]9] 344 & Hluste] 4%
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BERTopicS &&%t

-2 HBHG 5 T

SA, AR ABAE AT BFS AHRT
AR e} Ah-mYE 45 AT w2y
2o HET 4 YEAE PolRT)

2 Fdo=w @L%oﬂ Fﬁ}?/} ) ii

A9 =88 A 1 Y FH
H"?l’ o‘ljyoﬂ Al AH8-E 31 Q) th(Bethel and Murphy
2007; Zhang et al., 2019; Saunderson and Nejat
2019). & 9, &8 2E-2 9|5 (Carros et al.,
2020; Vichitkraivin, and Naenna, 2021), 25 2
< (Chan and Nejat, 2012), AEEHJAHE(L] et
al, 2016), A 2 T2 A, 4 2 2P
374 o A Fo] QF(Broadbent, 2017) 5ol 2~0]
ko)t FAl QIFE-EE S AE(HR],
Human-Robot Interaction)g‘ ekt okl A AHE
%31 Qo F e 38HA thFo]A| AL 9tk Schmidtler
et al.(2015)= LZl'- 25 ez %% A7ty =5
Zrol| WA= B

Aolstnt. olnf &
7t EE 2Eo] A& REESIAY &
o gt 4= 1 tH(Chandrasekaran
A 2R FS A
2R QIZEe A% WS ATske ol
< g Atk ole 7AIS AEdte HollA A

2hg-S dATshe JIZ-ZE

7!

ofr
o
X
e
ri
o
fu
b
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£
o
HU

AFollE 71RE, v, wtol4, Fhde} F9
zkE A9 =79 RUE], 29A 59 SE =771
AHEETE TEla BUH, 297 5 FE T
Aol 1Y Feh2 ALGETE WA Qg
BEAES A% 75 S0l BUE], A2A, 34,
=74 B Ao, ﬂl% Az o)A et e, =
A A5 28 gl 3 5°| 2 23}KGoodrich
and Schultz, 2007). 194 & 2Xo] A3)H FF5&
3b7] fliAlE A=AE AAsAY, S48 <
218h= A7) 78 oF Sth(Neto et al., 2019).
Nehaniv et al.(2005)2 450 A 7oA A3t
O] A 25 57 EFste] 14ste] AFdshe
WS AABIATE 53] Al2A e A1 2
BFAA A=A E ol gdt] AFUAIAT
A= EE2 WHo|K(Neto et al., 2019). A2
e ALSH AeAge] a3 7SR At
doj= A 7 gl TS AHsh] S8l A
AH&-ETHSalem et al., 2011). =3 HFH A= v
o2 P53 A2HE Tl ADH= FR| F
o5 7leol= AR yEyon sk 7P
A &3= AFUA A 2'd o]t (Goldin-Meadow,
1999).

U2 R 54 A7+ 334 B A
312 Foll A AFE L Aok HA FIHE B
o A& AW EH 4 (proxemics)ol] THEH
UZE ko] A% F= QIFte] 2 EA4|9F 25
u Foi7 3 3ol wEt AFES IS
th2 4 &1 3 cHHall and Hall, 1966). ool u}2}
-2 5 Jaz-golx - 847 o

g IS vXEA A¥E 87t gtk Kim
and Mutlu(2014)= 223} A7+e] E814 Aol
upel IZEe 2y FEo] dEE WSt
w3k 283 528 At dE A5 A9 TF
| FdES FRIEHAT Walters et al.(2005)>
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AHgAre) Z2g3) AA6 whet 2Rate) Ags
ZAsoF ¥ NS ARG ThEo = A8)x
R4 B o I3} Q72 E 5288 25}
o <ol Al B 2T é&/‘*ol Slck 53]
A}w 2ol A8 A4 & glom, 913
iﬁ% Ao

C)

O] E]'(Nass and Moon, 2000). ©
5 Qlelslo) 2 7o) Wes
230] 2k} 45 SR QA
o] & Q 3} Trevelyan, 1999). =
S48 o) Sl 24
12| 78RS o922 = A7 Bofel 7
238} THTao and Tieniu, 2005). ©] r'ﬂf& o]l-f=
4EE olafsfof EAIE HAE VI
2otk oS Eof shd S Aefslr] flelixd=
AR ol 29l 2 A Bl B
F7go] Hashr] wo|t}. o]ef o] ZHo] Thef
3 BN BT FmE AU Aok she
HAE QAL 917] wfiZol HRI AAlol g 28
43o] 2thBurke et al., 2004). 1A= B}
Q7h2R ABago thd B ARG ATE
At olof wE} B A= JIXEER A4S
Z2h-g- Aol sl Mk o g AuE vz} gk

021, W

J oo 2
)
r$£

22, EZodEl

A& HlolH oA H2E, 5374, o|r]A
9] B olH = 80~90%2] BlES A3}
31 A BH(Qureshi and Gupta, 2014) H| 43 Ho|E
+ XY HolHET B HRE Tl 1o H
Ay Holg o= T34, '5':/‘1, ojmA] Fo] o
FHo|t}, E3] TAES B3] A% g2E
ntolido] ElksiA FaE L ok El2~Enjoly
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A= o] A=
I=35l= 7]<°|th(Feldman and
ZEnjo|d FHollA 7 wol
B2 A AgelA
Z dhuo]th(Jelodar et
i

_]_HE‘] KR zLo}

Dagan, 1995). €
}\].Q_E]—y 9= E-‘EJ_HE]
A& Zrol ARt Y
al,, 2019). o]23 Efrdg
ofe] FF ATl ARREHIIE . o
37 (022> & = 283} MIS
Quarterly®] AT-5%S AHrgkon, v
(2022)2 OLED(Organic Light-Emitting Diodes)
OjAZgo] AHFe] #HulAel Edkg uolsl=
d7E APt hEHQd BEgeddy Ve
oll= LSA(Latent Semantic Allocation), LDA(Latent
Dirichlet Allocation), PLSA(probabilistic Latent
Semantic Analysis) 5©] ATHLikhitha et al., 2019).
LSAE SVD(Singular Value Decomposition) 71
who] tfreha] WhEE el A 4471
Tol 59 HAAES olEoUl= ol tH(Dudoit
et al,, 2002). LSAE ©o] 4 A WA Hol|A
o] ko] AdAde Bl Jdeta a&Fo=w
ETS 35T 4 tiBergamaschi and Sorrentino,
2014). T3 SVDE ARERFO B AplS o At
= 43Szt o shA|RE
EFo| 47t S7Hd o) 4 Edol] a3 7]9j=rt
FHog Sle] 4| ofn] Rolrt ofek, F1
2 SVDE AH83H7] wizell ofw] Aldke LSACl
A28 HolEE F71 A9 A2 F7hE wole)
sk 71ee] HleTEE slol thl Astelol ek
PLSAE & 7|¥ T4 =224 TDM(Term-

Documents Matrix)< 53l A4E A =3 9

i
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Hrde

[e]

< B3l =AU A" FAES 2= B
o] tHofmann, 1999). PLSA &S 8|~ E F-A
AR A 2 A A 1A ARE A
AA R HA G ol FHokslal E-ANA & 5 gle



MZE ZA gk 28 & A A= S5
gfoFgttt= To] ATHHofmann, 1999b).
SO LDAE 7|E RSN A4 +F
o] g& 7IWe] IY Ae Bekstr] 2% v
<9 (Dirichlet) 32 7]HF Zdo|TKBlei et al.,
2003). LDAT 253 Thojo] @7 =g A
oAl LSAol ®ls] -3 A2 UEFHTHBlei
et al., 2003, Griffiths et al., 2007). LDAY A
el 54 807t s43t= 3l 7]1F0] ofd
2E Yol 54 &o7} 8 gE& 7Ntew
shal 7] W&ol ofmE BS A aLstA o] Fof
¥ 4 gtk LDAE FES 73 EY
2 PLSAS] daElEs e
PLSAS] =AY A2 =& o]
Z FEsHA It 3RS dE 2
Z-gsto] Bestlr] el g2E 7]
ndy F4004 7 de] 285 A
E0|tK(Titov and McDonald, 2008).
BERTopic> A L8502 527 B Ry
Aot 7Ee ExrdRe S 2HTYS kAL
FH2EY A 7k dolE Fe e
AHE-3199 2 L}, BERTopic=- HDBSCAN(Hierarchical
Density based Spatial Clustering of Applications with
Noise)& AH&ste] B 7|9k F4lo] S22 E
2§ 43 SFCH Grootendorst, 2022). T3+ BERTopic<
Nzel Endds) g2 2 1Es
o Agg BEYS AAS & vk AE 2
S THGrootendorst, 2022). RFH LDAE &A1} &
A el dolrt mE Sy Holetn Hger) o
2ol ASE Bold wAE FasA ot
(Blei, 2012). WepA o] AHYXES AwshA]
R EE R VER EL P ERE S
UTHE @ 0] THGrootendorst, 2022). 4l & E°1
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cash 2] o] T2 ©oje 4
T3 LDAE YT dubdo|AY #do] gle
AE FE3h= A7 237 AThRizvi et al,
2019; Alnusyan et al., 2020). ©]2}3F A3}= hoj
FHU(bag of words)H 2] AHE-3H7] wj <l
Troj Ty A2 ofo] FAE AL, Apo] &
1, o137} o 3|4 8= T ¢
A& 7k Q17] wEo]th(Helaskar and Sonawan,
2019). o]l wlg} PLSA, LDAE &AM 2+ &
ofe] EH& AHT F (7] ol T 3He
ou| &4 JAE FAIETHSia et al, 2020). 9=
A (word embedding) ]S A2}l 2] 14
HE S AE-SE] Wl To]o] WEks ofsf
T Atk ool wel dF AFAFAE =
UG W2le] EY mdlo] LIDART 9578 A5S
U ERATHStede and Patz, 2021; Séanchez-Franco
and Rey-Moreno, 2022; Umamaheswaran et al.,
2023). ¥+, LDA”} BERTopicE. T T4 & 34
skt golsitte A2 IS AATHAo et al.,
2023). gRtE A7AITE Aol whet Egger
and Yu (2022)= ©¥ B3 wdukd ALE3h=
ARTE Ao 543 ZZ gEo gt
EY mdlS dAste] ARgshe Zlo] A9 4l
e 5 T At FAsATE webA dHo)
Aol 545 1Y, 2 B3rtE F3ho]
B mds dAs= Zo] o

¥ ndo] Brlols S-S (perplexity) 2} o
Ad Z4(coherence score)’} AHEEH, EY mHlS

gk FA 279 7-9le S (accuracy),
Fl-measure, AUC(Area Under Curve) 52 A&
SFCHEZA, 2021). H2E HolHZHEE 2|
Hol = FAE F=3t EFo] 2 A
AE FRlT ve S =g I HJrE g1l
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gt T Es gE 2do] ARE drpt & Hlzatthd 913 B30 FA7} FrAksioraL
o Z3l=3] Lol 7] Q) AR EE Auz Ax 72 4 1S 7FsAde] =t} Churchill and Singh

ot} &3 EFEIF BEFE A = low 2022)F ABH R dFAo] £ 4 71Es)
Bt} shARE ERFET}E WAL A HEEA] o JA= dol 7t A2 BEgo] 7P Ao] ¥
B9 §j4o] golaltial B 4= Ith(Abdelrazek & E¥ 2dd Avjela F431 0 ool wet
et al,, 2022). ¥4 HFE Newman et al.(2010) =3 719] FARI A o]9fo] Tojo] HIl, &
o] A& zltE WHoR B JdHe St o9 e SASAT dole HdAe EFI
= Yotk EY o] dolo] FAISE Abshs oA 4% w7t b2 EYME FAl F

WPO R Fho] E45 Fon|3 Zlow MT A7 Ag dolof P OoR Wkt Tojef 54
T Atk EY mdo] A EFo] g AL o dojrt Bl SAAAT &
7] Hste] B Mot EREE ARERITE 5 B SASHA] 982 ©ole g dEhlH:
A%k Chang et al.(2009)2 &3 =9} 17te] Hck 2 Ao+ HRI AT A3 =Y

FRBATY S S ek £ 4 A ATl A B s AR
TME BY mdo] HriAERA A4 H s HRI9 AT TFE
FE AR Stk o]l Bz £Ho®  1>2 LDASH BERTopic®] TS #413 otk
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A2l Z4se] Pa-e BESTh B 7oA
9 he] 3] ARE AR olRE B b 31 A DA

E A= Web of Science | o] Ef o] 2x0f A
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BERTopic2 &&%t Q7H-2% 4338 S8 37

AFEEl oW AME =20 omad 5Y7kA] Wyt <3 2> 19923 FE 20223 5€714] 208 =
HEE =Ee Ve S A =8 &9 FolE vEhd Zlojth 1992 FE 20214
osvitd HELZ Agste] B AL 28, 744 ALA Zkeks FAE el Ao
A= w7 s Az ARE 3159 £ 202257 202100 BIEl A7} wobdl AL 59
B =59 dAE <18 153 2tk <38 2290 o]F9] =ES whdsln x| Haly] wjEolr).
Authors Article Title Abstract Publication Year

Sandygulova, A; Campbell, AG; Dragone, M; O'Hare, GMP Immersive Human-Robot Interaction Networked rabotic applications enable robots to operate in distant, h 2012
Billings, DR; Schaefer, KE; Chen, JYC; Hancock, PA Human-Robot Interaction: Developing Trust in Robots In all human-robet interaction, trust is an important element to consi 2012
Lemaignan, S; Echeverria, G; Karg, M; Mainprice, J; Kirsch, A; Ala Human-Robot Interaction in the MORSE Simulator Over the last two years, the Modular OpenRobots Simulation Engine 2012
Codd-Downey, R; Jenkin, M Human Robot Interaction using Diver Hand Signals Current methods for human robot interaction in the underwater dom 2019
Kamino, W; Joshi, §; Sabanovic, § ‘Food' for Human-Robot Interaction ‘Food’, when mentioned in Human-Robot Interaction (HRI) research, i 2021
Murphy, RR; Schreckenghost, D Survey of Metrics for Human-Robot Interaction This paper examines 29 papers that have proposed or applied metrics 2013
Pelikan, H; Robinson, FA; Keevallik, L; Velonaki, M; Broth, M; Bo'Sound in Human-Robot Interaction Robot sound spans a wide continuum, from subtle motor hums, throu 2021
Infante, ML; Kyrki, v Usability of Force-Based Controllers in Physical Human-Robot In'Learning from demonstration is an invaluable skill for a robot acting 2011
Stoeva, D; Gelautz, M Body Language in Affective Human-Robot Interaction Social human-robot interaction is concerned with exploring the ways 2020
Das, D; Rashed, MG; Kobayashi, ¥; Kuno, Y Recognizing Gaze Pattern for Human Robot Interaction In this paper, we propose a human-robot interaction system in which 2014
Argall, B; Chernova, 5; Hauser, K; Jenkins, OC Workshop on Algorithmic Human-Robot Interaction Intelligent behavior in robots is implemented through algorithms. His 2014
Harris, J; Sharlin, E Exploring Emotive Actuation and Its Role in Human-Robot InteréIn this paper, we present our research efforts in exploring the role of 2010
Arroyo, D; Lucho, G Roncal, J; Cuellar, F Daedalus: A sUAV for Human-Robot Interaction This paper presents an interface for enabling a SUAV robot (Daedalus 2014
Doisy, G; Jevtic, A; Bodiroza, $ Spatially Unconstrained, Gesture-Based Human-Robot InteractioiFor a human-robot interaction to take place, a robot needs to perceiv 2013
Xu, QL; Ng, JSL; Cheong, YL; Tan, OY; Bin Wong, J; Tay, BTC; ParEffect of Scenario Media on Human-Robot Interaction Evaluatiol Different media used to present the human-robot interaction (HRI) sc 2012
Lorenz, T; Mortl, A; Hirche, S Movement Synchronization Fails during Non-Adaptive Human-R Interpersonal movement synchronization is a phenomenon that does 2013
Singh, A; Young, JE Animal-Inspired Human-Robot Interaction: A Robotic Tail for Co We present a robotic tail interface for enabling a robot to communic 2012
Perula-Martinez, R; Castro-Gonzalez, A; Malfaz, M; Salichs, MA Autonomy in Human-Robot Interaction Scenarios for Entertainm Decision-making is the natural way that makes any animal autonomc 2017
Martinez-Martin, E; del Pobil, AP Robust Motion Detection and Tracking for Human-Robot InteracThe paradigm shift of Rabotics moving toward autonomous robots m 2017
Lee, MK; Tang, KP; Forlizzi, J; Kiesler, S Understanding Users! Perception of Privacy in Human-Robot Int:Previous research has shown that design features that support privacy 2011
Malchus, K; Jaecks, ; Damm, O; Stenneken, P; Meyer, C; Wrede, The Role of Emotional Congruence in Human-Robot Interaction The communication of emotion is a crucial part of daily life interactic 2013
Rajavenkatanarayanan, A; Kanal, V; Kyrarini, M; Makedon, F Cognitive Performance Assessment based on Everyday Activities ' Human-Robot Interaction often involves a robot assisting or providing 2020
Moller, A; Roalter, L; Kranz, M Cognitive Objects for Human-Computer Interaction and Human-We introduce and define Cognitive Objects for human-robot interact! 2011

(ag 1) =TE HO[EHAQ] OfA|
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(B 2) =Y Human-Robot Interaction 7 =& &0 flT
Year 1992 1993 1994 1995 1996 1997 1998
Frequency 1 1 1 1 8 8 16
Year 1999 2000 2001 2002 2003 2004 2005
Frequency 22 30 36 58 95 110 187
Year 2006 2007 2008 2009 2010 2011 2012
Frequency 165 247 251 280 405 422 491
Year 2013 2014 2015 2016 2017 2018 2019
Frequency 550 685 628 872 1,172 1,184 1,343
Year 2020 2021 2022 Total
Frequency 1,414 1,313 370 12,366
32. X} ‘english’ 2 A4 5}%3 ©. ™, calculate probabilitesi=

B ATE <3 3> 2L HEe %—311
o] o]Fo] Xt} HA Web of Sciencel| A &=

)‘HUE_,F{E
ﬁ_‘—‘-‘r‘?_{"—li

ATERS AAYST olm AAE
o £EATE MRS} EREA, Bgol, 54

S5 AAsE AYS AT o E A

W2AE FAEY] BERTopicS 53 EFS F&
gt} o] n-gramo] W= 1322 A3
71 ©]f+ “Human Robot Interaction”} 22 &
o7t T 7hsAdel 7] Wiwoltk <" 4>
+ BERTopic®] 3 Ago|tk. AA, 39 =5
o] thafl A Yl (document embedding)S =3}
kot =4, UMAP(Uniform Manifold Approximation
and Projection)s B3l 2HdS F4Ih AlA,
HDBSCAN=Z- o] -&3te] 415 33} g} Ui,
c-TF-IDFE o] &3l EFg FE3rh thilA,
MMR(Maximal Marginal Relevance)S A #F
EIS FE9Th B dAFeAe ool 3.7.133
< AR&-3H31 21 BERTopics A¥3k= ‘bertopic’
A E o] &3} TE S hdbscan, nltk, sentence-
tranfomer, scikit-learn, genism 5= 71802 o|-&
At} BERTopicoll AHE-H 32 1] E] = language=
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True, EF 9] 755 YERE= nr_topicst 3~207] =
5 Y= okt =3 A8 vEIE
AHE3E7] 28l low memory= TrueZ A3}
ngram®] He)= 1-30% AT o] 2
HEl= 27] 478 #k& ARESISITh LDA AE <A
22 oA o]FolH o, gensim HI|AE
AHEsEATE EF 9 JE 9 W|Sk= num_topics
£ BERTopic?} 5L3HA AH3IH T LDAS A
num_topics ©]2] 2] 2 HE = 7] gk ARSI Th
LDAE= A4 8E T (generative probabilistic
model) 24 Z+ &A1) w3t ELEo] s}
I YEA It A FES ALkt A
ﬁgoﬂ o3 EoE& FoH(Blei, 2012; Blei et
, 2003). LDA= #7] A x}7} E90] 75 &
= 7601' , AA A4 e BE G ES il
< Shl o= . T o ' ol
w94°ﬂ e dos2 B 2 EYo) g9
Eof okl 7 gk T-t':/ﬂ-"/] o=
o] ojWl Ed o a3}t | =10l A o
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BERTopic2 &&%t

oZ-2% YBXG 58 o7

t=}

[S—
Web of
Science DB

HRI Abstract I

Preprocessing [—|  Corpus

——

) LDA Topic
Bertopic Modeling
(a3 3) Overall Process
comus | Embed
P! Documents
UMAP HDBSCAN
¢-TF-IDF MMR

(32 4) BERTopic Process

{12 5) LDA Process

4. A1t
4.1. LDA2} BERTopic MS H|w

<49 6>7 <3F 3> LDAS} BERTopice] T4
I H4E vlag AFelt} 1 23 BERTopic
o] A YA A7} LDART FA Al Ao
2 UEsth LDAY 4| 34 Hae B0l
HoldE WEo] Asix o™ BERTopic® #
T EFo] solux AY Aot /It <&

3>S A3HEE BERTopice EXo] 3701 uf
0.012A4 7V =2 A5 UEdlon LDAE
Eo] 571 ] -1.2924 71 M7} E=dkh
o]# 3t H o & nFo] & uw] BERTopico] LDAX.
231 o7 kAl Mg Vel Qtt
¢+ 4= 21t} BERTopic¥ LDA 25 EY
5 I A9t moAe AFS
BERTopic& LDA] B3} Athz o
Ao s Fo] At weps B
oJL}= BERTopic®| LDA® B3l H4
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oj9] 7, Bla Tl AeE vER
ok <3 45 AAF o8 duEH B Tt
*Pol 72]7} LDAW2] o] 113 BERTopic
o2 Yehsith ZARI A7 dn

el Aol Ytk 2 9]
=5 EmEg] E%/ﬂo] 71—{5}1:].
t}. BERTopice] ZARI A= ¢F 0
2 EF 7o Aol wig- gojxitt vt
LDAE 0.556 ©|3t2 Athzloz B3 719
Aol & jz]o]l:}. EY 7h9] AXE g s
EY Zto Al A% TolE on|gt
& S0 Bl 4T @0l T “human
E Aol SASATE oA
Zow HOP@‘E} E3] 2t Ziil

& B3 9] 7|7t 147] 2744 LDA
o] § Wttt AT B 5Tt 1471 o)
73-7-ll= BERTopicol 3 Tl 77t A
Zw U Bt el datos oud '
o & g H SA3 doE Q./]U]@-E]-_ PN
tojo] A4S AvrEE B9 si4= 37]0A
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AA = TojE0] o B 497 EAskth BEY
o] M7t 4l 7352} 5701 A5 7)) A
ol olol gt ol2g A9 BT Wt
© 2 ZyAo] BAER] ot BT 9| sf4o] ofz
< 7 Atk ¥ FARI AgZE Ha, AR T
R} 34 ©ojEo] ¢ B A folle EY 119
EE’Jo] E_Zl-ﬁﬂ UiH-r—Oﬂ oH/“]Oﬂ = Eﬂ _9_0]6‘1- 2=
ALk o & TSt E o 49 gol s HFH
© 2 %713k w) BERTopic®] & © #2l& & ok

<& 5>9} <3 6> Aol 7P =9kE WY
AE e Eolt}. WA <3 5> BERTopic®
Aot} HIE B9 77} o] it BE9S
F23}A]) Ea9 AT LDAS AFS] <& 6>
vl HlaA sfjAfo] golgh 2102 UERiTE <3 6>
< A HRA EF49] 79 A A GukAQl Thol
SR 23 o] FfAo] ofgit) W <& 5>9
A= wfhg- Aol L TolEe] FEH BFS
B 5= 9lth. @2 ZHo)| X% BERTopic®] LDAC
HlE) $-=3 Ao 7 et

-0.02
-0.04
-0.06
-0.08

-0.12
-0.14
-0.16
-0.18

LDA coherence

3 4 5 6 7 8 9 10 Mn

12 13 14 15 16 17 18 19

(a) LDA Coherence

BERTopic coherence

2 A4 5 6 7 8 9 101

12 13 14 15

(b) BERTopic Coherence

(12 6) Coherence

I 3) Coherence Score

16

17 18

19

Number of Topic BERTopic coherence LDA coherence
3 -0.01 -1.37
4 -0.08 -1.40
5 -0.04 -1.29
6 -0.10 -1.58
7 -0.07 -1.52
8 -0.11 -2.02
9 -0.07 -2.29
10 -0.09 -2.15
11 -0.14 -2.54
12 -0.11 -2.89
13 -0.13 -3.81
14 -0.20 -2.90
15 -0.13 -3.15
16 -0.14 -2.75
17 -0.20 -4.10
18 -0.21 -4.84
19 -0.22 -4.37
20 -0.23 -4.36
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BERTopicS &8%t Q722 d5%8 8% o7
(H 4) Performance comparison of BERTopic and LDA
Number of Topics Algorithm Cosine Distance Overlap Terms Unigue terms
LDA 0.500 7 12
3 BERTopic 0.733 4 20
LDA 0.433 11 8
4 BERTopic 0.733 4 27
LDA 0.230 11 5
: BERTopic 0.750 6 31
LDA 0.487 12 17
6 BERTopic 0.753 5 40
LDA 0.409 13 11
BERTopic 0.781 8 43
LDA 0.343 12 13
BERTopic 0.829 12 45
LDA 0.331 13 15
BERTopic 0.789 14 45
LDA 0.389 12 20
10 BERTopic 0.789 15 51
LDA 0.502 14 29
8 BERTopic 0.800 13 63
LDA 0.406 17 18
12 BERTopic 0.833 16 66
LDA 0.547 12 44
B BERTopic 0.774 12 75
LDA 0.409 14 31
14 BERTopic 0.833 17 80
LDA 0.508 14 42
1 BERTopic 0.799 22 73
LDA 0.505 15 47
o BERTopic 0.798 20 84
LDA 0.610 15 64
v BERTopic 0.816 19 93
LDA 0.638 17 73
8 BERTopic 0.829 20 99
LDA 0.626 16 74
v BERTopic 0.827 21 104
LDA 0.556 13 74
20 BERTopic 0.835 18 118




H 5) Result of BERTopic

Topic ID Keyword

Topic 1 children, robot, social, robots, learning, child, autism, interaction, asd, study

Topic 2 emotion, facial, emotional, robot, emotions, expression, human, recognition, expressions, interaction

Topic 3 language, robot, human, dialogue, natural, interaction, speech, robots, based, model
(B 6) Result of LDA

Topic ID Keyword

Topic 1 robot, design, robots, children, interaction, social, human, robotic, research, paper

Topic 2 robot, human, model, task, interaction, based, learning, user, performance, control

Topic 3 robot, human, interaction, control, paper, results, based, using, robots, motion

Topic 4 robot, robots, human, social, interaction, humans, study, participants, people, research

Topic 5 human, robot, recognition, interaction, based, using, model, paper, data, method

42. ELDEE

<3 7> 199213~2022'd 5Y7FA o] AA] ATF
Ego|t}. HAZA] A FAE AHEUS W
=3 A5AE 75 o2 i (gaze), Al 2A,
% (facial expression), Z7i(tactile) 5°] =&F
AT} ARS)A 235 A-8(social interaction) SH-2]
& FAE ABEHIUTE tr o2 Ajn| 2ol HHE
FA S0l AYEHIUT. AHl2 FGolA = =2
s, A A5, 1, oy il =7 IS
Zk3 AT ol9le = T (joint), B (learning)
5o FAZE A=A AREAQ] AT FAE
AHEJS o) obA2 BlERU 2 AP E AH]
2~of ik =97} &s] o] FoRA| Al U=
2O 2 Yt

AT ETS AuRH 25| FR(type of robot),
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F3k(speech), A 2~*(gesture), A ZF(remote),
QIZE-Z 5 45 2-8-(human robot interaction) -2
UERSTE A WA EYQ 2R T/E AV E
™ seal, cat¥} Z2 = FH Y ZHo] AF =L
AeEAS Y F Utk =35 55 Je| 2SS F
3 AL A Al thEk ATE X aE A
o7 Ueyth 7 HA EL2 U] g A
To|t}h Al A EFL A2xA e HEE AT=E
A] face, hand, tracking, track, recognition 52| T
oZ mFo & o =, &3 55 U2sAL,
FAehe A7 dFEAT v A B 2
2& dAAAT & A= 750l et Aot
dAA A g =27} o] FoF olfr= dF

>

Aol AT-ER JEAE AT AP B
Q) Bgol, G HPHFAA 23 0|99
APATL 22 U5 BG BS A} AF
5 Aol 91+ 7] WEelth ol WAl
98 2R JEA g B EZolct. ¢l
723 4 5A gl BE Ego] FAW olfE



BERTopic2 283 o-2% Y538 58 97

7= R AT
Md<s 4
o)t}

<X o>+

A& HeRd

20033~2012\d 0l o] Foizl A+
EYo|t}, 20039~2012d ATE
A=A, Tste) e ARSA %3 o]9]of] B

AT7F 27] ATFEAZA
1 12 =ef7t ol FAR] W

B4 o] FUVIE AFHI JeH, d=H=E
(face detection), 1%(recognition) 52| T3}
e A7E0] FPHUAT T o] &l BES
o]- &% An|27} AFH7] AZsEATE A MA

F  ol8
e Ege) FAL "gIolt A7ty 23 3he] @
.92 B AUS FAsE A7) ol Foihe

B 7) A 7 EH

Topic ID Topic name Keyword
Topic 1 Elderly Care robot, older, adults, robots, elderly, care, older adults, people, interaction, social
. . . emotional, emotion, facial, emotions, robot, expression, human, expressions,
Topic 2 Facial Expression o . .
recognition, interaction
Topic 3 Gaze gaze, eye, human, robot, attention, interaction, social, human robot, participants, based
. esture, recognition, gestures, hand, gesture recognition, human, robot, interaction,
Topic 4 Gesture & € & & g
hand gesture, based
. . learning, robot, human, task, user, interaction, demonstrations, reinforcement,
Topic 5 Learning .
demonstration, tasks
Topic 6 Social Interaction | trust, robot, human, human robot, participants, robots, study, interaction, social, results
. . children, autism, asd, robot, children autism, social, therapy, spectrum, autism
Topic 7 Autism . .
spectrum, 1nteraction
Topic 8 Education learning, students, robot, children, robots, education, social, educational, tutor, robotics
. Creativity . . . . . . .. .
Topic 9 children, robot, child, social, robots, interaction, child robot, study, creativity, social robots
Development Tool
Topic 10 Joint stiffness, control, actuator, elastic, sea, torque, design, actuators, variable, variable stiffness
Topic 11 Skin sensor, tactile, sensing, sensors, force, contact, skin, robot, human, tactile sensor
(H 8) 1992F~2002F A EX
Topic ID Topic name Keyword
. robot, seal, research, cat, commit, subjective, mental commit, mental, objective
Topic 1 Type of Robot ] ]
measures, measures
Topic 2 Speech speech, attention, interaction, model, robot, human, speaker, motions, linta, robots
Topic 3 Gesture person, gestures, gesture, robot, recognition, face, track, hand, tracking, based
Topic 4 Remote control, robots, human, user, robot, operator, method, multiple, time, remote
Topic 5 Human-Robot human, robot, interaction, human robot, robot interaction, paper, robots, human

Interaction

robot interaction, control, design
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48 - |1
T WA Ege ] ik Attt o o] AU o] A7FAl= WA 4y
g A7t o] Ff AL 2RO Adxge  E AAs] A7 dFolth 19921~20021 €]
w2 o] FaAgol Y&l 771 ot Al dFolAs ol SHS & 77 JAFH
WA B2 Al Ao A3 AFtolth Al2A B o 20033~2012 7= TIARY] &EE 7
2 1992:3-2003'd Aol = S EFolt;. o= Aol JEet A2 et A W
1992'3~2003'd A= A7k 2003d~2012d A B A FA o th ALs FpEE F
Az Ao ApolE A Ed 20031 d~2012'd &) Axte] & FAHS FAsE A7 31
9] A2~ EHoA= hand gesture, interaction, FHA dF AR EYe 25 FAo 17t
gesture recognition 59| 719 =71 F7tE AA o] Ao thgk Atolth. Ao g ATEs
O™ tracking, track, face 59 7| =7} Abgh A7Ee] A we}t 259 A& Rl &
At olH3 Mo w|Fo] & uff A2A A4 S FEAEe @ F UES sk AR
of B AFE0] o) FAHEE & F vk Ul AT A" WA B2 Ay 250l I
HA Ee] FAlE 2EE o] &F wSoltk ATelth 25-E o] &3 ApHoke] A iAol
2003'd o] F 23 o83 wFATVE =95 U w5oll ek A7t o] FojFth oFF WA
ARoH A QAzre] WEYPNE Bt B9 Il digk ATelt dE4e
23S FH O WAR LA g & 3l AREARS] MRS detsto] AA7 ofAba
H 9) 20034~20124 ¢t EY
Topic ID Topic name Keyword
Topic 1 Teamwork performance, operator, human, control, team, robot, robots, operators, task, teams
Topic 2 Joint control, stiffness, robot, human, force, interaction, joint, actuator, impedance, design
Topic 3 Gesture gesture, hand, gestures, recogniti;)url;nire:tirgnrgecognition, based, method, robot,
Topic 4 Education learning, robot, human, imitation, teacher, teaching, interaction, task, demonstration, new
Topic 5 Speech sound, speech, source, robot, speaker, sound source, localization, noise, recognition, proposed
Topic 6 Object Detection | tracking, people, human, robot, person, body, approach, detection, based, camera
Topic 7 Personality robot, participants, robots, social, personality, agent, human, study, results, interaction
Topic 8 Autism children, robot, child, autism, asd, social, robots, children autism, play, interaction
Topic 9 Face Recognition face, human, detection, robot, htlrlerlrcl:riln%; broezoigrﬁ:izzt,iofrallce recognition, face detection,
Topic 10 Gaze gaze, attention, eye, robot, human, visual, head, interaction, joint attention, visual attention
Topic 11 Facial Expression facial, expressions, exprz;sl:;i;nij:i?icZ);]:lrifisosrifnesr,ni?icoiils expression, robot, face,
Topic 12 Service robot, service, architecture, robots, paper, based, human, software, interaction, knowledge
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E3} 20039~20129 EZC] x}o]HLS head,
joint attention, visual attention 7] =7} 5343+
o FUE YHE BH 2AUS T A
st A7 JAF AT E3 WA EYe £
Aol digk AFE TFL 53 ARG 7
A1 T A7 AYPHATE EF HA EY
2 2R AP 20 gigt =ofo|t}. 25
Z, 28 MB2E 9% £2ZEYS] T Ui
A7t AEE AT

<3 10> 201313~2022d 797449 Q1% =
B 452E A7 B 71955 YER o)
ok 2013~2022d 9] AFE Ao ® A E
il

7

gk AF7F AMEA T8 AR o

7t EXES NRHo 2 A Egith A WA
tso tigk Egolt}, o] T3 =9 &
2] 2E-& o] g3l = AU AeS & &
Utk F WA EYO 2= Aol gt A FAI7F
A=A TG g A+ 2003F~2012d
7HA o] AFANAME YeERd EFo|t) 3 7]¢]
To & ¥l QUUTh Al HA EYe wukE
of &3 AFtolth FEES 20031 d~2012d
TolM=E SAEITE 201313~20221d Aol A
b LS visual, head, joint attention, visual

attention 7| =7} AFFA| L participants, social,

¢

o

human robot 59 719 =7} 3434tk W HA
EIE Al 2A e #3F AFtolth Al ax BT o
Al 2003'~20121d Aol A e Eg o]ty
TS A2 B A= 201313~20223 2] A2
A B3} 2003~2012'd A2~ EXL A9 A}
o7} YTk EF A 2A EFL 192EREH F
L8 R e FAlolH M T2 714
Z & gesture recognition®| T}, gesture recognition
= T8 OF e olfre AxAE 7
12210 AFSl A g ofolr PF& Fall ARt
ARG o =5 Fofshet $83 ThAe)7]
ot} Tl WA EL Shsgoll A’k Aol
714 &5 ofwt Hdol tis Zhto] Sy
ta st As orldth 53 mileld 7]
Z 3l 733}8 <5 (reinforcement learning)”|
<= AHget] 54 AdS shadte] Alddte
AT7F ol FoIA AL AU AR WA B A
3|2 FoAgolty. ALEA A B Al
B7F 78 A7 FAIth AlFe B3 A=
2 54 FAoIY A3l A 2lEE duh A
A tig A7 FE5 ol FAUTh ¢
A ELe Ay Xz tigk AFtolth A
He A3t AZEAA ] tigk ofsl, A,
AEeed Soll Aot ot AR 4Tl
&

7 $olth. olol whe} Yutels) £Fo| of

N

ofr

% ol

o2 Bag Lok FAULk o}F WA Ege
=
h

7R 5ot} child, children, child robot
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ol

e

N
02

ol 5T Ao E Kol ofglo]E o r T
Aoy} ojdo] BE-S o83 Aol 1yH
Zo 8 WHHET mepa 2EL2 ofo]E9) A
g ASA7= FA7F 2 BRF ohye} oY
WEETEA FI VeSS F e & T
AT @ HA B FE ti =ofo|tt. &
Aol i3k E¥L 200313~201213 AFHE 5
A3t 20131d~2022d 9] AtolA ekl A
[e)

L

robot, human, force, impedance’} AFEFA] 1L
elastic, sea, torque, variable, variable stiffness’} &
ZAstanh ol g Wshrh A1 AL B AAME

B4 23 O FA5t 492D S 7
A Qe AFololHE BEY] 9% Hos

Ao, 48 WA Exe 243 Bew 74
oIt} 2012974A1 9] ATl AE W, wBE, A
sAsh e WS FEAE PFHL

38
32

o} ahAIRE 20121 o] F ATlA = =2 A A
=3 Add A77F FE ol FUTh ol % A
7} o] Foj7 o) f= EHo| iR AZE &
o] ARz frejsia IEte 8E
247] W&ot Amold and Scheutz, 2017).

LDA<®} BERTopicd] % Hlal 2
o1 7k 23 A Ae Ao Teke Al Rkt
HA LDAS} BERTopicd] 4% Blal Aol A=
BERTopic®] QIZL-ZE F52-8 AT 5FS 4
HEEH O Ade AR eyt B A

QI7E-

(& 10) 20134H~202249 A4 ET

Topic ID Topic name Keyword
Topic 1 Elderly Care robot, older, adults, robots, elderly, care, older adults, people, interaction, social

. . . emotional, emotion, facial, emotions, robot, expression, human, expressions,
Topic 2 Facial Expression I, . .

recognition, interaction

Topic 3 Gaze gaze, eye, human, robot, attention, interaction, social, human robot, participants, based

. esture, recognition, gestures, hand, gesture recognition, human, robot, interaction,
Topic 4 Gesture & & & & &

hand gesture, based

. . learning, robot, human, task, user, interaction, demonstrations, reinforcement,

Topic 5 Learning .
demonstration, tasks

Topic 6 Social Interaction | trust, robot, human, human robot, participants, robots, study, interaction, social, results

. . children, autism, asd, robot, children autism, social, therapy, spectrum, autism
Topic 7 Autism . .

spectrum, interaction

Topic 8 Education learning, students, robot, children, robots, education, social, educational, tutor, robotics

. Creativity . . . . . . .. .
Topic 9 children, robot, child, social, robots, interaction, child robot, study, creativity, social robots

Development Tool

Topic 10 Joint stiffness, control, actuator, elastic, sea, torque, design, actuators, variable, variable stiffness
Topic 11 Tactile sensor, tactile, sensing, sensors, force, contact, skin, robot, human, tactile sensor
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2% 45X8 5Y o7

AF HnE flEte 48 M, EY 7he
ARRL A Hat, Tole] HA, Tl 344
S A3t BERTopic? LDAS] 434 H<4
Hlal A3} BERTopice E¥o| 371 = -0.012
A7V & A4S UEllor LDAE EFo|
570 o) -1.292 4] 7H ATt =gtk w3 E
g 7ke] Ht IR A7t LDARA e Hl3]
BERTopic A&7} © AL 2 Yeyt B 7t
o] AR dojE B JJFr} 147 A7A|
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B EF9] 74 37094 20717FX] BERTopic
o] B B& A& UEhT o5 Tste] B
314 9] golde HFH o= B8 w BERTopic
o] & o] fFEld A= Yehyith

HEOR UB.2 YRS AT 5IS

ot kI

HotE UH "FE}%, A=A, 74, 4 5ol ==
HATE AREHRl AT FAE AW RS W of
L EAREats e e P VS L BT | =i = g 5
k3] o] FoX| | Al Y= ASZ UEISITE
199213~2002\d3t AT AWz o g AR,
-2 Fsa-gol ek g 71220 ds
Zp-goll thet A7k =2l = 2003'3~2012'd
ATE2 Al2A, Isle) 22 AE]A %7 o]9]d
9 ¥4 Fo] FUIE AFEHI dReH,
=225, o4 5o A e A0l 7Y
Atk 53] 2003 3~20121d AToA FE2H B
Az EFe] A4 199213~20021d A9}
U3 o] F=H Itk SFATF 200313~2012'F
A 22x EH A= hand gesture, interaction,
gesture recognition 52| 7|7} F7IE A AF
oW tracking, track, face 52| 71 =71 Ak
Ao A=A Q1Ale] g AF-E0] o] Fo R
= & g Aok B3 2R Au|x 2 224

1o ot oy W me A

HIAE QI3 AZE o] Fol tjgh
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™, 7129 & vk

going ges 2o, A
Y ATE AU ol 2 8 Ao 2 s}oq
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o] HYAE wE stk Ao Stk Churchill
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Abstract

A Study on Human-Robot Interaction Trends
Using BERTopic

Jeonghun Kim" - Kee-Young Kwahk™

With the advent of the 4th industrial revolution, various technologies have received much attention.
Technologies related to the 4th industry include the Internet of Things (IoT), big data, artificial intelligence,
virtual reality (VR), 3D printers, and robotics, and these technologies are often converged. In particular,
the robotics field is combined with technologies such as big data, artificial intelligence, VR, and digital
twins. Accordingly, much research using robotics is being conducted, which is applied to distribution,
airports, hotels, restaurants, and transportation fields. In the given situation, research on human-robot
interaction is attracting attention, but it has not yet reached the level of user satisfaction. However, research
on robots capable of perfect communication is steadily being conducted, and it is expected that it will be
able to replace human emotional labor. Therefore, it is necessary to discuss whether the current
human-robot interaction technology can be applied to business. To this end, this study first examines the
trend of human-robot interaction technology. Second, we compare LDA (Latent Dirichlet Allocation) topic
modeling and BERTopic topic modeling methods. As a result, we found that the concept of human-robot
interaction and basic interaction was discussed in the studies from 1992 to 2002. From 2003 to 2012, many
studies on social expression were conducted, and studies related to judgment such as face detection and
recognition were conducted. In the studies from 2013 to 2022, service topics such as elderly nursing,
education, and autism treatment appeared, and research on social expression continued. However, it seems
that it has not yet reached the level that can be applied to business. As a result of comparing LDA (Latent
Dirichlet Allocation) topic modeling and the BERTopic topic modeling method, it was confirmed that
BERTopic is a superior method to LDA.

Key Words : Topic Modeling, Trend Research, BERTopic, Human-Robot Interaction, 4th Industrial Revolution
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