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ABSTRACT

According to the design and monitoring principle, the optical fiber bragg grating (FBG)
technique is weather endurable, immuine to thunder and electro-magnetic interferences, such
that it is suitable to be applied to hash environments. To extend the applicability of the
technique, Professor An-Bing Huang, of National Chiao Tung University and his research
group developed a series of FBG sensors for sensing various physical quantities, such as

underground pore water pressure, inclination angle, strain, temperature, etc.

In 2005, our research group imlemented a demonstrative system for monitoring of a
potential deep-seated landslide site, on the slope at 13 km of Taipin Forest Trail, Taipin
Mountain, Ilan County. The goal was to monitor pore water pressure in a deep borehole, to
relate the pressure to the landslide triggering mechanism and to construct towards a warning
system. To achieve the purpose, the system had to be able to provide real time, reliable
readings for the pressure. However, at the time of adoption of the system, it relied on
time-consuming, error-prone and expensive hand-crafted data-processing routine. Besides, a
high power industrial computer has to be installed to drive the FBG interrogator, store and
upload the wavelength raw data. These requirements hindered the technique to wider

applications.

The missing key component is simply an integrated, automatic data-processing
information system and to develop such a software system is the origin and primray aim of
the project. The result is a background daemon program performing the aforementioned
tasks. With the information technology, it becomes possible to integrate the system into a low
profile, low power consumption embedded system, such that reliabilities can be increased
and better temporal converage of monitoring can be achieved. In addition, with the
abundant computational capability of the modern embedded systems, it can be further
integrated with the emerging small foot-print IoT (internet of things) devices to provide
wider spatial coverage. In the project, the third task is to assess the applicability of the new
long range wireless communication technique in our mountanous area and to foresee the

hurdles for wider deployments.

With the help of the present project, we completed the real time resolution system and
integration into a low power embedded system. The system has been prooved to be able to
operate continously and robustly. An additional FBG inclinometry system was also installed
onto an offshore wind mast as a side contribution of the project. As to the long range wireless
communication, we found that the point-to-point communication was not reliable and

VIII



intermittent nodes to forward data packets have to be properly incorporated in the area.

Keywords : optical fiber Bragg grating (FBG) ~ real-time FBG data resolution system »
distributed underground pore water pressure monitoring ~ Long range wireless wide area

network (LoRaWAN) communication
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S % TEALEEERE (AR ESRRBAR

FoR TR LRIIRIEY kLB % KRR
A

Iy
#\

kfp KGR P RE 2 S Av /]?et‘ #-if (Doherty, et al., 2015;

Hill and Meltz, 1997; Kersey, 1996) o #A3t Az- 4= » TRAR D o #7020 K B f23 &K

=1

BERE AR 2R A A AR VIR 3 EFE A AP RIASBLE
B R e AR AR L ek MR PR EH o - A W

|4

REAFLAGRGERPIERFWUITEIG AR LSRG R % (Ho,
et al, 2005; Ho, et al, 2006, Ho, et al, 2008; Huang, et al, 2012)* T R -1 B £ T
M2E T NGEY W EAEF)P ke P d A KA (TY B IR kiR
(Labview ~ Matlab) 3 & 5 B %> R iZ @ # 2 L3 ks> PR RBAK o
do AT A R A B RARBED BB R MEA R A AP I

A A BT AR HE - TREAT L ET IOW SRR o 2 E 10k

BIFT 4 SLiB AR o ¢ p 2017 # = P 4es 2 3BHz #2435 £ o

AP SV LR S REIER LM R R R R ke TR R S B
BB TP Ak R R T K R 2 R R T o Sk Sk HpE 8 % Fiber Brag
Grating (FBG) & 22 (Hill and Meltz, 1997)#7% & m &k eng 71 7% 6 40k 4 -k R 2
BRI KRB RE -
- ~kgF PR FBG) R

A LA FHATHE » (doping) et T BARH I > kY i TR R
T k2 37 54 5 (refraction index) & RLRFH N F RIS T od BB
PiendTst S > A RR TARGB R FR R R R F (T ST 1
TR LR S ity @ B gk KR TS - REGRE T L o g Ed 0
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Wk R GRS PP kL %:%ﬁ’)%iéﬂﬁ@ﬁ%}y TR L 2T

Ok uE PRI AL W % o doB] 2-1 L A2 P RRTT o S T
P AR AR (S AN R U SR ) NN - AR e R o L Ry
B E R Pk £ (Bragg wavelength)dy, o % 32 400 £ 27 Sk e R (TP Sk 1B 8,
A)F AR (5 Th, =2nA0 B ¥ on 5 R andTiE S o Flpt g ki ik e
P B Skt L ¢ A2 APHEDR o AR S PR E T I HpTREET o A
CET T A MRt A K TR N R AR T o gt R R
A TR TIEORAE o A F AR o 1o IR A & R 12 (Kersey,

1996) -

v B A RO 3R
KRG OR R AREG R F SR R SR et - e It
KRR A - W B B TR MR G IV R kT
UL R R A IRR G - Rk 0 DR T - AR R R e
W Hee Z R kB s R et - iR & e B 2-2 47
7 (He% 0 2002; FA AL 0 2005, F 25 #E > 2006) o § Ok R £ K T
BORRLSGER S A2 RRT EME PhR ER R FIRAE L R FL X
IR e B Mt PR LS 3R BT A R Tt PR T
BRIBERIIIAVRE o RBEF Sk ik £ ondo g RA4cR] 2-3 0 A PTGt
R4 3 RORIR 4 enie B0 kPa 7| 500 kPa > #f ik ik £ 1 S 3 nm e #
SRR R BR I F SRR E RN TR APTT RS BRRE
Bade koo doR 2-1 ¢ o JEd B @R BT Bk o (T UE ST R
FRETLodrd F T L S g @R IVHENFR S 30m

35m~40m~45m >~ 50m -
ZNIHRRBRPZERMBRE
O EIUBOR R AR ¢ 5 - e A SRIRAR AL A e A ek
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FoF TPk CRSERIREE § B P KRR A

TR AR R R EAET AT AIRRIE R A AL PR RO
B(F 5% 2006) o b 5 AT eI UK RS2 R AP IR o SRS - BER
AT AL R AN AR RRE - kg ki § O AR (T
AOERGFHR T of F A R MFIHCORR R R Y o R
o pFle R4 SRk R R R L R 0 R FRA 2R R AR R Ae )

2-3(b)* 2 B4 FEE R K A Mo
E o~k gk KRR B R

dF A ] T e R R KR B RERS R T
o R RS E R RR A RIS

BedT o HEF e e g T ARG

T=a,w; +b;
B a &b ZF TSk w dBATERpELRAE A RSP

P=a,w,+aT+b,

Hea, ~a Aui RS ZREAFUAE A b SRS F UK &
BRSO RIRY PR R 8 ke fR R TR

,41‘3,5]% i+ ,k%g’—éﬁﬁ;\]ﬂié;ﬁﬁgtoa_r * by \ap\gT \bpo

I~k BRE

g E - B RCERIER - FRREGEE Wo) o @ G F REEA R
PR - kR E AHF SR L2 3nm £ FERG - BRIEL L FRE
R T Wet3nm e @ KGR Sfrhayl oo F S etk B - LR R

BHE KR 4o AT 50 1528nm 3 1568nm kR 0 st R K FER 0 HT

X

FRI 5 844 ((1568-1528)am/6im=8) @ T & #rif ' ¢h & 23 &k » T H -
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ANk R R R TR RE CABEPER R R B L ERIRARE 2

KR LE T RA T UAHF My K LR A e BB T
FATRT R ehd dEa & PR sk L & (Kersey, 1996) o

BT ERACIIE R L FALEHE LR F IR TR

=

, ¥
9
BRME FIf A4 5 FAERBERE TR RS &GP H LR R E

¢ endp it B R AL E TR B E 0 KB F R R 5 W)

PREHRERE WAL A TEEE Jmenp o HaFZF Y

Reﬂected Iight Transmitted light

FBG Interrogator

optical fiber F|?IG ? FBGs

|
Ra— 1] Il

B 2-1~ kGkipF SFkt £ 7 L F

Optical fiber

Epoxy seal
FBG
S _q Drain
I
i Diaphragm
|
(Schematic view) (Photograph)
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pressurs, kPa
w
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-100

curve, at T

24.2539 C.

= 245.851351 x -376151.500242,
R2 = 0,999732

1530

1530.5 1531

= W

Wavelength, nm

1531.5 1532

Temperature, C

$- % TRk RREERE

AEFL EaPEEY

(b) (c)

Temp/Pressure calibration curve, at Pressure 0 kPa. Temperature calibration curve.

T T T T T T T T T
* 40 - i* -
a0 S
50.346038 x -77004.965581, / = 51.651786 x -140185.471108, +
0.665653 ; R2 = 0.995506
'
£ * A
U
g
L o | E] /
30 2 y
°
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E
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* y
20 / —
¥
20 B
* i
w0 A
I L L L I I L L I L
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Wavelength, nm Wavelength, nm

®] 2-3 ~ 3L KRR (ps]) F ¥ AL

AR AR FRE P MR PRESER LW ERALERTRE LN BN



Ik RBRR R TREEY AR ER A MGy L ERIKAEEE 276

Fo& ot kipyg Rk

@ FBG & Sti5 5B L5 Bhw kenkdd &% chfasd Rie 7445 123
BE T kiR kAT RSB Bod LRk {g L Bt & F St
Wk kA N AT KRR Y A ki B A B AT E S kenk
M E o A3-F @ * Arcadia Optronix £h FBG f&if tk > H4&7 16 B F - & B
FEF 30 BAL ’9+%ﬁﬂﬂajﬂfi$@l§]é 1528~1568 nm ° 3% fZ3f k2. & B
HAFF S 3 Hze W p o fAf RePUEFHEF L F2 Lp 2z ART > 5 f)

5B 16x30x3 kb LA o2 L A3 R B X e R4S 2

AR A G oo Afiif RE D AT K T 5 J B Arcadia Optronix 3K Z_s0F
2 IPe il A wm b o % RESHUDP i 3 o i 3T d Arcadia Optronix #%
Horr P oo g SR RFAUG A 2L TP A HB REE R A HE
EBETR -FHRL e ZR A A R RE ER B T kP
2R B R

- GRTIAF AR AR AL AL L o B RE e ARG
B BFE )z 2 UDP T4 cf S w bk £ FHBERS D T % o @ gt pr
BRd A T2 L T AR CT AR SR B LR S EEd - SEIVHK

ey iV AT B - ki g B AL BEE TR OB RS HS

FFREF T RT3 2R FE o
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AARR BRIy B2 TR O BFTET A ARART RS
TEd N FEPTE O BFRAFEPAREFTRF AR E g T

g E R B G AT RS B S FEARE A E 7 K30 (kR
o) Pl 0 EIEAT o gt th s AR EEIRY o AP F TR G RS R D
WGt 2o m G ApT ek KLk B 5 il o R T 4 e LI L R 2 K3
TR R E k2 AL E > B AR TR RRE > EIEE L TR
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FEFTRDOT N A HARM F ¢ L R E LA R B HR G &3

L
I
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Pi) 4
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1.

FHT o S RPIEE AT E L Linux i %o P Linux 5 % g Ripd

CIERBERFL MR RA Sk BRI APR A AR
: 1. MOXA UC8112 «5]',1 ;U kA 20 p T4 B & chjis % (Raspberry
Moxa 8112 «%‘,L R % 5 L Cortex-A8 5 Ed2 e ARMv7 % ﬁi %3 o
Bl 2-5 %77 - 2 E 3 3 % 10/100 Mbps ¢ = it > SD T 4&H - &2- o
MiniPCle 4 48 H, > A7 ZH BN 40X 3G FHE e > FpF
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FH2ZIEFT LT EL 1/60 B Han /4. agodl =g - 321 4™
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F_*

12 GCC-GDB:> M2 f28 B % » 392 PC & 1 (Faprhfp = R > § 8430

';‘ szig ¥ xecc%mgﬁy °

. BF 7% Raspberry Pi % sv > #t%F /% H - & & o @ Raspberry #7178 # ch2> B A

H % 5o o] 2-8 477 0 4 H_ARMVS » 64 A P ¢ d AT E ke
A BARL S RS KT o RE BARH W B R
($35 % ~)2r § BAN T S @R 10T L APPSR Y 3 % e
fi 13V % g _Raspberry Pi3mode B 2 # > 3% 4 %@ 5 1.2GHz = %
2. ARMvS EJL B » |GB # fi 2= /648 ~ £7 - &% wifi ™2 2 10/100MB ¢

L RALIURCE 0 4 USB 4R 24 » HDMI Rl i1 14 2 = 231 6 4324
PEG T AR G oo S Rk B RAER DY £ - 40 R4ren
2 '3 (General-purpose I/0, GPIO) - & EXRIE Br oo APET R R
ﬂzfii*éﬁk“ﬂi%]/\%%%i v R Pl TR TR S R ivr%] LIRS gt

FUIBEAM ~SPIN2C EH AT EE o 2B XA REFD o P RILNIME
D g ficke o i@ 47 55 4 (IoT, Internet of things) e P 4 7 1 F 17 o § #
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i ¥ilp #% £39R > Debian ARM :h Linux 7% % %L 3% % $Li5d Raspberry
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AR > % SR P 3 (T8 w i MOXA ik 524 5 37 100%:54p 5 | o
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WALFFFXGEE Rh R EaETEFIF4 988 747 g2
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B e P RBRRFARAL AL TW BEGI12We 3 p e 4 F KT 0 @
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wATH o A2 g L UPS BiE5 = TREHEAR (UPS: 12/24V-> 110V
2R GRE S TI0V->12/24V G dEiEARY > TR FEF Foed 2 TREHE > DK
FAH- 22 F2FF)empri Fd > APHEY WRE R UPS st - 35
RiAFTR » M PHFRIRBr T2 % T3 BB E i UPS $% PicoUPS -
OpenUPS %2 OpenUPS2 » A i3 # F F » @ & p 5 en® o izt v 5 UPS éhf
BB K 5 1224V E o F00p b F R A AT P L T EAR 0 F L e

LB 8T RA A o fI7 SRR A PR3- s UPS i 4

~E

BLFE AR Ao B 2-6 #7oT H¢ PSUUSP64 5 2 2 B * nigiEs T3 15V
T FH F 60OW(AR W b ) I 8OW R k) o @ 3% B ik L # 2 PicoUPS
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WAL P RRES me % REA G 0 bR wifi 234G H e 0 42 AT
7O KBRS R AT 2 LoRaWAN H%8 0 1 & & 429 3% (T 5 § Paenik Bk & -
doT R RATEE G - P g AP E fe TX300 22 Raspberry Pi4g# e o
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1. 4G @ i et o 2 Bodp 95 48 USB @45 1 Raspberry Pi -

2. LoRaWAN i# ﬁﬁﬁx:}fiﬁﬁ o Jt iy #5315 3 USB i 4% 1 Raspberry Pi o

3. ¢ B oLl

4. SwitchDoc 4 F* Jjj (watchdog) » 3 T 5 # 2 A &R » FA A F &
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9. OpenUPS2 = % /i 7 %77 & 5u o -5 USB /i 6 & Raspberry Pi i@
e
WL R BUBAC® 2-7 ror 0 @ kAR S 4e@] 2-8 for o B 2-8(a) 3
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Raspberry Pi B53E2

TX300 Raspberry Pi extension board
RaspberryFi = Dpeti ko2
[ ————_ |  A4G/wifilLoRaWAN modems
Ethernet
12C
GPIO
\ SwitchDoc Power momitor
T for monitoring UPS power
i reset, current sensor
} ITcrash for monitoring power consumption
: switch
SwitchDoc Rone
WatchDog 5\ Power for FBG interrogator
& cooling FAN

¥ 2-7 - Raspberry Pi % & i if
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i

Fo & LPkPTERE AR

i g o AP Rk e TR Y K SRR TR S

2. ),TL PlEBR T K {j}?‘gl‘rﬁi =M
B S R Fgra
U kB AL Y AR ket o
-~ TpEfEE kil
s 428 Hd 6 5600 (7 CHHAEN A o A 7Y B F ¥ et eh
%] f& ( daemon program )i& {7 o (%4854 F & - & TR mﬁg,] % T AEA, 0 M

LA R BEE ORI B R RO R RETEE AN - i\

Y

NETR AR TR EH Yt Rk R R ek R SR RE e X

AT RFARBIRZAA R Uitz kpti ®

o

oo 1B 8 M1k TR TV S RS BoA AY TR BT 4 R
FRPFT-XRTRAEIH SN FF B (daemonize )T Pz & = 7
TREERGTE A TELRRGEY > FABARNGEFEL FRERR -

T BHEEZA I 4T I ANFELFERF RIS R B R
B2 fcPpate o @ #3te doi¥ 1 - Aie L ) (FIFO, first-in-first-out) 2. 7R 773 %
WP oo@ R EHR7 Bk 432 FIFO T 3 84> — L ATF R =~ > Bl

2P IE T RS RS oY M2 AT s 2 1 R BBkt R R AT AR

Bk 2B BOMAE (7 b e B SO ARPE A R F B S X T TR D
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EIEES Y VYRGS E L T T Ul PRSP SR

RHRFERPE R T AMBRERIERES B BRI S 3 TR A BE

EEFERE R R S VI TR S e rE Ea P R SACE ST ER
d A ARE R AR TR VRN SRFEEE 2 R sl
voe kiR E SR BERIR G ARAE R i g 5LJIPC ¢ inter-process

communication) ] o Z 5 F LBt AN I TR E AR Y s

<=

CRT> Fo e TR LA R OURH L T B R LR

=
N

_j

fR3 RN 5 o deB N B f2E 1 TS AR o 1 b STk jRE k SLZE

Ao B 3-1 5577 o

2
=
g
e 4 A sl
g Ak s
EF Héj‘—%"ﬁ' | Wavelength
A
= %‘*’ Sensor
A == Calibration
& ) DataBase
- — oF
i

Execution Thread| |IPv4 UDP __

Sensor Analyse i
Early-Warning ‘Execution Thread

etc 2 1
A ; . Wavelength /" Wavelength terrc

i Physical : '\Baw Data '_," Raw Data IP - 192.168.0.38
E Quantiy ! Y ¥
i Calculation |
I y Data logger

ﬂ FIFO Queue

On-site |
3 stoao MOXA embedded system

=1

PG WPERE AR A 2 PR 0 TR R RSB R KA &

AR AH e A AR I - HE O FTRHI R K0 g A

i
=

It

5 2
-

=5
ﬂ}
=5
ETTRS

EEBO T AP AT L AR RRG B 0B TRHCRRE R

b KRR o A TARAH & 5 FBGlogger.conf
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4

B2 R TPELR kPRI S % R e

GC97001C ¢
channel number = 16;
wavelength number = 30;
duplicate time_threshold = 2; // milisec
//'1, one sample; 2, Average over sampling window
// For 2, frequency (wv length range of each sensors are needed for statistics
conditioning scheme = 2;
sampling_period = 5000;
frequency resolution = 300; // GHz.
/loutput_interval = 30; // integer multiply of sampling period, no use for now
shadow logging = 1;
FBG IP ="127.0.0.1";
FBG_port=4567;
// Seconds, timeout threshold considered FBG disconnected
FBG_disconnect_timeout = 1800; // In seconds.
// When FBG disconnected, action to take
FBG_disconnect_action ="";
// The logger IP cannot be set. Probably the udp packets sent from FBG box is not
// udp-spec conformed.
logger 1P ="127.0.0.1"; //"192.168.0.14";
logger port=8002;
logger timeout = 3000; // milisec, at least 1000 for now.
debug = 1;
output dir="./";
output_file prefix ="CH";
output file rotate action="";
// For debugging. Forward what received at the logger
// to the specified location below.
//forward ip = "10.8.0.1";
//forward port = 8002;
§
pressureSensor {
id = psl;
description = "Pressure sensor 1, 30m";
/tempBaseWavelength = 1529.8;
tempBaseWavelength = 1529.39966953096;
tempWavelengthBounds = [1528, 1534];
/tempWavelengthBounds = [1350];
pressureBaseWavelength = 1530.447435;
pressureWavelengthBounds = [1528, 1534];
tempCalibration = [38.614207, 0.];
tempPressureCalibration = [75.13906509, 7.8291681665];
pressureCalibration = [192.2808489, 0.];
//Kpt=0.0751, Kpp=0.1923, Ktt= 0.0386 (kPa/pm), 1000pm=I1nm
// Tref =14.6972
pressureBounds = [-500, 2000 ]; //kPa
tempBounds =[ -10, 50 ]; //Celsius
H
pressureSensor {
id = ps2;
description = "Pressure sensor 2, 35m";
tempBaseWavelength = 1535.70255478167,
tempWavelengthBounds = [1534, 1540];
/tempWavelengthBounds = [1350];
pressureBaseWavelength = 1537.53531567124;
pressureWavelengthBounds = [1534, 1540];
tempCalibration = [39.100484, 0.];
tempPressureCalibration = [70.066119, 17.5851713553207];
pressureCalibration = [196.396607108092581, 0.];
//Kpt=0.0701, Kpp=0.1964, Ktt= 0.0391 (kPa/pm), 1000pm=I1nm
// Tref=14.3536
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pressureBounds = [-500., 2000. ]; //kPa

tempBounds =[ -10., 50. ]; //Celsius

H

pressureSensor {

id = ps3;

description = "Pressure sensor 3, 40m";

tempBaseWavelength = 1541.81396937432;

tempWavelengthBounds = [1540, 1546];
/tempWavelengthBounds = [1350];

pressureBaseWavelength = 1543.284548;

pressureWavelengthBounds = [1540, 1546];
/tempCalibration = [40.708, 12.];

tempCalibration = [35.07122, 0.];

tempPressureCalibration = [40.707965, 29.6501962];

pressureCalibration = [213.9198608, 0];
//Kpt=0.0407, Kpp=0.2139, Ktt=0.0351 (kPa/pm), 1000pm=1nm
// Tref=15.63553

pressureBounds = [-500, 2000 ]; //kPa

tempBounds =[ -10., 507; //Celsius

§

pressureSensor {

id = ps4;

description = "Pressure sensor 4, 45m";

tempBaseWavelength = 1547.33181316834;

tempWavelengthBounds = [1546, 1552];
/tempWavelengthBounds = [1350];

pressureBaseWavelength = 1548.608299;

pressureWavelengthBounds = [1546, 1552];

tempCalibration = [37.555134, 0.];

tempPressureCalibration = [55.45671998, 15.6049412];

pressureCalibration = [173.51253287, 0.];
//Kpt=0.0555, Kpp=0.1735, Ktt= 0.0376 (kPa/pm), 1000pm=1nm
// Tref=15.26304

pressureBounds = [-500, 2000 ]; //kPa

tempBounds =[ -10, 50 J; //Celsius}

pressureSensor {

id = ps5;

description = "Pressure sensor 5, 50m";

tempBaseWavelength = 1553.57531453627;

tempWavelengthBounds = [1552, 1558];
/tempWavelengthBounds = [1350];

pressureBaseWavelength = 1555.1500858;

pressureWavelengthBounds = [1552, 1558];

tempCalibration = [35.519989, 0.];

tempPressureCalibration = [53.25823094, 10.81899262];

pressureCalibration = [185.8419014, 0.];
//Kpt=0.0533, Kpp=0.1858, Ktt=0.0355 (kPa/pm), 1000pm=I1nm
// Tref=15.29312

pressureBounds = [-500, 2000 ]; //kPa

tempBounds =[ -10, 50 ]; //Celsius

}

FBGinput {

channel = 1;

threshold = 4000;

//file = "Data/19121015_Wavelength CHO_20160705113545 Raw.csv";

format = [ psl.pressureWavelength, ps2.pressureWavelength,
ps3.pressureWavelength, ps4.pressureWavelength,
psS.pressureWavelength];
}
FBGinput {
channel = 2;
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threshold = 4000;

//file = "Data/19121015 Wavelength CH1 20160705113545 Raw.csv";

format = [ psl.tempWavelength, ps2.tempWavelength,
ps3.tempWavelength, ps4.tempWavelength,
ps5.tempWavelength];

Jot S5 o P A R AR ARG B AN R A E A I R R

;:;J‘ _ﬁ‘-_—v’f o

LR Ed 5 kiR Rk T

2. eFd AT A TIVHOKRE P BORE KT

3. B¢ LRPI B kiR Rk Fih e

4. ik d B AR At 0 R R iR - A 1002 Backus-Naur Form (BNF)
FERS ORGP LRI E R uFR R

spec_blocks
| spec_blocks list

spec_blocks_list
: spec_blocks_list spec_block
| spec_block

spec_block
: IDENTIFIER
'{" spec_stats '}’

)

spec_stats
| spec_stats_list

spec_stats list
: spec_stats_list spec_stat
| spec_stat
spec_stat
: IDENTIFIER '=' primary ;'

primary
:REAL
| INTEGER
| STRING
| IDENTIFIER
| IDPAIR
| '[' elements ']'

elements
: elements ',' primary
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| elements primary

| primary

BT AAUEEEAXTFHRDOLE PR RK TP HAPR
*enfEd R G BPR S E (citpo)Z 3= Arcadia optronix #74 A enfEdd K o H i
T GC7100 55| A & > @ "GCT7100" ¢ & f33 RK T HB CREF ) 2 T
B.P Bl e 7 i g #ie(channel number) ~ # i ig # ~ & & #ir(wavelength number)
¥ H#g & (sampling_period, in micro-second) ~ % ## fZ3f ik 2. i 2 & B (FBG_IP) ~
i 3(FBG _port) ~ ## & & " ak(logger 1P)¥ id 21 3 (logger port) % %l AT e
P 4= % (output_dir) o gk K o BT A F Y A r A TR IR 2 A
(conditioning_scheme) °

LR BB edy i R Bl o 3V I KRS S B 0 oK B 2E 1) "pressureSensor”
EERALG LA GAPEERAY o A TR 135 km A A 2 eat i kR
Pp 303 50 F e T SRR ABRREPIELF T o e REE G R
BAt B 7 ie 22 R BIHAT F et SliciR BAeT

A—. ")

id: piR|BLz » ME=>

¥

F R R R R S LY o
description: p d F B » :LfF* o

tempBaseWavelength : 3 Z g B Bl BR3P 43 A £ o

tempWavelengthBounds : 3% B| B R A E R HERE 63 K o
pressureBaseWavelength : 3% B| B e R B2 %4 A & o
pressureWavelengthBounds : 3% g i B iR R 2H L £ qfv B H ;pfv Flz 62k -
tempCalibration : J§ & 355 % 4% $-#c

tempPressureCalibration : -K &3 8 & 4p % 5 2_d 4 S8k o

pressureCalibration : -k B3+ 3¢ € & 4 S8 -

pressureBounds : -k /B & 7P| F -

tempBounds : i§ & & Pl F
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FoF Rk RSERIREE KB T KSR

Il

Eiéﬁﬂﬁﬁﬁ%ﬁﬁﬂ’ﬁWQ”@ » 12 "FBGinput" & % H. 2 5%
WE oo ARHT 2 ST
channel : 4 ;Zﬁa?] > BB AT R Rl i o
threshold : 4p 3738 3 A% FRE PR E > /1300 2 1024 2 7 -
format: 5 — #f 07 Matlab “B*E gy i > N AR AWM - g2 PR BB o d 3D
GG et 4] > RPIBRAE A d E@FE A R A B|P > channel 1 &
RPIEREF I A% 5 psl 2 ps5>H P R4 kg uT 4 pressWavelength
A e it o 4p s fchannel 2 3 R PIE > PI¥RT] psl T ps5 ® auF B ki 0 12
T & tempWavelength 5 f5 it o — e WRFfRE kM~ TR it o BN EET L
R /P‘»T\#Jﬁ #ELSNEPEEETE TR ?#kﬁfkpfiﬁ}i/?‘lzﬁ»ﬁ%ﬁﬂ
Tfre RAREEATF HF AN FNL > T REHGF o
Bk B BB 0 FBGoutput' 5 RS ¢
prefix: 5 - HEZF 8 - %’*—*“ﬁi%] MFHPER b L2 L i L e
format: P| 3 — #g i  Matlabw £ 2. 3578 2 B 5 & B B 2. ﬁjﬂ!?#ifﬁ A
ﬁﬁjﬂ’.ﬁ;ﬁﬂﬁ}f}&\@]? PER (FEK) psl I psS 2 f&2E {62 B4 (8> %2 psl T psS
fRE Sz B RE - BRA EE R EA BT pressure ¥ temp & 7 2 o

Bed Y ks  FHREFFAREFHEB I SRS O NG E R
FESE T AREER LY AV BN sk ARl
O A g RN RenF BB E $ ¢ o 45 FBGinput “i i g Bl B
BIRE O RPIRPBIBEZ AL > F 3 AR BT 2 2 BRI EA Y Nan (Nota
number) 1 EEEAG] > EA BEAE T R RIBOEE oo BYEY s o H
HFHEOERFI APORPIELL G REARAF o BEAFATY L R

i LHEPEEEE > A BYEE RE o



M kR B RITERE AR SRR RS T RIRE S 2

R ORI B R K L e g5t

JoRIEE 4 A R R R E R R R - RRE G SR
K XTI R oo 5% MREARR DA LA AL ET Octave 425 %A
(pressureCalibrm) & p #d & R4>F L &k = = o Octave 22 B R 4245 & 7| e
B gk > 5 matlab e 2 5 o & Octave & 4 ¥ 4~ .pressureCalibr 2_ 15 »
AT 6B K- IHOREBI Rk e A2 ¢ 5 1 "ps] calibr_data" 5 ) o
31?]% t4 pressureCalibr p & B 77 f& & & & > Br4phl A8 : (R?)» % BfsFm
- FBGlogger ¥ 11 B 43 Boerpt P BR T Fe B @ # —*Ff R 2 F iy BHEL
TR e

d RGP R AT T 5 Mt > Byt 2 psl_calibr datam 5 0 4of] 3-2 ¢
AERI327° > APET LM psl RPIBEORFTREER g ALL R B2 Y L
ﬁmmﬂmﬁ;?%E@éﬁiéiﬁﬁﬁﬂ°ﬁ1%éﬁﬁﬁi@%?#’i
PRk v R EFRAE - HRERFZALFFD G
tempWavelengthbounds 1% % /§ & & i & [F] tempbounds - & ¥ | £ A >+ B 4 342 it
EFH e wRS UL R HER S %A 50 BRA  FALAR

FFRA T (Pealibr,0 5 1~ F B) cERERAE T DATA @ % = % H
LRIEAR TR EEESP DATA 11 b & HHATHE - 2 QP =L F
BE CGEAECRA) A LRI ARH R Rk SHBS PR R
SRR R4 2 FF 0 A W3e8T pressureWavelengthBounds £ pressureBounds 2
¢oo - R RPIBAE A FF T MR 33w oA B AR W AR
BRAF2ZERYMELRZERTY R oA FRFAPHE S o Hjer W RH T
WAR PIREME R RN AREBRA DR ERFEEAR AL TH
TR ATE 2 F A o
% Calibration Data for pressure sensor
% Sensor id

id="ps1";
% Verbal description of the sensor
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Wk R R PITPRFRE KRBT SRR }‘ﬂ@%]f’ 2T RERAKEL 2 T

I ARELRFYrA
AR - R R R ERARER LG S Ak kA PIB B kR
E ey FHr A (script) > REBFBRT FFEBEF > pRRGFHRE > N2 TR IIBE
Foipdt B4 %ri ¢ 7 : FBGlogger.shrotateDataFiles.sh £ removeExtraOldData.sh
H ¢ FBGlogger.sh #_i% B & & systemV fd24 1" 2 5 T3 8§ R T R 4017
FoASA P RAR o pBd AiAR A Mnit"tT A A o ZE R a0 AP A
fetc/init.d B 4¢ Z4E- 5L % (symbolic link) X %A » @ f k SR {7 A =
(rumlevel)2 3 6 7 3Kk T A4l % o (§1* update-rc.d FBGlogger default) °
@ rotateDataFiles.sh B § # ¥ i# 3 4 1 FBGlogger, % “wi% 425 f&3cp o &
el TR A R KT T T S8 AT B e fip -
rsync & 0 B3¢ L RIRE S AR FARKET N T IHED o RS
removeExtraOldData.sh #_% Fi 7 %73 0& 4 #7153 TR p & Redo fo i % 45 “ﬁ? °
Ao A K R IT 0 RIS F ALY T2 7 i (crontab) k R S o oK T
¢ A & X #H 7w & rotateDataFiles.sh 7 2 & % #H 7 - =%
removeExtraOldData.sh @ F & FHL A 2 F #F7R%r A » B F 00 i Sk & B i b
rsync &4 > FH P L BIRBRT o Pk TE I H T & o
VPR EAES > PR ITE LR G kT A B R L ATHE
DABERRERY BRI EEEHEL ARER R A PR
#P 4 R (OpenVPN) » & &g & pF - B [ AFTRE KT o BFEHPE
WA P ARG ok NP TRRRE Gk AT R T 4
Lo Rfpafp it @ Faans &
2. REEEEM - JI* Moxa & RaspberryPi 44 » ' R T v g s 2@ 7

e Windows s # i F 3|/ ITF i € £ it f250 o
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RPFE SR 2o TR g #F F RO fox FlEd PIUE® P OW G TREE 0 gk
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oI RE D e B LR S R E R TR L T R

NI pEEA AT AL AL S PP A T R(Goldschmidt, et al., 2014) o & F 4%+ o pF
By T

I FHEHE LR R

2. TR AME]

3. FMRIEE ¥ AR 5
F 5T E R AE R (0T)E ML TA . R B EA F ROk
PE O RA- L RRE RERE TR T

dNEAE T BAT RS S ST ST R AFRALY 5

-

Bt B EENREF AR FRASFRR Y S RERM AR

#* Bzt * e KairosDB % Grafana % FHE o T R W Ll e T8 ekl o

- ~ KairosDB
KarisoDB &pF A FREY £ § FHompREFE > BT EE > I R

P e w AR ES A RE A AL DR PREEATHERREL L o b

x\‘\

Bk e o m—fﬂziﬁ'{:}aﬁ Apache #PRE o 3% FPRE L 5 4 (7% * '?qzﬁi
P ehwt iy o g 8 1134 17 KairosDB 2 34 {7 %P (script) ; @ {86 4 # 2 4= MySQL »
postgreSQL £ FALE o PFA TR A 2 ik - LT HEAp R cndF it AFTHE
S H(schema) Jf 3 * 7R 7% 3+ > ¢ KairosDB # * Cassandra % & HREEFTHEE
4 %o Cassandra 3 L EA TN B R FEOAFTAHE > P 74 pFE_Facebook #7

B TR R ks & A KairosDB 73k 3+ @ #2471 (Scalding) % = £ & a7k 3+
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Fl+ o

KairosDB #_rZ J 4> python #2 3% 7§ 3 # > % % f e §& Apache ¥ Cassandra #
PR ¥ % (accessible)s i kP (24 P 45T ) o % % = {4 ¥ i 4 Firefox ~ [E &
PREITEERT F(FRF)EA o blde b A3 F P > A TRES Y £
PR 287 S p it RIRE o BIRE P IR E 1k 5 192.168.45.3¢

G XK hAd N 2R Y > T g hitp:/192.168.45.3:8080/ % 3k it F AL

-k

E o
AE - EFRAFETREY § 2 M TR PR TR A R
Bedboot5 H 2NILR AL A LA A EERT Y RAFEFR KR de

Eh

o
T
A
P
It
(ﬂ.
&
é_.
E3

LR R - RpBiag - - R
FEAR G EY SR OV SE SRR R c E AR B 6 AP
» ¢ psl.pressure ~ ps2.pressure ~ ... ~ ps3.pressure » W # R I = T Litkig 13km A
# 7 30+35...3 50 F Ee2 I HORBEBIE o @3t A E R (1060)F TR L
FHEFRILEFT o A EDRTE T IRk E P (LTWO03) > £ 7 KR AW 6
z % Pressure_30m ~ Pressure 40m...%¥/& 30 ~ 40~ ...70 K F o T & ¢ o A

#&U%EI}LZ’%? P ;‘C":;\I_L,\D,LB ,E\#_l_o

= ~ Grafana

Grafana P % kairosDB F & > & 5 FHladZ » 7 5§ E]ﬁ;—]:':ﬁ? Bk
o BUFRTIE A P EEES N cEEAFHHERE G R KD
TRV ERFSARE LT HE LS 4o influxDB ~ Prometheus...... % 5 &
#b 24 i g e 14 KairsoDB o Grafana £ £ 5337 407 SRR * F &2 RR By
I BT T iV RIS ERB A o T LIFR Y 'fﬁ"&f]%%ﬁ%i ) EI%?#»’E’:K

R e BT ST b)Y AT hpE A TR Bl ¢ 2425 p Grafana 2 5 )
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A MEALR A SRR AR FEN 56T FiE ABY AR
BLi LIVHORRE 5 RPIEUT K AR £ 303 80 K A £ 11 £ o d
WEERFE LT e ¥ 1 BE ARG NPT RT o P ST RET L
FELP 2 AR aA GRRpP Ry K EQ0I6)X FAET XK@
Brm il E p 2016 # F F R ARt RAPFR LR AL

LZEREe @dkid  TH=2BFF B # 2BARFARSINL TR
RAFfe e A L LB Y RE > iR L? > 2L AR o

2. d HipH AR P RORIT DI EET B EdFHE A4 LR
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3-13



MAa ki R RITERY L AR F AR B R L RS 2P
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3. RBEFE NS > d WRRIEZ b aEE o AR TR RIEREY
HP Rt 3T E - BRI VR HRERFHOET G

TP om B 2 3 HARBRERIER 553 80 F e WS &E TR

L@ p o RERRACTRA IR R AP R AR A TR RE
Bosr rpERRE o A B 2 IR R B AR 6 R R L R

Ao Rm TR MAREE R G d R A LR PR E
4oy £ GPS TR~ # R/ R RIFEMIER G DL R S FE TS ke
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R R E R L kR AR RS EQ017)E b L B E
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ART2 LTWO3 ehgflit s 1 4 2017 # = 7 4= == > (R0 235 1 3% 7
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ABREETH o B33 Y g pAcded A0 4 P ERLG E2RRTOR - R 3-3
P2 okBo e pded ERREEAMGEMELFIEE > § i E T fEE Tk
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2R e AR R T 30 K e TAL 0 Ao 3-4

LR FORRAEA T AP E R0 E e T KRS o Ao f] 3-3 91T
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A Bl R4 230 3054050 2 60 F ez KRR o BLBRCKR 4 F V3 IR R R T
PrEs g TR o om 30 K R R LR &’Efjﬁ}éim%i;{#&ﬂa ERRE R
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M40 5F e T EKR K 4 60kPa c St E ToR G T E S ok A @ 50 5Kk
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% - & Waspmote Pro v1.5 {§§ /i

Waspmote d Libelium = & #7#72¢ (Waspmote technical quide, 2016) » % Hardware = &
BER - ApEATH 6+ 4 L2 Arduino > Waspmote & ¥ W p iz 5 RTC ~ SD + &
HECZRREPIE 2 ATRETH NP a0 Gtk a G p Lo & F i Arduino
RiETEEebpel o d PV BES Waspmote S R P higpF o @ & IO %Rl 2 5
Waspmote # & 7 analog (I) ~ 8 digital (I/O) ~ 1 PWM ~ 2 UART ~ 1 12C ~ 1 USB ~ 1 SPI > #}i¢ *
Jﬁ"rﬁ 2o HApy A o Bl4-1 2B 4-2 5 Waspmote PRO V1.5 Hardware B » 4 % 5 & & %
T m

o % 4-1 5 Waspmote #p b F 4L 32 o

Crypto Accelerometer SPI - UART
authentication Socket

Radio Socket 1

Sensor /O

Sensor I/O Radio Socket 0

Microcontroller USB Power LED

Crystal Oscillator

Mini USB
Reset Solar Battery LEDs Switch  Switch
Button Socket Socket ON/OFF Watchdog
Sensor connector:
ANALOG - n 3v3 SENSOR POWER
DIGITALE m ® | GND
DiomALs | @ W | piomaLT
DIGITAL 4 - n DIGITAL 5
DIGITAL 2 - n DIGITAL 3
RESERVED - DIGITAL 1
ANALOG & - n ANALOG T
ANALOG 4 L I ANALOG 5
ANALDGZ | @ W | ANALOG3 GND | B B | GND
3V3 SENSOR POWER - n ANALOG 1 ANALOG 6 [ [ ANALOG 7
i oinial VI i o 3v3SENSOR | M W | 3V3 SENSOR
SDA | m m SCL

Auxiliary SPI-UART connector:

AUX SERIAL 1TX
AUX SERIAL 1RX
AUX SERIAL 2RX
AUX SERIAL 2TX

BATTERY

GND

scK

RXD1

D1

3Va SENSOR POWER
Mosi

MISO

[Fessassnnnea]
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% 4-1 ~ Waspmote g i 7FF# 2 (E 2§ Libelium = 7)

General data |

Microcontroller ATmegal281
Frequency 14.7456 MHz
SRAM 8 kB
EEPROM 4 kB

FLASH 128 kB

SD card 2GB

Weight 20g
Dimensions 73.5x 51 x 13 mm
Temperature range [-10 °C, +65 °C]
Clock RTC (32 kHz)
On 17 mA

Sleep 30 uA

Deep Sleep 33 uA
Hibernate 7 uA
Operation without recharging | 1 year*

7 analog (I), 8 digital (I/0), 1
SPI

R RRBEG TR SRR TR o

e

PWM, 2 UART, 1 12C, 1 USB, 1

Battery voltage 33-42V

USB charging 5V —-480 mA

Solar Eanel charﬁin% 6-12V-330mA
Accelerometer +2g/+4g/+8¢g

Low power 0.5/1/2/5/10 Hz
Normal mode 50/100/400/1000 Hz
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1

¥ = & Waspmote g%t

ARl R kKA 4R RSP E" R T 0 AR PRI ER
BEITEPRZ A A HAFRGFZRBIBAAM AT E N B o AR B BhSHP 2P £ H - L H
Ffrié * c02 Arduino % & & e % 0 @ &% Waspmote - Waspmote % A7 e 35 2
AWAe 2R F1IE > #2 Arduino { 7 2% - P H SR EP2ZHARBR (AT &
fe)frho it 2 A A > A5 T2 6 0 #- 4 Arduino # § > T F {1 * Energy
System k#7415 3 2 454~ - @ Energy System * ¥ 4 % ON ~ Sleep ~ Deepsleep ' 2 Hibernate
L R S —“‘Ff % i Synchronous Interruption g Asynchronous interruption v FpEFR,
P i1 Waspmote ° T w7 RSN ek 41 8 > @ & 4-2 5 Waspmote = /a7 oSN £ R
2 JFE o
® ON: I ¥i#FH o« Aefpi™Pf4£: 17TmA -
® Sleep: 1 AR #7is > ek Bk » F%, & > ¥ d Asynchronous interruption = Watchdog

# 4 &0 Synchronous Interruption wf i o 3% F pF B 1 7 12 H48 32ms | 8so Ayt fA k& T

e 42 5 30pA o B 4-3 5 Waspmote & » Sleep mode 7 47 ] °

Ao FiR¥ 4L Y Watchdog - ' 7 #- Watchdog 4p B 2 42375 & » Waspmote

o T RN A % 2 {8 0 B[] 4-4 =12 2. Watchdog Switch B -

(ﬂ.

1-Go to SLEEP
5-Go to Main program *
Interruption Main SLEEP
treatment program
L - : Wake up sources:
4-Treat the interruption 3-Return to the *Sync Int: watchdo
Main program *Async Int: all
Activate
Interruption
Flag

A

2-Interruption wakes up Waspmote

#] 4-3 ~ Sleep mode /> 2 H](#F A Libelium = )
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Crypto  Accelerometer SPI - UART
authentication Socket

Radio Socket 1

Sensor /O

Sensor /O Radio Socket 0

Microcontroller USE Power LED
Crystal Oscillator

Mini USB

Reset Solar Battery LEDs Switch Switch
Button Sockel Socket ON/OFH Watchdog

) 4-4 ~ Watchdog Switch = ¥ Fl(iz12&)(# § Libelium = )
DeepSleep : i 425 &7 & > ficdr 4] F:& » FH#,% i > ¥ d  Asynchronous interruption & RTC
“7f§ % ¢ Synchronous Interruption wf A o i i JaIR AR IR ¥ 1L EJEH Tl A ~ [ FF s R o

et B AR T et 42 5 33uA - B 4-5 5 Waspmote i » DeepSleep mode i 47 8] °

ON

1-Go to DEEPSLEEP
5-Go to Main program

| 1 Y

Interruption Main DEEPSLEEP
treatment program
+ 3 p I Wake up sources:

4-Treat the interruption | 3-Return to the *Sync Ift‘ RTC
Main program *Async Int: all

Activate

Interruption
Flag

’ |

2-Interruption wakes up Waspmaote

#] 4-5 ~ DeepSleep mode 7= 2 K| (4f p Libelium 2 )

Hibernate : 2 A2 5 % 1k > ficdyr#] B 4o¥7F Waspmote bl = 2 $rH i 4% o £ ATHRIER & 0

PiE— % B3 RTC ¢ ehdd Godecndf 8 (o) ¢ #7) o L3k 8 cn IR ™ 12 ) 51 A

S PP T BT R A R AR ST S HRTC BT 0 bR G T
;4%5:‘%

TuA - BBl 4-6 5 Waspmote i& » Hibernate mode 77 #4718 °

He > gz '*Ff #£ & % * Hibernate mode > ",f 7 # Hibernate 4p & 2_ 423V 785 8 »
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Waspmote » ¥ Z > 2587 8§ » = = {5 0 4B 4-7 1= A2 Hibernate Switch = -

ON 1-Go to HIBERNATE
Turn Waspmote OFF
4-Go to Main program *
1
Interruption Main HIBERNATE
treatment program
ifHibernated) Wake up sources:
Activato *Sync Int: RTC

Imterruption Flag

3-Treat the interruption

Z-Interruption turns Waspmaote ON

# 4-6 ~ Hibernate mode /= #Z B (3 p Libelium 2> )

o
Qg4

2 ge
QI“O 1 © ©00g
[(] ‘sas’ ¢

sl opa

r
L5 o
L
L L]
R @

TITTTN
RTC B .

w4

SD Card

= " - 0
& 4 i1e e b 3
- - . i &
= | i bt o -
= g -

| Hibernate Switchl

@ 4-7 ~ Hibernate Switch = ¥ ] (i'—f‘fri)%@)(:}ﬁ g Libelium 2 )

% 4-2 ~ Waspmote = % F 4558 £ § 2 32

Consumption | Micro | Cycle Accepted Interruptions

ON 17mA ON i Synchronous
Asynchronous

Sleep 30uA ON 30ms - 8s Synchronous (Watchdog)
Asynchronous

. Synchronous(RTC)
Deep sleep 33pA ON 1s - min/hours/days Asynchronous
Hibernate TUA OFF Is - min/hours/days | Synchronous (RTC)

4-5
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B

Synchronous Interruption ¥ 4 5 % ¥ frip $+73 fEag 4

1 28 54 AR k2 45 TP %) 4 Waspmote wf i » ¢+ d RTC 4524 -
Flde t 3 4 g E WP %] 0 3% € Waspmote F *tF X AM 10 : 00 fZ% - f] Waspmote #-¢
H A ks X AM 10 00 L% -

2. AA¥LETRIIE SR 0 & TR E TR - Waspmote v fE 0 0 d RTC foficdr 4] B ap
2% Watchdog & {73241 °

DEE TG AM 10 000 0 3 H & 10 4 454 Waspmote =% 2 > B] Waspmote #-

*AM10: 10~ AM 10 : 20 ~ AM 10 : 30...F2 % o
Asynchronous interruption R £ 4] * g i 2§ K {2 Waspmote 0 F] gt & 2 P

F& 18 2. Waspmote @ ¥ € Ahef i o 12 4eig B R P E 5 6] 0§ Waspmote P edeid B R P B 4

-

HREF F(HopkE 8 2 wee % E) 0 #-82 Asynchronous interruption & # » & H ek g o vl

R
A
|

s

AR ey > £ — 75 0 Synchronous Interruption f= Asynchronous interruption PRF L

Waspmote j%_Sleep mode f- Deepsleep mode ¥ =t ff- e & > & 3 RTC 5 Synchronous Interruption
4 it #-2 j¢_Hibernaten mode ¥ % fiZ o p* *t » d > Hibernaten mode % 2 ¥7F 1 Waspmote g
o T A FRRTC &7 - 5 BEDFUFE & PR > TRARLATRIE B¢ % (T

F& L = fE_setup B 4o o F]p g H ﬁ #i% * Hibernaten mode % %f *t ¥ J& #2.7% #% e 42 o

% = & LoRa P2P Test

~=x LoRa P2P Test % & 7 LoRaWAN US module ~ " £ % (SCA103T-D04)2 2 3 -k & 3+

B

Soil moisture sensor v2.7.3)i& (7 iR|:E > fie & ~ B it s Waspmote “HER 5 2. g Rk &
p

*hE T4 Bi Waspmote A & =T kiR o gt b > T %E X Waspmote 2 4L T B 0 A EKE Y

Energy System 2. DeepSleep mode > % % Waspmote »*-# -] & FF Fp At ek f > T 38 (T 5K E

BEAL L B2 B0 BF R R i~ DeepSleep mode - @ 4% LoRamodule 2 % §E4 & 47 & ﬁ"]

BIFED G 0 FIBF T 48 H7% 2 Bk f@ﬁ%ﬁ&%’ﬁ-i?'}éﬁ o fp pF > % & LoRamodule st 3 &7 % "8

sUE2N ﬂig‘] BR BT PRI DT & %F 7 Augustin, Yi, Townsley (2016) > 44+ LoRa module
4-6
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2P SO FF R 7 3R B (LoRaWAN R1.0 open standard, 2015) -

- " REREAE

LoRaWAN US module(4- ] 4-8)

#] 4-8 ~ LoRaWAN US module(4§ p Libelium = #)
LoRaWAN fi3i.id i UART & {7 *g 2 > ¥ i 3] SOCKETO & SOCKETI -
EIE = E A
e 1 {FFTRL33Vo
* 53k ! LoRaWAN 1.0 » A #f -
e US902-928 MHz ISM band -
e TX#ZFx ! ®:iE+18.5dBm-
e  ®AAR %% -136dBm -
* FRIME>IS2ZFHRSDL o
o o
On:27mA / @ FH 11244 mA / #fcFH 1 135mA
o AT FEEF 1250 3 12500 bps °
@ ¢ * LoRa module ¥ » Z 5B » 255 e SN H 2 (FAn M S 82 R E 0 B
430 (lod RT3 AR R%K TR 2L S
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# 4-3 > LoRa module %-#ck ¥ 2 4 B Function(#3Z j Libelium 2 7)

Waspmote Pro v1.5

uint8_t radioModuleSetup() | radioModuleSetup();

SOCKETO0 or SOCKET]I

LoRaWAN.ON(SOCKETO0);

Enable P2P mode LoRaWAN.macPause();

2~20 (15)

LoRaWAN.setRadioPower(power); LoRaWAN. getRadioPower();
902300000 ~ 928000000

LoRaWAN.setRadioFreq(frequency); LoRaWAN.getRadioFreq();
sf7 ~ sfl12

LoRaWAN.setRadioSF(spreading factor); LoRaWAN.getRadioSF();
4/5, 4/6,4/7, 4/8

LoRaWAN.setRadioCR(coding rate); LoRaWAN.getRadioCR():
500, 250, 125 kHz

uint8_t socket

uint8 t power

uint32_t frequency

char spreading_factor(]

char coding_rate[]

uintl6_t bandwidth

LoRaWAN.setRadioBW(bandwidth); LoRaWAN.getRadioBW();
h de[] o
S LoRaWAN.setRadioCRC(crc mode);  LoRaWAN.getRadioCRC();

s J i & & en4dic i Spreading Factor ~ Code Rate 12 2 Bandwidth » #* = —‘ﬁ 2o TR

¢ ¥ LoRamodule 2 ' &5 2 i+ 3125 7R -
Spreading Factor(SF) & %47 F1+ » % %48 715 5 1 P > #icdp 1 e "1, KA o F BN
FIF A A4 Tt D101, k27 10 SR BEOEGT 2GRl Sy gt
Ui 1 T B A T TS AR WP e AR ) SfS 3 (Code

rate) 5 - ® o MILH

=
=

ALGR P F O R (FEAR) I ] o 4 i}b{;n, v ok g 5 E_k/n o
RI$FF k =3 % T3> %l BAX A4 n manF > 29 nk &% 40 47 % (Bandwidth) R
dp BIE- A e * $k £ o
v' LoRamodule '* # 5 &2 {2+ F 4 A &
%% B Aloys Augustin & 4 % £ 3 PMC #f 7] 2_ ¥ % “A Study of LoRa: Long Range &
Low Power Networks for the Internet of Things” » ¥ 4% & %+ LoRa module i& {7 % » B
HH 2R S8 73 FoLoRa 2 # 12 & %% ¢ 7 Bandwidth (BW)~Spreading Factor (SF)
112 Code Rate (CR) » izt S - 8 LoRa 33 W2 § st F 5t e Fiofam gy

PR TRAN R PR AN
Ry = SF X 2 X CR5 # > CR %t 4/(4+n) > n € {1,2,34} -

8 bp > F#-LoRamodule %k 2.3 BW=125kHz > SF=7> CR=4/5> p|¥ 'gd 3
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ikl o ipdt Sl & BRRM Ben@ACR o - kI 4 Bandwidth (BW) - #
¢ *% ™ LoRa #& 4t B & 57 & ; #{ 4v Spreading Factor (SF) > B € 3 v LoRa &t E &/
*%# i< Code Rate (CR)R| 242t 473 @ firg F3fenfiin™ > " M A 245385 (PER) >
1L A/8 2 SRl GGG s e A5 2 S G H BB B LT A 445

LoRa #.7 3 B fe#pif 71+ 2 < & 57 & (dBm) -

% 4-4 ~ LoRa £t B & 5 & (dBm)(¢ Aloys Augustin ¥ X #7132

SF
7 8 9 10 11 12
BW
125 kHz -123 -126 -129 -132 -133 -136
250 kHz -120 -123 -125 -128 -130 -133
500 kHz -116 -119 -122 -125 -128 -130

K FB € LoRamodule & 5 8 AR & - T2t M FLR-SFR 2 5 12
BW % z_ 5 125kHz > P|¥ % LoRa E 4t B & AR N 5-136dBm > @ At FF &K 27 o B
%éﬂ%%@ﬁéuﬁiéi’%éﬁﬁﬁﬁiﬁﬁaﬁ$CR@,%g@wﬁﬁ%i
g Mo Fid- 24 * i LoRa module # 4~ 425973k @ (7 CR=4/5)> ¥ ¥ ## % 4 5 0.293Kbps
LoRa module #f & # 7% jp| &
=P E I M L

*plzEw 1% Google Earth iE % LoRa receiver(F 42 Jcz4)?c & 822 #ic® LoRa
sender( 7 423 % :8)2. € P2 o & § LoRa receiver(F A2 £ Jc=8) 44 | 50 B 4+ 1 > LoRa
sender(F AL 3 # )T /LT - B ERIEAH o

@ &R LoRa receiver(F Al4&ycsf) e B3t A 3 A1 25 L EHITE B
T 8L L FE TRLAE-LoRa sender(FAL#F Ex) S 1 L BERIE - 7 ERIEASF 2 E R

FEHAC ] 4-9 1 o % 4-5 5 e HF R
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L-:;] LoRa receiver =

.
[ ] 1 |

=X

\
: _‘_\Google E\é{rth

W 4-9-~ 3o HEPE-EPRIELSFTEE PR

% 45~ ZRIgdtE HEHR

£ plgk He ke

137 m 0

216 m 0

324 m 0

450 m 0

576 m 1

654 m B g A pAIR
845 m 0

447 e 0 654 mRT R BEAE TR R L f 0 A K HFL
FIPBIAR A REERRFZZF SFRI X Garad > @ T BLE
GANEE ST S SRS RERREE 1 L EEE R L E AN G EE AN

dat AP dY > W HER R F(FREFTHEAR) 7 £ ATRIET 5
AT LR G U SR AT R F Lt T ki 13km AU A4 5

PR RS E S NS o PR M S 0 B ARG B TR A FER
BRI AA 2 X F RS R A 2 AR # *@ﬁxJﬂiﬁﬁ%%9°
v LoRamodule & i i#& ﬁs?l BEHIP) 2R
BlEES G Ep

*ipl3E e f1* Google Earth £ % LoRa receiver(F #l4%jcs)?c % 222 #ic® LoRa
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Hels

MR R G AR RIBCE

sender(F #43 % :4)2 ¥ B2 o 7 & LoRa receiver(§ #L4% Jc3#)dc 3| #c® 3+ ¢ % > LoRa
sender(F L4 F )T AT - B EPBA B o

M & PR LoRa receiver(F A s e g 23 A F o ¥ A - 1 47752 7 7
FHE T R R TR L e LR 2] LE)# LoRa sender(F A i ) #5 3
LRERIE A ERIEAST 2 EREEYLIoR 4-10 4T o Bd A FERT oo Bagera £

BTl 2 fEHE G 1876 m o

—

m4w~&ﬁ@ﬁ&ﬁﬂ%—iﬂ#ﬁWE§M&$
#1 41 % (SCA103T-D04)(4- Bl 4-11)

A

Wl 4-11 ~ ¥4 &k SCA103T-D04 (4 §# Murata = ?)
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SCA103T s 7| H 3 * £ 4 B # BRI 3D-MEMS nH shif A & & 7] B3 REHF R
TR AR B R B A PRI ek Bl 2 2 2 e oA 230 # SCAL03T & 5 3 M

BT RBAIEBEE o d 3 EF AR R it o AR e A RRS T 3 AR 0 U

AR 20000 g s R R o ) 4-12 5 SCA103T-D04 51 %r7 £, B 4 4-6 5 SCA103T-D04

51 Hrks it e

AEBEFF o7

e SPI /iwm
dRIgrA w L

1. VDD : % »tigfxq & o

2. GND: * 42 o

3. MISO : # % master B—*»?:}—'@?J 4 #a i slave Eﬁ??#—'ﬁi%] r o

4. MOSI : # i master B.—*»?%}iiﬁa?lﬁ ; s slave Eﬁ??#—'ﬁi%] a1 o

5. SCK : SPI cp*% i 5Ld master 1474 4 1 FL (12 %}”)‘f?ﬂ*” (R

6. CSB: s 7 3k > slave £ 5 5L > d master 74 o slave ¥ 3 & CSB 7 5L 5 M T 2pF »
1 € ¥ master gk PRI R

* 1EREEHSVe

* BlE #F : £30°SCA103T-DO5 -

e HFrA :0.01° (Digital output) / 0.001° (Analog output) e

o R A Egrdldzre R4 F(-3dB 18Hz)

*  RHIREZ - F @ EF 12(20000g)

© LERERL LG NG g

C“\ﬁ‘

o

o EAPRIE RILSE L o
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SCK

=] [

MISO

MOSI

oUT 2

=] [o] [5] [%]

GND

VDD

O—>

— —
— ]

OUT _1

ST 1

ST 2

ENE B
o=

CSB

Bl 4-12 ~ SCA103T-D04 5! %~ X, W (@3 § Murata 2 2)

% 4-6 ~ SCA103T-D04 31 %rf i (4 p Murata 2 7)

No. Node I/0 Description
1 SCK Input Serial clock
2 NC Input | No connect, left floating
3 MISO Output | Master in slave out; data output
4 MOSI Input | Master out slave in; data input
5 Out 2 Output | Output 2 (Ch 2)
6 GND Supply | Ground
7 CSB Input Chip select (active low)
8 NC Input | No connect, left floating
9 ST 2 Input Self test input for Ch 2
10 ST 1 Input Self test input for Ch 1
11 Out 1 Output | Output 1(Ch 1)
12 VDD Supply | Positive supply voltage (+5V DC)
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®l 4-13 ~ 7 -k £ 3+ Soil moisture sensor v2.7.3 B (3 p H*E)

e DRCER:IFHIFBEF Fdod 47977 o

247 FBFEGEL(FERD #R)

Name Register | R/W | Data length
GET _CAPACITANCE | 0x00 (ry |2
SET ADDRESS 0x01 w) |1
GET_ADDRESS 0x02 (1) 1
MEASURE LIGHT 0x03 (w) |0
GET LIGHT 0x04 (ry |2
GET TEMPERATURE | 0x05 | (r) |2
RESET 0x06 (w) |0
GET_VERSION 0x07 | |1
SLEEP 0x08 w) |0
GET BUSY 0x09 () 1
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Bw o Mot RO R R
QRS B PR IP o
12C 4 &
ERE S
VDD @ * iR e
GND : * M4 o
SDA : Fi#L4t (Serial Data Line) ©
SCL : p#7% & (Serial Clock Line) °
1 TR R EH33V 25V 2 /oo
T4
Z R 1.ImA@SV > 0.7mA @ 3.3V -
EEFRER [4mA @S5V 7.8mA @ 3.3V -
FrEMEOR B, TN THEE 45mA @S5V 0 2.8mA @ 3.3V ¢
1 1F8 & 0°C - 85°C »
BEFEEERR M (E2ERFRP <10%) -
% % SCL f- SDA sk &+ T 12 o
Bin 2C 1 5 0x20 (L= sed]) -
FEAPIRBR O FAFHEOF2BFE
FEEARARP > BERHFFTEI R >RARCHRAIELPIE > TF 348108 0 AL

FHRABB2BFE o

¥

FEUBER  HAFHESHE2 B

FR B BDIRC & o o r#TH

o
foni3
y
g2
e’
R
3
\i{rﬂ\a
had
o
F
F_w.
E
[
|
H\-

FRQE B E 6B g 120 # o
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#§ ~v 5<(Waspmote Proto Sensor Board v2.0)(4- 8] 4-14)

GND

Pin 11 Pin1l Pin21 Pinl2 Rig22 Pin33

W] 4-14 ~ 3% -« %= Waspmote Proto Sensor Board v2.0(¢x p Libelium = &

Sersor Board -.B

wote Proto

NaS|
L E B B

' & b
8
® a0
8@
2@
® 0
L]
L
o0
L]
]
C ]
L]
X
| I

e e
- e

% 4-8-1~Pin1 2 Pin12 3!1%°2 5 it (4§ § Libelium 2 7

)

Pin

Description

Digital input/output signal DIGITAL8

Digital input/output signal DIGITAL6

Digital input/output signal DIGITAL4

Digital input/output signal DIGITAL2

Reserved

Digital input/output signal and analog i|nput ANALOG6

Digital input/output signal and analog input ANALOG4

Digital input/output and analog input signal ANALOG2

Ol |w]ka ]| =

3.3V Power supply (SENS_PW_3V3)

-
o

3.3V Power supply (GPS_PW)

—
—

SDA (12C bus signal)

—
8]

SCL (I2Cbus signal)
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% 4-8-2~Pin13 1 Pin33 51%r2 (3 § Libelium 2 )

Pin Description
13 5V Power supply (SENS_PW_5V)
14 Digital input/output signal and analog input ANALOG1
15 Digital input/output signal and analog input ANALOG3
16 Digital input/output signal and analog input ANALOG5
17 Digital input/output signal and analog input ANALOG7
18 Digital input/output signal DIGITAL1
19 Digital input/output signal DIGITAL3
20 Digital input/output signal DIGITALS
21 Digital input/output signal DIGITAL7
22 Transmission Output UART 1 SERIAL_1_TX
23 Reception Input UART 1 SERIAL_1_RX
24 Reception Input UART 2 SERIAL_2_RX
25 Transmission Output UART 2 SERIAL_2_TX
26 Battery Supply Voltage
27 Ground GND
28 SCK (SPI bus signal)
29 High interrupt input signal RXD1
30 Low interrupt input signal TXD1
31 3.3V Supply Voltage (SENS_PW_3V3)
32 MOSI (SPI bus signal)
33 MISO (SPI bus signal)
e iw o
. TRTE D33VA-SV

s VI IEHEETRITR ISV
e E K LFRoON (i) 200mA

7 n (M 1) 1 400mA

o HrAJSEEIIHMrT R 1 -05V I 3.8V

o HgEH EE A TR 03V 153V

o MESLEFI T in 1 40mA
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= ~ Waspmote 3 P Plid %%
ek p E o 2017/06/19

# * DeepSleepmode » PEFR PFFIF 2K 2 5 30 45 ©

() BRIy @ 4oB) 4-15 - Bl 4-16

W 4-15- LoRa ¥ :#4f ¥ W

%] 4-16 ~ LoRa &4 & Bl
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(T T LI RS Tik=

LoRa # i34 : 7 %% LoRaWAN US module % % ** SOCKETO0 > & Al &(i2r) 2
KB (R =2 51 %rR] % ¥ >t Waspmote Proto Sensor Board v2.0 F - & 41 # 4 2R3E i (T R P
RO R B B EGR R T B RFR AT B S4B 4-17 S ) 0 R F D
FAp o3t Waspmote > TR m A o

LoRa # 1z} 2 #& % LoRaWAN US module % % ** SOCKETO0 ¥ o

"Dodeess
wieebee o
jeee

toehpRee

(X TSN 1 1 ]
oML La@®
o0es @Oe 7
086 ae " -
oorc. e L=
St oo o *
"00C @
*000| " #® \
ooOoffe .
o0Qge®

) & &

P
ce00 G000 000000

060000 0a
0PAARG

B 4-17 ~ S 3 5 §

(=) LoRa & & #2378 5 B (FFIL*t 4 4-9)

# 49LoRa E X BB ME
Waspmote Pro v1.5
char data[] 0102030405060708090A0BOCODOEOF (HEX type)
char data[] = "0102030405060708090A0BOCODOEOF";

uint8 t error;
char aux1[30]="";

dtostrf(Sensor data, width, precision, aux1);

Sensor data send //#- Sensor data # % Stringtype I~ &% % > % #c aux1 2 ¢

// width @ F 4L % & 3K ;5 precision © /| BB B3R T
Utils.hex2str((uint8_t*)aux1, data, 5); /3 #L25 i & 4 (HEX—String)
error = LoRaWAN.sendRadio(data); // 3 #2 & i%

error = LoRaWAN.receiveRadio(Timeout); // F #2451
Sensor data receive
// Timeout : 0 ~4294967295ms
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uint8 t buffer1[30];
uintl6 _t size;
uint8 t sd answer;
Sensor data char filename[] = "FILEL.txt"; /3 T46 % & FH& 13

store in SD card sd_answer = SD.create(filename);//2& = #§, %t SD +

size = Utils.str2hex((char*)LoRaWAN. buffer, bufferl, sizeof(bufterl));

sd_answer = SD.appendIn(filename, bufferl, size); //#-F #L % » SD +
SD.showFile(filename); /&g 77 &% 5 >+ SD * 2_ T4

()R F B %% D 4ol 4-18 ~ Bl 4-19 0 2 5 5 LoRa 3 if 5 & e foih
P B P AP G 2017/06/19 0 3 * DeepSleep mode > BEFRPER 5 30 ) 0 @ 2IRF AL B

B304 0 KRR 1AL

= = P
Tine, Deg., Hoist., Temp., Volts. -
Hon, 17/06/19, 13:09:32,-12.4,7.13,28.6,4.13
Hon, 17/06/19, 13:10:32,-12.5,6.73,28.6,4.13
Mon, 17/06/19, 13:11:32,-12.4,6.73,28.6,4.13
Hon, 17/06/19, 13:12:32,-12.4,6.73,28.6,4.13 3
Mon, 17/06419, 13:13:32,-12.4,6.86,28.6,4.13
Mon, 17/06/419, 13:14:32,-12.4,6.73,28.6,4.13
Mon, 17/06/419, 13:15:32,-12.4,6.73,28.6,4.13
Mon, 17/06/419, 13:16:32,-12.4,6.73,28.5,4.13
Mon, 17/06/419, 13:17:32,-12.5,6.86,28.6,4.13
Mon, 17/06419, 13:18:32,-12.5,6.73,28.7,4.13
Mon, 17/06/419, 13:19:32,-12.4,6.73,28.5,4.12
Mon, 17/06419, 13:20:32,-12.4,6.60,28.5,4.12
Mon, 17/06419, 13:21:32,-12.4,6.73,28.6,4.12
Mon, 17/06/19, 13:22:32,-12.4,6.73,28.6,4.12
Mon, 17/06/19, 13:23:32,-12.4,6.73,28.6,4.12
Mon, 17/06/19, 13:24:32,-12.4,6.73,28.6,4.12
Mon, 17/06/19, 13:25:32,-12.4,6.73,28.6,4.12
Mon, 17/06/19, 13:26:32,-12.5,6.46,28.6,4.12
Mon, 17/06/19, 13:27:32,-12.3,6.73,28.6,4.12
Mon, 17/06/19, 13:28:32,-12.2,6.60,28.6,4.12
Mon, 17/06/19, 13:29:32,-12.3,6.73,28.6,4.12
Mon, 17/06/19, 13:30:32,-12.0,6.73,28.6,4.12
Mon, 17/06/19, 13:31:32,-12.3,6.60,28.6,4.12
Mon, 17/06/19, 13:32:32,-12.3,6.80,28.6,4.12
Mon, 17/06/19, 13:33:32,-12.2,6.73,28.6,4.12
Mon, 17/06/19, 13:34:32,-12.3,6.73,28.8,4.12
Mon, 17/06/19, 13:35:32,-12.3,6.73,28.8,4.11 il

W 4-18 ~ LoRa 3 #=3 FH6k 3 fn
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Time, Deg., Moizt., Temp., Volts.
Hon, 1 9 (09 1
Hon, 17/06/19,
Mon, 17/06/19,
Mon, 17/06/19,
Hon, 17/06/19,
17/06/19,
17/06/19,
17/06/19,
17/06/19,

19,

17/06/19,
17/06/19,
17/06/19,
17/06/19,
17/06/19,
17/06/19,
19,
17/06/19,
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REF(E F) RREFF )
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Model : SSBSW-12

Standard Test Condition : 1000W/m? , AM15, 25 +/—2°C
Max Power : SW

Max Power Voltage : 18.25V

Max Power Current : 0.28A

Open Circle Voltage : 21.96V

Short Circuit Current : 0.31A

Net Weight : 0.55 KG

Size (L/B/T) - 185x240x17 mm
Temperature Range : —45°C to + 85°C
Frame Materials : Aluminum

Output Tolerance : £5%

= i A B (AR 4-22 417 )

i CHARGE POWER

SOWAR L

| CHARGE CONTROLLER
PWM

o

Bl 4-22~ X BB i i d] B

Lifnd BEEABABEE 0 T BHEEARET S > LA BN T SES

B $ Hts 4 7 2 Waspmote 2. T 4 I 0 B2 @55 N T R BI(4cB) 4-23 #1m) o
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Bl 423 27 F @i S5 4 W

PRAFER

BsY
9
-

P e MA2N B E = 2 0 444 LoRa module #d — o 4p B iRI3E - 4odf @ HTRIE -
PR WEEERRIE R TP R E > RTINS R S LT o

BT ph 0 e o P e Bl FOR BT MR R A 0 oWl 4-24 A1 o @ AL RAI AL
. Waspmote Proto Sensor Board } % 34 2R3E & » L #-H & ¥ 3P 2RHE L o deR] 4-25 82 B
4-26 #1517 0 & W] A AL IR (SCAI03T-D04)% & =0 {s o

M A R A R P % 3> Waspmote Proto Sensor Board v2.0 2. 3 & B Fli — 2 { P (5%
AR > VB R THH > A 25 B Waspmote Proto Sensor Board v2.0 # 3 o 3 3%

BEABAFLE LSS 2 E PR IR 427 A7 o ARFEFIEFP el T ABEHE
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B 4-24 ~ 3% & 7 -k £ 3+ (Soil moisture sensor v2.7.3)2_ # f#.

B 4-25 ~ AL R (SCA103T-D04) % § =

424
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e = § e LTWO3 kit KBRERE 29— N ZRBLAEDIREHFEF B
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F oo fe i X 30°e0if B TS HAkeDIR g o

AILEGPIERA o AYRIEES Mt 42302 LoRaWAN 2t 4 > k3= A kB LR eh
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