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The application of UAYV orthophoto on cadastral
surveying of unregistered cadastral area

Chun-Ta Chen!, Hui-Ming Fang?*, Sung-Shan Hsiao®, Ciou-Guei Kang*
Abstract

During land resurveying performed in the unregistered cadastral area, it is often
encountered obscured situation in observation, or hard to reach the survey area due to
terrain limitation. In this study, an unmanned aerial vehicle (UAV) equipped with a high-
resolution camera and the e-GNSS real-time dynamic positioning system built by the
Ministry of the Interior's National Land Surveying and Mapping Center to produce
orthophotos for land resurveying at Chia-Hsin section in New Taipei City. The results show
that the geometric accuracy for the orthophoto results had been validated better than 36 cm
according to mapping requirement in the unregistered area. Moreover, the working time
for the land resurveying based on orthophoto products can be reduced effectively to five
to seven days, but it needs 12 to 41 days worked in the same area by using traditional
terrestrial surveying methods. Therefore, the UAV aerial surveying method can be
conducted to improve performance on the land resurveying in the unregistered cadastral

area.

Keywords: Cadastral surveying, e-GNSS, Orthophoto, Unmanned aerial vehicle (UAV)
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A feasibility Study on Enhancing Taiwan geoid model
with Shipborne Gravity on Reservoirs

Yu-Shen Hsiao!, Shih-Feng Lin?, Yung-Sheng Cheng?
Abstract

We simulate the Taiwan gravity anomaly models over the Tseng-Wen and Shihmen
reservoir areas during the high and low water level periods, to assess necessity of shipborne
gravity campaigns in Taiwan. Eight cases are tested based on study areas and water levels.
The gravity anomaly model of each case is computed with the upward continuation method.
We also use the methods of the harmonic expansion, the residual terrain model, and the
least squares collocation to compute the long-, short- and residual- geoid undulations, and
then integrate into a final geoid model for each case. The results of this paper include: (1)
The average gravity anomaly is reduced by 0.2 ~ 0.3mgal while the water level rise by 10
m in the Tseng-Wen reservoir; (2) The difference value between the geoid undulations in
the Shihmen reservoir during the high and low water level periods averages about 0.5 ~
1.0 cm, but in some areas up to 10 cm. (3) If the water level rises by 20 meters in the Tseng-
Wen reservoir, the gravity anomaly is reduced by 0.1 mgal on average; (4) The difference
value between the geoid undulations in the Tseng-Wen reservoir during the high and low
water level periods averages about 0.5 cm; (5) The Shihmen reservoir is higher than the

Tseng-Wen reservoir in necessity of shipborne gravity campaigns.

Keywords: Geoid undulation, Gravity anomaly, Shipborne gravity
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9 -
AT %

RHEEAR 2 76 28 Ry BRI B /K e ] 2 22 32 - (R (PR R 2 A
B0« (DR R T R/KEE I By IR S AR SV A E I - LRSS B
5 S0 SR A PR RE RN » 2013) 5 QTERMERFIERSEIS T - (B AR
FHFE IR AE AF 2R E (i1 £ 47 (Global Positioning System, GPS)JHI & s /K& & -
AT FH A SE RIS 2 R EEE) ; GRS SRS E R E H
JAREHERY A ERURIE ~ 7 mELREIP 5t E - R ~ BRI S Bl R
S RHEEIR By 7y B M B B A 0 » [T B PR A = o e /N Bl R RE AR Y AR A5 4H 45 -
HATCSE AR ~ FEN ~ SREFnd ~ FESR @AY Sl e At /KR - BIa55 B8
AR R AL /E GEOID12A A (Wang et al, 2012) 5 HACHY 2005 FEHE A S
fRFERI(Kuroishi and Keller, 2005) 5 575 2014 FEHNEED(E &4 » 2013)0
RHEEARIEAISE - HRTAMERE &8 T2 ERA = 75l B(DRMEEIREE S GPS
JEFN SR » #EHESHI/KERE - mEEUHNER B e 2B AU LGP R -
2014) ;5 Q)i ZEiEsr 202 (Light Detection And Ranging, LIDAR)ES S5
HUE =2 A (Digital Elevation Model, DEM) BV &{H 35 [EfE 7 (Digital Surface Model,
DSM) - (EfEER = S i fy 1F = 447 © DL LIDAR Feiiff&5 2 &2 BBl - HATES
Z MEER = A2 RS A2 15 /273 (Hodgson and Bresnahan, 2004) » {H355R A RER
B Z KGR - AIEHA 7 TE S sz 08 -

BB RHFERETELITE 90 FAFHLG(Tsued, 1995) - FHH{E AR EE )45 S AN
H TR E (Hwang, 1997; BITZACHE RS - 20015 BIT7LACHE AL  2003)  fEEFH %
B ~ Ak Bz BRI S - A S OMERET RV HIER - (0=
TIAZHAREE(2005), Hwang et al. (2006), Hsiao and Hwang (2010)#1 Hsiao et al. (2017)
%o Wit EEEEEEARCIEE TEOH - AR~ 22 Ek 2 e A [EEDHI PR
JRHVEE JJERE © DA Hsiao and Hwang (2010) 2 BHZE45 5 B BIERE » sZbH7E45 & REM] -
Bz g E ) R E BRETE QB RN - 75 IR &I A 2 A 7 SAETE
FELLERIATEES] 10~20 AT 4RAVIEE - ZAM 228 E i A Bt R 2 &7
TERHFEIRET BT - RIE B ) N B AR 22 SN 2 B LR st FR B A )
ETHREREE - A N EE R EE B - BIES8Ca 50 1mH
ZZEESTER - EEELLE RS RERIAIREETY 10 273 DUNHIEE GFEH -
2014) -

R EERUETY 10 AEEER 2 &8 LR RS RIER » R )TE RS
A& B )OI £ 2 L@ R HEE ST R EAE - 281 &8 L& Z PIRIE » 1E
EREEHGE R  INEREHIE ) - BIE &R - (HELIETRNEIRS] - BBHI5RER -
FE/K R R A 2 N 1 1E > BRI /KRR A BN 7= - A G
ElEREER A E SR R EBEMEDT AEUNK RS &R lEEKEZ
KA AE AR B R R R [E 2 /K fir » DA SOKEE RG] » SU/KEAEAE 9 HDEBfEZKHA
(4 3 A)Z KA Z T2 40 ARDAE « R » ABHZE e G SOK BB A P /K BRI
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7K e S 7K BHERA /K 2 B ) B {E B RE R AE » ZRETA AR &8 17> B8 /K [ B T
v EE M R

SRR

ASAT G SOK B PY/K SR AV S AR K AL I B T 52 (B 2K H Hwang et al.
(014 HE 2 EH S E AL - phE R A RS B Rl G S WA R R
REOHI ~ Z ik EE ) B2 {8 B fig BRI s SO <~ B EEAE FraE AR « ERPER e T
(—) BENE R E ERE a bt FE et B R SE AT Y 1980-1987 4FEfEEEHE 603

{EH & B R AT TE S uh R E BRI (Yen et al., 1990; Yen et al., 1995) 5 HREIHIEEE
Y 1986-1988 fERHFELE 276 2 /TR E ERIGEEHET > 1998) 5 HEPHE2
Y 1997-1999 fFERHELE 747 EZEEFEERNG S 0 1998) 0 NEELR
2000-2001 F[HEIHFEEAY 1010 {E—2—4RoKAEREBUA >~ B ) 58 &R AR
E252001) 5 NELERY 2002-2003 SFEEIHHFEAY 1189 [ —F 4k /KAEREED ~ 857
FEERETLATHE AL > 2003) 5 NEHEDT 2004~2006 FEHFEHAT 4500 Hi— -
HEEITHE TR EDIE /N E] 0 2006)

(D MMWENEEEREEE % /g A B K SR B 1 (National Oceanic and
Atmospheric Administration, NOAA)fZ ALY E R} 5 Hsuetal. (1998) B EAIERL 5 N
BEUERY 2006~2008 g GEEE S (FISP S ~ IS ~ /NIRER - RELAE S,
%) B E AL ECEE R BRI AR » 2008b) 5 A EERE L Hl4g
LY 2011-2013 AEHHHET V8T FRRHIECR S 2 Mk B /T B RN (BTSSR RS
2014) -

(=) Z=ZFHEHEEEREENEEEN &8 T Z=8E TE TF ) EERET
LHAEE » 2005) 5 NETED 2006-2008 g RS2 EEE SOHIE TF | E
TTERHE T A2 A EE > 2008a) 5 NEES 2008-2009 LEFT#iE  PaE] K B/ RS 22
FEJTHIETF , EEREIIIATEAE - 2009) -

() #EHESERE S Geosat/GM ~ ERS-1/GM - Jason-1/GM - Topex/Poseidon
Cryosat-2 ZE(F¥#5 ©

R EPCEE R R ENmERY N B REJEDEE - ol 27
DR R KE S Hwang et al. (2014)£% ] Inverse Vening Meinesz 7,/
= i B BUN TR/ KE SOERORFE N RE - DRRE MR 2 55 -

By L R

RVKEE KL & 2 BB B S FE KA RIMTA AR » SASCH A Hwang
etal. 20145t R Z ) B E AR R ALEE - AR Ry sk f (/K AL .2 B2 T
LAY o PR B ) SRS ARURY 22 AT RS A 30 JIVFD > R JeAIH] GMT S BT HIUER
FRZEFETREATTIE 3.6 F(0.001 EE)HEFE - A A1 H ) At A (Buttkus, 2000) (S A [F]7K
il ESREE - SR ETERMERE - ASGTEPERNEWT
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(—) Step 1 : REREEE

AWtFeiEERREIEE > HFEEAE 1 Bor - AR ETIRE Ag BURMGEER N
R RNRESR) ~ FRR(TIRDERER R (EH) -

Ag = Ag long + Ag short + Ag res (1)

N = Nlong + Nshort Nres (2)

_E EFI Ag long / N long Ag short = \NShOTt Ag res > resﬁ%”#ﬁ%/ﬁ?%%ﬁiﬁ ’fﬁ/ﬁi

R EAIMAENE ~ RO RE TR (HBRN AN E -~ FRERE R EHER
ERARHIEE(RE -

- A

LN N + N + N

long short

-
Al
i
U
1
e

N.I’m:g N

long res

/W_ Ellipsoid

/\

g] 1 “’\/ﬁv‘F\ “J""f{r\l‘]\lﬂ ~ T_F'/i—p\ 1%5{,\]{19 bl:’;’s(’%}“l"'fir\l‘k E’T‘ﬁ?}
() Step 2 * HREERBIREFZ

ARIEF FH EGM2008 f5i7%E (Pavlis et al., 2008)fEFH 2 360 [ B E N E&E 15
{HYLE N EARRGEERE - HEREE (28 =B = (Heiskanen and Moritz, 1967)41F :

A8 pne = i—j‘z/l Z_;‘(n -1) Z_O(Cnm cosmA+S,, sinmA)P, (sing) 3)

N n
Nl[mg:G_M (aj Z(C cosmA+S, sinmA)P, (sing) @)

a}/ n=2 r m=0

2 R BHERELS S g BLA S RI BAGHER 2 &84T 5 C,, B, BIBESS n
Bl m &2 ERGEREUE -
(Z) Step 3 : FERHTAARIKFE
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AT FE AR ER IR (Residual Terrain Model, RTM) B g A BRI R E )52
B BLARE R RS IR - FiTal RTM 3UE R BB P m S-S P i 2 52 {E - 1M

R BT T I (AG (3, DI BARHEEIR( N, v, ST ELBE P 255
J& 47y Al Fy(Forsberg, 1984) :

Agshm( p,yp) 216G ~h,)-clx,.y,) )
pley)h(ey)-h(x.y)) ,

R [ s e
=§[p<h—h,.>]*;=gpl[[h—m]*;} ©

R p BEAZHERE2.67 g cm™; p, RlEEZ HERE 1.03 g om™ ;
y BIEEENER . h &b SR BEEE SRR SIS clr,,y, ) BiTE

B P (1B M -

AU R E ) RE EECRHE IR E - SR DR E NG T3 - et AT
(R R E RISy 9 SIFDZEEERATE Z DEM » 25 /ARRIAI S 6 Jir2ZE
[Ef#fTE 2 DEM » AT DEM &R EERAATIE L2 40 X RZERIf#ITE DEM B
HTHUBRIESRS: -

(FU) Step 4 - 5T EBEBRENEE

At R RER RIVE TR R AR NGRS E I RE AL, My
Ag res Ag - Ag long ~ Ag short (7)

P Ag,, RERERE NIRRT Ag RAREIKILZ/KEE JIRE 5 Ag,,., FFIFHER
s ER Z R REIIEE S Ag ., MHFIH RTM J7AB R Z MR REJIRE -
(A) Step 5 * S/N_SRECEL

AW DA/ N 3l B £ (least squares collocation ,LSC)E1EEaR KHIFERN ,, >

ANHAP -
N, =C,IC, +DI"Ag,, (8)

Kt Cy and C,, SYBIBTEERE HERE (Ag,,, BFEERE 1 RH (Ag,,,) 2 I
T8 7 REFE ~ BARRAR KRR (N, BLFREREE S B H (Ag ., ) Z TEIV RS 5 0 5 D By
LRI e SR (noise: matrix) o %8 2> (A8 7 4EFE L EGM2008 2275 5 {48y
277261 Tscherning and Rapp (1974)3R ZEEAIAEE -

(7) Step 6 : TR AMRERER
B1BE 4~ 2 6 Bl 8 RIEEIZ B AHGEERE - FU & AHGEERE -
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FEERR R AR (EAETTINAE » RIS R RAE Y o AR ZE BRI A
FEORIARY - EREEIRIE /(B B Ta A

r~Frak
AR FCE A E] - 47 R =B T e e - 7 Al 97KE ~ B S0OKE
FE&TaEEm o
(—) AFTKE

WgEH 2L Hwang et al. (2014)$2 (1A G I7KEE Fr7K A 2 B8 7 S [ Fyi% 7K e
He oK fiz(case 1:220 2\ R B 7B E - WA A [E_E IR A 53 BlEHE AR E/K AL (case
2:230 AR~ case 3 : 240 /N KRB case 4 ¢ 250 /N R BB ST EEAE o (FETEEFED
EKEAR ML BEREE TR » MKEREIEKALERIE case 1 2 EJEFEHE
FHIE] © & case B ) B EH 2 AR 1 Fn - HRPOEE » KEE(EE LF
10 AR EJIRE PHZEEERD 0.01 mgal » 2R Ry 2 (E A /KR B 231
ZSEEER © 18] 2 Fy% case fHEALLIGE R » & case HIRETE By 3.6 JIFPZE EIfFATE
dars - HlE 2 (@B~ alT7KEZ B EEEL 1 1R-20~50 mgal 2[R - HAREH
PEIEIE BRI B 2 (b)RIBU R R E S KE KA E  AIE ) 2 E 4T
/1 0.2~0.3 mgal - #EZRFR 1 (ERURE IR {1547 0.02 mgal > {HEEE] 2 (o)HiE
2 ()] EEIR/KEALE 2 B T2 ZEIAE 0.2 mgal DL E o FEEEEA PIKER = /K AL
(case 4)EBLEAK /KL (case 1) ZFHHEEER » TR /KEA 8 S KEEIE 0.6
mgal DL EEHEFR 2 FREURRN case 2 B B A K Z2{H 7] 2 8 mgal (case 4-case
NE

%21 BP-RREE case £ 4 £ % #0412 £ E 234 (8 = D mgal)

LA Bo| B Tio BEHL |0 L
case2-casel 0.00 -2.96 -0.01 0.05 0.06
case 3-case 1 | 0.00 -5.70 -0.02 0.11 0.11
case 4- case 1 | 0.00 -8.08 -0.02 0.16 0.16
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(b) difference (mgal)
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L S
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(©) difference (mgal)
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1217 13'48" 1217 15' 36" 121°17' 24" 121" 19' 12"

L —

10 -09 08 07 -06 05 -04 -03 -02 -01 0.0
(d) difference (mgal)

M2 MKk cases] £4 B4 %27k case 2E4 BHF RIS - 29 ()3
casel 2. = % ; (b)case2 £ casel 4p/jp* 2 = % ; (c)case3 £ casel 4pipt 2 = %
(d)case4 £7 casel AP 2. & % o

RIGKF casel~4 7 B 1) EH Fet B 5] 2 KRR AY B TER L - HAERWIFE
2 BifE 3 For > HrlE 3 (a) Fy case 1 155 2 KRR » AI 283 A PI/KE K 2
HUIP RHERERE T TR EY 20~21.5 AR > HARMEEREEEA R EUR FHPE L A R R 22
o B ARHFEIRE LB ZA LA PT/KEE case | ZEJJEEF4ER—EL  [& 3(b)~(d)57 41
By Ncase2 Ji{ case 1 |~ "case 3 Ji case 1 | B " case 4 J§ case 1 | 2 KHrAE(R A= FEE -
DA case 1 Jik case 2 Fsf¥l] » & /KEE 2 /Kfiz_ EFF 10 AR BRroKIEAA 2 EFEE/KEssh -
Heég/Ka L2 RHGEERE L&D/ IR 1 A0 (E/KEAER EEE 3 A2 ZE
(WF= 2 FR) « B = /KA BL s (E/K AL YL (Bl cased Ji casel) » {EZHUKHIlE
SARMAEIRZE(ELY 0.5~1.0 57 I REENAE BIFEKIEEE 10 Az ER
B < FEEER BN O TKER 2 LS /KIS AR R B A k7K B B /KA
AR RHEHY

2 M REE case * B A2 RHAI(H = P om)z £ B st

B E BB T G BT S =l -0 4
case2-casel 0.0 -3.5 0.0 0.0 0.0
case3-casel 0.0 -7.2 0.0 0.0 0.0
case4d-casel 0.0 -10.1 0.0 0.1 0.1
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() geoid (m)
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- S E—
4 3 2 1 0
(b) difference (cm)
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L — 4
-4 -3 -2 =1 4]

difference (cm)

(©
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1217 13' 48" 121" 15' 36" 1217 17' 24" 121" 19' 12"
24" 49' 48" 24" 49' 48"
247 49' 12" 24° 49" 12"
24° 48' 36" 24" 48' 36"
247 48' 00" 24" 48' 00"
1217 13" 48" 1217 15' 36" 1217 17' 24" 1217 19" 12°
e —
T T
4 -3 -2 | 0
) difference (cm)

B3ZTF REREAFAKRIESEZ L HRESE » 27 (a)case 1 22 = 4=k 8
+ % B 5 (b)case 2 % case 1 2. £ B B8] ; (c)case 3 % case 1 2. X B B ; (d)case 4
#ocasel 2 X B @ -

(Z) BIUKE

EEREAFT/KEEZ/EZ » K Hwang et al. (2014)F2(EAF 8 SOKEHKE 2 )5 E
fBas Ry /KR (/K iz (case 5 & 170 AR Z E I REE - iE#E A S L7 Al
BERE7Kfiz(case 6 - 190 /N R~ case 7 - 210 /N R case 8 - 230 /N2 E S EEH -
7% case ZHJJEE ZEETAINIFR 3 Fr © case 5 &2 8 Fye% case EHSJEF(EHRR -
WIE 4 (D)ZE(DFT - FEHTR 3 BlE 4 245 R 383 DU 46 BEAE R -

1. HE 4 @FRYSOKEZ EEFEEL T 0~60 mgal 2 > KEHPGIEE R

FESRE D FRERISIE N -

2. HHIE 4 (b)EiF 3 2 case6 il case5 fHEEAER - nIAIE/KEE LT 20 AR > /K

ZEIFEAE R 0.1mgal » HAARZESMER) 0.2 mgal -

FHE 4 (d)ELFR 3 5 RN 8 S OKE s /K AL Bl R Kz fH Eb(case8 B case5 fH
B WEEJIRE P EEMER 0.2~0.6 mgal - HILESEEOKH Z E TR E2ZE
& KA RS HOKE 2 EREAR » S KEMHZERE 0.6 mgal -

%3 2 KR & case £ 4 B4 A2 £ BE(H = @ mgal)iiit £

B B B TiaE W20 2 23 5A
case6- case 5 0.00 -0.20 0.00 0.02 0.02
case 7- case 5 0.00 -0.40 -0.01 0.04 0.04
case 8-case 5 | 0.00 -0.60 -0.01 0.06 0.06
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Utilizing Multitemporal Satellite Images to Investigate
Topographical Changes of Waisanding Sandbar

Hsin-Ya Peng!, Kuo-Hsin Tseng?*, Hwa Chien?, Yan-Di Chen*
Abstract

The Waisanding sandbar is a major tidal flat in Taiwan that extends about 10 km from
Chiayi coastline and its sediment source is mainly from Zhuoshui River. The ebb and flow
of this place produce high ecological value and form a natural breakwater to protect
mainland coastline. However, the sediment source had been decreased owing to human
and natural factors, causing the area of sandbar to become smaller year by year. Therefore,
this area is necessary to be monitored for environmental sustainability. In this study, we
utilize multiple optical remote sensing satellites in the last three decades, including
Landsat/SPOT series and Sentinel-2 imageries, to track the decadal variation of the
intertidal zone. We first collect historical cloud-free images since the 1990s and calculate
the Modified Normalized Difference Water Index (MNDWI) to identify water pixels. After
computing water appearance probability of each pixel, the map is linearly translated into
actual elevation by introducing the DTU10 tide model for high tide and low tide boundaries.
To validate, we use the ground truth data collected by the single-beam echo sounder and
obtain and accuracy of coastal elevation model at 36 cm. In addition, we analyze different
variability of Waisanding sandbar. During 1994-2017, the volume decreased from
1.88x107 to 1.03x10” m?* and the rate of moving across the sandbar is 78.7-221.3 m yr'!.
Among all the rates of movement, the south tip is faster than the north tip. Finally, the

sandbar is projected to touch Aogu wetland around 2048.

Keywords: Coastal Terrain, Sandbar Changes, Satellite Remote Sensing, Tide Model
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