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ABSTRACT

ABSTRACT

Hillside residential communities in Taiwan are threatened by
landslide disasters caused by extreme rainfall events, thus the
forecasting and warning system based on automation monitoring system
on slopes is crucial for the communities. To accumulate huge amount of
monitoring data to establish the Slope Management Forewarning Value,
the durability and stability of monitoring devices is the key components.
Most of slopes with artificial retaining structures are protected by
anchors, however the working load of the anchors are rarely monitored.
This study aims to integrate a monitoring unit for pre-stressed anchors
into the intelligent monitoring system for artificial slopes developed by
ABRI. Numerical simulations on the selected slope will be conducted to
investigate possible failure mechanism. A complete monitoring package
for landslide disaster forecasting and warning system is developed and
used in promoting the automation monitoring services for hillside
residential communities.

Keyword: Hillside residential communities, Integrated Safety
Monitoring System, Retaining Wall with Pre-stressed Ground-anchors
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ML T IR TR A N E/ﬁ%ii’|jig4g%:‘%‘i\,}i\(ﬁ]@ﬁjf§%B“j;_ﬁ;&o
PLEE A L @ T T 2 IR LB R Fuh G o
BE P MR RTEN Y KK -

Data rate

100M

UMTS/LTE
(BRAHE)

LU B 8 —

Bluetooth
ZigBee

£lgee LPWA
(FEFE# %) ({65 T 22 1 o 3 )

US TSy 78

SRPUH IR 4

1m 100m W
F12-9 LPWANA 3 - 55 4 1.2 .50 2 10THT 34 4 4
(FH *R: ABIFER)

AR T 2G 3G LAN ZigBee (EaE RS
i 0: 3004 0: 90AR =
(=3P, O=341) e NA | ThaoaR | capr | O1SAR
200mA- 500mA- |
TX MR P 1000mA 50mA 35mA 18mA
SRRANER 2.3mA 3.5mA J NC 0.003mA 0.001mA
n |
4-8/NFf(com) | 2-4/]NFf(com) | 50/)\EF(com) 120/)\f(com)
20(?.%";?" 36K(dle) | XNiE(dle) | XJui(idle) = COIWF(EOM) | iot idle)

B]2-10 LPWANZE £ §E3g it 4< i 2. @ ﬁ%ﬁﬁ
(FH KR = FH)
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» LPWANZ & 3 5 47
éﬂ@%%$%“%?~£ﬁ$@ﬁ?%ﬁ%ﬁ’mwmwﬁ
FRRRBES G EEE R ROTIE PR DT AR

P TR A Y R EME #ﬂﬁxfy&a_’rﬁﬁ Mo &3+ % 7] # LoRa~ Sigfox

2 Weightless % = 78 LPWANZ E 2. 4 & HjiFa P 4o 7

LoRa
LoRai # W * % % ® i 7 Semtech>>2012# & p4%& 5 LoRa IPh
= B = & Cycleo » F’“&pﬁfp#@ﬂ ME T Lo Tk LLEQEIBML‘

P& iF R p o d Semtech ~ IBM ~ Ciscos # # < fy = 1

K FE M P (LoRaAlliance) ki fa# H 4p M H s g B » & > 3

e 500? PP R BRI eEE ¥ L OLPWANH F2

- o X A PR AH R -

LoRaWANE_* % % & 3§ §& il M5 3K fo ¢ S % # ° LoRap| £ #%

ERERIAREOF WA RE o LORIWANR R {fr i ¥ i ¢ £ &
FPEERDT S ZH6 -PRFE - RBEFT - Z 2P AeEREY -

LORaE 4 # 3 % & LRk chgtjie i hil = 2 fL 5 TR an

B 48 = (Chirp Spread Spectrum) » 2 & § 2 2L B~ £ £ &

Mg R~ 1 elCGHz T AREH F DF G KB ER B R B

Be Hoptr o Ap B LORAWAN 55 4 (¢ * 45 S 2 p7 4o T

Y,

)

(1) LoORaWAN & % Z g chE A H ¥ & 7

BaciEm A 307 U g% @R F m2FEG @ﬁ%l;t i B
For oo B Wik * 2> 3k 02 4GHZz{r5GHz ISM#E & » i @ 4 ‘FFS
v ok ¥ WIiFig ﬂ@fr@%WlFll B R T HETHEEFT /LR

#7 B~ (Unlicensed Band)#g 3% - LORaWANZA # 5 4o B 2-11%7 7 -

(2) LoRaWAN i * di i< 2 g B e B4 4 5

HFERLTHTR S F 5 L5 RS U] ISMIE 3 e g
PHE R LR RFR Y MRAERE A G A R ¥ LA B A Y
s P * 7868MHzy 2 B h915MHz - 82 A LORaWANE B &+ & %
B2 Rad RE7TR- R ERETZTRE -~ RTHFL &2 LORAWAN
Bt B REBHE® 2P o

(3) = 4% £ AS 923 920~925MHz
SRS A B E B ¢ (NCC)R 4] % & 4 545 7435 (RFID) ¥ #
B (AT B d 922~928MHz 2 1 5 920~928MHz » ¥ # 37 € # & B ¥ $

25



MW AL R CY S RATED SR — Y R R A R AR s 1
w4 E 4 (920~925MHz) ~ 12 2 K & & 1 A n 1% F (926~928MHz)
Ghfe R AR AR ;@z]ifppa’zpe Botot B R

E R A BT AR i 22 US902~928 MHzAE L qp e o

Host Interface

10/100Mbps Ethernet

Wireless Frequency Band

922~ 928 MHz ISM

Number of Channels

Up to 16 concurrent channels

Operating Voltage

48V + 10% (POE adapter)

Transmit Power 0.5W (up to 27 dBm)
Receive Sensitivity -142 dBm

Antenna Type N-Type connected antenna
Operating Temperature 220°C ~ 60°C

Modulation Based on IEEE 802.15.4g
Management TRO69

Dimensions L:230 x W:200 x H:68mm
Security AES 128

Certification FCC, NCC

B12-11 LoORaWAN Zh 3 5t 454
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SIGFOX
%E%W%ﬁmwz{ﬁ@ﬁﬁ%ﬁ&ﬁ%%,%mﬁ%mwﬁ
B R R WP T 20128 B 2 - B 2R E R enloTE
LB L PR Y ER SNO(SIGFOX Network Operator)#i
BPRds > RRIEE -2 Fd H- ZHf F (bl BEFFERF S
UnaBiz) -
i% i Sigfox4z # #f iéﬁﬁlz}iqﬁ(unra Narrow Band) > ¥ LoRak t# &
# 3 B Sub-Ghz ISM#g £ + @ oo P ¥ F i@ o H o (cellular
technology) s R4 * 2Ly Eap ¥ - .7 &8 W QB #F2adhy 5o
ENUE N I T S - L e L - B
SIGFOXCloud 2 =4 s Se f & JRA% > v 5 " M@ % g R &N~ 3 F
AP Fe R o JRARZE Bl 4- Bl 2-12 -
ip st 2 o LPWANS #¥ > Sigfox £_1% @?—lﬁ Fh M o BT
100bits/s> ® & B % % - % & 5 2 i @ F 14003 & > & Pl 4 & & en

B o

; lebyteSOd*“ = E‘?\%Lgﬁ%]i’ﬂtLjféﬂb“*&'; #Eﬁ}ﬁ’fk‘%
BT g e Ak REEA NN E RS
A et oo KA T Sigfox i & B 4F

(1) SIGFOXZ @& * s A ¥ 5

# * Sub-1 GHz ISM#g £ iE 7 3 3 > Eﬁé—ﬁ%ﬂ?/ﬁ»ﬁsﬁf%ﬁﬁ}ﬁ;
1GHzm ™ &1 % \%‘ig‘fr%&%g}/ﬁ‘_g\, @ % i AF £ 49 B LoRa
RFFTHELP Y N FEET - LOFHS S (- KERIW) 52
PEHPLUHERE S FH T

@

gi

smalimessages SRS 2-way data transport  JRMM Fev messages

12 bytes Uplink service optimized For loT applications Upto140iperay
'slgfox

=

B9 »o
£5)

8 bytes Downlink

B12-12 Sigfox PR 2
(A 5d Rp fo§ e > i * F41* SIGFOX Could Z s4PRA%T -id i3 4 5
®EE FA KR :SIGFOX)

(2) SIGFOX# * 5 3P 2 38 4 K v
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HEMFRIUTEEFED L AREEAF 4 S &BIRE RIZ W i fiz P nit

B A BOEE LY SO RN T AR ke
L PR SHEREREME RO meELy ki
p-X

PEE O RNREEAR S GEF BEE R ERTOE IR o
® SIGFOX¥ié * H T Senfhjed fi & 503 5 Bete 2 34 -
® SIGFOXEpahg Ty &g &8 A & % £ RIFJT » o

Weightless

Weightless;‘% the Weightless Special Interest Group,SIG & & fr 4
2t RENRAERB RO ERBRERT BB R K
T T U3 iF A Sub-GHz & AR B o« W o3 0T AP AR B -
Weightless&_- & R G423k > * R BFEX G I % pipt o
2 H  LPWANz: & - 5@ * Sub-GHz#g B > X% £ ~ @& F ~ i 3 §E
WEREHFL 2R E G LS E MG E PR WeightlessE - &
B f o B 2caniE &L F Weightless SIG7 @ th—- B 48 > B 3
ERF L o P T TN N N LY - O -

N NI © ) WP A B RV I #ﬁﬁ%‘i %frﬂfr%‘é‘s

Weightless = i % F 13 f % Weightless-N ~ Weightless-
P 2 Weightless-W - Weightless-N /& »> H » i 2 » §_ K = & 4K
* ;Weightless-PE_g v i M5k & » 3 2T ap 4% 5 ok % » TV v 4
BE ¥ % > ¥ iF $# Weightless-W - ARM £ # e Weightless-P#g % 2
12.5kHz -

Weightlessg? gt # T 3 #& % it 1 ¢ (European Telecommunications
Standards Institute, ETSI)iE = & T3k > 2 H A K7 i § 7 2 Wi-
Fi-22- i@y > et S HFEC - F F o

* by g 4F 3 LPWANH % = 5 > Weightlessen 4] * »c % 2 % -

aAp e i 2T 22 LoRa~ Sigfox4pfk » R M5 B F LoRadk 4 » & A &

£ &gk ¥ 2 g oo s > Weightlessi] #& LoRa ~ Sigfox%\' g 4F o

g 2w LPWANZ# jiv4p I > Weightless+ 3 2 £ jE3 ~ 4§ ~ £ # 4 &

ghLid s R f@ﬁ%ﬁ%‘ NI ERE R A e A o nf;awrﬁz;]z 13
e )

p w Weightless SIG¥Y » 2 & ch¢ B ¢ 7 ARM -~ Accenture ~ Sony

3% BT 2 ﬁ:‘ A E IR AERRA N FHAAN D BT it
(Symmetrlc DL/UL) ~ % # / A 3 (Multicast/Broadcast) ~ 3t 4 #x 32
(Message Ack) ~ & » i# it (Battery Operation) ~ 7 /& # #| (Power
Control) ~ z_= PR 7% (Location Service) ~ # + % 3 (Handover Support) ~
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i # 2 & (Firmware Upgrade) & » #
O HEITNB-loTa i BRI & F o

Spectrum
Efficient & Unlicensed

Bands,

High
Existed LPWAN Solution  [ERSLASER]
| Existed wireless solution

would work as long as
2 speed and downlink are not

Long required
Range

Future-Proof / Large Scale

Long
LELTT

1 5

Enhanced
Security

Low Power Low Power

®]2-13 Weightless=i# ¢
(FA i s B 4)
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BEAFRUYSEFEF L ARFLTS 34 B AR TR 2 AR ATt s

%~ LPWANZ & 3 3 s v i

P g B L cnLPWANR #F P » X @ K HFRR % hE R 7
#E B & = 3% 48 4F B (License Band) ¥ 2t 32 4 4 £ (Unlicense Band) » i#
* p g4 B A 3GPPA ¥ ehNB-1oT» 3% * 3§ 3G/4GHE B » i & 4
ARG EFEAAMKA RF oa R TR AR A PN
L5 A AEN TS PICTRE « &8 4 8 F el & f 12 e 4 2-
1> m LPWAN:E 30 3 i £ 32 PR 73 v $i2 4o B 2-14: -

% 2-1 LPWANZ & Hojhrvt fin %

= i
Hoe e B = 2L bl % fé@?] @3&%] Hoe
l %3
F Pl | B | ke 95 BB @ R e
LA I
ISM Band fOIfF A
. an m .
Sigf Sigf 2009 | 17 | 100F 100bps 3R
igfox igfox 7 | sub-eHz | 8% P K e
50km
# % 3-
IBM . , ISM Band 5km 300bps-
LoRaWAN 2015 | 12 | 25F TR A
CISCO N Sub-1GHz | 2% % | 50kbps e
15km
5km+(- 30
_ ARM - ... |I1sMBand |N ) -
Weightless 2015 | 3 | 100§ ) 100kbps(-N) | i 35 2
NEUL Sub-1GHz 2km+(-
100kbps(-P)
P)
RS
RPMA Ingenu 2008 | 25 | 20§ & 2.4GHz 4km 8bps-8kbps | * A f R
i
ISM Band
HaLow IEEE 2013 | NA | ~§ & 1km >100kbps WA T
! Sub-1GHz P o
GSM or
NB-loT 3GPP 2016 | NA | 105 & 20km ~50kbps AR T
4 LTE Band P o
(FA K A 02t AL i)
Symmetric Multicast Message Battery Power Location Handover Firmware
DL/UL Broadcast Ack operation control services* support upgrade
LoRa | @ q ful | (<] ¢
UNB/SigFox El ® [¢] o @ @ @
Weightless-P
RPMA q
Telensa UNB o ®
LTE Cat-1 2
LTE Cat-m1
LTE NB-loT 4
Legend:
O: Supported @®: Not supported ©: Partial support; optional support | O: Not required

* Location services include paging capability.

B12-14 LPWAN:E 3t Ho e £ 42 PRAR L i
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BoF R T R  eE

(F° L k% : Mobile Expert: Mobile and Wide-Area loT:LPWA and LTE
connectivity.2016)

B~ 2%E*NB-loT2 $4d

AR E 2R W gk SRR R NB-loT 3 7 o NB-loT#0 2 & 5
NarrowBand IoT - jig & & & » &5 # WP XE X HFHRERT UL
W v A.d 3GPP(3rd Generation Partnership Project » % = & &
R SRS L A DU A
P 2 hEbhd A AA RS ETI A RER A Eivmd
HREEE > N EF RIERE M o E EFE N s o

7 F 3t LoRa$x * 22 48 4F 3% (Unlicensed Spectrum) » NB-l1oTg] {
% AR 4 G# (Licensed Spectrum) » & % i & i £ a3 A FF
MU AR AT FTLEEFLFPEAIRERBELLF T o
ﬁﬁﬁi’—&i%%?iﬂﬁﬁ’%{%*%iiﬂg%mﬁﬁﬁ
HoY FRBEANRY - WA R PP ERAE S A Wi-Fig R
PRPHTERREEF > R FHFITT AR ERER -

d st LoRafk * en 2L > Flt i * AR 2 € A 2
B FF oA F 5 NB-loTH * 4 & 1130 1GHz4% 8 47 3% > 12 5 NB-loT
vs LoRa Technologye A % e0F 3 > iz fAsub-GHz#g 3# ¢ > & MHz ¢
W AN F £5008 ~ 0 ¥ - 2 g o0 F] 5 NB-loTF & Mrdf 7 8 1 3
S SIS I ST

* i - ﬁ*w«‘irﬂ = NB-10T# # B 47 3> Flet s 5L 07 ¢ < 5]+
Bow AL EEE R I OREY FL R FREARNIE A D R
LoRaf #* ¢l 2 = 4 4 25 ¥ i 2 % ©_(Asynchronous Protocol) NB-
loT## * e # & 3 5 Z_(Synchronous Protocol) it 43 *% 1< i 2 ez & o

BBo+ ki LoRage & F T i3 > R v » i L FE prF
3&1 wEE PG RET R R A RA NB-loTR|  E U pF 50 &t
WrpEgEa gpEd o d wNB-10TE 7 &R 7% & F (Quality of
Service > f§ HQOS) e F I v i F3 FE T R A I AT B @ﬁi;]" P s 7
B A et s N R ERE RN AR E R
B o

i
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GEOSTAR 9900 Z3ixZ it S fr 25T

‘ Model 9900 Vibrating Wire Hollow Type Loadcell
GEOSTAR

EmiEaEiR1g

9900 IURE M E At

ek 9900-50 9900-100 9900-200 9900-300

AlEEE 0-50 0-100 0-200 0-300 Tf

SME(OD) | 140 | | 180 |

AE(ID) 90 110 mm

BEH) 100 | 80

58 75 95 kg

BHEEE 150

B|BYE <0.025 %FS

e[ L3 <05

]RIER -20~80 | °C

BhEIEERE 3K 0

EHEGRE 1REC 2m (REDIEHIE) |

EEEME 8 15/ 22 AWG / PE #B#% / PVC Mg

FREME S

HEARERR VW405 / VW406 / MD505 / 9020
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‘ Tel : 02-23451269 | Fax:02-23451270 | www.geostarcom.tw

140



NB-loT Gateway
RS485 & AUX In / Out

WW-5C20

Product Type Outdoor

Air Stream Protocol NB-loT (LTE Cat NB13GPP Release 13)
NB-loT Protocol

Operating LTE Bands Band 1/Band 3 /Band 5 /Band 8 / Band 20 / Band 28
Sensitivity Maximum -116dBm
Transmit RF Power Maximum 23 dBm (Class 3)

Cellular Data Rate NB1 (26.15 kbit / s DL, 62.5 kbit /s UL)

TCP /UDP / MQTT / Line Notify / AWS / Google Apps Script

it

WW-5C20 is a wireless industrial gateway for the Narrow-Band Internet
of thing. The operating LTE Bands supports Band 1/Band 3 /Band 5 / Band
8 /Band 20 /Band 28.

Convert an analog signal into data packets through the analog / digital
input pins and support TCP, UDP, MQTT and Line Notify protocol.
Transforming the wired into wireless and the signal into data Packets.

It is not difficult that collecting data from sensors and upload to the cloud.
Connect one or multiple sensors via RS-485 Modbus. Real-time monitor
and transmit the system and control center. Use the NB-loT gateway can
easily collect the environment database such as for the temperature,
humidity, brightness, vibration and the quality of PM2.5

« NB-loT Wireless data link provide stable data stream.

+ Wide voltage operation for Industrial applications.

« Multi-Interface support RS-485 / Analog or Digital Input / Digital Output.

+ AUX Power output for general purpose such as plug-in sensor, or other sub system.
« Resist the water, dust, temperature and shock and meet with the IP68 standard.

+ Analog Input Support 0~10V / 0~20 mA / 4~20 mA / ADC (0~10V).

+ Digital Output support PWM / Latch Mode.

Interface
RS-485 Protocol

Serial Interface Baud Rate

Analog Input

Digital Input

Digital Output
Operating Temperature
Main Unit Dimensions
Weight

Waterproof

Input Power Supply
Output Power Supply
Power Consumption

Special Specification

RS-485 x 1/ Analog or Digital Input x 1/ Digital Output x 1

Modbus RTU

1200bps / 2400bps / 4800bps / 9600bps / 19200bps / 38400bps / 57600bps /
15200bps / 230400bps

Analog Input Support 0~10 V / 0~20 mA / 4~20 mA / ADC (0~10 V)
Digital Input Support High / Low Signal Judge

Digital Output Support PWM / Latch Mode

-40°C ~ 85°C

10 x 10 x 4.8 cm (Not include antenna and external connect)

195g

1P 68

12V ~36V DC /1A

5V DC /200mA (Max.)

12V 15mA @

ceive /12V 200mA @transmit / 12V = ImA @standby

Flame Retardant
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