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¥ 22, a9 21 #F=x).

% lan, AEe] WY
Lo AR BEh AR HE A%

% 2.1 GFRP SEE F4A

F 9 AH-&-2LAY VA= Ehitiny G sF
GFRP Al A GFRP (D25mm) 850 Mpa ©]7 35.0 ton/¥& 0.97 kg/m
®22AF A= 3R
34 2 U8 g &

7+ Con’ Cap, Head 7}& me, Aur

A2 GFRP<*ol Straingauge 7 2} EB-22 =&
14 =9 Con’ Capell Connectorz% T =3

AA Straingage$} Connector® Wire2 <4 g A

FH Straingages I H M-coat AZ =¥
12} ®3 | X3 Tape @ Rubber, @4 Tapel 2 H3 Ho]g 2ty
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22 S 4502 Pipegs T Eglo|l7|B =
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(1}) IoT EndDevice

O 10T EndDevicers AvtEAIA 9} WA E S o]-§31 ﬂéﬂfﬂ, /\U}EWHQ] /\E\’ﬂlolﬂlolﬂ
A& £33ty E435t1 LoRaSAEES ©
ApR e B Ee BEeHE 23 & 24 Fx).

%
QL
£
>4
QL
2
ofL
L
2
A
e
Hﬂ
)
[N
é
Lo
%

O AYL EUYFA2~ES A83te] ArtEH o] 745381, Rechargrble Battery:= 2l E<14Hd
(LiIFePOYE &Alste] w5 59 A PE AFFstgon, Wizl Cases AHAl AA
sto] S0 AX g 2P FAVF =S 483

O QFEu+= 3dBi LoRa & W< HHUE A&stalem, OTAOver The AIDE T& 3k

AZol A SIWE YHET & Ut A5 Frhse] FARFE S8 AT D Hge

A 5 A &

E 2.3 NEH Ak
* 9 ANZ&E AL

= MPU: STM32F071 MPU / 32 bit 48MHz ARM Cortex-M0
CPU/128KB FLASH/16KB SRAM

= Strain gauge bridge ADC: ADS1234 |/ 24bit ADC /4channel
differential input / 80sps

» 2 2HLoRa)E41%: 900MHz LoRa Transceiver (5X1276) /

G o Sensitivity: -148dBm /Rx current: 9.9mA / Frequency : 920.9 ~ 923.3Mhz,
Main B’d 13 channels / Data Rate:0.3ksps~5.5ksps/Range:1km(LCS, 25mW)
» 2427 Fg 28 Time-slotted Event Driven System(TEDS) Topology /

Mesh topolagy of repeaters & gateway

» HFFTHAI2E: 23 A (6400mAh, B EJI4AHE)/ 2.9Vel sk
Low battery detect

= Operation Temperature : -30 ~ 85° C

» Max Current : 30~40mA(Tx)

= Dimension : 95(D) x 135(H)

IoT EndDevice

= Antenna connection : SMA connector

O F8 7+&
- Console(UART)S ©] &3} local setting
- BN gEolE o83 97 AH
- Warning/Alarm¢] thresholdzt 4 (AA1,2 =8 3)
- Link Test Mode/Normal Mode %<



SRR

- Sleep period &4 R F7] B A+ =4

- Burst Mode Reading
- Clock download
- Deep Sleep moder 7-&-& 5% Energy Saving

¥ 2.4 IoT End Device A| % ZAE

34 2 W& g 2
PBC Bare PCB #|2} PCBA| 2 2 test
SMD 24+ =2 Soldering FF A 2 SMD
F/W DL F/W(Firmware) download JIG A8 FIW 2=
Case Battery pack ol PCB, Bettery, ©j 3%
Case Batterypack =% AY 2y @ Ao A
IoT Case Body %H Case Body ol ¢tely 2 ®<=7Ad g A2
EndDevice Case Head, Case Body. Case Battery pack,
Case =9 o
15" =9
olgrkz] YALE o]8-3}¢ [oT EndDevice
B - =
OTRE | BTE 10T SRS EEE o) Gerp wa Aol d2ie @4 dlEs
AAet =249 | Wie 29 . 5
YolA AZA % Power ON
TEST Al =gl TEST &2t TEST ¥ &4l 945 TEST
ML IS System H/W, S/W, ==, Artwork 3+, Case A=W, 39 A2
Z9 T4, P45 AFAAAA, 2EAFZHGA(-35C ~70C), KCUF, AATAH=E, S/IW
555, 294 AFSHGCS-100) ¢#=(aY 2.2, 19 2.3, 18 24 #I=x)
:‘} f /::\r i
0 E

.
I
Nl

(a) Case-H:

ead(Reflector) (b) Case-Body (c) Case-Batterypack

a9 2.2 4R Case AAIEH
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(a) Main Bd 3|Z2% (b) Artwork File

% 2.3 Main B’ d 3% 9 Artwork File

| PORfWAKEJp

Inttialization
Check Vhat, Temp, Humidity
Init RTC
Flicker LED
Turn on buzzer
Set ADS1234
| |
b 4
LTM:
ugstandByModeCn=NO
| |
while(T)
| - Parser:
Parse A-pkr command
—— Ewee—
T period: — ul ADC:
Make Tx packet and sen | Strain gauge bridge AD
e

——n

|
[ Sleep period: }._I

Enter STOP mode

13 2.4 S/W flowchart (oT EndDevice)



(th 0T Gateway

O Alo]Eglol= 10T EndDevice®} LoRa BAIRES o]&3] A& E41381 4 Coverage:
oF 2Km H=olal, FAFAl grefell oA A Farz FAHE 25 Fx).
il

i
ol
N

2 = AA=ZA F5F4d Lan, LTE
= 3ol AAFH ok 3t AR 75, &

E 25 ACEf o] NX®l A
R A ="' AL
= CPU : ARM 32-bit Cortex-M4 cpu(120MHX)
= Memory : 1IMB FLASH, 128KB RAM
= Local Mesh Network (Up to 4 LoRa Mesh Modules)
» Wireless Backhaul Uplink(1 FSK Mesh Module)
= Wired Uplink(Ethernet:1 10/100 LAN, Console UART
port can be used for uplink)
= Console Port : TTL level UART @ 115200 baud
= Power : Input AC 100V~240V 0.5A, Output DC 5V 2A

(2} =% ¥ (Standalone Type) loT Gateway

O 71&9] IoT Gateways Aol A& Lo HAAsoF o} Alxwle] o] Hagl
=dE 10T Gateways /sty on AU glfgAxgloz sty g3 wig g
| 83te] EAE AsE(E 2.6 F=x).

—_

e

O

H 2.6 Al°ES o] A" ALY
Standalone Type IoT Alo]E ¢ o) AN 2" ARGk

» Interface : LAN 1 Port

= 900MHz LoRa Al &4l

= DC Input Voltage : +5Vdc

= Operating Temperature : -40 ~ 80° C

» Maximum current : 1A

» B FFAI2H  A0W Ehuld, 23 A 1kWh,
gEF U4

= Fo 4H A 8W (LTE router 7W)

= Antenna connection : SMA connector




O F8 7l&

Ao)Eg o] @ LET &% WA A
900MHz Z#HLoRa) T4l & WH

- 900MHz A= tirlel =53} 1: N B4l 75
- Mesh, TDMA & ©+&st 541 Topology =€
- TCP/IP W2]o 2 Awe} 54l

_4

- Deep Sleep moder 7+ &3} Energy Saving

(7P ToT Program

O 47t RYEE Z=209 7

O YE=$= 7|¥ke] Web Monitoring Program 7]&-< 2 B
Aol Needsg WHE S 715 2 #YARE 7|5S F7HHEE 27, 19 2

20W &2t #idol 93k A7} xd(Stand alone type)

E 2.7 Dell PowerEdge T440 A28 A}

Dell PowerEdge T440

RES IR

» OS: 8] FH 2

= UPB 1000VA 3%+
» warranty : 3 years

- Dell PowerEdge T440.
» intel Xeon Bronze 3106 8Core 11MB Cache
» 16GB PC4-2400T Registered DIMM
= 1TB SATA 7.2k LFF 3t&2]1 HDD x 2ea
= 750W FS Plat Ht Plg Pwr Supply Redundant (2ea)
» PERC H730p ZHEE%, 2GB NV 7l 4]
= Slim DVD Writer

o F2 7

- DB A7 ¥ Data backup 715 7H&
- SIW dAHH o E 75 &
- SMS &7 AA 7% 73

- Gateway <> server <> AHIEEZ A%
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7

Ad Case ¥ HYst =418 ALs9on, 2o W& AbHe A%
ASES s 2770 <

O FEE AlMe) x| A= e Ao =R E 1om olA= fX|dl ZX|silar, z+ Al 3t

Data Logger

GFRP and Rebar Sensor

All dimensions are in m

a9 2 6 Constructlon of model slope 3 2.7 Cross section view of model slope

H2E #HYAl 14 FA &+ ZHZF GFRP(Glass Fiber Reinforced Plastic)e} YAFE =3

3o, 7k R 4Y SFol A

¥ 2.8 Product specification

Part No. KCMT SS25 Name GFRP Soil Type RockBolt
L

Db‘\/ } [Da

|

Item Unit Standard Specification
Breaking Load mm 25
Tensile strength Mpa 850
Shear strength Mpa 150
Glass content % 75
Dia, Top(Da) mm 25.0£0.5
Dia, Top(Db) mm 22.6+0.5
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19 2.10 Schematic diagram of strain sensor

B Aol & 6719 WeIE AAE 4Pel 485 OnGRP, YAEEY SRE 7
I, 2 A WI-ARE SHE RAAE:
8% ZolA U4golo] IR i, Afthel 315 Thekel M ZHSHE WAl
AP R 207 2o ARPRS A on, 31F Relo s wAsE WYY $
YUY EL SHNAS

w
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R*=0.9979 el

& 9 e
S S 3
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1% 2.11 Calibration of strain sensor (F1) 19 2.12 Calibration of strain sensor (S1)



y=0.0350z — 0.7626 (R*= 0.9979) D

y=0.04182 — 0.5134 (R*= 0.9956) @)

O B AAAH SEEY $F W] 67 BF tha Aole] FHgit, SBEC)
Aolo] whE WHAF ol 8 FARI B GFRP L LA
Aozl 71918 Zow AR} 37l BE FEE ATk W
Ml WA WEslol, ANk WEAFe] BAo| A go] T RO Bk,

O AMe) AAE AA A 15m Qo= WL 1, GFRP AAE A=EelA 15m
Ao #9208 $AY MASFAHIY 2.13).

O ¢F 20mm FAZ ZHE %3 1 9o FEE AME X3 3, &3} AWE 1:39] Z=El=
TAES SEE AN FHHE B AA SEE B 249 fARIES 2450w,
FHES Ao Z AWE FHE 127 @2 5 HESYS

O AAZRES HolEEs AT dolg Ao]E %3l Data loggeroll AAZAsle] A= olEE
Ao 2 VEIIESE AAStA(aE 214, 29 2.15 =)



13 2.14 Schematic view of sensor
installment

wol 2o BRI FEE S7F AT

1% 2.16 Shotcrete spraying 1% 217 End of shotcrete spray

APHES Ao 7 218, 19 2199} Zo] APHATRZEE TAH O R Fasle] TPAIH
B AEES BEASROH, FHAYL NETSE o]gsle] HEWMo] F£3ZFo] HEE Case 1
(3.0m =2hH3} Case 2(4.0m Z2H71A 9] 2GA 2 335} <.

z7] 220 & 2.0mE =& oy ASE o7} mu|ste] B AT 4 tiidelA=

SCEEEY
e .
i 1

10

| |
f {
All dimensions are in m

13 2.18 Cross section showing stepwise
excavation process

23 2.19 Excavating model slope



O 19 2,203 19 2218 8m Eo]o =3dE ePd3 AHNA =2 Zlol7F 2 3m (Case
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38 2.20 xcavati model sloe 19 2.21 Excavating model slope
(Case 1-1) (Case 1-2)

O 119 222, 118 223 8m =°|9 =agEE PR & AbH(test 2)ol4 =32+ Zol7}
Z+Z} 3m(Case D¢} 4m(Case 2)Q1 Z@AHS] =32 A7 Jephd.

S S et e i = > % A
1% 2.22 Excavating model slope j.*“é 2, 23 Excavatmg model slope
(Case 2-1) (Case 2-2)

O 19 2.24~71% 227 Case 13} Case 29| A7 =18 ARE Aol weE #9 £X5 vehd

O =3 E FHE AHL3 APAAE Case 12 AP o™ 1Y 2249 Case 1-19] A2
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GFRP7} YA 28 SEE vl8)] 57 £ o2 33T 5 5.
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2500 1200.0

GFRP (Case I-11) GFRP (Case 1-L 1)
— GFRP (Case 1-1 2) —GFRP (Case 1-1 2)
200 || —GFRP (Case 1-1_3) 10008 1 ___GFRP (Case 1-1_3)
—GFRP (Case 2-1 1) ——GFRP (Case 2-1_1)

8000

1500 I

Displacement (num)
Displacement (mum)
8
B

oo .
3750 3850 2350 4050 4150

Time Elapsed (sec) Time Elapsed (sec)
1% 2.24 All GFRP displacement data 9 2.25 All GFRP displacement data
during 3.0 m height excavation during 4.0 m height excavation
000
——Steel Bar (Case 1-2_1) ——Steel Bar (Case 1-2_1)
——Steel Bar (Case 1-2_2) ——Steel Bar (Case 12 2
s00 || —Steel Bar (Case 1-2_3) 00 1 Steel Bar (Case 1.2 3)
—5teel Bar (Case 2-2_1) ——5Steel Bar (Case 22 1)
E 600 E_, &0
g |
_E' 400 _f_;.- e
- -
- ] sao ) —
oo -100.0 L " \ L
o 200 400 500 3750 3850 3950 4050 4150
Time Elapsed (sec) Time Elapsed (sec)
9 2.26 All steel bar displacement data 1% 2.27 All steel bar displacement data
during 3.0 m height excavation during 4.0 m height excavation

O 9 2.25914 Case 1-29] A3 A&} & 5&7) GFRP(Case 1-2_2) A4 ¢} GFRP(Case 1-2_3)
A= 242 530.3mme} 313.7mme] WS 715 skl er, GFRP(Case 1-2_1D AlA= =2 Ed
GFRP7} F-z2tEo] £ E w3 A 37 Asel W& 543 MstE #ddsEo] B dA5-9
A A= A%

O 19 2274 YAEZE SEE 2% 3 AlA= 22 210.7mme} 140.5mme] He7|F Al
stal, oF 158%F UAHEZY SEE 19 AlA7E 310mme] HYE Uepd & F7HEHo =
S7Fste] HSAMA SH7F ARSIl o]oA] of 83 & HA AMHEH7F EAAE
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Fig. 2.28 Schematic view of installation positions of sensors
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F 2.9 Basic constitutive equations and major input variables

Classification Constitutive ¥ E v 03] C
model (kKN/m3) (MPa) () (kPa)
In-situ soil LE+MC 20 100 0.2 40 300
Slope LE+MC_H 20 100 35 6




¥ 2.10 Constitutive equations and input variables of shotcrete liner and sensor

Classification Constitutive model E(GPa) \% v (kN/m)
Shotcrete liner LE 15 0.2 23
Rock bol
ock bolt LE 3 0.0 21
(GFRP)*
Rock bolt (Steel) LE 210 0.0 78
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13 2.30 Details of crushed stone, shotcrete and displacement sensor
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I 2.11 Contact material properties between rock mass

Property Values
Friction Angle (° ) 40
Cohesion (kPa) 0
Normal Stiffness (Mpa/m) 1,000
Shear Stiffness (Mpa/m) 100
Remarks Analysis was done by different shear stiffness

¥ 2.12 Properties of shotcrete and sensor

Property Values
Shotcrete | Rebar Strain Sensor | GFRP Strain Sensor
Stain Coefficient E (MPa) 15,000 -
Poission’ s Ratio v 0.2 -
Thickness (cm) 10 -
Normal Stiffness (MPa/m) 1,000 9,380
Shear Stiffness (MPa/m) 1,000 1.0825
Cross Section Area (m? Dys) 0.000491
Modulus of Deformation E (MPa) 210,000 40,000
Unit Weight 7t (kN/m®) 78 21
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3 2.13 Material properties of rock mass and substructure
i Cohesion szl gLl G Poission” s
Classification Weight (MP2) Friction Angle | Deformation Ratio o Remarks
yt (kN/m) z (°) E (MPa)
Rock Mass 20 0 35 200 0.25 MC
Sub Ground 19 0.3 40 100 0.28 MC
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(a) Initial underground stress distribution

(Sz)

(1 layer, Sz)

(b) Stress distribution during lamination
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(c) Stress distribution during lamination
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(e) Stress distribution during lamination
(4 layer, Sz)
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(g) Stress distribution after lamination
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(d) Stress distribution during lamination
(3 layer, Sz)
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(f) Stress distribution during lamination
(5 layer, Sz)
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(e) Installation of shotcrete and sensor (Sz)
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(f) Slope cutting (3m, Sz) (g) Slope cutting (4m, Sz)
1% 2.31 Material properties of rock mass and substructure
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(a) Plastic deformation distribution after additive layer
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(b) Plastic strain rate distribution after slope cutting
19 232 Plastic strain rate distribution
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(a) Ground displacement before slope cutting
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(b) Ground stress before slope cutting
13 2.33 Ground displacement and stress distribution before slope cutting
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(a) Initial underground stress distribution (b) Stress distribution during lamination
(S2) (1 layer, Sz)

3DEC DP4.10

3DEC DP4.10

Stog e
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(c) Stress distribution during lamination (d) Stress distribution during lamination
(2 layer, Sz) (3 layer, Sz)

3DEC DP4.10

(e) Stress distribution during lamination (f) Stress distribution during lamination
(4 layer, Sz) (5 layer, Sz)
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(g) Stress distribution after lamination

(6 layer, Sz)
¥ 2.34 Material properties of rock mass and substructure

(e) Installation of shotcrete and sensor (Sz)
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(a) Distribution of displacement

(b) Distribution of axial force

19 2.35 Distribution of displacement and axial force (steel sensor)
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(a) Distribution of displacement
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(b) Distribution of axial force

1% 2.36 Distribution of displacement and axial force (GFRP sensor)
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Reinforced Plastic) EE2EZE A83F3 (18 249 =)
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mﬂi Z[Da

9 2.49 GFRP RockBolt

|

¥ 2.14 Product specification

Item Unit Standard Specification
Breaking Load mm 25
Tensile strength Mpa 850
Shear strength Mpa 150
Glass content % 75
Dia, Top(Da) mm 25.0+0.5
Dia, Top(Db) mm 22.6+0.5

loT end device GFRP Strain Sensor
|

. Sensor

|
All dimensions are in mm

19 2.50 Schematic diagram of strain sensor



Response of Strain, y, (&)
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Horizontal Displacment (mm)
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19 252 Sensor placement measuring

19 2.53 Calibration of strain sensor (F1)

Response of Strain, y, (pe)
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18] 2.54 Calibration of strain sensor (S1)
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t}. Gateway
D) F/d73t2 LoRa &4l& A¥3skal, Backboned 4l Lano = @A Eojof gr,
2) AEe LS o] g3ta Aolxe AAFAAE HEH oo ot
3) B Huto] 28] HEo] FEHA FrF FAFIAA AA FA ZEEZ 7
stof FAlE ook FHr
gt RUHE Al2FH BE
D Web 7|¥to 2 F33l1, =& Web Browserol A 98314 £& = ojof 3r}
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3. EYEE A

s

R S I R R ER PR

Hs | F & Al 5t 4
WMoz | - 4_11/‘%5}?:1 2 A2 ¢ Strain-Guages B3 Pl A st 7HA]
1 AR | A4 : 0.0lmV
ST Lo &e 2 A Bar Type GFRP 22 E
- STM32F051 MPU (ARM core, USB, A/D, D/A, RTC, Low Power &)
ANA R | - LoRa Mesh module(made by Novis tech)

2 |- 24-bit ADC ADS1231, Low Noise (35nVrms) (24bit)
=
- LED Driver IC(TLC59116)

P
T

2 | AFAA o :
- Solar Pannel ¥ 2], Rechargable Battery(LiFePo4)
(Io - LDO (Voltage regulator)
AMEE) | - power on/off Switch, W3], WF4=7] ]

- LoRa & WY

- CPU : ARM 32-bit Cortex-M4 cpu(120MHX)

- Memory : IMB FLASH, 128KB RAM

- Local Mesh Network (Up to 4 LoRa Mesh Modules)

3 Gateway | - Wireless Backhaul Uplink(1 FSK Mesh Module)

- Wired Uplink(Ethernet:1 10/100 LAN, Console UART port can be used for uplink)
- Console Port : TTL level UART @ 115200 baud

- Power : Input AC 100V~240V 0.5A, Output DC 5V 2A
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@ Web 71HF mUHH A|2EHS 53 dojgy =3 2L &4
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O Web 71k RUE @ A 271 ZR 03 A SMS 414 @], SMS #7244, A4} #2) §9f
H57h Qa, ASV|EA, AE57]) W4 5 Iy A4 #4d 71sE Al

O @A dlolEH &= AA tUE 7|E 22 dlo]El AWl 14Kbyte7} A= 31 1:d ] 2F 5Mbyte”}
B aste, o] 9o Ao L 7tFE HolE 2 = A 10MbyteS HA ¥ HoR
ey

A O 9 AA M4E 12835k Database & H S =3,

AolHE WMgste] Alxglo] d&siA AEst=s #g é T A

|SHlole &4(ZH), IoT EndDvice — Gateway : Payload Data format

O
= JN

O
X

O Hl°|El& % 2bytes # o2 AT, UH7] T2 ZIE hex # o2 HH 17 2849}
Zom Gatewayoll 4] Server® XA Rowdata MEE 7 UERY.

Eﬁ aa <SCP(4)> [PID=106][SID=31[LEN=24][seq=16][Sensor Type=40]<data>[SU

<[:IBata]1= [type="9"]['n/w/a'l<val1(4)><val2(4)>['n/w/a'l<vall(4)><val2(4)>[T.v][H.v]
RY;

[01:07:05.288]55 AA 00 00 03 E9 6A TF 18 03 28 39 6E FF 80 00 40 00 00 00 00 61 FF 8C 44 FA 00 0C 44 FA 7C 00 36 BC
[01:08:22.854]55 AA 00 00 03 E9 6A 1F 18 04 28 39 6E FF 80 00 40 00 00 00 00 6E FF 80 00 00 00 00 00 00 D8 00 36 E6
[01:13:28.880]55 AA 00 00 03 E9 6A 1F 18 05 28 39 6E FF 80 00 40 00 00 00 00 6E FF 80 00 00 00 00 00 00 D8 00 36 E5

Battery under charging

Rawdatas (chatging: 2
Olnovis_uart | [{ Opdatetime: '2020-07-29 02:06:24", 07'
Olnovis_uart | DataValues: '1106,41,40,9, N, -2061301,5837,n, 367641 5,2298,25,62,0,0,54' 11}
Olnovis_uart | {"RtnCode™.0,"Version™:"1.4.7. 0# Rtnyfsg “File e OK", esposeDat#tlnhe "2020-07-
29T14:06:24.5201748+09:00" / / |

F

o !
/,/ i / I' [ ‘ v
/‘ ./, = i/ / '." I| ! Low Battery(normal:0}
/ sorl |
/ _/’?:gj Sensorl Sensor2  SeNSOrZ | pefarive Humidity(%)
e AV read av |
n:normal |
wowarning ¥
aalarm Temperature
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S may | M A H - H-4- Wi === = Huzaanreaes o059 S0 98 =29
EgHc [ == m el |1 =A BA & AERY
W15 - fi
A B C D E F G H ] 1 K L N (0]
1
3 | AR} N1 vi Dt1 N2 V2 Dt2 TH | Battery
3 | 2020-08-15 23:55|n B 223[n 2308531 5041983 [o/0is4
4| 2020-00-15 23.49|n 162742 1442]n -2302689 202f1983  |osoisa
s | 2020-09-15 23.44|n 161457, 930[n -2302056 -228|19583  |o/0/54
6 | 2020-08-15 23:38|n 160749 198]n 2303330)  1220[10/83  |0/0i54
7 | 2020.08-15 23:33|n 150808  -1262|n 2302854 1483l1083  |o/oma
g | 2020-09-15 23.28[n 162029 1747]n -2302588 548l19/83  |0/oss4
9 | 2020-09-15 23.22|n 161201 472|n 2303856  -1623|1983  |osois4
10 | 2020-09-15 23:17|n 161710 997|n -2302389 2150[19/83  |0/0i54
1 | 2020.08-15 23:11|n 161043 163|n 2301386 2037[19/83  |o/oisa
12 | 2020-09-15 23.08[n 159264 s62{n 2304227|  -1595[19/83  |ovosse
13 | 2020-09-15 23.00|n 162858 2855(n -2298189 1028|1983 |o/o/s4
4 | 2020-09-15 22:55|n 163806 5| zoo9s00|  -23es(19/83  |0/0is4
15| 2020.08-15 22:50|n 164283 3469(n 2300243 416|083 |oiorsa [ |
15 | 2020-00-15 22 44|n 161885 _841fn 2998275 gos[1983  |osisa 1
17 | 2020-09-15 22.39|n 161555 412fn 2208758 15031983 |osors4
18 | 2020-08-15 22:33|n 162301 -1217]n -2300235 1728|1983 |0/0/54
19 | 2020.08-15 22:28|n 162921 432{n -zz00808] 1638|1083 |ovoma
20 | 2020-00-15 22.23|n 164859 160¢]n -2299268 457|19/83  |oiorsa
2 | 2020-09-15 22.17|n 162556 218fn -2298999 85i[1a83  |osoiss
22 | 2020-09-15 22:12|n 161638 438|n -2300188 794|19584  |0/0/54
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% | 2020-08-15 21:50|n 161759 -385[n -2209485|  -2008(19/84  |0/0/54
27 | 2020.08-15 21:45|n 160386 500{n z20a160) 1131|1084 |oiosa
28 | 2020-09-15 21-3¢|n 160405 a4fn 2297439 2223194 |osisd
2 | 2020-09-15 21-34|n 160624 793 2298243 148919584 |o/0/54
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» | 201 902 i 903 04 i HQDS M 06 T o7 M D‘B M 09 M .;ID I " 12 M 13 N 14 ) f 16 T 17 18 19 20 2 22 23 (f)

a9 2.85 BAAISE S8l HolEME) A= Q= HolE(9Y) JANE

55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA
55 AA

cocococococococcococococococococcoccoocooooocooo

coccocoococooccooocococo0o0o000000000

8
8
8
8
8
8
8
8
8
8

8
8
8
8
8
8

8
8
8
8
8
8

386A OFE
386A OF
386A OE 2A 28
386A OE 2D 28
386A OE 30 28
386A OE 33 28
386A OE 36 28
386A OE 39 28
386A OFE 3C 28
386A OE 3F 28
386A OE 42 28
386A OE 45 28
386A OE 48 28
386A OE 48 28
386A OE 46 28
386A OE 51 28
386A OE 54 28
386A OE 57 28
386A OE 5A 28
386A OFE 5D 28
386A OE 60 28
386A OE 63 28
386A OE 66 28
386A OE 69 28
386A OFE 6C 28
386A OFE 6F 28
386A OE 72 28
386A OE 77 28
386A OE 7A 28
386A OE 7D 28
386A OE 80 28
386A OE 83 28

24 28
27 28

43 0
43 0
3 0
43 0
43 0
3 0
3 0
43 0
43 0
43 0
43 0
43 0
43 0
43 0
43 0
43 0
43 0
43 0
3 0
43 0
43 0
3 0
3 0
43 0
43 0
4 0
43 0
43 0
43 0
43 0
430
43 0

6ED CA
6EE AD
6EC BE
6F0 4C
6F3 D1
6EF AB
6EE | 54
6EC C3
6EB 56
6E6 53
6F1 8E
6FA 1
660 9
65C 8C
6 4787
64F 58
6 55 73
6 53F9
6 55D8
6 56FE
65E C5
6 59 89
65A T3
658 33
65D 13
6 61 49
65C D8
6 610D
6 67 3
658 74
6 571D

6 57F6

5530
5504}
5502
5452
5633
5531
5428
5507
5382)
5299)
5534
5537,
3289
3148
2855
2888
3011
3113
3112
3166}
3237
3097]
3001
3043
3043
3161
3224
3101
3187
3108
2057
3174)

S1

19 2.86 AZwolE Case A



3 A 61051 [ EIREIAE] FICR -
J6AOEFB 28 43FF 2 GHO0A  -891383

376A 0E FB 28 43FF F2 5C AC  -889635

376A OFE FE 28 43FF F2 5A 29 -890328
J6AOE 328 A3F 2 67 83 891006

A OE 628 3FF R 61 81 -00544
JV6AOE 928 BF R 65 31 89144

376A 0E 0C 28 43FF 2 65 61 -89152 oo
376A 0E OF 28 43FF 72 5C EI 889632

376A OE 12 28 43FF 2 63 F0 -891921

J6A0E 1528 43FF R2 5P 57 -889002

376A OE 18 28 43FF
JT6A 0E 1B 28 BF
376A OFE 1E 28 43FF
36A 0E 21 28 BFF
376A OE 24 28 43FF
J6A 0 27 B8 BF
376A OE 2A 28 43FF
376A 0F 20 28 43FF A

376A OE 30 28 43FF

J6AOE 33 B BF

376A 0 36 28 43FF B

376A 0E 39 28 43FF NWVMWJ‘
376A OE 3C 28 43FF

3T6A 0E 3F 28 BF

WA OE 4228 £F R 7288 geeinn X

376A 0F 45 28 43FF R GE 839296

J6A OE 4328 3F R G2B1 892240

376A OF 4B 28 43FF F2 GB7E 890755

J6AOE4E 28 SF R 6I0B  -800870

19 2.87 AZwl¥ Case B

“ses00c

75000

—eB000c

FEFEEFEEREFERESEEEREEREETERERER

119

AL 0 0 3 3754 0E 20 28 43FF ED 1B C3 | 12307

SSAA 0 0 8 375AGE 23 28 43FF ED 21D | 1236523

55 AA 0 0 B8 375A OE 25 28 43FF ED 1F 80 -1237121

SSAA 0 0 8 37SAOE 29 2 43FF ED 204A| 1236823

SSAL 0 0 3 3754 0E 2 28 43FF ED 1D 61| 1237664 st
55 AA 0 0 8 375A OE 2F 28 43FF ED 20 41[-1236028 -0s0cac 7 . N
SSAA 00 8 375A E 3228 #3FF EDIC 54 1237933 ! RS ERTAS S S e
SSAA 0 0 8 3SAOE 3528 43FF ED 184S | -1238108] e

55 AA 0 0 3 3784 OE 33 28 43FF ED 20E6 | -1236763)

M 00 3 TR R B BF D 2 2amen

SSAA 0 0 8 3SAOE 3 28 H3FF ED 174E | 1230219

55 AA 0 0 8 375A 0E 41 28 43FF ED 1A 70| -1238417|

35 AA 0 0 3 37854 OE 44 28 43FF ED 1B 7| -1238266| -11ea00c

SSAA 0 0 8 ISA O 4728 43FF D FI 5C | -1183397

SSAA 0 0 8 WEAGE4A 28 F ED B 3122208 e

55 MA 0 0 B 375A OE 4D 28 43FF ED 79B9 | -1274024|

AM 00 8 AU 02 8RB 9 1wy

SSAA 0 0 8 5A O 5328 43FF ED A6 A7 | -120252)

55 AA 0 0 B8 3785A OE 55 28 43FF ED B4 3E | -1199043

SSAA 0 0 8 375A OE 5926 43FF ED C1 3A | -119sg3| o /
SSAL 0 0 3 3754 0E5C 28 43FF ED CD S -119261]

SS5AA 0 0 B 3754 OE SF 28 43FF ED D4 A | 119083 e

SSAA 0 0 8 376k OE 62 28 43FF ED DE CB | 1186918

SSAA 0 0 8 3sA 0 6528 43FF ED 68 19| -Tgsree|

55 AA 0 0 3 378 OE 63 28 43FF ED ET F2 | -1185807| e

SSAM 0 0 8 37SA OESB 2 43FF EDEE 21184255

SSAA 0 0 8 3GAOF GE 28 43FF ED P 19| -1igias| oo

SSAA 0 0 8 WEAOE 7128 4FF ED R 53| -11805%0)

35 AA 0 0 3 3784 OE 74 28 43FF EE 36D | -1178772

SSAA 0 0 B 3SAOE 7528 43FF EE 27C | 1776885

19 2.88 AZHlolE] Case C

O 138 2879 Case BE= T34 E

_‘_6"__
Z7lete 33 Az AHoR F43

O 19 2889 Case C= &t A {917} A dehd & S 5HATTE ihA] 971
=2 = 3

Fejo] BHE oA = Mz & IFHE FHH.



. AT A 33

1D =&

2018

2019 2020 A

2

® 250 =% A3

AA 4=

2018

=£3

A A

&A1

S0 FE

SCI7&

55 - JlgHE

DOI: https://doi.org/10.12814/jkgss.2018.17.4.011  ISSN: 2508-2876(Print) ISSN: 2287-9528(Online)

AA A=

2018

=&3

A A

FEHEE GEI A B EAT A 7
A71%, A9, 1384

)

<A

S FE

SCI7&

5% /99

DOI https://doi.org/10.14481/jkges.2018.19.12.65  ISSN: 1598-0820

(2) 1&F=

2018

2019 2020 A

4

X 251 AnEX H 18%4E

-
e

ox

&< AR 7HdA R

o
re
ot | of

2018.01.02

2 1712 2018.01.12 e
. . =]
a2 AR TR e
1o o g | 0200003778316 | @3N | 202009031514 [ ez mams [ 30081010240
3 T8 2018.10.01 & Fmag EEEE sy og=y
AYRERHS 399-81-01024 399-81-01024 399-81-01024 359-81-01024
Aeia mal FgoE o0 | ZuaAoE oy | ZHSMANERY | FABMARER o8
O] P
4 o T 2018.10.01 O R U IR 1 #e
H] Wl gl w | PR 8 T SR
5 ] -—] EI’ fe] 2018.11.16 1 S01116-1rsases ey o7iel | 20200801 | 20200801 | 20200801
2 B00B13-1 s nawss 48 o7y 20200801 | 2020.0801 | 20200801
NE 3 6811271 seesns 2ed EE 20180401 ojzel a)7kg
6 = Q 2019-07-01 4 F20010-Feenann Yos 201801.02 201B8.01.02 oAy oy
5 T40224-1 s wnnn A2 201810.01 20181001 2018.10.01 20181001
- 6 74051 2- rraeen PR 20190701 | 20190701 | 20090701 | 2019.07.01
S| =%
7 O] ‘/] —l_r__ 2020.05-01 7 B90924-1~ - olgF 2018100 20181001 2018.10.01 2018.10,01
8 900724-1+ zag 2020.03.01 o7 2020.03.01 2020.03.01
3 92111550 wsns S| e} o712 20181116 | 20081106 | o
8 71:]1 ‘%‘%_]_ 20200801 10 34071141+ FEES 20200501 | 20200501 | 202005.01 | 2020.05.01
" 340123-5eevers RS 20180102 | 201801.02 | 201801.02 | 2018.01.11

2
=
o

2020.08.01




E 252 BFHIIeTEITRAFAANTAE LEFE

-
AL

4 B

&<

At FddTd AEFAA

2019.09.02

Ui oA ws=AM

wnium ——
ErTTYrT
o SR SR 18 S SN AT
Fais soExee | Famiau wen
T |anw wran] we
snens

- am e

2020.02.18

U HOATY WSLAM

ETCTRTYErETIT

s | 23w

Tmmzi —mman [aue |

o

# 1 EEEY ™
Eeriire e s
e usra s
89T5 /83 il
| =2 paea”| SN FAET FHI 4T 10 1058 / @170
o] iy - om za [as ] on

B8 Hlolol UFR HROIARE HABIC)

T

TR 0 Shetetatelal, 2820 N 2 18

IR FEABVAN Aol DIUT TEREVL AR U7

BBAPrIA B MSWIRBSTRARMNRS 4 1
FeUTHIN : MIYISBABRASNTE U Y 8

SEASWPISTSAZ A0t

T

0

& w0l wwAs
N BRI U 471 87 ol HEAN OBE Sersio, ] XaE of
WX YR 37 U 65 B VLSIE 298 28 4w,

Bsaide 3 HEVINTUSRAGMLLE 4 0
FEATAUN : EUISTHBRANTS

IA=ASAPISVSAZ o

=71 B UTABLIAS 4TRH AEARIN, RGAI A 7 1Y A

E 253 @Utdd 1 8%4F

-
A

A&

A% 7HA B

2020.01.01

st 2000707 1501

Ach A=y
AR 71t g

e [ suacormes | waun | soveror e e s | e

= I T
TeRye | wpersan | wreseni | dorsroeni | e s
P e M R T MR UG

[ ome |

SRR ) R
. FogEEg) EELED]
we | ERHE [Ez=u | wwew | wEwE |

) 250507

o5z ooz | o

we
20151001 | 2005 1001 [Rasaaa] 2015 000

20150601 | 20150601 |Rsmirea] o1s0s0r

2020012 | aoiaoiz [ oot

Gl

2020.01.01

20150601 | 20150501 [AE] 20150500
20150601 | 20750601 [MEtaama] 20150500
20130501 | 20180901 [auAE] 2010900

7106 105 [Fratianes] 20171106

000101 | 2000101

000 | 200807

TR A e e e
£ e b e R

20001 | 20160801 [auTAEE] 2010807
2000 o0 [ Taa] 2omaos00

20001 | aomoora [z moorer

PR




i
Hlo
=K

Gl

N

o

i

W
Hlo

A

o
N

o}
B
o
o

r
Hlo

2020

o
l

W
Hlo

2019

o
N

W
Hlo

2018

o
!

10-2018-
0124911
10-2019-
0025416
10-2020-
0035020
10-2020-
0066786
10-2040807
10-2155529
10-1917320

=
=

1
1

13
ql.u

o g
Els

o g
o) g
o g

e =

o
o

2019.03.05

2020.06.03
2019
2020
2020

2018.10.19
2020.03.23

|/
]/
]

¥ 255 E35=E
F2] 3 A}

2utEX| 2 =]/
YT H

drge] oA




5353

CERTIFICATE OF PATENT
L | H| 10-2040807 &
Pt tuarrdees

(L LE] ¥ 10-2019.0025418 &
B

"y 20194 03Y O5%
Pl e

ey 2019 108 30w
g D

F'E TR Ty
ANE AR FRFR

BT s
ERAMUEA 719

EW s
WE B (EEIITT 1
MEBREA RO RUNE 99, 163E 090

12| WHE "WYY, 0 M2 RHERURY SREVARF FYULICH

This is to certify that, in accordance with the Patent Act, a patent for the invention
has been registered ot the Korean Intellectual Property Office.

20200 01'Y 159

s5B8Y
COMMISSIONER,
KOREAM INTELLECTUAL PROPERTY OFFICE
55% »
Karean Intellectial \’t"l '% 4‘
Froperty Oftice

oREEE EATIE
FRAWE NERME

£33

CERTIFICATE OF PATENT

g8 Hl 10-2155529 =

Patent Number

YT H| 10-2020-0035020 =
Aplication Nurmbar

wHY 2020'3 038 233

Filing Date

8y 20204 098 08%
Ragiration Date

WES| B Tohe of tha wnerrion
Eg MUEs IRy

ST rremee
ESApuEl 7|

YT wnena
L BM(681127-rvsvses)
MESEM 07 SR 99, 1635 2004%

Flo] HYE (RHY. 0 t2t SHEFAUL SEEIQUSE FYHLCL
This is to certify that, in accordance with the Patent Act, a patent for the
invention has been registered at the Korean Intellectual Property Office.

[OfO)
20204 098 082 oRiEE HiIE
i R ??ﬁﬂ.ﬂqﬁx
E5Ey -
COMMISSIONER, =

e KOREAN INTELLECTUAL PROPERTY OFI (=] |
(=]
E5% 2) € 2 ﬁ ia)
Korean Intellectual D

Property Office

EF=

£33
CERTIFICATE OF PATENT

! H 10-2191732 =
Patent Number

FEwe | 10-2020-0066786 =
Apphcation Numbber

L] 2020 068 03%

Fing Dot

E5y 20204 128 109
Regioation Date

UYL Y rive of the vantion

B HME THBH: HEE ¥R U A2Y

S 52T svere
FAS| M ADLEX]RE (1401112454444
ZUS BHA UNE HFYUY 8110, 2102 (0| 2 BE )

WK} wenter
UB(681127-wwurr)
MEEEA 07 SYYE 99, 163F 29043 (FUE, HUU2)

flol EHe TEHY, o) et SHER YR SEEIRISE FHELCL
This is to certify that, in accordance with the Patent Act, a patent for the
invention has been registered at the Korean Intellectual Property Office.

Bt E
20204 128 29¢ 1 armsE wE
Elafds s8uys vusis
S5EE
COMMISSIONER,

KOREAN |NTELLECTUAL PROPERTY OFF|i

ESIAd

- 0

=517% 2] L2

Korean Intellectual o
Property Office

19 289 E3)

o\
o\
oZ
5y
fat



(4) YA

2

2018

2019

2020

A

24 | =% | 29 | = | =d | 5% | sd | =%
0 1 1 1 2 2

E 2.56 OARIEE

EEAl : o SDLE
s 522 A sREINE
FE2uER S H) y 30-2019-
1 | AEEs AR IS, R 0009752
- G2ntEA O d 30-2020-
=X]
9 Mol =4 AlA 5 /] 52T o gkRl = 0016403

OIEE=
CIXRISSES
CERTIFICATE OF DESIGN REGISTRATION

X| 30-1030541 =

7| 30-2019-0009752 &
20199 03F 05%Y

o 201944 10% 309
Regirain Chée

8| 74 M4 A4 F 2
Ty of Ragvaion EamneD REGRTRATIOH)
HEF O

H10s

Clabgle] cgato| sl B8 mowa
el He2|

CIFHRI AT Gwoer

SR 7N

R o
2B (BE112T- 44+ )
HEREM 517 SUYE 99,1635 2904%

29| Cjxfele TCjXAESY o M2 CIXIS ST SREIUES

SBYLCL

This is to certify that, in accordance with the Design Protection Act, a design

has been registered at the Korean Intellectual Property Office.

CIXIISES

[ e I =]
CERTIFICATE OF DESIGN REGISTRATION

§5

Ragistration Number

Bas
Application Number

Type of Registratian
BEE o
Hiog

Ciapglel B0l S BF oo

HIALHE WA

T AE  owoer

s 713

AR Comar
HUBH(681127-++4+r)

H| 30-1085887 &

| 30-2020-0016403 &
20204 048 13Y
20204 123 02¥
44 8 5

[EXAMINED REGISTRATION)

MEREA 2T HE2697 19, 1055 1401S(HAE, Aol

SggLch

flel cixele roixreles Yy of et CIXASRH T SREIUSE

This is to certify that, in accordance with the Design Protection Act, a design

has been registered at the Korean Intellectual Property Office.

s
20194 10 309 4 Qrasz wiYE
[Eeee; suuus naishe
=
=557
COMMISSIONER,

KOREAN INTELLECTUAL PROPERTY OFFICE

[ =]
5%
Korean Intellectual
Property Office

DX

39 290 HARISTES

= <
S5%
Korean Intellectual
Property Office

A=

QRIEE B

20204 128 02¢ B
EE-ER smuws wasae

E5¥E -

COMMISSIONER, ':ggﬁq

KOREAN INTELLECTUAL PROPERTY OF ? [=)
O

3 g i




(5) AZEY ]

2018 2019 2020 &

29 | 5% | 29 | = | 249 | s | 4 | s=
1 1 2 2 1 1 4 4
¥ 257 AXE9 S AFAE TE
n AZEY A= ARAZo] == AAALE | coyae SR,

A 3T 3T 2
| AeEae wgme | BFECEEIR L sqgq | aoiga | ac-20is-
(Gateway Execution File) | ,, , EEE gop | ZPHEALE | 109 269 0291865
Q¥ 2| AFY = _
: o}o] Ely:oﬂqt]u}o] 7 Wi&%%l% =58 20193 AC-2019-
T ol E x] © E o) Q) =
(0T End Device FIW) | A28l zxego) | SUIEASH | 109 1480 1 0283755
olo] 2B A Tluholx | L .
fra e 3T 24
; 4 2% Bl e | #4944 | amga | Ac-2019-
(IoT End Device Comm. A 2H] 5\_5_‘% S 2ntEXQH | 10¥€ 14¢ 028376 &
Module F/W)
AFE T2 .
y | ZHELE AEdel iy F2] 3] A 20204 A C-2020-
(Standalone Gateway) | ., o', 5 e oy | ZPFEALE | 129 169 | 0504825
é NI sS85 \% REEERH \% ,;w === @ Nza S8

.....

ML

EELET O

EERECELEY

9 291 AZES o FYA=E

—_ 83 —_



DU RSIAN HUR. VAWAKD ALOBAL WhEi )

TEST REPORT

TEST REPORT

M ECU-XE0-01341)
M e ECU-2018-009171

Hux OHAME 1 FHEAA0ERIRY
HER CEHAY @ FYsUAADERREY OF A ZHS SR UHOED | SN NIZEIE)
0F &0 PUSSHA YU |, PHGLDKNAHEY FEEH SRS oamng . 38y
OmEXE | HHE Agake g gusdE
NEgEMe BE: A AHOHES SOSAMLE
NEOUES ¢ ADIEABEIZAAAY 29/%4 S05/-
2y /A i SCSi- A7 2000 128000 ~ 20208 128 149
Mgy K8 C IEC 60520 - 2018
METIZ: 2019t 108 178 ~ 20199 103 172

AdzEr AgEE Az
MEEY:  KS GIEC 605201 2013
AEEZ: BE 50+ 100) T, AE (80 £ 5% AH., 12 (8 5 kPa
Negnt: A g Y o3 0] 434tz SIETIZ) HAIQIAIS & NSRS Ligte) HMEMH M3 TS (13 BHE HESIX 200,
smu SRR S0 .0 ) 2 je B 7155E
13288 592 48 + g0, S o Ag8 3Hug
5o s SE vt Rai 7240, e 1 ) St S SRR,

MeE: BT (2501000 T, B85 (50 % 26) % AH. , 7IL: (9 % 10) kPa

W m: b '71 5131*1 o2xt NW“' AR S ASHOR AlEE UM NA| HE0 O3 BHE SS8IA o0,
g & !I(ww.klm k) ) EE OF code M2 TSR * 9 HHAE K5 Q ISO/EC 17005 X KOLAS SIiat #310] @IS Hilu,
D 5 4 elon), 8E Oleje] AiZE 38T,
3 0] 30 BE(TLY Zo)w $E‘W| ME T TR QUAHE/MIYES FkE HIRALIC,

VA
s AL
AR = aE i@ Se
Tol : (31-678-8667 Tel £ 1577-0031
AEd {} ,ﬁ -5"_ o eu2Y
g0 uEY TIUR : BiME
el : 031-64-8555 Tel 15770091 KT SR U -
KOREA TESTING & RESEARCH INST 3
219U 10HBY 2

HNE HOIE OR RS ﬁ

K I R SIqepSrG oA KTFR-Q-Y10E3-F0900) A(210 % 207)
KOREA TESTING & RESEARCH INST PR )

% o
i
HHE YU OR HE

1% 2.92 =07 (P45, 1IP65) A8 A A

e I

(TEST REPORT) TEST REPORT
A HE: 19-067667-01-3
S 0BMY ¢ SYEM ADIEXSY
A 0F & ZUE SMA LHYYY 1, LEW HIS(SAE)
ZA 9 (Name) : (F)ACIENOW

F & (Address) s AN BUNGD 1, TUAY A 158 2028
489 (Dte of Receipt) 2019, 10, 16

o ciEsy ¢ usH
Mease g2 BuEsE
2 HRHAAY §5 (Use of Report) : #ol 831 2124

NECHES | SOS HALE
3. AYUAAES/ZAMNRY (Test Sample)

A % % (Deseription) AR B ALY oY/ ss/-

A4S} (Manufacures) | (F) 20} 27 26 5
METIZE 208 118 26 ~ 202043 128 018

2 2% (Model Name) :SCS

AZAE (Serial Number)

71 # (Remark) | %4 A3} MEF

N s

NEEE ApEEdE
S N B0 10T, B ()£ %)% AH., 71652 )k
5. N8 %4 Location of Test) :

uom s ww»sxs»\! um umgon A|§4Rsr HAZM £ HE0 ke B 0%t
CTL AU (R ¢ A7) A B ke 72 b )
:g‘g.ﬂr“ﬁl 194 (i A71E SEA BRT AL T20) s ey e g ek

v 4, = A2
{8 2D REAI, A S i B /MY ER FTE| BB/
6. AYTFAME (Test Standard/Method) © 2021217 244 8 AW

7. A HE (Test Reauite) 1 & 1 #2(2 H01%)

AP L
& ST
VIZaiet 1.1 A At HE AR B, 0 % Ao B Bl i e
Z ol defal dEy Ao 73 e o s A e Lgx g
501 Krn 5 A A 42 AR o 3
S s Sl sl slod sl KTL Te ! 31-79- 6T

SRR S P R T

N0 Ry

[atd 3 (Tested by) 1% % Technical Manager)
Affmation |y o o) B89 (SERRHO |4 (Name): Yol n‘{g KTR
ot
2019, 11. 06.
A
?_I'q-ﬂ'q 7| I-E*I?:{ KTR=Q-Y10053-F08(00)
A e R T TR e, S, A e, CONER ) TRR1~300-0433 B 011 500058 KTE

FP204-C1-08

1% 2.93 L=FZHAE (-35~70, -40~80) A@/33 A



() A71e 3 g4 F

?/‘ \q 4 24 p2ulEA o

M| 51-079&

010-2435-3721
qEad | ea ates] !
yskim2@kangwon.ac.kr
A o] = -l
MIls A Sk
i AAA | FUE 204 AF MFTHY B1-10, 205 0] L&)

7 & %R SEAAE B4 Y oA Baldag Sl wERanaEs

AT AR 52 B AR E

:’;‘;‘? e BA ante BIAR Axdiacle AW 39 o - AY A2
7] # 9 (F)2utezed
q & A4:399%
2 A A 7HEE 23N ZEgEE 1, e KNU -
ZEHEQ] FH HY 3043 (RAE) =
CEE

lFEHE 1 51-079

11 ML

| & 7|7k 20209 54 29245 E 2022 54 28UstA]

§] 1&g e A EREE S A12z02e] w2
AZ|ER ASHY, A A MHAAE B AR a0 9 A AF, A uY gus

2020 59 299

ARa
Hait - AbdEL AR B, Ak B po] AE AiEl] S8 AE 3y wedsE

olgel Ade] WSHS pAsim WY w A gl TUoE ujsis

g Eof

Al ‘
a\ - fe Gage | A EREAL SEBA 5

I8 294 FEAFAE ASA R HUAF FRIA

® KCeI=

e ————— verify No.347823025130
FEEANANEE A z @@=
WESE : BWS-20-EM-15238

istration of Broadeasting and Communication Equipments

[ USSHITIS(ERTEEY) NESHA

ol b 30 oF7 A

Lu2es BWS-20-EM-1523
mn
28 4+ ¥ 20204 119 2784
scy
A Eoz 20204 11§ 208
4 dyol(a=g) TOFHAN ABEXSE
SCS4130, SCS- 200, SCS-100, 5CS-100 AzsRus 308-81-01024
Ex &Y 2ga
L & TEE BA BRONY 1. 25T 01H(ZTE)
R-R-a01-5CS
5 JITM wE : 2
T ADEAE B3 HFTALH /505
o e 20t 53 HA=A S0t
Saslah 2ubmal o g
O sy = x S AR 6
2020-12:15 -
TN EE D =8

WESAIINWS ARIIZS N ¥ 2ale 28 2N
It =k H13Zel 7E0l 2ol ABSSAR YL

W1 Msex ) Ay

e verifiec that foregong equipment s been e usc 3, Article 582 of Rudio
Waves Act
2020410 (Month} 152 (Day) =
z4
SyAATAY
Director General of National Radio Research Agency i e
e -
= UBATRS NUIE AT0 BEH NEW BT
= AMERME KSQI90/EC 17025 § KOLAS UEZ BEON RS
E F-LOR-15-30(1) I

 ABERAE GAI B GER DA S 4B BUNN SO UF K EAR € S 26U,

*E NS TR Wl BSOS U TDOCUK” T wwwdocugrcom X BB & HSUT,

a9 295 KC 154



@ e 23
2018 2019 2020 A
105,600,000 137,852,000 297,221,100 540,673,100
& 258 W& 44
TE | FABEED) g dad FAEY A= Al 4EA
2nlE AbE 23 2] 8] AL
L g am ae | s opojaiy | 201807.04 16,500,000
2ulE AR B3 | F434
2 | g An Arw waign | 201807.06 | 33,000,000
20lE AR 53 )
3| 4. Am g | EFEIEE ] 201807.10 | 12,100,000
2rtE AR g3 | A4
Lol g an s gegz | 20180717 | 11,000,000
20l E AbE 23 2] 3] AL
5 1§ Am qmm | xootolaiy | 20180801 | 16,500,000
2rtE AR g3 | 434
6 | . am qxm wqign | 20180806 | 16,500,000
20lE AR 53 e
T . An qxa G 2019.05.28 | 34,100,000
2utE A B g
8 | . an Axm A 3t 2019.07.25 | 55,000,000
2PtE Al £ .
Sl g AR Axn X% 2019.10.18 | 24,585,000
2vbE AR BE |
10| g am Aoy | HUETEAA | 2019.11.29 | 24,167,000




2rlE A4 B9

0| g e | AEUEE | 20200116 | 64,174,000

12 —;ﬂz g?] f;ﬂ olAold | 20200729 | 17600000 |

13 *;]Ui g% E‘;j AEAHAAR | 2020.08.18 | 27,500,000

14 fq]ui g‘i f;ﬂ olAold | 2001012 | 5500000 |~
15 i]ui gufl j‘;ﬂ kel 2020.10.28 | 64,769,100

16 ilui gi f;ﬂ SAbs| A & | 2020.12.15 | 72,501,000

17 fﬂui Q?l f;j FASERAM | 2020.12.29 | 25,497,000

18 ifi gi f;j 2284 A8 | 2020.12.30 | 19,680,000

7 540,673,100




(10) B34

2018 2019 2020 A

1 2 2 o

¥ 259 A= X4 R IA

1Ad=

Adojoln 2RE AAY AW FH 4R TA
2018. 10. 22

AER7 ETAFGASANT 2




L e

D 71«4 434

TEHES)

&
ox,
£e

C2whE dejoln BRE AZE Y v uAUsEE Sy B
=R 1H

L5 17

* End Device H/W 3]|2%, PBC Artwork file, AlA|ZEA|2}
End Device Embedded S/W Source code, hex file X
* End Device Embedded S/W A28 5%

541 Protocol Document 24 2 S/Well 214

ejoted Aj2El A8

1= 9 Case A= 8R 9 AEA|2}

LoRa %18 Gateway &H.

12 A% |« AFE2IEY A4 End Device &
(2018) | Gateway 7'

A8 27 Al 43

C ANEOEE 17 - AXESQJO)FE 17
FEHE AZA2E AFr|EzA D | ZEE AZA2E H37|ExA) A8 S5

dejolH SEE FHAY

=& 19

55 241 » 51294 10-2019-0025416
' 53] 55 11 » E3EA A M19-5948
«KC 9=
- HEAE R
2= 1A s A7E A7 ]E FARR A
A THAA
« Al FE A
22 A= _ - = o . e
019 - 1949l & E3E DYEAEE 9 113,685%1¢)
Al AE 29 2l g 24
OARISE 14 s ORRIFTE 14
AT EJOTE 17 AT EJOIEE 24
53 55 11 53 55 1
A71E 9 HAAF
DO FHAENNE : BEFIANEE EA 2 kA Bajo)=S 931
A% 24 HAMA F2 By AZr])E
@ FAAE : A A AnfE SR A2E
33 dx (2PHE AFE 53 o1 AJ2E)
(2020) |« wj=y 2994 s WjE 54909
« AAE 37 « AAE 3
- AlE 29 Al 74
OARISE 14 OARISE 14
' AT EO)FE 17 2T EGO)EE 14




(2) A= 4

O ¥ A7el AAY ERE AZFH] A3 71Zel AgHE AR
nlmshgon] AAY IS B4 71BN NP7 A 71ZA
olst 7M1 Bl ols) HEHAS(E 261 F2).

A' Az A47]%

HAAZ7 e BALEHE
| okl 7+ Al4643, 2019.12.18,,

AZ7] Bt oF 546% AAEAE Yehd=d &

ATE R F ODASE FH g0 MmYlE Ml 454% FE AR EA
CEES
FAROR B AT WAMAT B GHE AT £FFHE AZo] T

7NE71% Unl AFRE AREE a9 dow, MAAES] Bl§o] 7|E A FEHS

AZ7 noh A#ste AAd BFadst e, 13 2
#HYn] 8-S At B AT AALL vs =0 & 5 e
T 2 A7 A HAAE o] 835H7] wiiEdl fA AlxHeA dAsk= AlAe] AL
4 f4 ddoz Q3 w2y dA4S AT 4+ 9, Ax I {FAFH7} 7&%6}04
BEFES =Y & d& AH] Id5
® 261 ¥ A7) v 2A=B) 97l
TE B A7A) H] 7 A E(B) %)
v 2Pl AT o - R A A ER A Z7]
AEH &A% 34 3d AlB
ER=RIp 11,626,190 26,558,340 43.77
A7}
A&7} 792,000 792,000 100.00
L
R P42 1,143 1,523 75.00
A 12,419,333 27,351,864 45.40
£ 2.62 Y7HAAF JAR
H o St
2<0E Al B3 o - AR Az | A FHgA =) (%)
U7+ TE A2 RE (A) ® (A/B)
A zold A7} 95,986
HA5AH REXN 8,788,605 26,558,340
A =) A7} 2,741,599
A&7} 2 792,000 792,000
Al 792,000 792,000
H 7] 47} ¥ 7] A 2] b7} 1,143 1,524
g Al 12,419,333 27,351,864 45.40
T (-8 7) 3 () 3 (d)
L A597 3 Azl A7) []ﬁ 2] ASU/HAZ| A AN ATA LY Fz ,
2 AU} F AALI}  AAAE - V. AZRE [E 1] DAGA 22 NTAE - WL RAE ASU) F AR B2
3 AEL7) : [F 3] AU AEE Bx
4 9717k ;I3 4] 7)<t s st A
5. FHUWEAF) : Mﬂt” A B GARRE #7925, 20200421]]
H312] ARAFEAte] W EAFIE 9%)Z73717] 71%
6. BAVIHA £




9
el =

F248)4) 2njEX 0H)

=

FAB T AHEEND, GED7)EB



A

.
D

I
b
jiv

2

| =]
T

N
o\

HTEE 8 AT R

s ol o 2y Mot 2 2 Mo}
SHAlo] LM Cle| Mo SHEE [ OfIA
= raerest 7l S pbS| M | =X E== 7t OH'C')F o =
(IeveH) (|€'\/9|2) AN 215 = =N “E = 7= (H—"!Dn_b 2Ex| 7 S|
NR|E || R | e | fl T A =<
H|=
LIA n
o o5 | 12 |100| =M | T4
o
=
0| 0|
Al A N N Estxo| 0 7|
e |-a0c Al | A SEE2dl |y e
@ g5t | g |10 28 | 2E |4 A fog o S804
201 || opppojm | | s &% | e o 0| AwiE: 5
odajole | EEE MA c= Aa} “wio e offEed - 500
i B T T End 2ol [ =2l = sigiel 20 el
Al E2E |A ar ® Device| |pgs A" | Al E | 15484| tig: 88 -
= |
NES BUE(™ | (R g [100] 7l2 |71 2| xR PRSI S| smmg gy
NPT Zl < = |25 = A5 | Pk
7 =8 A= - = o Dok 1 A
Case g | A SWSS:138l 5 | Tgea o
B FRRISS 0 0| e 0 7
OAME X . vl R
]IJEH‘;, PER< chey | ~H
Al I B AlS
@'y | 2107 100| 00 | 10
=1 (2% WAL
(PER) 2
=
C
nto/ . gﬁ:j S5 2200
Fe =N E 2i2lo|= ot &) S5272) o | =51: s0i0 2
=ge sge 23 50| = ARIE: 02 o | T g 5o
AlAE] AlAE AlE g, o e o A= 0z
S{RIA| 5 KA B L M2 = ghole) . =
AR T = e ooy O |DHERY: 0 Hiaiel
B|=%, T |B1 "o C |@| &= | 524 [100| 2nM | T (6| 7] | 385 | Angiod i s
g ] A 2s || 4 wiels:g 0 | SHEEi2E
sxzel| | sxlzal o g5 | | 2 o O |
ojj e XY M Al < sws=:o7| O =rid
™= T= =} ct = B |CRRIEE: 24
et I < = EVB'B‘E;TZ
1z |
Clef
TJF S5): 52102
_ _ X8k =20 7
sm | [AEERES ) ey e 28 | =5 B0
A sHZ2 E5] = iz 0 =207
Asiga | | BES ST T8 o2 0 g z s
St x| | =M w | |EH P
E 3! Cin} =1 0 | ohEey: 0 kel
Cl g [N*H2ERO| 2y | 100 O | 2\t ano)| s o o et
2 . z e A ADIRES s =
2UEY A?f'fﬂ;" i = 3 5 |wEEiod
s a sws=: 02
o7 Chat o1 o we=:02 { |Reica o
Sk o o= CRRIS=: R
Hlo} 7._'|
e |
=i 224 =i 224
s=07 =371
ARIE 571 ARIE: 571
oligel - 3 ool : 540
wipiel| 100 wipiel
A 100 2y 18749 sz 0w | AMERBY
AiokE g | AR 1A
2 S 1 71
sws=: 324 sws=:47
CRbis=: 7] |cRkis= 27




.ﬁﬁ
o|o|o

__% & %W
i 5 <

.ﬂﬂiﬁi.ﬁﬂ =

By
o|o

%EQ%W

S
L

jaj

aajjj
ollelle]

__% i & Ho W
i 5

Y

—

%#5%%%

N 7._7

B

coOmoom

7t

cooQoom

COoOmo O

[CleleNeNe)

A HA

MIX|E

-
t

(level?)

(level1)

() 1A= A=

,._o

YN ._ﬂi._ﬂi._. g 7._ ~ 7._7 7._7 YN ._ﬂi._ﬂiﬁi 7._ 7._7 7._7
oo oo
SeleTos oleleiele
| = H 0{0 H | = H H 0{0
I T Fizes Wiges  |Bigesy
iy 0l o op < Iy 0r gl
Foy- < i ¥ F -
8 2 g
EE<lTuwog KE o B0 N < Ho T
=] < <~ K
2 GBI | PBEG g
H_”— <~ ol H < N ol Hﬂ_
z o) W0 R R0 I | o) WO R RO BT K
A M < ~ K20 | H0< ~ Kr 30
5 S 5 5
2
L& |
ik "
T el -
gt o < B =z
<Y o X B 7
2Kl < 0 K
< o o+ <+
© ©
i, o Ulmix B w10y 5050
Ta0<IE 0 H_EE_xoanﬁ = HoF 2 <] I
o <" ol W< ORI =
— — o~
< d d
2l w| 1] W| o Pyl =
= e = i ol G
< 2 S < i Z
.1=._ W< " ol mr < R
<
=




®
Do
_>|4_l{
r
bt
oX,
:\_l
I
=5
ek
oX,
::l,
N
=5

XA A Mnf 2ApA T 2N
e AodrMa} | e AT} = b1 EHE,'“ ofl &t 5
level1) (level2) B oy |a| BB | 71| (22 =g =
MoRiE | T | S| e | o | T s
x| x| x|
=
ol
Al | 2o
5 |- ;él e
1 I 7|2t
Ol ex | 70¢ |10 @ | 22|10
25 = o - io
ADIE Adzjol= = ~ | 2 e S5]: 2114 0
. EEE at i SE0A 0| oy 4
delol= | | g o} ey 100 el 2p | “MESELIS
EEE |A1 E &2Z2ay 4thg:29 15
=== ELE = =) (i} S S Al
Al AE AL;? Sl X ADERIE: 1 74| 20 =2
ar I~8 IA_| Bl IWSE: 14 10 Cixle
e e S | = - CRipls= 0 2
e 7‘:‘| Al
@| gl | P [100] o | 712 |0
Case = | &8
;g g
=13
o
£
=
ciod
dejo|= dejo|= e
sgs 225 | | oy ocle 0| =o:-g2od
A|AE A|AE] Alsd oA 10 s=14
S KIA| B 5 XA | B EY - [ME7RY 0| oH=2:0 ke
._onllzl -_onllcl zl\_—l 2|j__| %‘— LX) 0 209
= = A1 ot 0| “PEeE:0A
Al 22 A2 i) N 0 SWs=:0A
TRy IRy M *‘57I+ 5| cReE=:1 7
> 1.7
et i, A=
ao
E5i: 2212
=074
iRy : 137 wilel
A 100] Akfngiod
LDERIE: 0 A
ws=:2
CRRISS: 1 7




0z
(&

—_

ol

T [splot At el An oflat
21 (evel) (level?) o 2| 58 |48 (4
LoNE g || e
End Zol | 2ol
- Ag | A
sgatolz| @ e Jfg | o s51: 32 02 0
o} P =z | oz == 07 o
E EX =
Case Y M =374 10
oAglole MIA
N s R 2 21| ©
2 EE2E || T o] 7] ae7
A| AE 2 =S | | X 10
[AH - 8
Stk Al AE 2l AL | A Al D
- et Hajg o= ow: 14 5
AL | .
(PER) r s=:07] 0
=
|
gigol=| |zlol
=== | | === He 0
A2g || A2 2 Z 0
. ~ ~ - s ==
3| | B (BN ) i 5 5| 0
= el gl CinlY| Nl e 10
sxme|| gzl 4 = 0
ot || oh o 0
il 7He
HAE
Adzjo|= H = 8
=22E A==
_=— %E_E EL|E'{%| 0
2| |A2gel| | S8 o . 0
= AIZA|E C A|AEH A 2IM 78 0
BUEY| | AA ¥ 0
o7 | |=UE :
%7
¥ | 11256
o)
D
5
5
Ay o} olo] ul 2
23 vy 99 9 A% g




4, AN LML BHE A=
7k 71 Ak A
i A & ] & <4 H] 31
2018 2utE AFE Al A 105,600 <
2019 2TUtE AFR B3 o - AR A 2~E 137,852 H Y
2020 2utE AFE B3 o - R A 2~H 297,221 HY
Al 540,673 HY
b 20213 AR s of A
71 A uj] &) g4 H] 311
DR SIS R FAAA SHAFAG AFAA 1,890,000 A<
00T-%# JRALE 1A T A AR 360,000
O000% FFAEAA A4 FAAA BHAEAY AFAY 210,000 A
000 =2#ZAY & FAAA SHAPAYG AFAA 530,000 M <
O00% ERAMLAYGA FAAA SHAGAG AFAA 100,000
Al 3,000,000 A
t} = 1A AaEs AE
(D AFF g A&
O FAJMAR AXAA FAe] FHAA BIAATAT ASAE A
O AAAVE JISS 5% =234 2 S=/7ATE] ASAY &3
O QUi 9% 9 2 X EEISS 53 F37|H 22 AT Y
O Ay Fegalele] dzbd g AF F3
@ F7} 478 53 A% AN 1F3 2 AAGs o
O W9 AlEHY /&R AlZo] SAld 718 75 7 — AJAR &8 7
O HoFg dd JdZd9es 53 viEE] §A 7Fs AIRE Ed —» 1E3As) =3
O AA AZ & thdFg tld A Yol A3 A AA B3 A8 — 3 9 AH5H Fof 83
O sk AL FAZE A A3k A= Ve WY — AAES A= 9
O F% bt oA, =53, A /A, s5F4 )2 AR I A= AE




10

11.

12.

13.

14.

15.

< F3

d >

4

AR A, 2013, u-IT7|HF ASAHHE o] &3 FAHAIA] o=

’

oy
o
o
BN
g
AN
[\
S
K

>
>
g,
ofe
&
£
oM.
s
>
[>
jaiit)
k1
inSs
=2,
r 2|
b
Q
-
o
H1
ok
2
_)
ot
(i
Mo
N,

SR A B3] b AsE oy
AN R, 0T 71w AR54 A4 4eld §37)1% 58418 2 R&DA
AR EATY, AT AMZA % AU E HER DA

2t EAQH | F5535] A10-1786628, AFH & o SA] 2~ Fl

HAAAA GAIASEY AA 2 ASHEE AR 2 Zhol=2kel, IRk A 2012

.Kim, Y. S, Kim, B. J., 2017. A study on predicting slope failure through the measurement

of surface ground deformation, ASABE.

Kim, Y. S., Kim, B. J., 2018. Predicting reservoir failure through the measurement of
surface ground deformations, ASABE.

Park, S. Y., Lim H. T., Tamang B., Jin, J. H, Lee, S. J.,, Chang, S. H., Kim, Y. S., 2019,
A Study on the Slope Failure Monitoring of a Model Slope by the Application of a Displacement
Sensor, Journal of Sensors, Volume 2019, Article ID 7570517, 9 pages.

Park, S. Y, Lim H. T., Tamang B., Jin, J. H., Lee, S. J., Chang, S. H,, Kim, Y. S., 2019,
Analysis of Slope Failure Behaviour Based on Real-Time Measurement Using the

x-MR Method, Journal of marine science and engineering, 7(10), 360.

5]
ol

S, WA, A, A=, Abn] S-EE 484, 2017, A EEAE 7

y LS LA L

s

Mo
1%
o
of
rot
>
=}
ole
L
2
B

, SrE A HEAl A A e8] =53 Vol.16, No.3, pp.1-10.

oY
o
N
oY
ofo
ox
)
S
[y
00
offt
)
r o)
v
k1
N

e AgE AR o3,



Ol EINE =TSR MA@

_ 0| BEOM LS 2UESIE o HEA| ZEMEHO| A AlSH S

5'1"64 O|: El-l,l I:|—_

MLE!

L =THEIE V1Y fAld 2e

ro
=
]
rlo
2
i)
il
|0
Hu
nx
kH
R






