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2 ER SR MRS RIZR Y E R EREY

PR BREXS BEES BEES' FEH BARS BRED

m =2

ZE M7 (Bathymetric Lidar » BURE/KOLEE) » DIFTZEss RBl 2 - BUETR SHRHGEE - HET/KI80K
RV . 245 - FRlEEFTEH 2 BHYE - R R FE/KRSRE 1 2 40 EL -

Fo5 HEZEENIAO LR R SR Il - MR DER I KR &R > BT R LT 82
R VIR S I B A - WA KRBT - AICHIE R AHAB HawkEye Il £47 » [\ Swearingen
SA-226T fizE# Ryl E - TARE 99 4F 8 2 9 HRHEAT - EFESERCRDIRHELT 500 SE 70 H » i & i
400 SEF/ANE 2 FRATRIE © HIEEERIEE(Nominal Point Space, NPS)4Y 5 3.5 /AR o A B EIBHEEREI4Y 20 SF
TR - DR TS ERREE 2 ARZEE - SR E B LIE EBR T #1738 XUT4R K BB
G AgiRN » ML NGEE AN T MBI AR X » PSR PSS B 2 BPR 28 I & 4H 4 (International
Hydrographic Organization » THO) #i#i” —S5%K « ASCRIEAGT & 2 MFE R - BEIURNUETE - &
FHREREE - RS - KBRS R T - Wi & P& B RS - BRI L2 2% -

FEIEEE « 2RIZ - MZERIE

| = FEZE AR A BT » BUST K e k) - 2
- RIS BB - B DI B — IR

M & % (Single Beam) 5 % ¥ H AE(NEGHERE 96 4 1 H 17 HIERAL) - fir
(Multi-Beam) > B B (Sonan 51l » B ERTAKE  HESEILEEE - IR ML 450 AH  BlEEAL,
e TIEZ THMEE A fh— HR B KSR B AR | o - B OB R — ER4Y
B i B KR AR B AR - AT 25 A EMEERE A EL 46 AE > T2 A
YETE S & R W o 2% # 2E (Airborne  ERL» 4011 2 FTos o S/ (i ARG (] » 2 AESHR -
Bathymetric Lidar) FEEFHIE - BEEL 30 & & TAFE  ZEE IR B 5
RAEEE P 2 EHKER « AR AHERE SR 7.8 AR - 2EHEFERELT 2800 AR -
(BRIEBAGHZE ) - FESEREREREE T4 865 AR » FEIEERLY 1.74 FHAE - [
AT KSR RSN T ER (P et ERGEL 8 NECEEESETE » 2010) - 5
W o RO 0 R THIGGE o BTEEE O EBRE R IEEERE MR R 2 A
BB HIDRE R R (B B R HIC AT (RS - By K R AR - A E
L L TFGOE RIG - B L HLAY A BB K AR R (R B
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AR RS L1 S 4 BES AT
PEAR ~ S0RD ~ PHIERAD AN R IR0 - mihEE
&M - EEEE L 140 AH - QifE 1 KE 3
AR « SRR Z B R BIEtE
RS TFH | Rttt OB B B RS E AN E
Ry 582 EEABD R -

@ 1 SEAREED st A ER (%

865m

’ 46km

(B e E S - 2010)
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3 W EEERR

2. ARIGERIEIFRE
ZE A CEE R L AR (RS Z PR B - (2
& H AT R A TR - s S M S 4 e e
% - SfEHE TR RITE » 2010) © AHI5THRE
Fizs &5 R o SV (L B BE 4 ~ PR f] 2 AHAB
HawkEye IT Z4f8 77 ~ RATURTE] ~ 57F 7T HEE BT
HEMEEEERMEH & -

2. 1 MZER8 R f&=85HD
ZEHOCELATRERICEAR - BEHEERE
120 2 200 AT 2 > b —Z2 —H#REA B KIE
BITAT > B E TR 600 AT UL » FH 2 fiizE
e T AR OK LR A DUE RS IR AR
AEZENRET > W EEEE NS L A RRE—RAUR
% LMK 2¢ RMK-TOP ZAHH#{#% 4 (Camera
Mount) » FRFYRIZECEE(E SRR & AR BNAE - TRAKTR
A B A8 480 SRS E b RS B 7 HIH
(T (GINAIP RSPt wklieree i Rk rsis
HRENBMREZER) « EREER - DU ARt
RAEFTRES - AERAZFOHIE(ESE > SR
BN SR 2 BT N R0 1 FR > 3
A REHBSEB R Tesic S B S M A ]
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ASTRA G-100 (RIEATERERE/ N2 900 2 H - fifp
A S IR A R - BIAR AN UE ISR 228
44[% Beechcraft King Air 200 B Beechcraft King Air
350 FFE K (HREBEINHASEBF RS - HEA
8 B R IR - BE EE T EmMZE S 2 A
5 > WH AL ZE R Rl & ¢ - Dynamic
Aviation Corp.Z » AJ 2 Beechcraft King Air
BE-90/100/200 F[EI4ki#fE - HCBAHHTEN £
ZHECHE > AT ZE AT -

RE] 97 FE 2R EE G R E A =%
5771 K BLOM -~ Fugro J Tenix-LADS - 98 &£ 6 H
[ > Tenix-LADS Fy Fugro i » (HILEHIE —%
Pelydryn > ¥ 98 = 9 HFiapGSEE N - Eallusg
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Pelydryn /X 5] 2 4872 SRS Fo 2 (L S 8 » S2oME
Do HP IS SEFS B2 Kk Geomatics Data Solutions
INEIEYE B Geomatics Data Solutions 2\ 5] FE L8
BRERIRELMT - WA FEINEL - AEREE 99
F 8 G TR A E R -

KmEFAL - BLEEESIT S > AHAB HawkEye 11
Ry & WFHH 2 MR 2 Z2 % > Fugro HY Optech
SHOALS (Scanning Hydrographic Operational
Airborne Lidar Survey) & Fugro LADS (Laser
Airborne Depth Sounder)ELAR S oiE K B 5458 Bt
1B - IE47 & 5 BE A TIERE - Rl & ER
Z21% » KEFLERF Geomatics Data Solutions
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2.2 HAWKEYE Il SRfRETT

TR B P (o P 2 2 SO 2 A 25 (5 AT
HZ % 1064nm SR Z BHDE s EEEKIS A
THE > BEEAEAER TS 5320m R EEHE - HI
J& &k OO B - B F 1% /K BE JJ (Guenther, 1985;
Guentbher, et al., 2000) °

HawkEye 11 % %t /1 ¥ B Y Airborne
Hydrography AB (AHAB)FT#liE > &5 & 1 #jP
(Topographic) 5z 0345 (Bathymetric) Y32 4% » 1] [E]
F SRRV R e tah 2 % - & HNBANIE 4 Fow
(Henrick, 2006) I 7& 85 SR Ak T RE0 2 4000 2 »
T B SR AR A 0722 64000 2T - HawkEye 1T 25
KLHIME R &k Al A DRI T B - e 4
{EEHIZE 22458 > 7 Al 4L/ MFZE ~ Raman SH7E ~ 38
IK&kIE/K KA (shallow channel) Kz /K &k /KR
$5i3#(deep channel A S3F - 707 HawkEye II
Z 8 0 AR Raman 578 - [ A RA(ER b2 L0591
$H#E > —{E 32 (Orthogonal) » 55—{[ {7 (Parallel) -
B2 Pelydryn AFIFTHAZ Z 48/t BAL - U H
HawkEye IIb -

HawkEye 1T Z:4¢ 5 54T 400E 5 B
TROCR AR B ENIFE B (rIFF—EE AS{H
FE(0)&Y 20° » AN T o B R EE B A AT A 2 58
FUSRIE S5 o — &R ER S e Bi(footprint)&y 2 22
Rx2 AR Hep S 4 (F pixel o HARRITAPDE
#Z(Flash Lidar)fif& » A& BB 22 M HE - AR
&HC IDE UI-2250SE $fi7 A% » SEREEE Ry 12
[ SRR B(1600%1200 §3) - AHEESN
BniE 6 Fror

4 HawkEye I1 Z:%; 5N

E=H EKE101F01A4

System
Principle
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2. 3 IRANERER

T ARER 99 £ 5 HEL Geomatics Data
Solutions Jz Pelydryn ZxiE &4y o HELTHIHATRATAR
BIEE > AR 8 HEITIRWUIESE - W LUETTIR
EE LR o ARZEFTHE & 54 400 SEJ7 A
BRI K2 500 S5 B 27 BRDERAEE < 4857
MRS SR EFR S RE - BRa i & TR F2E R g i
4% 6 H o HAZFRN eI R R 2 -

{5 FH BRI S/ M 22 25 AR 1T AT 22 Bl M &8 - 22 RE HL
JLAUT 3 TR B afiEme Mg ] - #ES|
AERT R ~ RZEIEE R ] AUSHIRFE A0 3 Firs -
FH P BT e B B 1 » P ER AR N BB (& HURE]
BB 2{EH R 99 F 4 H 19 HABEGN
7255 0990070399 SEpK HUSHF AT - EA MR 5 [
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£y 400 SPITAE - SRS AT 4 Fn > FERAEE
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Sk 150 &
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SERAE > JEREIKEE 50 A RESCE S ETRESE
B2 - W H VIR T 20 SPT A H
BONHIE > WEFENIE R 2 X2 AR w2
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LiF W
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8 BRIDHhIE A EIFTAR E

2.5 RAVEZ

99 4 8 H 18 HIHIZ 48 HawkEye IT K
& > 8 A 19 H#kE SA-226T k& 8% - 17E]
HEATEREMA R R HIES > 9 H 20 HSERUZ NI
¥£-9H21 HE9 A 25 HEMERMES -9 A 26
HNE S TR e R E R R FRA AR T
BEER 0 EER 10 A 3 HEf & > (EERER
Y% 6 Fim -

HIBRAENS K KR EE R R TR
2 JERL FAEERIELY 1.5TB(Terabyte) ©

6 TEERER

p iT¥mp

BFEk iE ik BHawkEye Il

EELE o

99.08.18

99.08.19 T34 L SA-226TH i o 8

BASEHE PR R R
99.08.20-09.20 o
.

3 P

(13

99.09.21-09.26 LRl g ITE

99.10.03 T34 5 SA-226THH - %

E=H EKE101F01A4

3. BRRIERIEERS

IR TIEZE AR o3 Bl S e NS )
B3 BB RIS - B T EUHIA R BRI
A MR AR 2 AR i E > MEREZE A
RHEE B EFRE - ZGRFERIBEEE
AR ZIRATRENE > STIRATR TS - AR
on B E TR - IR 17 T SR R T 0
R - 2B S e TARGE: - mi%
Bigm > BEElEE - wEEEETE
FRASIEARERN; BRI 7 U OB FE =8 T 5%
W IR A LR D 30 R SR R
o WEPEL A BT LUEH] -

Bt Fefe H BIRF R H RAR GARIE BT
i oy Ry EIR RE RS NG L » PR E S oy F 5K
SR k% (Cross line check) Rz AHAP S IR fat%
(Overlap check) ©

BAEEIEE S LU T /NG -

3. 1 RIRKTENFE

HawkEye IT 5 53 RIS » K-S BREyERTE
SR LA ERE NES EL2 8 b
AR HIRENE  (HELRRESE HANES
K EREER 2 EUAR SAEERENTK
DRFE RS S AR E 2 -
AR ESHT TEERENEEENZA5E
TC(IMU) H.0, B 25 S 4 1 S 48 B 5 i o L ] 2
ZERAR WS BT REE RE AR FIHIRLE
TEAEBISH R T A A - thifi a2 B [
HYEREFREA B Rl ~ it ~ DUSIRIT T [ el
8 AWFEERAIHY HawkEye 11 57T 2 BT EER Ry
Applanix POS/AV 410 -

RIAFCHRE S B ST & » R ETRAT
4R anlE 9 o - B S PR E IR EL () - (F3E H
FHE 99 £ 9 H 6 HEL99 9 H 26 H - 435l Rfiil
22 HIEARSE 2 pifii 2 MBI F SR Z 1% - P
ZE MBI T & AL 3.5X3.5 AR Ry 400 AR
T 2X2 SRR 300 AR UG RERERIN Y
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A5 300m fit 5 400m
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TRITHIAR
3.2 ﬂ‘tﬂﬁﬁﬂéﬂ%@l?ﬁﬁ@
TN I Ky B DY & A TN Y e S
{5 FH N ECEB R A& 0y e-GPS i B HinESh -
[EIRE S50 o U BE 2R 2 ([ GPS &k > DUSFD 1
& LRHBUCHERECSE GPS SR8E o LM E S E
PedIBE4NE 10 Fr > E CIME ~ WIAN ~ HUSI
Kz JIBE B e-GPS & 2 BHimE » 4921 K 6407 Wivh
B ETTENEY -
RUDHE S R REANE] 11 FroR > SRS
EA 2B TNSM - {EEEARIFRIFERR E 2 &

PHI k !’}\ L

PRANR  BREEE) -
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BIRR B 18 o Mz MIEFER - IEEFFHER
WESINEFRM G GPS BEYLE - IR E R
MNPH-01(F#585 G g R AL ST T4y 200 24

R FAEERTTTE 1500 AR > B 7F IS TR TERR)
B2 MNPH-08(fa AR UAIETE/KEE F) » HURARER
DRt o

ST 3

¥

N

-
i-EﬁmE'

30 7 1 FEECEINA AR - WiEERETD 1 2 GPS HL 10 5278 - e R AT [
R RESBER
Preliminary Calibration Final Calibration Parameters
Parameters (deg.) (deg.)
Roll 0.059 0.060
IMU Angle
) Heading -0.125 -0.129
Corrections
Pitch 0.0198 0.020
Scanner Angle Delta X Angle 0.166 0.151
Corrections Delta Y Angle 0.750 0.735
Delta Theta Hydro -0.384 -0.327
Boresight Angle Delta Phi Hydro 0.103 0.132
Corrections Delta Theta Topo -0.196 -0.198
Delta Phi Topo 0.139 0.144
Cage Angle correction 0.230 0.236
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11 SR DHhla P 2R AT

FEHME R e B S GPS EURER - R
fiEk s GPS BRI IMU EMHEMTER - (5
POSPac MMS 5 i /T GPS BhREA /i E - Il
BRI TR RS 2 R R T L 2 s
AR T (i1 280 &8 POSPac 5 fiiTil»
A& G ERNIRIFERN © £/ AHAB Coastal Survey
Studio (CSS)HHG #1]20 A B B —fjii < fefi e R
f B ANE 12 Fror(Isaksson, 2009)

& R R B A< & e (Lionrock » 8 H 31
H) s Bfii5(Meranti > 9 H 9 E)F@H%%ﬁ%@iﬂﬁ
TR - EIE(EEIFRIIE 5 H - 35T 139 fRfiés -
SRR A R AEAE > DUBBATR ST R
(Sun glint) » 99 4£9 A 22 H&E 9 A 25 HEH
KN FERIT /IR -9 H24 HE 9 H 25 H5
SMRITREE ERHEORE - Wt 9 B 24 HEETT 2x2
DNREEESNAE » 5T 267 FRATER -

3. 3 AIRICGERERIZS

KHWF%E(E A Airborne Hydrography AB /\ 5]
Coastal Survey Studio (CSS)¥kfs#E{ T2 » H4D
§% 2 227 (Full Waveform)stRHUKEE(E > TR
POS ¥~ AEHHE SAHRR 2 fm i s m A%
73 i B RATU Z BE SR ) R A 13 A -
8Ew)p e T 2 REEA B SR A A\ T GRiE
EpR IR - DUZE % IR BUERP R -

BEFEZRIFE W Geomatic Data Solutions 2\ 5]

=H RED101508 8

GreenC #gEiEfE B PFM #8501% > {fi F Fledermaus
WIS TARE - dmEREEAE 14 For - nDERE
5 B 2 #Eaf > WG A A GreenC HawkEye
viewer BfB] » [FERPRUR 2P R A0 2 BAAE R %
THEAEER > 40fE 15 For -

3. 4 AIRGERERE DT

W & oy fr £ % A Fledermaus ot 1y
Crosscheck f54H » DUBL T~ 77 A bbichg iz 4 B E
4R E— A & SRR DUBTTATS IR E
B2 i Eiet - B EHTERHE B (overlap) 3 X
fri4f(cross line) » P& T4 IHO (International
Hydrographic Organization) Order 1b 7 JR & -

B Y KR DIEIE S A 99 A4 9 A 16
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On The 2010 Bathymetric Lidar Survey of
Penghu and Dongsha Atoll

Tian-Yuan Shih'"  Shiahn-Wern Shyue >  Fu-Daw Hsio®>  Ya-Hsing Chen *

Chai-Yung Hsu > Jie-Chung Chen ®  Jia-Hsun Chen ’

ABSTRACT

Airborne Bathymetric Lidar systems utilize aircraft as the platform performing laser scan for surveying the
underwater topography. The spectral band used for this laser is green, which can penetrate water and
backscattered on the sea floor. This technology is best suited for area characterized as shallow and low water
turbidity. Comparing with sonar based methods, airborne laser hydrography is featured with high efficiency and
particularly suitable for areas with shoals and other risks for navigation.

In order to fully utilize advanced technology for bathymetric mapping in Taiwan, and collect the
bathymetric information of Dongsha atoll, Ministry of Interior planned a surveying project in 2008 for mapping
Dongsha atoll and Penghu. This project is granted to National Chiao Tung University for execution. The aerial
survey was performed with an AHAB Hawkeye II lidar system installed on a SA-226 aircraft, in August and
September of 2010. 500 square kilometers in Dongsha, and about 400 square kilometers in Penghu were
surveyed at spatial density of 3.5 meter by 3.5 meter. An area of 20 square kilometers located in the east portion
of the atoll is surveyed with 2x2 meter resolution at lower flying height. Both cross flight and overlaps are
compared for quality control. Sonar survey is also conduction for further validation. The survey result meets
the THO 1b specification.

This article reviews the aerial surveying, data acquisition and editing, accuracy assessment and validation.
The critical issues are discussed for the reference of future development and application of airborne bathymetric
lidar in Taiwan.

Keywords: Full waveform, aerial survey
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Distributional Characteristics of the Seagrasses Encircling
the Dongsha Island

Hsiao-Yun Sun'  Chia-Ying Ko®  Pei-Fen Lee*"

ABSTRACT

Seagrasses are as important indicator of water quality and pollution in the shallow-ocean zone and extracts
from seagrasses can be used widely, leading them to a high value on both ecology and economy. Dongsha Island,
surrounded by abundant seagrass meadow and composed of at least six species accounted for 10% of the world,
is a main habitat for seagrasses in Asia. We combined field data of the seagrasses with environmental factors
derived from LiDAR around the Dongsha Island to understand distributional characteristics of the seagrasses and
to compare effects of water depth on seagrasses’ distributions. Our results indicated that, seagrasses were found
in the depth of 0 to 6.8m, with the coexistence of 1 to 5 species. The highest number of seagrass species was
coexisted in the depth of 1 to 3m while single or two seagrass species were often observed within depth of 1m.
In the depth within 3m, the seagrass bed had the highest occurrence frequency, up to 93%, where the most sites
had the leaf cover within 50% to 80%. We also found that the seagrasses Cymodocea rotundata and Thalassia
hemprichii occupied the depths less than Cymodocea serrulata and Syringodium isoetifolium. Overall, the
seagrasses encircled the Dongsha Island show specific preference, and their distributional characteristics and
coexistence are affected most by water depth. The environmental data derived from LiDAR can be further useful
on species distributions and ecological monitoring.

Keywords: Dongsha Island, seagrass, LIDAR, distribution
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ZERFOCE NS B 7 e B EREEIESRE T 20 (R TR — 4P B R
HMEYTE - AAHP/KREUKEME D@ IEE A FEE T ER RS - BIES KRR - 2R
U CEE A IR S AR AR TR A AEAREREI 5378 o o A 25 S el /K i R /K e 2 B TR
EE W R AU B 45 5 T (I AV DR PR G B /K R = 4t 4@ i B R SE - 2RI RS B /K T A A 2 ]
DLRAS K T R Z AHBEDT ST (080555 - EREZ B KRR A E A HEE M - AbTFt EEH TR
e R e o3 A B — B8 ST IR @ 22 /K 2 S AL E A - A /K R A T T -5 B /K R S R B Y B Al e TR
B T R HH U 2 e i 2 ] B AR S T K I BRI T AT 2 B RE 8 B Sp B LIS - TNEREEE A [F] 247
fti 24 ] R BRI R N e H AR PR R A% - SERBUR &R T > Bl 50% _EF R
ERBHEENT M EEZE T - DA Eam g v R BN 2 e (E -

FEHEEY - ZEEUAIRIGE « IR ~ BIIRREDR  BEIEANE

1 ma= pulse) Z BRI B 4T 1 BE R I B — ik &
- RIS Lt i 4 HIZ BE UL 23 Y 15 555 79 (Field of view,

PRI e R AE iR - AT AR AR BURFAH R R FOV) » 75 5 Ik T il i 7K T e 4 H 2 3 (reflection)
WEAEHERE BTG ~ I R D & AT S ) TER A REREE ; i AKFHYE FRE - 17
[T 4BV E & N4E T - MR AR K B BR 8E W] RE E AR B (scatttering) ~ WU
e Ry BRI e 2 8 RIS - 2RI e (absorption) 4 K B E AT -
DA 23T ot 2 387Kl S P 7 B L U 5 2 [ e
il b - AH T = 22 HOHIAO 2 £ % (Airborne
LiDAR Bathymetry Systems) A _E#it Gk T =4 ‘*"4""" *"’"%"“"“ “"""L"“‘"
R A4 RE PR = 2 M2 4 M R e
TEZERIAE -

1 BURZEHORIZ Y 2 B 4 2 it A5
5 AEKRIGREE - BT AL E S AT
flEEa 2 fEhy o IO - VRS S diaeET 0 B
ity B (swath width) 72538 /K s /N » A1 58 e
o RSB T SRS R A 3 e R ] DA B A
ZEEHIZOCEE R AR L T A b iE = - 1
Hb - HARHET TR » AR SRR IR R -

2 RyZeHEORI e 1 BB — B8 B Pk fr (laser

1 Zef e R AN R =
(f&rE Guenther et al., 2000)

TR A E L A S R R JeF|p &R 101 &£ 03 % 05 p
PR AR A1 S AL BepH:AR® 101 £ 06 7 13 g

EXp#H AR 101 & 07 * 24 p
Ty, T3 02-23678645, E-mail: jejaw@ntu.edu.tw
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Receiver FOV

Incident Laser Pulse
—
\ Illuminated Surface Area

Surface Region in Receiver FOV
R

\
N\

— SEA SURFACE

& ;HMEANWATER

- NADIR ANGLE RETRNiNG
Scattering and Absorption BOTTOM

/%J NOPLME REFLECTED
G \BACKSCATTER-  gignaL

NSCA
‘ertical Depth_

Diffuse Bottom Reflection, . /./ y 4
Illuminated Bottom Region

2 ZEHENZOCENRETTIERER (LaRocque and West, 1999)

Surface Return

Amplitude

Bottom Return

Time

3 ZEHEGAIZOEZBERE (BE Guenther et al., 2000)

AR S > ZZEHIZRO L 2 [B15H (echo) &
B=Ey L KEEER - AKEREEREEOKEEE -
PRE /KR EUK A E oy B M E AN [FIRY S M E RE R
[Re - R SEAS IERERY /KR - FE R 2
A2 Y I 8 ST AR T AR T T 4R A (traveling
path) > AGAERTE 53 o 53 51 (AL e 7K e B 7K e
ZIFFEIRECAE 3 FrR) - RERHRF A B A
BE/KE =4t g anE - Horpr o WikfErit i K
Z IR e B K (S R DA SoK it~
aTE - EEIEA ANV -

155 B S IR A /K T 1 A S S ey 2 (] K
REHER] - BEAE TSR & BT 2 R
BRI AR AIRE - AR S - SRPE PR /K HY

TR S LUK A K T T REAH BB e Al (57D

TR i K T [ 5 2 AR 1] o e Xl A AR R R 2 {9
R AR g R L — S R 2R B g
(wind-induced) 11y & 417 i B8 7 R JEL AR B Bl 1 B
T3 > S FEEAN -8 1758 (capillary-gravity wave)

KRS - PE K T AR 2 Jl A N e
ROREIR - FE RS I 2 A B — A
HktEr - DUCER & s AB HEH BRI #E TS A
o WA R —E WA E KA 2 X EAFH - 1
s ] R e et 2T S DR T » BB [ (A B
3R “Surface Return” 7 7 JP )i 14 K SRt
{HRALER R E A E

2. MRDE

Fo TIRBREZE SO C B SR 38 5 5 FoK
I 5% ] > A B 52 DL S i £ 74 (Monte Carlo
method) A< A FEAEDE T~ (photon) By 54 ST 154 15E K
JEZ /KRR« e B /KR & B4R U
SRR AR AR T 1 > FLPR AR =R e
(Snell’s Law)zt50 3l PUCR B HEE FURACHET TE
SHOETHKEZ ATRE S E S © Mifg—20K
THLKH R - HAE B REIEFBANKIGIFE M
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2 5$#2 (Fresnel reflectance)st 5 » JEEUR[EHT =5
Z [ElERATR o RE Bl SRS R 6 B R (e
BUASKIS IR E PR /K I > B R - DUT 4y B 48
KERREL - SEREEE - BT EIER ~ 4B
A DL R B P UL

2. 1 KEREY

2. 1. 1;8K2&)

EKEENH F RS  (1)J85 ~ (2). 8104 ~
(3)HR - Hrrg EE R RSN > s ERE
ERE (R ) ~ HAEAESI - REFZAT
B Z ~ W@ E Z ~ TBK PR A5
KSR REEL oy IRy S22 © S Ryl P
BEIAEREME - HFRREMREHE I ES
[5#] - T Ry R SCHI(Astronomical tide) - SERISASRAE
el K #ELARARBLERRH
(Meteorological tide)zl 2 &(Storm surge) ; MR
FEZFEFE  FELHTHELLULEITR 0 Al
FHEME - RE MR > A EEZENEK
HIERIEITR I AT 2 12 BRI Z BIE s B % (R
B~ > 2011) -

FEA B - Mg KE B A RS AR [EIEE
IR B 2811 - 22 EORIZRCEE 2 B S R EK
Tl 2 BAF P Ry e R - /N 2 /K
RS (LRKHEEERZ RS E - WATESEFE
TSRS SRR » BERIE - AT DURSS T
TR B4R LA B 708 1 e 7K 54 (Mobley,
2002 ; Tulldahl and Steinvall, 2004) -

2. 1.2 BN REDRKRE

{i#% Mobley(2002) - B4R 2 FF AR
WA G R > RN AR &S

R AR RRESE 0 SHE(

FEAE/KHEEESR - ANfE 4 B -
4 oo fRE K R E B 7S AP
(hexagonal grid)FT&Hk - i /N A HIAEATTER K

RAN—EEFRE =i (el 4 45 _E 7 7 triad) >
FEIEAR IS 2 (4R BRGE L R H = AR
RZBEHREE » RU(DATR

n=35 (%U )" (1)

i SBEB=AKELEE
a, =3.16x10°s-m™ h—&8Br {4t - U Ay -
Bk m-sT o gt RS S B 1 AT R
e 20M- ST T BAT S R
(B9 02 A%%  (EA( FASTHT » DS = faTl
SRR  HRTE S R R 200 A
=

B 4P AB By—iti LT - 5
(R 17 B RS EE 2 (1) A AR -
BEEID I 41726 5 B & BC - i it BC 24
o B R IR T RS A T
T RS TR B B A AL A
(KB 4 BT - [ BC REEFRIEEISE 5
UK 7S 4 e e CE BB~ P i
o

SN EARTI S » SRk HF
B A AU (U) AR 7 (0) 2 o
3 SETRAE 5 HoE T E = A R
SN ST RE B 4 AN f e e
ﬁ: o

)R AR TE 2X X 2Y 0 W H
T3 X W7 BRI - 7 2X & 2Y 43
BIEIpk 21 F1 2m S5y > S5y RN B B
AX=X 0L AY =Y I 7 2 Al e
(i) Efp—l<i<l>—m<j<m -

hexagonal 5 /
grid of triads D

4 FANR FEZRE < Z]E (Mobley, 2002)



184 HET, SHR  ZERRGERBMRRENRKEER DR

Jj=m ) ) ~ Ax =
- T
p=¥ I\ I\ N \
7\ / 71N
FIREE PXLE 1% Ay
/ \|/ A\ / \ i
\
71\ /N /N / \
S 17 4 L ik s
; // \|/ \ [/ A/ \\ wind
J=0 \| / _—:
y=0 / / 2
\\ // \\ // \ / \\ / L
N7 \ |/ b4 \|,/
\ / \|/ /
\ / /N /
\\ / \\ / \\ //
/ /
j=-m \/ \ ;|\
y=-Y
i=-0 =0 =4
x=-X =0 =X

& 5 B FRE RERE (Mobley, 2002)

TS o (2 S FEAE R R B P X Q)3 BT

ni, jjw)y= Y [b (W)00527z( . J)+c (w)sin 27( -+Vj)} 2)
(u,v)ew p q p

B

Dy, K2 C,, ByFEIL e - BRI » SEE9ME Ry 0 - T8 (variance) 5 =U(3) AT -

(b2 ) =B (c? 1 =E(k,,k,)AUAV ®)

u?tv
(u,v) ew,
u=0andl<v<m orl<u<land —m<v<m;p=2l+landq=2m+1],

Au=—— 2n , AV —2— k, =UAU, Kk, =VAv,
pAX qay

il E(ky » k) ZRHY 7 [AIAE 82 (Directional energy spectrum of the waves) » B[ F=(4)515 ¢

2

E(ku 1 v) F (O-uv’ ¢uv) (mA) (4)
Hrp

GUV = (gkuv)ﬂz (S_l)’ ¢UV = tanl(%)’ kUV = (ku2 + k\/z):u2 (m_l)’

u

F (Guv’ (ouv) = CO-u_\ff' EXp |:_2(LU)2:| f (O-uv , ¢UV)1

uv

f(o,,9,)=1+(0.50+0.82&)cos(2¢,,) +0.32& cos(4e,,),
£- exp{—l(%”) }
g

C=0.63 M*-S°, =980 m-s~
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At A=(1)~(4) k282 H Mobley(2002)
TELL EASUHESA > — HAAE EE(U, L mis
BANFEH E(k,, K, )AUAV (F(4)) » FEATFHZ
Q)EE b, (W) Flc,, (W) 2875 » E4aT E IR
RR& » AIEAEIERA - WRRQFHHEE
JIR R SRR R R -

TEFAHN Ko B8 78 WA T E I o (SRR
KRB IR 2 B AR R G S 5 v A R e
FRBFH R FI Ry B 07087 22 22 /K I EE (R (Mobley,
2002) - Erpl 2 4 B EE )8 <2 B R B R
HI7KFTEE AR FTEE (D)~ (4) AR AdiE T -

i 2R X (4) By K THNME i R 2 E R A =
(Mobley, 2002) - ZREFA AR FE 1 BT LE R -
B AT AR A T IHBIE I i TAERE 2R
T

2.2 RIBRFEEA

CEMREEE ) ARy B RE R
# (Random \Variables) 2 75 7% (Law and Kelton,
1991) - H i@ L 2 R ¥ 2 — 47 16 (Uniform
Distribution) Z ¢~ 0 A1 1 Z[ifEE A= BT ELEL
(random numbers) » FF L S AR LB S Ry 2 BUR
T EBA T & Bt o AR RE SR B AHSE T
TERE MR AR AT R E B IR E 258
5 (BB Rt T2 3.2 J 3.3 &) R E4H
We-BE TR K A R AR B - AR LG TR ST
& R pe BRI F9ME -

2.3 X2 EFA

2.3. 1 T 5y
BT BUKEI R G IR - AT
S E T E R T RS ER] - 40 6 B o
Horprs £ Ry ABDLARE R - A R BEETIA
ME o & RREDURAE > & RiTELREE
N, RZE R HTEHMAED n, BAKEHTE 48D 0' K
AEI > 0, BRSSO, Rifti s
PTG =R e rREEEETR
It
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sin@'=n,,sing, (5)

M edREE AR H=(6)KS

air (n, = 1)

air-water surface v

\
water (n,, = 1.34) \\

\
ae TL. 2 \ | (transmitted)
a. air-incident case V.

"uél
6 HZZRASRKPHERTOREE
(Mobley, 2002)

2.3.2 JFEMRETR

JEIR S R AT RO T KR R 2
FerpERELR - ARER(ETE - HE(E L 0
AN IS E RN (e GIESNSEIRE TSN
[EER e IR Z B A s B TR » REEH R
e

2. 4 SEARBHEES
JELRIEHENE 5 B T 2R e B e I e LK il
B~ ST /KEAR 2 RS RE DL [BIR PSS
ST ~ BENAER - MBI RIBHDETE
B - TRKIE Z BB » fE B AR AL
FEBCIRIR B SO ROR (AR - 2011) -

2. 5 REEHEAES

[B387 SR 11 < B P (B ] s E R R B AR
7ZE(Maximum slope) ~ B 8L % (Center of area,
COA) ~ “Fig{E E(Mean) - [E(HIA(Peak) ~ F1{EIE
(Midpoint) 2L & 50% -0 [ 7% (50% Risetime
Point) & J77E#ErT » &7 ARENIE 7 -

RERE LB IRIBITY - SRR
SRRSO B AT RV RS © RA T REARTE
FEE E1TRRF T Ry R e — PN (B DA_ BRI i P
EHVEES R S EEE KRV E OHIEY
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RFfEIRG IR {ER IR RO B sk =i AE

1 > HUEL BT HRF AT e - JREN S0%HY_EFHiRFfH]

EHE 2 R  PEVEEUS AP TR E B AR B o
TENZ IR {E 5 50% FFHFREEDIRIZR FTFR
2
A sin(@'- 6, tan(@'-6
(@) =r@ =1 0 )|, [ene-a) ™
sin(@'+6,) tan(0'+ 6,)
T?me J\I\ ﬁme
Islope ICOA
(a) RIRB MR AME (b). EFE DA
'ﬁme ?me
Imean Ipeak
(©). S 9{EA (C)NEIERS
II | ' Ti'me Ti'me
1 Imid 2 I50
(e). - {EE (f.50% _EFFHEREE

7 RGP EHEALA(IEE E Abshire et al., 1994)

3. EEhcE

BT B AR T SRS T
i T BRI T 7 T S s U B T K R
PRS2 HI 2 S L A K T A
I » AL TE R T TS RK S
T ] RIS 42 T P SR 88 S0
ATRERIEAE R TS B S
L3I 15 1.2 5 A5 (/B off-nadir angle) -

3. 1 R-ERREcE

AR TR P ZERAAOUE LR - EHR
fEE b et < SBICENR 1 -

3.2 BHBBRREHNT

B Z AR ER A 8 Fom > ST HY
T B pg AR O, 0 - AL B s Af45 Bl b
ZAER AR R — 2 Fr LA AsF A RYEEBITE
Zoe R WE)FTR
A_m )
A ”Plz
Hoep Ay Bo— e B — 010 2 e SR B0 408

®)
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HIEIER A TSI (O) -
P, =piJA; )
1 6, FTFEE A (LOSATE -

0, =27A\, (10)

Horpt Ay IR Ry R 75— 5310 2 BB AR B+ 1T
BLA R E MBI -

8 #htes 2 B /RERE (Wang, 2005)

1 EHNkEEL I E

BEE (mjoule) 5
% 1000000
HkE 2L (ns) 7
Ak (&g (ns) 0.01
HFe(nm) 532
fiii (m) 400
e B L (mm) 100
Z2512% FOV(mili-radian) 5
Pl Es ALK (mm) 100
P2 25 FOV(mili-radian) 21
it 5 (degree) 20

3.3 BEIEFEH D

JeT- SR TR R EAE 9 B > FAERK
SO T IEEAE SN &8 < LR B2 —EHY -
0, FTEAR 5K > HEfRELEEH FOVI2
FrEE AR - Ai(1)FR -

9 SET-H#HT R ZRER (Wang, 2005)

Ha
27z_[sin ae

FgV/Z =A, (11)
2 Isin oo

0

LB R % W] 15 T3 5T 2 (T A 6, 1=t

(12)Fmr -

6, = arccos 9[1+ A, (cos( F(;V ) —1)} (12)

i fir A 6, 2 Al EA3)HE -

6, = 27, (13)
3.4 BRECE

LABEE(SMIS) ~ 375 JEL(LOm/s) FIA EL(20m/s) £y
FCEMRE (T RS > 2011) - [& 10 ~ 11 7 12
73R R 5m/s ~ 10m/s Kz 20m/s JEZE T 2~ /KEFR E
REARRE AN EERJNE 5m/s ~ 10m/s Kz 20m/s
JER o fE ~ v RS R o FTlicE 2 /K iR A S5 A%
=APZEERE 05 A7y BT LR FEBIEAR
ERZRBUKEES 2 RE =M -

10 {EREVEGM/S)REE T 2
AR -5 7R K TEE LR (unit: cm)



188 HeEn, DM ZEURCERBMRNE D RKEENZIR
o ISR - EARERICE - AR ERE
05 ' i

HEERERE 40 N0y o B ENRERBIR S AR
2(FpEt E 2 AR R R (R SR 325

T
|
|
[ —
— |
N S

— |
|
| ~
—] ~ N
| -
| NI
| N

210 o 2
11 i ZR(L0mIs)IRRE T 2
B4R - 7R K EEELR (unit: cm)

cm

12 = EEOmIs)REE N 2
BAHR - 7R K EEELR (unit: cm)

HHlEl 10 Z[E 12 A{SRIFEREEE T  B4I-

ETROKHEARIES R 0.1 AN /e A (SR E =
=i 2 R 20%) - FEEENZE 10m/s SIREBIEE  SEiFHAR 10 - 15 ¥

LUKz 20m/s B > ZKEGERET TG K > e KARIESY
0.3 Ay (BN EE = AP RS 2 R4 60%)

4. BREIGR

4. 1 BRFHORAZ B L LA b
S8 2 S

RS

TEfirEr 400 23 RIDLR AR A 20 BEIE T - 4K
5m/s ~ 10m/s Kz 20m/s > JERFTE A 2 /K RE IR
ZHFEDEOR I AE 13 FiR 0 REERRAEAY
HRIG B By BEIT 2.84x10°F) » (LR FTHE S 2
JKHEFEREER[E] - (B R A E & ket
TEUR ¢ EERZ AT REG TR -

SR B RN Z [0 » R [E 2 i
MEREEDE S T 2 a2 s [REEET
DAREARE b (B A ae (RO E e e FE i &
TEd ~ SRR EI L 50% T RSN E A R
EAVEEREII R AR - MEhE SR FERE 2 I

s £ /7KIA Z FE HIE)

x 10° waveform

5m/s
10m/s |7
20m/s

0.9

0.8

0.7

0.6

0.5

Power(mj)

0.4

0.3

0.2

0.1

(0]
2.835 2.84 2.845

Time(sec) X 10—6

B 13 AKETE R S T
4.2 AR 8

Fe 20 J& 27 [BURE R o3 i - B R S R
i 24 EIRTERE R 20 & H g {RIBRIENTR
KE ST A HEVNAEE - B g2 PER
ST AR o R Ry B AN S as iR
% (Guenther et al., 2000) -

4.2. 1 {ERZR

RS T - B KERS R - E7
SN > BEIEDR — RS R BE B3 A T80
5% o FrLARS LERE BBCAHTIIY - B 14 Pl
Ry 10 S > HEN LA B S m B
15 fEF% 20 i [l R U RE & -

H B s SR T A1 AR R (BmUS) AL T
HIA /KRR K - i b N BENEF—
RIS B RS TR % bl RE B
KHTET - Eimftrass ky 10 FE0G - fE & L THEE
BB IEE (R A 15 S E4Y 0.15x10°
mjoule) » LU ERAK IR AT 2% @ 15 Hoig
B B S B 3 2 BRSSP I B I B
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KL EBOrE R € 70 1] R rendm i 7 B (B A Z 605
A ARE SRFREEE T H 535 B BUKHE SO Z RS
AR ARG AR Ry g EEE IR -

x 10° waveform windspeed 5m/s
1
09 20°||
' 15°
0.8 10° |
0.7
06
g
% 0.5
& 04 —
0.3
0.2
0.1
0
2.835 2.84 2.845
Time(sec) x10°
[l 14 fECEUR T (Sm/s) S i /g 2 BRI
/
1 . ;’
/
,o0 N
VA
/7 9 /|
Y B
RN
I :’J ’
S /

fE 15 (R T i A Ot TR OR R E

FHfE 15 51 E/KEET RN EE
FTICT Z BRI - E R A Rl NRF (R

e SR 25 5 P T (i A B B9) - R IR
BADET RS L7 -
4.2.2 SEE

T JERAT T » ZKEERAE R > 11
FERCRIm AR T - RESAIEA] B F 2 EsHY
ST EEAR D -

& 16 FUREDRINIP AL BT R i A
TA5E » PEFR SR BUER R N 2 BRSO R b -
FEFm A 10 FERF D RE A Rfmifirg 20 2
67% o

[ 17 (%1% 22 7] HL 8 15)80T i 2R ks /K T

189

FEOREEIZN > PREE 2 - B & im AL
WHD TRt R Es A HY /K S5 2% -
AR ERR DT HE -

MHECHMEEER Z /K 24T - BERIEE - 7K
HFERE SRR - BT KT R
SHIHREETT - NI R & f & - S
H] SCE 16 R fE 18 o [MAERFEIES(EN_E L 50%
BTt AR Z IR Rt R 2 N
e AR EEEE (T -

x 10° waveform windspeed 20m/s

1
oo 20°
’ 15°
0.8 10° |+
0.7
__ 06
5
g 0.5
o
o
0.4
0.3
0.2 A
0.1
(o]
2.835 2.84 2.845
Time(sec) X 10-6

16 VR T~ (20m/s) S it /e 2 [ER R P

B 17 = T e B i A Ot TREORE

4.2. 3 pER

FHfE 18 BUr: 1 10m/s JEZREER T - it
10 J&£ k. 15 &£ 7 [187 A B 28 4T e HL B =i 7% 20 &8
B RER > PRI =R R A AR 2R Z B P
REE A R -
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ZERUAIR K E R TR K B DIROKER R 2 )R

% 2 BRI GTHISE (400 AR FRitife:20 )

JEZE:5m/s JEZH:10m/s JE 2 :20m/s
(R %&"%&gs) I EZ %&"%&(65) sTRZA ﬂ‘%&gg) s EZA
x10 r=r(m) x10 = (m) x10 i=1(m)

RERELAAME 2.8377 399.983 2.8377 399.980 2.8377 399.975
50% b FHHFfETEA 2.8380 400.026 2.8380 400.015 2.8380 400.008
[Eifs s 2.8397 400.260 2.8397 400.259 2.8397 400.255
EIEE 2.8395 400.237 2.8395 400.233 2.8395 400.232
HREE 2.8405 400.379 2.8405 400.379 2.8405 400.379
I 2.8398 400.280 2.8398 400.279 2.8398 400.277

X 10" waweform windspeed 10m/s

5N

20°
15°
100 4

o
©

o
©

o
3

o
>

o
o

Power(mj)

o
=~

o
w

o
~

0.1

0
2835 2.84 2.845

Time(sec) X 10'5

[ 18 o VR (10m/s) S Em i A Z [BROR P
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The Preliminary Study Of Airborne LIDAR
Bathymetry On Capillary-Gravity Water Surface
Detection

Jen-JerJaw **  Chih-Kai Meng?

ABSTRACT

Airborne LIDAR Bathymetry has been proven as an ideal technique for safely and efficiently
operating in both shallow water and tidal flat areas for 3-D topographic mapping tasks. Yet the crucial
challenge for acquiring terrain of water bottom is to precisely capture the trajectory of laser pulse
when travelling between different medium, in the air, water and at the water bottom. Therefore, the
quality of mapping 3-D bottom terrain would depend on how well the waveform analysis on
determining the timing hitting water surface and water bottom can be designated. The goal of this
research is to focus on comprehending the reaction of laser pulse on water surface, mainly
wind-induced capillary-gravity wave facets. In particular, laser scanning geometry and the wind
factor that shape the waveform geometrically and radiometrically are analyzed and thus the better
timing detection method can be advised. It is suggested that adopting 50% risetime point, among
others, would render better timing detection results when operating under moderate to strong wind
speeds. In addition, when provided with gentle wind speed, bathymetry scanned in a lower off-nadir
angle would gain richer energy.

Through this study, better understanding of laser-to-water interaction is realized. Last but not
least, this work may contribute to highlighting the significance of water surface detection which
current airborne LiDAR bathymetric systems overlook.

Keywords: Airborne LiDAR Bathymetry, Waveform, Capillary- Gravity Wave, Timing Detection Method
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Evaluation of Bathymetric LiDAR for Taiwan Coastal
Water

Chi-Kuei Wang®®  Kuei-Chia Chen?®  Chih-Chiao Lin ®

ABSTRACT

Airborne Laser Bathymetry (ALB), enabled by the combination of laser scanning system, inertia
measurement unit (IMU), and global positioning system (GPS), is a recent achievement for coastal water
mapping. It is especially suitable for generating the digital terrain model and monitoring the change of the tidal
area. In this study, the Hawk Eye Il system was employed for two coastal areas of Taiwan. And, the results were
evaluated against independent multi-beam surveys. It shows that the bathymetry obtained by Hawk Eye Il is
consistent with that by multi-beam surveys.
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1 fEE =THRZEPRIEAIN S - BERZREE
BER O MR e e Az B

B BE DRGSR » SRR ZIt
ZREZZE - BIE Y Him S 55 H = (Hovem,
2007)Z1=K(1)
C=1448.6+4.618T-0.0523T*+1.25(S-35)+0.017D (1)

Hrp C R (LL m/sec BBEAr) T Ryl fE(LARELR
B > S RHIE (DA% R BEAL) » D R (LA m

Ry BRAL) - AE7K Hh Z B B — i TR AU By 1500 m/sec >

ERMZAKCREFE I 1°C - BRI 4.5 m/sec ; H[EE
T 1%0  BE2EIE 1 1.3 m/sec; BRI/ 100 m »
RIS IN 1.7 m/sec » (RIS S » AEREREREH 2
TR IHOREIAE 1500~1540m/s 7 (<55 2001)
BRI SRR E T B IEE S T
(transducer) ~ 4C 8% g8 (recorder) ~ 225 K7 R0 3 14
(transmitter/receiver)ZE 35 (Jong et al., 2002) - T
28 HUHIZR Z 4R AT H 2 3 ORI 8 ~ AL R 3B
& 25 (motion sensor) - B ZE 4L (gyrocompass) ~ IR
Yl f#(sound velocity profiler) ;&8 E 75 (CTD) ~
HMILIE Rt E GPS BhRERL(F<E 5 > 2001 Jong et al.,

E=H EKE101F01A4

2002) - iy Ef&sk GPS #2UL AT H DGPS B¢ RTK
Rt TR B i - DGPS 2 SR E (i ABRE 0]
Fo 1-3m B¢ Im DI > RTK ZEADRERT Ry 10em
DAP » L (i BB PR A ] e I Ry A s
A ERE AL Z FEAME R BIAENE GPS #2
s 2 P B - SR AR RS E (offset)E1E
KEFEAMEZ VHMERVE -
FENFED R BRI AR - 35—
(kT 5 22K AG & IR Er R 2 — R R
LA RZ RE B S (] - AR UL B % i R
B HEIARCFERETRIE - Ak as TR T R R
AR A R T LAAC ER(Jong et al., 2002)
AR AR Ry T A U(2)FEAI(USACE, 2002)

d=%(vxt)+k+dr 2)

Hepo v RFKPREEE > ¢ RyyKep K [E] E %Ry
] > k Ryl 280 ZEAY NS (SRR AL 1 2 H 8 E
1E{H - d ATRALEIZ/KEE - G E s 2 B AL
B 2KH > WlE 1 Fror -

WRAFTRAE B B R/ N TR S S AR o B R
(main lobe) K ElZH(side lobe) » FE7Hia0E Fy-3db
fE B T 2 — oF JE AT R B HY 2R PR T (beam
width) » FHRFKT XHR/ABRT > HérREK
#i¥(Huff and Noll, 2007) » 41& 2 Fi7s - EERAEEH
b7 A SR T ERE By e Ell (footprint) » F HHY
JEENR/INEEZK T2 {E(USACE, 2002) - DIF T
9" Rl > AE7K5E 20m I > e ENETE Ry 3.15m > AiE
3o

Reference water surface

'y —
Outgoing ransducer
signal Transmitted and returned
acoustic pulse
d Measured depth is function of:
D * pulse travel time (t)
* pulse velocity in water (v)
D=12*v*t
Reflected
signal
— A 4
~— —_—

1 B RN R E(USACE, 2002)
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POLAR COORDINATE PLOT OF SENSITIVITY CURVE

= ¥ e

\\DEF'TH SOUNDER TRANSDUCER

TRANSDUCER SENSITIVITY CURVE ' DEGREES OFF TRANSDUCER CENTER LINE

2 HH O RERE (USACE, 2002)

=r s °
EIEE Lt 9 N
RETE A
Om
1.57m 10m |_
3.15m 20m | __

3 EEAUINFEEEANEAKEZ BEIA/INVRERE
(BFHH 9°)

F 1 SCBIEEGAT K f 28 AP EIR RS 2 BN E
Z%(Vine, 1972, Wagner, 1999)

@ i) 8 *x
R S ¥ 3 2.254*10° m/s
@ 1449-1552 s | 1T ts et 333)
T 340m/sec
° . S
20°C 2.9971 *10° m/
¥R ’
TF A FR)
BER2ZPEE 0.18 % -0.007 (°C)"!
BR2ZEEE -0.09 % 0.013 (%o)
R4 2 FEE 0.01 % 0.001 (atm)?

BT T
Hi 7Y BE 32 TOHA % (Single-beam, or Vertical
Beam Echo Sounder, SBES or VBES)#JEZ R K Ky
307 ZEHREARANAIENE 1980 AR EARA HIE - DL
HUEERIN S BN R R LR E N &5 B

FERR 0 H B R A S (Huff and Noll, 2007) - B3
AR ANERE Y E MR EEUS RIS - 20fE 4
BUR BRI S - A3 RN RI R RE - BUH]
SR Z BOR R R (update rate) DLRCHIARHF HIRG RS
Bl (Hell, 2009) - 554/ NEE & HORTZRFRER 7T I HIZRSE -
T H PR U (B8R S S 58 182 (backscatter) 73 AT
PRECET Rt - FEDL T B IR R AENIIEY Z Fitk
(Guenther, 2007) °
e IR EIZE HASRVHRE &%
T PRI 8 R LA B 35t AR A0 A & SR RE ORISR
ERERALE (Wei er al., 2010) » 25 AU 4 401E] 4
T » LA (7 R 2 B RO (swath) » ] A
8 B AU R A M 43 2 [ 28 R AR B3
YIARERHI R (Jong et al., 2002) -

2.3 SIERIR

7K P ) Z e R R e Ry L S 25 75
HE ISR T TR Hd i 2 AR E &
Y= =08 (Mean Higher High Water, MHHW) ~ 3
Y= iz (Mean High Water, MHW) ~ 323578 /K H
(Mean Sea Level, MSL) ~ SZE{EEfiz(Mean Low
Water, MLW) J% (K (KB iz (Mean Lower Low
Water, MLLW)(Zilkoski, 2002) » H oS53 /K
s A A Bk E T B AT S N /K H 5 P
{EFF](Jong et al., 2002) - {7 FAE  £R A FEEH]
H Y2 "1 o3 Ryrmfifir ~ o ir R AL 245 -
Bt g i 2402 B R A Y 5 R 2 et B
A (S PRI S R B L 2 A B B EBLR
HOKAEHE & - EEBER REBEFENTE S
38 {5 AT 478 > H/KZFE AR R S A
fir 8% &% B K 32 4 iz (Lowest  Astronomical Tide,
LAT) » SPE AR ~ BB R SCHIr B P E7E0K
EAHEHIE - ATSEE S -

HGOHZRIESE » Y9700 &5 - SRt Fr
R EA7K 2R S R AR (] - R AKZR A B i
EIE» RIS LB i Ry BEdE 2 Mg et IY - IRERI L 2 #0
BRI SEE 2 ERE AL R &R (GPS) » A
(] GPS 2 &R} -
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4 B ACHE R %S R A SRR E] (Hell, 2009)

2. 4 BINREKIR

BRI T R B R IS K 2
JE& o BEATRE AR TRINZR TR AE © RO ~ HAHOR
R~ VR - AR RIS R RAINAE
VIRE T2 BETT o RS > B (AR TERAVAR FE A
REERE - SFRETTRRZEEY]N - TS 2 /K%
HUF(USACE, 2002) - 4R BN R U S il
HIEEIERRE ~ 1Z/KERE ~ MY B IERRE ~ A
RERRE ~ A EERER B B - BRI B = F (Jong
et al., 2002) - B EREEIEIERRZ - AREFFTEMZ
o B BN THE - A0 6 o o EEENLA
Attt A > PllE A R T 22 22 - 5 ] X O
B > B {EFTHIZK B 2 A2 3522 (Beaudoin, 2010)

DRI B PR A g o D R R [ i A L F R
7K€ > DRI R RS W] RE B S /K WK
WeRE ISR 52 AIIE 7 PR - EEUE T THIKEE
B i PR R B N Z A R K AR AT LA (IS KOs
HE/KFEARIT R - S KT HIEIERIE 2 535
G2 R E AT LRI MEEATHERZ

fy

P R T EREN SRR R E

(BRBASK > 2001) - Eorir » S5 R GNA, + YRS
A H roll ~ pitch ~ yaw = {5 [ 177 FE 35 2 K B
JEFE(Wei et al., 2010) -

GPS height

Coastline
Baseline

-

o

E %

5 b Tide

i = gauge

: .. develling
MHW
""‘--a,_ approx. MSL
|und1:)1§tilon MLW
“ Ellipsoid Sounding AT

5 BRI BV 2 K T AR S B R R

Depth

PRI R BESE 22 B3 (Lurton, 2002) > 411[E] 8 Frrs ©

125 KB Z s e 2 mi% & ~ Ve ~ &
RFTEAE « SECEE,RAS - BB R LR
EYERZERNE » SR E Y IEREME & S R — E R

Sound speed

(Hell, 2009)

Investigation
depth

1. Compute common
TWTT using reference
sound speed profile

2. Raytrace using test
sound speed profile

3. Difference the solutions

I” + Depth error

iy
Horizontal error

6 A A (& 1E 3475 & (Beaudoin, 2010)
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.

Hecorded profile of

\

hyperbolic echoes FaY
N ﬂ}}(
N B—/\

True profile

-
I
(=
I
§

True depth

7

Appropriate portion of
echo-sounder trace

Surveying vessel passing
across submarine ridge

7 HE AR EERHPEE R EoRE B (Jong et al., 2002)

) Vi) 2 sbeme = oo )

8 BT RN A SUAEATE A Je iRf 2 352 (Lurton, 2002)

AT
}

RiEF AR LSS B kiR

i LS S &

7 B
CEUH

53
blad
AN
=

e
S

fi

REER
B F Sy

KT
FE MRS HE

9 IKFER R EAR E(AEGES > 2003)
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2.5 fEEATNRRIBRIZE

RS AT Se s AR IR (Bar check) &
S BRI E - JE ML DGPS B¢ RTK H#ETTEL -
RHTEEE T L BE A S L I DA SRR AU A
CREVRIATHLY FTisp 2 A ZREMRAE - IE5h > 55
JEAE 2 A S A I S e PR 7K R e it {7 2R
T & FE S NSHERHARIB AT RR 1) IR RIS B
TEALERFE Y - AR T -

SRR EZ REREL GPS ZFH(r
BEFE JREE bR TR R 2 2
1B EE R ST R RAIREAN TRE MR
AEHEZIKHE > mEARAE 9 Frr -

3. AIRIGE

IR S AR 1960 £E(X > HHE H#EH
P& HFRIEE 2 BATHRRK T YIRa /K Es ~ TBfiE » 12
1969 £ Syracuse University Research Corp iff&%
Z BB M AT7 T (Penny et al., 1986) -
FE&ZERE] ~ &R ~ TIEA ~ BB ROBON - B rE 4R
A2 3 2328 (Guenther, 2007; Kearns and
MacDonald, 2008)  {KHHIZOEZE FERSHYEE » 7]
R A Ry 1970 RGBS B 1970
FAFHIRE 1980 FARBRII RS —ARE=A
1990 FAEATHARY AR 1% B 5 e S ARAGHT — 1
%25 - Mallet and Bretar (2009)F= 5| 253 HIR A Y &
BEIOCIE 23 S 25 RS BRI BT K 5K &
4 > Hep g e &7 LARSEN 500 ~ Mark 1T ~
Hawk Eye ~ SHOALS 1000T 5 EAARL - #; & 2010
AR A% A LADS » SHOALS 1000T »
Hawk Eye II “5(SE 705 » 2010) » Hrh EAARL
B 248N [E] > £ EE RSO Bt T MIRE -

3. 1 AERGERIRIZ

A CEE B T FSeaH Ak - B 2 B BTl e

TETEERHTAL(ANS) ~ EEEA ZHF - FIHEH
FRHT R SR SN ALY M EURIK T - BEOKEERRZEC
PR £ RSB O LR B TS 2 [BER A

E=H EKE101F01A4

RECHHIFIE » FEILI [ 722 e o i% rT 45 I pE
ZRHE > KT TE Ry 2.254%10%m/s (Wagner,
1999) « A ARG . GPS HElEE sk
f9 GPS HULHE - Bid INS FRECERE G » HfT
Br e BhREE SyoR a2 2L B R RS- i
P& FHECRHIE LU 2 35 4 HIFE ) » 1) FH 22 i 28 fe
BRI B AR TR B, WGS84 EATHESS N 2 ir
B IS EIEE R EHAVEERR - 207 RE
£% DGPS 57 A& S ¥ (£ Kinematic GPS(KGPS) >
{HH KGPS & fir i E 25 EK I = mT RS P22
AT FIRHIEE A 2/ERATREE - WA
AL SR 52 8(USACE, 2002) < KGPS i ik
BERHALRNT - FIA OTF KR AREE @ WAEE
A6H R BRI (R R (B A8 2 A % 2 5228 (Guenther et
al., 2000a) - H - S22 EHAE AT iRk = A
b & £ 78 [E A& % 502 8] L = % 4t (Guenther,
2007) -

FE] NOAA F5HIR [EIR B S 2R /K AHF Y
TREARE] (RN AT Feithls /K B 2R RE 140
10 > MEEEIT EEEHEE/K 2B REE  FTLLE
ZEFKRSHE TR - LB ~ BT $2(2009) 8 £%H
MODIS HE(HEZE R K 2 B - A EEH
{5k F WA A [EDR RV B o AT 2 Nd: YAG
TWH 2B 1064 nm > BLLAMNEES » FIH
Nd:YAG &6 2 JEERMERF A - BN n— 34
HIEAN Ry 532nm 2 EHHE 0 FskoRzEL 0 Al
FH R B 2R /K RS RE JT R R AL B - Y AVK R
UK g RN TS - W 11 fos > A
LI BRI FERE E /K B R UL R B S BB R Y
INZER I B2 REE - B 2 RHREI KRR GHUL
FIEE R TR P BT AR S R AVEE B
e 7K B FTIR U 52 B0 S Rk B 2% - e 12 F
e

Light penetration in coastal waters

10 YN R sl K Ag I 2R pE T B LR
(NOAA, 2010)
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RECEIVER

FIELD OF VIEW
(FOV)

INCIDENT
LASER PULSE

SPECULAR
INTERFACE
REFLECTION

SURFACE REGION
IN RECEIVER FOV

\ f ILLUMINATED SURFACE AREA

11 D Weer SEA SURFACE
_J| =" NADIR ANGLE: §
'3 ___.._.———vm‘ncu DEPTH: D
I.INSCATI‘ERED REF. PATH:
____,__———_;'__'D sec
RETURNING BOTTOM-
1 T REFLECTED SIGNAL
{ B\WLURE
i) L] BACKSCATTER
1 UNDERCUTTING PATH

Al

SEA BOTTOM

DIFFUSE
BOTTOM REFLECTION
ILLUMINATED BOTTOM REGION

11 ANz e 2 B 4T A K& BKHY 2 G {F M
(Guenther, 2007)

Bottom
Surface Return
(Lnterface)

Return

Detection
Points

LN AMPLITUDE

4,

//;

Volume Backscatter

At

12 JHI 26 S 2 192 <2 BE & LIS ] Bl (% o 3 [
(Guenther, et al., 2000b)

FHCE 24 S » (R5A(Field of view, FOV)
Rytmif SR e FAfE > BIRTE A > PIDURE—
{ElfTas <~ &I IR (Swath) 2 51 © g—
(& SR HOE RS A A4S (beam divergence)AJ
TR 2> By St 3 09 % 0% 15 85 /5 (IFOV,  Instantaneous
Field of View) &8 FUZ S 2 S REEHUAE
FES IVE B AT R E Y& E - H—Aa
PR 1T {1 e Efl(Footprint) » 4I1[E] 13 FrmZ 4k
o fh sl T ) A A R R A 1 HAREES 2 i
% o

HFOCEZ

REJTZ PRI RF KRS VB I

KEGAIRTT EE RIZEREY 209

TR KFEIKFRE TSR oK ZRIAR
tin BEE ARFENRHELIE 3 ~ 4 2] &Hﬁa
IRF n{EEY Ry S K AFRERCIR BAE/KBG Z TR -
n (BB SLEARE - Ao O RIFFER
WGt #2885 e L R (Guenther, 2007)  JIZEE
2 i) AR FER By ba i (secchi disk)HIEZEME
Yy 2-3 B2

RIGELFREZRIR
Billard ez al. (1986)% H#ER BT EE S H
REIES R 2R WK% ~ A ~ KAtz E
PAR KR REEESS - Tulldahl et al. (2000)3 ) 575
VR 3 P S I R S SR AT S A FE R o SIS RS i K
PRAEE /K Ry € » Tulldahl (2006) LB 255
H ) R PR R [ERZ SR RHE54 » Cheen e al. (2004)
BEBERM 4% - fRt—arE bl KR s
TERRIE S PTG R 2 R 72 > WIE 14 bhigcs fes
EIE 522 SBUNRE 53 R Ky 23em B 29cm > #25E
By 6cm e Kearns and MacDonald(2008) 2 £ HLZE G S

Rl 2 2|/ 22 BRI K NIRE 2~ 52

B 1] 4R 72 (Bias) SR H A 8k & 28 pitch-roll~
firte ~ RS RO A2 - B ZEREAY roll K pitch
EEHIBEFTRE M R RS B4 B 15 PR o Guenther er
al.(2000b):5EH HYE R 82350 (sun - glint) & 5 % (
il » 5981 Guenther(2007)$2 H Ml & A AR EE

(coral head) =l e Bf & s BN R & HLE -

3.3 EED I RRIEBERIE

TR RS 2 AR E AR B & A
FUE] -~ SRS B R E - BRI E 2 B
(Kearns and MacDonald, 2008) - Fef o LA EE A 28 5
BN E - BRI G RN BT - 12
BN R R B SE B A E -

Fli R 4R 1% BR B E (i R FOR B & Rk
FENMTEEN > S5 EEE FTNPE B E A BHEE - R E
HEEE RS TR 48R T B B - 2 RE 287Kl S /K ERAir
B DURF S B DR SRR -
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_o—'—'_'_-

¥z
(a) ()

13 Z iRl 2 %o ElE(Tulldahl, 2006)

/_\.Iidar
— ——— —— e Er—— - .
il Level of aircraft

Land

S " D FHEHEEEEATZERE
Geoid D: WS HEZE SRR
Mean  sea hy: SHERES

he EY S

Reference

14 SRR E B (Chen et al., 2004)
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& 15 EZLBPE

4. ¥RFE ~ A B
3N

B B B 1 H B B e A R & 4 4% (THO,
International Hydrographic Organization) i &1 = £7
HF Ry /KRR 2 B (AR - B 7 B A A A
Ry 1968 TRl ERYE—HR S-44 - FIAHE R
[ P 7 < R A S SRS  E iR A i
2008 FFTAEHTE S IR > IR NSCHZ IR HEE
T (uncertainty) SR A ~ 3572 5 5l e 2 f it
72 2 F5 THO S-44 55 U FURHE NI & 7 Fe (EATEE -

H ARG 22 SR M R R B A R BE 0 1
TERA RS RIEHIZR 2 B RTR S ZOK S
THO 1b fy#H i -

SEAS R AE R 2 7 AT 7 Ry RS IS e

HIEHEIE » PRI Rk EPATRITRT R S8 ST

Bl 7 EEIELRS - RN EDIR R nT RO G R B R,
B — Bt AP EDE R RIS B AR B L
BRIt A2 S R B AR - 58 R AR B el
RS2 TN EE 2 KB R T X 2 i 9e
A Lockhart Z(2008) | F e Rkt RAEAR [FI7K %
R SIS M R R P A 2 R 72
& % Jj (variance) Bl 4% & ¥E A i £ % (Total
Propagated Uncertainty, TPU)LLE:  DLILEE(E 2450
A7 R AR A AR E E A 2 2 S Costa 55
(2009)F] FH 7K 2 Bl 45 B3¢ FY g JE 311 P2 T A2 77 A K. 5
McNair (2010)FI]F TerraSolid T EL¥5HIZE %2 HIEE
4H TIN {72 EERER 5 T Chust 2 (2010)RKFEE4H

L KEARTS A RIZEREY

(b)

TN [El(a)roll 327 (Schnurr, 2010) (b)pitch 72 7=(Gonsalves, 2010)

Hiee:

KA READ AT R = 12 S P P BRI 2 IS /K 2%
B SRRAR R -

Fledermaus #{f% Crosscheck T B R
TTKZEE RIS sE it » B LEB T R AR i =
ZEEANE RSB E P2 E T ER
B 5 — AR A S B B AR N /KRB BB LL ¥ - HR ARG
H BEESFRNEER - B REENEIEILE -
Crosscheck T EAEACiftai4at Bt G2t —(H%
1% - HNEERE © 2% H 2 B (Number of Data
Points) ~ f&1% 25> 157K %5 (Data Mean) ~ 7% H
57K %% (Reference Mean) ~ #7572 15){H (Difference
Mean) ~ 8572 1 {H (Difference Median) ~ 877 > fZ4E
7% (Difference Standard Deviation) ~ f@t% 85 > /K %8
[E|(Data Z-range) - 2% [ 2 /K %5 #01[& (Reference
Z-range) ~ /KR8 7= 2 #i [ (Difference Z-range) ~
[HO —EEH%E 2 shzZ= i (Order 1 Error Limit) »
[HO —EZH%E > sR7=#i[E (Order 2 Error Limit) ~
[HO —ZE %5 > (ZH8I& 5 (Order 1 P-Statistic) ~ IHO
TESHNZE Y {SFEE S (Order 2 P-Statistic)
- > KBRS (Order 1- # Rejected) ~
-H5F 2 7KRE#(Order 2- # Rejected) ~ IHO —%5
HZSE BB S (IHO Order 1 Test Status) ~ IHO —2%
JHZS3E BB S (IHO Order 2 Test Status)EIHH -

— S
TEEMGE
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AR R &

BET FAE

s —

PH=

H BEBE101501A

% 2 THO S-44 S e E N & 7 fr A AE
% m £ 5 - % (la) - % (1b) - %
_h kiR 100 2 = o p
Ll o7 40 NR VR NESE
J\(#ﬁ? . F rﬁlﬁ‘?\f N @/ﬁﬂi ‘}\/71c 100 = A ’J\‘?ftéﬁ 100 2 =
sk e [ EFCOEE g e ;iﬁmsﬁﬁ“f% ok spfw; ST
‘?F’f‘f'ﬁ-gﬁ i p - T\ﬁi ok - ‘]‘\rf‘!]\f“ m’}»iﬁ“
. S e , 3 —}— m e e
gk |F O A 1 K
(S R
¥ FEEN(95% 2 5208 45%KiE | 5 R 4A5%KiE |20 & = +10% -k iE
i3 é’ﬁ T FE'F)
B8 okiEak
FhX FEAE| a=025 ¢ a=0.5 2= a=0.5 2« a=1.0 2 ¢
TH(95% 13 4 T b=0.0075 b=0.013 b=0.013 b=0.023
¥ )*
100% /% F $0 % & ER E A *EE
87 TIPS PE N
ME hasa g | [FEA0EE
j}i—g(;f-' i JEJ,;‘E A IR m;za-};]z KNS m,af;‘r;ffr 278 R
= 7 eV VIE R . p . . . f f
; b et i 5 KIRATIE 40 " "
oL 10% kiR
3 BRE T ERF
, e & R 100%& A | @ & F<100%% A |88 25 o & > Begi =
=~ P AR EE = g
B AR w5 wa | qommaawm|T T TINE
FIESmXS5Sm

* KRR BHAHEENE 2 AZ Rty [a*Hb*d)’], Hdab RHEL, d /K%

FRPR S 2o B 2 el A R R R e s 2 SR R

AT

RIS > BT

A LB - It

INATE]D FELE S RN T AT IR R & 72 520
I e S5 R B SLEBE ERRIH 2 ik 5 B S R
T 7 7A 2 A e R AT T - W REDHIZE 7 A TR e
EREBRBER /2 EEK EAEYAER IR
FEF G2 oA Y I AR K R &8 U7 AR i
il 725 - AR 2 i B2 B o ] DA B AOH
REREE T RO RS TR T BRI AR
[E AR A Fr i ORI 2 7252 -

IR > ST ZH R & 5 - FrHlR R Bl
EERAMERE - B - KB " SEB AL ) (Height
Modernization)” #%; > it & GNSS Z&E » /K%
HETRA]FAEER S 28 T T > PRI AR AL I

—E R E R 11T - B AR S A R IR S
U RR SRR A s 2 KRR » T A AR AR A
AR BR M R A W S PR R AR AR - o
(5 FRTZR BBt s KA IR A 1 - 5941
BETAE AR & 3% BRI S SN Rk
Hi[E] 2 AHGEEIR 3R > A 7] DU RCEERHIE 2 1B
{H - EAGREER S R R I > bR T RR AR
R A BT T R B B R B B B
2 R I K ARG S N - O R B HE A 2% B
G S K T B (AR 1 - PG & iR
B R T I 1IE R DUERLL
P K I B 2 A (BB iz T Ry S 2 VK
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Bt e

TENBE B AR 2 DUEAO LM
E RN A AR/ D [ B St AR T AF (5t
% Geomatics Data Solutions 7\ EJE Pelydryn
A EEZRAEREEHZ AHAB HawkEye IT 2247
ACAEHRC Swearingen SA-226T fiiZEasEh TR DERTEE
RN o a2 't T - HawkEye T1 21245t
G T A RORIAR I B 450 0 R [E)RE SR e R [
S B o IR SR AR RV 4000 2K 0 M
AR ARE D2 64000 2K - LEMREAE Ky 3.5%3.5
ARG BRA 400 & Riffitis fe 150 ERfiR » By

HE Ry 160 23R AT ARAR .2 Rl [A B ABR £ 20%

FERZ G FEIRIT 118 (FRATER > s 400 S5 A H
ZAHE > S AIGIEE ZRAT/INRFEY 19 /INKF
FESRDHIE HIRIT 183 [ERATTER - s 450 P A HE
ZAHE > R OHIGIENE 2R T/ NRFEY 22 /N ©
FEMIBLETE Ry 2x2 A RURF > $RFH 300 SRS A
150 AR - HATELYRy 120 AR - AR Dbl ft
TRAT 35 fERATTER > Jelzs 20 P A B 2080 D
PRIZIEIE Z TRTT/NRFEYT 6 /INF - F_EMORITEREET &
Tk R LRI 2 S T A E 2 3t s » 2481
TRIBEESNE TR Sh B 5T 2 TR
SERTZ fhaR PR AV > B TEE/ VRS Sk
BURZE SR BT ~ ITZE 2815 5% ~ RFTIEEE
ZEWIRATE TR ENTE REE ) ~ HkHmES - A
Bl KB A MR R B S Pk R R EEE -
KRS T TR AR - B & H A s i
AIEET ] ~ ZEIE AT A] ~ BN S T A ~ fF
SENHUE L PR r] 5 - B e SR PR 2 (B AL
AB NIEAEIAELT 3 {E B 5ERK

BT AN & Ryl B 2 B B A 5 TR AR5
2o BUA M HIRZR - (1P A Z At R -
IR _EJEEFEEE ~ AR R ~ A ~ SR B A EAL) -
Q/KFEFE(FIAN « MATRE ~ RKi -~ — )
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An Investigation toward Sounding Method and Theory
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ABSTRACT

Navigation requirement speeds up people’s activity to ocean exploration, from manual lead line survey to
echo sounding, methods of sounding improving with time. Such as sonar transport energy by sound wave and
airborne bathymetric LiDAR uses doubled frequency green laser to penetrate water. In the past, bathymetric
chart can be surveyed by means of echo sounder; laser scanning applications in shallow water expands the
coverage of depth measurement without limitation of operational safety. In this article, shipborne sonar and
airborne bathymetric LIDAR is investigated and their theory and operation method are introduced.
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Exploration on Waveforms of Bathymetric Lidar

Wei-Tsun Lin ' Tian-Yuan Shih?®  Tee-Ann Teo *

ABSTRACT

Bathymetric Lidar uses near infrared and green band lasers to acquired the water depth and underwater
topography. The spatial distance can be estimated from the return signals of the surface and the bottom of water.
Dongsha and Penghu are the test areas. The test data are acquired by AHAB HawkEye IIb and processed by
Coastal Survey Studio (CSS) software. This study analyses the surface definition, water turbidity and bottom
topography. The quantitative analysis includes water depth, signal-to-noise ratio and types of sea bottom. The
experiment indicates that depths affected by waveform appearances are not obvious due to the Time-varied Gain
(TVG). The turbid water makes stronger volume backscatter and decreases the attenuation effect, even leads to
the bottom echo undetectable with deeper water. Waveform appearance is varied with types of reflective material
and geometry, as well as influencing the strength and pulse width, respectively. This study analyses the
relationship between waveform acquired by HawkEye IIb and results processed by CSS software. The
experimental results may provide some evidences for further processing such as bathymetric Lidar echo
detection, point cloud classification, and others.
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