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Development and integration of sacrificed sensors enhanced by

TDR for shallow and deep-seated landslide monitoring

Abstract

Due the unique and young geological conditions of Taiwan, and recent
extreme changes in weather leading the intensity of rainfall much concentrated in
time domain and regional area, the problem of slope collapse is frequent.
Considering the shallow/deep-seated landslide would couple in the future, and the
integrated monitoring technology is the key direction, this study, therefore,
conducts a preliminary evaluation of the single-frequency GNSS RTK in
laboratory to improve the positioning accuracy. The cost of sacrificial components
can be beneficial in practice. The results of experiment show that the schemes of
L1/L5 dual-band GNSS in mobile phones are not stable, but the long-term
stability tracking of ublox F9P dual-frequency GNSS chips should be feasible.
Secondly, this study attempts to establish the integration method of Time Domain
Reflectometer (TDR) in centrifuges by proposing an appropriate cable and
completes the integration test of the actual operation of the centrifuge. It is
continuously arranging the use of the shear model to evaluate TDR jointed with a
inclinometer casing. Finally, through the on-site monitoring of Alishan Wuwanzi,
the three-axis accelerometer and single-frequency GNSS were added to the
existing TDR monitoring system, supplemented by monitoring the shallow slope
displacement. The judgment mechanisms for detect the slope slip were formed
with three criteria. Therefore, based on the existing results, this study
comprehensively proposes the integration of shallow/deep-seated landslide with

sacrificial components and TDR monitoring techniques.

Keywords: GNSS; Time Domain Reflectometer, TDR; Sallow landslide; Deep-

seated landslide
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Steel rod is inserted on slope surface.
It is in contact with the base layer
if the unstable layer is thin.
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sensor units. and issue waming
if abnormal data
is found.

B 33 p A @5 AR EPR LI (Uchimura et al. 2011)

A Front ol‘
| progresslve lallure

B 34 p Aple @5 MR EPR L2 A ES% (Uchimura et al. 2010)
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Changjiang Rv.
£iL

N \J Sai War Ba site =

Bl 3.5 Ay 5 A ER LA X L LR[S (Uchimura et al.

201 1)
2009/6/7 - 8
. Sai Wan Ba slope 3!
® 10 —[Sensor unit 2 s =
: §
E 8 ~ Y-axis
(Upward the slope)
L |
[9)]
% e it - |
THEgc A BN o &q X-axis
g 4 ?.dag‘ T (Inlateral direction)
Ez-ﬂJ**uﬁ““*Lﬂu#”L“ﬁ‘

0
2009/5/12  2009/5/22  2009/6/1  2009/6/11 2009/6/21

B 3.6 pA8E G5 HAEER FAN S EE LT RERFTHR (Uchimura et
al. 2011)

200 B E 1}—-3\*&‘3;#«»](;&&?«,&@] "‘iii’i*a’“" 1o A F A

FAe Tk Ed - B Arduino ¥ 5 P T R 2 A#HZ R OB

BT L (%8 0 2018) %‘ﬁ““ R AR RIE o 03 P AP M

IR I % o Bl T RIR PIREE-2 7 R P& B(sensor node) ! & 3T &
BEYHIT AR G B (gateway) o § R Rl @ BRI HP M A A4 RPIFT AR BRI

11



8L ¢ BT ALE I B R (4o ZigBee ~RFID~ 5 ~ & Wi-Fi» ¥ 3
{UﬂwﬁﬁiW¢$’ § B E e Tl g iR FALS B R R
Brd AR AR HFTANHMRITEIRNGTLER ARG D
ArduinoUno 5= 4 > & * 5 S5VDC - # 23 ¥ 3 T2 S &2 p (F/H
2 5 o Fp AT g E iE3 PE Arduino Fio 12 2 ProMini & 85K & » 4o
B 3.7 %77 » HAi B a>i@t 33VDC &7 » Flpt s ig o

B 3.7 (= ) Arduino Fio ) Arduino Pro Mini

THARBENFIRBEIRMBREAZ E-HER T E TS AR
by M RTCHole 1% 5 ie B4 e $T 4 1817 5 »adpdle g 2o
TR RMBE S A RERE T R L BT R T

fo PR EI RUFHBEFER > F &R G 3 5 3 T4 TR (B

CUER 2 RHE R AN B AP YN

Sw
A
3

FEAGRREA L DR w MRS TH S TR E AT T

ﬁ%SD4ﬁ£@%%%Ff%%{§i—°§€jﬁa§§%ﬁ

™

¥

=%

i
rliE FAR BRI S SR AR 3.8 3% SR ETORRITK LS
L - £ Bcdp (A2 45 © - DHT22 £ TSL2561
R Al sy B 39
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Gy low-costdigital

m ®3 temperature and

humidity sensor
(DHT22)

light-to-digital converters

(TSL2561)

Real-Time Clock ;
(DS3231)

Real Time
Clock light-to-digital converters
DS3231 (TSL2561)
micro-SD
uSDF#t

low-cost digital

temperature and

humidity sensor
(DHT22)

Arduino Fio

PC

B 3.9 12 RTC ##]pf 2 SD + 3 B R P B - e P 28 4 % )

3.1.2 H4f GNSS =i~/ *

e A5 4R

System, GNSS) » 7 % if e #F R ek s/ 58 3 2 (k& >

HE)o BB p ARVTRT UA L Az BEP P ED D

st R 82— ) P SBURIE (L RERAT 0 2011 )0 2R

-

TR A AR Rk cpE R

13

T N R MY 0 3R B R
B R A BRI RS G Y T AR o

» drde £ > ok i % $i(Global Navigation Satellite

R R T - 2 5



FHipl > 2ok w L E(LIDAR) - BB 3> il 3
4 RS WA T A 0 B K AT L
% iZ (Interferometry Synthetic Aperture Radar, InSAR)~ 3% B # *¢
# 3% = # & p] (Chaussard et al. 2015; Tai and Chang 2015) » H # &
Vo d T AHR > ARA 3L % A5(Yin et al. 2010) o

Tt o F1* GNSS ek eniv B 0 & 3 Static GNSS (Campaign
Mode) # Bl £ fic5% > & &_Continuous GNSS (CGNSS)id i 1 gk
74 > 2 2 Real-Time Kinematic (RTK) & e-GNSS 2_ T pFé i ;o £
B v R RERAREZ U RS XD e R
— LA DEE GNSS e B e AR 0 F LS9 1530 §
Ao BN E A PRI REZELY R hETR L TR
PIBEefcE 4 E LB RS o BEAR P mAPM - EF& NI H - GNSS
14;&%,17% 1R e R F (2 IniE %J/EH’“ #15 2011 ) i

VMRS T RS TR M Ty RS FRIGX
74~ GNSS it 3L Ep > TIF A %;;H Ntz -

A RRACBDEFFLEMR R R T HEAMN GNSS BILEFT &
T HILERR D Fl L BRI T MR Y BARE SR TG
Wl s 2R TAI L PR A 8L SRR L (e T AR
FHE) 0 27 o-GNSS AP ¥ E > dopt— %o WA LIS edp i
BLPIHE-F s 2 i@ * (Lytvynetal. 2012; Huang and Wang 2015) »
AARB BN HAE S A LI AR F B v R R T o R o A
Fragd (M#EEE > 2009; A+ %% 520105 Cinaetal. 2013 ) >
HI W BARFET S AR R ($RE 55 2014) 0 @ ok LR
IR /]?r P oo p4 % 3 B IR P i f2 ¢ (Wang 2013; Benoit et
al., 2015) -

14



gLtk ﬁ_lﬁ—i ﬁi:-/& ¢ _Efd{;ﬁ GNSS &, (A g:u E1 W’:’ﬁGNSS
AL B0 BB doit B8 GLONASS » ¥ i % )V 11e4ch
%?ﬂgw’“i R AEE A B AT R

3000~5000 = & £ oiput KA kg B F R 3 e g LI S L
BRI S A BRE o X ARC] DR R DR E

AR~ Flpt f peE i< (Basilio et al., 2007) o % i > Fl 5 @ # B o

PR F T L i O e F T AR o B 4
ARTHZELERITET NEFIEFOTR M -

A A AFIGNSS b 7o BT R M DHRET RAsa
BBLRIE T AU YR & AT R RGBT o o B IR A
Arduino H §s # T Mk BRRET zng,éﬁ Whe -5 Lh
REAR G > L2 ARBPEITERREY 5 oS B 5ap T
PR R e 4 Jp L AR TR R P (AR TR RO ] Y 10-4 )
2 E-9r5 e ehR P E ) (Synchronize) i B — B pFRF o F]pt 40 A
TR AATRL() MEHF Q) #EIF T4 2pEF (Time-
To-First-Fix, TTFF) o (3)  #&d12 L1 Bipl & 4647 - & * 5 GNSS
% & u-blox = & 4 2 9 NEO-MS8T £ NEO M8P-2 i 7 o

HA R A MR RL R FL 1B 4 BFRE AR
A28 3222 »d RTKLIB 2 Static #75% % A #A W] 10 {51920 5
(Backward)£2 o &3+ & (Forward)s &> 22 (7R T % > 2 ¢ » {8
WE 7% FTHENA AR EZRNES FRIR - Z Ak
(Position)# & > 3+ L M 3.10~ @ 3.11~ § 3.12{v® 3.13> &
52 W RMNT G S oo % L A % ! East-West: 0.4mm ~ 0.4mm -

-k

0.7mm 4= 1.Imm > North-South: 0.6mm ~ 1.6mm ~ 0.8mm = 1.1mm -

$ —‘F'f Z RN T e S iR ¥ 4w 5 East-West: 0.4mm ~ 0.9mm ~

15



0.4mm = 0.2mm » North-South: 1.0mm ~ 1.5mm ~ 0.5mm 4= 0.4mm
** Up-Down = » & —‘F‘T 2wl % 1.5mm -~ 1.4mm ~ 0.5mm ~ 7.9mm £
1.9mm~11.5~1.5mm~0.9mm> ¥ L &E 335> v 5 oL 2 = % o

TR EER L 2018/05/31 02:56:35~06:56:33 [GNSST] -

—

2 31 F LA ESMEIEE S E Y (50 E (% R e B (F
§ )i P2 Ql ¥ R AT F TR & TESEpPRE e T
BT G MR B BARRATIS o AT QL 3 v
Wit T E(95.1%~1.9%)f Kk > gt Ei2 E A R p iR g Tl Ql
%gﬁﬁifi °

Bk BRI PEEC S 11:00~14:00 UTCHS » 87 % i B AR T S 2

FRFOGE LA B S PR S PR L BRI
e

7N

o T AR WA fRE R L -ER PR
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# 3.1 A&Z7= A M Static f25 > ,‘é b i& : 18193 B (Backward) £ @ ig 3t
(Forward) (H = » PN 0 GNSST)

East-West
2018/05/31 02:56:35 North-South 0.6 1.0
= Up-Down 1.5 1.9

2018/05/31 03:56:34

Quality Level 1(%) 95.1 88.9
East-West 0.4 0.9
2018/05/31 03:56:35 North-South 1.6 1.5
Quality Level 1(%) 47.2 73.0
East-West 0.7 0.4
2018/05/31 04:56:34 G OTi e U
2018/05/31 05:56:26 Up-Down 0.5 15
Quality Level 1(%) 2.6 41.6
East-West 1.1 0.2
2018/05/31 05:56:35 North-South 1.1 0.4
Quality Level 1(%) 1.9 41.4
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0.002 E-W-(m) ORI=24.967707639°N- 121.192492999°F 158.7867m
AVE=-0.0000m STD=0.0004m RMS5=0.0004m
AVE=0.0003m 5TD=0.0004m RMS5=0.0005m
0.001,

0.0003 .+

-0.001

-0.002
0.002 N5 (m) AVE=0.0000m STD=0.0006m RM5=0.0006m

AVE=-0.0010m STD=0.0010m RMS=0.0014m
0.001
0.000
-0.001, - £
-0.002 ’_l_l__l—'_‘_’_’_l_'—_l_
4 -

-0.003 s R
0.004 ”
U-D (m) b E AVE=-0.0001m 5TD=0.0015m RM5=0.0015m
T AVE=0.0018m STD=0.0019m RMS=0.0026m
0.005 S

03:00 03:05 03:10 03:15 03:20 03:25 03:30 03:35 03:40 03:45 03:50 03:55

Bl 3.10 42 &4 & Static f2 ¥ %= & - (Position) 2 % » 7L
2018/05/31 02:56:35~2018/05/31 03:56:34 [GNSST]

0.004
EW (m) ORI= 24,967703830°N 121.192494893°€ 158.5462m
i . AVE=0.0000m STD=0.0004m RMS=0.0004m
: - & AVE=0.0013m STD=0.0009m RMS=0.0016m
— % ]
0.002; - ——— "
. — _'_‘—|_,__I_A 64
0001: b h-‘—|—|_ i ‘
o,ooo\k’rl_ 1 e —— . f
1
0,001 1
0.005 5 (m) AVE=0.0001m STD=0.0016m RMS=0.0016m
—— AVE=0.0008m STD=0.0015m RMS=0.0017m

I o — - we e enp—— -
0.000 //'—-"'__/ = - ——-_..__\\ e

0,005
-
\
0,010 '
U-D (m) AVE=-0.0017m STD=0.0014m RM5=0.0022m
0.05 AVE=0.0185m STD=0.0115m RMS=0.0218m
0.04
0.03 \ \\\
— =
0.02 ———
0.01 -
0.00 s —_—
= L ——
001
04:00 04:05 04:10 04:15 04:20 04:25 04:30 0435 04:40 04:45 04:50 04:55

B 3.11 42/ 5 Static f3 5 #_i= & $(Position) & % » FHLEE B
2018/05/31 03:56:35~2018/0531 04:56:32 [GNSST]
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0.038 EW (m) ORI= 24.967694115°N - 121.192484285°F 160.7282m

, AVE=-0.0416m STD=0.0007m RMS=0.0416m
i AVE=-0.0417m STD=0.0004m RMS=0.0417m
' %
0,040 t s
0041
il
200 r.n".“_‘.'ll.,-l—ﬂ_m_‘_‘_‘.,.n_‘. -’
208
008 6 (m) VE=-0.0214m STD=0.0008m RMS=0.0214m
0019 AVE=-0.0207m STD=0.0005m RMS=0.0207m
000
201, =" -
¥
0.022! i
003 o ;
0.0 .
U-D (m) AVE=0.0327m STD=0.0005m RMS=0.0327m
0.035 AVE=0.0303m STD=0.0015m RM5=0.0304m,
n.‘ “.‘
0. me—m
0.025 !
g e
0.020 ‘
05:00 05:05 05:10 05:15 05:20 0525 05:30 05:35 05:40 05:45 05:50 05:55

Bl 3.12 42® A 4 Static f# 5 % i~ & #&(Position) = % » F L pr &
2018/05/31 04:56:34~2018/05/31 05:56:26 [GNSST]

0106w (m) ORI= 24.967704157°N 121.192489885°F 161.7798m
AVE=-0.1081m 5TD=0.0011m RMS=0.1081m
— AVE=-0.1077m S§TD=0.0002m RMS=0.1077m

-0.108
-0.109

-0.110

0.111 NS (m) AVE=-0.1126m STD=0.0011m RMS=0.1126m
AVE=-0.1160m STD=0.0004m RM5=0.1160m

0.112
0.113
0.444
0
0.415°%
o116®  heepe, pormimu

0.050 U-D (m) AVE=-0.0642m STD=0.0079m RMS5=0.0647m
0.055 AVE=-0.0614m STD=0.0009m RM5=0.0614m

0.060 v+
oot o commtren pm e

-0.065 i
-0.070
-0.075
-0.080

06:00 06:05 06:10 06:15 06:20 06:25 06:30 06:35 06:40 06:45 06:50 06:55

Bl 3.13 42 & 4 Static f# & @ & & (Position) = % > FHFF
2018/05/31 05:56:35~2018/05/31 06:56:33 [GNSST]
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3.13 pFig F &8 TR

PF I B 5t % (Time Domain Reflectometer ) 3 & o P& g% g &R
A 4 % ( step generator ) ~ M 5L # % E (sampler) £ 1 4 B
(oscilloscope) 2= » TDR 2. A A R3IZ&E FE 40k > o W B (step
generator ) 3 & — T BM% ik ~ b ihd F (coaxialcable) % g #E
A E (sensing waveguide ) > ¥ o 77 & Biesr TR P E A BéTe %1
B A BTRCRATA 2 2 F S EL 0 4ol 3.14 ATom o ?@'\iﬁ»i@ﬁ?},]‘i
R HEUEER (FFER) SRPEAT LA B PR
W pEIT LBl R A B AR BMTRE
B2 TR W SRR B 2 BRI ot T AR £ A
M ECRBEL S e BiEF FRPIFR B2 LB L4773 %

TDR H 57 Jig * B e 0% JR|38 P

A% 8 p
#HiE TDREMR A L2 B ke P F 055 T BIF
BiEge e =) 2 =% B (Dowding et al. 1988 ; Dowding and
Pierce 1994 ; Lin et al. 2009) » TDR % 3+ ¥ 14 3 >3 4d 8 5L if
AEURIE T2 6 UG HE g Fom £ UAF iR R 4
4ok FE R =B 4 5 p itz BEoBAP H TDR
PR RS E A LW R K TR EHRT 4
F e S RTINS T AT B B R 2 PR
B VU $ bW pE AR B2 iR o

)‘1

ARG 3
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%4]% TDR 2 F s sL £ B3 4 2 Ba =8 o bldork
ER(ZFE ARG I EF BT RPN EFREIEZ T G)
( Hollywood 1997; Yankielun and Zabilansky 1999; 1§ ¥ % 2003 ) -
R T eI Gy —F RN G o EVC SUNVIEP I A
B PRk 5 R * (Chungetal. 2013) ; Lin and Tang
(2005) RI41* 2 Fefednz fr o # &% P - f8 TDR © ﬁ"ﬁ?‘L °

AR At

Gt i A L 2 AT S BRI BN IRAE 0 I F S3EL
ZAFBHEAR2Z LRV ERBAEE AHEZ TR A
( Dielectric constant) (Toppetal. 1980) » f1%* F sz 8L+ | &
Bl 2. % B (Electrical conductivity ) (Lin et al. 2008) » ¢ 24
BT FRFYe-Hieig 22 7-kF (Lin2003) -k ¢
z 7k & (Chungetal.2011) » H® Z®kR © 55 »u 157
TRRGER > M E KRR ERF 5 ¥ E (Chungetal. 2013)

(_
i

ZES RN U Sa SEEV R R ) IR
RIEFZLR P RO e~ JE2 7 REEFTEF -
Pk DT REREETR PRI B TR NI HRRE &
T8 (32T F 2011)° F] TDR TR E3 6 ke F > 1@
By TAORTAORRIES B BROBERSERAT R A
B2 iR REL G S FEAGERF " - TDR 4
WEEI 1 BERMEFLARRENTR ) - EXRARFHET
EFE AT RS mde i 1 B SR E A G R RA

B h o B AT 8 R R AR e S TR A e A
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AR HI P o A R R NT fo Rl ko B EL TR S B0 B 3.15 ¢
TZER kML e 70 TDR #u 48 %255 ) ~ TDR ¥ 4 223t
N {F]z& ~TDR & B2+ 11 % 3 Foki=2- s ¥ ey & § 7 TDR 4 3
5 B AR EERF
B0 Fpt % TDR ¥ P % 1 ZRIF S BT 02 JE e
B rat - i B B 9 ook 2 pUR A

TDR ¥ 01 & i 2 g e iEie 28 L7 24 4

%7
(localized deformation) » B& & /= & F#és 6 = v > R A HIFRRE ¥ P Fr

|
i}

BE > #5877 5 sciz 3t (Lin et al,, 2009) > ¢ & TDR $jkrz 2
Flo L FIEHAR LR ALL R R A Fh ol F v
PR iR LA R JEd 53 TDR E RIS
B89 042 (Thuro et al., 2010) » F]pt HaE ¥ £ A M ~ 7 — 8 3 3L
Fpdit TR 2 BB TR O FAS Z AR
FER eI A%k F 1% TDR B TR A F 6 R Bic i
PE P 2 o

ATFAFA LR SE 2 FHIVT T RS R Bl

gh’(

G E-Rb S SR A L I G )
ﬁ4nf*ﬂW§4ﬁﬂiﬁﬂwéﬁﬁﬁmwF AT F R (R

2017) £77 § 2 B EHRIEL 11 2 FAGE B AR F o A

SRR AT % AT 0 R LPME 2 B E #n
H IR RN OE R AT A ) B SR & SRR AT
Rt B RIREL TR R A A L ABLPF R R
FoERLEL o
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transmission line system
_./\--_

step pulse " N
genem!or] ’ B sensor

SAMPpLE reflection , V.r”' —

v 05 : ;
A: Tangent Line Method
! O: Reference Line Method
oscitioscope o i——: Reference Line
I e v -
2
=
o
k-]
]
=
=
g-0.5
=
=
---- Shortest e
m— ongest N M e
1 n i ameutt®) o 1 i
13 14 15 16 17

Time, ns

Bl 304 PEEEF k2 AR EHE

TORBIAG

Bl 3.15 91% TDR g RlHirE 3 1 S5 e § 8 il 4
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Prescribed Prescribed
Displacement Displacement

-

B 3.17 P r &R A e T £ (FEE > 2017)
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3.1.4 3o {3
Bl 3.18 & W= ¢ &« &4 & ke 1 3o % (NCU centrifuge ) »
H7%E 5 100 g-ton > &AL ¥gdE L /< (nominal radius) 3 m > 3% @
BRI o R b e BB SR (ImE ~0.55m § ~0.72
m®) 2 AKN# &P E U] o BRAAT A 5 e P L H
(Centrifuge Mechanical Assembly) ~ & /R & J& % %L (Power Supply
System) ~ 4k 1% & * 2 % 6 4341 i si(Operator Desk Controller)= i
FRA o B ped] kB 2017 & AT A0 {F s el T A iR
L4 A E 1RSSR R R ER R R TG 0 133
ORI R AR D iR 2 HOR R e 4 R s 2 JF 22 4] (Prototype)
AR R AR > S5 2 SRl R 4 51T
B 1 ARAR B O SRR R B A Lo BORRRER 2 1 L g 4
2

AP ERIRE - RS

\

(D). %“#iw‘rf* Wt o 2R N TS 2 P4 E ke TR
AARZES FEGE ARG F oS TR R
fe AT o

(2). Hitend FEEa &d TF 2P DT RS I Ra TR

A A A HE S s F e A A BT g L 2 S
g4 -
PR T UEZRERB] e P E I A D A Y

EEAFM > AT At B stk (Scale Effect) pt — 448k o 5 5o PR

W BE o BIE NG WA > G RIS RIS FER

AR AR R 4 F e RAI- R P R R A2 g0
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WES ek 320 AT 2 7 L E 2 (Methocel Cellulose Ether,
MCE) @ (¥ % e Ak & ek iB ik » B 80K 0F 5 H0F] enat B iE -
MCE 3% ch& B 215k B0 dale » w1 ig 4 s dr ok o &0 3p
oo S& {78 fL sk PF > MCE i3 chte » 3 § 72 e 4 fliee
RoRn 5T RLAER  JFF L ARET L0d o
-3 it (Modeling of Models)stt g » £4p #-R 412 % - B

2 HE S Al WY g B AL RIS R e
w2 L WA PEA T LB 319 £ 7 o W IRE AAH

HE AL 1,000cm TE Y 2 Al g 2 1/10 55 ¢ 3 (A #HA 5
B 100 cm) A 10g hds 4 32 1 1/100 4 %ﬂl (A #F TR
10 cm) A 100g sg.o 4 3¢ 8 7 3w {7 #“56? » BT o A2 ¥
A3 P A2 5 Al 03] > B IR A3 5 A2 12 AL el R o 112 A2
B A3 A B 75 2 Al AL Aple o i A5 8 2 ARG
TR A R SRR R R g 2 AR
EHEBINA AR B 75 o3 2 f03) 0 HIER R 4%
B? EARE o F AT e AR e S kR R 2 4 F 75
T - AR g T .

O IRACA v R AL TR 2 BRI T R AR T A A 4T

e B IR RER DI AR & TR TR MY BRI R R PR

V{7 o B 3.2-167 - C2~B2~A2 it & & 10g enggpw 4 3P > &
WEFAFT AL lom~ 10 cm 12 2 100 cm o] 3% € F
e o B 3.19 * e Cl ~B2~ A3 &£ 1/100 ﬂ’ﬁQ A A B 1g

A=

10g ™ % 100g it 7 i3 Fi\i,%gﬂljg A~ F Rarcge- B
B or s B L A RIS R E R 4 el )
v AR R R A s 8 S

26



gi:é'

el
3
o
+
(64
?ﬁ
M
5
AR
|

B4 T 5 AF B
(1). % i3]« + o

Q). A B RARL PR DS RS RS BT -
(B) VERENEZ FEPT HRE

% 32 oo oA 22 R f—'t']ifﬁ"ﬁ T L

f{"{ L

E LN i

(B 131/ R A
J& # (Stress) kPa 1
J& % (Strain) - 1
£ B (Linear Dimension) m I/N
% ## (Area) m? 1/N?
4% (Volume) m? 1/N?
7 £ (Mass) kg 1/N3
% A& (Density) kg/ m? 1
¥ = & (Unit Weight) N/m? N
4 (Force) N 1/N?
R % pF & (Time: Diffuse) sec 1/N?
P¥ [ (Time: Dynamic) sec I/N
4vi# B (Acceleration) m/sec? N
#g & (Frequency) 1/s N

Bl 308 ¢ & 4 B 1 A f2 Mgl
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1 10 100 1000

1 P BLA R F(em
C1 B1 Al T (cm)
10
2 B2 A2
100
B3 A3
1000
A4
A J

Bl 3.19 & SRR L B

3.2 L1+L5 #g & GNSS RTK i3

P# GNSS ik 5 & em wf L1 2 L2455 » L1 8.3 ($#+ %
SE)L2EE® (3 A ) 37 GNSS #5h Bl ¥ F = m A % 2E(LS)
4o B 3.20 #t77 o GNSS ~ Galiao ~ QZSS % & 3 L5/E5 10Mhz #hiEFk 4%,
FliE = L3F o L ER S RE i (Broadcom) %t REE 5 BCM47755 &
GNSS & & » 2 T AT

(1). GPS—LI1 C/A+ L5

(2). Galileo—E1 + E5a

(3). QZSS—L1 + L5

(4). GLONASS—LI

(5). BeiDou—BI

g L1 g atge > LS G3td ¢ g = end R BHP TR o 4o
B 3.21 #75F ° -] ¥ 9/8 (https://www.mi.com/tw/mi9/ ) #r * e L1+L5 BEHE
ﬁﬂﬁi%%ﬁ%?%%@@’ﬂ*ﬁ?@%ﬁbﬁ@ﬁﬁﬂiﬁéﬁﬁ

BER A fg ook D Tl R o
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% g android Raw GNSS Measurements % ¥ T 2
( https://developer.android.com/guide/topics/sensors/gnss ) > # 12 4] * GNSS
Logger APP (B] 3.22) B~ ;X 9/8 £ 42 GNSS R4s4p = FHL 5 ¥ e
Geo++ RINEX Logger % App ~ % # LI+L5 B T jadxr; 4+ P w
RTKLIB #75%#%3¢ ¢ &7 ¥ £ % GNSS RTK L1+L5 1 3 LI1+L2+L5 #_*:%
(R 323) FIpt Ay #5423 F A F A2 RS R4S % 0 2018)
#3874 GNSS RTK L1+L5 42 & 2 SR 4o ¢

(1). 38 F S~ ) 2003 050 38 17k LT sk %08 3 45
FEbi FARETF M A H P > S A RS B ARE Y RF - e
FHRF R RS F R RIERL RO @ AE AR RIRE L 0 {
S RN WY ) W

Q). A*FHUREFI . EFTEHAEARPEI &R AT &R - FTER(Y
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How does the L5 signal help?
GNSS receivers track the peak of a spreading code correlation vector with a DLL
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800w
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|rr-=upm nood)
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7 4.1 3o 8E% * 2 TDR b #h RAH

Cable Type RG 174 Coaxial cable | RG 316 Coaxial Cable | 0.81mm Coaxial Cable
Conductor | +Material Copper Strand | +Material Silver- +Material Silvered
+Diameter 0.48 mm Coated Copper clad Copper
steel +Diameter 0.15 mm
+Diameter 0.53 mm
Insulation +Material XLPE + Material FEP +Material PFA *
+Thickness 0.535mm + Thickness 0.51 mm + Thickness 0.125mm
+Diameter 1.55 mm +Diameter 1.53mm + Diameter 0.4 mm
Braid Shield | +Material Tinned Copper | +Material Silver- +Material Annealed
Wire Coated Copper Tinned Copper
Jacket +Material PVC + Material FEP +Material PFA
+Thickness 0.325mm + Thickness 0.3 mm + Thickness 0.08 mm
+Diameter 2.7mm + Diameter 2.53mm + Diameter 0.81 mm
Impedance |50+5Q 50£5Q 50 Q
(10MHz~3GHz)
Capacitance | 1 KHz Between 95.8 pF/M Capacitance 96
Conductor and Shielding pF/m(nominal)
100 = 8 pF/m
Conductor | Max. 142.6 Q/km at Max. 281 Q/km at Conductor Resistance
Resistance | 20°C 20°C 1400 Q/km(maximun)
Attenuation at | 100 MHz 359 dB/Km 100 MHz 340 dB/Km 1.GHz 3.57 dB/m
Frequency 1 GHz 1175 dB/Km 1.8 GHz 1800 dB/Km | 2 GHz 5.23 dB/m
(GHz2) 3GHz 2103 dB/Km 2.4GHz 2060 dB/Km 3GHz 6.52 dB/m

:Dlrect Shear Cable Deformation Te4

|

Distance Movement
measurement gaugge

*41

B 412 TDRERzZ i 4 2HT

Guide Rail

TDR Coaxial
Cable Testing
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P DTS

Structure Figure

[

Coaxial RG 316 Jacket layer removing

Coaxial RG 174 Jacket layer removing

L

P DTS

Structure Figure

Coaxial RG 316 Jacket and insulation layer Coaxial RG 174 Jacket and insulation layer
removing removing

Coaxial RG 316 Cable modify cover by thread ~Coaxial RG 174 Cable modify cover thread
seal tape seal tape

B 4.18 RG174,RG316 & i 3|7+ R B
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Reflection Coefficient, p
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Physical model before testing

Cutting profile cable 1 after testing Cutting profile cable 2 after testing

Cutting profile cable 3 after testing

Bl 428 1g & 4 35 2 ¥ 5 p)3&
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Preparing soft clay layer and Insert modify 2 layer Preparing mark point in soft clay layer
cable grouted into clay layer

Building embankment on top of soft clay layer Front side view of the model

Model install LVDT measurement settlement Model view on centrifuge machine
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4.3.4 TDR & GNSS % Pl 4 3uz 3%
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