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This study developed a real—time monitoring system that integrates a wearable device, biometric—based
anomaly detection, and digital twin technology to enhance the safety management of workers in industrial
settings. We utilized the commercial Samsung Galaxy Watch6 to continuously collect various biometric signals
such as heart rate, SpO2, skin temperature, and activity levels, along with location information.

The collected data is managed through a self—developed application and server, and an Isolation Forest—based
anomaly detection algorithm is applied to identify abnormal patterns in each worker at an early stage (Liu et
al.,, 2008). The detection results are visualized in a digital twin environment linked to the worker's location,
and immediate notifications and response guidelines are provided to managers when an anomaly occurs.

This research demonstrates that combining wearable—based biometric data collection, Al—based anomaly detection,
and digital twin visualization can enhance the effectiveness of industrial safety management.

1. A&

AEgel A ke Alsle Adate] 17 ool $E 4
917 8Rlo= Qsf Whlsh= 7357wk 7150 kv WhAle-
TAlolH, 7 Asdate] A s AAREC R WiedshA] ek
FAE 7HAAL Ak

g 2] whE, 2017 0.48% 3 A Ale e
20239 0.66%%2 J53h= 71 FAIE BSH 53] 202239+
SRR Aldell = Eslar Aldafels Q15 Al SAdle]
33% & ol om, of= Al dshs 714 549
4943s ¥egs] HoE

< [oTé} BlHloly 7es 7|Wko R fojels 77|15 483t
7] A7 s o] FolA|aL Qlvk gk o) 'AIE 913
Aleg 7T Tl olelr] E8x]ar Qlom] HF|E Bl 7]H1e]
Isolation Forestv= &-&43% S Al gud 5 9=
3EAel 7T o2 1] K Liu et al,, 2008; Chandola et al.,
2009). g, TIAE EQl Ve EulA 371S 7ol Tdate]
AR BUERE 7Fssk SoEM, 2~nkE Az 2 A8
ol 248 Al Barear QiekFile €, 2022 AT 9], 2023).

2 AT olelgk 7|=A WS vl o R, ARA ARixE

U

ol

Yo fojelE tiuje] e} cfjZejAle s B3l A tlelHE
33}l Isolation Forest 7]¥F ¢arg]&S &-8-3F o] 4%
e} A B 7INE AASKE Aeket AARE Qb AlElks
ARt o] & g3l 71 ATEe] Algdlold 7k A5l A%
Ak g, AA| ARl DAskE 2947 HlelHE 7Rke s
et Al2ES FEsthE HellA ApEAd S 2Tt

ﬂll

(o3

&)

% 7@ wAT A Qe

2 AT SefetE tinjel g 85k AR b, oV
A 2 g E74 7L YA B9l 7]9ke] Adx} Az
LB AR 7S Eap i) gllofels TRl A9irje)
A Hle[ehE vIRlEEH o= AR 5788 = sdrks o] sk

] SR A, 5 Al IR 2855
SAsh= AXE sl olo], Adadelx e S-te] &8
7Vs38)th(Samsung Electronics, 2023).

Boodqi= e A 714 A sk AERS Ao 2 A EE Tk
AR, AAZE A dloly =1 AAE 58t AdA 28
R X HE AR, Sp0,, - 25, e B 9A] AEE

it
o

il

- 630 —


mailto:smlee@mpole.co.kr
mailto:yjjang@mpole.co.kr
mailto:hjin@mpole.co.kr
mailto:scsong@mple.co.kr

AEH 0w %) =4, MAlEd 7Rk ol BAE A8s)o]
Isolation Forest &a28]F(Liu et al., 2008)2 283 A4 4
HIA RS 2Fs skl AP A4S wdeh By
A AAE FE3E AR, A E A8 2 41 V)5S

TEato] Zake] x|e} AA| Als AdElE 3D HellA] Azt

shat, o) 38k Ay A Al A i S} BxE SOP
71HF O A H S At (7o 9], 2022; HAH 2], 2023).

3. Al=E AA 3 A

3.1 deojelEs & mupd of Aol s

2 YA )R] 60 A = QkEzolE 7Rk 94 HE
o=l Tis Sl AN ElolElE ARt R A3t
dlo]E= BLE 2 Wi-Fi 541 AA 2ot gjoz ddw
Aulel AAE o] T RYEE Al A, X“?JXP
AN G 70] 7¥53F 71 B 29 gofeE thje] ~S
AA78AaL, wlelH S $13k Qk=Rol= 7k Bujel OH-E—El
Aol A8

[Z# 1] SlojelE Hupel2 7k YRS

4 elEg Aol 4

3.2 dloly dAe & ol 'A

8% dlo]8= Moving Average LEE 7IH& &8l ko]=E
AASIIL Fa S FE3P, Value Modification &alg]&<
&3l HlolE o] A/stet gk st o] dAE ARt o] F-
Isolation Forest &i12]&S &-8ate] 2iApd A3-n1 A%
FHE TS THLiu et al., 2008).

F—

FR— &=m
" =] [
Bow 26.0 9
[2% 2] dlojels tiube]2 7)9k AAANE AARF RUEHEY 74

o] el Agike] A8 EAdel el Ak SRk S5 4
Slol wEY A okl BUEDe] Ahse.

3.3 "UAd" EL 78k RYEH

gAY EQ S 58] Agte] fxeF A e E
Ao E ZASIGITE 2Ate] 914 stets ff8) Ae] GPS
2% pAle] ofe] g Adle A= BLEZ|RE H](Beacon) A4
9 S E3 dofelE tutol e}t dsste] A 2yt
AA =

z9ehe 71&e @741-%%6 %t
), G, ARG 02

(29 31 09 B4 o A4qa dane ZAF

TS CCTV 9 IoT AlA HlofEHE ohssle] 238 Ul $18 A8t
A 2 gl FhsdleE AABIGTHEA AR 9], 2023).

i r1o
©
f
o
. 2
hnj
)
A
mlm
i
iz
Lﬁ

/\
Fe Ao = gAstaL tAd Ed s %‘fo%}"%
o

A2 ‘ﬂb 4\“41}4 EH% %E% A AT

3k A% Aol HE BCG, AEAA AR 5 37 AXE
238lsla1, A%t (Federated Learning) 7]19He] 7]Q1 A 1.
B3 mES Aasie] el AlEA HerS el
7%

SANIA 7GR 2rfEA|IZSEA7 | IEARY (R&D) <)
s %‘0}* 8] AH(RS—2024—00445035)0 1, olel] 7=k

— 631 —



o

A

[1] Liy, F. T., Ting, K. M., Zhou, Z.—H., “Isolation Forest,”
2008 IEEE International Conference on Data Mining,
pp. 413—422, 2008.

[2] Chandola, V., Banerjee, A., Kumar, V., “Anomaly Detection:
A Survey,” ACM Computing Surveys, Vol. 41, No. 3,
pp. 1—58, 2009\,

[3] Samsung Electronics, “Galaxy Watch6 Technical Specifications,”
Samsung, 20234.

(4] 7K ol&g ZHY, e 3 AlEs 913t o E
719k oy #e] A28 A5E3hAd, Al459, pp.
103—-115, 20224

[5] &R, A=, AR TR ELIF) 2ntE 3 ollux] #ie
Al2=Ele] Fgol ek A S-&ellvA, #3409, pp.
120—-132, 20234.

— 632 —



