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< SUMMARY >

In this project, based on LoRa LPWAN (Low Power Wide Area Network) optimized for 1oT (MPM) Machire to
Machine (IoT) sensor network, MEMS digital integrated sensor board, DAQ, distributed processing induding a
3-axis accelerometer It aims to develop possible smart sensor nodes and build a system that enadles
wirdess automatic measurement and monitoring of bridges based on them.The large amount of measurement
data generated in the sensor network Ve will develop a big data processing method and integrated bridge
management system for red—time monitaring to determine the safety and soundness of dd bridges, and
cerive the perfomance verification and practical methods for the developed systemn through the test bed. In
addtion, the study aims to derive a quiddine for construction (installation) and meintenance (operation)
through the standardization of wirdless measurement sensors and standardization of detailed spedifications
and the establishment and management of necessary management standards  for bridge  wirdless
measurement system operation..

Purpose & | pesign and development of integrated MEMS-besed digital sensor board induding 3-axis accelerometer,
Contents thermometer and GPS

O LoRa Sensor Network Feasibility Study through Indoor Lab Test

O LoRa Smart Sensar Node and DAQ Board Design and Development for Bridge Structural Health Monitoring

O LoRa based wirdless automatic measurement platform based on LoRa Alliance standard and domestic
protocal

O Performance verification study using Pilot test / test bed of LoRa smart sensor node and DAQ board

O Integrated bridge management system based on Big Data distribution processing

O Standardization of wirdless measurement sensor standardization and  standardization of  detailed
specifications

O Estadlishment and establishment of management criteria for data monitaring recuired for bridge wirdless
measurement system operation

O Development of guiddlines for construction (installation) and maintenance (operation) of bridge wirgless
measurement system

O Development of integrated sensor board and smart sensor noce based on LoRa [PWAN wireless
transmission and reception

O Development of LoRatased Bridge Structural Hedlth Monitoring Platform through Integrated Sensor Board

Results and DAQ Interface

O Development and implementation of Linux and RTOS based LoRa smart sensor node operating system

O Development of Network / Application Server and Monitaring Server for LoRa Sensor Network

O Development of big data processing plan using Influx DB based on time series databoase

O Usage plan

— The LoRatased wirdess automatic measurement system developed through this project is capable of
constructing and maintaining a sensor network at low cost, and actively commerciadlizing it through pilot
projects for new brioges and development of a low-cost fadility management platform.

— The developed techndlogy can e applied to the fields such as road, tunnel, environment, water resources,
rainwater management, etc. that require automatic measuremen.

— Various heterogeneous data such as weather, environment data, traffic vdume data, etc. can be combined

Cifrfsazzn and used as dement tecmology to develop into big ceta and machine leaming based intelligent fadilty

maintenance
O Benefit
The construction of the sensor network at a low cost enables expansion of the monitoring target, it can be
changed from time based maintenance, which is low efficiency, to condtion driven maintenance, and safety
imorovement of dd facilities And reducing social and economic costs can be expected.
In addtion, the gabal SOC facility maintenance market is expected to grow to an amual average growth
rate of 24.7% by 2020 and to a $ 3.4 hillion merket.

Keywords

Big Data Sensor Network BMS LPWA LoRa
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2 " m MEMS size .: b o AT r:c:::ialiun Motion ‘ Measurement, Alarm,
(S’ Technoiogy Trends for inoal MEMS, Drosmbnr 2041, Vol Divviosment { Position seﬁsng. People Monitaring
‘ 4 @ s Pedometer -
- US$ values ary Produsdion Cost = | il m uamal
“ L) Novgaion Pt/ _-SMING 8 Medical -
- Piaiee landscape, Shack pol
T g monitoring, HOD proteétion, Automotive
A Noise cancellation
5 o Navigator system, Alarm

MEMS Siza (mim?)

% MEMS  Activelpessive safety,
Mobile, PDAs, Headlight contral, E-call,

MPAIMP? ¢ snsumer Sensors ' Hand-free kit

2| G s
= op ® » ™ Rollover detection,
L > Image scrolling, Sh: " Motion & position
g i . — i detection, Power Robotics sensing, IMU
€ Dacurmber 2011 l_;" Management, Painting

<9 211> MEMS’\“H% =83

<1¥ 210> MEMSAIA ©] =" COST Chokal Abel Mok

(3) Big Data F* &2 Al2=® #H 3
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[ Sensing Agent | ]

<a9 212> 9UdE ddo Fvhs} <219 213> Big Data ¥4t A2 =
Big Data 54 AF AUESA AJ2d

- F < SHM ofo] th%st Big Data 4 7IHE°] Al=¥a 1ew, Yu Liang &5
= 99 =% wgks thdos 74 o, i HeolE, A Heoly, +x
5o W&o olF dHoleEd Wil Big Data A5 A &s)A ake]
AXA B2 (Global structural integrity analysis) % =% 93 84 A1FA

(Localized critical component reliability analysis) o #3] H 13} o™, Guowel

5+ Hadoop, Map Reduce 59| Big Data &4 7| 55 A&3 A7 I8 T4,

M ol oxl o
212 B o

(4) Big Data ¥ x5 EUHH =i 2 HiA

- Big Data Fractal Analysis for Structural Health Monitoring, Valeriy L.
VENGRINOVICH et al. (2014)

- Big Data—enable multiscale serviceablility analysis for aging bridges, Yu Liang
et al. (2016)

- Big Data Analysis in Online Structural Health Monitoring, Guowei Cai. (2016)

- Big Data and high-performance analytics in structural health monitoring for
bridge management, Alampalli et al (2016)

- "Field Validation of a Wireless Structural Monitoring System on the Alamosa
Canyon Bridge” Lynch, J.P et al SPIE 10th, SanDiego, CA, USA, March, 2003.
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A
1L Q7EEd A7 £9 e 2 o A%
a7 5 AT/ =33 HE F8 AT 2%
- MEMS7|®F AlA 2 Zighee ¥ Imote2
- wEg AT EUHES 7|gre] 2utEAMEES o] &5t
et 9] MEMSZ|RE A4 kel A RUEHS 913 483}
HE 24 2 Test Beds S 7|&/Mde 478
skl -
Raspberry Pi 7]%¥F Prototype DAQ /
LoRa AlA =& QlEj#Ho] 2~ S8 3
W FERAdAY EUE"ES S
- 3F/MEEA, &, GPSE | MEMS 7k 3% A, %A,
;i_?'é, 5 Prototype 5% tA GPSE ¥3sh= 58 dxE AA =
1% 1 E_c/dﬁ] l 7HHL Jgﬁ] ] 7HHL€;]—
W AFAA Data® 724 H7b
£ 98 7HEx AS dloly BAGEA
212]) Tool(FFT, PSD)& &3
T OAE AARE 2 e ASY
. _ - SEUAE AA BE AS o AZ doly +g 2 &4, 74 F
THURED | gojy £4 w w4 A% | £ 99 Raspberry Pi 71¥F LoRa
LoRa LPWAN|  paq me w 71z g ke A==/ Application AH1E

g FAASF
AA B Jha
A

(Frsd7l=sAh

AZ71¢] QIE#H o]~
=t (Serial / Analog
I/O interface %)

TAgk

&8 AF719l O+, A<, Digital)
2 F4 ZREZF(RS48, RS-232 5)
= L I Hols g

A Lab TestES =3+
Data &4 o HESAF

LoRa 714} Prototype AAM =% &3
AU Lab Test®Z =] ISMU<9S 318
3t LoRa U E9IAE 3 Data Hlo|E
ST2le] He As AT

Lab Test® &% Data HEE %
Scalability 7S $13F LoRa WAN

W et =&

LoRa '§4]2] LPWAN A4
HELZ ZIZ sdrlot

= AN a

LoRa ™9 TPWAN AMUESL =
Z3Z 72 (Senor Nodes + Gateway +
Network Server) Hol =%

LoRa Network / Application A1 &
ok =5
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- MEMSZ|9F ASAA 2 7]E AMEe]
AS AeEs Fhst Y + e
LoRa 7|9ke] ~mlE A= A7/
A2,

- LoRa 7IRF 2vlE AM== 78S 9IS
PCBRE A2t & (Linux OS 7]Hko=
LoRa 2"IE A4 == Application 7.

- ADR(Adaptive Data Rate) 7-3& E3F
Scalability & 4.

- LoRa LPWAN AlMBEE=/AnlEAA-=
£ 9Igk Hello] Ak

- SSI/AES FdS $% o, HESA
Asst 4.

- ¥ LoRa VIESZ 74 ¥ A&3lE
B o7 7]F Linux OS7]¥klA RTOS
ZIRke 2 WA ARHAREE A s
).

- AolE As A AES A% TE=
tlelg o] FFT, &35 HE(Auto Peak
Detection).

- LoRa DAQ Analog(1%}, 3+ A &EF)
/Digital /ORS232, RS4%0) 18 AH &
5k Fello] A= gl A Fo] A~ T

- Linux 7]¥F LoRa ZwlE Al
Az g 71E A8 A5
¢} A% 7Fs$ LoRa DAQ
HE 7k At
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53t gk
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- AFHn, E4H Pilot Test A% 2
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Axd AF FY Wg L A%

7b 1AEE AR dFge 2 A

(1) sL7l=3A (FHAF718)
Z3F3} Prototype B3 T)AE A4 BoAdA 2@ Azt
s} ﬂzﬁA%%

mlm

A, GPS
7HE A,
]

LA 2

@ ?j:rLl 3-_:;7

b MEMS 7|¥ke] 3% AAHAL,  GPS, =ZAE

x3F
Raspberry Pi 7]wto &2 A #%¥ DAQ(Data Acquisition)® &5
Hu HF HolH = LoRa AN =EE F3] AWM= dFetes A 1%
@ Raspberry Pi 714t A& A3}e] e Datadd, A8, MEMS”7|HF A4 52 LoRa
F2 ot 1

HEA £548 93t 25 2 Deviceol w3t AAE @ A ZEL
S w3 U ISMUE 7]¥F LPWANS 32l LoRa® Data

31~329F 7S
o3 Prototype Z3 TAE A HEAA =

of =4, A%, 4
A

R

:L

=
Vel HEE
Bl Uy General Parpose 3-dais
Loww Nore 1-duls Acceloromater Jhee elercenaner
w
35 9 S . Thermometer

= 19 333 o] AFtsEelE.

.
External 100 ¥ jany ke

<a¥g 31> gAE

€ ANRET AAEE gReAS £ F% W37l Alsta wol =, ,
Wgdolv 2l SEel B8 2dolr] wied 3% EE AAMER= 4
AR GHE 98 ol 2 WHES AME
- A8 Hutol 2~ A A& (2 2% WY 0 40T ~+857)

ofg21 A 2 Ground
d9s FEste] =

_ r/]x] E-]
~ el qX]H 3l =9} obd = I(ADC/DAC ) 3= tg %

e g S areske] AA.
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- PCB B= A7 A tute] 23k F&3 1H4 S (F3 M4 3]9))ek dnbzel 3=
e wAd &S Welal g "

- 7} ynpo] =31e| rol= HutE
Bypass Filter = %].

— Thermometer(=%=4) & HE=9] $-
e F9 15mmell= A2 o] 9o suks AAstL AlA F

ARE Axs S22 2T,

EXPANSION 1/0

oMM
ORg 52 1
MMNEE y = , .| vour
Block Diagram

¥ W&
- Sampling #|o{, A4l Datas3
_ 7]
MPU ST STM23F103Rx ADC/DAC, LED A/}
- Low Pass Filter
- Data 714-(115,200bps)
) Analog DeviceADXL355 | - Low Noise, High Sensitivity
3-Axix
Accel.
STMicro LIS3DHH - General Purpose
GPS MAX-MS8 - 3 GNSS F21(GPS, GLONASS, BeiDou)
Thermo NTCThermistor - Tolerance : 1.00%%
meter
AP2114H-3.3 - Digital Main Power IC
LDO
MIC5504-3.0 - Accelerometer @ MPU ADC/DAC Power IC
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[MPU]
- STMicro®] ARM 7|¥t STM23F103Rx< AF&-3t%om, STM32F103 tldfo] =&
Arm Corex-M3 Foj7jHto g Hu 2 9 2~y =+ T72MHzo|l™ 763KByteo]
S oA v 22 9 96KByte® RAM &% 2E51 U+
7FEEA, GPS, =4 o2 E AlS% Static/Dynamic datag 3 skl A sh=
IS TR
dole g5 2 12492 Low Pass Filter 7|52 $3.
- Sampling rate : 1 Ksps(Kilo Samples per sencond)
- Data A< : 115200 bps ¢ %2 USART &

[7}&=A]]
- Boschiit:®] 145 7145 =A(ADXL3559F STMicrojit) 2} ARk 5 714 = A (LISSDHH)
T Y 3F ERAE A8
- AlA ] TP 2 Aol wolz= Holm, A4 ADXL355 AlA7F LISSDHH
of wls] wo]=9] Zalm, ADXL355 AlA 2] Block Diagram< 19 359 2.
- % T2 AdAd 2YEE Y EAA Low Noise, High Sensitive &3 o] I Q 3},
135 AAM(ADXL355)9F Iyt s AA(LISSDHH)S] 33t 714 zho]7F A =] 7]

e

[e)
Wl AFel AAAY AFAEL 98 FF Test Bed THol WE 7 AA e
AsHSE B3t HAFT J8AANZ ZAASH7] st 5802 HA.
VipgaNA Vipspic Vbpio
L) L) )
\J
LDO MANAGEMENT
VsuppLy ( Lbo ADXL355 %
Y 1 T\ ADC -\ OINT1
l X CONTROL
- LS IDIGITALES 5 G1c (OINT2
Zs SaiE it FILTER QDRDY
2 B ()Cs/sCL
SENSOR SCLKVssio
(OMOSI/SDA
(OMISO/ASEL

<19 35> ADXL355 Low Noise, Low Drift, Low Power
3% 7}F& =4 Block Diagram

[AMEE A T7]

- 3§71 A7] . 42 Bytes

- #H A F7] 100 Hz

- %21 £ = : 115200 bps

- E4 A58 365 %
[71et =8 W&]

- AAM RE uE 3% SR AR, GPS, SEAE A glor 3% 7S
AZ7 go]E(sampling rate)= ZLo| wel 50Hz 250Hz AlololAd Izl 7Hs
st AL

LoRa EE2 &HEZ AFo] obd  Raspberry Pigl QE#Holx~ & 4 e H=
(Shield) & 8] & Draginot2] LoRa/GPS HATS A3 <.

(A #FZA : http://www.dragino.com/products/lora/item/106-lora-gps—hat.html).
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@ A2 : Raspberry Pi 7|9t Prototype DAQ % AlA == 7f2
) DAQ 3! A== 7hd 54
- MEMS7I8E AA 7 A&8 AMEES Fsto] AAw=oA Datag 743kl
LoRa FA&2 &74oA o= Are] tofZor dolHE AFstal $A2F
NEAE AHEE AS HHO=Z A4
- 7] LoRa HES A= AW F4g dzle] &5 Agst= & Alofo] m=rm=,
AA wEE v FEsto] AlolESol(Z1A =)t WIE A AW, ofFe]Alold A 7t=|
gt o g A2"S P55t AdS BH R AFL
@ Raspberry Pi 7% DAQ 74 % FauU&
- A DAQ T4 otglel 19 363 o™, DAQ= LoRaWAN Network Server
2 LoRa WAN Application ServerZ 4. (& FAoA 7t RS F34o 2

FAEA =)

M e
2 =2 o]ls

LoRaWAN LoRaWAN
eSS e Il ofEal ol 4 Al
PSD/]| AF

o) et =]
gigl—t

=L 2]

E]
2 A=
ST

Ag|g =M SPI

2 &1

(115200hps)

g '))‘ 'l l}'ﬂo|§$1|o|
b

A|ZE A 2
e

<19 3.6> Raspberry Pi 7]¥F DAQ +%

- DAQoI A= MEMS7IRE AlM A S5 wrol 7h/9t538kal LoRa &
HolHE  dgstr] 93] Raspberry Pi(Etzwgdto])e} &
LORaWAN L2 B2 ~el9 A8she] 18 37387 7ro] Az

- 2k FUIAeE v 20% mitp SAste] s, 7SR dHolHe 200& E<h
50Hz2] A= g o] E(sampling rate)® A Z%3lo] FFT (Fast Fourier Transform)Z
o]-&3%F PSD (Power Spectral Density)® A4Fet & A4td PSD  DataZS =3
8 ¥ = Holrzx A7]d wel o JF o A FATS ¢ d=E g

- LoRa Aol E9o](Gateway) R =: gf=u|E|5}o] oA dA=(Shield) Fel= F+dT
T A+ RisingHFAFS] RHFOM301S 7o = A A S

- Raspberry Pi 39} Q1E#H|o]~3}o] LoRa AlolEYC)e} 441 7He3les: AXEY SR
TAstl o, YEAD Hele BT Al "HadetEm Alo]Egol= UENA ABo|
FAEE A3 o] BEE ARE UDPE dEsta UEYA Aujda UDP A A g
BEUE A == d3lE RYES Ho Q3
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- LoRaWAN U EL = A= oy AolEgolE e st LoRaWAN 3|7 S Wil
FAl o B figk Al F¢l(Confirm) 21EE BUlAY ofZg]#A o] AoA] Zglo]AEq]
BUlE Datag® RUlE= 5 LoRaWAN W EY A7 715387 93 =218 ¥3sxn

gom eExs NNE ALEEY) R B REE AN mEE SSRGS

-

- fEZFYA A UHES A AHE LoRaWAN HESAE #e

& 2AL BT JgEYAoAd A #ER Fdstgom MQTT, 4
st Z2EZE o ZAlo]ld AWe B4E F U=

4= Ao g HAse] 283}

ol
Rl
X
e,
l~>

- o Zg Aol UEYAT A= AUHJAVA) Aoz A H A ve g718 235}
Elasticsearcholl #%sh= |2 A8 =.
¥ FElasticsearch: 2 Z22 GloJE vlo]~2 Z o7 o iz S} x| 7k r] o] B

Blo] 2 2 = AF§3SFP Big Data &A7F #4780 =2 Hol K}—e?.

- Kibana: Elasticsearch®} A Alg= &2 /e A3 =3 AHEA GUITE) =

ol & o] galA =% % 35 Zt7te] PSDE AlZtglste] At UIAREE A
@ LoRa LPWAN Al x= G2 9 F¢

- AlA === $19F 2] Raspberry Pi 3 RES ARESIIAL QA= HRIE gm2E
FA3k 221 ¢HRaspbian)e] HA WA ~E# X (Stretch) A3 2 A WAl
A Al (Jessie) Be] =5 AFEaIlaL AT ES o= BF CAE NEatdlS.

- MM === 3A 3719 2@ =(Thread)Z A=l om, HE ZoE 713
Raspberry Pi 35 &-&3to] zF zglo] Mz A fle] sAlol Agstes A
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@ LoRa Network % Application A® &

A& Data 4l Algd S0z HolHE ¢
T e wet 240 B HelHE B= T2
NEE delHE AZ Aol ARHEW 200 5 x, vy, 2
EopA Aeste] PSD At R d5HE AZE B o
W A5

= dlolH —’F*J%%M PSDAAE 2 SFFato] Holw 7h&% dolE7F 200% &<t
A=W FFT7F Adgso] PSDE 3t9, FFT 7F& 9] 7F&% do]lH 9k PSD
OJE = BT AN o] uli Aol st el A

A% 7129 Data d%< S8 PSD dolHE ZIP golueles Edte] 551

11 A=A (Checksum)S A3k
o]

o N&w HolHE

== dA 20&vot

rlo Hy

200% B9 %% 503](50Hz) Al=3t 7F& % dolHE & 120KB A% .(PSD Data

= oF 60KB, 7% Foll= ¢ 57KB <))

A AEHolA LoRa WAN 7S dukz oz

olm & 57KB 7}&e] PSD dlo|¥] siz o] QW] wio] A JAATE
ARt B2 HRler UeA dEstEs o
PSD A&Q20x 77D &% AHe HFo] HWae

Fol PSD A% Tolgt: 2% HolH A fAder AFEHES A7)
3+

ol =45 77 98 2Ze 7l eI 2 &< (Confirm) <
Stojol & wAo] AEHEE i, =4 Folo] o @ AL Conflrmol 2 w74

A% HEm FYI

[PSD AlZ 2 $A19 AA Het].

=

252~ Ajd o] 7o (19l SIGHUP)

=9 50W 200x1F 7HEE dlo]lHE FaldA] wud A%

7hEE dE doly fdE A%

7t x,y,z 5 ¥=2 FFT 43

7} FET kel wisf 1/(200 x 50) * 2 x Abs(FFT)"2& wkg3ste] PSD WH7H

- PSD @ dd= A%

110kl E 4 A7 HF

R AR

LoRaWAN®] |7 & oF 100~200Byteo]™ HAMEZ AL &) g & Qlr]t vlo]
U2 (Banary)3 2 S A&t o, =X 3jzla PSDIfjZlo digh JA 3 Fo 82
I 32~33% &

# 32> =& 7 g4 FaE
°of & 3 4 Y &
e WS 16Bit A+ ZF AN w2 R
dlole] AS AlZte] sldsh A7kl 0~3599% Aol
EF A~ 16Bit 45 Fal Zo A F A FIA d, 9, A, AIES T
H5(FNE ol A,
e 4Byte A4 AA(C) &&=
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3 33> PSD #Hizle] &2 Fau§

o & 3 4 S
= HE 16Bit 44 ZF AN wEE S

R 2Byte 4% AR dA WE Sold nhA Y 9 £
*Ee) g dlol] A% Alztel slFaii Algke] 0~3699% Aol @

(e]
=
09| I6Bi A% | A FAA E A Fad W, 9 A Tl
o

=% PSD Byte & PSD A1 ol
o .

@ d o] ¥l A % vt
- 0H~El Aol Aul= AHHJAVA)RE AR EAL & sflo g Fr)Hor =2ae=
lasticsearch =

= gAY oy HFlew vy Eoje= PSD HAlS A
XiXoPSPL o stS 3}, Elasticsearchol &= JSON #E|E Data’}t &=t ol# et

728 ~7)vH(Schema) & AFE3FL S

[£= AXR]

N

[o
2o
oy
12

o
s
e

{
"nodeld”: 1, /AN =2 S
"@timestamp”: "2017-11-14T00:48:05.028+09:00", // A= A2z}
"temporature”: 26.3125 // < =(XH)
}
[PSD A E]

{
"nodeld”: 1, // AA == HZE
"@timestamp”: "2017-11-14T17:36:34.115+09:00", // A& 1%
"x": 0.000019256988, // x= PSD
"y": 0.00003788191, // y= PSD
"z": 0.000020367235, // z= PSD
"freq”: 0.005 // F3 (3 ASol tia] Faka E2 o

}
@) LoRaWAN Gateway % LoRaWAN Network Server
S AN EH A AM Fa% A% ARE UDPE AEste] o Zel

Aol Aol q A 47 d5ees 3

o [e)
IS 7E

Application Server
- AZ delE w4, AA A E Ag Aula,

@ 93 : LoRa LPWAN 7]dF F4 A& A" AW Lab Test

@D Raspberry Pi 3& ©]&3F LoRa 7|5t Prototype T B0 &8 7= A4 o
st A 2 F4 F5Ael Data SHAFE Fdsty] 98] 19 399 o] Ay

Lab TestE <383k




7hEw Aol dA3 1AES 98 A3 Plate Shaker Ao Prototype 5344
ARl SHEn 54 S5 A 2 FAARE gotstal AMxeE gl Al o] E o]
FHE getetr] 98] 21 =ERS o] &35to] Lab TestE T3

Lab Test 29 Z¥= 29 3109 2om, dXwmrsel Alo]Eg el Data F210]
QA 2so] Ha S gelstlen, FFT A5 Datag PSDE ®W3kst Datagh<
a9 3113 #Zo] 74 Data $54l0] 7Fseh A& Graphs Fste] gl

GBa0126182 HALD Hending ...
| oee1246239 HALD Recaiving ...

200126239 HAL: Walt wuntll D0R12&6240 mo
080126281 Debug! TAXCOMPLETE

Sending: proved, port=l, sizesh
HDA1ABIAZ Debug: EV_TESTART
DRD1A5AAT HAL: Sending ..
1000146240 HALY RMoceliving ...
B0D146T60 HALY Walt until BR0DL4AZL1 ma
0001462082 Debug: TXCOMPLETE
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[ASAX 9 3 #e]

- AZ71719 By gy

AZA N AA A R A AT AFS A, DR B ok

AZFD T AZA} Solsl waHE A%, AS7 oF f¥E s,
CERIE e

- AZ77 BE

AR AZ) FAE AZ] B R AZFAS Aske]l B B e
BHoz AR FPFL WA YES LG NEXAE Astelo} I

- AZ71719] e

AZANNE BERE W ASA A HRE A5kl AAIL AN Pt
Apel whel zhelstelof 3

AR AZY) FAe AZ] B L AZFBE dstel @ L BB 4
o @ ot WA YES FRF REEAS HAsolo dm, AS, 94,

% [e)

h 2AEE AR AFNE 2 2%
(1) Td71Ea A HFaA 7718

O 471 @ LoRa LPWAN 7]% 72 DAQ board(=vEAIAM =) 7|
ep 7l &
- 1Apd o] AEE MEMS 7|wk "E AlM BE= gl o) R AZ7] AsE FFshal
) 2]ste] FFT(Fast Fourier Transform), PSD(Power Spectral Density) &< Data
Processing #4tx1 g7} 7}s3dtal, 3=k LoRa TEEZ 3 +9 KR920-923 2l

osf dolHE AT g oy, dA APFu, el 5o Aols AE F4ol

W A 2E AZ T8 S
- 1A d %] 7B Raspberry Pi 3 7IRke g2 33 AAxs @ Ao]Eolx 1
3.12¢} #o] k-8 7]+ (Industrial Specification) & #|Z+¥ H =7} ol & 2]7]

2% W3}, 3%, A% Fol A WA WP AFHEL Astel o]y BY 8AFL
SEY & JE AYE J1FES 48T dulelx BE 4G R olF A7 axE
nel @ heaele] A/l Bs.
- 1 3 A= (shield) FEle] LoRa R&E thilste], Lierda LW923-El

5l
55 2R =(0On board)3d Al~# A % (Integrity) 34
- 1A%, AT CPU 2 mre 8oz Aol Ad A% Al 59 A 715,
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- Onboard LoRa module
- KR920-923 type, Lierda LW923-E1
- Power : A /Battery &27Fs
- CPU : Texas Instrument AM3358(1GHz)
- Memory : 1.5 GB
- Storage : Micro SD slot
- External 10 : UART, GPIO
- OS : Linux 7"+
- W4 Industrial Spec.
ME=(DAQ) A AHE AZ 2 s Al

@ A2 wF AolE HFH T AFA~H D
N 2
- LoRa 7|9k 74 UELAE $3 wzF ¥4 FA#E A2g FdE& &, AlolEs
7FEE oy 3, A EA(FFT, PSD)* 8 % LoRa $4Al¢o] 7153k LoRa
ZI9k 2utEAIM == LoRa UEY /)& Aol A, Alo]ES <]
LoRa 7|¥F AAUEYAE 19314~3173 o] AAeAew o SA4tdu

AFHa o Aol dig Pilot Test 24 2 uvlolE &4 Fa%

&3k Qg # o] 23} s}
- LoRa AFLEAAM == E3AARES] 35 7MEEA o] AMZ8 g o] E(Sampling Rate)
o} AlEAZHduration)S AloIstH, AMEE rate?] A$ 50Hz ¢ 100Hz, AlSAI7Re]

0 2
)
o,

o iz
o
1
)
-l

w o

A% 5% A, 08 ASL A9@ & o, AS F ABom FFT Aesh, A
dole A% 98] AAlElelE = ugn o A% g9l sd-card o A,

<% 314> HEHAANRE /
2UuEAIA == QE H o]~

<Y 315> AMBE/ATEAN R/ <19 316> LoRa 7o =4 ol
vl e 2/8k-%- (A4 =2k an)

_45_



@ A3 UMEYZ A8 2 Web 714 ZUEE Au 7
@) 7H
- LoRa LPWAN7|¥F ~utEA==9t0] AMUESA 55 93] LoRa Class
A/C FF2E FEsER o, FAE TS f8 LEALL 7|We R LoRa Gateway
Bridge, LoRa Network Server, LoRa Application Server, Web 7]¥F App A=
st s 40w 3h
G AHTd Faug
- LoRa Gateway Bridge : Alo]Eg]o]/e] packet-forwardergE &3 F4l¥® UDP
ProtocolS JSONOo. & W3tslo] LoRa Server® HAY3stEE 3
- LoRa Server : 72149 #j7le] FE #2], LoRaWAN mac-layer ¢ o3& = H o] F
SAlel gk g,
LoRa Application Server : ©'&e] 7} 2 % (Join Request), HF 9] ¢E3t A2 5
g, § 3AS T, 9, AclES ], ofEYAeld & HE.
Monitoring Server : F4l¥ doly EUHY 2 &,
PostgreSQL 7|5t d|o]Eju|o]~ 2 &,
- 9 31749 22 S84 F+5%E LoRa UMIEYZ H ofZg Ao A 2zt

=
AW R Ee B4 Bl S

=2 T 1w AN .

als 11-26T01 . 2 g : received udp packet m gateway addr="172.25.9.1:36580" protocol_version=2 typesTXACK

"2818-11-26T81; : n ublishing packet® qos=8 topic=gateway/fffeécecebd7ed1s/ack

"2018-11-25T81 z* mg received udp packet from gateway" add) .25.8.1:36580" protocol_version=2 type=PushData
918-11-25T@1:1 v msg="gatewa xpk packet received® addr="172.25.8.1:365B80" data=gA4qlACAIAAKzpgETuledifXaAeBueYDcAZ] mac=fffebcecebd|

time="2018-11-25Ta1:14: 342" mag="backen ublishing packet® qos=8 topic=gateway/fffescecebd7e@l4/rx
tewa’ ending udp packet to:gateway” addr="172.25.@.1:365808" protocol _version=2 type=PushACK
backend/gateway: rx packet received®
tx info sent to network-controller® dev_eui=8@95698e80880358
"device-session saved" dev_addr=80942ade dev_eui=8895598e88800368
device updated” dev_eui=@e95490e08000368
handler/mgtt: publishing messzge” gos=@ topic=application/13/device/@895690e00808368/rx
finished unary call wi ode OK" grpc.code=0K grpc.method=HandleUplinkData grpec.request.deadling="2818-11-25T81
as.ApplicationServerSe s = 18~-11=-25T81:16:342Z 7 ; 8 72.25.8.7:54728" span. kind=server system=grpc
"2018-. 11 26T81:16:3 el= meg="finished client unary call® grpe.code=0K grpc.method=HandleUplinkData grpe.service=as.ApplicationServerSarvice g

msg="backend/gateway: publishing tx packet" qos=8 topic=gateway/fffeGcecebd7e@ls/tx
downlink packet received" top: [fffedcecebd7ef14/tx
B18=11-25T@1 47" lev ending udp packet to gateway" 25.8.1:36588" protocol_version=2 type=PullResp
"2018-11-25T81
@18-11-25T81; 42" ived udp packet from gateway" addr="1, 5.8.1:36580" protocol_version=2 type=TXACK
time="2018-11-25T81:16" level=info msg="backend: publishing packet" qos=@ topicsgateway/fffebcecebd7edls/ack

<Z1% 3.17> LoRa Server Gateway Console

o
o= Network-servers
Gateways + CREATE

@  Gateway-profiles
By Organizations

Name Gateway ID Gateway activity (30d)
p4 All users

newl 00%5690100000066
loraserver - migw b327ebiffealel20
a Org. settings test fffefoecebd7e014
- Org. users Rows per pags: 10w 13003

2y  Service-profiles
Device-profiles
Gateways

Applications

<71% 3.18> LoRa Server Al°|E¢o] 37
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B=  Network-servers Applications / evk-app1
@  Gateway-profiles
DEVICES APPLICATION CONFIGURATION INTEGRATIONS
B2 Organizations
2 Alusers
loraserver -
Lastseen Device name Device EUI Link margin
£&  Org settings
2 months ago demo-100-1 0095690e00000185 n/a
- Org. users
a few seconds ago demo-100-2 0095690000001 6¢ nfa
2. Serviceprofiles
a few seconds ago demo-50-1 0095690e00000165 nfa
Device-profiles
afew seconds ago demo-50-2 0095690e00000368 nfa
Gateways
amonth ago test-100 0095690e0000018b nfa
Applications
Rows perpage: 10w
hsi 3!
<% 319> LoRa Server ©&'% ]
10:26:18 AM uplink
adr: true

application|D: "13"

applicationName: "evk-app1"

B DELETE

+ CREATE

Battery
n/a
nfa
nfa
nfa
nfa

1-50f5

data: "TAAVAAQAFgITAMgAXs+bi/Y 10ZS+opc++0zRPCsPJKXI4nmmLG5Fval31g5Y+EBpQfP6VZCMFkNZeGFUgFE7NaTXZMFAorfkNRIQxQu40KXQz1Nj3hjVM
IQFoY7sKD8Kd1nZbTIIRkOdsYilecWY+72bxSgEI3ZInO01NAbB2VdYPi5Ek+Et2C+yBx8aU3Bjdd7kOWOFXcO+iCqHyhvDeTIm5yLI+GKCsNPXkFBzTGS6F3fgl0g

xags+g+KSzowl8GLxzn14PDTXMcID1EEhtEceg="
devEUI: "0095690e0000016¢c"
deviceName: "demo-100-2"
fCnt: 82
fPort: 10
v rxinfo: [] 1item
v 0: {} 6keys
gatewayID: "fffe6cecebd7e014"
loRaSNR: 9.5
v location: {} 3 keys
altitude: 65
latitude: 37.48749
longitude: 127.13108
name: "test
rssi: -29
time: "2018-11-25T01:26:27.128265Z"
v txinfo: {} 2 keys
dr: 5
frequency: 922100000

<219 3.20> LoRa Server Packet Example

@ A4 : A=k Pilot TestES =31




@ Pilot TestFL &
- B A= T3 /NLE LoRa 7|¥F FA A=A

]
fakel 27 3217 ol BAH Ao o] -4

- - = I. ' - .3
(c) AclES o] Ax 2 LoRa AW AY (D FA AS7] delHEZA F3t oy 3
<Y 321> Al Test Bed A AR

@ Pilot Testd 7}
- g EAAL Ao 5o AA|g 7HEEA 9 25 7R A3KRaw data)v= 1H 3.22~323
o7 $4 DataZ ©]83te] PSD(Power Spectral Density) #4]3t9lom, 7]& §47A1=
Ax e ZikE A ASAlAeke] PSD 4 A3 1d 324~325)F Fal & 3109 o]

Aolie] mEW GFREE Agete] v A5,

Time history of Acceleration

e C by

Acceleration{gal)

——Girder

<9 322> $AAA 7F4EE Raw Data




15000

Time history of Acceleration

Acceleration(gal)

-150.00

<719 323> LoRa 7]4}F

- PSD(Power Spectral Density) 418 %3 aZfF3<

=
@

1

15454

-
w

s
=

13977

14734

-
w

13332

iz

12488

11 10999

10 10205

9.497

8 8.020

7275

Frequency (Hz)

8752

11731

Y

|!

Frequency (Hz)

i

5 5.066

4346

3.625

6531

2173

23893 3

o
-
ra

3

Amplitude

4 | 3

~

15.405

Cable No.15 &4

14636

13304

13.159

|

12.427

11670

108938

10.132

5.436

B.704

7959

7239

5042

4321

6.434

N

3.601

2.881

2161

Amplitude

<a¥ 324> FA 3F7MEEA AfFFars <O¥ 325> 744 35S EA ARTIg
G REwW alf Fibg
<3t 310> Mode® /% 15 F3+ 43
Natural Frequency - e
Mode ) W) o=t 2 A}8(%)
1= - - - -
2% - - - -
3 2.173 2.161 0.012 0.552
4 2.893 2.881 0.012 0.415
5 3.625 3.601 0.024 0.662
6 4.346 4.321 0.025 0.575
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0.474
0.637
0.567
0.495
0.761
0.548
0.642
0.715
0.555
0.520
0.488
0.552
0.522
0.665
0.317

bl B

0]
yul

0.024
0.037
0.037
0.036
0.061
0.048
0.061
0.073
0.061
0.061
0.061
0.073
0.073
0.098
0.049

5.042
5.774
6.494
7.239
7.959
8.704
9.436
10.132
10.938
11.670
12.427
13.159
13.904
14.636
15.405

HIEF S 2 Multi Vibration Mode®l ©]

5.066
5.811
6.531
1.275
8.020
8.752
9.497
10.205
10.999
11.731
12.488
13.232
13.977
14.734
15.454
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<719 371> LoRa 7|¥F DAQ
714} €]

I\

al

<71¥ 370> LoRa 714t DAQ W3-

@) LoRa WEY A 2 of &g Aol A AH
- LoRa UWEYZ % ofZgAolAd A= oZ A~ 7]¥be] Chirp Stack Open

Source LoRaWAN Network MHE 7|WFo 2 A28 Gateway Bridge, Network
Server, Application Server® TA %o Jom 19 372~3.749 25
- Gateway Bridge : LoRaWAN Gateway ¢ 5418 51 LoRa Packet Forwarder

LZEFS JSON data format &2 H3ksly UDP SAlo=z o]Fojx MQTT
broker® 172,

- Network Server : LoRa Gateway ZH-H T21% 2139 2135 (Authentification), &
#+2] (de-duplication), Application Server ¢}°] EA13} Downlink 4152 44 #E 5
=29

- Application Server : 7} LoRa Y&EZ5H9] Join requestE A#shH, Z} ©Ze] Payload
dlo]E 2] EncryptionS 9.

Motz
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f_",?j LoRaSen/s

= Networkaeoors

DeAHLINE 20251 PM Liszenlesnedlatalomn Diladdhadl L)
i Golewayprofies

UPLiNE 51 PM CorfurnedDatalip adbadld L
fin  Organizations
- Al users UPLINE L0226 PW Unconfirmediataldp Tede0det -
laranesver - v et -

w8 7w
prewsRiE R TR Y
0 Org settings
hnebrreifalpodt <l
3 Org users

&5 Servce-profifes —
[ B T

= Devica-profiles i abiAztReg balie

T e p

HH Applicaticns

2 Multicast.groups

ke TOGENTH | K DOR T
* ramby B kg - LR TR

ety BELA0

T

= jeliflichrrhic=nh Ak

S tetomiboaene
Applications / youngkwang B oo

i Oerwapgeobles
iz Orgeeasbom [ ey AL Ty L P
= - & CEEATE
loramerom -
5 on shace T — [ — [ p— [o—
L Orgumen d s g - TR | M T wa ws
iR Fervice-profiles R T = o e TiTe W 3]
T Deveceprobies 1 et g e THPa | e Pl ¥ e ns
& Gatweags  bew pacormia age sy MG e T = e
i3 AP ETa a fma gy B el Tk e i 17 '
- e il Gy i - " T S o e

i = TIEa 1 Tl T 7 e e

o e wnriy iy S Pl we e

<21¥ 3.73> LoRa Application Server ©@Z device ¥
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Apphieations § younghlwang [/ Devices f dag-stan B noum

B Drg ekt AL AT HEY (T AEAPRE M [ T TR T PET .
- AR g
-@} WL (TR & DO OLD B Tuesn
[Pt
BRAT P e

< j. TG
3 T
il et et s

v prodiipn
i) Gom iy
I Apple gt

<219 3.74> LoRa Application Server Device Live Packet(DAQ-Start)

LoRa 7|¥F EUH Y Alxde] 54 WEHA 54

- ISM d19

- LoRa+ H]W 3 ]9l ISM(Industrial Scientific and Medical Band) ™) &<
A7184 olglo] Ablg, #ehg, o8&, 7HEE §o §r® FAE FhoA At
b= AH e A &85 fT dY

co] Fig gigelM s FE MHS %
e A2EHE V|Eew

- el A E 902~928 MHz(26 MHz) ISM 9 & AH&3lH, 87| B EA3H
Az FAANTFH 20173 72 269)& =59

- LoRa KR920-923 Regional Parameter

- H7PEE Aol ISMUIY AMgo® H7FEE LoRa%4l AMES 9% o] thEw,
o] A = KR920-923 Regional ParameterE wE.

LoRa &4lo] Ab&7bs3sh ISM e Ad Fa= & 31730 2+

oH jules
offt

-

g AAZ S

<3 3.17> KR920-923 Central Frequency, bandwidth, maximum EIRP Output

Center Frequency | Bandwidth # t =¥ (Max. EIRP) (dBm)
(MHz) (kHz) ot A o] E ¢ o]
920.9 125 10 23
921.1 125 10 23
921.3 125 10 23
921.5 125 10 23
921.7 125 10 23
921.9 125 10 23
922.1 125 14 23
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922.3 125 14 23
922.5 125 14 23
922.7 125 14 23
922.9 125 14 23
923.1 125 14 23
923.3 125 14 23

- ADR(Adaptive Data Rate)

- Test Bed 7% &34 & 5719 LoRa Z=vtE AA == dido] M7t wglomn,
Zrzre] e 1¢ 3759 7o] AlsA7|(SF: Spreading Factor)ol Wiz} d%E
(DR: Data Rate)S *#A 3+ ADR(Adaptive Data Rate) EA4S 711, LoRa¢] 3+
F9 KR920-923 Regional Parametere] w2, SFo] W& Holg HEELS
® 3.18% 5.

<3 3.18> LoRa KR920-923 Tx Data Rate

A% E (Data Rate) A3 A 7] AFE (bit/s)
DRO SF12/125kHz 250
DR1 SF11/125kHz 550
DR2 SF10/125kHz 980
DR3 SF9/125kHz 1760
DR4 SF8/125kHz 3125
DR5 SF7/125kHz 5470

- ADRel w2 ] payload 7]

10 km 8 6

energy / airtime

- SF 12 n 0 9 8 7

<719 3.75> LoRa ADR(Adaptive Data Rate) &4
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LoRa?% 7

45 Data Rateol whz}
¥ 3.199} o] KR920-923 Regional Parameter®l]

FAANG A& 4 & payload =7]7F WHE}H,
gejEo] g

<3 3.19> LoRa KR920-923 Maximum Payload size

Data Rate Maximum Paylaod Size(bit)
0 59
1 59
2 59
3 123
4 230
5 230

- Test Bed 7z AM =229 54 54

- Test Bedol= % 570e] LoRa AlAx==7F A FESow Aoledgolel 714 W
Agel K AXE A== AolEYoler ¢F 1Km W<l
7Hg W Aol AAE FHFo AAE AM=EE ¥Este] ¥3203 ol MEAEE
W FHA 120 dBme] AlEAM7IE fAstar ew, HA DR4 AFES o=
A&

- Al Edo]ZREH 7MY AR Ha AY ZAYE FREZR Qs I 37 o]
7MY 224 Ze THF wd st DAQ-End o A $ol% #Hit Rssi(Receiving
Signal Strength Indicator) #to] 120dBm, data rate & DR4, DRSS 43} 2.

¥ 320> AA" HAEHE A== A5 7% 9 Data Rate
LoRa AA == % 3 rssi(dBm) LoRa Date Rate
acc—start(A] A 5) 85 5
acc—end(F A H- 115 45
acc-girder(AH % %4) - -
daq-start(A] & - 100 45
dag-end(F ) 120 45

- Test Bed LoRa AU EYZ 54 AFE
- LoRa LPWAN2 H[WH3] ISM S-S AFESt7] wliel, 1ol A8 5 i, 4Als7t
Aoz FAEHA e T 5.

- Ferran S°l m=2W o] = (payload)e] Z7], @Y HEHIE FAs= @Z9
Mol mhel Al AFEe] AolE Holw Hol2xe] AV|7f E45, Bde JFTt
55 72 AFEo] WojAH 2 AFEL LoRa 259 Confirmed, Unconfirmed
F7HA A BEd metAE ApolE He.
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- Test BedolAl+= Confirmed A& REE AY3te], A A AS AFS A= ES
o ¥ 3213 o] AFHE FHE DAQ wold ZF 1,000 /e A= dHolHE
AP w, T AT ES AAGIAS

- Test Bed®] 7% LoRa @'Z°] & 5
7 DAQ ©hto] AwkzQl gk 7
(&3 13]) dFste=

< kv
AM HEHA FHole T3] 7t Aoz ddd,

vl

=
Hl
-
o,
i,
2
=
m
o
A
m
=
1=}
ot
L
©
HE
R
rEI

<HE 321> AFHHE DAQEZe] AlZData 4 3TA&

Wyl e (.)f DAQ(start) DAQ(end) Average
Trans. Trial
Ist 914 920 917
S
(91.4%) (92%) (91.7%)
65 61 63
2nd
(0.65%) (0.61%) (0.63%)
5 3 4
3rd
(0.05%) (0.03%) (0.04%)
0 2 1
4th
(0.0 %) (0.02%) (0.01%)
16 14 15
5th more
(0.1%6) (0.04%) (0.07%)
Total 1000 1000 1000

- LoRa AIMUIEY Ao A FAldHolH O A= dAox Add Ao AHgwo
m2w, dolg AHIw TS 8, 48 dAdolEE LoRa APEAIA =S
SD-card 9% AZFA ] 7]=8 % , Test Bed 235 &3l vl 2}

LoRa 74 &41& &3 A%gA ol dolH et 4% doly = AgatA dA3

st

d

Hu O}‘)’
_O‘L

2

Rl

- LoRa AIMUIES =L¢] 7] 3H(synchronization) #] 2]

-t AAME o] Fo| X AMUEY ALY B 7 AAMY F7]st7F Fast
HES A= LoRa AlolESjol=FE v =9 Time TAG 7} *3%
Al Eglo]ZEE 9] Faldl BEATeR 57|37 7bsshy GPS BES FFe
Ao 7bsata, GPSEEC] Qi AloEdolEs XFEA T tsk 73571 o8

- Test Bedoll A8 Tektelic Al°|EHol= GPS &

RIS Tl AR F7IsE

kel
Time Clock)= &3t 57185 3

- 3FAIRE RTC viH g e Bd o2 Azt tig ox7 dAdE 5 7] w&d
TS B 7]z gig FEstE fElAE AclES Y LoRa 54l EE AQUHEES
5}

Fo

MW E 3 5713 59 7ide] &
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® A6 EUHY Ax" =
@ e

- 2 Aol A JlEE LoRa Network ¥ Application Serveroll A 2% A5 dHolH &

At @al, dE F5E EUEY Al&FCA dEE dolHE FH A st

)
Web InterfaceE &3 AFEA} BUHHo] 7Mestes 3 E.

S f AX== Alo]ES o], LoRa VIEY]Z 2 ofZFg Aol AHzte]
sAe Y zrEE B 5 42 19 3763 2=

A
LoRa
Ao] £ gJo] 2 o] £ A
Mgtt-Client
MySql
DBAH e QUEF A|AH]

<19 376> RYEY F+= A 2HEH dolH zEE

- MQTT(Message Queuing Telemetry Transport)
MQTTE 2315 7gte] viAlg T2 EFoly, TCP/IP Z2EF g 52
LoRa olZg Aol AE MQTT ZEEZES %3] LoRa AAx==¢ Upload
PacketS Topico = #aala, RUEE A|A~8lo& o] Topicol % (Subscription)
slo] $=21% Topics o] el s o] 2ol A%

Al ojZ Aol A, tulelx FA(device EUD, ©lF, 4l e 9 astd
Payload & T-Al.

MQTT Publish/Subscribeell gt +43 18 3773 Zom, MQTTE &3l A==
Message = JSON ZRZEZFS A&l U8 19 378% 245

Mqtt- : MySql
Client DB Server
Subscribe
Matt- Publish Broker
Server

<9 377> MQTT Publish/Subscribe 7] &
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"type": "uplink",

"payload": {
"adr": true,

"applicationID": "1",

"applicationName": "youngkwang",

"data": "SGVhemJIYXQ=",

"devEUI": "702c1ffffe4f768b",

"deviceName": "dag-start",

"fCnt": 21879,
"fPort": 1,
"rxInfo": [
{
"gatewaylID": "647fdafffeO07f1f",
"loRaSNR": 2.2,
"location": {
"altitude": 0O,
"latitude": 0O,
"longitude": 0
},
"name": "Youngkwang-TB",
"rssi"t =105
¥
IR
"txInfo": {
"dr": 5,

"frequency": 922100000

<1y 378> MQTT Publish/Subscribe 78

@ 91w RUEY A2

— ZJQ’_LFL/%]

MQTT ZR2EFHA HE 7l+9d dHolgHE MySQL d o] g H o] 2o
A

Add HelHE 25

Al =g o] FeAdS %3

<3 322> 7N RUEE Al2E FaA9

o & &
Apache Web Server
Spring FrameWork Web Application Framework
ApacheTomcat Web Application Server
Ubuntu Server OS
Html/css/javaScript Web GUI +4 <19
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- ®YHH Database Field / Type 3 3.23% o] F-d3te] 483

<E 393> 7k mUEE AlaE Zg He 9 g

gc=v El ¢ H] 1L
applicationID int AA a1 ID
applicaionName varchar(50) ofZ g Aol ol &
deviceName varchar(50) AM = o]&F
devEUI varchar(50) 717] A+ EUIL
gatewaylD varchar(50) gatewaylD
LoRaSnR double B2 Ay
data Varchar(50) A AS o] E
date datetime AA AS AIZE
- Al2=® AR URLS Edto] f &t Aol s59 t)o]

LB/MS
Html/CSS [#—| JavaScript
aF/Fs | 1
GUI 73 318 M3 GUI QX /Ma

(JSP)
Spring [=Fs My‘éql

FrameWork " DoSeres
(Java)

| cioe e
. = Apach
E | pache
USER | WebServer

<2 379> 76 RUE " Al A" LA
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’

- 71dF mUE g Al 2~¥ GUI(Graphic User Interface)
AHEARE A 2EE Fstel RUBEE dide] He ZF AloESo], AN Al Eo|
et ARE A F 5.
AZ dHeolE s A% AAZ EUEH] JhssteE ok, AlRE A, 3
A1 A SRR HeolHE F1T F JrF: Ala" A, RUEHEY A&7
GUI+= 19 3.80~3813 o] 33

BRI

& Gt 1

« WOE By
s BREH
DALY - wlam
DAL - el
tnt LR
= :‘..I.U-d:.lll
[ ]

el

o9

[ ] * [ ity | Bdoartiy o Vaarty
2mny
<% 380> RUEHY Alx"e] &% w3l Table ¥ Graph

Gl

« @ EaN

- pEa
DA -tk
DA - erud

s L5 WHY

Q0

L

aanp - -
<a¥ 381> BUHY Alxgle] AEwe] Wl Table ¥ Graph
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@ A7 A=A HYUIoT) 71Hke] w=F 2|38 E 93 Big Data Al 2~
ep &

©

AR T MM e HolElt MAse] 7)E WHOoE: Data Avt dAHOE
Bobssin] AEA dloleiulo] s A2gls} B ABAHUGT) 7ol A2Es 4%

g dole AT A Daa 99 2 AFEEA weroksln, wsow
o8& FEsto]of sn, 1152 A7 A (time series) QueryE A €3foF 3
Al HolE AulE "HHste wto Ay s 4% AR A E.
Sl ‘qﬁ‘r % iﬂ ]*Eﬂoﬂ H“@ﬂb H]O]Eib a9 3829} 7L°] ] o
= |

A
]
i
i
! Duration
;
H
i
I
H
1
]
H
I
i
! Count of sensor
e o e e e . 0 St e
»~~  Sampling Rate
<19 382> 32 I3 FuwtE S E= vlolH e 9

71E2] HME 22l dolH z%ﬂ P AAE o] g W o] 2~(RDBMS)
= ] o

71 AEAR delgA g E%’—‘ﬂ/}i(transaction) 71ke] #AE dlolEwo] 2~
Al2~8& nigo = O11]r—;'“(0racle) MySQL, ¥2E18SQL(PostgreSQL), MS-SQL
sol dom, Ao BE Fobo HelHE vFe ZFAILHOR A L s
3}k RDBMS(Relational Database Management System)t E @A 07 Data
A& ot7] witel 7w AoeR sojus IoT 7IWHe] Datags tF7]ed B
Al ofALEro] WA .

E%H*—H’ﬂ(transaction)% dolg o] ~9] FEHlE WA 7= e =84 75 s
Thst7] g AFTEe B I BT FefEolop o A AME ot
RDBMS= EflAAS A 91st7] flefl eufs|=rp LS 7] gt AbEQlE Yl 7]uke
dlole Aol A3 2

-

o] 2
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- AXES " &
- T EdAALS dHE A EUAY, 3857 ol Az gHle A HY
Hojolsty] uwjio] RDBMSE RE Edl Aol W7 Axle] s = 1(Log)zts

23t A %S .
A 5 Eoly] 98 dEe dEAindeE Adaed oz ) A e
A

7
Yolx] = Eg o= 9 Z(Trade-Off)7} 2 AstH RDBMS®S A%< A A7)+ 7%

- A+ (Locking) H]-&

- Hlo|H o] oA slute] EfMAAL ool HolEo HFdstal, wAle oe A
T ojof &

-olgt AN =2 FAALES AFsta, FaoR Adgk wAAGE (Deadlock) &
WA sk7] e wiH 2E dlolE Htol sl LockingS F33HAl HEd o=
st w2 H]go] TAH.

(i
)
o
9
=
2
o
)
2o
= o
H
)
o -
o
22
o
o
in}
-0
Ay
)
o
[>
Lo,
f
>,
_?L
-
N
tt
A,
b
A,
2

7] W&z IoT dlelEle] g8 Aso] H
g who g3 AFE iR dlolgeo] oia] # <9
7

- 0181?& AE2 el RDBMSY IoT dolgd gk A|ks FE&7] e, g2 3
719ke] "lolE W o] 2 A& A(Splunk), o #2~E(Elastic)s ¥ #2 A<zl 7Rk
sl (Hadoop) 18] 3L NoSQL(Not Only SQL)&S 7IRFo.2 &&= &FHAE] AL

Ha 9

- 3}5 (Hadoop) 7] ¥k A] 2~ €l

- 8t (Hadoop) e A5E A 5 dow HFEH So=FHo F4stal A4t
& ZRIHS ALt Zgdlo] vt AZEo]l Zyqleasl.

~ 3} (Hadoop) % (Architecture)

- 3h5 (Hadoop)= o2l 709l &k &5 AH7A= FAH Ao, o5 SFAdA|2F
(HDFS : Hadoop File System), OS 4 F43H0OS Level Abstraction), ~1#] il
W] 2~ (Map Reduce) lzlo] 3= o] Q.

c ATt sk Y 2Ed s shue] mrAE(master) €t o2l 97 (Worker) = =5
TAE A5

cubAE =58 ZEHA(Job Tracker), BlA~= EHA(Tast Tracker), W x=
(Name Node), o] x==(Data Node)Z TAEHH S#olH = 97 == (Worker
Node):= HlolH =9} HlAaEHAR 524,

- & ke Sl 2Hel= HDFS7t -L}e] Alz=gl dl =5 #AA4sl7] -‘?45} U]
A AME 3 delEy 24 Hd == L
A 2glof] Ao} HolH e &S ST o JEHT] A= "—}?Q 27
a3k
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3ty 4 9 A ~#(HDFS: Hadoop Distributed File System)
= oAl Y A ARE Sk ZEH A AE AnF dojE Fote ZdE 4 S
3t Al2~dlol HDFS+ ole] 7)Ao U8 IddES WA AAsta dolHES
H

| S5 Aol HolE e LS L+

csEdlel 0EA ¢ sl /b wobdw A% ssslolrt oA 5ol

WAEo] o U R AL WE A ) AFoE BT,

S Ystreaning) AR A0S AAALYA Bel Mg SRS DY

Aol AA st SRwAE F.

-8 Data AF W el o] s hutolErt EHehulolE Ao =A/E 2
]

=7

FEE AT HHor AAHNeH, AR fdF Fo] =i, she] F2E o
F UMY =25 & 5 vk sty A"z FHT o 3dS A4,
e A% B2 o o 23 oy W o¢le Ede A pRE gde] @l
e v et gle A9 Agds Sds & 5 A=E 3

ARE &7 ARG A ZAYS &)= zlo] Hl&eol AA B (ArE wel
71 o Fo] Wol 7] wiEe] UEHZ EFoF dste] A xm%hﬂ e

& £5o Guslolst cxEgel BT

<
Fodolsh AZES ] FYPES Fol Folw 47

MAPREDLICE HIVE & DEILL MAHDUT &
[Processing using [Anahytieal SPARK MLl
different languages) Si1-on-Madaop) {Machineg kearning) [Management
& Coardinatiasn)

R W

SOLR & LLIMCEME

SPARK (In Mamory. KAFEA L STORM e b OOXHE
Data How Engine} (Screaming) F:ﬁ.:;:qilnlg} (Scheduding)

Resource
Masrperment
Storage

Flume Squop
2 3
3 0
IIB
Unatructured/ Structured Data T

Semi-structured Data

<719 3.83> &F o A~ ¥ (Hadoop Ecosystem)
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@ &t 7|6k Al2Ee] ToT dlolEl 2-go] A%

ah5 (Hadoop)> ZLE 7 (crawling) &2 ¥ 9 TB(terabyte)7} dol7be= =719
AEAe] gl HA MulAs EEE fREdoen =39 ) EAE 25 2o o
?le = (Inverted Index) #8<S 3t o H o] E(Inverted Table) 2 -/ ¥ o 7.
Shis (Hadoop)< Big Datas v+ 7Hg tisE4 ¢l delgulo]s &F Aoy, ==
AAe] Aol wet ZstarAoR sojue IoT 7Ivke] dHolHE thFr)ol=
ofgf e} 2 wAlF ol HA.

CBES A 4y o)Ale] T AEHZ pFAE ook &
- AYE e deolH7t a9 A2 RI(HDFS @ Hadoop File System)ell #4743t = %

of glom, spdo] FF WAool wrbssty] el AFugk Holy AHdE A%

=
Al
dlole 418 g 7|EAH oz Wl (Map Reduce) S 33HA Sv, o] F2H
FulA kel Rk W 2 o] 4ke] A7kl WAy,
ot
A

A AHEA AFOR RE HolHE AASHE TRolY, BA B ALgA A4S

AAD dolHE w77l f% 8 dolE o]~ 2AFeH(Requirements)

[gHlo] == Ao AAFer HolHE FFyolol afn AR ojZg 7ol
g Rt 52 59 U9 dHely IJEES AAHT F JJormE HolEuo] e

AEE Fe dHolE FE AHE o Sdojof 9k

EI & ARSSiA EUE"sta Alojsted AAte®  HolE o] AE

AL 5 dojof ot A= ALHH oz Ao Jhsaforgh.(H-E ol E o] 2ol A

A= 2EZo] ofd w2 )

=
o
>

cdlolE o) 27 AAD deld Agom AL A5 vl 1wd dolH dEL

S DR
1o

ﬁagrsl f,: 312

3.
d

o)
gk e o i o)lF HEE He A9 g g
tlojEf o] == o] F AASESE AAEA &S
delHE AAS “th2AE - (Down Sampling)”e] 7Hs3lloF 3t
1

CAATE o
(GF Bol = ©912 dole ¥AES Fhskel 44 /1 dolg we Hdn
tl:.‘: A0 = g

E9 F7|(sampling rate)E rAoF st dA 7 O]Uoﬂﬁ o -3t ©
tolg s AATE & JAT, d4 FiEe =2 3H%Ei l‘iﬂrﬁﬁo]ﬁﬂ a7t A7
iEel AAIE dHeolHe 7]+ =
HEs fajies AfdE HolHEx
AAE ) ]Eﬂﬂ ]/\-4 —rfi 574




- SQL 71¥E Al AE 2 (Query) A9 @ AAE dHolHHol A= SAT AIRE J9
&

>,

[ do fo o E L oX oS > o gz RN

for2 i fd P ope ol ;2 x>

- np 3 u| o] 2~ (Machbase) : ol A 7|atsl AJAE dlo]Eu]o] 2~z Colo] 7]dto

|
APt AFEAe] A 2 AES & 28T F AdE A (Query)E HHEAI
SQL 7¥to 2 satstie & AAlHo] glo] 71Ee] dHolg o] AREATE A A&
g 7 Ud=F 3
- 2% o]y fJE  AAdHolEHo] A V[EHoR n&H0 R HolHE dHed
T dofoF Fh
- E;A M (transaction) Al =71 1 23E Holy JHy} =9 BPAFS FHAs)eto
A Aee =ol7l Sl e dolHulo|xe EA T syl EdAAA
(transaction) 7S A U3HA ¥+
AR E7F 0 AA A BAEkE AAIY HolH = dHolH Y WMAS Sete
A7 Aol wAsHA] Zom dHeoly e WMx Jhsds WA $18] dely ¥4
ArbS A LekA] F 5
AAZE Hloly 5 ¢ A7 AFE F e AAYE HolHe B tiaa §39
aTEER Ao T&stE fldl, tolguo]x Xl WF-oA HolHE U=
3= 7S AT A

- Z4[Rollup) 715 A 1 AAZAZ JEE = HolHE Z/Z/AZF g2 HERd

He A dHolHE AsloE s 7les AT
- 2E ¥ (Stream)AAF A 0 &) AlA dHolHE AA HeolEol 4¥str] d 54
A& 3 dHol”HE WA, olsd F A+ VS AFd o H dEHEH w0l
bt Aol 20 ddste A% YA, FEE dolgd gk AxXE S5

o Ao i de&E stEle B4R Ao

A dleolE o]l 28 FiF

g2 DB(Influx DB) @ 2013 m=olA EAESleH, 1(Go)del 7Ivke s s
om SQL¥ frARSE Al dojE Algsty vt z=agr Qo] dEFHoAE

o |

2 AFHIY, dF == AYS 93 Fo2F

B
n n‘ﬁ
offt
o
NI
- O
s E
o
N
)
‘0
2
N
Y
jus}
k)
S
<
&L
ﬂJ
i

o 8] -2~ (Prometheus) : 1(Go)¢lo] 7]Hlo 2 7jule © Z A~ g o|E Ho] ~o]H
ZHA] dlolHue] A2 QIAE7] HUE TE AAE dHolHuo] 2~y AFES Fal
RUHY &£5F4 ATEH e

s
A EF Bl 2 ~utE HED AA dolE A B AE 98] ARSI S
AZ dlolEE 918 Big Data Al2~€ ZHE et
2 a7 ﬂxﬂ—% EaA A9 AMHEYIE ng Fx A[A4 H72 98, 7t
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