FERBEBHEZEINEZSH T

@i/ﬁj?a’ﬁli Eﬂ#ﬂﬂ

Taiwan Journal of Geoinformatics

BARE F—H FERBE-0tF—H

Volume 6, Number 1 January 2018

Published by Chinese Society of Cadastral Survey &
National Land Surveying and Mapping Center

B
\@) B+ AR R BT



dEAHSBREFEF 195 eRA

- BETE g :

B =2 R.=XE
FIEER  #ER
BIFESE  EWHE S5ER =
B S XS -EER -R2RRECIENR B B BXE- - 2HEE8 - TEF - ERUEE -

BEEE - REE - wlRE - HER - 5Ru/B - BB - B

BISESE  BEIE
8 S .8Xin-HEIEE- FFB--g8E

W g R.EEEGRMD)
BIMER | =CE(GRD)
W =REGHE)  REBRGEE)
B 5 OEB - BHEA

FTEEE  EE®
Z B IEF =MF BWER BREZE HEF KLF =ZBE ZRE

7 F.HEF RER - BEE
(DREZEE .
TE28: 15 A
82Xt MBLE - HXE AR
BRALSE - BRIm D
MamEE . REEE
A UE PREEER
g =R
(DMAZRREES :
FEEE  ORKE

- BT

B
1

+
/Ht

BT HERE

\
/|

e
3
Nt

Z B .XTRC MEB MEBEE RRE 2BE =NFE- BEZE - BER-
EEE -HEB
B R R
% S .9RE -EHE
(MREEEF .
FTEEES ﬁﬁﬁ’—
Z B HAXE  -sRuu/B- BBER - ZE - #HER
&% 5. EEZIK MEERME
(QHBEIHEES .
TEEE : BERm
Z B E.Eﬁ FNE - EE
MErE  ERT
&% = uﬁ‘TJ—_EJu
NBIREHREES

EFEEE BXAB
Z B:.FXE ExXf BREE EE-#EIEHS
WS BfAAE
B ?ﬂﬂﬂ% B

(DFUEENFEBDEES !

TRHZEE  BSBE

Z B BBhin  JIER HARE - EER - #HER TFEK - BER 2RXRE -
SHE - BIRE  FEEE TREE

BEiilt : 4088 hEEE AR 3355285
#8 3k http://www.cadastralsurvey.org.tw
BT HH : cscs.editor@gmail.com



BB zEfE R RE—Ot&FE—H
BRE B £ 1HEFE 14 H
Taiwan Journal of Geoinformatics

Vol. 6, No. 1, pp. 1 ~ 14
33 %3 RS L FR N
EpRET I wRBIBRRLSIT

CREQ R - S

¥~ Jcit p # 1 105.12.08
W~ 1gexp # o 106.02.16
e EHXp o 106.02.26

£ &

ARG EAN TS EAY SRR - BEAIF - SRRSOk ko SEE N
AR AE AT A H a5 5271 » CH AN E 7 2K EMi# 2 £ % (Global Navigation
Satellite System, GNSS) ~ fE#£ /2 (Gyroscope) ~ Jl1ZE[E 1 (Accelerator) F itk eEE fL H 1% »
7 M & — R A AR - 2T BN E N AR 2 N T i 2 B e A il
ROAER PR it 2 fr B HL R RE - 2 e DMF R faii s G =~ B st 3 72 fir %€ [ (Direct
Georeferencing) JNA RFaFAh o RIELAIHFERF 25 Hi A (3 EE AT B AP A 1T 5
e R VI FE R R AT > LB MO T S i (B T A B FE A T S M &
ZWN AN SEREE - AHFUHEA T ()EEMREA T ZRRENE © ARt
HE—BIGEIU G > DUREAE— & T e B E R e R » 70l H FHiWitness
Profi S TAHR R E - DIEHE R — SR B R —a B 2 NI 282 SR E -
I TENREENEEALE M ECHIES 2R © AT [E—AY5% I & ik 2 GNSSAAE
PARZRE A HETIB S A » Al Eile-GNSSEEERS » DARTAS AR RS =~ 47 fir 282
BIRBIE -

PR« (TENERACE  TREENE - MRE BT

R B B L SR SO K
PRI A d e Rr g koo
" ity > TEL:(02)7734-1683 » FAX: (02)2369-1770 » Email: sendo@ntnu.ed.tw -

1



B G BLZE TR RN EE

Accuracy Analysis on Built-in Camera’s Interior
Orientation and Sensors’ Geo-referencing of Portable

Devices

Zih-Heng Chou*  Sendo Wang®*

Abstract

Smart portable devices developed rapidly in recent years. Tablets and smartphones are
more common for people. The resolution of the camera in these devices is also rising. In
particular, after built-in GNSS, gyroscopes, accelerometers and other MEMS sensors, the
device is more convenient than general digital cameras. However, the stability of the
interior orientation parameters of the built-in camera has to be tested. The position and
attitude provided by the built-in sensor, is sufficient as a direct geo-referencing of the
shooting images, also yet to be assessed. Therefore, this study will be based on former
research results about non-metric digital camera used in close-range photogrammetry. We
will design experiments to explore the accuracy of interior and exterior orientation. This
study has two issues. First, the interior orientation stability of the portable devices: we will
repeat shooting the coded calibration targets by the same model four tablets and by a single
tablet. Then we get interior orientation parameters by camera calibration in iWitness Pro.
Second, the accuracy of GNSS and gyroscopes in portable devices: We analyze the
precision of GNSS and attitude by the same model four tablets, then compared with
e-GNSS.

Keyword: Accuracy Analysis, Camera Calibration, Close-range Photogrammetry, Portable
Computing Devices,

! Master Student, Department of Geography, National Taiwan Normal University.
2 Associate Professor, Department of Geography, National Taiwan Normal University.
“ Corresponding Author, TEL: +886-2-77341683, Email: sendo@ntnu.edu.tw.
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A1 S M & (Close-Range  Photogrammetry) 237 s ¥ H ISV TH R - Higs
RN G 300 NRZ s A& (Wolf & Dewitt, 2000) - FEZAHAYE K - < H A
=TI 2 IR SR AH % (Non-Metric Digital Camera) SR S HIBUAR I - (HIRE
SIBIARRE . N T 2B A e - HErva 8 =i aeE - NIV EFI AT =8 i
RSB TR E - e H N T S A EEH 85E - i B AR T =
W E A B & T iWitness ~ Photo Modeler ~ LensPhoto - #[1(& 755 » 2010) T
iWitness ~ Photo Modeler ~ LensPhoto FREJHEIS E 455 S (G pE BAY)RE 7 Bff%: (SRR
5= > 2008)AIEEH iWitness #EG 7T TAHAS E W 52 il i=n ’EFE%J(E'E%Z:Z&%QTME
U [E] HHAT A 1 B S it R i A T = 4 st > 050 B ERE T M R i FrsE 22 21 2 3
VIR EREE -

iR N E TSR G_F—Bhr It AR 2 AR VRSB AR A
HIEETL ~ K RTERIRES TN T AL 2 EHKE - HIRBEEEZINSN 28 51 E %
G M AAEHE > JTE R R 2873084 - ZiREB G R 2 A ESE
ABRER Ry B o FERE I 2 BKIE iz 247 (Global Positioning System, GPS)f2 it L
AN = 4t B AR > ROAI I M & T EE 7T (Inertial Measurement Unit, IMU)EEEAE 1% = (&
il =) 2 T RE A  BIREIERS AE DT 28(Xo, Yo, Zo, w, @, K) » FHIN B G 2 EHEEM
I 7E fir 72 1] (Direct Georeferencing) - 4[1(fE 145/ > 2005)%; GNSS/IMU B #:HIE 4N 5
I 282 =5 B 2 N7 2 BEE R ETNEEE LR T - (5 - 2014)RIFEH
R UAV B8 T BB E AL > TS A Bt E AE R -

i Bl KT 5 AT AR FE AR ROREm e - (E AP RS - A+
HoE R EE R » TR E - TRE N T 28U SR TR 2 - TRl E AR e Bl
7 e T%%Eﬁ?r; B > BEALEAREERS - BRI TN GNSS - FRIREE BT aR g 2 F
[§ > MERLHEE AN B EALE R « FHIEE et Bt @iitse ol flH
Imagine Photogrammetry SRR RS AH R T RS AY - I R 28 & [ 3 SR (7
HY =AM DUEMERRTEIEE B B R Ml E 2 FIATIEE -
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SR (TREE
AHFEE(E > {TEHEE B ASUS MEMO Pad 8(MES81CL) » % 1 Ay s -

#. 1 ASUS MEMO Pad 8 # &% (ASUS, 2015)

HEE T ASUS MEMO Pad 8

TEFEZ4R Android 4.4

MHiREER SHESZRREHRVEHIHE 2R ERNEHRHE

BOHIZS EENIES ~ LRECHES - BETEE - EREUIE - FRiRE
RS GPS & GLONASS 2 245

Sy M A SR TEEE R SONY Xperia Z3(3 2)fF Ry ial -

# 2 Sony Xperia Z3 & &*¥(SONY, 2014)

HEE T Sony Xperia Z3
TEERS Android 4.4
THEER 20.7 H & EEEH
2.2 HEERIEAERE
BCHIES DIERFE EOHIES ~ BRIEDCRUNIES - SUBRET - PRIRER - WAJUET
TEALZ % GPS & GLONASS & BeiDou =2 %4

EP RS

003 1R 552 (Central Perspective Projection) 24T Sl HIlE AR - Jo 0B

s HPIRG 35 tH 2 B4 - RIS 4RV B MEES 4 T&%EP/U PR ARG - JE

1 P P22 2 08 A(X, Ya, Za) AR HU0 O(Xo, Yo, Zo) » Fes ARGl Rl R

558 a(xq, Yo, 24) * TR A, O, a =BhHhay - B P RyfgeF i F 2 {5 £ H&f(Principal Point) -

16 8 2 IE R LY EERE Ry {5 £ 25 (Principal Distance) - ¥R 83 2055 £ iE % i fagH
f o

i
|
|
| X 74
e N
(‘\()Y()/'n) Y
AXYz) X

ATATA

B 1 ¢ <7 3 B (Arias, 2005)



P ~ FEHE ¢ (TEPRER PR P (i R PR i 0 I BT 317
(—)ERARBER

W5 fizye 2 (Element of Interior Orientation) P {8 friibfi] » FHARZE oL g
F B G B (R 2 28 AOHFTERE R VAT St M B H0EG iWitness JE{THH
HERE - Witness 2 S A5 IE BRIEEAEFT 10 (BS% B T RS 3 [N S
BAh o RS 7 E SRR RS - BRESE RN
® HIAJT{iz 2 (Camera interior orientation) © f,x,, y,
@ HFEATHE = S (Radial distortion parameters) : K;, K, K3
® (M 28 (Decentering distortion parameters) : Py, P,
® {5} - FJEIEAT ¥ (Affinity, non-orthogonality) : B,, B,
TR EE RO

x|

Xp

=x —
=Y =Y
r=4X?+y?

dr = Kir3 + K5 + K317

<A

dr
X, =X+ f? + P, (r? + 2x?%) + 2P,Xxy + B;X + B,y

Ve =y + y? + P,(r? + 2y2) + 2P, xy
=
X~y BUEBEEMRRS 2 A
v GUREE G R  SE A TR
dr : HI TR e 82
Xc ~ Yo - BUER 2 R G A

(iR E BB

AREEREL iWitness R T2 FRERRSE R H B3 E (AutoCal) » B e fine R e
gt - RERIE 12 | RO WEHRYIE T 547 5 ([ LER: > A 60 fE=
TE AR o [EIREAVIMHAE] > BRI Bk > fH FE R EREE & A -
f{c{% iWitness Pro ARG (5 A TR R ERIE A ALY 2.5 m x 2.5 miyZEf] 4
R I EREA LR A b R P iR R e AR e R 2 e =
FAE 15~20 2oy Z ] -

AL > ARFEfiseR EtesRss - & 12 R RERERRSY 1.8 AR "L 15
S RER H BB b SREENE RO i 1 R REEENR &L
15 RoriyPise b (EHEESAN 11 R SRR A [ESFE - 408 2 For -
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B 2 1W1tness & U‘“ii %ﬁ‘iﬁi}i—m

(S)FaEIER

Bt 4 B PR BRI EL TR P 8 AR A E SR A T 3R 30 {{k§R iWitness Pro
FYERAG S A TIPS IR IR B B B a1 - IR R Z A TR
4/ THERFURERER EIE 3 AR R EHSRERA T EGA TRV

AWTFER G I ISR ER IR G - BRGERERMT 8 (&5 (4
{EA2 A0 4 (&S A 05 [F) IEH ~ B1E 90 FEEitH i B frik - — I 16 sRZ % - [E 3
Fyftfi 1Witness SREREZ 16 5B - SERTHIRIRRI A EA iWitness G T TH
FMEHAGEN R SERTE - DISAPREERS K TR 2 T 28

23 AR AP EARPZ A AKT

TEIEEE RS HEEE ISO =R
ASUS i 2560x1920(4:3) SR 400 EEj
SONY Z3 F% 5248x3936(4:3) HETHEIEE 400 HE)
T — B = —
37;“' ;n..';J:J-uJ.JJJNW i‘ald-:u.u;;un C{Mdddddddad ﬂ:.;l'luuuau Q:?
= EEEE r'vfl
s EEEE . ® o
-n = :
"N ] n -.MH;AA.JA Ql?l Mdddddddaa 7 - -AJJMJJ“
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e 0w s 35 mEw
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~ .44“44414 = Ix) .JMMJJM ﬂa .IJJ“M“

' i O 0
i. . ‘ ‘
| L. | ammm
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PR ~ FEEEE ¢ AT BT PR 07 i R P (e R B FE AT
(PO)RELER

ARFERIA 4 BAHIE ASUS AR RN Ry B BRa - e iABERIa(Set)#2 B - Set 1~ Set
2 By[El—HEE > Set 3 -~ Set 4 By[F]—HEE > {RILIEHE > Set 9 - Set 10 HIl % SONY Z3 F
PATIARE Z B ME R BIRA > — SR 10 (B R 2R ESEER B TR 4 ER6 -

ST SN H—A”iﬁﬁﬁ?ﬁﬂﬂﬂ{%}fn AT SEERAK  JEETRE - (H[E—
RISE > 4 G [ESEARER < YA T 2 8ER FEE) R () T 4RTE 1 K 4R5E 2
AR BB RS R BT ZERE/ N 0.1mm o {5 T BET RS B (x,, vp) JTTHI » 4R5IE 3 2 AR BB
BOK - HER 3 B E/NATEE 0.1mm -

YRR TR T RS RIE PR Ry B AT E 4 0 Sl R YRR
Gl s (dr) - foaiil Ry GG 22 (5 108G 2 # A pEEfE (Radial distance) » [&7R)5 &R A —
B PR S < TR e B A M F RS T 4 AR E PR RS =B E R
R R T RE Ay (B SRTHF TSI YA 5825

w4 ( dr)

0.080
e Setl

0.060 / o2
0.040 —Set3
0.020 / R — S ot

0.000 — Set5
-0.020 0 > 10 40 e Seth
-0.040 —Set7
-0.060 —set8

-0.080 Set9

Set10
-0.100

B4 ASUS T4 % %6 % 73 £ b2 $HEGR S # £ (dr) > %b¥ & S

BREINS > F—afERRmMEGR 2N SBEREA R AE 4 5FRE
i 2 MR S8 E A RE AN AT RE R N R e SRRV IEBRE B T 2 N\ Rydt =P e
PR 4 BFIRERRGSN Set 9 LUK Set 10 £y SONY Z3 T sH G 7 Z RIEEHR
GERBURHRERIELY Ry ASUS “PARCEREHY 2 1% (G LEIFS %k‘éﬁzibbkﬁé%ﬁ fis -
PEATRSTE 3 A - EITREEST R S (R E(Ky, Ky, Ka) AT E /NG PR



I - I B 2= i

4 %%.1 -2 ASUS T4 7 %5 iWitness & T % #cz I
TS Set 1 Set 2 Set 3 Set 4
£(mm) 10.909 10.805 10.945 10.935
x, (Mm) -0.067 -0.033 -0.045 -0.060
Yp(Mm) 0.018 -0.045 -0.029 -0.028
Ky -8.992x 10™* | -8.132x 10~* | -1.069x 1073 | -1.057x 1073
Ko 3.329x 1075 | 2.967x 1075 | 3.988x 10~° | 3.822x 10~°
Ks -3.304x 1077 | -2.720x 107 | -4.236x 107 | -3.949x 1077
P, -2.702x 1075 | -4.541x 1075 | -1.964x 10~° | -1.015x 10~°
P, 5597x 1075 | 3.894x 10™5 | 1.477x107° | 4.039x 10~5
B, -3.437x 10~* | -9.453x 10~* | -1.338x 10~* | -7.062x 10~*
B, -1.699x 10™* | 4.387x107% | -1.535x 10~* | -2.527x 10~*
%5 %% 34 ASUS T4+ 7 % iWitness F % iz fr3E
B Set 5 Set 6 Set 7 Set 8
£(mm) 9.636 9.864 10.486 10.521
x,(Mm) -0.122 -0.115 -0.011 -0.010
yp(mm) -0.200 -0.187 -0.070 -0.058
K1 -7.569x 10~* | -8.269x 10~* | -1.110x 10~3 | -1.018x 1073
Ko 3.411x 1075 4.135x 10° 4.657x10~° | 4.151x10°°
Ks -3.625x 1077 | -4.192x 1077 | -4.988x 10~7 | -4.316x 1077
P, 4.914x 1075 1.365x 107> | -4.867x 1077 | 1.509%x 10~°
P, -5.363x 1075 | -8.607x 1075 | -4.118x 1075 | -1.411x 1075
B, 1.019x 1073 | 1.335x 103 | 9.108x 10~* | 5.227x 10~*
B, 1.970x 10~* | 2.286x 10™* | -6.131x 10~* | -1.519x 10~*
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% 6 SONY Z3 = iWitness F = $-#c2 FI12

THE SR Set 9 Set 10
£(mm) 20.718 20.651
x,(Mm) 0.168 0.097
yp(mm) 0.282 0.209

Ky -3.835x 1075 -2.502x 1075
Ks 5.120x 10~ 6.460% 107
Ks -1.474x 10~° -2.226x 107°
P; 7.707x 1075 -1.099x 107>
P, -3.171x 1076 -1.741x 1075
B, 1.199x 1073 7.050x 10~*
B, -9.801x 1075 -5.105x 104

E o~ PR BRI B R

S8zt Z (Element of Exterior Orientation) & B 2 i A A 1 L N 22
AR 28 2 AU B HAERE - DIUNE2EERE - b = (A ES2% > gamaoEilEd
HL Z W) ZE R AR (X, Yo, Zo) 5 = (EZRESE - BRI 2 ieE R A (w0, @,k) ©
B WAREA TTALICZER (S, Xp, Yp) KINTALITTER (X0, Yo, Zo, w, @, K)1% > F]ZEYIERG ~ FHIE
s OB GRE 7 — BEIR AR - HARARER (R m] H 248 J7F2 0 (Collinearity Equations)
K HEREREEZNE Y SEEH > WA GG T E - HhZERH]
77585 (Space Intersection) B[1 DA FL48 A2 20 A28l » FIIFH 12 fG ¥ BB (G 2 Ll i '
TR 38 & Fetiae A AR ALEH T RAEDE - Wik 1 OB B A~ &
UL O ~ etk a =Bty » TR MR -

my1(Xg4—X0)+mq,(Y 4~Y)+mq3(Z4—Zp)
Xqg—Xp = — 1
a p fm31(XA—XO)+m32(YA—YO)+m33(ZA—ZO) ( )
Yo=Yy = —f M21(Xa4—X0)+Mz2(Y4—Y0)+m3(Z4—Z0) @)

Mm31(Xa—X0)+m3z2(Y 4—Y0)+m33(Za—Z0o)

Xa» Yo * & B G
Xp, Yp - B ER RIS E
[ PR
X, Ya, Zy 2 G A Z 22 R LA
X0, Yo, Zo * Bz 2 W) ZE T AR
My ~Ma3 * ks 3X3 JIEREAERH R 2T &

e oM B R SESYEL 2 Z2 AR > DV TR E MR AN T ir 25 WA
FHF AN EHY GNSS K FRIRENEESN T 280 A R ET =BT T L GBSy 2 =
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AL 517 (i S BB MR AT T B o 0857
I%KM%&HTWE% PERH O B ASUS AR RSP H U HIZS 2 -

(1) VAN GNSS S

(@ P <<<B G - TR R

(3) FiIFH e-GNSS HB AR AN GNSS HifE

(—)FARERS GNSS ZHEEMER

Attreeat B hatal 4 SRS PR 2 GNSS 137E K - Bt E A &
Y H GNSS WGER Bar Z Bl K SCE R THIE - 5 4 SHHEZLSRRY ASUS i i
SHIE - M HEEE TR GPS Status JEAREZ > BURPARENRS T HY GNSS JE firaf R
ANE 5 > FEFEE— G PAIRERS B eiE 30 PPEEREH GNSS Bk - FLH 10 2K -

BRI BRI RIREAE 22 - DUEBECPAR BRI P98 GNSS ZAREME: - S5AMEIIA
SONY Z3 FH&(F ¥ Ida - EhaERA TR 7

& A Q@ = 495% M FF435
Heading Orientation

Error (m) Fix/Sats.

Pitch/Roll (° Mag. field (uT)/decl. Accel. (g)

000 000 29/45/-4° 0.00

Speed (km/h) Altitude (m) MSL Last fix

0.0 46 16:35:00

Latitude Longitude

25.02497°N  121.52699°E

Batt. (31°C 4.13V) DOP/HDOP/VDOP Brightness (lux)

905% 2.3/1.6/1.7 1123 i
r~ﬁw§m?’mu-¥ EZ%W?E{:

b () )

B 5 GPS Status ZT_i=% % # B

10
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% 7 ASUS %47 % %% SONY 73 + #52 GNSS ¢ % & %

NCEAm | e o I
T (1) 2768646.756 4.657E-10 0.000

ST I EE,
- E(m) 303184.097 0.000 0.000
N(m) 2768647.580 1.162 4.415

Amak 2 SRR
- E(m) 303188.957 1.714 5.063
N(m) 2768641.909 6.561 17.719

Amak 3 MRS
" E(m) 303180.722 1.908 5.106
N(m) 2768649.175 1.140 3346

Amak 4 SRS
" E(m) 303184.638 2,930 9.088
SONY 73 S N(m) 2768651.970 0.508 1.108
E(m) 303186.095 0.002 0.004

BEERGEIREUR > 49t 1 PHFENGEL SONY Z3 T2 GNSS B MIsiE » 4wt
3 HY N ALK &5 4 By B AAREER (e i R 22 B ] DUE H HE A IR E » T i
B AR Y 1 2 23 R H)» B2 GPS Status fig FI#E 3 _EFTBURHYRR = (Error)
HEARK -

28 » ST THE

Average N(m) E(m)
4 SN EIERYEIEE 2768646.355 303184.6034
4 G EATREAE 2 2.710 2.927

ekt 4 5 PAREERG 73 A2 11 KRB P (E L R 2 - AR 8> FI G AEN »
E AR E o 4 G PAREERS ZAB R REY Al B 2,710 AR DPUR 2.927 AR - BEG TS @ [F
—IREARIES ZEERE - B ERE 2 iR B RE  EHE N AT RE R
[FISCE 2 RIS FTRERE 2 Hr 2 SRV BB E A R P 20 (BRI 4 AR AN 8
N AAPEARAEZE By 2.71 m > B SRR 2 Ry 2.927 mEVTTENARE » {9 Ry AT 252 2 FiilE] -

(Z) PR EESFCIRE - ETER IR E R

T TORRBEE 2 4T LT 2 70EL & = HiEiE 4 (Compass ~ Pitch A1 Roll) » RIHEA
WHZe st B 0 Rl 4 SHHEIAYSE ASUS S SIS = dliefsi s >~ 12w - Eh
HIEHTEZ/Z Google Play Store T#{ " Angle Cam /& EHE | » HIEMEAATECH%
Tt G A I 2 = deis s R A > kg 1% Al ks E RS It £E T -
REERE 4 & PR ERSE eI TR ECRREE > = - &% 10 B N a6 -
RRE— S - S 10 R > SR BB ECE IR = » DAL AR B S N e
BEBEN  ERERN TR F10:

11
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7 9 ASUS TH T oz BRI RE T F G 95 E%
Compass ) Pitch Roll

Compass Pitch Roll

STDEV STDEV STDEV

Amae 1 95.90 0.70 -32.25 0.05 0.00 0.00
Qe 2 97.50 0.81 -31.36 0.11 -0.97 0.05
A 3 97.30 0.46 -31.95 0.14 0.00 0.00
Qe 4 97.50 0.81 -30.76 0.08 0.00 0.00

210w ST T2 2 i & TR (= B)

Average Compass Pitch Roll
4 2 PR ERYFE 97.05 -31.58 -0.24
4 GRS EA AR 0.67 0.57 0.42

FEpeE RN o BB R{REEEEY Compass 72 R K > HhgRsk 2 ~ 4 SEARE
B Compass FARZEEE = £ 51 0.8 [ » [T [B]— S5 B R4 AT fEELGY Pitch 1 Roll ZE A K -
FRAEAZ B/ NS 0.1 & - R e R IR Z SR AR 7 52 21 B G R Eh e 2 T
Pitch F1 Roll {E R & 32 ) & B ERIR M 52 2 -

ik 4 B EIREERS =hiEE A o A2 10 REEE P EREHU FRUTEAEE - W58
10 > B]75-4F Compass ~ Pitch {1 Roll F - 4 & AR ERS #8495 5l By 0.67 [ ~ 0.57
FE LUK 0.42 [ - (R - BEEEI S » [Fl—2SE A% 1815~ Compass #E# A F2E - Pitch
1 Roll HIFEHTEE - [F—AI55 R [F45E 2 Compass - Pitch F1 Roll B# A& E » {HIE
REENALE -

(=)FIH e-GNSS kBN ERE . GNSS fEHERE

fife e P EEHE . GNSS FREM: 2 1% FIFH4R5T 1 VAR RS ELE (LR N 7 4l
RN BNRETE (L £ e-GNSS fiiELEs » ALLL SONY Z3 FHE/E Ry Iaa - o ifr-PifEE
it ke TP GNSS ZHFJE -

H iR RE AT B ) H GNSS GER RAF Z Bl AR - 18845 2 (LA (CL ~
C2)METTEM - B2k 1.5 AN S22 e-GNSS K4R - FE 1 e-GNSS 22518 13 2 5
g e T RIBS B AR E AL - ALREEdR fix 2RI A E0HE N2k « ALREEsRoERki%
RHReE 1 PHER B SONY Z3 FHEIKFFE NS e-GNSS 75 » JiAI A GPS Status ]
TR ACERAC AR TR - (R A FH AT A N ZURFE R I fy TWD 97 > BlgeE RN
NN

12
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# 11 1% e-GNSS 2% T T o2 GNSS# & 7 2 % % 1L

C1 N(m) E(m)
e-GNSS 2768706.469 303070.872
SONY Z3 2768705.026 303071.846
ASUS 2768705.953 303069.823

C2 N(m) E(m)
e-GNSS 2768736.619 303073.430
Sony Z3 2768737.144 303070.712
ASUS 2768734.964 303079.803

EEGEREUR > SONY Z3 -1 GNSS #i% 1 e-GNSS i fuftHT » 72 N ~ E 244 |
PR ETE 1-3 ARZEA » ASUS SEAREERS A R A TR AE » W1 C2 Bh(irny E LA
AN

Hhit GNSS EEH4ERASA1 » ASUS AR EERS 2 GNSS SE i1 i5fE#: SONY Z3 KK »
il GPS Status - Fr#~ 2 sz (Ermon 875 & > [RINEZ M 4B AT H 2 GNSS &
HIESRIGEAE - BRI 2Rt B RS R EFTE > KL SONY Z3 - ASUS
AR RS S i S TER L R R E -

I~RmasdEy

KIFUETITE A EE N T SR B 2N ~ SN SR T - BRTS
SR

(ARG 2BREER

AWTFEE A iWitness T2 M SR T T PAR RS BL T 2 (7 g - 45
REUR[E AR 4 G [EPR RS =~ R R 7 i S8R SR AH R R T RE R R Ry
FESRBFAEICHEIE & th 2 N e 72 AT 2L - SONY Z3 T 2 FEREEY Fy ASUS Pl EE
1Y 2 & RERMUIISE ERFPARERES - SRR R B(Ky, Ky, Ka)AITE /NP
RN - (HEIGTS » F—aXERRMAEG R 2N HUSEERAK - IFERE -

(Z)WEEE A e R EHI S AR R ERa

AT FEREE FY BRI E (8 [ A NG L 280 R Haes T B Badea T A B A
TN 2 HEE - GNSS KEE T » &REURE — R ERE &S 2 BIEIRE
[F—RIsRAFERE 2 BB RE - N~ E B 4 & PRI Z B R& T B
2.710 A REUR: 2.927 R HERFE I ATRE Ro A [RIBEE 2 RIS PITRE HE 2 48 B af oY
B EAFRTEL -

FIIF e-GNSS i PR EEHE K T4 > GNSS K5 Jia - 4558 SONY Z3 Fif
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GNSS #iREd e-GNSS # R fHAT » 4 N ~ B AR EERZ A 1-3 A R4 > ASUS +F
IREERS A R A RE - 755 L RAVIRF A R 2 SRR 3R Fix -

FEIREE s B TR T A [Rl— P EE S AR FEEHY Compass B F&E » Pitch
1 Roll AIFEHEFEE - fEE 4P B/ Nd 0.1 B » HiEHI o] REF R B 2R ia i 52 51 E E
Wass R EhATR & - 1 Pitch Al Roll {HAIN G2 2 FE BRI E - [F Bt~ F%
H 2 Compass ~ Pitch 1 Roll S#ATEE @ ([EAEEE/NL 1L -

(E)&EWTFE

AW FeER E— TEEEE R N T 2B RS B TEie BN
st < W M fe LA Y AT s M8 2 B REsth B (I8 () M fis i AU T B A E A
TR REHINE I B R - NI > 188 Z W E ATREA AR R e Sk 2 T ir 2% i
G EAIE AL E FR 2SN ir 28 (/] Imagine Photogrammetry i SERASH A
TLASHETY » I FH AT A0 o Jir B RRE (7 Y = 4 A - NI DA F 2 Mk S e (9 B e A T
TR T )2 = SRR R IRd - @M 2 R -

AL (R SERHE ) A+ 5(NSC 104-2815-C-003-068-M) B A5 -
FEE -

24

SRR 5E 0 2008 » BT s 2 [B] 25 T Tt BRI )8 I [E R = 22 PR 7
BT S T R R R - R T AR B R SERHE A ZE FriE 15w

54 > 2005 » GNSS &7 INS &5 & /A E 1 HIEHEZ SR 77 (10pa 70T > BITLE IR
BRI FE AT I S

GiT7am - 2010 - LAFEE I F I TAT s 77T BN SRR R TR ER
EN

Arias P., J. Herraez, H. Lorenzo, C. Ordonez, 2005, Control of structural problems in
cultural heritage monuments using close-range photogrammetry and computer
methods, Computers and Structures, 83, pp.1754-1766.

Wolf P. R. and B. A. Dewitt, 2000, Elements of Photogrammetry with application in GIS,
3rd Edition, McGraw-Hill.

ASUS, 2015, ASUS MeMO Pad 8 & n#7t%, http:/lwww.asus.com/tw/, Last Checked
2017/05/05.

SONY, 2014, White paper Xperia Z3, http://developer.sonymobile.com/tw/, Last Checked
2017/05/05.
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Taw Y
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< iz p ¥t 106.09.20
w2 X p o 106.10.09

® 2

2B A (OTL)SUE 2 BB HE(h 22 /7150 SGOTL(Hwang and Huang,
2012) ~ {irf& 155\ DISOTL(Hwang and Huang, 2013) 257 AIRASE5E AL - A BFH1&FR
WHE - RIS FUETT OTL RUEMNIESR FETEIRES - KAl 2B s LKy
RIS RIS 2 BUHIECR - A EHEE S -

H R B8 B R 52 B S E ST - oA tH GPS b 2 #8170 iRl & &
A= 22 5.5 em ;s BT E ik 2 & EikiE S R E4YA 11 pgal - B E R
AEELEDNNZE  FAOUELE -

AL REEFRNBEL A S 219 i — S5 {e 2 P HIRE(GPS HGEUANE) - OTL &
TR - WiErT OTL ¥l a: BB & fir (Precise point positioning, PPP)fffiit
BB E IR 2 ST

BEs#EE - DISOTL ~ SGOTL ~ EJHIE - /BRI &H, - H&HEREN - #EE

VHE P REIE S L FE i A A1 g ke
T T4 > TEL: (02)2356-5270 - E-mail: huangjiufu@gmail.com -
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The study of ocean tide loading corrections in Taiwan

Jiu-Fu Huang“

Abstrat

A numerical model to compute SGOTL (gravity) (Hwang and Huang, 2012) and
DISOTL (displacement) (Hwang and Huang, 2013) resulting from ocean tide loading
(OTL) had been successfully developed, and online computation service was released,
especially for coastal stations with large ocean tides.

By use of this mode, the accuracy of observation is indeed improved. Around the
Taiwan Strait, OTL-induced vertical displacement of Matsu GPS station can be up to
5.5 cm, and the gravity of Hsinchu superconducting gravity Station is about 11 pgal,
where such large OTL effects will have a profound influence on the precise
measurements.

Ministry of the Interior (MOI) announces a new set of geodetic datum and TWD97
coordinates at 2010. In the study, online service of OTL computation at 219 first-order
GPS continuous stations has been released and the accuracy of precise point
positioning (PPP) derived coordinates affected and modeled by OTL were analyzed.

Keywords: DISOTL, Gravimetry, Ocean tide loading, Precise point positioning,
Satellite positioning, SGOTL

! Section Chief, Department of Land Administration, Ministry of the Interior; Ph. D., Department of Civil
Engineering, National Chiao Tung University.
“Corresponding Author, TEL: +886-2-2356-5270, E-mail: huangjiufu@gmail.com.
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il

(W4 ._L
~ gp >

Vgl &k (ocean tide loading, OTL)XUE » fi5ith Bk <2 /m/KE &5 [ 8L B
#ip.< 2 (deformation) {57 (Huang, 2012) - Hyjit HEK ~ KEGREGETT » EREY
EK B KEREAS 8L - TPEOE/KE B AR [EANE E 3 A0 < MR
IERGE - BRESFR SR A AN EAHES [ )% (Newtonian effect)$h » JRERIHT
BRIF B IS (R IMEAS) - e T AR5 M50 (elastic effect) » (172 265
FE& J50 Rl b BT DUKS 25 0 & U7 75 1S 0 6 AT & oy Fy 5 U7 (gravity) ~ i 1%
(displacement) ~ {EEFL(tilt) ~ FESE (strain) Kz T 47 {7 7= (deflection of the vertical) &~
[FIAURE - B ] 2 s -

FR EfE R (2 ngal S)ETPAIESHRITCESEE - B EEER
%ﬁ)ﬂJ%&i‘zg%ﬁ% CANERE - Frsdgm & s S TEIINOE - NEE

e AU 2 222 MR ER ANV et TR s 2 N DUERS
@di}ﬂz%(Shum et al., 1997; Yamamoto et al., 2001; Baker and Bos, 2003; Boy et
al., 2004; Neumeyer et al., 2005; Hwang et al., 2009) ; [:4) » 2EKEEENHIERL
ey £ JEE 02 St 28 Y 7 SR Mt 522 08 R St R B U AHBR BT 5 Bl - AR ZE Bl (plate
motion) ~ /KHATZ Hb 7% K2 55 (post glacial rebound) ~ 2Bk &K %8 L (sea level change)
% MRBEFAITIEH - GPS MHEEM ZES] om 4 T - BIFREEE R e
BERGEE - H R i m A& (OTL) AT RIS Y -

PNBGER E 1993 F#EE ] GPS JAIE AL 2 EI RS2 » 1 5 2003 4
FERRAE S EE T E I - BMEEREMESHER 2 E Y - HRAEED
B E K — S Aa A - S A S TR A EUE - R DUMROETE R
NE it EE TS F GPS & 2 fik#s - RIIL » EFSHEE ST ~ (I8 2B EER
FEEATHHRBATATT - feh ST H i@ IR R B EEE T B % - ARiE
SR MR AR AT - PR R ME R - (EHES RGB! - BV IEL
%> BEBENETIHITINEEE TR -

~RAAP L PR RSB

1 BUR 13 {EHBT 20807 1GS 1k KA M2 43 (NAO99b) 73 FrilE » Horh
BIFEALA BEHY TWTF ~ TNML > iz > KR2EfY SHAO » WUHN ~ XIAN ~ KUNM -
LHAS - {iz/s HAHY TSKB - fir A Eg5EHY DAE] » ArAJERERY PIMO » firjjdZs
By CUSV > (ir AR E Y GUAM » R i A EE 4B E BEE (Marshall Islands) iy KWJ1
ko fREBET M2 SRR - PR DL &Rk G R e R
FF) ~ rEdbEEAc SR HIE0R (G beE 38 B)AVIRIE SIS » 498 24 AR HICE R
KEEEFILER(LIEHUINESN) ~ Gt PErREEE > &8 2 AR ZEE 4t
KEEMERGKIREE » 2/0F 1 AR BN KEREEEREEER) - HABHA
PEER) SRR S, - FAHRIREE ) R [ M2 SRS S e
VI SR SR B P S 2 B 2 R LR R B R HIE Y OTL firf%s2
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2015 HIBHEE (Huang, 2012) -

90" 100° 110° 120° 130° 140° 150° 160° 170°

90" 100° 110° 120° 130° 140° 150° 160° 170°

0 20 40 80 80 100 120 140 160 180 200 220 240
amplitude(cm)

Bl osrit 133 IGS =2 M2 %2 A F R

Huang(2012) 25 A5RHSC A 7= - DL 8 & 225G 8 A oI (M2 ~ S2 ~ N2
K2+ K1-01-P1-QujiE 3{EEMEIATHI(MF - MM K SSA)Z HRIE& & » {F
FyHlvhsz OTL seBHE FEH RS TERE - PIEED 18 (& GPS ik 11 {i# OTL £y
HIEIRIE ST - (Gt HAE SR 2 ZEE 4 - Hd > KESEESY > MZUM(EH)
BERFFAT M2 SR > e M2 ol 84 2.0 201 - HEZuhay 11 {E & &
2 5.5 71 0 i 18 Bk RHY ¢ HERuhry &84 3.0 ~ 4.5 A7) » B IMERITL
2 PLIM (3 82) k2 PKGM(JLAR) G » 554h - MR PY [ 73 B4UE 2.0 £ 2.7 &
SR BRI F/IMERIA KMNMEE) K2 NSAM(EG /b ASE B - B
FAbE ST & > REE 1.2 ~ 1.5 A% SRR » s A EALY CHYI(GEE)
K PKGM(LA#)uh -

REE > NS 18 {E GPS ik LIS A & B E AR (MZUM 154y 5.5 23
1) HAERPHE (SHIU 164y 2.7 2447) > B b (CHY T 5 1.5 357) » —fifE
SBEFEITAIRET S - OTL R & RGN MRS - HHREG
BN 3 H 6 T VI A H) HEg B BN E AR DA R PIERYT PLIM ~
PKGM uh 5] » OTL {75 & EhEE RN 2RI A R S E AR AT ~ Pakf
BEBIRERE - A 3.0 Arse - e Z 0 FIFEIA GPS fif B iEHh4IH]
i B = R P A E AR 2 R - DURSHERYIE AR UGE OTL i3 iE A 2 » T
B IR E EEAHITERE -
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MO GPS stations

MO GFPS stations

il

OTL radial displacement

YIS [ T .
THSM [T i
ThAhd [ T .
TACH [ T i
SHJU [ T .
PLIM -
PLGM -ME N
NSAM [ T W B |
MZUM LT T | i |
LUDA, [ T e |
LNDO [ T ki |
KM L1l o1 |
KON [ TH C1m |7
KASH [ TH o |
HCHM [ TH - -
FUGN [ TN -MF §
FLNM I -’;";"A .
CHYI -
1 1 1 1 1
0 10 20 30 40 500 B0 70

Sum of magnitudes {mm)

B2 TWDOT [2010] ~ 3 A2 i f =8 »a o™k (e~ 2)

b=
THEM
Thl A
TACH
SHJL
FLIM
PG
MEAM
M7 LI
LLIDA,
LMDO
AN
KON
KASH
HCHM
FLIGHN
FLMM
CHYI

OTL E-W displacement

.
[ i
B 2 |
ke |
K1 |
o1 |
L Irt |
o |
N |
I -
[ =

1 1 1

1 1
5 10 18 20 25 30 35
Sum of magnitudes (mm)

B3 TWD9T [2010] + # f i 2 43 f e frafimi (L5 A £)
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OTL M-S displacement

WEl | [ Tl .
THSM [ [ [ .
ThAAM [ [ [T .
TACH | | il
SHJU | D | .
w  PLIM | [T/ .
5 PKGM [ [ T (e |
T NSAM [ [ [T G |
D MZUM [ [ Tl e |
()]

f LUDA [ [ T e |
O LNDO | [ [T O |
O KMNM | [ [N .
= [ dor ||

KON | [ [Tl C i
KASH | [ il
HCHM | [ TTH Lo |
FUGN | [l I |
FLMM [ [ | - - it | |
CHYI | e QL EECIE

1 1

10 15 0

Sum of magnitudes (mm)

B4 TWDOT [2010] ~ 3 A2 s f =B ™R (2 4 2)

= “SGOTL % DISOTL - st 8 F 3+ 8

A EE(OTL MBS [ TR B AKE R - NILRIEAFEE A
TERE > I DUREIIRE LAY MRk K BRI E B TS IR T - 4008 5 A
N o B ERKERS o SR p BUEAAVERES 0 T AT
Gdm p,h,R?
Sq:G.U\/Rz 2_q2

p (Re +1, —2R;r, cosy .

Voo TERIEKE R a4, A,) BUEEHINE p BERIOUEREE AR - Hrf g, A, 23515 g
B FTTE 45 R A AL

hy: TEEZKERS o H P75 K (mean sea level) B 27 -

P EIEK PR (BT (EE T 1,030 kgm™®) ©

G: {54EE AT | S LR EE M R PIIEE g AR
Re: #5010k p BEH T B BRI 22 SRR

D: 5 DU Bk A o  E > BRAE S0, -

do,: $5RTEAL - HHER do, = cosg,d¢,dA, » EERE FHER dS, = R2do,
r,: FEHINE p B MO REARERE - SO Re + Hy 5 Hoft Hy 5 p BiFTEIES (IS
T E A K R | 24 ) -

T(. 8. 4,) = [
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L
N s
T
7 \!
B4 Eiss) K
e s
[E2T: S/ At S
S
rp= Ret+H,
]
R.= 6371 km

l//pq

N

M0 geocenter

W5 RIgEAE KRR AL AP 207 LB(2p Huang, 2012)

Huang(2012) L4 HITRE B /K B TR e A2 Vi k(O TL) SUFE R % - KT
B SGOTL(E]) ~ DISOTL(iL) » e hlliE Sk il 8 bl R HY AT
FEMIG » FIFHEZ IR R 2 BURIECE, - FE SR IS - 2RISR
BUHIESAE MR OTL A&AREREL - BREEFH NG 2 I - 2EIEIEAY - 7
AR ERIEAT () ~ 2 (Y ME) &4 < 4HIHS [ 7 (Newtonian) k2 58 4: (elastic)
YU > ST S PN Bl B K N R A T EE A T RRE A, B Sy P s T R i BE 4
AR BN ST 2 TSR ar B R M BUEI Y > DU SR E - IRIBNTT
AL EE ik sy B B A S B TN E R S 45 5 » SGOTL # =B S MES 73 R
40 © OLFG/OLMPP(Scherneck, 1991), SPOTL(Agnew, 2013), GOTIC2
(Matsumoto et al., 2005) k48 ¥} 55 ) a5 5 (FG5) = A Y 97.0 HAg
(http://www.microglacoste.com/)fHELFRFR B OTL B TR ME i e 5 8 b
A]ZE 0.1 pgal SKHE - HE 0 HIES &S 11 pgal -

It - A E DISOTL #E(HEfh OTL (A2 %UE - DANECESH T A S tH i 2B
HErh(GPS)E FHEBEa 4S5 » OTL RUERIHEMTZE 1 mm SRAFRE o 55504 13 (EHLT
GBI 1GS SR PEASEE KWIL Bh(IA BB R Y RasSEas
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TGHZEREER BN ES ]

A]EE 8.5 cm 5 (Rl > OTL B E S it mkE 2 M E Rl - FEE AN
B HVIUELNEE » DUT R RER B B shlE . GPS JHEEEEAIE R, » #E1T OTL
(RS A, - FLEAE AT MR R (E BHE N E - SR A[ERS: 35%0%
ZIEE -

=8 OTL e 2 BUEHE = DISOTL(fizf%) ~ SGOTL (& J7)s T H A4
CLRA# S8R > WY 2013 4 T 55 32 Jalfll & K 25 & st aT &, 3855 (https:/
gps.moi.gov.tw/SSCenter/CalculateProcess/otl4prdt/Runotl4prdt.aspx » [& 6 » AR E
=) - FRAEE ST OTL MUESR FEtHEEHIKE EHMETE CMC Blif)HR
% 5 NS R 5 g s B RR A A B tH e & o GPS 5 2 1% H1 %
riRiE S B =2 5.5 & 4.0 cm > Wt EEEHIEEE N N NCE » FihlEst
R B LRV FERS - AIFRZIEAOER - BURIECR S SR B IE
(F=HEE% > 2013) -

A CLAR S
(OTL effect correction)

T§ H (Items) &4 (Conditions)
EA . -
(Sites) 7R
164 -
(Sites)
CMC -

(Centre Mass| & (NO) [~]
Correction)

FEFEHERS ¢ | 201101010000
(Start time)| & A #83% : yyyyMMddhhmm

== HERS ¢ | 201101100000
(End time) #iA#53% : yyyyMMddhhmm
Interval(min)

[«]

AR £ 3 BHE (CHGO)

[«]

at&(Run)

B 6 OTL »cfpec it »t & A+ 3+ A M2 LB PRGEF o
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e~ - RGPS @K k) AP PR FE D

EEME 1997 KM EAE(TWDIT) 2 F RIELMZETE » R EE
i HIER il - FHNEER S 87 423 H 17 HiesH - mifgit 96 4 11 H 15 HET
TEREANEE AR - KA ELAE K B AT SR AZFARIEE 6 RARE -
b O Al FEHE 28 K2 22 Mg Bk HS 47 B BE B ITRF94(International Terrestrial
Reference Frame, ITRF)Jkz GRS80 o A B A 2 B HEIh K 25 452 il Bk TWD97
AR LR 10 BR4F - HRRMEARSRRS B AR s E) - 921 B R EEHT
e SEERE > REFESEME T » S HEB iy EE LB (112 - A EH
ATHIAE 2 KRR oK > NECER A S5 Bl Y RIS AE S AR 240 2010 AR -
T Fs TWDO7 [2010] - NAEIFER 2 EHERS 18 1k - —Z5 2 PEfRE(GPS 48
1H)219 FBh ~ —ZE g PeihG 105 BE - SR E PR 560 B K =S5 eRG
2,102 B » 3E1 3,013 BEf7 B « Hp—25 2 PehiRG(GPS A Ih) HAN AR
HEZHL  BEBNIEFERE L ZEMAEY - #EH A @ PR Rmg s
KOBEL I E AR ~ ZOREKAE R OUASE Bt ERBEEHA TR ~ 216
BURF ~ TEERABUR ~ TR ~ hEEBERAIRAFEEHITE 8 (i
TRBHEERCUR G » 2 HARE R AR A & SRR S SR P (8 7) -

& (o)
SRS

-1

BT - %k 2(GPS =) 4 AT * T3+ A F )
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B AR B

ASCEAE ] DISOTL ~ SGOTL i - iR A4 OTL SRR H - #En
TWD97 [2010] Hrfr 219 {l&— 5 2 2HIRE(GPS ARG 2 ki SLHAL (%
SRt AU R T RS > AN SR AR A TR OTL SIS > TR =BT R
B E AL EEAEE - [E 8 2 LLa it B ABHtuh(TACH) KB Ffm A 4G
B 201041 H 1 H OHF 047 &5 5RHERT 2011 £ 1 5 1 H 235 0 43 Wi LA
60 7y RyfEibest B ERF R OTL EJj(ugal) ~ 181H] ~ B Kb B
(mm)ZF 4 SRS - SolE] 9 E3RR40E 2011 £ 1 H 1 H Z &/ NRFE R OTL Bk
B P BIE T - Horboi H o0l S H 00 Bl 2 U2 B E R - [ 10 2 LUS
fHMZUM)5 1 > FEli AEE4alkefE] 2011 €2 1 H 1 H 0 iy 0 3 » &5 eRHHfH 2011
F1H 2 H 0053 MDA 60 s Rfellmst R B[R AL OTL B (ugal):
&1 ~ PSR I BB (mm)ZE 4 SO © SiE 11 23RS HEMZUM)5E
2011 £ 1 H 1 HZE 10 HZ 4 SRS P2 EER > HoEH ey
e B E IR - IS > ASCHIE 48 2 £E 4 NEEOTEIN 18
(B EiEHh . OTL (IfE 2 AL - n]Te B Py A e i i R B 2 LU
uhZ 27 o NI > FrEks RS B SG ~ AG ~ GPS ~ SLR) » JLHIEHE
S DR e i > 40 UEET AR OTL 38U 8 B I EE % (Penna
etal., 2008) - [fi A& Bt HARES (5 o] A 55 vh B B AH B CAUIE

A LA B E
(OTL effect correction)

|
T5 H (Items) #:ff-(Conditions)

A .
(Sites) " ]
ThE
(Sites)
CMC :

(Centre Mass| &(NO)

Correction)
FEAEEERT 1 201001010000

(Start time) &A% 1 yyyyMMddhhmm
AR ¢ 201001012300

(End time)|# A#53% ¢ yyyyMMddhhmm

AReT) |
Interval(min)

ST ESEHE (TACH) =]

60

SR EYT(TACH)TE + 552(Time) | 201001010000 (t0)201001012300[ 275 (Interval) : 604-(min)]

TACH
$$ Computed by SGOTL by Jiu-Fu Huang, NCTU, 2013
$S COLUMN ORDER: M2 S2 N2 K2 K1 Ol Pl Q1 MF MM Ss5A
$S ROW ORDFR: BMPLITUDES (mgal)-> G ; PHASES(degree)-> G
.00413 .00054 .00087 .00024 .00262 .00232 .00086 .00045 .00010 .00007 .00008
-125.6 -108.6 -155.4 -115.8 -60.8 -85.1 -63.1 -9%4.7 -158.5 -161.1 -176.4
38
$% Computed by DISOTL by Jiu-Fu Huang, NCTU, 2013
$$ COLUMN ORDER: M2 S2 N2 K2 K1 ol Pl Q1 MF MM SSA
$$ ROW ORDER: AMPLITUDES (m)-> RAD,EW,NS; PHASES(degree)-> RAD,EW,NS
.01438 .00331 .00301 .00083 .00916 .00802 .00298 .00172 .00032 .00021 .00022
.00744 .00267 .00138 .00073 .00244 .00161 .00077 .00031 .00006 .000D03 .00002
.0042% .00151 .00073 .00040 .00128 .00124 .00043 .00025 .00003 .00002 .00003
-126.6 -100.& -153.6 -105.6 -61.6 -85.5 -€4.2 -93.1 -162.6 -163.8 -17&.7
104.% 129.7 91.0 125.1 -136.0 -160.3 -137.7 -172.3 -34.4 -85.9 -162.8
-96.5 -é8.8 -11z.8 -7z2.5 178.4 146.1 176.3 130.5 16.9 23.8 5.4
58

$s TIME G (microgal) RAD (mm) EW (mm) NS (mm
2010/01/01 00:00 -0.4898 -1.0 -8.3 -3.0
2010/01/01 01:00 -3.7845 -1z2.8 -3.9 5.6
2010/01/01 02:00 -5.3235 -20.8 0.6 7.3
2010/01/01 03:00 -6.6879 -24.0 4.0 7.7
2010/01/01 04:00 -6.1607 -22.6 5.4 6.5
2010/01/01 05:00 -4.7474 -17.9 4.5 3.9
2010/01/01 0€:00 -3.0274 -11.8 1.7 0.3
2010/01/01 07:00 -1.6009 -6.4 2.2 3.4

B8 -7 bk ek (TACH 2 OTL £ 4 (pgal) ~iEm ~ K& 2 g d 4 & 2H
(mm)zz* #(2010 # 1 » 1 p > & 60 » 48/ I§)
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0.05

0.04

7 \

0.02

0.01

0.00 T T T T T T T T T T T T T T T T T T T T T T T T 1
1.\ 2 3 4 5 6 7m12 13 14 15 16 A7 18 19 20 21 22 23 24

-0.01 /

-0.02

-0.03

—&—0OTL

B9 &¢ kwmk ek (TACH2010 & 1% 1 p & ] piie OTL :x 2 £ (P A %

i
HE e
T | MZUM [+]
JRp— 1201101010000 |
#AES L yyyyMMddhhmm
- 1201101020000 |
#AES L yyyyMMddhhmm
fERE - |60 |
MZUMzE - 55R5 © 201101010000Z201101020000[R37E : 60] EEES -
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/NIFAR ] OTL 5285/ F 4.0 cm > #HS PPP fif 2 BEE(RZEFZ 1.9 cm > £k
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Using Satellite Imageries to Delineate Intertidal Zone

and Monitor Coastline Changes in Kinmen

Kuo-Hsin Tseng"", Hsin-Ya Peng?, Wen-Hung Liao®, Chi-Farn Chen*,
Chung-Yen Kuo®

Abstract

Under the looming of climate change crisis and threats by rapid urban expansion, coastal
area has become a fragile zone that urgently needs a long-term management plan for a
sustainable future. The Ministry of the Interior of Taiwan has promulgated Spatial
Planning Act in 2016 and Coastal Zone Management Act in 2015, which aim to ensure
zero loss of the natural coast and to prevent natural hazards damaging the environment.
However, a practical solution applicable to delineate intertidal zone and to timely update
tidal lines on a large scale has been poorly investigated. This study intends to utilize
satellite remote sensing imageries and DTU10 tide model to first reconstruct a
satellite-based coastal digital elevation model (DEMsy), and then delineate intertidal
zones for protective purposes. We chose Kinmen island of Taiwan as an example to
demonstrate a significant retreat of coastline at mean water owing to sea sand
over-dredging in the strait. The coastal DEMs, is firstly validated by an independent
DEM stereo-paired from unmanned aerial vehicle (UAV) images, with an accuracy of 53
cm. The temporal DEMs made in two epochs, 1996-2006 and 20062017, are compared
to obtain retreating distances at 81.21+8.56 m for west shore, 77.10+£8.21 m for north
shore, and 16.09+3.92 m for south shore. The general retreating rate is ranging between
0.64 and 8.12 m per year in this area.

Keywords: Coastal Changes, Digital Elevation Model, Multispectral Remote Sensing,
Tide Model, Kinmen
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KIE ~ BRSO E SRS R B HE Y E S o H IR R B e K24
FERATINE BB E S E a4 > 150 LRI R el o A AT 92k
A RBRZEEO SR REE - BB S ERIRE - NEE N ERGE
BV R Ry & MK B AV E RS -

R FE ARG E AR EE DR BT 5B BUS i 8 > W ESCE P
DU URE YRR A 88 > Horp DL BB PR S e T AR Ry s B iy A Ry
g BN KIBERVINES 2 [ > @id iy B EEESN L EE %S - TR
ST E Ry 518 L AR SAMNEI LB EEEETY S L EEH
R TR | o [P FTOREARY - NP EEE LB BT EER - BEKE
FEHEESPT R -IEARYD o EFEA o P EHROR T E AP TR EE o 2
AT R A AR AEES - MBI Ay Hh D & B2 PIILE S S R R 4 -
TR BRI 2010 % (EEE T b E MY &

( http://imww.cw.com.tw/article/article.action?id=5059679 ) » F Al b iEFE &L B EE K,
BOMEYD+ - IR RE E R R ERE TR EAVETE - EEREREY N (FEYI R
HORK - FEREARTEHVEREE TR - TR AR FEOA T AR IIE - RBEEE
BRI T PRIV HhE LT A REERD - se eIl R E—
NEIVETE AR BEREEEGREER—AAR | W5 PR 7 &1
HITT R NMERZESMTIUERAVLERE - ERENE T2 RE a1 -
It BT REBREG SOHRITIIHEE - UK EIRFEDRS P88 » MR —F
B 2478 » REABHEE 28BN R RPTE s IgesZ & o MR J5EAH » X2A
i 2B RE PR LRI  KREEN G ER) - i S0 i 2 i G b e &
WL » ARG BT -

(=) R SRIFTAH AR g2

EEBRELRGTA 7% I (Stutz and Pilkey, 2002) » ZRMAE# 5T F ¥
R P P ) R i [ B St A A T SR i L PRI - - Bt et Ry T B UE I 7 A B
PR - HATHAEUE 2R EE S 254 (digital elevation model, DEM) HY#&HIJ77%
iR FE KA - HAESERE T E G FE4ERIE (41 Global Self-consistent,
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Hierarchical, High-resolution Geography Database, GSHHG) /& /K [Fe s 47 & » 25 5]
i PR A 25 e (R Ty R Y =S A2 B0k (Tseng et al., 2017) « 51140155 B BiLfRE B 4L
[E]#4/EHT Shuttle Radar Topography Mission (SRTM) f#FH C/X JESE = - FIFH T4
ERFLRE ZER T 30 ARTEEAEE - FAFEMEIMA LN EREEE S
TT S LR A AL > 40 H A< Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) 157 - 75 b RIBR (L & sH 2 7E B A DL B > IR 25
R R B A SR 3 — R 4 (Eakins and Grothe, 2014) - F - [AA%{E
SR 25 DU RN RUB BT - B AR REVETTIRERZE » ILEDEREIIERTE
FEUHARKEE -
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oo 4530 2B e p Re BT H* Generic Mapping Tool (GMT)i#c
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HAMBE AR TR ZEEOCEE ~ 25 R AR 7 Ul n] ZE R KRR - H
AL AR NS5 20 23 5) (Athearn et al., 2010) - RIS FH 48 SR AT AR T
T » 2RI B £ 7 AN A 8 A A S ELARR ST - 25 5 B i T IR EE DL
K] ROCEEREF A SR - B o IR G LB ~ AR TR R ZEsR
SEFLE > NIRRT IR AT AT RIGHE > E R 22N B A4
(GNSS)HYBIREE ML AT B (R A Toe B . bR BB - HAERE
FEERS M RIELR SR B R AL S B i B S R BB - AR A AR T T -
Nt H A A D BEEP AR A S G EREMIPRTER - BT R iRIEERE] > A
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(M8 DTU10 #4544 (Cheng and Anderson, 2010) i fs=iE 27 » R /K iR
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e HE R RN EIRIEAYA JIEHUE AR (Teodoro, 2016) » Ah5E H
Landsat-5/-7/-8 Jz Sentinel-2 Ry id Mz G AEfT/KES#IRE - Landsat 2517 &
RREIRZZ44E (NASA) BUHERRE 5 (USGS) ShEI4EE » FEEE A Fed
FAEVAE RN ~ B EBIEE B IRETR » WAl 73T B 28 58 S5 BERE T 445IR00
HAmaso G n i E R fdE FEE (Thematic Map) « SZEKH-R = FI[f] Landsat %
FIHETT 20 RSN P800 340 Siripong 7] Landsat 52 G e ilE =4 88 Lt = k¢
HRA (Siripong, 2010) DLk Ekercin ZEHHZ &G E H HEZEEGRILE
EE47 &) (Ekercin, 2007) - A Z%H 1972 [y Landsat-1 #£ > HES HW
Landsat-7/-8 R 2 FHE RN 30 AR ZaE@R s - WIHETHE 2023 4
5 Landsat-9 @EERBUANGH - NIL - EERENERIFE T E G eI EZE
HAIREESEEE - Sentinel-2A HI| BECINAZ2485% (European Space Agency, ESA) £ Ek
IR I 2 EETER LA N 2 2 — > 12 2015 4£ 6 H 23 H¥85T » Fhn k2017
FEE5t 2 Sentinel-2B - [t B A fIEE TR AL S AT J1(10-60 2 R)#24 - Sentinel-2A/B
IR ET R 25 YERE st BREEUM £ %% - AT DAA M Landsat B SPOT Mg ssZ Gy al FtE
(Teodoro, 2016) - FEfji I Sentinel-2A/B ¥i Landsat FH#EIERH 58T » 0
Sentinel-2A/B @AV G B Landsat FESESo s & - BT RIFHHRYH R & L
A
(1) Landsat

Landsat-5 j» 1984 2351722 » #Ed; Thematic Mapper (TM) El HISSEL 255
& (Multi-Spectral Sensor, MSS) » B Fy 16 K - Hrp TM Bl aiR0T2%&
A7 ERZES » T A] O E R BT MR B » 22 RIS Fy 30 AR » hfgr BAT 2011
R AR » R T R R RAVEEE NG E - Landsat-7 72 1999 255 » SEHHY
JBCHIES % Enhanced TM Plus (ETM+) » AHEEZHY TM JECHIES - 3401 —{i 15 2 K fgth
FERY R EREN B - WRTH BN BRI - 2 imiiit i E— R G GiE
HIRE 7T AR 185 ~ 170 A B - Landsat-7 {58 e S St i s R IROHIES » 28T 7S
2003 FRHIEs iR 4R Ees (Scan Line Corrector, SLC) #§/E & - B2 B
HIERFT 2 SRRV ERTT o 2R EEEL 2003 F-1%HY Landsat-7 §2{5:400 22% 0%
[EIfH (Storey et al., 2005) - ZATMAGHFTA 24 H 75 Lo G AR LK a3 (L& -
SENRT R G RE - (R R KagHIRE se it A R M N Fd a7 =0 &
4 3-4 gt (90-120 AR HYFRATEES - HET AR KA /KES /KGR A TH
=18 (Tseng et al., 2016) -

Landsat-8 > 2013 285 » AL (E ECHIES © BEMtai% 48 (Operational Land
Imager, OLI) DLKZ4TAMEGHIES (Thermal Infrared Sensor, TIRS) » fEAHZE {8 OLI
AR HETT KRS HI 3% - OLl R#ERR =S - BOL TR — 3 [EIRE Rl fg » B
Landsat-7 AAHEIHIEE - fHERN Landsat-7 ETM+ 52{% » OLI JEUHIZSENE 0 17 =
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ERTHYIRZ B © 2REE ~ RO AT ALY MBI il R o B B B s A8t I EIRE Ky
30 AR > EEEEEA 16 K - B Landsat-7 A 8 KHHFLEZ= -

HAIATA Landsat 2510925 Eats (% v] S5 Bt E A R4 i g T E - &k
DL GeoTiff #2017 - FeMEmEE LR EKiE 2 B DB IR G TR ER
H oo 4652 6 & K B {2 (Digital Number, DN) ## 2 & K % & TH
(Top-of-Atmosphere, ToA) &% - =L (1) B (2)E# Landsat-5/-7 [Hi58 &%
(Chander et al., 2009) - ‘B & & PR A DL R =5 f8 KI5 B BR 2 RV S (el BR % -

Ly = gainxDN+bias @
5. = (@xLxd))(ESUN,xcos0s) (2)

B L BB (EEITHVERSS(E - DN RGTHIE(E - gain Ryl Ber i 22 {H > bias
Ry BRI R7ZEAE > po. Ry KSR THEL S > d Ry BRERES R HIRERE (AR S BRI )
ESUN, Ry PR RSRSEIN R IGHRIRE - 0s B KPS RTAFA -

$T¥] Landsat-8 52{5 - RIIFR{HE A 2((3) EL(4) 1 T (USGS, 2017)

Py = Mchal + Ap (3)
__ v
p)\ Sin(eSE) (4)

F(B)HF » pr Py AL ARG I AR ER R RIB TR NS - M, BT 087 BRI
S8 A B3t SR EIHIIZE » Qe RIIERHVIKIEE - (AT > pa BIZIER
Po HEET AR A KRB TR » Ogp Ry EHURIZ0IA -

ABH7EE IR RIBTH N B TR E/KEE IR Rt R OUE R R Be it 2=
[t > PRVKEG Bl st A SR S 72 ER R BHE - (& LR R TR G R m T 73
(2) Sentinel-2A/B

Sentinel-2A/B (£ 15 & W FEFEE 22 Ca i 5 (Multi-spectral instrument, MSI)
HIE R AR R N E RO E— I, - 2 g R =CEDH -

s Ry 290 A H - [F]— AR AV ERERA Ry 10 2K 55 W R 2 S A= T4
EUT&%@J 5K INEHFEEECE ARG AE Z AR 5 K - Sentinel-2 2 H7AH 13
(&R B » s vl RO BRI ATLIMNR - AF 0] RO B2 At & AT EE (10 AR » WiAE
KLAMCR ELR BE TP AT EE(20 ~ 60 AR5

HATE A —LE5eRHaEE A Sentinel-2A sZ G T 7305 » filan Paul S A
(2016) {58 FH L 18t B A AT ' AL R AT AT A 'Rz B ELAB #E 77 UK T B S RE A 0 085 » 3l B
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Landsat ~ SPOT {2 /) SR AT TEERS - FEIAFERCREDT Landsat-8 22 gt
SR B IPBOREETT ¥E K3 TR RR HILY 4-5%- fHf 2 T Sentinel-2
56 T ER AL BRERERY 3 BHAR > AR AYERRL A o Lefebvre S5 A (2016)HI{5 A
Sentinel-2 s2{GEHIFN TG SEE(L > 25 AR AR A DLBAEAt Landsat 2456
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EERHUG B > Sentinel-2 AT £F BOM K 2% 48 % 8Y B & RE A L 48 15 L5
(https://scihub.copernicus.eu) - EEEFEAYHEFE 7 > Sentinel-2 /Y Level 1 Geotiff 258 1(E
e EE Al AR MR A R AT I FE (B BB . TOA AhT2T 48371 F 255 5 Landsat %
51 J 6 5 Sentinel-2 5 261 sREZGHEITIRERTH -

2. ZtEl KRS FIRE
B KEE#EEeg s &KL g GHA TG TE
MNDWI (Xu, 2006) :

MNDWI = Green — MIR
" Green + MIR (%)

H - MNDWI S R RE(L A2 2KIE%  ([HIR-1 2 15 Green RyfZIE{% Landsat
K Sentinel-2 B2 4% ¢ 7 ES > 43 FIl{£ %= Landsat-5/-7 (15 band-2 > Landsat-8 (] band-3 >
g Sentinel-2 {fy band-3: MIR RIS IEM& s 50T LS MR B > 73 5 Landsat-5/-7
ffJ band-5 - Landsat-8 [/ band-6 > 5 Sentinel-2 {5 band-8 -

FHIA /KR AME &R CN B & AR » AR ALY MER AR GRATIR UL -
FERAR BE szt 2 MNDWI & 23R 0 FVEUE » o DUREKES H EAt It s o
ZEHAHIAR  ARMZE ST Landsat 52527851 MNDWI 5772 0.25 /E RyEiiZE P I (E - kP
REEAN 0.25 HUGITr B R/KRS » WA HIRE 2 1R BRI B AN s B B TR b - TERT
FEFTREE REERE S8 - 5240 » EHD Sentinel-2 AR ES thU L EARE E R [E] » RIEE SR
TEFIEE Ry 0 > DIOKGEER T IHRER -

3. EEEF PR

K EHUKEE R  TA R SERG R EG aKER - &
SE AU (Tseng etal., 2017) -

P(i,j) = Z 2D 1009 ©

Hrp P(iJ) REEEITER R IR (1996-2017) A 2K SRR > AR T
0% Fysz B =i AL R > 100% Ry s i (BRI AL (A - BE S HHo Ryl
HE o FEPIYIBHTIL T M | For - Sdij) B k R BAE MNDWI FIFE (R 2K
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Riefe o HEgO5 T

DEM;sq.(i,)) = [Ps(i,j) X (H, — H) + H,] x M(i, ) (7)

Hrf DEMsa(i,j) A Landsat B¢ Sentinel-2 S 22 GEt B | FIEES | 2
HFREIE o Ps(i,)) AFIF=(6) P()) P 2 E fy 0-1 IVFF IR - Hy R (G0
R FTRE S B e 0L S 8 2 Hi R s RS [ R AT RE 1S 20 S (R S ©
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A 3-9T%ZAER Ay 10 HEREE Ay 0 o BLAEEEAY H 0V S HRH R i (R B8 4 B 5 e 15
G EES R TR R 2T EERA Z - )EREERHESE AR HEL K
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P = P RT LU th <P A B ey 2 B o i G R PE ] - i B e I 7
A—EM AR © SELEETREER K ~ /NG B — R A T e E - A HHE
HFIEIE TARZIRET 253 T R R (BRI B R ER 3, -
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HH UAV e GE s = gREI B FnZ= i e o R A i s
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ERIERER T FERF M B B E S, 2015) - [FIRFH T2 2 SfE EHIARAE » 75
ke B o] DS > 5 A DO d A Bk ELFETC GoPro METTHHIRR B » 1S EIRYEE 0]
/INR 0.1 A R(EEEE, 2015) - AR Inspire-1Pro faf#& M Pix4D ZfH -
S S5 ]2 0.05m (Stephenson, 2016) -

e EFBRAFVAPET RS

(—) BRI g

FEpsa A B BUART L B & SRR ATRE R TR Bl sk bhs
DEMsy Bi DEMuyav Y EHEZESE 12 DEMuyav BT E DLZE RS- 0ETE T U E
BrEUEZR 30 AR » Wil DEMsy ¥ o HEEFAERWEUATR > HErY(a) &
DEMuay - [& U (b) Fy i 2 s G4g Bt DEMsy > WAEI G188 2L DTUL0 ~F457E7KHE
RBEAEZ ANRSGE - MEA SR BRI g — Wi 2 R o b e
B R[{EE U ()i Sentinel-2 4HEK H A EELGEE H - 281 VIR AU AT 208 g 18115 48
TRIEIE Y SRS RO » 2R 1 AR - REAY 30 A RAGHE I PALLE Al 1S
Y& PY(d) 2 SEAE & - H A Fs DEMuay @ 4tfil Fy DEMsa » W9 # i EERREIE N AT A
ot Z{ES M (root-mean-square of the difference, RMSD) %5 0.53 /AR 5FE 5
AR AT A G T BB R FIER 29 (E Z B RS TR - HhE B A BRI =]
A THAZE BUHY 5 /N REUE TP EADEE (0.5 A R)EE IR E DL 2 BUHRE ey /K S8l
KHTEELHVRA G - WS REEME s E8h PR - &R s EE
(NS 10 24 R) BT U AR S e AR TS 5 2 7R BE MR FIAE L Bes iy 22 B RR
=RFATE B ERNER BN = EREE -
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Comparison and Analysis of multi-satellite RTK

Combined with e-GNSS on Cadastral Survey

Lih-Shinn Hwang'*, Liang-Lai Lo?

Abstract

Because of many Global Navigation Satellite System(GNSS) organizations
getting maturing with the development of science, multi-satellite RTK system
become the future research topics of satellite positioning and newly trends of
cadastral survey. This research applied multi-satellite RTK system and e-GNSS to
implement the supplementary control point surveying on the cadastral resurvey,
through different experimental areas of works, and investigated individual
influences on the positioning accuracy.

The results of those studies are summarized as follow : (1) In Daxi District of
multi-satellite RTK combined test - the precision of X-Y planes contrast between
single GPS and ALL satellites is increased from 33.33% to 50%. Besides the
result of e-GNSS and TTG measurement, they can meet the specifications after
correct the system errors, there are still 8% more than £ 0.03m level. (2) In
Taoyuan District of multi-satellite RTK combined test - the precision of X-Y
planes contrast between single GPS and ALL satellites is increased from 16.67%
to 33.33%. Besides the result of e-GNSS and TTG measurement, they can meet
the specifications after correct the system errors, there are still  24% more than
+ 0.03m level. Therefore, assessing the applicability of cadastral survey, the
accuracy of multi-satellite RTK combined system is better than e-GNSS system in
current.

Key words: Cadastral Resurvey ~ e-GNSS ~ Multi-Satellite RTK system ~
Supplementary Control Point Surveying ~ TTG
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