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ABSTRACT:

Hydrographic data is fundamental in coastal and ocean engineering and research. The
hydrographic standard and accuracy requirements vary according to the purpose of the jobs. Public
Construction Commission of Executive Yuan, Taiwan, ROC, just announces mgor reguirements
for hydrographic survey. The hydrographic survey regulations for Harbor Authorities of Taiwan
(HAT). They are facing a lot of difficult problems, including: international competition, rapid
development of hydrographic survey equipments and technology. The hydrographic survey
standards should be adjusted accordingly to reduce harbor navigation safety, caused by dredging
and harbor engineering problems. Referring to the hydrographic survey standards from CPW,
HAT, US. Army Corps of Engineers, IHO etc., this proposes a “ Standards for harbor hydrographic
survey (draft)” for dredging and harbor engineering works.

IHO “Standards for Hydrographic Surveys version 4" (SP 44) was published in 1998.
Countries worldwide began to renew their hydrographic survey standards for vessel navigation,
dredging, and engineering related works since then. In Taiwan, the current engineering
hydrographic survey standard was proposed in 1995-1996. Therefore, it is time to update this
standard. The Harbor and Marine Technology Center, the Institute of Transportation of the
Ministry Department of Transportation and Communications Taiwan, propose for a set of new
hydrographic standards for harbor engineering and dredging purpose to serve as standard survey,
QA/QC procedures, and accuracy.

To decrease dispute between CPW and dredging company differences of calculated dredging
volume. This study evaluates severa well-known international commercial dredging volume
calculation softwares with real harbor hydrographic survey data sets. The results show that one
should record the name and version of the software, the method, the input parameters they used in
detail. The dredging volume calculation differences between different softwares and methods were
compared. Enough survey data density should be provided and grid size close to the survey data
density should be used.

New hydrographic standards need to be executed as soon as possible. However, a training
program of hydrographer and a licensing system for hydrographic survey also need to be set up at
the same time. This study proposes the ways of setting up those system in short-term, intermediate
-term and long-term.
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5 BAE 5 27,30,33,38,49,70,120 710kHz 47 3.5,12,24,
KHz) 33,40 kHz
120kHz % 200kHz % 250W max 2kW
31%1 A4 2 500W
|-+ 70 kHz % 1000W
120kHz % 0.1msec 0.2-25msec

200kHz % 1msec
H @4 F 0.3 3% Imsec

200 kHz % 500m rs p 38kHz % >800m | 4kHz 3 6000m
120kHz = 750m 2 p | 200kHz = 300m | 12kHz 3 5000m
70kHz = 1200m 24 kHz % 2000m
Pl iﬁv 27-40kHz % 1500m 33kHz % 1400m
40 kHz 5 1000m
100 kHz = 500m
200kHz =




250-350m

BN B EIRER

0.5m

38kHz % 2m

200kHz % 0.3m

0.5m

BlERT A

-]»»+ 100m 5 1cm
< %> 100m % 10cm

Icm

R R

100m 2 p 5+
10cm
100-6000m 3 +
0.3%-k ;%

oy

q,

She

B® {
5‘_’12:

10 = /sec

10 =x /sec

AT

200kHz % 7

4KkHz 3
12 kHz %
24 kHz
33kHz 5 21
40kHz = 20
100kHz % 9
200kHz % 3 & 10

60
18
22

¥
=
¥
=
¥
=

%332 H§ #RIFRRRE Y RKFH(=)

Marimatech E-Sea | Knudsen 320M Baytheon
Sound 103 (2 47 & g47) | DE719D MK2
(H A7 2 FHA) (& 4F)
3 $eHg & [35(s 33KH2)~200( 210|  3.5-50 KHz 1% 200 KHz
KHz)50 KHz 200 KHz i¥ 4% (204-210 KHz)
iy P 1000W 500W
BRI R 16ms
B IR #}a 3] 1600m 2000m 160m
BB EIFR 0.5m
RIE T R lcm lem
PR R |38kHz 10cmt 0.1%-k iF + 0.5% ki
200 kHz 1cmt 0.1%-k %
5 B3 LA
;_%:
7 RRR 810 #4 3




%333 ¥4 #RUERRL " KPP H(2)

Allied Signal ELAC Allied Signal ELAC
Nautik LAZ 4100 Nautik LAZ 4721
(H 47 2t AR
= 3 200 % /2« 30 kHz 12,15,20,30,50,100,150,200 kHz
G P
B 30kHz % 75W 250W I 10kW
| 200kHz % 85W

30kHz % 0.7mst 0.20ms
2 }'J}"' ‘v —E\‘ I} A
FIRAER | 500 kHz % 0.3mst 0.15ms

30kHz % 315m 12 kHz % 3800-12000m
200kHz % 63m 15kHz % 6000m
20kHz % 5000m
o en 30kHz % 2000-300m
B /ﬂ;‘#’ 3

50kHz % 1000-1800m
100 kHz Z 500m
150 kHz % 200-300m
200 kHz % 200m
50kHz % 0.3m
E oo B oooe i
BRI 200kHz % 0.1m

BLFEIET R
. + 0.25%:z_ % % kiR + 0.25%2 3K Tk < KiF&
Bl A 20°C -k i P 5 + 5cm
R 1-8 =t /sec & iE & 2
~ > A
5 kB L ATS KRR D T
R fﬁﬁ‘ﬁ:'iﬁ“fﬂa‘%‘ri’ﬁ Flx T2
5 R KR Fist AT~ F

EO B 4e - TV RRIGVRIEE 0 P RBIF RO R FE G F
I R R é\mé\%i#% SRR 5 F ABIER S BH G
05° —15° - H ¢ g2 %¥k A 48-240 r[&i » & =x Bl (swath) 2. %
£ %1490 % 150° - %3 '%\/P'J};;f‘iv 3 gt (beam array)% £ v 1
k w #=E N (vertical type) 2 555" (fan type) A - T S SRR
B H R _J_}J'rl/ﬁ*'#?ﬁ»:r}%% , Ta.ﬂ"g%ﬂ 331 %3 &ipl
FREVRIEZFRMD A N4 (0-100m) ~ ¢ o * (3 1000m)£ i
* (10-12000m) © 3% /& * % § KPLIFRF RV 2 4 334




%334 ZA* 53 RBPIFRF AL BB

Reson Simrad Simrad Reson
SeaBat 9001 | EM 3000 | EM1000 |SeaBat 8101
5 Poap 455 kHz 300 kHz 95 kHz 240 kHz
B # ] 4 70m 4 100m | % 1000m 4 300m
BN P EIFAE 3 1m 2m
ER A 60 i 128 120 100 &
e O 90° 120° 150° 150°
B R R 5cm 1cm 2cm 5cm
3 RAE 1.5° 15° x 15°| 1.25° 15°
+ kB { ATE 15 =t /sec 50 =& /sec 4 =x [sec 30 =& /sec
ISP 5cm
UL Py Py e Y
Sk £8 | 1855kg 130/95kg 25/10kg

4% F T RE

AP T AR P AT RIFRE BT e ‘“E(N E)
ASaZpvi*(DER2ZzgykRs > 26T FRIIES nig(total
station) & # 8 & & P2 () p L Bk F R & & P2 (4)&+ TR
(electronic positioning system);# - (5)DGPS z_iz; - f#tz 550 = 2 f
4 5 (4)2 (5)i¢ > 428 50-1500 2 T | ¥ # DGPS % i o d g 7 4
DGPS iz i * ** E LA A IEHZ /4 F T i e PiT B E R B REaET
FooFacHee o @Y 3 o 2 S P D i’i?;;'l_;‘fﬁ o 4r b oJT

| *

TR e FERIE Y o B K GPS ik i Bk 0




Z 58, 7 gt GPSz2 TWDO7 & 4B ML » kBN id st L%y Bl
GRS67 AL > d P ¥ i GPSH#-= S 2 75+ Tin2 I E o

d 3 GPSHire FE 3 » 3 F 2 72 <

mH B

5 3% DGPS %= % o
ik'iffﬁ S LR I - RN R b s S Sa i B
’ﬂﬁﬁfﬁhﬁﬂﬂa&vu\amﬁaoﬁtaa%éa

\

&

L 2 TR S

BoyedlEk s N PR E R TRET 4y 2
5o ERAp 2 T ik FRT AR

1amp > IR g7l a2 a2 up o
Qe FplEESHEREER L R

EAE- Te iR R REEEYR O BARY - FiF2 T
#’“%FJ‘!&,!« » RIS B RIH B A2 KT & R R PIEE T A2 KT RERE > B

Mpd ERELER 2T AR AT RHAEYAL043 180
2 jPa;;g] o
(3) p B Bk ¥R & ERIE

B1(2)i2 RIBAp R o PR ERF T ETEPIT A B e
REZ G P P2 PRI A AT E S A AR
B ERT B RBE DA > D Fue 2t 3
Geodimeter,Altas Polartrack % - 2 = i=# & 5 5 0.1-1 = = o

(4 &+ TR

‘\H—

MF ¥ A H Y s e 2 (Hyperbolic System) % [f] 3% 4 2 i
(Ranging System) = #& - 14 %;iiﬂ" TEMHERE - EFRF L RER R
S BEEABRGE RTFRF RN A A4 2B E
"EARAr R E o M AR B 4o ¢ Hyper-fix » Micro-fix » MRD1 > MRD4

LA

» Trisponder Systems % - H 2 =4 & %7 F B 2 41509 & 0.1-10

~4

>R AE o

39



(5)DGPS %_i*#

i
B Rk GPSRTRER A N F 2
' (0)1-3 2 5 (0510 2 ¢ -

R AR gk AR gl 52 b = R
£ SN ERR A %trf”:%"*w‘ﬁi KA 2 p P P2 &
B P i &R (540 © Geodimeter - Atlas Polartrack %) » & & 3 @_ix & (
5|4t MRD4> Micro-fix> Hyper-fix &)» &% Z & ;% >3k 7_i= % 2 (DGPS)
P Mg s TR Th EFLRET 208 .

5.4, 8 F i d B2 %44 B(Motion sensor & have compensator)
22 s ik (Gyrocompass)

LR P o NN at A e S o AL

T o g BRI EL kT B KRR R KT
EAZ2ZBAE o j]%"‘ipﬁw?q/j“'i:?] R R Pl 7%
2R 5AE L 4 =i @

B4 (heading) ~ o fe AL ~ = 42 &
4 &% e g B(motion sensor) & % e ek T B R A B E 0 R
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REGL S F RS HA LR L TARERE > T VPR
vl A RS R e ”L MR RRRKE P XA RN TR
» & 5 ¥ AR P B ik 5N g iR (gyro-compass) o 4p £ X i b B2
I4§‘b%Fl,’h§,F"$€L$GI}|? 2}% 3.35¢-
%335 4, L F G h B R Fge )
TSS Seatex Seatex TSS 335B
DMS-05 MRU-5 MRU-H
T A RA R
+ B gga i3 + 10m + 50m(¥ # %) AR 10m
Hoi BB ﬁg,; Icm 0.1cm RMS lcm
7 R
AL £ B 5cm & 5% | 2%4p ¥+ A Se g iR | dom e gl | 5em 2 5%
B A B
. 4 29 39 39 29
S if
kil ICERES (£3 = %)
‘. <Icm RMS #% 0.1cm RMS #% 0.1cm RMS
VN ] ]:_’g —\:‘E.) = 1=
kR AR 0.05Hz 0.03Hz % 0.03Hz
B B R 0.05-10Hz 0.03-10Hz 0.1-0.002Hz 0.05-10Hz
SR HBE DAL F
£ ?E'J% 3 + 30° & & + 50°
H 7 &' & + 30°
13
OB I X 100°/sec 150°/sec 90°/sec 100°/sec
# [F]
;i AN £ 0.01° <0.01° 0.01° 0.01°
7R
B N 0.0003° 0.001° (10° & B ) 0.025°
17 R
o E P + 0.05° + 0.04°(& #E#)| £ 04°RMS + 0.05°
R
# AL B p)#F | £ 0.05°RMS | + 0.05°RMS(# + 0.1°RMS
B WE T 4R G 59)
e <0.01°RMS 0.01°RMS 0.25°RMS <0.01°RMS
AN 2kg 2.5kg 2.5kg 8kg
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6. % 3w R 2 WEF &K (Sound velocity profiler & CTD)

>

BIT A RR TP ORI 2 RRER ORI FF T BRZ R
Fert gt o AR 2 e ML BRHER AV PR

CRLAPIECFRERETERFERR CERERBR LI RF
FeoR R zo i o — SR T < AR 5 1500 misec > 2R @ KRR F Hi e 17C
» BE s A5 m/sec; WA T H 4 1 o B4 L3 misec; B4 A
A 4e 100 m > Fig A 4 1.7 m/sec o

’

"‘E)PL

34
CH
w

;’ﬁﬁ?zEQEW§@yﬁ»—f5¢,ﬁ
BB @ RFRE e FIN B F AR R EAR BRERRE
R R R W F A B e RARIE kA 2 e o Y
=kt B~ IR 0 IR E R R RIF RO 4 et (bar check) o ki
THFERBREIFEDARFIONST LR HE o T Ay B, SR EF
CRWARIFELRIRA R L HFAL BB T AR TR
SIS SR o N A

B 45 P
7

L)

B
™

|

o

>

KiFEREFEFT ZREERFIFPMRF IR L B R T
UERp ERFE TSR EA B 28 5 08 - zeg o HE A

AT EREE 3320 A AR B REREFEE NG LT
= RS F IR B TR IFE e eREE v LRk i (observed analog water depth)
3 fcie gLl ki (observed digital water depth) » T 3x 2 ¥ F ok

» L BH T o Rl 2 BoiE LR R A L it"c RIFR ER B RIF
APt > T ER A BoRIFEZ L B oo Pt GOk Mgz g g
BlFRR2ZFL o L RRFEPHBLZ FRCDE B8 & TF
OBLIR] KR B B BB K R (TR R D

—\

G
-

% A

<

\aﬁ mly

o
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B 3.3-2 & AlRIIFREF2Z £FA5kE R+

332 & pl#x4¥(Hydrographic survey software) 2 3 #! 2 it 48

BHHIABIREREFARE VR EHPRTETIET 74 o
PR L RBUFERPFFAEZ B (swath)z FFenE o ot o @ R
% (swath width) % &2 -KiE 3 B > 7 TRl @ oo 402 4p 2R P o SR 2 FF
A EEREE > FPRE Y LRI R RERITEARLIE =8 o
wRGRIE A B R R RGP TR R AR K2
TpE Rk Sueh > ¥ F A i & £ 3 if (hydrographic survey software)
PRI RBIZ BEor G Ao MR BB Ay & A h o R TR
Bk V- BER N R AR/ELMAEN 5 (interface) » it b H &
8 & R ] B (sensor) TR o Bilde fRIE R T kAL B 3G &
BEERREE e RE - ST RAHBITEBRRIETH 0 A ER
o0 R Ol A2 IR 3 PF E (time board) & i r w BT g2
Prak(Clock) £ RT3 T e SF & M F s A 40 AR 2 T A T 308 1
CRE R T A

1.4 B Bdci 2 B o

2. PIAARY e 7 - APIAR Z 3F P (channdl)iplar A3 ~ il s -7 2] (clipping)

o
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3.4 Ak A4 2 4 BIAR S HCh 2 AL

4. % FE R P BA B 2 A B (Offset) ~ v -k B (draft) 2 45 & 75k
AR SR O F B

Bty L L et 1 & 7+ T (heave) o W {8 2 L+ i (pitch &

rolzz+ o

SRR RE &*ﬁ%%ﬁk%\mﬁa%%@%ﬁﬁmwdnm,
data bits,stop bits 2 parity, port %)% =

10. 7% 2 g Wl B 2L s am st gy ) -

11. Tl e 48 S 4] ¢ 7 R4g T4 { #74F 5 (update frequency)
BEAE ~ 3 T PE T (event) ~ B EER o

12 Bl R ILTEEF ¢ & FEAp P s dniE KR S Fue s BB EE RS

T
13. 3% 2 H gt Big o
14 W2 23 mg o

15. ip]7F kA7 v 9 1 (echogram) 2 i
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333 HBAZAFAIARFRERESZ

A FrRIFR B NITE S E IR 0 F 2B 333 FR
P RHE R PIERBOIR o RBOfE G LFEI oo

-l
N

A 0 At o R ML R T
r

E L GHEE SRR RN LE R R

— ] @ Ak ST T A

LR T L]

— A AL

= L
—ARRE
— Ak ] 9 i b
— T
— il AR A
N
*
¥ ¥
CERTY T EY XS
P ARG "-[J!E W B |
(4 b M)
| zowme || svmg | Metsonmase |
e B
s ik
—GPS ek A |Hﬂ#ﬁ&!#m#&l |q &1 0| A 45 S |

AHEERTART

*
wH&Em
.

] *

L AL E
—e R AW ALE — i Ll
— e — e ] L ) O
—H & E

B 3.3-3 /& 5 A5

¥ 2

—

i AE

3-15

1)



VKRB EARACRFERESFES Z 0 ART A SRR R

R EALE B fﬁ'@ grio P RPN LAY Tk kvt DGPS 2 RTK &

‘ TAGHEFABIFES P ABIF LR RFERZ 2

# & (Light Direction And Ranging, LIDAR) - i3 & #& & s %t

g Bl ‘sum#ﬁf T2 P § B2 g R E (Sensors) 2 g # o 4 i

N2 TR BT SB 3340 H s fRITAZ RIFRIE D E Bdr £
2 %2 CRAB %2 SLED i st o

C,\'

INTERMATIONAL HYDROGRAPHIC DRGANIEATION

IHO STANDARDS FOR HYDROGRAPHIC SURVEYS
dely Editeon, Agpril 1998

BPECIAL PUBLICATION H* 44

*‘l.ﬂ- Pekdished by the

Immmaticnal Hydregraphic Durass
5-24
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AR AR R e R AR ERA AL R TR -

BV R A RFACE R E A AR E R o B KR
%ﬁésmﬂ%’ﬂ&ui%mf%mﬁ BL~ (R EE R 2
S P 3350 % Iireys kA S A 150 3 1200 2. B > BB T ¥
) 3 A R BERR L G R o 5 0 R UM Rk 3G o
j@i%cﬁg}iﬁx*}(%gfﬁf@ﬁrvfi%ﬂ“}{ FEME A A > 23§ B9
Aenfgidz if o L5 ARIETORRT T O UM RS R AR A ahde K
R TR AR o RRET O R
KIFFR o R Ak TS A R TERER a4 5ol
TR TR LR o

—_—

ﬂ«\ \F’b )w

— - | |
SIERE S
T TT1 mEE RO WS
M I8 I M & s IF & 2 L0 ML D12 143 Hl I‘I.!I‘D/]H _h:__: “":E:“--\Jﬂ- + Ff9 HI0 HIE
o e
.-""r .-"". h 1 g b
HEG L R AR b i S R

W 335 Kt HE G ATHREEITES SN

BIFREFHEBHHPRFTHE ) - B iR EFERFT

Thum Ay R A - BRI R A - GEA R G AR KPR RS G
2o MBH 7T UEHREGZ AE GG > - KPR

Felin G iFEH* TRV 4 BE 336 a0 R BRI Y L2 B A
M PRy FIRE T2 A BT 7P abuARE] > S LRIFR
Fl*ixm g A el RFER T > Kk 5(100% Coverage: ¥ § &
PR RS PR REN) R EF & R 30%1 200%hE o FIR#FE A
(swath width) gz -k = & b > & JF fie & -KOR AL R SRR BE o

5 05 p
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e
B 3.3-6 Pl&T & B

335 H dREiTE-

KIFF R B R B AR AR A ) R AR R
”%&%%i’?uﬁwgﬁﬁﬁ"%ﬁl%ﬂ&*m*% H 4
RBIFREFS EHBHELF KFSRIEF - T RE n._%ﬁ:«&« F

B P BRI A AL T E F ARFERIE RGT

?ﬁ?iuﬁlﬁﬁﬁﬁ°m%ﬁ‘ﬁii%*kw&ﬁi% g

TR Lo > FAE 5 3 & PlE fianiE ) 15 o' > F
EASOLP #liEth s o] » 2 & &% 5 7° B a-kiE 10 2 ¢ chi g
(Footprint) ) 1.22 =~ & o TPt kiR 5 10 &% P dsig 4 3 80T o %’
BMpdesks L MEF RADIFaapTRiTE 7 ARG
BEHPRRE H T ART SEE 337 R fﬁmﬁﬁﬁﬁﬂfl‘{
+H RBLFDL BBRIEAL FE o

LT EOeSe00008006558
s |

ll_.rl'll'I"/
ik RAGEE

1] | D
- __!l':. l
f 1
Dm 1 —= Lk T...-l.....!$lll
1 I.' - _:’".II f
" L
E“’}r_ —— L Liitss a2

S— =[2)y
biso EHIEE

Bl 337 3 A %R~ ErFg LRtk 4
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336 SFABIFLARITESZ

S A MpnITES N 2RE 3380 53 A HRE RIFFER
Bk il & R 100%7 F e E SR % A ¥ 4 90°4120°% 150°
R FFEG B L ks a BERPIRFIER PES A FF R
Bpeniv ¥ N B E R0 PR R SRF O ES AR
PEEERY O R DB TELR AT LT S R A o e S

AP R R E LA B2 e R B R G X

SEA BAT 9001
SONAR HEAD

DIRECTION OF MOVEMENT -

—
—
-
-
—
-
-
-
-
—

SWEPT AREA

90" SWEEP
(60 x 1.5° BEAMS)
~

SEA BED OBJECT /(/

UNDER INVESTIGATION

FOOTPRINT OF SINGLE
1.5" x 1.5 BEAM

F#4 %R © Reson, 1997

B 3.3-8 Reson 9001 # = & 4§ » & 5 2_ 5% &, Bl
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REF RF AL RPARREZ RIS A L LM - RES
RSl 7 SR B 3390 B¢ 100%% F I il s e A
200%% £ 5602 6 0 ISR AR ILATE A ks B0 - 100% R F 5 HE
s 0% wiplRE @ ¥ § K4 10%~20%E > L TR G
Ei o REFF AR EROTH P RELSF IR

A4
a

[IENY.

21 ML

W00

;%9?

R

B 3.3-9 % % & 2| pEY R ]

B A& 5 00°120°% 150°pF 22 iR B A 0Bl ¥ SRR B 3.3-10

» O0°PF 4 okiE 2 2 5 120°FF K L kiR T R 5 150 X L kiR 52 2 5 )

PRl A R AZiE O0°PF - BRI R R AT 2 E ks 4 0 F K EE

(footprint)st i # < - Rl & 2 T Rt & F &8 g ¥ o KIF ~ Rl

FAEBPIF TR wmBEY 2B % 3360 KiE S 5100 2 = ~ B
F & & Al G 90°~ 120°% 150° o
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907 T B R (245 AR

120°3 & ¥ A (7154 5F)
i 1S0°H LR (28K %) i
W 3310 RIF X A&2BFETARAT AR
% 336 KiE-BIFLEZRPFRTAHRF
oQ° 120° 150°

Eazx AR 34.64 = = 258.56 = &
10 o> = 10 = = 69.28 o & 517.13 = &
15 o+ & 15 = = 103.92 o> = 775.69 = &
20 & = 20 = & 138.56 = = 1034.26 = =
25 &% 25 o & 173.21 = = 1292.82 = =
30 o= 30 o> = 207.85 = & 1551.38 = =
3Har 3Hax 242.49 = & 1809.95 = =
40 = = 40 o> = 27713 = & 2068.51 = =
45 o = 45 o> = 311.77 = & 2327.08 = =
50 o> & 50 o> = 346.41 = = 2585.64 = &
B o & B5 o> = 381.05 = = 2844.2 o &
60 = & 60 = = 415.69 = = 3102.77 = &
65 = & 65 o & 450.33 = = 3361.33 = &
70 o = 70 o> = 484.97 = = 3619.9 = =
75 o & 75 o & 519.62 = = 3878.46 o> =
80 o+ = 80 = = 554,26 = & 4137.03 = =
85 o= 85 o & 5889 o & 4395.59 = =
90 o> = 90 o> & 623.54 = & 4654.15 = =
05 o % 05 o> = 658.18 = = 4912.72 o> &
100 = & 100 = = 692.82 = = 5171.28 = &
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RIEFABEREFZR T A>T 0 R BT L 48 - BIR
FEEARE » T3 BPIREE R " > BlE =~ AR 2R ﬁ‘-i&ﬁ 90°
pF o BB ) ‘}i‘ﬁi“é}'%‘f P ﬁ*w?“rﬁ*i it 'E? FI2EF £ R > FE M
BFE T LHIRIF &R OO chF AL o

SRR SPE > P @ai,ﬁ@ﬂuﬁ%%&ﬁ R I
Bl 3.3-117 BlF & & 5 90° BIAFEE30 2 ¢ > ki 10 o & g R F
FRL2020% > RM2ZFF 102 hARETR  kiE20 2% pFo o
FERARL M0 2% > RARZTFF 102 HhERE FILRF TR E
WRIREIE FFAPIFENRESZRRNEFFTLATEPIFRA
» H R RIFE ORI AR FEA \ﬂyﬂmqﬁ,ﬁz c HERRFTER S F L2
FRTHRFORIFRRAMNBEFZEFF L TL 0 ART A § e r
S S A z«ﬁﬂﬁ*%’?@i

o Taie

| A 105 R

AFEI0LF

i

jiﬂlﬂﬂ-‘lﬁ i

B 3311 RIFRFREKERCHER
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337 RIFHERITESZ
ZRFRRE

é\/?JnF‘,; LA 1?*3;»%\?\ R

HEZABFE 25
R R 33124 7 2 0 RIFER AL 4 % Towfish uawm—\
FEEN S TR FR G NE R

i E
A F‘ka’r"t’ﬁ [ T
=ik A R¥ 2RE 3313

Eingle Heam i Coverage
Multiteam Coverage —*
I Side-scen Coverage |

F kR -4 p Miller, JE., 1997

B 3312 3 4~ 55 & - RHFEER LALFEREEFFCRE

Bl 3313 RHEER CATERTIR(-)
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B 3.3-14 R#FED FRTETIR(C)

338 I EMRIERIEES 2

B ey ")ﬁtl@?}ﬂtﬂ]&r: ER e A N TBE RN E) AT R
kiR 60 & R RE R HAB(ALE AL BE)PF LT R
FRMERRFE O A E R RB AR FERR LR BT REIFER T2

Fe e Pl A R RIFER A A L5 A R AR A A
lg’%4§ﬁmggﬁ ?*ﬁyﬁﬁ’%i”}’rlg”4§
':‘B_E/T/P 5 #,

339 HB&Z AEIALRIFERETERSE

FHrEin 444 J\/F/?J‘E Foprm chw B ARIEE L AP s 2R

FEE s L F B2 B FEE ARG A L2 3B 2 HARTR -
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RN 3

AFERIETE R RRIFER S 5§ ARIE AR RIFEp R
W Hpfe SRR &R Y L84~ T 2 gAeld > 2 jpi-apil
IS R 2T SRR R T A RIS R PR AT IR R
CREBEERD P ERD]  TEEDE G2 UL AEREL

A REZ FBRE VAT S EHR
2. PRIk £

Mg BFEt B 3 1 (BarCheck & B 3o &) ~ AR AHEE
B~ PR PR Fae s REEXRZPLERE CFE]

kS B2 BT E L RAGE
3. LI B

SEE B 0 BUER LR B S BT KRS SR
R E O BRI FREROTRER S M LT AETS
B iiEs L p P xéabmskp;;fé‘,aﬁ@w grﬁﬁo;’aﬁf
AL FERC PR R TR AR R AR 2 4B HCS(TIN, Kriging,
Inverse Distance etc.) » m J& i (70 B 2% £ 5 s R )IEE ~ BRI
PIEFEZR TS WEUTTHENMNBL % - Tt dem s R
RITHE 2o TR 2 R -SG5 22 T 5 AN K
2 £ 8-

=
F
N
@

3-25



2494000~

v
2492000

2490000+

2488000

2486000

2484000

T T T T T
176000 178000 180000 182000 184000

B 3.3-15 4™ )

2576000

2575000+

2574000+

2573000

2572000+

T i i
152000.00 154000.00 156000.00

B 3.3-16 E/FAF

B 3317 =21 d B
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+30-35 Tt mast atop aluminum sled

*|n effect a topo total station
survey method

sAccuracy: £ 3-5cm (V)

=Accurate in surf zone
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