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ABSTRACT

Purpose: The purpose of this research is to eliminate communication shadowing loss of the ‘smart
safety management system’. The ‘smart safety management system’ can monitor and relay real time
data of workers working in high risk workplace (i.e: industrial scene, disaster scene). The data will
provide the rescue team the ‘golden hour’ in their rescue operations. Method: In this research, safety tag
was designed and implemented so that it acts as a repeater for the user. Result: In other words, when
communication in-between the safety tag and headquarters’ communication terminal is jeopardized, the
safety tag will act as a repeater-terminal for other safety tags in the area. Conclusion: The research
tested if a specific building with communication shadowing loss problem was resolved when safety tags
were implemented. Communication shadowing was first identified in-between the safety tag and
headquarters’ communication terminal. When extra safety tags were deployed in the same situation, the
results showed that the communication shadowing loss was resolved. The repeater safety tags could
resolve communication shadowing loss of up to three basement levels in this test building.
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Afte] tigs}, ol ste} tlEo] Aid T A7t thafstal oS0 o2 A|AL Qlet. of=]eh Adte] S/l what At
Ae] 19 FEAF R AdATe] AR Sl tigh ko] E8hsiR] 1 Qi

20179 SAP ARl w2 2 WA SRS, A=, 1, w5 50 EEolA 582,024, =24 168°]
BRSSO ™ A 57} 524118 Ho Al Qltie-National Index; Statistics Korea, 2017). AF @& o A =z} o] EPARI = LE
FE7t e}, tig2l=ar qlo] 7ol Fesl= 2] PR F-Q sl x| 1 QITk(Kim et al., 2016).

5AA 2] 2018 A5 2L ZAHEAPS; Economically Active Population Survey)©l] T2 A4S HIESH ke
a7t WAE AdollA] TRah= 554 o AAS2 96T E =2 2013 A thH]sto] 33% Z7 otk (Korean
Statistical Information Service, 2018). oY A tid 715-& 7341511 1.0 ™ 2017 A1 At s 5Aol wh=
H 504 o/de] Aot vl-e-2 A 2G4 Aozt 5 57.5%F AFAISEAL Lo, APYA} HlE 35 70.6% = ARl =7t =
3 AFEA 4= A tiH[ste] 105.6% 57 FoF3Ath(Statistics Korea, 2017).

ol2fgt JIYHshE Fo|aAt Aol M= AYHHYEA RIYFE2HEI) & 2R8sto] YF-E steS slal o), 1
AA7 ol A A8t 918 /3ol tiste] @A) 210l AL = melsiA] Fol=HAIE 7t
Aol M I 2FdRRO] QF- it et Aot R3] 1 Qlovt AR Sl e WiA] skl

AAFE Aol T 2rdate] S ghEsl] ffste] A e, Aulg- ARE Y 7]&?] LoRa (Long Range) 7]

J

] i)
PH7)(LoRa Gateway Y= 21 9184155 S41510] vl deo] 27248 A48 4= glek. o) 2 Baf ksl 22
Ae Fasto] AYFEE Rt BEOIS SR 4 gl < AntE Q] A]

47H A o fF & ARA[SH= Al QI Hlof] tieh ¥ o] o kx| AL QLo m, AR QIEYl 5 7P 22 @1 o] HlolH
E4bskal Aefsh= AAES A QIEY(Internet of Small Things)=2Hal ?Het. o]2igt A QIE|Ule] XAk FAA Y E
=3 71&-& LPWA (Low Power Wide Area)2t 2ttt LPWA 0] -4 7] 2= Sigfox, LoRa, NB-IoT, Cat-M1 =°| A4&7|
APe] 27H= ek

LoRaWAN (LoRa Wide Area Network)< LoRa 7|&S 519] BE2|A15-C 2 AR8sl] QIEfHl EYZS 5] St =2
EZE tHlo| 9} Alo|Efo] 131l AHete] F4l kS A olstal Sk
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LoRa HIEER|F oA FA5H= 717]+= ISM Fuke ARG o] whet 7]7] &2l 10~25 mW oVd= dA] 2=t o]=<]
off A Hlo]E] AH] <o) TSl 7|7] viE]R] o] Bt 9~10H S & FFE ) o] =X|=LTE Cat-M (2'd 7|9h 2
A (@ =g 717]19] viE g A5k X ot

LoRa YIE$|=°] ADR (Adaptive Data Rates)= FSAIAIIAT AEist= d] Qlo] o9 E Q9 5
LPWAN Z= EZ-2 t|o]8 HF £} 0.3 Kbps~50 Kbps H$1oll4] 215t ADR2 71 7|7 E& A geh=54d &
V)5S ARES HIEESA A7E ettt A o & A IESA 8] 2|4 o0& &85 Lo G
o= 11, 7]7] i g o] 95 Sk

LoRa 71&2] 7H 2 34 5 ohths TA| 2 533 HIRS B 739 eollA B glo] Aot AR 4= Atk
Holo}. A2 52 F5A] A GoA= LoRa HIEHF.9] AH2|2]7} 15~18 Kmol Bt EAJOAE 10 Km7F E=t-
A o 2 ©h2] 2 7)9] LoRa 7| 2= Ao 2 & A HAE AME = Qlo] 'ARME EA| 2/4Jo] GoloiXit). dlE &
of, F7]of| A 2] A (9/10yF AHSk= Tl 36071 712]=, 2912 AAE A= th= 2507 7121, vEe=2o] 749
5007 71202 F+strt

UHF2].0 2 LPWAN 3 55] LoRaWAN HF2 FAAES] MBI SR o] = LPWANS] 37 7]& vz Al
T = glis AH]2oltt Zigbee, Bluetooth 2! WiFi 22 5741 7]&-2 ARtA .0 = A7 2|of|A F25HH 42 A2
Q5k= o Z Ao ATt AR 5= QITh HHHO NB-lIoT9F 22 AE ] 72 Bt 7 Eotal W tlo|8 HAe-2 Als
SIR|9F LoRa H ot 24 o] HREL HI-G 2ol = o2t AlEd] 7|&S A 1elo| = H a/dS Jlfold ol FEejXich A
e, FAE 1oT YESTE+= LoRa7 7H 4840tk

LoRa HE$|T T2 &EZ-& 75} H advanced LoRa A|o|EFo] & A E=|o]E](concentrators)” B 25}, Z7]0f]
+ ol2Rt H|-go] F7} I8 A B 4= Q[T Alo|EQol= - A Q=71 o= Ak Tok 741 A 7t
AL 29w nlgte|n, FAAA A EooF & A 7= 717] B 122 of| st wiet Ad) FAE e glar ARt
2l Hl=Y 2 949 @45 97| ehebAITh

LoRat= F2 t Y3 9 H|HG| Fu- tf <ol A 2ttt Aa o= o] 7|2 W ufl- W2 o8 g % Hlo|H
s 7Fs7d0] A= T0T AR Afelofl oA olct. ThA| Z6l, LoRa 719 F2 THEE QAR 2|5 ARSALA| K. %
2 TSk loT 71710 5 Soigt=tt. B S| Fupa AHEYS ARG6IE R pgaL) ] Hl-8 e 54| (et

A5 w4 2 4] LoRa A2]+= “star-of-stars EZ=2]E T2 0 2 FSAIAAR7F E4A] AR5t 2 4= 9l
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A7) AFE FEHA 54 FRF) F3 HAE o 215t B =2 viEE] 52 I 5 Utk

LoRa%} Sigfox= 125 73 H=0]2]9t LoRa7HoT &7 a2l v 2831} o U2 A2 Alsdich £-4,
LoRa t%%o] Sigfox H T} B CHA A5 4 Q= HIA A 9] 4= HA] DR Hrh T A 713te] 12| T2feh= Sigfox 2t
22] LoRa Z| A T= 400 392 A== 7323t LoRa Alliance”} -4 Tlstz " Q$h 79 wiolle =48 Kt 4
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Rt 74 ToT B0 2 355]7] ffelixl 549 2Fd/do] RsIth LoRaWAN o] HoflA & H4-E ettt 2
Z olZg A1) getet @FARYel W2t LoRa 71719 AAHE| A= 2~3 KmoflA] 12~15 Km7HA| Thedsit. o] 7HH/d €]
thEAQ] o2, A0 2 AR7ISSE Micro Cell 2 Macro Cell AlP|EelE #H-e 4 Utt Tt HEYIE= -

Ao} FFS FM 100% HlolE 724 X HekE BARIE LoRa A& e & O] AH| A= 7MY AFIR(VPNs) 9]
AH] A9} HlZ=6to], 9 AR HEQ]A e & Jhof] )= B= H|o]B|7F (2 8HT LoRa 7%= |31 =20 HSk, oF
A W o g SAIGAC] EEe e E He =l Qi

Bluetooth = WiFi®} H| 1510 LoRa UIEHA9] /52 7Hdol| ofet Fake] EX1 At o] 42 LoRaZ| HIHS]
sub-gigaHz -1} 28| E oA 25517 | whizolt). o5 AEE ol M= 2403 0 2 & thofet T/ Folla (e

= SPAH 2.4 GHzOM o] WiFi 715 5)& 5ol HIolEE Y&sh 53412 4= 3t LoRaWAN F-xol 4 ARg== 3 B
AL GA] Sk ~E E S B2 o Ofsf] Bt Fofidt 4-8-d1} |29k dlofd wehs Alsett

A= T2 0T o ERAO1AL 7] 50] =B Tt F=lo] Hasht Adxog nE {59 FF o ET|Alo]A9]
oede HAgol7] 916l LoRa B8 ) S41& A Wttt 2| ¢kl= &4 FHjof w2, LoRa 717|= 371 242 25
Ho

a) Class A 7]7] - ALOHA T2 EZS w20 REARRF HH e 9 2710 2F2 olF A9 s

b) Class B 7|7] - F7F21Q1'44l 1% 5 F7| 916l LoRa AlP|Efo| 27 E 7|2k HIE-S 4letet,

¢) Class C 7171 - A& 4 WiE AlLlskal w4l 9= E A dolseth

7ol AT, 3he, D, T, 1% 5 o2 =719 SAI9A7T LoRa 71&-& TA5H | AXAEH (713 LoRa 7).

O] LPWAN &= AR5k O [f= Al {FASt LoRaE ARSSHH ARME T2 &%, 35 218 W H7|E e =, 7Y
HE 71 2|9, & eEHold, & 2 2 F A7, A5 7R B AlA B AR|o] A EZe] o|=717EA] FH 180T o &
Ao} AS T = k. TA|O] T AP R)(F S, 21748, 7Fd Q1 HlolE 2E5-8)olli= LoRa7F 2] &N A
oJrt.
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Lim et al.2017)2] G791 w21 et 873014 LoRa®) Be]291 $41 452 /10 Ak Af5- ) 41 518 2

Al
of| = E7 Algtfjof] ' Aget o < %i% AR QI5Y FPWOﬂ BAE 5] 5 YAoARES Tkl shlrk
Lee et al.(2019)-> ‘LoRa HIEZ.9] 2-5A 2] 7j4del gt A+ ol A LoRa YEE A9 Z&A 2ol Y& mx=
£ 45}, LoRa HIEES|F2] % *7% 2 7S ARt A, EAHARRS] 2710 whet AT oA A EH Hlo
E194 AL A7 s = Ze o 5 ASIE
ol iAol whet LoRa HIEA.0] 572|757 el = 21 0 & el QIR of 2] 7k2] e /o] o5
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FATH 7|8 Eelsh| 9ol theut -8 AlSHPE-S A Alsteict
A, BIAE FA-E Aokl A0 BAof B AU @5 HIskITE Ael-AU g4, AYl-AU A0 E A
U] 9.2 12519k 2|31 thaly] (ool oFdE] T 1 HHE AAsle] 12 572 504 B|AES Slo] 7|25t Alue]

Qo] w7 PR AT ] IMUAE QL 4] RSSIEE E5sto] 27dstgitt. 24 A H-E 24]5to] PDR 2}
S} PDRFIA|o]l W2 RSSIgEE A2 0.2 ST A% Map e} 24 FHE vjsto] 25 2aE /st

2] F4 olar Aol Alsksell A s | tiZell Aehso] g tid Sdisas ddx 9oz A4sialt. o
Aef1e) Bl A e g Alshe ARSI BV e Ae 159 ool argstalnt. FAIgE T 7 ek e tLe] Bl
AT, g i A2 E 71502 T4 7RIS S5 T4l w9 e skl S8R 7o P e 1L S
A 7Fs et SEAE 7 Qe ol 72] BF #I91E Ssto] e iRolM IR 3 I E A s ST
CEER

2lug o] ZH2IRE ZRlst] f1sl A5t 15, 25, 3500l 242 15199 Aol gstle™ 14
Jo] SIt. Table 137} Fig. 2 ~ Fig. 45 X 2[5} 15:2] F4lo] AJst 35| Blsf o] 2Fg2 Zba & 4= Utk

Table 1. Improve coverage area after repeating (Unit : ni)

Area Before repeat After repeat Improve area
Basement 1 19600.95 (139991.4(‘)(;4112390.84) (16095?36555);71.42) 01 1???;565.77)
Basement 2 19600.95 (13741517:t f 367$53.27) (15806358? f 51929.75) (2056?11 51?;182.67)
Basement 3 19600.95 (131551.31332~51'31295.26) (1527:;:;1;59625.1) (18652.172~62'3687.5)

() 95% Confidence Interval for Mean

25,000.00 25,000.00
20,000.00 20,000.00
15,000.00 15,000.00
—Area ——Area
Before_repeat Before_repeat
10,000.00 10,000.00
After_repeat After_repeat
5,000.00 5,000.00
00 +—r——r———r—T—r—r——r oo+
1234567 8 9101112131415 1234567 8 9101112131415
Fig. 2. Coverage for basement 1 Fig. 3. Coverage for basement 2
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Fig. 4. Coverage for basement 3
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