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Abstract

This project continues the “Bathymetric data and Height Datum Analysis”
work conducted in 2012. There are four subjects within the scope of this project.
First, the stability analysis of Dongsha and Yangmingshan satellite tracking
station is continued and expanded to Taiwan tracking stations located in Peikang
and Kenting for comparison. Secondly, tidal observation and analysis are
maintained for Dongsha. Thirdly, the operation procedure of coral reef patch
mapping is improved and ten 1/5000 map sheets are produced. In addition, the
purchase of Zhang-Tan-Li tidal station for National Museum of Marine Science
and Technology in Keelung is accomplished. And tidal observation and analysis
are maintained for Cheng-Bin and Zhang-Tan-L.i tide stations.

Regarding the long-term analysis of satellite tracking stations, the velocity
field of tracking stations are generally toward north and east. And the trends of
velocity field magnitude are reduced from north to south of Taiwan. In Dongsha
tidal analysis, the mean sea levels computed by arithmetic mean and harmonic
analysis of observations are -0.0126m and -0.0164m from the continuous tide
gauge. The operation procedure of coral reef patch mapping is improved and ten
1/5000 map sheets are produced. The purchase of Zhang-Tan-L.i tidal station and

maintenance of Cheng-Bin and Zhang-Tan-L.i tidal stations are accomplished.

Vil
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@RS m PKGB 2Lt 101 & &R iF 5 7 o T £ = & & u R
202 KBTI L Ehod 32070 s BB UE LS b RL
B4 » PKGA~PKGC kT k{2 g £ % * lcm> @ B 42> v o £

Pl % > & w G 1.2cm 2 1.5cm > PKGB gLi= P %1% 5 B £ » ER
BAEEREL AN 43324345 RFLEEERLR D

5o e plul PKGB fp M BE B % HAE RS a1 &Y 2
% BE LB sy 1010° FE £ B AL G
PKGA-PKGC z_-1.6cm; > = & % i ¢+ 107} » %+ 5 PKGM-PKGA

—u»

2.-9” ¢
% 3-2PKGM T £ R 2 5k 4 22 B2 g i (B =1 2 4)

s o oo v | PE Lo
P 2k L AEAR 2R A (89 £) | (101 #)
N 1.24 - -0.7
PKGA E 1.23 - -1.0
h 1.29 - -1.2
N 1.24 -22.2 -10.8
PKGB E 1.24 42.5 5.0
h 1.30 -29.1 -3.8
N 1.22 - 0.9
PKGC E 1.22 - 0.3
h 1.22 - -1.5
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# 3-3PKGM :t GPS ##1R| £ &

(GPS ##liRl £ -2 4 & 4F)

L &

PR sEdt (M) #p ﬁ( g’;i (;)pm) ip éirl\zé'rlé E(r;pm)
PKGA-PKGB | 229.5650 245.91 327.00
PKGA-PKGC | 520.9438 - 30.23
PKGA-PKGM | 190.9673 - 47.53
PKGB-PKGC | 315.1827 1048.55 397.26
PKGB-PKGM | 46.1626 3853.55 709.78
PKGC-PKGM | 337.7038 - 24.52

7. 3-4 GPS ¥ #4iR1 & & = & 2 % 4 1% (GPS #x#4R £ - & & 4E)

©2o Bk H . @)‘;?89&)” Mi(,lOlﬁ),,
PKGM-PKGA - -0 0 9
PKGM -PKGB | 0 33 13 0 8 35
PKGM -PKGC - -0 0 2
PKGA-PKGB 0 7 13 0 1 21
PKGC-PKGA - 0 0 5
PKGC-PKGB | -0 3 49 -0 0 11

# i
B ALt tidc& 3-5 #rw o

% GPS fz#lifl & > A=t E g7 iE Lk R iR
34244 %1 o 2 PKGA 3 PKGC 2
Hoo o2 dofkgs GPS 4R £ [RESE A S 21k

M od AT EL P REAE A iR (7 520.9438m 4 oA REA A B Ap A8 T

S TR S

B2 P >GPS i #liRl 2 3 A2 4 & 2 2 &4 £ -0.3cm > i&
Aok a2 A 4 w5 -1.5cm e
% 3-5 @8 PKGADPKGC B 2.4 & %
o kn GPS #4118 £ U S 3
® 424 (m) 0.667 0.664 0.652

3-1-2 £ Wk i Bt P

AER O 28 p 2 R Fh i Bk (KDNM)2 B gl 2h2 4p 4
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MR E o BT R BB R E T MR B A -
AL B N SRR R AR (R 3-4) 0 X SUMRAT ¥ RIK G
KDNB~KDNC # KDND = i & 8« & =t 41 {7 ¢t %3 ¥ > 2k~ KDND
FIH P Sy AN AR B E:rr,%%x/%(%] 3-5) » 2k =
b4 ¢ * 1 8L KDNM 2 2 )2t KDNB~KDNC(4- ] 3-6)> & 3 8 »
2L~ AR ¥ % ok BlAc @) 3-7 #roT o

=

Bl 3-4 £~ 75 £ Bk (KDNM) 2 gt




Bl 3-7 if Bizk KDNM 2 H &] 2hip $F = ¥ v% ]

A= GPS il & £ R2 N A RS BRIZEY %% GPSH
ERLR S R B BT G i Bk (KDNM) e Tt & e i (7 25
AfaN o L gbi- R B YBERIPFEdrL 36 07 0 ERBIREE
X RGO E 5 Trimble » ¢ 7 - 2 5700 4<%k % # fc ZEPHYR

Geodetic % %45 > 2 — % NetR9 kPl e ZEPHYR Geodetic
Model 2 = 54 © L3048 B PP ST Y 5 1§ = b ELR|
R4 PFL14 L o
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% 3-6 KDNM =k & 2 GPS *F ¥ gLip] 7 21
T¥p g 7l B Bk BLRIPF
KDNB | NetR9 | 9:45-14:08
KDNC 5700 9 : 50-14 : 04
GPS &= 4R & T £ 14 44L& & 12 101 # 2 2 2. TWDO7 #2241 8k <

Tt th > 25T 200 KDNM 5 B esb o T4 & % ¢ o 4L g g {7 1Y
AR A % Rd oL Rz L Ehed 3747 0 BB KT SEECNE

103/09/28

-G e X EY¥) lem B A v R L P > 4 B 5 -3.5cm £
-4.3cm > KDNB g i+ 3> KDNM 837 few s 3% 8L % Rk A~ T SE(4- B
38 wEZTRHEZL -

% 3-TKDNM & £ & & ,;(_af.\»:m,\)
2}
v =

(GPS #=4] | & -2 %)

iR = SRR e T | A
N 1.26 0.09

KDNB | E 1.26 -0.66
h 1.49 -3.5
N 1.26 0.65

KDNC | E 1.26 0.78
h

3-8 72 KDNB - Pi Y
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%382 £ 39F AL B LR LR AR HEE S b Ll
£ £ &8+ % KDNB-KDNC 2.-1.5cm » % 5k 2 A4 5 £ £
£A102 3 =4 £ @55 KDNB-KDNM .+ » £
435.58ppm > * = & X

- AP ¥ 3F
AP A S
VAR R R MR 14.770m Ap iR
B R EE AR IR ZFOARHF A2 ARG AR L F PN

B 54170 )

% 3-8 KDNM =t GPS #4178 £ # & & % #
(GPS - #1ikl £ - fé_—'% )
@25 5k u BEAE (M) | 4R34 (ppm)
KDNB-KDNC | 83.896 182.75
KDNB-KDNM | 14.770 435,58
KDNC-KDNM | 77.560 126.76
% 3-9GPS 4yl £ * = & & %447 (GPS 441 £ -2 2 & 48)
A3z 2 %ﬁ ”
KDNM-KDNB | -0 0 41
KDNB-KDNC | -0 0 2
KDNB-KDNC | 0 0 4
Wi ZORERPI R B AL =~ % o KDNB & KDNC 2. 3 24 £
3-10 #77r » H ¢ o2 kR g2 GPS 4 RI £ 77 5 R £ > R R

v

T i3 L - GPSH#HlRE i s KL E X 0.76cm > @ &%

-

# 3-10 &g KDNB->KDNC 3 2 £ = %

2444 | GPSipdlpE | AL kE

-1.8720 -1.8796 -1.8551
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3-2 W BB L(YMSM) ~ 47 (TNSM) ~ £ (KDNM) % # i =:(PKGM)
B 3E B E LRy
AR RIREARE2EREZEP L-RT FEEHSEMYE AR 83
EXE 2 AR~ N FE SR ELPIETR 0 & B A B BLP Edp A P
BHhod 3-11 977 o Fh B L E BRI IEIEESEFLAT -
# 3-11 #Fh i PRebpRlAzic p 3

ek ik B w1
F£ L (YMSM) 83#& 17 10 p~101# 61 10 p
% ) (TNSM) 84 & 47" 14p-~101& 77 22p
2= (KDNM) 83& 17" 02p-~101# 67 10 p
# % (PKGM) 84 & 27 21 p~101# 67 10 p
3-3 i& {7 pLipl ﬁxéfi’” AT EOL S EE R AL ITRF 2 4485 1 1)
FHALP R PROWTR)L A 774 1 £ F LR LR IER

(TNML ~ TCMS)2 &> £ 3 i IGS fieh i sk » 7 Z RPN GPS 424c k Tix
BREZFHREHT P2 2% - BN 34 IGS wh i Hizkp 86 &1 101 &
% ITRF2008 ™% 3k %% 228 © gLi= & & > # [TRF2008 = 4 K 4&12 86
EFLEEFIRLIEATEUA - LpFE > HE RFR T 4oB 3-9-F
3-11 #7770 > HREB-FLFF LB e > HF > 5 FA> » T TWTF
$hE 4 BES > TNML # TCMS Rvs % = % @z 7 35 % - 86~101 & fr 5 15

EoAEB dod 312 T o

TWTE k- 4 42

0.00
—~ -5.00
\5« -10.00
-
i -15.00
wk
:; -20.00
Z. -25.00

0.00 10.00 20.00 30.00 40.00 50.00
E4: 4% % 1 (cm)
Bl 3-9a TWTF f#F X% if gizhghiz KT 4 86 3 101 & %1t
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# 18 (cm)

TWTF %3 &
6.00
5.00
4.00
3.00
2.00
1.00
0.00

Fa

®l 3-Ob TWTF firk i giok 8k~ % 4244 86 1 101 = % it

N4 A% £ {8 (cm)

TNML_7K P 4 42

0.00

-5.00

-10.00

-15.00

-20.00

-25.00

0.00 20.00 30.00 40.00 50.00

F A48 £ 8 (cm)

10.00

B 3-10a TNML 5 if Bizk2b kT 4 4L 86 3 101 & & i

# {8 (cm)

TNML #53K 5

0.00

-0.10
-0.20
-0.30
-0.40
-0.50
-0.60
-0.70

o>

Fo

q©

. .
P o

di 5

# 3-100 TNML 7% i sk 8 = % 42 2 1586 1 101 &= % 1t
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TCMS_7K F 4 4%

0.00
-5.00
-10.00
-15.00

-20.00

N4 4% £ {8 (cm)

-25.00
0.00 10.00 20.00 30.00 40.00 50.00

EA 4% £ 5 (cm)

Bl 3-11a TCMS ¥k if Bighghiz kT 4% 86 1 101 & % 1t

TCMS #3K =5
0.00
-0.10
-0.20
-0.30
-0.40
-0.50
-0.60
-0.70

# {8i(cm)

B 3-11b TCMS # 5 i Bk Bk~ % #2445 86 1 101 & %
4 3-12 £ % 1GS if Bish >t 86~101 4 P 8L 1 525(H = : cm)

E N h
TWTF | 50.15 -20.08 5.65
TNML | 45.74 -15.31 -0.59
TCMS | 45.74 -15.31 -0.59

PR TR A 704 5 @ GIPSY skt i g H gz 2 5%
d & & 2R SR ELR L i Biph B iR R 3 o GIPSY $inff 2 % H gk im K-
7 % % $* (Ocean loading) ~ %48 i (solid tide) ~ ¥}k A p& 54 3 fic(Troposphere
mapping functions) & x it & 12 {1 3 ViR T (fEE S BchoMART ) 0 Bk

DHAR T S BT PL GIREBFGIPSY 2 E PEZ & & % MRk F
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AL ARR Y B THREI ARES D2 BEHETRET R > &
PR AT 02 Ede p BRI FRE > T ARDEEREI AT o Nk
102 &R TRFEFHZ FAAESITLIEER ¢ 2 2B LE L))

BapgibiRE o f2E 2R S % NS E~hijpd TWDI7 %4 44 & 5620 101
ENL AL E 2 G 7] 4o B 3-12~8) 3-15 #7770 B shER R T LR R

e Ke > o HBEARE PRIk B Rl P R4 AR R (X RED

4

B AR T AR ERR LR NER R o
AERFEACRT A BFLEHRSEEE S R S T HEA
@ 38 2432 % N-E~h 2 TWDI7 %4 &4 & 53t 101 & =
LR B2 PR A 7)4oB] 3-16~8) 3-19 A7 o 17 Gk i HishEh R T
EReda e SeARE o PEF AT O05E 127 26 p w42 N~E~h
S8 R FRCRE > LREHEY L F kA RREREY s %P 20

FF26 422 2026 022 25+ 2 HREL A

Q= e S
thim o WRAREIDE 7.0 TR EFL AR Z+20 Red ki
AR RARBECRE BRI AR TR ARY c A B FE P HEEET
KT EEAFREFET L e > B P d R BFRAEI TR E A
Fowhe g o p 92 & 3 101 & wKaR ¢ 29 20em o KA B K TS
KERT RIS FRT > 2R R TRARE R AR R TIOT
F ¥ i 3emlyr 11+ oo
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TNSM E# 42 C BHMRRA - BHRGHE

25
15
E,/ 5
g
iy
-15
.‘..’.
=25
92 93 94 95 96 97 98 99 100 101 102
£
AJA & e 4
INSM_NZAR . s - marss
25
15 Poaew
E 5 MMW
=
0 -5
-15
-25
92 93 94 95 96 97 98 99 100 101 102
L
B 3-12 TNSM 2 E ~ N & 4542 5 p¥ &
>
y TINSM._ 153K & L RRRMAT - BRI
10
= 5
iy 0 “ o . * H
M 5
-10
-15
92 93 94 95 96 97 98 99 100 101 102
£

Bl 3-13 TNSM 2_ {53k & 12 5 p 5
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YMSM E# 42 C RIBRBAT - RBRKAK
25 __
15
§ 5 M
5 W w®
g
-15 M
-25
92 93 94 95 96 97 98 99 100 101 102
5
YMSM_NAAR . supxrgw « esxsgs
25
1 ettt s
E S WM
°
W
-15
-25
92 93 94 95 96 97 98 99 100 101 102
5
Bl 3-14 YMSM 2. E~ N &£z 5 pF &
YMSM #53K 3 - 2#i8d - RHRARE
15
10
,é_\ 5 '.u > . é ° A
S o AR PR s g A At o
W -5
-10
-15
92 93 94 95 96 97 98 99 100 101 102
Fu

RERE R RO RN o PIER G NA S

) 3-15 YMSM 2_ 3t % 13 35 pF B

xsi)ib%—%ifg‘ N i i

Sk R HE fgzg_ IRUBVE- ¥ S

Bk & b B A% 5

y=a+bt wiF > B¢ t 3 PR o yM) s FR U EIERE a s BEE DTS
AR RS o ARPIFRFELE-N-h $ BRI ERFFEE > Ty

3-15




G RFPPL KT SR P IR L yok 313 &k BTN R A

1+
PRGM_E24R | g uxmum - smrsmsn
25
15
g
)
i‘i 102
o
PKGM N# 4% C BHBRMBT - BRI
25
15
\Ei 5 '~U'\I""'ll~.‘~".'.."N"‘.I".l.U~.‘.l"i....'l|g"'..""‘.'.n‘h‘-'~'u~'.b
fﬁ -5 092 93 94 95 96 97 98 99 100 101 102
-15
=25
E5
B 3-16 PKGM 2. E ~ N &£ /2 & p5 &
PKGM 53K ® . pumxuwn - ssmxas
)
)
ii 102
-10
-15
o

Bl 3-17 PKGM 2_ {53k % 25 5 &
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KDNM E#4Z C BBRGAT - BIRASGIE

=)
g ? M
e
Hy

-5 92 93 94 95 96 97 98 99 100 101 102
-15
-25
e
i
KDNM_NZ#:4% CRBRMA - BRI
25
15
g T ————— N A et e St atts
i\ﬁ 5 02 93 94 95 96 97 98 99 100 101 102
-15
25
o
B 3-18 KDNM z_ E ~ N & & {3 & pF &
KDNM #5335 « BHMRGAT - BIRGHE
15
10
2
N
ol
102
:.&m -
-10
-15

o

B 3-19 KDNM 2 #r3t 8 f2 5 p¥ &
IGS 37 4 B ]} et s i Beab i B 504 > IGS shiE B H-
% 312° 86~101 # @ E~N-~h &gt & - 55 2R 5> p st
BEgEhE RHRY L jRE SRS R REMPR B b iFL
Bl m B B 105 EF 120 26 p 2 kEFHEL AR RS K
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Beyp B K H wERS o & 3-14 L 4 IGS i HiskiE B B G E G b2 Bhin
AL 5> TNSM ~ YMSM & ghgit 53w & IGS #- R E~N &4
A w55 3emlyr £-lemlyr 1t 5o B AR 1 P3P R % PKGM =
E~N 48 B35 2.88cm/yr ~ -0.88cm/yr % -]+ TNSM &2 YMSM » @ 3
Fi e -1.95emiyr B 5 B8 % KDNM 23t E & %3 B3 % P2 3 4pm

AR LR R R RPEEE TR EE LT RS

M

B 89~94 & ¥+t E = b if B -5 -2.24cm 4B Ak & S dp o Al A 2 >
LBALNFE RS ARERE w2 AEp Ao d v LABSER > 3
a3 KDNM 2o d m# N3 23 B0 iea BB Id 1 d @
e

%313 B4 ASARE S E-N - h SR @ 1R £ (8 = @ cm)

RS E N h
TNSM 0.75 0.51 0.78
YMSM 0.69 0.66 0.77
PKGM 0.70 0.63 0.97
KDNM 0.35 0.27 0.98

% 3-141GS =22 4 T ik 3 Higb 2L % 1 1 5 (H = cmlyr)

Ve Vi \

TWTF 3.34+0.01 | -1.34+0.01 | 0.38+0.01
TNML 3.05+0.01 | -1.02+0.01 | -0.04+0.01
TCMS 3.05+0.01 | -1.02+0.01 | -0.04+0.01
TNSM 2.97+0.03 | -1.23+0.02 | 0.06+0.03
YMSM 3.24+0.02 | -1.11+0.02 | 0.12+0.03
PKGM 2.88+0.02 | -0.88+0.02 | -1.95+0.03

gHow | -1.86£0.02 | -0.48+0.02 | -0.10+0.03

KDNM
%612 | -1.44£0.02 | -0.17+0.02 | 0.56+0.03
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KA1 F 103 # By BT Rt d R Y A B A i ek (PKGM)E (7
B SR B - L AT HETEPFEEBSE(KMNM) > 97-103 £ &
BRI 3 R B A ARRTPRZRa 1D 0 AT e L ITKAR AR -
Ko Bd AT R AR E B L e T i 80~04 & F PKGM i B R
3 KMNM i B 3 % 8 PKGM Ap 12 KMNM -k & = % g B35 % 6 44 3
BAES 2 LK PEEEKIE 103 ERAM A T EAALA R L
AEApE o
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BEf Ak isadz FREAFE

OB WEAEEM BT L) IR B RN L e B
T3 R UPVCERFERIEET 4 RD
B AELF B BACE] 4-1 AT o BB Vi it

BRSNS 7

3
P 2 Xt 4 k- PVCERN » 2P ehte’s
P U L T E

LA

B 4-1 Spspe B B

T it A 101 & 10 ¢ 23 pAzieaE > A @R K 102 £ 11 ¢ 30
FRECERLEBIETLRGICFEET R EHR(B42) - A 4]
PR VP R R R A5 -
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# 4-1 L0

R A OROR 2 A5

B R % A5
QML201 F#w # =% VAISALA QML201A
DSU232 VAISALA DSuU232
CF CARD SanDisk COMPACTFLASH
B R DRUCK PTX1830
KR RIXEN SENTRON
AT e MOXA W2150
=Bk SHARP NE-80E2E2
R R XANTREX C60
ERA YUASA CMF-I11

i O B A

X XIER o

- XiERA 10T

& R B R T

e & o SR A A R SR A L S i d

RFAFBE o AEEW3 1303

3720p2 907 18p 3297 25p =

ﬁwiﬁjggfﬁ,ﬂ&%$*

BV A S AR TR BN B TR

7 E_12V 0 A AR R AR T

%]42 /ﬁ— l“""é’—v?‘ﬁ‘#

TR FEE MBI (ThoT

2 N




-~ FHlsE

aF o TR -

b.i5 s KR HRAR -

C.F ;\.Fﬁﬁi °

= \@J ;T\:’J(fi%‘[‘

a_@; ;R Kk fi%““}'ﬁ"'}?? °

DAL e 4 B & 0 SR PIURA Nkt E B g & 4p e (B 4-3)

CR4 Rl Bl EAS

A4 it: PTX1830 10.00mH20g s/n:3899023
T
14

KAt E B 5 A7 ¥ =625x - 2565
R°=1

o & i (mA) 1000
0 4034 /
100 5589 800
200 7.165 /
300 8752 600
409 102328
500 11919 a00
600 13534 /
700 15.047 200
800 1671 /
900 18275 0 '

1000 19.767

cm

m 625
b -2565

E i (mA) &4
5.705 100.063

B 4-3 &b R4 Rt 4

Bl 4-4 &L xR A R RE



N g2l
= A

CRE e e
bigALE R eh i s T AR RFE o

T~ E R Y
ateh LS B BT -
bRl ET# TR -

I ~ MOXA N-PORT
BWHRF AN R E B LTF LT o
IR Ot Al (4
PAA R RS R R DT BN RIE TR T E7(R 4-5) -
BB #T EATR RS TR AL ¥ o

B 4-5 L) aFyea 23T 0 AP KR REBEAT EHE
- R ARRE

FARE B ATEIEF FRENIHEERTRS L
12V > BH-HL4c k- 5 DCTODC R ES > ﬁ%l Ira B RARE 12V o

E S |

Z*ﬁﬁﬁj %14 ka’f&,EéE@" 74, J\l‘”’—“"OIR—%}» ‘g‘.lj__x‘t‘—kr_’?
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a. TR TR AR o
b.iE s KB KAk o
C.F ;\‘. ‘F.Xﬁ,'
N A
a4 R R
bigAliedr BHE  SERIBRA R ERASFENE o
CRA i BRI ERS4 o

dER k=L ERZ RS KRR R o

= > @ 2L
= N7 7

QL RFR
bR B e THRAARERF B -

7 >

o

F

I
=h

ate s L B RBETR -

bRl € % TR -

7 ~ MOXA N-PORT
WAHRI N R Z FRLTE LY

FEBATH MG RFLFY LY EREEE P

o

HAUF B AR RN T R RA P o
420 F AN B BRI WER &7 4§ R hRTL R
PoFCER A R 100 # T orsag ook dplg HmRl L s R BB R A R0T)
Fy RN ABREE P DN ETE RS 1T o AR
iﬁﬁdW%ﬂiiﬁ%ﬁﬂfﬁzﬁﬁ A SRR A R
- Lo KB EF 04— £ o EBIT R EA



2.6 A 4E TR 1 10 fyBfh- % o & 6442 36 LB FRT
i

3.6 A4k FH T E 10 fyBfh- %0 & 6 A 452 36 £ Bk TR T
i

4 RIETR D6 A GEredm g E
102 2 & TRFEFTHZ FARAE 71Tk )3 F e B A p a2 p
RN ERE NP TR E R RI03E29F 9p B EFAR IR
R FHIp et A TR BT (4rB] 4-6) 0 HHRAE R P G5
PR E AT E T EB R £ H-14om BAS o wAE R p BN T lidR
AT RS o A B P iR (T TS > AR W e s
PP R A A R

B
s

B 4-6 B 3o 5 it L g HT A
WP 15 5 Druck PTX1830 /& 4 3431 =3 » 74 i P Y &
102# 127 1p 5 103 97 24 p » #3297 % « A D45 Hcdpdi ™ & 6 4
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—\

&

-\

?

‘Fﬂ' > WL E QOB X 0 F 64482 36 LBHRFTHLS

3 ELR cYy R PF R Ao B 4-7 Ao o

RIS

Tide {m)
j] =
o = o —_
== T
—_—
==
=
=
=
=
=
% I

Tide (m)
b
o "
=
I

Days
Bl 4-7 @ 85V o EpLY R R
4-3 547 &V R

FHeiFEpmrpp > LiE BRI LT EE o popLIn
B2 RgR w99 T RERI BRI E LT 1t d FRHEEL S
%2 (¥ R4 (USACE, 2001)° 451 > 7 A 8202 s HR 2 R (L &)
PR E)E el (2 s itk B R (AR )P e s - 20
7R 19 E 2 i kPR LR VR e Sl L
Boo P AR R ARG fa 2 % o P (=)

T 19 o L F A LE Y H 2 P sk o i 365 X 4 T G

FTHERLC2ZA TR Y cmP(F 2 B)p R FRPIFF O 1E

205 30X EH 2P HAL AWHERK 29 X2 A for e Ho
Ao 7 00 2 H vk A2 T gFia (equilibrium tide) 2 s 5 A #H > B

PR R E BB B A P e i dot 4L rg > HP ol
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S AT A AR (M)E RRIR(A) ARk (o) B AR R R
Mo TV HARPEEFRY « AL Afer 73 23008 B
M d AR APE RS ETERE BRI BPIRFE R OE
@I e kE e A3 @ 12 Matlab #2583 & 2 ttide #2502 (73 fr s
70 B A{TiRt S dp i & 257 B 2 2 124% Godin(1972), Foreman(1977) 2
Foreman(1978)z. FORTRAN #2.;% 78 & A & & 3 2384 4 47 % 5 (Pawlowicz

etal., 2002) -
Y(t)= ao+i[ai cos(ait) +b, sin(wt)]
i=1
= ao+§:A cos(mt—¢,)
i=1 (4-1)
BEN P PR EAA T IRIT N2 62 B 1 & AP (e 2 £ 4)

A #HE & (cycles per hour, cph) ¥t 4= 15 ~ 49 = & B 4@ 7 ~ 8 #ro1 » 4E K
4317 1/24(0.042) 2. » p & 4 & 4% Hg K1(26.09cm)~01(21.75cm)~P1(9.02cm) -
#7 5 5 1/12(0.083)z X p & & i ¥= g M2(14.52cm)~S2(4.71cm)~N2(3.44cm) »
dARIET T E 2 PP o P A A B N R e 2 B8 R s N

BB 5 249~329 HW Y 2P o d B ERIEIRE RPN T 0
2 T30k ok 5 -0.0126m 0 & S fo A iR fe A LA F 20 17 62 4 i

T REBF 8Pz 5 HiTHiFIHmEa ke 5-0.0164m -
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T wre/hm | wE R S A (%)
FWES | me | st | 2% | keppa
87142014 60/58 2/1 98.73 82.31
87142015 54/54 2/0 98.15 78.97
87142023 79/65 2/10 98.51 81.26
87142024 71/64 2/5 98.57 82.67
87142025 56/52 4/1 98.07 78.86
87142034 41/50 12/2 98.39 76.41
87142035 134/120 0/5 96.85 86.25

4054 % B AL EA T RS A
B 5 B ﬁitl“ / 18 B ?ﬁ‘«ﬁ‘//%ﬁ | ‘A’v\ B R

Bl e Bl e I FE kappa
87142016 90/74 0/13 96.80 93.60
87142026 94/76 0/10 96.94 93.73
87142045 93/66 0/27 97.03 93.79
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Tide (m)

Tide (m)

l
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ollh
05
1

05

a2

Bl 6-7 AR bR 3R
ERAeo 7RI 62 B A F Aok 6-2 97F 0 & F A A FHEF
Pt Rt A AP & S 4p i & A % 1 Rt (Signal-to-Noise Ratio,
SNR) o #-A o s 472. 2 & & 52 2 % 12§ b 5 47 5 (cycles per hour,

cph) o %idh 5 JRtE(m) 2 4p i+ & (deg) g @WK 6-8 2 §) 6-9 -
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% 6-2 ARTR P ek fos 00 4

tide Freq amp amp_err pha pha_err s
(cph) (m) (m) (deg) (deg)
2MK5 0.202799 0.0008 0.001 10.55 42.13 1.7
2MK6 0.24458 0.0009 0.001 117.49 42.01 14
2MN6 0.240006 0.0022 0.001 292.86 19.21 10
2MS6 0.244352 0.003 0.001 32.25 13.93 18
2N2 0.077466 0.0039 0.002 219.28 34.52 2.9
2Q1 0.035686 0.0042 0.002 209.04 22.24 5.3
2SK5 0.208447 0.0001 0.001 211.05 310.42 0.029
2SM6 0.247176 0.0009 0.001 32.59 45.78 1.6
3MK7 0.283309 0.0004 0 336.47 44.03 1.7
ALP1 0.034383 0.0013 0.002 170.4 72.44 0.5
BET1 0.040031 0.0012 0.002 98.18 78.11 0.41
CHI1 0.040478 0.003 0.002 359.05 30.88 2.7
EPS2 0.076164 0.0077 0.002 257.85 17.37 11
ETA2 0.085083 0.002 0.002 129.14 52.93 0.73
J1 0.043302 0.008 0.002 272.61 11.96 19
K1 0.041781 0.1559 0.002 135.54 0.63 7.30E+03
K2 0.083562 0.0122 0.002 83.79 9.18 28
K2 0.083562 0.0172 0.002 26.47 6.47 56
L2 0.082031 0.0171 0.002 328.53 11.58 55
LDA2 0.081812 0.007 0.002 306.11 19.21 9.3
M10 0.402546 0.0004 0 68.08 38.9 2.6
M2 0.080509 0.2556 0.002 107.76 0.52 1.20E+04
M3 0.120764 0.006 0.001 269.21 8.26 51
M4 0.161019 0.0138 0.001 301.84 3.78 2.50E+02
M6 0.241528 0.0042 0.001 74.26 10.24 35
M8 0.322037 0.0008 0 314.56 19.34 10
MF 0.003052 0.0163 0.021 61.08 72.41 0.63
MK3 0.12229 0.0026 0.001 350.17 17.29 9.9
MK4 0.164071 0.0022 0.001 280.34 19.29 6.6
MKS2 0.080737 0.0029 0.002 212.83 38.85 1.6
MM 0.001521 0.0074 0.021 139.07 159.54 0.13
MN4 0.159497 0.006 0.001 171.76 8.69 47
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% 6-2 AR TP EER o 4748 4 ()

MO3 0.119238 0.0023 0.001 57.12 19.49 7.3
MS4 0.163843 0.0091 0.001 215.16 5.64 1.10E+02
MSF 0.002824 0.0027 0.021 128.1 430.47 0.018
MSKG6 0.247404 0.0001 0.001 80.15 344.31 0.021
MSM 0.001303 0.028 0.021 90.15 4221 1.8
MSN2 0.084855 0.005 0.002 86.5 27.15 4.8
MuU2 0.077685 0.026 0.002 68.96 5.17 1.30E+02
N2 0.078988 0.0621 0.002 322.04 2.16 7.30E+02
NO1 0.040259 0.0068 0.002 341.33 10.16 14
NU2 0.079207 0.0212 0.002 346.42 6.33 85
o1 0.038729 0.1192 0.002 126.83 0.79 4.30E+03
001 0.044833 0.0017 0.002 134.45 39.06 0.83
0Q2 0.075945 0.0012 0.002 71.91 109.85 0.29
P1 0.041553 0.0605 0.002 23.81 1.74 1.10E+03
P1 0.041553 0.0516 0.002 142.61 2.04 8.00E+02
PHI1 0.042009 0.0028 0.002 260.63 36.68 2.3
Q1 0.037207 0.0248 0.002 348.36 3.78 1.90E+02
RHO1 0.037426 0.0039 0.002 336.54 25.2 4.5
S2 0.083333 0.0634 0.002 4.07 2.07 7.60E+02
S4 0.166667 0.0027 0.001 121.68 18.78 9.3
SIG1 0.035904 0.0031 0.002 197.68 30.79 2.8
SK3 0.125114 0.0012 0.001 320.3 38.72 1.9
SK4 0.166895 0.0009 0.001 169.9 49 0.98
SN4 0.162321 0.0013 0.001 58.78 40.04 2.1
SO1 0.044605 0.001 0.002 94.36 92.19 0.31
SO3 0.122062 0.0005 0.001 271.26 82.75 0.39
SSA 0.000228 0.0591 0.021 280.89 20 8.2
TAUl 0.038957 0.0021 0.002 152.85 53.31 1.4
THE1 0.043083 0.0009 0.002 321.33 101.07 0.25
UPS1 0.046355 0.0006 0.002 242.67 113.66 0.11
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Tide (m)
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15
Days

20

Bl 6-21 FTRp b F A NP FTHEEY T L
% 6-9 T b oA i A A R4 5
Freq amp amp_err pha pha_err
tide snr
(cph) (m) (m) (deg) (deg)

2MK5 0.202799 0.0011 0.001 94.47 72.88 0.67
2MS6 0.244352 0.0006 0.001 242.24 67.01 0.64
2SK5 0.208447 0.0001 0.001 117.88 1343.15 0.0023
25M6 0.247176 0.0006 0.001 234.56 75.31 0.55
3MK7 0.283309 0.001 0.001 153.36 60.88 0.9
K1 0.041781 0.1008 0.064 29.39 40.57 25
K2 0.083562 0.023 0.095 327.52 306.4 0.059
M10 0.402546 0.0009 0.001 32.57 28.5 2.9
M2 0.080509 0.0401 0.095 103.38 131.41 0.18
M3 0.120764 0.0051 0.004 302.93 47.56 1.3
M4 0.161019 0.0025 0.002 302.55 46.1 14
M6 0.241528 0.0007 0.001 73.05 55.2 0.88
M8 0.322037 0.0003 0.001 303.36 94.66 0.28
MS4 0.163843 0.0031 0.002 257.82 38.4 2.1
MSF 0.002824 0.0232 0.111 116.83 274.95 0.043
01 0.038729 0.0493 0.064 257.06 89.47 0.59
P1 0.041553 0.0334 0.064 36.46 108.72 0.27
S2 0.083333 0.0846 0.095 305.12 64.58 0.79
S4 0.166667 0.002 0.002 212.02 61.99 0.86
SK3 0.125114 0.002 0.004 345.12 145.76 0.19
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Amplitude (m)
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# 6-10 FTR B A fos T o B £ _F AR

Freq amp amp_err pha pha_err
tide snr
(cph) (m) (m) (deg) (deg)
2MK5 0.202799 0.0034 0.001 313.19 23.74 6.3
2MS6 0.244352 0.0012 0.001 69 46.46 1.3
2S5K5 0.208447 0.0016 0.001 138.59 53.73 1.4
2SM6 0.247176 0.0008 0.001 88.75 74.53 0.56
3MK7 0.283309 0.0017 0.001 163.88 335 3
K1 0.041781 0.1258 0.077 41.53 39.22 2.7
K2 0.083562 0.0291 0.116 305.15 296.81 0.062
M10 0.402546 0.0009 0.001 27.02 35.05 1.9
M2 0.080509 0.0262 0.116 191.74 246.66 0.051
M3 0.120764 0.008 0.006 286.7 40.23 1.8
M4 0.161019 0.0046 0.002 220.84 23.39 5.3
M6 0.241528 0.0017 0.001 51.42 31.94 2.6
M8 0.322037 0.0024 0.001 127.43 13.56 14
MS4 0.163843 0.0043 0.002 277.14 26.15 4.5
MSF 0.002824 0.0282 0.028 65.62 57.01 1
o1 0.038729 0.0208 0.077 221.58 255.7 0.073
P1 0.041553 0.0416 0.077 48.6 105.09 0.29
S2 0.083333 0.1069 0.116 282.75 62.55 0.84
S4 0.166667 0.0023 0.002 17.33 50.61 1.3
SK3 0.125114 0.0059 0.006 247.11 64.17 1
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Shih, Peter T.Y., Ya-Hsing Chen, Jie-Chung Chen, 2014. Historic Shipwreck
Study in Dongsha Atoll with Bathymetric LIDAR, Archaeological Prospection,
23:139-146, (wileyonlinelibrary.com) DOI: 10.1002/arp.1466. (1F5,:1.489)

HEE ~ ¢ A AR 20140 d PIRREF WHFEFRFTAFLIAY
(Substrate Classification with the Reflectivity of Bathymetric Lidar) - #xip] 2 i%
B g 7] > 18(3):145-152 -

WY RV ENIHE S > NT LAY ZfE R
Historic Shipwreck Study in Dongsha Atoll with Bathymetric LiDAR

Dongsha Atoll is a coral reef located in the South China Sea. The surrounding
area is characterized by dangerous shoals. Historic shipwrecks mark past human
activities. Due to the shallow water and risky navigational conditions in the area,
a sonar survey with platforms on the water surface was not feasible. Airborne
bathymetric LIDAR, which utilizes green laser for measurement, however, is a
proven convenient method for studying shipwrecks around the atoll, particularly
in shallow-water areas. At a point density of about 3.5m by 3.5 m, four
shipwrecks were identified. The bathymetric measurements allow not only the
length of the shipwreck to be estimated, but also its height above the sea floor.
The full waveform record of the laser reflection also provided information to
separate the wreckage from its surroundings. This provides an excellent working
environment for marine archaeological analysis, as not only the location, but
also the depth and geomorphological information can be assessed in an
integrated setting.

d RIIELREF S Lf”}%’?‘v\iﬁfipi

BF £ i (Bathymetric Lidar)2 3 &f3F4 > 383 R] > d w52 2457 73
fR3 SRS AT R oo B %? TR s K Rl AR
TR B R TP T AT & P 2 L A (object-based) 2. &
K> 3V 424 AHAB Hawk Eye 11k sez2 pliEskid & 532 7 BB A 4F o 4 3
Su A KE P AT ) 2] R ko ka B ¥2rE R B F T ia(mean) ~ 3 £
(variance) ~ 2 & (homogeneity) ~ 4p B rz‘_(correlation) ~ ¥t & (contrast) ~ £
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# A (dissimilarity) ~ ¥ (entropy)# 2 & = = #£(angular second moment) & 32
Poijo ¥k 32 XEPHEFOREREFTF A A28 E RIS 1
%L” * e A#HzZ pipH T d RHT 1—’3‘?"‘1 B3RP RER 2 2R E > 0 AR
(nearest neighbor)#-% 4~ i+ 4 %8 o 12 & 3 & (separability) & 4L 4 %5 & % -
g w2 [ Jeffries- Matusﬂa&%@,gﬁx @ B s 1710 %3t - BT ET|P FEA
ZLxFT\ e o

A& & A5 Survey Review =2 - B > HE& 40T

Site Selection of Reference Tidal Station for National Height Datum in
Taiwan

National vertical datums are mostly referenced to a tidal level of one or a group
of tidal stations. The Keelung tidal station has been serving as the reference
tidal station of the Taiwan National Height Datum for more than a century; all
orthometric height in Taiwan is zeroed to the mean sea level of an astronomical
period of this station. A monument of the Taiwan height origin was established
nearby, but due to construction, the height origin has been relocated to the
newly built National Museum of Marine Science and Technology in Badouzi.
To keep a tidal station close to the new height origin, and also to address the
subsidence problem of the current Keelung station, a search for a new site for
the reference tidal station is underway. As part of the preliminary assessment, a
tidal station has been established at the nearby Cheng-Bin Fishery Port. We
performed tidal comparisons of observations collected from the Keelung,
Cheng-Bin, and nearby Longdong (to the east) and Taipei Harbour (to the west)
stations. In addition to the harmonic analysis, tidal levels of different
definitions were computed to determine the potential influence resulting from
the change of reference tidal station to the national height datum. From
concurrent observations over 3 months, September 5 to December 17, 2013, the
amplitude and phase of significant tidal components were found to be similar
between Keelung and Cheng-Bin stations, while the Longdong and Taipei
Harbour stations presented larger deviation. The differences of mean sea level
were significant. Although the deviation between the national vertical datum
zero and the tidal level was noted in previous studies, the Cheng-Bin station
showed relatively much smaller changes.

7-2



SHE FRYEBRRIVE S
EARFELERFAE FP PR T FE S v o LT e

A% feipRiz 1055 108 EFF Y fe B %4> % > 2% % ¢ 2 103 & 4
P30 P MRAE 67 30 PR S L B AR AR 1 AR
SFEHTTEH BERRBE RSB I FE I F 0 BT 3L
PETIEEF o

8-1



AR BRAER

9-1 %@
i?%ﬁﬁﬁ@’éﬁlﬁb%ﬂ% T EFHZ % BLER
Eho muRz FESL G5 Lo BBEATRAEE A PRE AP

£ RRGTLCELR 0 F BT

I

X1

N

AT 4k R R ERPIEy  FHA S AL P TR B
HEwdBEEe L BHBE p A 2485 LR 0 255 KDNM ;
wd S I N B ERFHL v BB Id AT e EERE -

LR RS < WAL LIRS I S chudey b & SR W S =
4-0.0126m > # foi 47 @ T 155 k5 % -0.0164m

L RHEATR S L &2 2832 Hheugyp2z ¥ 29 10
tg 1/5000 Bl tg .74 F B o

\F‘

ABTeppab w3103 #1172 286p 67 19p %2 10* 1 pi&fs
MEREXTE S PR EREA TN E RIS SR kG 5
0.2056m » # fra 5@ L9 -k & 5 0.2057m; 37k b = A E Y
FRAZ Y TR EFEAEREE AR E o R4 NP R
TG AT E T BT EE kG 5 0.1590m > B ok 4718 T 350
Km % 0.1590m 5 A Ve BRI Bl S A T B BT B R T 100 K
% % 0.0555m > A foa 478 T ¥a% ks 4 0.0517m -

ABRATR P B N2 FRANPEFRAETODEEA A TE
TReTHEz FE 0 B NPT Imm B3 EEEE - F AP
3t 3.8mm R g S o IR G daip 2 FURA VPt S A RS
R AP RE ARG e FRFF R o d g PR
PR EAAITT R R ORTAEE JRF R F R e 2

4 A PR K RN R A E N 0 T T kG B ApiT o A BB

J4:

9-1

-



RS ETOF Loem 2 L0 BB w RMF R F LT R R

9-2 £k
RypprERe 23D > HNARERER 407 ¢

-~ AERRIFEPN 4 FEEHEEFRPEG  ERARR S S RD
Bk~ &£ 2 AR b g 24740 B > 3445 IGS shficdp2 3 @ R
B2r GIPSY f28 ts4a 8 3 B3 o

S A BERETIR RS RERERINEN ARG 2R AR ESR

iRl e

NEGOF i SRR Pk L (- SEVRCH R FE K i WAR LS s

Ju

oy AR RATEP e R AEY 10T FRFF TR NEFL
1

BERERLE P AR o

9-2



10.

11.

12.

13.

14.

$4 2
PFCIRE L R s 009000 ECRIERIEHMCF B AD Y L TR L HaP
Fy A2 o
foFedt o 100 o riE Rk E Rl ORI K ) R B HCR 1 T B2 L A
5 o
hFCR o 1010101 E BORKVEFTHE FAAELS T IFE S R A F o
poFeds > 1020102 & BORKEFTARZ FARAAE ST L IFE B2 AT A F o
RAANERLY MR CMAZ M EE 099 piip iRy L NS

l

B J5RIE > 29(2):34-45 -

Baatz, M., U. Benz, S. Dehghani, M. Heynen, A. Holtje, P. Hofmann, I. Lingenfelder, M.
Mimler, M. Sohlbach, M. Weber, and G. Willhaucj, 2004. eCognition Professional User
Guide 4, Definiens Imagine GmbH, Munchen, Germany.

Foreman, M. G. G., 1977. Manual for Tidal Heights Analysis and Prediction, Pacific
Marine Science Report 77-10, Institute of Ocean Science, Patricia Bay, Sidney, BC,
Canada, 97.

Foreman, M.G.G., 1978. Manual for tidal currents analysis and prediction. Pacific
Marine Science Report 78-6, Institute of Ocean Sciences, Patricia Bay, Sidney, BC, 57.
Godin, G., 1972. The Analysis of Tides, University of Toronto Press, Toronto, 264.

JPL, 2012. GIPSY-OASIS, California Institute of Technology.
https://gipsy-oasis.jpl.nasa.gov/index.php?page=software, last time access, 2013-02-19.
NovAtel, 2011, GrafNav / GrafNet User Guide.
http://www.novatel.com/assets/Documents/Waypoint/Downloads/NavNet840 Manual.pd
f, last time access, 2013-7-12.

Pawlowicz, R., B. Beardsley, and S. Lentz, 2002, Classical tidal harmonic analysis
including error estimates in MATLAB using T_TIDE, Computers and Geosciences 28(8):
929-937.

Sea-Bird, 2009. SBE 39 Temperature (Pressure Optional) Recorder User Manual,
Version 021, Sea-Bird Electronics, Inc.

USACE, 2001, Engineering and Design: Hydrographic Surveying, Army Corps of
Engineers, Department of the Army, USA, Manual No. EM 1110-2-1003.


http://readopac2.ncl.edu.tw/nclJournal/search/guide/search_result.jsp?la=ch&dtdId=000075&search_index=JT&search_value=%E5%9C%B0%E7%B1%8D%E6%B8%AC%E9%87%8F$
https://gipsy-oasis.jpl.nasa.gov/index.php?page=software
http://www.novatel.com/assets/Documents/Waypoint/Downloads/NavNet840_Manual.pdf
http://www.novatel.com/assets/Documents/Waypoint/Downloads/NavNet840_Manual.pdf

k- BEARLZTHR



HREFELETFLEALALE TR
FLAA Larh
FI& B
1%?§,mﬁg kB f e | LaHHE B ¥ 2o
PR &éﬁﬁé?{f’i 7 A @I

TR TR EEHT -

2.9 BB T % T 0B
B &l 2(PKGB)4 % $ # #
AokT3 e LB RE LT v h
f23i % > AR 38 H A
*’éﬁ*ﬁﬁai&ﬂ%aonea?
kB AL RE2 00
(KDNBaKDNCM+@ﬁ~£1

TERGHEL M-

2. GPS £ 4/
WA AR
HEF o

¥ 8 }\—g/? iF\:
%‘4?1 ﬁfi?%’;% A

3@ﬁ;@@$iMJV?W%Q
L EH o T AFEILE
L‘«j—";ﬁ‘—r-&)ﬁ"' I ﬂ'{ﬁ;-ﬁ Kﬁs:‘ut_f_]_ y 2k
B fs ¥ 1 i GIPSY ficdg:t 5 on%
B RE LR LR o

3.7 &R & 4 IGS sl 2 2 i#
B 32 GIPSY f2 fsda ¥ i B 3
J o

43 M= P B 3 & mE T
) 447}%17’}\3=éi;{;’9 J\‘l :‘_—[/‘*%’1‘” , FFIT%
e A 3D SR kT A o

4.8 B g -

5.P3-12 % 3| % &£ ¥ A f % & E > &
¥ i A & FE > fuis GIPSY S ¥ A
& ESHOTHR -

5.o #4-L 4cif { & o GIPSY #id8fz &
FR A FARED AR BN S
Hp en g A 7}‘—-

HER &

1Az 4 1 (%38 p M52 (L BT
ﬂﬁg,f@£@%%1*%°

EEEY R

2.7 4% % B BL B A 47 B ki
ftj;}\év;' Flz gl 24104 # B ¥
PR EE AT o

2104 & B2 AATAE € 4~ B AR~
TR £ SARGEE EHGE

3.GPS campaign-mode ¢+ % an?, | 4
BAES R A R Fp
kMR RpE S T sk
LG T R

. AR VT o BB
F'* 7 B P73k o GPS ¥4 R £ & ok R

i&&é%% D g E R
% % ‘1 /fL‘)F °

4.7 e pip s &
’f‘—"/v\’HGZA\/E— é_E_J Z_ A

BT e T
:r_-gl I® L—?

4r$ﬁﬁﬂ%ﬁﬁﬁiﬁ13ﬁﬂ
FEEAEE &I T B0 15 62

it 1-1




AT AP o

ANl SRl q_@#fr/\ﬁ:l&wzma
2t {FT%“/,, /gr /}EM]; Z_ L3 39E o Fr?‘;ﬁ)pa
A L3t P4-8 o

5.& fiﬁﬁ”\;}iiln\’ﬁl T F e
FoERpA T EREF -

5, T & }iﬁ—s-g:}i'rg‘{gf—?,ga E LA
51 0% o

M R RE

1LA2H A %2% 03 0¥z

L A v 2o

2P3-10 33 ) E k3 £ (% 2
% 1)

2. i3 P3-1 2 P3-3-

BAERIF S P2k~ gF A PR

TR

3.8 H3ZIRA AT 2t P3-19 o

4 P3-4 £ 3-2 ¥13* PKGB &4 47 »

H 89~101 ehix# & &2 PKGM 2 =
f}r X TF - RV - B4 /L
322 HEEENF ©

4.7 3-2~3 3-4 22 PKGB ® # 89
Eood R g T 489 E 22
B4y b 3-3) & ¢ PKGM zk:# B 3
$ui2 PKGB 2L i3 101 £ 2. & v
P e

5.P3-5 %
% 35

1-&&1\ 3-10 f@}\'—'i‘ﬂfg ’ f@iﬁ'

5.¢ 3z P3-5-

6.4 3-53% £ 3-10 2. B A2 4 " & »
ZRPAT R BAR AL R 2 4
It/ A2 GPS F Hb/?J 5—77 °

6.2 2 k4L g2 GPS - 41p £ “75) & #F

R AL RERELZLRFE > A d R
Bl PR ik 5 520.9438m 0 & &
BPATRE S BARAR L B2 A0
A XLk o Fp B AT @ AT R p3-5
GPS 4l 2 &2 k¥ p[E 3 L WAL
FARF O §RTERTERY

it e

7.% 3-7 2. % (KDNB)+ % p? &8 >
SISl Rt Gl N

THE R bk Kk o ¢ BApRE 2 F
B % 4o P3-7~3-8 -

8.P3-8 % 15 — £ 732.58ppm & % 3-8

- Ko EHB LY

% 435.58ppm > 7 £ 3-8 - ik o

9.1GS = & * 86~101 # ITRF2008
YodE 5 doie b * 21 RAT S
(P3-10)

9. IGS ¥k i Bizt>t 86~101 & 2
ITRF2008 = 2 & 4E 17 86 & L &g iF
S pL AR L B

B oo e fKE8 IGS 2hEh g B o

10.P3-15- st fF o3+ B £ - $30
RiEBEAoP 4 E A y(t)=athbt &5
P\ I)E\; ‘li\':'ﬁ;j 5 }El) /

1019 BF A phais i B fF
PE S ik RS ApMRP @ F
P3-17 -

it 1-2




iﬁJ_lnn

1P2-5 231 FmPIpPIEAE T |1.e B & 2-3% £ 6-7-

K% LW kAL 0 ERERT D

TR — H)d s i i o ¥

P6-19 % 6-7 1 iTHp 4222 P 5 & B 7

- RO FBE o

2.P3-58 P3-9i% XK EPIF A &g |2 GPSiFHlpEE -LERE R LR

GPS Bl & %% 3 l.2cm~2.4cm > 3
w ¥ A T2 R F)?

A
g%’;—rﬁ&@i%;‘%d ¥

WA AR
T

3.P4-6 frit - AdR2 W HEH P i
Fp et By s S ko
L7E EmeG A T Estp

o R LG

3.p je i AR A 1 B B 5
*»ARERSE LR R I LR S
W} EL o

4r3pd P 5 TABRTREP -
TR EE R ek ST TR 2
Bimsk SRR GBI R TR
A R S S T = R S

P > o¥ 27 4%
B LRk Lk o

4.2 %— % AKTRpE D =k R 3TR

sk o

5.2 Fig iR AcT .

(2)P6-3~P6-4 % — =t BE F-& (¥

e i % 1l mEERRIT

5.

1= -
(2)= 21 -
(@)= i2x -

1ot %21 ? LB g s fALOrgRis B
A ek X K- Ko

F Ok R
*ﬁ%jloabii
% i#?(P6-25)

B ﬁii‘ﬁ: it
BE 0 iE R

mwv

2.10cmz LRk AL w R B3
FEZ PP YRS E > pREBR

6 X B ZHEF° 5 1L.5em > p o e

it 1-3




FRFFHRFELITE-H LR
o ll_L I’ﬁ]i—g o

BFH N ERFEHH T EH T RTE

3AEFRE I © A L3t P9-2 o

AP e e A BN ETH G (AR REHG e (AP L Er g
ﬁm% } 5w 2(P4-6) FrE B P 3 o

el e

1.7 P2-6 % 17 7573k " s g W ¢ LQM%°

LI SN R N

& & FHE 0 5 Mg - (P2-6)

2.2 P3-1 % 2t Eey |20, T i ey »4lki ¥
R R LR RETR X | A4S J'J’.“"ﬁérm BsT Ry

SRS PACTERNE S S )18
;T L2 Sl 7 F A Y40
ERUE S R SR SR A
BinAzz ¥ o (P3-1)

TP e 4w RT3 P3-1 22 P3-12 o

3. P3-1 % 10 (7 #7if | ..

AR FE
i Hesk GPS 24 BE > P o ©

ENCY

AL B HREEE R BT OFh B
TR TFBEAESF PR

(P3-1)

w
(uf]

A

e
o

4. P35 % 2 {7 #rit | ...12 PKGA
T PKGC z % 2.4 # 1 4r % 3-10 #7
7> GPS f 4Rl £ ... 0 # ¢ 13-10
B E o si2 e s [3-5 - (P3-5)

S
(o]

&

=
o

5.4 357 42L& %1t i GPS £
FlRIE * %2 BARL kB he
der A HAsRNRFME ST B0
Joo FOTER AL N eI LR
iz o (P3-5)

A
5.2 2,

22 GPS - 4RI & #7171 5 #F
e Lo kRBEREZEF L Ad R
gLix R ik 5 520.9438m 0 & &
BAT RN A BARREL B2 PE

F 1L fouk oo AR B ATl e A iR p3-5 o

6.GPS ¢t £ Eip|FEi¢ * NetR9 2
Trimble 5700 3 7% k% > NetR9
B oav 315 ¥ #fc GNSS i s

GPS~ GLONASS & faz 501+ > &
PBEEFRG R RE o B
* GPSELBIE » Tt * 7 b R F
[ESE R RSt ) S
LI o (P3-7)

6.3 4c ik » NetRO z_ ghi» 28 pFid *
GPS 22 GLONASS 2z @Lip| £ > f2 & =
FTARRIRBY Z P RER
AR

R =
B

it 1-4




7.1 P3-18 % 1 {7 #7if vv %+ IGS 1§ B
Hig RHB L SR B iR
14 % 5> TNSM ~» YMSM % g5 it
%wa%w§|68$—i<’ﬂ@4mg
P BRI R 2 AR $PRE (A R HLIE B
Z_ Bt > @14 TNSM 81+ k45 B
BB AE IGS plabg it F - K?
(P3-18)

=4

7. r,%‘f*“ﬁep;?fﬁ%ﬁ RN
F3) o 7 IGS #L 22 TNSM -~
YMSM ;E"E—, AT ECL R B ’\-"I)I}C'J‘
RABBARF D L - R PR R
A

843/»7\*?3‘\// W B &%f—w

Ao, 47¢ B = oG

3k iE 2

# @%»ﬁﬁ&ﬁ&“%é P T P4-8 2 5% 4-1 -

ié\;“ VB RIT -8 RF g |HEZREEAPILLLP P 5]
N AP TR LEP AR | RBT 2P EEPEP AR T
FEERRL L ERE RPN A LE | AR RRELE R A v P TR
£ AP R E - (P4-T) 6iprplizd T EIRNWE 78
9. 7H RFLF MBI TIMA R 9.2 ATH - B 2 He 22 o

F 2R 2 ERA ERGH2
Bk 22 B~ oo

10 %:L}’\*ﬁ};%iﬁféigfét ?%v N *E Fﬁg
TE oM LETERZ S § S0E Yt

]E_‘::LFIH o

,v\

10F% % s 1 v p ¢ U
P9-2 -

it 1-5




graRd 2

FELAE TR

3422 Lavh

Fl£ R pf

Ly MAWpetdftmes |RHRAREER 4L Eh
PRI ke gL R B “Q‘FFJ NE R R ARG TR R
Heofg > S L APl PR | 0 g a R %%%wb’&
By PFenledr i 0 T R o A -

2. ¥ B ira Yt 2 BAYT R | THEPRE R e s Pk}
R R A Ak s £ B aﬁ@éﬂiﬁléﬁﬂﬁ%???

A2y AL P
R M 5 5 SSA(182.748538
) Amp £ 857 &4 s @ p sl
B itd R R BMAE S S
MM(27.394 =) 2 Amp % 5.14
Q&Oﬁaéﬁﬁﬁw—bﬁg
Amp§%204’\¢’?’iﬁﬁﬁiﬁ
SRR AR E SRRt 2%
AE R oty EF BELEE\'-liEJ
;Lkﬁﬁ#ﬁoyﬂalf@ﬁﬁﬁ
F(EZTH)F AEKR HHF TS
s J\‘B I I

A3 o AT
*éiﬂ@*my—ﬁ%@éﬁﬁ
oy AT AR BT
‘%$#&%%%R,g%wﬁ§%
TR lﬁ\-vﬁﬁé_ RTFE ©

3P bk (FE T F SR EY [ B 3 E ANt K
P K B 2P 7% H g | EEBAIPY FE LR P
B3 VUEREREXREBAGS | S8 TR P REL
TR RBEXR > ZED AR) AP [ BLTGT7 o %3 B2 i ixxh KB EL
%“%£¢17W¢&%$ﬁ%’£.ﬂfw~uﬁ e Eo kB E
TRGER PR O~ R TED RN Ll 3 I S TE
ﬁ’@ A~ R BIFP > T
Bt fui= o
4ft% 7 EAfrA A R L AR | Bfeati e P A FiFEe A P H 2.

k3 HER o

HER &

1.8 3-7~39-3-11-3-13 2 Y #h
LPRT Y R - R

AR

2.PKGB &Rt 2 ¥ 5 R T 5

w?

PKGB i & fh 8 1+ L2 89 & 2 2
SHRTIRL ST LR AP
i

Y

it 1-6




214 B &

1.7 3-2 * PKGB 1189 & 22
SR R LB R TR
£ #-PKGA % PKGC ¢ 89 # 4
1800 0 % PKGA ~ PKGB %

PKGC3 Btz FFAR$H AT 3 =437

(P3-4)

PKGA ] PKGC ¥ @ 89 & 2
7"?!“ » m PKGB T’ a 101 EININ % s
oM R L g B A
2o 2 KR T L g o

N 4 2k
T =

2.8 k2 Ppgestipinik & T
Fp R, A FHEL Tk K
wE¥ELEE0.266m ¥ FE AT
¥ oAy 2. F]?

A B G BP Y ﬁ'xm:i £ 7
TR FTXE E, BT ‘&;Efﬁ
iq—TE{P:\.‘;

3.6-25 frpA 2B AT E
P A S RLIEEL § e
AR AR

R o (P6-9)

© 3 6-2-5F &4 2 1 IFH AR T
2 F P e M TP oo

4017 5 A AL EC ppH 2 £ e PR
FEHRBD PG B G 4L
D~ srERBecx 428 % i R I
o Lasl
(2)% © #c2 AP i P gt o | (B) AT ik kB RS
@E@ﬁﬁﬁﬁiﬁ @ ERIAl SV e 3 0 215U 5 Druck
(4)% ¢ 2 2 52 kg PTX 1830 » % 4 % % Vaisala QML
2 feE & o 201A -
(O)FF L A TR R bR B
—k z fx'] B o
ME R R E

1LAZHY S 5HANE 25
mﬁi— ] J/“E" T_ o

R4

PR

2. ik LR TR ATV 0 EF

AT P AP M AT

(1)GIPSY % GrafNet * & & *
S o

(2)% 32 7% 34 2% EHM L
R AREL A 47 o

(3)% 3-5 2 3-3 F H e {TpER
Ko EAARP > T gAY
oA A R 2 B

(4)% 3-8 it Fenipit sk w4
LW o

(1) GrafNet ¥7 GIPSY fz %
B ATH T HdE R v T o

(2) 2 AF sep? o

(3)% 3-5 #77 @ Wk if Bk P B
Vo 2 pEBEEEE R ABL A
3-3F ¢ i B TR A 704
RN S e
EEZEMNHBEE A S BT M
BEEFORT B i R R
¥2$::}7§j! | ~ &35 o

(4)% i i F Frr 50 y(t)=at+bt w

D S

it 1-7




(G)M3-4 %314 2 % 36 je ek | B9 (5 mE o y)s PRt
RN A S HRLEE a s B5E 0 b T 5
Foid B 3o gt P © A7 P3-10-
(5) B34 % 3-14 % % 3-6 A4 4p ¥
WFREFEAAM AL 3-8
3B 44 6 AP EFHRETF | PPy gk AKX
6 iE 1 4? %_“v':‘,g (hadhad -1 ) ‘}'le'_,l] AP
RS 60 - X
AGFE S BE2 0P TIE o
4.% 4-3 & > pFCIRE A PR o | IR G R 2 I T AR T
(2010b)~ fx 2 4t It - .
5.5 M%7 TRl Pk ok | d WL RHP R IR HE AR

Big e %%i%éﬁ?w@*’ﬂiﬁéw
WE2 RG] ErTRpE AL o R
bR ARRRELE T G AR 0 L 3K
BRGNS EIFE o 5B LHL R
*oo Rl PR PSR

LA~

1.% 3-6 4 # IGS i sk
1997~2012 = FreLsi it 4 ¢ »TWTF
FFEE AR B Y SRy et

2 =(TNML~ TCMS)+ 1 ¢ A& -
Vi hF s R?

TNML~TCMS & =t =337+ > TWTF
E R R R RR T -

2.k k¥ A2d AR 92
32101 e RFTRAH:E20 o8 0 B
By é’v/ }é]_"‘l‘rﬁ\-f OB ER
SR K 2B R T Rk R
g o

ST T T
T 2 Rk mi"‘}%]_rfmﬁg;ﬁ‘ T oo M
B R LIST e X 3emfyr 2 b oo

3T Wh BRI RILE ST
E-*rwzid B3 > B &3y
BHRERFA R R T TR
IR LR Y T2 B ot R e
(P3-12)

ﬂpm/tﬂﬁpﬂwﬂrﬁﬁi
REETHRESE Y > 8 K 89~94 £ ¥
E-*wi RH5-224cm> = » &2 A%
> EARR o EETET -

R TR e E Ly
BT V9 pRFALERE LS

% ~7f§.3§)§i‘aj‘:?;ﬁ°

B FT

1.2-1-7 = ¥ »x 7Gx apn 3¢ ﬁp@ﬁé@_o

it 1-8




KE TRPE, Fes
30,0 (P2-2)

22-3 1 iFAEF &S 2 (7o

M iveeens PG ERLIFHREH S 10
B e > HE T10 B
Higeci T B e

& P FHL o

3.3 M7 #h i Fick 7l 8 PKGB
'%"ﬂ\:(;i}];’% v HE ¢f "};";’_%;g-/‘m_l‘}‘ E‘EE:'_'QQ"L

Ao AR RE LWL G <
FETRATER 8 o & ATPHT 4 gk

e 17 (7 5% - (P3-4)

AEATA B L RO F
PKGB #27 Flirik ghi=4% 4% i3
% o B3 PKGB #7831 4 ¢ » K
2R S HIRIE AR FRE R
FERS ©

4w Ex 41 TyELp el k%
MR AT, RPN R P B
HE AT S S Gt SN
B ERG X EZ RIS RN
258 5 o (P4-2 ~ 4-3)

-

ERFHE > © A 4L

5. %10 7102 & & [ kifeoi | B RIHL o
LI Th S N

AN CH TR s T

3 - (P4-4)

6.7 B Aol FNip et fE | ZAER G Y kA my £
B2 TRE ok A G SR TR G AR T s R
0.2653m #2-0.01662m » & ¥ § 4opt | £ AT o

EA AR R
Flk = ;jé‘}s VAR B o (P4-T)

1A R Iz a7 &
2ikfp FRITERSEY G MR
KB E R Z P A R
w8 27 %A 5 S sdrdl
B ek Q

RpR B T A A - RPIFR
T 19 E > R SE AL E
Pz s AV P kd AR
1+~ EAG P RREE > ¢ PR
. R

83 MY LFEE LM FhdAs
FRFERFORE (A

GE R0 R T ATE T P54
£9 7 T 53, P55

% 6 (7B %kEL [ 87142016
87142026 87142045 | F %3
CER T L

Qijb_#;'é’}{— FA\#%J"
Bl eyt { L o

it 1-9




9.7 B L iid THHLFEA T Bl WA
EE 8% 307 i
Moo A G L o

B B2 WiTdd Bk
BT A B K TR A0 @ B R R
Wam oo

10.575 6-2-4T Py k% 5 F &
AT LIPSt yeE
T3 p > 2RV UARFEEINE

IR - (P6-9)

© 3 6-2-44F LTE e 2 1 FIE P o

it 1-10




FAHALA %i?&

1% P1-1 % 3 f7#rf A3+ 4 51 102
ERKETAZ FAKES I 0F
R T R S
¢ 102, 3 s 101 (P1-1)

[N
-
o

Bid

-

H

H

s

fin

—

|

N
4

H\
[e]

o]

213 T =% 2 R, 3 &P F i |2
TR AP RS FLATR
2T P S R A
2P I =% B o (P1-1)

NI RE Ry

[}

33H#-P3-1 % 3 71t [P &% |3,
a\//fﬁilﬁfr}}v&»..d l—a\‘//J ?”‘J“,/TT °
(P3-1)

> P3-1 12 ez o

[}

A3 3427 RPERTRD bR | AC 22 & B o
10, R EY AL e g

g o (P3-11~14)

5.3-4-2 T HPERTR P ik X 1381 {838 p o

¢
. TE
«\ |
o1
[}
s

TyoxEe 38 Tipe %éﬁqj
Pl 2 TRAEFRELT R
FEESLIBIIEIER » X5 &N

ZRFESER -

s

6.3 3-4-2" R yRATIRP bR | 6.
LT A AT ke §
FHEIT 1 IF‘!F‘ ke A o

H 4r 3t 6-2-5 % &

7. P4-1 % 3 =ik T1LAViFk
R R A RS | TR
70 g V\ > (P4-1)

WP S LET 25 EHRIIEP

A5
o

ey

s 1-11




B
L
i
it
a1
7 Ei—
2 3%
[l
i
aq_g‘_’i
“ FER
N
4



MR- P PSR P RETRGERY H -

PR B HEA BE| || BE 818
1 | F ok XAt 1 & 345,000 345,000
2 B H KA 1 % 102,000 102,000
3 |kiE 1 % 19,100 19,100
4 |XEFRZBRAE 1 12l 150,000 150,000
5 |GPS Receiver 1 % 4,500 4,500
6 |GPRS:# 4t 4a 1 ) 17,700 17,700
7 |#HEEHEACR RPN 1 & 18,000 18,000
8 |FMAREMEEL 1 & 185,960 185,960
9 | K aEARL20W 1 R 10,200 10,200
10 [ EZH S 1 4 4,200 4,200
11 |E #.50AH 2 4 5,700 11,400
1 (HEALES 1 Fad 4,500 4,500
13 | R &hsm# K 1 4B 165,000 165,000
14 &35 % 1 1l 37,500 37,500
15 |44t ~ Bl R4 R AeH 1 & 42,050 42,050
16 | L% (A5 KFiL) 1 R, 159,500 159,500
17 |33 oo $hodl 3% & R K A 1 & 54,600 54,600
et 1.831,210
TEM 66,561
WIS % (R L L
1 RE—F -
2 RETEPHARLERERMER -

it 2-1




S P e 2 PRETRGRGE -

41 YOUR REFERENCE sk OUR NO. Fz M VALIDITY | 4% 9 3 DATE
LE103QUO11 30 * DAYS| 14-Mar-14
AE Y #F LB HiR
ITEM DESCRIPTION QTY UNIT PRICE TOTAL
NT$ NT$
HRE AT B AHE AL A 35
A |&RE: 680,000
1. Sutron EHHik £ % Xuite 9210 Ak e5 IGPS ~ %4 | 1
GSM Moden ~ i3 B Faz 41 %
2. Aquatrak i X A4 st-4-411032 ) & 1
3.8 A K Afr st 1
4. kB3t (PT-100 7 43844 %) 1
5. GPRS(T % 4181P) 1
6. KBy tair 1
TREE 1 lot
B |[#BR#4 AEH ABERLEXESXED 1 lot 250,000
LY T STET S S 930,000
NOTE: i L3R/F#55% % £ o

it 2-2




A
5
-3

il g,

L

N

<

Iy ‘/‘i-

V)

X

B

- 3

3

10

*it s



13 ER KNP EFTHEAEE L4
g At HmE’ FgeS
Tian-Yuan Shih  Wei-Tsun Lin  Shiahn-wern Shyue

#&

{;‘\;‘ﬂj;‘éﬁ,’%‘:},:&ﬁ%{\{;‘\;/’}% b L~ ‘;/;B%'\i#;,kﬁ N ;jgg;m,;g,'aa, A R
ﬁ@#&ﬁUJ&WL%”%&V”%ﬂwﬂm1Wﬁﬂ&m%ﬂﬁ ¢

102 # K1 = R 34h o AAFE A B[HS P R BpEFA T | Y
sV itEcdpp 102 £ 127 1p 32103 9% 24 p > £ 297 % ;5 g3 EARLp
102 # 10" 8p 3 103 &9 "% 9p » X3+336 % o

-\ F

wl

R EATE/F I RF AP AR e §- PIENH L P2
Fp o R LR VAT 2 PP iyt o AR 101 £ S it d oty
g1 diEEY B w102 & R TRFETAE FAKEAL TR ER
UMD e RES| S 1 FIE R > Fa 102 F 12 0 1 PRI IF o p el
320102 # 8% 25 p FIR b RAFEAFHE R E 107 8p EXTEKEFT
Fitfe 1038 97 9P & § ik iF i sk Mg ) AR e A B e A
YA (R 1) i b lidp WS o AELHHS P éﬁﬁzﬁtﬁ?;}i@ﬁ
A 35 ¥ d 23 o 47 (Harmonic Analysis) > f247 2130 =@ & & 547 5 (frequency) »
#= t5 (amplitude) 2 4p i= & (phase angle) » i fie & i zh K B 4 g2t B T 3594 K

W o°

Bl 1~ p ozt ey

'Rz B4k ek Kis
PR Qﬁﬂ’éi A8k BAriizg A
PREY LA FREREZ 1R B
W 3-1



=~ BRI

AE T 2

7

e A5y 5 SBE 39TP A& T MRS iy
(Sea-Bird, 2009) - # -

RERIFE S 20 2% 0 P BRHR 522 24 < 32 3p

e
'/‘l')’l'fﬁd IR MZ TAERETS A VEEFL R CEBRBRFIE- KRR
;1'.5-@ "—.),L J\\:‘BR _’E\f’fjc$¢a.;§\’;ifé i;}fﬁ-\ﬁ'{% ?\,,—p,/%pmbﬁg SBE

@4@;@ﬂ wm; é%%fﬁ@J,j&agf ﬁgﬁﬁﬁ a@@J
5 00 FFRRIPFA F RS PR NG RAD el SRS @
o NR-H B G RIRE 0 T s 17200 iy o A E R AP OB iR
PR AR1024# 107 81 AF103 &9 9p - HFH336 = > e fAES ;
60 #j— & o AfrHcdpd 2 Pt erplE o NEBT S AR T R Ed Rl
B NP R BRIFERE AR LR B F R st L
Bk e PP TR L 648 YRR N L E A ARPERT
EiE > THEp N P RBEp RFR & H(40B 2) -

rfw
JENTY
|
{
¢

1~ prestipingt P EERIF A
Pt | & 102 103
% [ 7] 10 |11 12 1 |2(3|4| 5 |6| 7 |8| 9

g op 10/8 12/25 | 1/7 5/6 9/9

it 3-2



L= Ewpanif A

05 —

Tide (m)

054 |

| | | |
0 20 40 60 80 100 120 140 160

05+ —

Tide (m)
1

osH |

| | | | | | |
180 200 220 240 260 280 300 320 340
Days

B2 piiltp BRitestpeps

P A8 S Druck PTX1830 B4 Uizt > TR AR 5 102
#1297 1p32103#& 97 24 p > % 297 = BB Iy o A2 TR 2
AP ETR TLE 0B X0 & 64482 B ETHEFATHE G Y
FUP LR By R PF R AR 3 T o

et gl |
il g |

Tide (m)
=]
[==] o
=
1

- 1 |
! ?50 180 210 240 270 300
Days

IS 3 SR 30 | el 2=

it 3-3



N BpEAH

DA 473 F F N RIER FELR TR > B R ITE 0 L Hardg o T e
(equilibrium tide)I2 34 5 A A #ip e fF B 74 5 8@ 7 I 3 8 & i ehaM 4
Bod Bk erps iRy pii ,%ugﬁﬁyﬁﬁﬁﬁ’j
THARPFEFRE o AT R AL P FREFANE RP S D A
RAPEEEETEE G PR BAIPREHTIOEE A LG o

A% @ % 2 Matlab 425 3% 5 & 42 t_tide f25% & (7 foa 470 B 2 iRt &
i & 2w B i 2 R4 Godin(1972), Foreman(1977) 2 Foreman(1978) 2
FORTRAN #2;% 78 5 A # > 32384 & 477 i (Pawlowicz et al., 2002) - p 2z 5%
FR NP B oA 4 S R T & e

31 e AR A I

EBILITEIT N2 62 B A B APk 2970 A Y ATFE F A A RS
Pty s RIFIEAL AP b~ dp & 2 Z 2 1wk (Signal-to-Noise Ratio, SNR) © #-
R TS R A R R 2 *’ﬁﬁ < (cycles per hour, cph)» 4@ 4 3= t5(m) % 4p
i & (deg) g WA4-® 45 #7o0 - H P A& 40 5 HE 4T 1/24(0.042)2 > p i
K1(23.08cm) ~ O1(17.45¢m) - P1(8.69cm) » 2 OMF % 3 1/12(0.083) 2 X p i
M2(15.31cm) ~ S2(5.47cm) ~ N2(3.63cm) > o Jetgdgr LV E W 2P i 2 o d P
A BB N RS R E N T E@E L 195 B rp P W ERGEE
ST E 2650 75 2P o P BRI A oA 17 2 IR L PF R o] 6 4T o

03 | ‘

025 Analyzed lines with 95% significance level -

0.2~ -

Amplitude {m)
e
o
T
|

01 -
0.05- =
w | ! e [ ! as.l | ! !
0 0.05 0.1 0.15 0.2 025 0.3 0.35 04 045
frequency (cph)

B4~ Afrr 72 FHRIRES 5 _p eiiip it

it 3-4



Phase (deg)

400

3501

300

250

N

[=]

[=]
T

iy

a

[=]
T

50

Analyzed lines with 95% significance level

0.05

®5-

| |
0.1 0.15 0.2 0.25 03 0.35 04
frequency (cph)

P AT AT SR 8 S &P festip 3t

it 35

0.45



22N RfeA A B A A _f b g

tide freq amp amp_err pha pha_err snr
2MK5 0.202799 0.0001 0 194.36 263.48 0.044
2MKG6 0.24458 0.0006 0 253.12 31.25 2.2
2MN6 0.240006 0.0018 0 210.02 13.34 23
2MS6 0.244352 0.0032 0 87.46 7.17 73
2N2 0.077466 0.0039 0.001 349.71 21.91 7.4
201 0.035686 0.0038 0.002 138.52 27.36 3.2
2SK5 0.208447 0.0001 0 93.64 177.79 0.083
2SM6 0.247176 0.0005 0 256.09 46.62 1.6
3MK?7 0.283309 0.0004 0 176.43 35.92 2.6
ALP1 0.034383 0.0019 0.002 120.65 54.52 0.78
BET1 0.040031 0.0035 0.002 339.18 28.35 2.7
CHI1 0.040478 0.0027 0.002 144.14 37.87 1.6
EPS2 0.076164 0.0018 0.001 317.25 48.5 15
ETA2 0.085083 0.0006 0.001 223.86 93.04 0.18
J1 0.043302 0.0082 0.002 309.01 12.98 15
K1 0.041781 0.2308 0.002 221.83 0.47 1.20E+04
K2 0.083562 0.0066 0.001 135.24 9.56 21
K2 0.083562 0.0149 0.001 338.87 4.23 1.10E+02
L2 0.082031 0.0065 0.001 290.47 21.55 20
LDA2 0.081812 0.0019 0.001 350.58 44.99 1.8
M10 0.402546 0.0002 0 26.83 75.78 0.82
M2 0.080509 0.1531 0.001 213.53 0.56 1.10E+04
M3 0.120764 0.0027 0.001 182.27 15.78 15
M4 0.161019 0.0023 0.001 108.48 15.19 16
M6 0.241528 0.0036 0 298.86 6.48 97
M8 0.322037 0.0007 0 78.61 17.36 15
MF 0.003052 0.0069 0.027 311.77 227.69 0.063
MK3 0.12229 0.0027 0.001 290.25 14.13 14
MK4 0.164071 0.0007 0.001 61.32 34.76 1.7
MKS2 0.080737 0.0032 0.001 98.51 20.25 4.9
MM 0.001521 0.0069 0.027 121.68 227.25 0.064
MN4 0.159497 0.0004 0.001 9.04 80.42 0.59
MO3 0.119238 0.0042 0.001 359.29 8.53 35
MS4 0.163843 0.0009 0.001 302.73 37.9 24
MSF 0.002824 0.0046 0.027 336.68 343.78 0.028
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L2 A A AR AP APl ()

MSKG6 0.247404 0.0003 0 17.61 50.85 0.78
MSM 0.001303 0.0051 0.027 204.69 307.45 0.035
MSN2 0.084855 0.0008 0.001 98.92 112.38 0.3
MuU2 0.077685 0.007 0.001 69.42 12.29 23
N2 0.078988 0.0363 0.001 132.21 2.38 6.30E+02
NO1 0.040259 0.0098 0.002 111.08 7.81 21
NU2 0.079207 0.0067 0.001 184.49 12.86 21
o1 0.038729 0.1745 0.002 295.29 0.59 6.80E+03
001 0.044833 0.0016 0.002 141.22 38.01 0.59
0Q2 0.075945 0.001 0.001 237.61 83.46 0.51
P1 0.041553 0.0869 0.002 54.48 1.41 1.70E+03
P1 0.041553 0.0764 0.002 228.9 1.61 1.30E+03
PHI1 0.042009 0.0022 0.002 80.54 56.25 11
Q1 0.037207 0.0337 0.002 203.9 3.06 2.50E+02
RHO1 0.037426 0.0076 0.002 242.09 14.02 13
S2 0.083333 0.0547 0.001 316.47 151 1.40E+03
S4 0.166667 0.0003 0.001 198.54 93.23 0.37
SIG1 0.035904 0.0046 0.002 188.69 22.66 4.6
SK3 0.125114 0.0021 0.001 42.69 16.91 9.2
SK4 0.166895 0.0001 0.001 292.95 242.05 0.032
SN4 0.162321 0.0007 0.001 163.97 51.16 1.4
SO1 0.044605 0.0015 0.002 254.68 68.88 0.5
SO3 0.122062 0.0012 0.001 126.84 29.62 2.7
SSA 0.000228 0.055 0.027 268.71 28.51 4
TAUl 0.038957 0.0028 0.002 38.63 54.34 1.8
THE1 0.043083 0.0018 0.002 218.54 55.14 0.75
UPS1 0.046354 0 0.002 259.93 2854.26 0.00012
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tide freq amp amp_err pha pha_err snr
2MK5 0.202799 0.0003 0 100.19 62.4 0.85
2MK6 0.24458 0.001 0 241.81 22 7.9
2MN6 0.240006 0.0017 0 289.91 11.69 22
2MS6 0.244352 0.0029 0 217.55 6.92 64
2N2 0.077466 0.0027 0.002 330.6 3181 3.2
201 0.035686 0.0046 0.002 114.65 27.01 49
2SK5 0.208447 0.0002 0 83.63 88.86 0.45
2SM6 0.247176 0.0008 0 287.94 25.89 4.8
3MK7 0.283309 0.0002 0 83.35 72.52 0.61
ALP1 0.034383 0.0013 0.002 263.74 94.9 0.41
BET1 0.040031 0.0029 0.002 300.02 43.99 2
CHI1 0.040478 0.0027 0.002 6.1 46.28 1.7
EPS2 0.076164 0.0013 0.002 96.52 64.42 0.78
ETA2 0.085083 0.0031 0.002 343.29 32.42 4.2
J1 0.043302 0.009 0.002 56.22 13.72 19
K1 0.041781 0.2609 0.002 215.08 0.47 1.60E+04
K2 0.083562 0.0049 0.002 164.75 19.45 11
K2 0.083562 0.0128 0.002 92.41 7.5 72
L2 0.082031 0.0038 0.002 255.98 27.12 6.3
LDA2 0.081812 0.0011 0.002 316.7 80.56 0.49
M10 0.402546 0.0003 0 251.95 24.94 45
M2 0.080509 0.1452 0.002 34.71 0.59 9.20E+03
M3 0.120764 0.0028 0.001 87 16.73 11
M4 0.161019 0.0024 0.001 109.14 13.69 16
M6 0.241528 0.0032 0 136.54 6.18 78
M8 0.322037 0.0003 0 61.64 26.04 4.3
MF 0.003052 0.0147 0.032 74.87 1235 0.22
MK3 0.12229 0.0033 0.001 94.63 14.78 16
MK4 0.164071 0.0008 0.001 262.95 46.99 1.8
MKS2 0.080737 0.0051 0.002 70.26 18.49 12
MM 0.001521 0.0176 0.032 293.33 102.92 0.31
MN4 0.159497 0.0007 0.001 262.5 51.31 1.2
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MO3 0.119238 0.0046 0.001 3.22 11 30
MS4 0.163843 0.0009 0.001 261.88 38.59 2.1
MSF 0.002824 0.0079 0.032 313.34 228.7 0.063
MSK6 0.247404 0.0004 0 298.52 61.31 1
MSM 0.001303 0.0174 0.032 219.65 103.96 0.3
MSN2 0.084855 0.0016 0.002 301.56 53.36 11
MuU2 0.077685 0.0076 0.002 299.77 11.31 25
N2 0.078988 0.0344 0.002 203.19 2.47 5.20E+02
NO1 0.040259 0.0097 0.002 21.56 9.86 22
NU2 0.079207 0.0075 0.002 190.41 11.44 24
o1 0.038729 0.2175 0.002 117.88 0.58 1.10E+04
001 0.044833 0.0036 0.002 313.58 35.15 3.1
0Q2 0.075945 0.001 0.002 39.92 88.93 0.43
P1 0.041553 0.0902 0.002 194.96 131 1.90E+03
P1 0.041553 0.0863 0.002 222.15 1.37 1.70E+03
PHI1 0.042009 0.0027 0.002 163.24 43.23 1.7
Q1 0.037207 0.0399 0.002 276.13 3.15 3.70E+02
RHO1 0.037426 0.011 0.002 256.23 11.88 28
S2 0.083333 0.0471 0.002 70.01 1.84 9.70E+02
S4 0.166667 0.001 0.001 133.41 34.38 2.8
SIG1 0.035904 0.0052 0.002 74.29 24.11 6.4
SK3 0.125114 0.0033 0.001 199.43 15.25 15
SK4 0.166895 0.0018 0.001 142.94 20.92 9.3
SN4 0.162321 0.0003 0.001 30.98 103.74 0.29
SO1 0.044605 0.0033 0.002 189.29 38.92 25
SO3 0.122062 0.0014 0.001 37.56 36.05 29
SSA 0.000228 0.0805 0.032 179.83 22.5 6.5
TAUl 0.038957 0.0054 0.002 253.73 19.42 6.8
THE1 0.043083 0.0041 0.002 125.8 30.32 3.8
UPS1 0.046354 0.0005 0.002 80.88 298.35 0.049
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Datum information

DATUM = WGS84 AUTO ; Processing Datum

INPDATUM = ON WGS84 AUTO ; Input Datum (ON=Use processing datum)
General options

ELEV_MASK =15.0

OUTPUT_MODE = GRAFNET

DETAILED_SUM  =OFF

TIMERANGE = ALL 1085463122.0 1085477642.02 0

INTERVAL =1.00

FIX_INTERVAL =1.00
PROCESS_DIR  =REVERSE

BOTH_DIR =ON

Advanced settings

CYCLE_TOL =0.0 ; Automatic doppler slip detection
STATIC_SLIP_TOL = 0.4000 ; L1/iono free cycle slip tolerance

L2 _SLIP_TOL =0.4000 ; small cycle slip tol on L2 (cycles)
L2_LOCKTIME = OFF

WRITE_RESIDUALS = ON ; create binary value file/satellite residuals
WRITE_SLIP._MSG = ON ; write cycle slip messages
LOCKTIME_CUTOFF =4.0 ; locktime cutoff value

Fixed static solution options
FIX_CUBE = AUTOREDUCE 0.500 1.500 -1 ; Fixed solution search area options

FIX_L2_NOISE = AUTO -1 ; Fixed solution L2 noise model

FIX_IONO_DIST =5.000 -1 ; Distance for switching to lono model for AUTO L2 noise
FIX_REFINE =OFF ; Refine L1/L.2 fixed solution

FIX_STRICT = OFF OFF ; Stricter RMS and reliability tolerances
FIX_CORRECT_SLIP = OFF ; Correct integer cycle slips

Dual frequency options: Use PCODE, L2 for ambiguity searching,

lono free processing(FREE), correct PCODE for iono.
DUAL_FREQUENCY = OFF ON OFF OFF
USE_PCODE = OFF OFF

New measurement standard deviation (weighting) settings

STD_MODE =ELEV ;Measurement weighting mode
(ELEV/CNO/STANDARD/ADAPTIVE)

STD_CODE =4.0000 ; Code measurement standard deviation (m)

STD PHASE =0.0200 ON ; Carrier meas SD (m) (ON/OFF refers to adjustment for L3)

STD_DOPPLER =1.0000 ON ; Doppler meas stddev (m/s) (ON/OFF referes to auto-doppler

setting)

STD_REJECT = NORMAL 3.0 25 3.0 6.0 45 ; LevelStr CodeRej PhaseRej DopplerRej CodeReset
PhaseReset

STD_SKIP =150 5 1 ; dMaxRejSec, nSkipCodeEpochs, nSkipPhaseEpochs
STD_DIST = LOW 1.00 7.50 ; Distance effects (OFF/HIGH/MEDIUM/LOW/MANUAL)
ManHzPPM ManVtPPM

STD_RELTOL =4.00 ; Reliability tolerance for rejecting outliers

End-of-file
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Orbit products:
-orb_clk flinnR \\
Ocean loading coefficients:
-add_ocnld fes2004 \\
Adds additional solid tide models:
-tides WahrK1 PolTid FregDepLove OctTid
Troposphere mapping functions:
-trop_map VMF1GRID \\
Data weight in the filter [phase range]:
-dwght 1.0E-5 1.0E-3 \\
Randow walk troposphere parameter for static solutions:

-trop_z_rw 5E-8 \\

Troposphere gradient parameters [km/sqgrt (sec)]:
-wetzgrad 5.0E-9 \\

Final postfit window before edit point cycle:
-post_wind 2.5E-3 2.5E-5 \\

Maximum number of edtpnt2 cycles:
-edtpnt_max 12 \\

Minimum slip for inserting a phase break:
-pb_min_slip 10E-5 \\

Minimum elevation cutoff (degrees):

-w_elmin 7 \\
Performs input number of iterations of ambiquity resolution:
-amb_res 2 \\
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ABSTRACT

Historic Shipwreck Study in Dongsha Atoll
with Bathymetric LiDAR

PETER TIAN-YUAN SHIH™, YA-HSING CHEN? AND JIE-CHUNG CHEN®

' Department of Civil Engineering, National Chiao Tung University, Hsinchu, Taiwan
2 Disaster Prevention and Water Environment Research Center; National Chiao Tung University, Hsinchu, Taiwan
8 Ministry of Interior, Taipei, Taiwan

Dongsha Atoll is a coral reef located in the South China Sea. The surrounding area is characterized by dangerous
shoals. Historic shipwrecks mark past human activities. Due to the shallow water and risky navigational conditions
in the area, a sonar survey with platforms on the water surface was not feasible. Airborne bathymetric LiDAR, which
utilizes green laser for measurement, however, is a proven convenient method for studying shipwrecks around the
atoll, particularly in shallow-water areas. At a point density of about 3.5m by 3.5 m, four shipwrecks were identified.
The bathymetric measurements allow not only the length of the shipwreck to be estimated, but also its height above
the sea floor. The full waveform record of the laser reflection also provided information to separate the wreckage from
its surroundings. This provides an excellent working environment for marine archaeological analysis, as not only the
location, but also the depth and geomorphological information can be assessed in an integrated setting. Copyright ©

2013 John Wiley & Sons, Ltd.

Key words: Underwater archaeology; bathymetric LiDAR; South China Sea; waveform; remote sensing; coral reef

Introduction

Due to its remote location and being under military
management, archaeological research on Dongsha Atoll
is quite limited in. Based on an investigation of the
ecological environment, the process of development of
the islands and previously discovered artefacts, three
surveys have been successfully conducted, including
the discovery of the ‘Dongsha Ruins’ site (Chen, 1997).
Within the site, objects such as porcelain sherds, pottery,
charcoal, iron nails and ironware, as well as shells and
guano, have been uncovered, indicating that these are
remnants of the activity of Chinese fisher folk. In
addition to the cultural heritage on land, there are a
number of shipwrecks in the Dongsha area. Pickford
(1995) documented seven ships sunk in the Dongsha
area between 1609 and 1863, including Utrecht, Frederik
Adolphus, Singular, City of Shirez, Phantom, Georges Sand
and an unidentified ship. With the support from the
Construction and Planning Agency of the Taiwan

* Correspondence to: Peter Shih, Department of Civil Engineering, Na-
tional Chiao Tung University, Hsinchu, Taiwan. E-mail: tyshih@mail.
nctu.edu.tw

Copyright © 2013 John Wiley & Sons, Ltd.

Government, Chiau et al. (2005) conducted an underwa-
ter cultural heritage study. This project was focused on
shipwrecks and other isolated objects in the region.

In order to explore the airborne bathymetric LiDAR
technology, and collect detailed sea-floor terrain
information for Dongsha Atoll, the Ministry of Interior
of Taiwan supported a project utilizing this technology
for mapping Dongsha Atoll. This project has two major
objectives. The first is to evaluate this technology, and
develop a strategy on adopting this technology for
future mapping of shallow-water areas. The other is to
establish sea-floor terrain information for various ma-
rine research projects in Dongsha. In Dongsha, typhoons
usually occur in summer and strong winds are experi-
enced in winter. Due to its specific location and weather
conditions, research in Dongsha is always challenging.

The number of applications of airborne LiDAR for
archaeological prospection is growing. Specific visuali-
zation and analysis schemes have been developed for
this purpose (Bennett et al., 2012; Challis et al., 2011;
Hesse, 2010; Kokalj et al., 2013), butmost use
topographic LiDAR systems and the study sites are on
land. In this study, an application of airborne
hydrographic LiDAR (AHL; also known as ABL,

Received 7 January 2013
Accepted 30 September 2013
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Airborne Bathymetric LiDAR) is reported. The AHL
uses green laser and is designed for bathymetric
survey. Application of AHL for archaeological
prospection has been undertaken by Doneus et al.
(2013) and Prahov et al. (2011). In this study, the
potential of AHL for historic shipwreck studies
is explored.

Bathymetric LIDAR

Airborne bathymetric LiDAR has made significant
progress in recent years. JALBTCX (2011) provides a
good collection of the documents. The most widely
applied underwater sensors for shipwreck searches
include side-scan sonar systems, sub-bottom profilers,
multi-beam depth sounding systems and marine
magnetometers. For example, Boyce et al. (2009) used
a Marine Magnetics Seaspy (Overhauser) marine
magnetometer and a Garmin 200kHz echo sounder.
Plets et al. (2008) reported the use of three-dimensional
Chirp sub-bottom profiler. All of these systems were op-
erated from surface vessels, but terrain and navigation
limitations are major factors that restrict bathymetric
survey from surface vessels.

Bathymetric LiDAR originated from laser detection
of underwater objects (Guenther and Goodman 1978;
LaRocque and West 1990). The current system includes
a laser ranging device, a scanning mechanism and a
direct georeferencing system. A digital imaging device
usually accompanies the bathymetric LIDAR system in

P. T.-Y. Shih, Y.-H. Chen and ].-C. Chen

operation, which provides additional information for
data editing. Typically, bathymetric LiDAR is utilized
for detecting the sea bottom in shallow coastal waters
(< 50m). A green laser with a wavelength of 532 nm
is used for penetrating water to measure the sea floor.
Although the water surface could be identified from
the waveform of the green laser reflection/scattering,
an infrared channel (1064 nm) and the Raman channel
(645nm) provide more reliable and accurate identifica-
tion and measurement of the water surface. Due to the
consideration of different signal strengths resulting
from different water depths, the green laser return is
digitized with two receivers. One is for the deep chan-
nel, the other for the shallow channel. The laser
scanner used in the Dongsha Atoll survey has multiple
channels, including one infrared channel, two green
channels and one channel for Raman scatter. This sys-
tem is also equipped with a topographic LiDAR,
which operates on the infrared channel only. The laser
scanner simultaneously collects 4 kHz bathymetric and
64kHz topographic LiDAR soundings, and digital
images acquired at 1Hz cover the LiDAR scanned
area. A IDE UI-2250SE digital camera was used with
1200 x 1600 pixel resolution and focal length of
12mm. Full waveform information is stored for the
bathymetric laser (Henrik, 2006).

The laser fired from the laser scanner maintains a
forward angle from nadir, which is close to 20°. This
can avoid direct reflection from the sea surface. The
laser scanner system principle is shown in Figure 1,
where V is the flying direction, 6 is the forward angle,

Figure 1. AHAB HawkEye Il system principle. This figure is available in colour online at wileyonlinelibrary.com/journal/arp

Copyright © 2013 John Wiley & Sons, Ltd.
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Taiwan

Dongsha Atoll

A

Pilipinds

Figure 2. The location of Dongsha Atoll (retrieved on 20 May 2013 from http://maps.google.com.tw). This figure is available in colour online at

wileyonlinelibrary.com/journal/arp

S is the swath width, a is the point spacing and H is the
flying height. In general, it applies a one-dimensional
scanning mechanism.

Case study

The study site is Dongsha Atoll. “‘Dongsha’ literally
means ‘East Sands” in Chinese. The name originates
from numerous submerged reefs in the area. Relative
to the other three ‘sands’, Nansha (South Sands),
Chungsha (Middle Sands) and Shihsha (West Sands),
Dongsha is in the East. Dongsha Island is the only land
above water year-round in this atoll, and is also known
as Pratas Island. This island is located about 20.7018°
N,116.7266°E, which is about 240 nautical miles from
Kaohsiung, Taiwan, 230 from Penghu, 170 from
Hongkong, 140 from Shantou and 420 from Manila
(Figure 2). This geographical setting makes Dongsha

Table 1. Survey parameters for Dongsha Atoll.

Parameter Mission 1 Mission 2
Spot spacing (m) 3.5x3.5 2x2
Flight altitude (m) 400 300
Survey speed (knots) 150 150
Swath width (m) 160 120
Area (km?) 450 20
Total flight lines 203 26
Flying hours (h) 22 6
Bathymetric soundings per second 4000
Topographic soundings per second 64000

an important site for both sea transportation and fish-
eries. Dongsha and the South China Sea both lie on
the path of the maritime silk-road (Jacq-Hergoualc'h,
2002; Li, 2006). Because this completely developed
coral atoll features a rich marine life and unique geo-
graphical and ecological features, Dongsha Atoll was
designated as a national park in 2007.

LiDAR data processing and Dongsha survey result

In late September of 2010, a bathymetric LIDAR survey
was conducted for the complete Dongsha Atoll.
Contrary to shipborne sensors, bathymetric LiDAR is
airborne and is free from the navigation risk imposed
by shoals. Airborne bathymetric LiDAR is not a
common technology. At present, there are only four
companies commercially manufacturing airborne
bathymetric LiDAR systems, namely, Airborne
Hydrography AB (AHAB) from Sweden, Optech Inc.
from Canada, Fugro (Tenix) LADS from Australia,
and RIEGL from Austria. The instrument used in the
2010 survey was a Hawkeye II manufactured by

Table 2. Validation results for Dongsha Atoll.

Evaluation approach ALB-SB
Points 80 630
Mean difference (m) —0.51
Standard deviation (m) 0.44
Max Absolute Difference (m) 2.85
Points of difference < 0.5m (%) 58.56
Points of difference <1m (%) 82.81

Copyright © 2013 John Wiley & Sons, Ltd.
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Figure 3. The four possible shipwrecks from bathymetric LIDAR survey.
This figure is available in colour online at wileyonlinelibrary.com/journal/arp

AHAB. The point density of the survey is about 3.5m
by 3.5m (Shih et al., 2011). With this dataset, the
shipwrecks are studied from both bathymetric and
photographic information.

The aerial survey was conducted during the day
time of 22-25 September 2010. In total, 229 flight lines
were flown. The survey parameters are listed in
Table 1. In addition to the 3.5m density for the entire
atoll, a further 20 km? area located in the east portion
of the atoll was surveyed with a 2m density. Dongsha
Airport was wused as the base of operations.

P. T.-Y. Shih, Y.-H. Chen and ].-C. Chen

A Swearingen SA-226 Taircraft was used as the flying plat-
form. In order to reduce the sun glint influence, the flight
direction was chosen to be north-south. Two cross lines,
in the east-west direction, were flown for data validation.

Data were processed using AHAB’s CSS, Fledermaus
and GreenC software packages. The CSS processing uses
the position and orientation information, along with the
LiDAR return and waveform information to compute
three-dimensional positions of each data point on the el-
lipsoid height system. The data points are then reviewed
and cleaned in Fledermaus while viewing the associated
waveform and digital camera imagery with GreenC. Af-
ter consolidating all of the information, there are 46 908
917 measured points (waveforms) in the 450 km? area.
Data validation is conducted with an overlap between
both the parallel lines and the cross lines. The accuracy
meets the specification of [HO S44 class 1b (IHO, 2008).
That is, one standard deviation is less than 25 cm. Eleven
square kilometre sonar measurements were also
made for additional data validation (Shih et al., 2011).
All measurements are in good accordance.

For bathymetric LiDAR data validation of Dongsha
Atoll, sonar survey were conducted after data acquisi-
tion. Because of the different footprint of LIDAR and
sonar, the flat seabed should be selected for validation.
The interval between the survey lines is about 40m,
and the interval of cross lines is 500 m at Dongsha Atoll
for internal accuracy check. Due to the same reason,
the survey area at Dongsha Atoll is almost in the
southern Dongsha island. In March 2011 the total
survey area was about 14 km? The difference statistics
are shown in Table 2. The mean difference is about
50 cm and the sonar surface is higher than the LIDAR
data. This situation may be caused by the topography
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0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340
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355.049 Slope:  0.479

[T Ti1e'543a0.. 20°4426a'N 1324 0.0000

0:00.00

Figure 4. The profile of Target 4 (north is towards the top). This figure is available in colour online at wileyonlinelibrary.com/journal/arp
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Figure 5. (a) The top view of Target 4; (b) digital image of Target 4 (c) Accessibility from the bathymetric model. This figure is available in colour
online at wileyonlinelibrary.com/journal/arp

of Dongsha Atoll, which changes greatly, and the photographs. From the bathymetric LiDAR survey, four
different footprint of sonar and LiDAR. possible ship wrecks were found (Figure 3): all four are
on the reef flat. The identification of the shipwrecks was
. . e Lo mainly performed by observing the digital images taken
Shipwrecks identified from bathymetric LIDAR with aysﬁlall format f};ame camegra duril%g the airflg:)ome Li-
The identification of shipwrecks was made by human DAR survey. Then, the length, width and height could be
interpretation during editing point clouds with aerial measured from both the airborne image and LiDAR

Figure 6. The side view of Target 4. This figure is available in colour online at wileyonlinelibrary.com/journal/arp

Copyright © 2013 John Wiley & Sons, Ltd. Archaeol. Prospect. 21, 139-146 (2014)
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Figure 7. The waveform of Target 4. This figure is available in colour online at wileyonlinelibrary.com/journal/arp

point cloud. Due to the similarity between cases, only the
figures related to Target 4 are included in this article.

From the profile, the height anomaly caused by the
shipwreck could be identified (Figure 4). Bathymetric
side-view, accessibility, sky-view, trend removal and Li-
DAR waveform are all helpful in providing additional
information on the shipwrecks (Figures 5-7). From the
survey result, not only could the length and width be
measured, but also the height of the shipwreck above
the sea floor. The parameters identified for these four
targets are listed in Table 3. The reflectance of the ship’s
surface material could also be derived from the wave-
forms. This could provide even more information about
the shipwreck. It was also revealed that the digital image
was far more helpful in identifying the shipwrecks, but
the LiDAR measurements provided more quantitative
information. The existence of the four shipwrecks
identified in this study were confirmed by the Ministry
of Culture (2011) based on field reconnaissance.

Shipwrecks identified from side-scan sonar

After surveying the literature in Chinese and in other
languages, 28 recorded shipwrecks could possibly be lo-
cated in the region. With side-scan sonar, Chiau et al.
(2005) identified 11 possible shipwrecks at nine sites in
this region.

Copyright © 2013 John Wiley & Sons, Ltd.

The depth range of bathymetric LiDAR is largely
influenced by water turbidity and sea-bed reflectance,
as well as limitations originating from the system charac-
teristics, such as laser energy and detector sensitivity.
Water turbidity is usually measured with a Secchi-disk
reading. The nominal penetration capability of Hawkeye
I is 3x Secchi depth. At Dongsha Atoll, the water clarity
is high and the limitation of water depth with the laser
scanner is about 50 m. The bathymetric LIDAR operation
is also influenced by the water surface condition. A rough
surface and white water would generate difficulties.
Therefore, the survey of 2010 was conducted in Septem-
ber during the best season of a year. The entire atoll was
successfully mapped. All 11 targets identified by Chiau
et al. (2005) are located in the outer part of the atoll, which
is beyond the range of bathymetric LiDAR.

The 11 possible targets of shipwrecks identified in
Chiau et al. (2005) are shown in Figure 8. The back-
ground is a depth-coded colour map of the digital
bathymetric model produced from the bathymetric

Table 3. Measurements for the four targets.

Target Length (m) Width (m) Height (m)
1 43.3 10.0 1.5
2 29.5 10.5 2.0
3 35.6 8.0 1.0
4 44.7 17.2 0.5

Archaeol. Prospect. 21, 139-146 (2014)
DOI: 10.1002/arp
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Figure 8. The locations of 11 possible shipwrecks from sonar survey. This
figure is available in colour online at wileyonlinelibrary.com/journal/arp

LiDAR survey. Most shipwrecks are located in the
relatively deeper water area, beyond the navigational
limitations of surface research vessels, and sites 4-11
are out of the bathymetric LIDAR survey region.

The identification of shipwrecks was made by
human interpretation from the images formed by
side-scan sonar. From these examples it can be seen
that interpretation is not an easy task, however, both
the horizontal and vertical size of the shipwrecks could
be estimated from the survey.

Conclusion

This study reveals that bathymetric LiDAR is an
effective tool. Whereas the detecting devices operated
from surface vessels are limited by the navigational
conditions, airborne bathymetric LIDAR provides an
efficient and convenient way of surveying, particularly
in shallow-water areas. Although the spatial resolution
is 3.5 m in the current study, which limited the capability
for detecting smaller wrecks, the coming generation of
bathymetric LiDAR is expected to reach much higher
spatial resolution. The specification of the Coastal Zone
Mapping and Imaging Lidar (CZMIL) project product
requirement requested the identification of 2m x 2m x
2m navigation hazards (Macon, 2011). Therefore,
airborne bathymetric LiDAR could provide an even
more promising tool for shipwreck identification and
marine heritage studies. With the dataset produced by

Copyright © 2013 John Wiley & Sons, Ltd.
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AHL, systematic archaeological analysis could then be
performed. In this study, AHL was used to measure
length, width and height from the shipwrecks. Although
AHL is capable of identifying shipwrecks, it was easier
to find and identify them in the aerial images acquired
during the AHL mission under the particular condition
of this study, but AHL was found useful in confirming
the shipwrecks identified.
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Substrate Classification with the Reflectivity of
Bathymetric Lidar

Wei-Tsun Lin ' Tian-Yuan Shih #*  Jie-Chung Chen *

ABSTRACT

Bathymetric Lidar utilizes laser and scanning mechanism for measurement. From the recorded return signal
of laser pulse, which is affected by both media and boundary between media layers, not only the water depth, but
also the substrate information could be collected. This study explores the potential of substrate classification
with reflectivity derived from AHAB Hawkeye Il bathymetric lidar. Object-based classification scheme is
adopted. Besides the reflectivity, eight GLCM based textures, namely, mean, variance, homogeneity, correlation,
contrast, dissimilarity, entropy, and angular second moment are also computed. Image segmentation is applied
for producing objects and then training areas of four classes are selected. The nearest neighbor classifier is
applied for classifying the objects. The result is analyzed with Jeffries-Matusita distance, one index for
measuring separability. It is shown that all J-M distances between the classes are larger than 1.710, which is
larger than the threshold value of /2.
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