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ABSTRACT:

As an advanced navigation and measurement technology, GPS has been over the past
two decades extensively applied to many fields and disciplines. One of the prominent
applications of GPS is the precise monitoring of deformations of landslides. A multi-antenna
GPS system has been developed and tested by the research team aiming at significantly
reducing the cost of GPS when used for monitoring deformations of objects such as slopes.
The system uses special hardware and software components to allow one GPS receiver to be
connected to a number of GPS antennas. One set of such equipment can therefore be used to
monitor a number of points. The advance instruments and automated monitoring system were
installed at 45Km mark along Mt. Ali Highway in 2008. Then the before and after of rainfall
values are collected and the landslide section data is investigate. We integrate the automatic
monitoring and return systems, and finish the connection testing and demonstrating. We will
process the analysis and judgment of the inspection data, and to draw up the management
value.

This project keeps monitoring the sixth bend on landslide, while aid equipment and
power systems get more. Heavy rains caused by the typhoon don’t stop providing
uninterrupted power source to receive the observation data. On the other hand, optical
monitoring data is combined to build underground slide surface displacement and the
relationship between displacements. Data is judged to be operational analysis and we
constitute the integrity of monitoring network and further develop the direction of the
follow-up development planning to provide follow-up study in Taiwan. These projects ensure
effective control in slippery conditions, advance prevention, homeland security and reduced
slope to disaster damage of the projected target through observation equipment and the
establishment of early warning mechanisms.
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GPS3 1,020.38 139.09 -507.18
GPS4 1,146.76 -133.93 -491.37
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GPS6 127.94 636.10 -475.67
GPS7 979.30 -336.95 -390.93
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GPS7 -7.0 15.8 -5.2 17.7
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GP34 -9 135 -1.2 154
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iR 2 N(mm) | E(mm) | & & N(mm) | & E(mm)
GPS1 1 -15 36 -76
GPS2 -16.3 -22.3 18.7 -83.3
GPS3 -10.7 18.8 24.3 -42.2
GPS4 4.1 -55.6 39.1 -116.6
GPS5 -6.2 14.2 28.8 -46.8
GPS6 -1.7 1.9 33.3 -50.1
GPS7 -333.3 103.5 - -
GPS8 -1.6 -25 334 -86
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542 »H A AAPHET RS %

A F w2t 2007 &£ 10 P 2 2008 & 2 % o & P A B X GPS
IR BUTEA T R IR TR A R ) IR L R Y 2
LAY e-GPS Bt i A (AR QIERT HF 134 2 2) ) & (7
ARFEY o i5d A7 T B Y ey o Ak %kﬁ B S
F) atl-2cm RN o Flt o ARG B AREA M i RH TIE TS A

2 R o

Feb o3 2008 £ 7 7 3 10 7 s ikAp e RN R SR RS
AFSESBY LT F RS KRR ! KR E LA 5-10 #7578 5.75

BT GAAIEE S FR2YPITPRFF e H94m 70 ~8 0 -
97 By #HEm 92 2107 X wd HE 0 5 24cme
% 5-10 A& ¥ # 5 p £ & (M)
b iR N E % A7
2007/11~2008/2 * 5 2,591,861.416 213,379.657 775.019
77 2,591,861.427 213,379.6178 774.9985
8 * 2,591,861.419 213,379.6243 774.9828
9 ¥ 2,591,861.395 213,379.622 774.901
10 * 2,591,861.414 213,379.598 775.0038
Eih7 MBS
2591861 43 J00REETA
000800069 200848 A 2007511 §~2008 52 49
Rl To0REE 0 * (O01125-003925)  +
o N (-0.02425,-0.00225) [z ) -
& 2591861 41 *
=
25913614
0.0125,0024) * 200897
2591361 39 : :
AW AUBWE WL AUBWE AUBWE  ABHE UBRE  ABHES
EfAE
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PplP 2L BB 0 AT B P FIR R TS A PR > ) 2009
EFFRPFAILTREAUEREF S S 82 52 88
(& B3 BL)» BEi= 48 5 4 %] S2-1+52-2-52-3( % = %*)»S4-1~54-2 ~
S4-3 (% % )»S6-1~56-2~56-3 (% = &) %4 802009 & = ? 4 >
AZrF A A e L d 18 KRG X TR > H P RPEELE TR
1o BRI 0 BT 3K S4-1 B> 0 27 2008 E ATk R ak 6-1 BE
A - A 0 PIBESA-3 23 Eehplxk T AR 0 BEEL S6-1 - 56-2 225 p
Bleb— ~iplEhZ AP 0 ¥ AT AR HITATR B2 S6-3 0 e 4 & 2009 & 4t
R Pl Bl BRI 5 4 BRE 22008 £ 9 2 9 poRlEkA T 4
5.76 o #751 > @ 2009 & 3 ¥ A= 9% 2K 0P| sk BLAo 8] 5.77 #on o

B 5.76 2008 # | =k 8L i
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W 5.77 2009 & 2 2010 +# jp|=k 2L >

d *+ 2009 # GPS Fpds fi £ RI=E £ ATH K3 5 5§ Flet Ak
B {0 AxBHE 2009 £ 5 7 26 p OB 4o ORI TR 0 FET
b AR F o ek 5 b 7 R B R R ek 611 .

£ 5112009 6% 1P 3 679 6 p 34 schkiE(m)

k4R N E % A2
2009 # 6 7 1p |2591,864.339 | 213,412.562 785.459
2009 # 6 7 2 p | 2,591,864.338 | 213,412.558 785.670
2009 # 6 * 3 p | 2,591,864.346 | 213,412.551 785.853
2009 # 6 * 4 p | 2,591,864.339 | 213,412.558 786.540
2009 # 6 " 5p | 2591,864.341 | 213,412.554 785.728
2009 # 6 * 6 p | 2,591,864.339 | 213,412.562 785.459

SERS - TP T LG (FHE EEPIFEY S 2010247 30 -
M2 #2009 & 10 P 25 p S swAELRES S E Y- = 2010
A40 30 pREFRRLCFREEL A oA S ET YT AR L
FGF AP RS 201040 30p ~67 23 p ~8% 28p 2 10
126 P o

5-68



*2010# 107 26 p s AP 2 LT ¥ EF %W FFLEPIE T o & 5-12
34 5-17 22008 9% 9p ~2009 Fz H ~ % 2010 # w Hpm iR B
LT § 68 R R AR R sk B R

% 5-12 # 15 p € 2008 £~2010 £ 48 I Bl =k BE 7= N < £ (m)

N 2008 # 9 " 9 p 2009 # 37 20 p 2009 #6 " 6p
S6-1(Jm B2k - ) 2,591,979.953 2,591,979.952 2,591,979.956
S6-2(fm Bz =) 2,591,986.768 2,591,986.779 2,591,986.775

S4-1(F iplzk > -1) 2,592,271.040 2,592,270.992 2,592,270.994
S4-3(kiplzk =) 2,592,261.241 2,592,261.238 2,592,261.238

% 5-13 #1518 2008 & ~2010 £ 4p F B2 BE 7 N & 4 (m)

N & 4% 2009 #9 % 1p |2009# 10" 25p [2010# 4 * 30p
S6-1(f iplzk—) 2,591,980.001 2,591,979.989 2,591,980.037
S6-2( R iplzk =) 2,591,986.829 2,591,986.819 2,591,986.870

S4-1(F iplzk - -1) 2,592,271.071 2,592,271.028 2,592,271.038
S4-3(mBl=t-) 2,592,261.280 2,592,261.272 2,592,261.319

% 5-14 # 15 p| € 2008 £~2010 £ 48 I Bl =k BE 7= N < E(m)

N & 4% 2010 # 6 * 23 p | 2010 =8 * 28 p |2010% 10 * 26 p
S6-1(F Bl =k—) 2,591,980.018 2,591,980.034 2,591,980.033
S6-2( B =k =) 2,591,986.849 2,591,986.866 2,5919,86.864

S4-1(F ipl =k -1) 2,592,271.019 2,592,271.033 2,592,271.032
S4-3(miBl=-) 2,592,261.288 2,592,261.317 2,592,261.315

% 5-15 # 158 2008 i ~2010 £ 48 f ip] sk BL = E < 45(m)

E &4 2008 # 9% 9p | 2009 # 3% 20 p 2009 #6 " 6p
S6-1(Fiplzk— ) 213,388.192 213,388.081 213,388.076
S6-2(iplk =) 213,415.584 213,415.466 213,415.470

S4-1(F iplzk > -1) 213,288.271 213,288.182 213,288.189
S4-3(m Bz =) 213,368.089 213,368.013 213,368.013

% 5-16 # 5§ 2008 £ ~2010 & 48 f Pl sk BL = E < 4E(m)

E &% 2009 #9 %" 1p |2009# 10*% 25p | 2010 % 4 * 30 p
S6-1(f Bl =k - ) 213,387.998 213,387.995 213,387.894
S6-2(F Bl =k =) 213,415.392 213,415.390 213,415.320

S4-1(F ipl =k -1) 213,288.117 213,288.157 213,288.147
S4-3(m Blx-) 213,367.982 213,367.986 213,367.971
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% 5-17 #1571 $ 2008 & ~2010 & 48 f Pl sk BE = E < 4£(m)

E &4 2010 # 6" 23 p | 2010 =8 * 28 p |2010 % 10 * 26 p
S6-1(f ipl=—) 213,387.924 213,387.893 213,387.889
S6-2(Jm Bz =) 213,415.341 213,415.308 213,415.305

S4-1(F iplzk» -1) 213,288.175 213,288.145 213,288.136
S4-3(m Bz =) 213,368.002 213,367.967 213,367.960

-

m H

7~

T &R 2009 & v Hp 2 2010 & v Hp3F (T LR E

L Ao & £ 5-18 & & 5-21 #91 o H ¢ S6-3 enEhix ¥ 5 3t 2010 £ 8

P28 p o LRI E PF o BRindn 4T B

O PE REL AR 02

ITE K S6-3° ¢+ 2010 # 10 * 26 p *5 7 # s Pl & 2 S6-3 Zh&2 2010 #

8" 28p Ak o

% 5-18 $# 5 E 2000 # 2 2010 & 2 p(sbBL1=2 N & 4&(m)

Nd&4 2009 # 3% 20p [2009# 67 6 p 20099 % 1p |2009 # 10 * 25 p
S6-3 2,591,874.139 2,591,874.134 2,591,874.169 2,591,874.169
S4-2 2,592,258.956 2,592,258.954 2,592,259.012 2,592,259.020
S2-1 2,592,308.671 2,592,308.683 2,592,308.747 2,592,308.743
S2-2 2,592,241.171 2,592,241.178 2,592,241.240 2,592,241.234

% 5-19 #% fi Rl £ 2000 & 2 2010 & £ pl=b B2 N & 45(m)

N&4 2010# 4" 30p |2010%6" 23 p | 2010~ 8% 28 p | 2010+ 10 * 26 p
S6-3 2,591,874.216 2,591,874.195 2,591,874.187 2,591,874.185
S4-2 2,592,259.069 2,592,259.037 2,592,259.073 2,592,259.070
S2-1 2,592,308.788 2,592,308.759 2,592,308.794 2592,308.895
S2-2 2,592,241.275 2,592,241.252 2,592,241.279 2,592,241.277

% 5-20 # iRl £ 2000 # 2 2010 & £ pl:b B2 2 E & #(m)

Ed&4% 2009 % 3% 20p |[2009#6 " 6p [2009# 9% 1p (2009 # 10 * 25 p
S6-3 213,495.615 213,495.617 213,495.556 213,495.556
S4-2 213,265.833 213,265.825 213,265.788 213,265.796
S2-1 213,090.301 213,090.296 213,090.220 213,090.223
S2-2 213,063.276 213,063.262 213,063.174 213,063.172

% 5-21 # iRl £ 2000 # 2 2010 & £ pl:b B2 E 4 $(m)

E&4 12010%4"% 30p |2010%6"*% 23 p |2010%8"*% 28 p |2010# 10 * 26 p
S6-3 213,495.501 213,495.541 213,495.522 213,495.518
S4-2 213,265.768 213,265.801 213,265.765 213,265.755
S2-1 213,090.179 213,090.208 213,090.175 213,090.143
S2-2 213,063.104 213,063.134 213,063.094 213,063.086
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T oA 5-22 3 4 5-24 5 gL S2-3 & pEHp cndR TR 5 2009 £ 3 2
20 p {2009 # 6 * 6 p 5 ¥ S2-32--2009 # 9 7 1 p4-2009 & 10
#25p 5#7S2-38--2010% 47 30 p

T S2-3 BEHHIT AT E AT K

8k $2-3 o
% 522 #S2-3 8 N~ E &4(m)
S2-3 2009 # 3% 20 p 2009 # 6 % 6 p
N &% 2,592,275.011 2,592,275.026
E &% 213,096.522 213,096.514
% 5-23 #5S2-3 BLi~ N ~ E < $&(m)
S2-3 2009 # 9 % 1 p 2009 # 10 * 25 p
N & 4E 2,592,271.557 2,592,271.550
E &4 213,104.853 213,104.859
% 524 €371k S2-3 8 N~ E & #(m)
S2-3 |2010# 4" 30p [|2010#6* 23 p | 2010 # 8% 28 p |2010# 10" 26 p
N k& 2,592,271.611 2,592,271.586 2,592,271.612 2,592,271.611
E &4 213,104.798 213,104.831 213,104.796 213,104.789

T &% B 5.78 % E 5.86 L & pl:bERi-ABEE 0 A 0 #2010 £ 8
28 p 32010 # 107 26 p > ¢ pERE S 7 eppER > B S2-2 ~ S2-3
S4-1~S54-2 ~S4-3~S6-1 2 S6-2 iz~ BplzhghizH g it > » FRES B
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B CH CENTERIEGT]

&ISEOSBNB DR (H—F)

CENTERIESH

WBRIRIE (35—fF)

2007,10,19~21

B (m) | SERPERER (m) | 3REFEE (cm)
: z| x| vl z| dx| dy| az
GPS1 | 3347169 -173.6945 | -66.1253 | 334.7145 | -173.7077 | -66.1578 | -0.24 -1.32 =325
GPS2 285.491 | -218.9558 -75.3336 | 285.4819 | -218.9744 | -74.8855 | -0.91 -1.86 -2.76
GPS3 | 269.0273 -207.2832 | -77.9727 | 269.0205 | -207.3074 | -77.9852 | -0.68 =242 -1.25
GPS4 | 2701067 -232.2456 | -82.5404 | 270.1033 | -232.2671 | -82.5615 | -0.34 2215 2211

2007,10,19~11,12
20°PRERAR (m) | 20%.RE#2E1 (cm)

X Y Z dX dy dz
334.7129 | -173.7236 | -66.191 -0.4 -2.91 -6.57 %
285.4887 | -218.0387 | -74.9328 | -0.23 -8.29 -7.49 :
269.0205 | -207.3808 | -77.0147 | -0.68 -9.76 -4.2
270.0954 | -232.3301 | -82.605 -1.13 -8.45 -6.46
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GMS1

L CERTER J{ ~
~2007,12,12 09:00 am

15

2007-10-18 01:54:35.0

1031 01:91:24.5 1112 01:28:14.1 2007-12-12 00:55:15.000000

v Maximal: 3.00 Minimal: 4030 Ave: -17.280418 Latest: 27 80 (Unit: mm)

Displacement

2007-10-18 01:5%:35.0

H Maximal: 17,60 Minimal: -33.80 Ave:-14.927700 Latest: -32.30 [Unit: mm)

10-31 01:941:24.8 1112 01:28:14.1 2007-12-12 00:55:12.000000

Displacement

-8
2007-10-18 01:54:35.0

-8
10-31 01:41:24.6 1112 01:28:14.1 2007-12-12 00:55:12.000000

H
)

GMs2

kalman

L CERTER J{ ~

~2007,12,12 09:00 am

>
<
Displacements

2007-10-18 01:56:31.0

W Maximal: 15.00 Minimal: 10880 Ave: 47587282 Latest: 10880 (Unit: mm])

10-31 01:43:20 6 11-12 01:30:10.1 2007-12-12 D07 140

Displacement

ERoBE

Rl

110

2007-10-19 01:66:31.0

10-31 01:43:20 6 11-12 01:30:10.1 2007-12-12 00:57 140

H Maximal: 7,30 Minimal: 88,90 Ave:-26.865331 Latest:-63.00 [Unit: mm)

Displacement

2007-10-19 01:56:31.0

10-31 01:42:20 6

11412 041:30:10.1 2007-12-12 00:57 114.0
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Ll CERT

~2007,12,12 09:00 am

20
18
12
8
a
o
4
3
2
18
20
2007-10-18 01:58:27.000000  10-3101:45:16.8 1142 01:32:6. 6 2007-12-12 00:58:11.0
Masdmal: 1120 Minimal: 11370 Ave:-54.016174 Latest: -121.30 (Unit: mm)
126 125
100 100
75 75
o &0 £
‘Eﬂ E 25 25
H
o o [z}
g2 26
& 50 50
78 78
100 -100
-125 125
2007-10-18 01:58:27.000000  10-3101:45:16.8 11-1201:326.6 2007-12-12 D0:58:11.0

H Maximal: 34,90 Minimal: £3.10 Ave: 24276174 Latest:-43.20 [Unit: mm)

Displacement

2007-10-18 01:58:27 000000

10-3101:45:16.8 11-12 01:32:6.6 2007-12-12 00:58:11.0

COREG

 1a

25

25
20
B 15
B 0
5

]
= 10
= 15
= 20

2007-10-18 01:58:59.0

1031 01:46:39.0 1412 01:33:18.0 2007-12-12

v Maximal: 820 Minimal 11330 Ave: 62711130 Latest: - 11860 (Unit: mm)

25
00858258 000000

125 125
100 E- 100
5 5
o+ =50 &0
o
£z E 25
= 5
o oo [z}
= 25
& .50 50
75 785
100 -100
25 1 25
2007-10-18 01:50:52.0 1031 0148300 1112 01:33:19.0 Z007-12-12 00:52:60.000000

H Maximal: 800 Minimal: -75.70 Ave: 29.736528 Latest: -72.30 (Unit: mm]

Displacement

2007-10-18 01:52:59.0

10-31 01:46:29.0 1112 01:33:19.0 2007-12-12 00:59:58.000000

CERTEDIER]

~2007,12,12 09:00 am

20




2008,7,21~2008,10,17

eSS

static e85

kalman *%

411
698
525

2008-07-2107:51:58.0 08-12 12:227.0 08-31 02:52:43.0

o A

A=
<=
=

Mai sl 92,50 Minimal: -25.10 Ave: 370.198347 Latest: 41250 [Unit: mm]

Bas 5
i) o d N
s 417 = =T
> = 27 = 278
ﬁ % %139 = = 138
’ o g9 o
EC = 139
Sz7e 2 = 278
m a17 = a7
o 566 = 566
g‘[ 585 585
e 2008-07-21 07:51:59.0 0213 19:227.0 03-31 02:50:43.0 2008-10-17 09 52:50.0
o 0 H  Maximal: 5600 Minimal -30.00 Ave: 309.088638 Lstest: 14470 [Unit: mm)

760
505 - = 608
450 = = a8

2304 = 304
152 \‘m v ' = = 162

5
E
30 o
a5z - = 152
G304 = 304
-456 — -A56
-608 =— -G08
780 780
2008.07-21 07:51:52.0 08-13 19:2277.0 08-31 09:50:43.0 2008-10-17 08:52:50.0
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13 '

.0004x? + 28.796x - 568057
R? = 0.9327

i & (em/6= ) Tave 2 Bdfhdd RERE
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. i
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— f’k:"F'j::\I

2 >
3 .
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P

2008/2/22
y =-0.0004x" + 31.886x - 62892}}%
R’ = 0.9542 ——
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B (mm) Tl VBT YT (em/67)
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ke
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800
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ENTERAEGT]
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: 2008-7-25~2008-9-9

GPS4 7 [ P50y

Vr= 6.3 cm/day GPS3JE'“E'4ILZ§"+V“:"“' “\

[o85m == "o Vr= 6.9 cm/day -
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8H1H
8H2H
8H3H
8HaH
8HsH
8HeH

2591923.516
2591923.783
2591923.373
2591923.426
2591923.631
2591923.392

213377.685 |
213377.176 |
213378.396
213377.520 |
213377.834
213377.886 |

ENTERIEST

CNTERLEL )

NE:5(m)

25919239
25919238
2591923.8
25919237
2591923.7
25919236
25919236
25919235
25919235
2591923.4
25919234

il

E&4#5(m)

213378.6
2133784
2133782
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2133776
2133774
133772
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