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Analyzing Movement Path Patterns of Library Users
Using a Topical N-gram Method Based on IoT Sensor Data
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ABSTRACT : This study aims to establish an automated analysis framework that quantitatively derives and visualizes
latent movement path patterns within a public library, using real-time movement data collected through IoT-based
camera sensors. To this end, continuous movement data captured by the sensors were structured using an N-gram
approach and analyzed using Latent Dirichlet Allocation (LDA) topic modeling. Two term weighting methods—
TF-IDF and Word2Vec— were each combined with bigram and trigram models, resulting in four analytical models.
Topic distributions from each model were compared, and the structural characteristics of movement flows were
visualized. To address the limitation of conventional LDA in capturing directionality and sequential information,
the study also proposed an analysis method based on the Topical N-gram technique. The analysis results from
each model were integrated using an ensemble approach based on cosine similarity and Jensen-Shannon Divergence
(JSD). The experimental results revealed meaningful and repetitive movement patterns that are difficult to
detect using simple statistical methods. In particular, key user routes centered around the ‘entrance” and the
‘information desk'—both serving as guidance and reference service hubs— were clearly identified. This study
is significant in that it presents an integrated analysis framework capable of quantitatively interpreting user
behavior based on real-time movement data, offering practical applications for the operation and planning of
public services.

KEYWORDS : Movement Path Pattern, Internet of Things(IoT), LDA Topic Modeling, N-gram, Ensemble Method

* B ATE 20249 % gAGA Sy ] ol 2a] o] Fo % 2(3000010067).
** YAz gty SE2HGYUE TR Y Fug
(doheonjeong@duksung.ac.kr / ISNI 0000 0004 6099 1600) (1A=}
sk O AT 8l E31 A B89t W (gyuhwan@inu.ac.kr / ISNI 0000 0004 6428 1251) (AIA=})
o =EHS 2025 5 16Y€ - AXAAR 20259 6€ 1€ - AAEAR: 202549 692 9Y
ST AHEFS|R] 56(2), 177-196, 2025. http://dx.doi.org/10.16981/kliss.56.2.202506.177

# Copyright © 2025 Korean Library and Information Science Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
(https://creativecommons.org/licenses/by-nc-nd/4.0/) which permits use, distribution and reproduction in any medium, provided that
the article is properly cited, the use is non-commercial and no modifications or adaptations are made.



ro
Hl
H
x
=]

M55 X (M 562 M23)

[.AE
AT 10T WM 7163 Q345 710l deolel 24 7ge] wad] me), =ABg vEd
FF JAANE ol8A)9] o5 A2 L F7 o8 YelE AN OE PAseE A7t B
TR Ytk ol HRE 71Ee) ARFARY BF FA WHOTE T ofel S A
2 o1 ezt rlAg el WBE EAHNOE ot 4 Yrhe HelA] FEw gt 53
A HOTE] /N A2 A el B AT B2, o Helsh 0 ) A4k
ARH 7z AR 949 F Ao

ATl M=, Al 7]“} 7hi2}, Wi-Fi, Beacon AlX 5 Tzt A& S&at] T3=A
o]-§Ake] X AH, AF AT olF AR 55 7 - wAE A
3 ¥ H} ACH AR, A3, 20230 ¥4, 2019: Liu & Hsu, 2018: Qu, 2024). ©1& I+
M ST AL BrEE A AIRE S e A T ATA 88 THsAE 9%
AE AE]A Fopo] Holg 7|9k QAR ge] it Z]ofstal 9l
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ZH A, - 7 B AR A 718 g AR S EES A7 (S HEd, 2023) 9
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o]y A4S FEe o §AF E A A7t s] o] FolR| AL Utk F59 Il
A Wi-Fi 1B A AgE A= o] o] g2t gl wXe Fae F4ek JH JIA o84
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SR Y2 o3| K| (56T H2%)
FL TS B8 EAAEE w58 Tl €8E T des BT
(io} 9], 2015). fFAREE AT ALEIE, BlA1€] GPS EAAA HlolElE 7|Wo R EYS FE310L
S m(Chu et al,, 2014), Z#* Rennes x]@ﬁoﬂ}\ﬂ 27l=9} ol EA HolHE A%
= 488 A% 1At Mohamed et al, 2014). EAT Hololl Al LDA o]
A48 AR, gk e dol| A v (beacon) AAME F3ll £ AW 1A HolHE
LDAE #4st] Gt 37k AE A4 37 FA 37 5 37 o8 dHE BEY W= Azts)
st Liu & Hsu, 2018).
ol2]gt A5 LDAVE T 57 £A KT B AlEsHA o] &t 534 s otehe
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b A e S ES TeskA xetthe Aol 5}7:"E Adnt, 53] o]-§A4e] AA| o]F
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(# 1) 0| HH G|o|E{2| N-gram F& Z1 SH =4

Unigram Bigram Trigram
o7 olF A= F 5,403 5403 5403
N-gram & 27,525 22,122 16,719
A N-gram 19 237 1.239
3 N-gram 5.09 409 3.09
T 40 30 2.0
) N-gram § 80 79 78
#2 N-gram & 3 2 1
429 N-gram 4 &5 #H3h 378 378 378
N-gram Q%= X% %3 #3t 1,654.88 22770 48.34
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1. LDAS| 80 7t=A 22

B AFeM = AA 71E AAZE vldlolEl 9] Ak F4E 913 LDA BEY Rdg 7S A
gioh oM A5k uket o] LDAE Y8 W= wol(word) & AHESHEE HlolE] o] ek 7}
AEAS vHdsr] ofF ol s sHAIE Hekstaral, & Aol X Topical N-gram 2d-&
AF3HA S, bigram# trigrame APl -8t Egk LDAC] ©ol 7haX] #o g de]
AHEEE TF-IDF (9591, A=38, 2022: Blei & Lafferty, 2009) ¢} ¥4 Word2Vecs F7F
A¥sled F 471A€] A RS At AFE Hlarstazr sHATh(GE 2) #5). Word2Vec
oA o2 fraleh thof 7ke] T E WY F7hl| Riedate], LDAC] 94 wol 7F ow|H Ay
S W3 7SR E Fofske dl AREETE °]24 LDAE US 9n] g3l =& BXS gy
&to] FAS AL 4= JrH(Nguyen et al, 2015). ¥ AFolHE Word2Vee 782 S8l
o] e] Gensim o] Bejg]E ARE-ste] Tol Wds Feysidith A3 Al, Skip-gramell B3
Sy SE7F WEY IS A3 AFS 2h= CBOW(sg=0)E 71 ZUE ARS-39ith ©of
W E] = 1002} (vector_size=100) 2% AAIFOH, 4] GolE 71F0 7 45 5749 tho
(window =5) & £H o2 Y& sIgith L& TolE dhFoll 23 min_count=1)312m, A%

SPS Qa7 2EEE WE A2l (workers=4) 3FAth

(Z 2 0l HH EMES 28 474K LDA 22 4 ot

LDAS £of 7}%X 24

TF-IDF Word2Vec
el Hlolg] Bigram Model 1 (BL_TFIDF_LDA) | Model 2 (BI_W2V_LDA)
%2 9 (N-gram) Trigram Model 3 (TRI_TFIDF_LDA) | Model 4 (TRI_W2V_LDA)

2. Alz=t 3 8 Z4(Analytics)

Hr

2 oM E A AAG 471 BE O A3 A sjA S gt 7P Tedk wlol el
2del TF-IDF 7]+ bigram 29(BI_TFIDF_LDA)Z%H, 7F4 B33 Word2Vec 7]k
trigram =2 (TRL W2V_LDA)7}A] ¥4 Z2A4S Faet 3 FQ 8o E4S 40

=9l5tAL st} LDA S BEY (K)+= Y9402 Perplexity, Coherence &

=
TEIE)E S EE, AEE, 2022), B QATE S4e] Lol YA g
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S EME - HESS[X|(M56H M23)

7P Ao g sjAE ¢ e 50 BEY 7F 2321 Ao ' st LDAvise]
A A3 dolHE 283 AR A8S 58 3~10719) B 5 vud dx, $EAe] Wi
sRle] thFabA Vb= 5719 B 5 HFH O E A9 Eitt LDAE Sl AE EX9
A= (& 3y 72 EE At Jr AT AA TAE o]-§aht, AL A|FO R 9] 770
dofuks ®7|sItE E Aol T8 Gensim olBEEE AMESlY B RS

Fsaen, F25 —?*]SH Variational EM (Expectation-Maximization) €125S AR
THBlei et al, 2003: Jeong & Song, 2014). E-step(iterations=400) < W& F2(Variational
Inference) & &3 Fo1 o] HFH(EA) = o TAE EY X E T4 M-step I
7Ifo 2 Ed-to] B¥ 5 uo|EstH, o] & HAE AFH S5 (passes=20) S FHE5I
o}, &3t slo]H el E| & alpha="auto’ % eta="auto’ & AA3}o] &< Ho|HE 7|Hto R ‘&
M- 9 Eg-tol Exof dig vtfA t]g]Fe AP E3E(Asymmetric Dirichlet Prior
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LDAvis(LDA Visualization) &= LDA®] 3= A7 o= Fdshe ohofst ]% 2
B Aol EA Azt =72 &85 3 JtK(Sievert & Shirley, 2014). 82 7152
EX 7F e A Al EFY F2 de] 24, AMET) sEeE 2S5 dolE Y
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Selected Topic: [0 Previous Topic | [ Next Topic | Clear Topic | Slide to adjust relevance metric:2) ——————————

A=1 0 02 04 06 08 10

Intertopic Distance Map (via multidimensional scaling) Top-30 Most Relevant Terms for Topic 1 (23.8% of tokens)

Marginal topic distibution

Overal tem frequency
lected topic

) g, o o s Chuarg o 072
) pw | /p(w) see Sievert & Shirey

(2 5) TRI_TFIDF_LDA 22| LDAVis A[Zt3}t OffA|

AZ3EE S8 A Ao FAIAR] W8-S A EYAL gt & el xE N-grams 7|Wie =
A ol F BRE FE8IL o8 &9l LefE(graph) 2 35t UIESA AZ8HE Faisisith
T2 AIZ8E T2 = MS Excel®] 287190 AZE o]l NodeXL (https://nodexl.com/
ARSI MIE A HlolE ] Alztshe ot 2 °J7d°ﬂ w2t A8 A2 (SP
Fgetoll, THH(EP) & FHshdol viA|sil on, ek 2= Sl o= sl 613 3
H2Z, Abs o]EO] 7110 = 9 H]—zﬂ:_,] Okul-zsk ez 7y ].oq }\]7% xl_q.zd o h‘—o]_]]} 5
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Normalized JSD(P| Q) = Z[P oga( Pm) 2T 4 Oa)loga( Q) )]

A% AHE PP B9 T (T Dok Ltk RIS PHSE F HmE 0~ W)
Q3

2ALAA FFoh, 71gA] FolE Bl viAl 240) 7hseitt o714 A, Be Atk

£zt B WEoln, FARI fAKE COS(A.B)= 03 1 Atele] ts Zheth Bqfst
1-Normalized JSD(A,B)—E" Sl AR frAkESt FLsAl 0~1 M= A Fstsiad
ok 2zt el 7131 ast & FolstH, F 7ieAe] g2 1otk & AlME 71 Bl T
A2A 058 Fofsiith
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|

M
F

=
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|
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EnsembleModel(A,B)=a » COS(A,B)+ 3 + (1— Normalized_JSD(A,RB))

EH 2 8
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£

(O" 12 Z2IHPYOE 25 AE AR S AH/E LY TAE f‘é‘wﬁ’—i e gt
Aoltt, Ao ARggh 4709 7P B 7H] ZFH(combination) & F9 F 6(A o &
54 7V A S4E Fasfof stEE, IARIF JSD 2t tisl & 12(= GXZ)ﬂE Ak f{"%
ojuf 7 Bele 579 E¥S sl E, 3 625(=5x5x5x5) M) H9-9] b FAR] FAE
¢} JSDE WHg ANk dnh £ AtedlAe oloh 2 A S B3l & 7,500( =625x6x2) 32
Aks Faete] PFE RDWFA ) wet HF ANt A3E =59 A7 A3 A"
2dL M T2(2d]e] EZ2) + M2 T5 + M3 T1 + M4 T53'=Z
TAE FdE AFelth g8 Edo] 5oldaF ARt A8 AR AFHoE ST

M1 M2 M3 M4 Ajsd Acos Bjsd Bcos Cjsd Ccos Djsd Dcos Ejsd Ecos Fjsd Fcos avgjsd avg cos Ensemble_Score Rank
2 5 1 3 0.557 0.803 0.493 0.772 0.800 0.877 0.566 0.797 0498 0.701 0.476 0.676 0.5650 0.7711 0.66804 1
5 1 2 2 0493 0689 0473 0538 0549 0639 0518 0591 0805 0.860 0675 0.694 0.5855 0.6684 0.62693 2
2 5 1 5 0557 0803 0493 0772 0630 0741 0566 0797 0454 0507 0364 0.507 0.5108 0.6879 0.59938 3
1 2 4 3 0623 0694 0642 0717 0500 0542 0536 0646 0649 0685 0479 0471 0.5714 0.6258 0.59863 4
2 2 1 3 0584 0572 0493 0772 0800 0877 0283 0299 0649 0685 0476 0.676 0.5475 0.6469 0.59722 5
2 2 4 3 0584 0572 0305 0251 0800 0877 0536 0646 0649 0.685 0479 0471 0.5588 0.5839 0.57131 6
4 4 4 4 0767 0743 0424 0516 0.736 0770 0448 0527 0527 0551 0337 0359 0.5396 0.5778 0.55868 7
4 4 1 4 0767 0743 0425 0311 0736 0770 0557 0486 0527 0551 0335 0338 0.5577 0.5331 0.54541 8
2 4 1 3 0223 0302 0493 0772 0800 0877 0557 0486 0381 0482 0476 0.676 0.4882 0.5991 0.54366 9
3 5 1 3 0625 0641 0462 0426 0290 0309 0566 0797 0498 0701 0476 0.676 0.4863 0.5919 0.53908 10

g 7) ddE 2 YYS 2E HES HoIH AE (&9 10712 ZA])

r
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