- BSPE 00388—-665—5

Asix YEXYASAOIML FAXRES U
AZEMo| B3 A7

e

A Study on the Analysis of the Bathymetric Data
for the Deep Seabed Mining Exploration

1994. 3

DR DL

B>






AT pATEA o

£ BIAE YA FEAUGAIAS SUASNS % ABLH] B
A7 ARde) AFRTAZ AZFI.

19941 39
ATAYA: B A 2
S

oy ol ol e

N o
reh gt






LA =
QA FEAARANAY FAARYE @ RPN B AT

o a+de % 24

AR Y BAA GRE ABHA ARGl TEshdgel dehte AP
F&e Audos wast FHAA PYS Agsn Jom, FFHEY
ozt AYW ¥N7 gL EAH WPl AsHm Ak Y oJTe
oz Aty YF AYAFY A FFVE ¢ F AL
APy S AAHE QA5 BP ARE AL F domz
8 AYEY A 2 o8 £ AATe) AYulmes BPAA 29
g9 A7 At GeA B AFAAE 424718 B dFHE S
NARE Agste zAYY AYSHS FASE 298 FPsse
=zade HstnA sk

AYEHe FASHE QABE 1) FFFA, 2) AAAY FRHAE, 3)
AAW AT BE, 4 AATIE HESA, 5) AT FEFFYA

2, 6) AW 7B PEELF, L 7) AAY 712 8 AgHL
M, 24 A4A AAAYL Yy o5 2dSo] AW Ags
g 4 ol ¥R

29y & Zzade §% A¥eNe pNzad o At 93a
4 gomz EAxde] gato] Ade] F2F AEAYel AP ook s
Aokl glom, obgd EAzAE Telstd de ARE 45 wages
N Rt g 2AL £9T 5 Ao

HE

§iA






SUMMARY

I. Title of Study
A Study on the Analysis of the Bathymetric Data for the Deep Seabed

Mining Exploration.
II. Abstract

Most of topographic analysis has been based on the qualitive
comparasions of topographic characteristics in the analog profiles of
echosounder. In the view of quantitative analysis, trend surface analysis
has been used for defining topographic trends. However, these method
do not provide sufficient information to figure out each topographic
characteristics in quantitative terms. In this study, we tried to define
several factors which provide topographic characteristics of sea bottom
features and designed a computer program for topographic analysis using
such factors.

To define topographic characteristics, seven factors such as 1)
average water depth, 2) average slope angle of sea bottom, 3) frequency'
of each slope interval, 4) average water depth of each slope interval, 5)
average horizontal distance of each slope interval, 6) average vertical
difference of relief, 7) number of extreme (i.e., top and bottom) points of
relief in given distance were determined. These topographic factors are
proved to be effactive and wuseful for quantifying sea bottom

configurations.



Howerer, this method also has limitations. Above all, you must
divide areas with similar characteristics before you apply this method,
then determine analytical conditions, such as interval of slope angle,
minimum vertical difference to be determined as relief, unit interval in
horizontal distance etc. Therefore, the accuracy of analysis depends on

how well you prepared such pre-analysis work.
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LA 4

AFFAE T Aol WA GoNA FHE FANRE HAAY
T dtetsted 98® /M3 1EAA Az ¢ Yo wEN 38 8
AXNBe] g T937] A% B A FASAIE] Ags o
skt

Y, FA5471719 LHAE BT £3E FHAANBES A3
ARG 9 HANFE EHsedE @A) 7] §F A (recoden)d] 71EH & 9
Xi?i;ﬂ 2 (profile)del Uehte AYe Bisg AYHozw BE,
Brrsthed aX 1 ok @M AN HAAY HIZAE ARAHQ
AR Haglo] Z2RAPolN HoXe A2TE AEse A4 Py
oA g&sti ot Y FFH vRE AT EA7E Awe] Bayol
dFddna Ade YA 4L T L& @A (correlation
coefficien) & 43 HlRFo2X {FAES FFE A BAHA i
(Merriam et al, 1966; Davis, 1973)°] /A 25|tk 22y ol e whgo
Rr Ol dUHeR v 3718 ZE AR dFAA AP %4
o FAHY FFTE WY F ALE AN FAL, EuA, NAEA Y
A7) ¥ ABEHY 54L& ANdE 898 B A8E d& F YYo=
2 AQE NP5 FF3 R olEFY NQ AYnngE YA
29 AHE @AE RT3 gtk

€ @7ode dA &3] AEHE #5478 B4 deHe A=
BE o83ty ZAMNAY AYFHYL FAHFE 2AES APt T2
I LS AT wE B ZaaPdd 9L APETFA 8AEe



AFse FS2A 2AAG AYAHE Bolg 4 Y5 FRon o
g HRREGA N H2E RHe) HTE I AW B & U=
&S24 st 2y 2 Tzadg B LAE AYTHLAES
AFge 24 A48 AA ABAGe] FERE YBHE Rl off
4 AHEEY glol Bad Joz MR A ARE AHgst] BAL A
ANsge A AA AYFHte Aold ARE AL 5 Uk way
E a729e Aear] ANNE B4 gAY AuHe NYR¥
g 724N E 54 7129 AAWe TaRde ol4sd AYdedl o
g dFHA T HAT F ¥ Z2ade B 4 oY A9
AgAAkHE B FAA FAUR BN 24D & A= oAE
ANg229] BY(try and err method)e F8 Ecokstz BAEYe |
g X3 itk F1Z, B T2IPE Clanguage® Astel 2453

ov AHYYZE Turbo C 208 AU S YaFT
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I AYEHe] AHEHE A2

SR YnHez AgHE FUEE BUT S48 g §
Ae 245 @99&PE4] 7] (single-beam echosounder)7t Atk 18y
ostze FHU/ZE EASHAE we 44 2494 FAARTE
de + Yt BAZ AN FAE AN FHE FHo T B
/b et @A AUEE Folyl AMME 3479 1AL FHok
suz FYNGRAAE B Ao cadnh olsde BdE nad
71 9189 %% & 8234 7] (multi-beam echosounder)7} /A&t AT
Ao} ALEHE Seabeamdt & BFULFFAVE SHY ST
25t SAULFEAsY vAe nEste ML P IR I
(widthylo] EgsE M99 +4& FA d&Hez 24Y ¢ A=
gozx A& WeAde 2A4E 4+ glon BANBES dALYH
2 A% Bollg £4RRY 3¢ FuHoR EAE 3494 =99
g2 EASEZED. olsige AR BAYLFRA/E ALAYE Wl
ua) Bk AUsA W) PEAUE HelFE A2 uEY WX
AYEHE 47 olAE & =S Wk 2 %L AMYIE ¥
3 m7be) AHAACE Aste] YussA g3 Atk
2 AN ALEE AYRNE 2o 44 ALEIAE BYY
e 323UL35478 B 94HE OAT 442 L AARRE A
g5t AWSHE oFE 2d(factoEe] @& ARNES FALAT
(Fig. 1). %, Seabeamst g BFWLFZA7IE B4 AFAE F47
2t BUYLFIAVIGE 2 deAY ERFARAE B B &

Hu



AZAEE] FAY YdYHEZ B 2P L 1437 e o) e
HA S4& met FAHEE A8E F 4 (post-processing)le] w2 £
A ALG-3to oF &

@ ® ®

99 /[il lOOOSL 5. 54901 l132 28471 8

1993/183. 000059 15. 54907 -132. 28479 5089
1993/183. 000100 15. 54907 -132.28479 5089
1993/183. 000101 15.54907 -132. 28479 5089
" 1993/183. 000102 15.54907 -132. 28478 5088
1993/183. 000103 15.54907 -132.28478 5088
1993/183. 000104 15.54906 -132. 28478 5088
1993/183. 000105 15.54906 -132.28478 5088
1993/183. 000106 15.54906 -132.28478 5088
1993/183. 000107 15.54906 -132.28478 5088
1993/183. 000108 15.54905 -132.28478 5088
1993/183. 000109 15.54905 -132.28478 5088
1993/183. 000110 15.54904 -132. 28477 5088
1993/183.000111 15.54904 -132.28477 5088
1993/183. 000112 15.54903 -132. 28477 5088
1993/183. 000113 15.54903 -132. 28477 5088
1993/183.000114 15.54903 -132. 28477 5088
1993/183. 000115 15.54903 -132. 28477 5088
1993/183. 000116 15.54903 -132. 28477 5088
1993/183. 000117 15. 54303 -132, 28477 5083

Fig. 1. Example of input data. (© year, @ Julian day, @ time,
@ latitude, ® longitude (west represented in © value),
® water depth (m).
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AAA Y] BE Jue d&Hoz 24Y SUNE L SFAN @
@ ARE FHTOIA ¢ & Ath WA AYPR FHYE Z49
QRS +AAR FUEo] meh 2ol & wolA Bk

1. 494 24

2497 A e Table 1 A BARE AXND 2371719 A8FA B
A% dwte] £ ne gAnz 2AAGY H9 R 2ARH B
A4 288 + Yok 2y Ywdez FAZHNE 7179 dd 2
zAA%Y S mAt AEFARAEL AAHA TAAA Agsa
glom AN Mute] £E A AR 2 £427719 delg neH
of oz AFF WHolHlMR £Ex o] Tt

Table 1. Interval of data points relating to the ship speed and
bathymetric data receving interval.

Ship Bathymetric Data Receiving Interval

Speed 1 sec 2 sec 5 sec 10 sec | 15 sec | 30 sec | 60 sec

Sknot | 257 m | 5.14 m | 12.86 m| 25.72 m| 38.58 m| 77.17 m{154.33 m
6knot | 3.09m | 6,17 m | 15.43 m| 30.87 m| 46.30 m| 92.60 »{185.20 m
7 knot | 3.60 m | 7.20 m | 18.01 m| 36.01 m| 54.02 m{108.03 m|216.07 m
8knot | 4.12m | 8.23 m | 20.58 m| 41.16 m| 61.73 m{123.47 m|246.93 m
9 knot | 4.63 m | 9.26m 23.15 m| 46.43 m| 69.45 m|138.90 m{277.80 m
10 knot | 5.14 m |10.29 m | 25.72 m| 51.44 m| 77.17 m{154.33 m{308.67 m




2 o} AAE A% FAAE 74 (fltering)

durgoz 2AZAE B3 e FANIZE 77IHAA A=
Wz A9 EEY Ex A3 5 FAFH BFo 7Asq FAF
Hxo] o] Fgt(error data)o] THHE A4/t oz FEF EHE A9
HE HA olgize o]AgE AAsSE GAE Ak T

&A= A H(data point)Zte] AEE Table 1914 EAA|Ro] EAMIS
&% 2 AsAddgpdd me gt gEs HA o3y} AAE AR
AP AE ZANGY 54 L 2ABHA mE B3R A A
sof o] r|ZEoz FRAoE ARE ] EH AL 7 UAEF X
23YL 43t (Appendix 1). o

Fig. 2= Z21d9 ¢ugdFEFL RFe 42 d54922 5349 74
ARz 2y dA% AWRAez A8E HPse AP HAFL U
=z, o]4A AAE A5t YAT FEFMY &8 FARE Ase ©]
=32 29 3t(median) e DEZLE HAFORA o[FAE AASnA 3

=
o, 2 zzad(Appendix DelAE 749 d&d FARANN FIRE

38

FHGE 2o}, ol ARFANZF) 1%, Aol 8xEQ F4E 7/HHEM
RAA 27t F4d AFAA BY JFEA A27h A8 APAAY
Age o 30 m oln Az ARZFL 412 m ot IAY FIRE
A719stel AgstE dSE FAARY AFE ¢A AFT videl 33
NP9 ASA AT Aute] 2%, A GY HY R ZAEH) ot
getd § Joemz olg ANV AiMe APZ2IPNAN HeH 2ol
o|@g upFFolof Frt.



Input the parameter of filtering?(odd)

dity o HF E= FHFA77Y o) 710 %L Fig. 3ad)
A BRI FHY FHFAE AF ol FAE Rolr o)2E FL& W
Aol M) FAFE FAddste AAAHANE 7IdE & gleng ogge
FARE oA A3 FIEES d9ste FAHAA A AFig. 3b)=o A
F At Y, oY AAHNN L& FIHL 95" EFNY FARF
7hEd AR FAFGeR ARSI F, 709 4" FARE AL
RE BF TIEES 414 (5 E Z3T AHY FAg2Z AE3A4 4
(Fig. 2).



Number Receiving Median Value
of Data Time Interval

1 1 & -

2 2 2

3 Ix

4 4 2 X1
5 52 X2
6 6£J X3
7 TR X4
8 8§ 2 — : X5
9 92 X6
10 10 & X7
11 11 2 ——— X8
12 12 2 X9
13 32— X10
14 14 2 X11
15 15 &

-

Fig. 2. Filtering method for eleminating mechanical error data of
water depth.
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IV. 844 z8l8 AFad

ARRYAN waHE AARY, AA%, A4 A7 5 AN4AY
84& +4, 449 AT L 0|59 A%E A, KL 5 F2H
Qg AAAFE 20ES FHRON FrHAY + A waA
AAA Y ABHE Astel APl BAE o1FE QU02 TR 7 AR
$2e At 4 92U @4E FAARS Y AVHIAE Z2ade

214 89tk (Appendix 2).

1) Bas4

2) AAHL FAPALE

3) siAH FAAEE £ X
4) AT B4

5) BALT2HE BEFPA
6) A 78] FFERA
7) MY 718 HEAE

1. 754

FAL AARY AF 7HF 7120 He ARE E4stuA s AY
Aqx 8 EE FAARY HAF @ AT HEFAEGS AY
9 EAE, ALY BE, AAF 27 T A271A] FHad w
Add gt ouPxrt @3td £ Jerz2 APujad QoM Mg 2B
e g2 AgEH.



2 SR AN

AR N BLHe GAAY) B4E HAW AAE @ o]
g AgzA BUE £ A P4 oge 295 EHa] s
o AsHoz 24Y 24904 2 SAARE A e Te AY
JdEg ANsao

ko

(1) AAB YTAANE, ZALED B @ JEFFA

AAWe) AATHE ALY BEstE 7EHA ado|mE Az
=4 2XEA AW JHE st 4+ dvh SAY BAGARE
GM A9 FARE AYL AN ARE ALFAeH, FAHRY A
E FAYY JNAE(FYE ¥H)E REH Mercator EH-& AHEst AL
stk wed FAPRY Ag L FARANE & F Jonz 2R
FZAANZG 2 AT HEFFAL Ao, o]g =4sad o
% g,

Depth (H)

Horizontal Distance (X)



AHi=Hi+1"H,'

AXi=Xin-X;:
AH;
a;= arctan AX;

71X, dH;: € ‘-‘?-1123219—1 FHAY, X & FAHATY FHAl, o = 7
Abzbg EHATH

AXY ANFAREL AAIZe] FMA(step of angle: a)EZ FE
(O-a a-2a 2a3a. 3ada. ..) AFste] 0|5 E¥XE WEE2 EANAH
8, AA e FRE ax EFome} ojge} go] AYZRIaHPNA A
98 & JA=E A

Q> Input interval degree(int)?
39, FFAANE @ AAFE HEFFAL FUHE FAE ASA ALE
g FASARNGAAY FAE D FARE AHgste At
(2 AAFHE Ha5E A
AT HESFAHE Fig 694 BAXes AAY d&5d T

FRRAd AP AR AUDE 2F Faho o|F WEFZ ol
FARE A2 Rolth. o8 =AHY e gk



Depth (H)

Horizontal Distance (X)

0° - a° 7] HFFEAY, la:(gl :1) 1

a® - 2a° 73] HJAAH, l?az(:i;l 210) :

1
%

2a° - 3a° T3] WFAHY, l?’a:(gl 310)

n

olspgol AXE AATTE HEFHAYL AAXNYEE oj59] =7

=%
=

AFY & Aok ASEW AU A AN WMoz 3¢ o
soleg 0° - 3° 79 YEEPAAE BAsnAdE FH4e Ay
of $Este AL YFA/E UehiolEth @H, AsAd B3



' gude #dd YRR FS dHFHoE FAY] e F,
ABMsd NG FFAAE 6° ol oz A Jeug o

Ze X XS Hotsy] JHAME o4 AeE AHgHAE & AUtk

3. AR 75

AU JIBAE(eliehs AAW) FAFES ¥ AR 5 &
FAsEe EOE adolth ojsye HAW sEyHE G B
Tae HARIRY 47 9 suYgoze WYIE F, HAWU/I B
EuA 2 o]Ee) wPAET SAXNYAT HaAd B TzaPAHE o
gge HAR/ L EPASE FAX 89 ofdst go| Al ¥

o) ArgstaA sich

1) AAE 715 FFELH

A&AHo2 238 FAREANN BAAE AAA/E FHR FHL
FAZAAA Aol AHE A #EdA FE F A% F, F
Aol AS AAZol © gl & #;oz HMEBHE XFon, w2 FAH
o B3¢ AAZel & @M © goz W AHo. uwHA 7|59
Faie o)94ze IR FHA FAE FHY AojEM d& 7 UL
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Pepth (H)

Horizontal Distance (X)

dH; = | Hgpiv1i—Hegpi

VR=(gdHi) L

714, dHix 7129 Faxtolw, Heme RAWA 7154 4, Hepn &

Gew JRFIN 44, VRS TEIA, ne 1%H A%E Yehd
.

a8y AP Yold FXNAE AA AAAL 2 FHole Joy 3

AEAQANAE 2FL RAFn At wHA o)e AL :Fst &

ZzaPeAe AR s oldg RAFE JENE At ALsE
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Q> Input the parameter of extreme points(ex 10 m)?
10 m! 3¢

10 <

@ AAE 7189 wLR=
AHY 7189 BYHEE AR GAAG U BESE |BYY S

A 2490 A & Yo, gaAdE BN e A9y A7) R 2

o met @2td ¢ U2B2 o] JA AdPZ 2PN offst Zo] &

ARE 7 AEE FA

Q> Input the parameter of horizontal difference(ex 10000 m)?
10 kmQ! 73§

10000 <
¥4, 7159 FSHEE AU At ASEe =483 od

3} 2.
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HR—(ZAN,-) -
o714, HRE gAY BEX3E 7|24 HFF, n AL Algd

welAe A%, Nit 229 aAzld 2Xse 7124 8 v
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V. A4y
1. 4449 A<F

24X e HAXY o] B Z2adg HeGEu I AARE
AN AFe uksh zo] ®rkx Aee] gk

A, £ Z2aPL 94 ARG (YL HAE =29d As2N
Agae] YR FE(d: AAFY, AA, HAF A F Zzte] F
PY AYdz XNYEAH S FAHsS=dT ALE F UAEE FAHHJG. 2
Hu, Ao W& AYFEL AAA S iﬂ,ﬂiﬂ-¢,%ﬁ%aﬂ o}
g ggtd £ glenz E Z2OYPE 7—‘1%?‘4@ 4371 -l ol A
< 283 nddy 9L FEFoZA B A4S =Y F A

EX, ¥ Z2aP AL APEHdE FLF L FHAA A
g FAHAARES AHESok 3tk AEEY, B4R st AQHed FA
W 2 GEugge F4dA A5 AREC] FAdE BS FARYE
2 BAYEY d5udge] REES TN Bk s ol¥A Fo=
A BAY dBAHE A" F Y. FH, ojggo] E4d A e A Y
ol 5 o] FHARZ e BS £HEHARA AAXNY Y ¥
4, AAERY BRA7] Y APEALAS ¢ F A ojHL AYT ¥
A= Y43tA HE&dH.



EEER

HEg AR Tt HAYY L A5l Y5 A8
AHg-3te] A& ZAI(Table 2, Appendix 3)9} ©]So] TzAAojA e}
AP D& Fig H7e) vng T AALSAL zfolHo] B T2y
£ Agstel A AYREG) AFA VFHER RuA FYYG. Fn
B0 A8 $AZES 187402 239 Roz HARARY AL
o 250 m olv), BHzPCE ANE 3= 21E, HA7IRGLS 10 m, 7B
o $E 10 km & 7125 W HAT

Table 2614 uehte wlsigre] ZV|te 3 oy e APgez
PE N2 $A4 R BolAE #3T F AT (A) AGH (O NG9
A% WEAAe] g ¥m, 0 -3 £9 FAlEe BEgo] Wg g,
ohgd BEFFAo HEBHLE Hol oJNGE AHAF o] AFAE A Y
o2 BHFE 4 U

a2y, ol e FACE BFsn AP olde PP gy
2] 22 & A F, 0-3 E9 AAEAYe) HEFARA, AR
N8 PRERR, 712 FFAFANN RAXNE Fo] B H]E o)X
o] AAYAAGYE BFHT NP} woge] o7t Y& v
el £tk (A) A9 AS (© Aol ul sAvke AARE BE Aol
PEst gon, ol st FFEAY Fol EA vehie uw, 7%
9 & (O Aol uls) HA vehd. e POz mF (A) AY
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Table 2. Results of analysis from three example areas.
Out-put data print-outs of Area (A), (B), and (C)
are listed in Appendix 3.

Area (4) (B) (C)
Avg. slope angle 2.1° 7.0 ° 1.6 °
% of slopes with 0-3 ° 81.0 % 42.4 % 79.7 %
Avg, length of slopes with 0-3° 1,795 o 549 m T4
Avg, depth 4,950 4,725 n 4,944 n
% of slopes with 3-6° 13.0 % 17.7 % 16.5 %
Avg. length of slopes with 3-6° KX) 3 | 284 o 205 m
Avg. depth 4,947 m 4,584 n 4,917
% of slopes with 6-9° 4.2 % 10.1 % 3.8 %
Avg. length of slopes with 6-9° 282 m 312 179 m
Avg. depth 4,913 m 4,461 m 4,984 n
% of slopes with 9-12° 0.5 % 7.1 % -
Avg. length of slopes with 9-12° 233 m 265 m -
Avg. depth 4,873 m 4,326 m -

% of slopes with 12-15° 0.5 % 9.1 % -
Avg. length of slopes with 12-15° 260 m 295 m -
Avg. depth 4,912 o 4,635 m -

% of slopes with 15-18° 0.5 % 3.0% -
Avg. length of slopes with 15-18° 260 m 305 m -
Avg, depth 4,851 m 4,851 m -

% of slopes with 18-21° - 4.0 % -
Avg. length of slopes with 18-21° - 216 m -
Avg. depth - 4,738 m -

% of slopes with 21-24° - 2.0 % -
Avg, length of slopes with 21-24° - 219 m -
Avg. depth - 4,389 m -

% of slopes with 24-27° 0.5 % 1.5 % -
Avg, length of slopes with 24-27° 248 m 263 m -
Avg. depth 4,866 m 4,058 m -

% of slopes with 27-30° - 1.5 % -
Avg. length of slopes with 27-30° - 214 m -
Avg. depth - 4,539 m -

% of slopes with 30-33° - - -
Avg. length of slopes with 30-33° - - -
Avg, depth - - -

% of slopes with 33-36° - 1.0 % -
Avg. length of slopes with 33-36° - 265 m -
Avg. depth - 4,609 n -
Avg, vertical difference 60 m 99 m 18 m
No. of hills and valleys in 10 km 5.47 11.14 7.42
Avg. depth 4,947 4,621 m 4,940 o
Length of lines 50.2 km 45,5 km 28.0 km
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Fig. 4. Bathymetric profiles of three example areas; (A) abyssal plain
with hills, (B) abyssal hills, and (C) abyssal plain. Results of
analysis of Area (A), (B), and (C) are in Table 2.
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Appendix 1. Program for bathymetric data filtering

/* Data filtering program for topographical analysis data */
/* 1994. 3. 10. by Hos. Kang. */

#include <stdio.h>
#include <conio.h>
#include <stdlib.h>

struct seabeam {
char day|[20]:
char lat[15];
char longi[15];
int depth;

5

struct seabeam lib:
struct seabeam *queuc;

int rear, front, n. flag=0:

int main(argc,argv)
int argg,
char *argv{];
{
void add_queue();
struct seabeam delete_queue();
struct seabeam del,
FILE *in, *out;
char waste[100];
int *maxmin, head, mean:
int i, j, temp, incre=0;

front = rear = -1;

if(argci=3) {
printf( "Usage: filter Inputfilc Outfile" );
exit(1);

}

printf("Input the paramcter of filtcring?(odd)\n"):
scanf("%d", &n);

maxmin = (int *)malloc( sizcof(int)*n ):

queue = (struct seabcam *)malloc( sizcof(struct scabcam)*n);

out = fopen (argv|2], "w"):
in =fopen (argv{1]. "r");

for (i=0;i<n;i++){



fscanf (in. "%s %s Ys %d". lib.day. lib.1at. lib.longi. &lib.depth);
fgets(waste. 100. in):
add_qucuc( &lib ):

}

while(fscanf( in, "%s %s %s %d". lib.day, lib.lat. lib.longi. &lib.depth) 1= EOF)
{
fgets(waste, 100, in);
for (i=0; i<n; i++)
maxmin[i]=queue[i].dcpth;

for( i=0; i<n-1; i++) {
for (j=i+1; j<n; j++) {
if ( maxmin[i] < maxmin[j]j ) {
temp = maxmin|i];
maxmin[i] = maxmin(j};
maxmin[j] = temp;

}

mean = maxmin|n/2];

head = ( n/2 + incrc ) %o n:

fprintf(out, "%s %s %s Yed\n". qucuc|hcad].day. queucihcad].lat. queue[head].longi. mean); ’
incre++:

del = delete_qucuc():

add_queuc( &lib ):

}/* end while */

fclose(in);

fclose(out);

free(maxmin);,
return(0);

}

void add_queue( data )
struct seabeam *data;
{
if(flag==1) {
printf("queue_full\n"):
exit(0);
3
rear=(rear + 1 ) % n:
if (front == rear ) flag = I;
strecpy(queue[rear].day. data->day):
strepy(queucfrear].lat. data->lat):



strepy(queue(rear].longi, data->longi):
queue([rear].depth = data->depth:
}

struct seabeam delete_queue( )

{

struct seabeam data;

if( front == rear && flag==10) {
printf("queuc_cmpty \n"):
exit(0);

}

if( front == rear ) flag = 0;
front = (front+1) %n;
data = queue[front];
return(data),

}



Appendix 2. Program for topographic analysis |

/* Topographical Analysis program */
/*1994.3. 12. by Hos. Kang. */

#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#define MAXPART 90

typedef struct {
double x_dis;
double x_depth;
double o_depth;
int x_mount;

} KODOS;

KODOS *list;

int x_count, x_first, deg_cntfMAXPART], deg_part[MAXPART]:

int p_sign, pb_sign, bong, b_first, p_first. verfirst. vercount;

float para;

long MAXDIS:

double deg_len[MAXPART]. dcg_dcp|MAXPART]. bangle. bver, finalver;

double Absf (value)

double value;

{

if ( value <0. ) value = -value;
return (value);

}

void Merell (y_refer, x_refer, y lat, x_long, y_dis, x_dis)
double y_refer, x_refer, y_lat, x_long, *y dis, *x_dis;

{

double a, phi, e, y_re, x_re, y_la, x_lo;

double rad, cen, y_disre, y_disla;

void Degtorad();

a=6378206.4; /*inm*/
phi =3.141592654;

¢ =0.0822719;

rad = 0.017453292;

cen=10.; /* in degree. the latitute at which the projection */
/* is true */

y_refer +=0.1e-10; /* for truncation */
x_refer -=0.le-10;
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y_lat +=0.1e-10;

x_long -=0.le-10:

Degtorad (y_refer, &y_rc).  /* min to degree and degree to radian */
Degtorad (x_refer, &x_rc):

Degtorad (y_lat, &y_la);

Degtorad (x_long, &x_lo);

*x_dis = a*(x_lo-x_re)*cos(cen*rad); /*inm*/

/* distance from reference */
y_disre = a*log(tan(phi/4+y_re/2)* \
pow( (1-e*sin(y_re))/(1+e*sin(y_re)), e/2. ))*cos(cen*rad);

/* distance from point */
y_disla = a*log(tan(phi/4+y_la/2)*\
pow( (1-e*sin(y_la))/(1+e*sin(y_la)), e/2. ))*cos(cen*rad);

*y dis =y _disla-y_disre; /¥ in m */

}

void Degtorad (deg, rad)
double deg, *rad;
{

double min, radian;

radian = 0.017453293:

min = deg-(int)deg;

*rad = ((int)deg+min* 100/60) * radian:
}

void Calangle (cal_y, cal_x, bdepth. cal_ag)
double cal_y, cal_x, bdepth, *cal_ag,;

{
double angle = 57.29577951;

if(cal y==0)
*cal_ag=0.;
else

*cal_ag = atan2 (cal_y, cal_x) * angle:
list[x_count+1].x_dis = cal_x;
if (bangle !'=0. ]| *cal_ag !=0.) {
if ( bangle * (*cal_ag) <= 0. && ~_first = 1) {
list{x_count].x_mount = 1;

list[x_count].x_depth = bdepth:

if (b_first 1= 1 && Absf(list]x_count].x_depth-list{bong].x_depth)



<para) {
list[x_count].x_mount = 0;
list[x_count].x_depth=0.;
} else
bong = x_count;

if (b_first) {
b_first =0;
bong = x_count;

}

} else {
list[x_count}.x_mount = 0;
list[x_count].x_depth =10,
}
} /*endif ¥/

/* calculate vertical difference */
if (list[x_count].x_mount == 1) {
if (verfirst == 1) {
bver = list[x_count].x_depth;

verfirst = 0:
} else {
finalver += Absf( bver-list{x_count].x_depth );
bver = list[x_count].x_depth;
vercount++;
}

}

x_first =0,

X_count++;

bangle = *cal ag;

}

void Hori_diff (num, totcount, tothori, totmount. cndsign)
int num, totcount, *tothori, *totmount, *cndsign:

{

int i, cmount = 0;

double h_total =0;

for (i = num; i < totcount; i++) {
h_total += list[i+1].x_dis;

if (list[i].x_mount == 1) cmount++;
if (h_total >= MAXDIS ) {

*totmount += cmount;

*tothori += 1;

return;

Y/ *end il */
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} /* end for */
if ( h_total < MAXDIS) *endsign=1:
}

void Total_angle (cal_ag, totangle)
double cal_ag, *totangle;

*totangle += Absf (cal_ag);
}

void Part_degree (cal_ag, cal_x, inter, factor. bdepth)
int inter, factor;

double cal_ag, cal_x, bdepth;

{

inti, j;

for (i=0,j=0;j<factor. i +=intcr. j++) {
if( Absf(cal_ag)>=i && Absf(cal_ag) < inter+i ) {
deg_cnt[j]++; /* each degree count */
deg_dep{j] += bdcpth: /* cach depth total */
deg_len[j] +=cal x: /* each degree length */
p_sign=j;
if ( p_first==1) pb_sign = p_sign:
if (p_sign !=pb_sign)
deg_part[pb_sign]++;
pb_sign =j;
p_first=10;
return;
} /* end if */
} /* end for */
}

void Total_length (cal_x, totlen)
double cal_x, *totlen;

{

*totlen += cal_x; /* total line depth */

}

void Caldis_y (bdepth, depth. cal_v)
double bdepth. depth. *cal_y:

{
/* calculate depth length */
*cal_y = Absf (depth) - Absf (bdepth):
} .
void Caldis_x (blat, blongi, lat, longi, cal_x)

double blat, blongi, lat, longi, *cal x;

{



double merc_y, merc_x;

Merell (blat, blongi, lat, longi. &merc_y. &merc_x):
/* calculate x-distance */
*cal_x = sqrt ( pow (merc_y, 2.) + pow (merc_x, 2.) ):

}

void Tot_depth (depth, totdepth)
double depth, *totdepth;

{

*totdepth += Absf (depth);

}

int Filecnt (infile)

char *infile;

{
FILE *in;
int count = 0;
char string[200];

if ( (in = fopen (infile,"r") ) == NULL ) {
printf(" %s input file not exist!\n". infile);
exit(1):
}

while ( fgets (string, 200, in) = NULL)
count+=1.
fclose (in);
return (count);

}

main ()

{

FILE *in, *info, *out, *out2;

static double f_interfMAXPART], f_depthf MAXPART], f avledefMAXPART];
static int f_ avnum[MAXPART];

char infofile[15], infile{15], outfile[15], outs[13];

char time[20], ans, waste;

double x_refer, y_refer, x_long, y_lat, y_dis, x_dis;

double cal_x, cal_y, totdepth, blat, blongi. bdepth;

double totlen, cal_ag, slodepth. totver, totangle:

double f_verdif = 0., f_hordif = 0.. {_adcpth=0_.f totlen=0.;
double f_avang = 0., lat, longi. depth:

int i, j, count, inter, factor, endsign. {_count. number;

long tothori, totmount:

printf ( "Q>Input infofilc namec\n" ):
scanf ( "%s", infofilc ):
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info = fopen (infofile, "r" );

printf ( "Q>Input interval degree(int)?\n" );

scanf ( "%d", &inter ),

factor = 90 / inter;

printf ( "Q>Input the paramcter of extreme points(ex 10 m)?\n" ),

scanf ( "%f", &para );

printf ( "Q>Input the parametcr of horizontal difference(ex 10000 m)?\n" );
scanf ( "%lId", &MAXDIS):

printf ( "Q>Input outfile name?\n" )
scanf ( "%s", outs );

if ( (out2 = fopen (outs,"w") ) == NULL ) {
printf(" %s cannot open!!!\n", outs);
exit(l);.
}
) fprintf(out, "#HHH#HHIBHAHHBHABHHTHHHHHHH I RN,
fprintf (out2,"## Line files:");
f_count =0,

while ( fscanf (info, "%s", infile) {= EOF ) {
f count++,
number = Filecnt (infile);
list = ( (KODOS *) malloc (sizeof(KODOS)*(number+1)) );

if ( (in = fopen (infile,"r")) == NULL ) {
printf (" %s input file not exist!\n". infile):

exit (1);

}
/* parameter initiation */

totdepth =0.; totlen = 0.; totanglc = 0.
bangle = 1.; tothori = 0; finalver = 0..
endsign = 0; totmount = 0; X_count = 0;
x_first = 1; p_first=1; b_first = I:
bong = 0; verfirst = 1; vercount = ();

for (i =0; i < number; i++) {
list[i].x_dis =0.;
list[i].x_depth=0.;
list{i].o_depth =0.;
listfi}.x_mount = 0;

}
for (i =0; i <MAXPART,; i++) {

deg_cnt[i] =0;
deg_len{i}] =0.;
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deg_depli] =0.;
deg_part[i] =0;

}
/* read first data and delete error depth */
for (;;) {
fscanf (in,"%s %lf %lf %If" time, &lat, &longi, &depth);
if (depth !=0.) break;
}
Tot_depth (depth, &totdepth):
blat = lat; blongi = longi; bdepth = depth;
count = 1; list[0].0_depth = depth:

while ( fscanf (in."%s %l %lf %I, time. &lat,
&longi. &depth) != EOF )

list|count].o_depth = depth:
count += 1;

Tot_depth (depth, &totdepth);
Caldis_x (blat, blongi, lat, longi, &cal_x);
Total_length (cal_x, &totlen);

" Caldis_y (bdepth, depth, &cal_y);
Calangle (cal_y, cal_x, bdepth, &cal_ag);
Total_angle (cal_ag, &totangle);
Part_degree (cal_ag. cal_x, inter, factor, bdepth);
blat = lat:
blongi = longi:
bdepth = depth:

}/* end sub while */
deg part[pb_sign]++; /* for last data */

for (1=0; i <count. i++) {
Hori_diff (i. count. &tothori. &lotmount. &endsign):
if (endsign ==} ) brcak:
}

for (i =0, j = 0; j < factor; i += inter, j++) {
f_inter[j] += (double)deg_cnt[j}/(count-1);
if (deg_cnt]j]==0)
f_depthij] =0.:
else
f -depthljj += deg_dep[j}/(double)deg_cnt[j];
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}

for i=0, j =0;j <factor: i += inter. j++) {
if( deg_part[j} 1= 0) {
f_avledej] += deg_len[j] / deg_partfj]:
f_avnum(j] +=1;
}
}

f_avang += totangle / (count-1);
f_verdif += finalver / vercount;
f_hordif += (double)totmount / tothori;
f_adepth += totdepth / count;

f_totlen += totlen;

fprintf (out2, " %s ", infile );

“if (f_count%4 == 0) fprintf(out2."\n\t\t");
fclose (in);
free (list);

} /* end main while */

fprintf (out2, "\n\n\nInterval degree Y avcrage depth(m@n" ):
fprintf(out2,"” \n"):
for (i=0, j=0; j <factor. i +=inter. j++)
fprintf(out2." %2d --- %2d %1031 %10.21f\n", i, inter+i,
{_inter([j)/f_count*100., {_depth(j]/f_count),
fprintf (out2,"\n### Average angle of slopc degree %olfAn\n",
f avang/f count);
for (i =0, j = 0; j <factor; i += inter, j++) {
if (f avnum[j}!=0)
fprintf (out2, "## Av. length of bottom part with ang. from\
%2d to %2d degree %lIf m\n", i. inter+i, f avlede[j} / f_avnum(j]);

3

if (f_verdif ==0.0)
fprintf(out2,"\n### Average veritical difference : not find slope\n");
else
fprintf(out2,"\n### Average veritical difference %If m\n",
f verdif / f count);

fprintf (out2, "\n### Average horizontal differcnce %If extr/10km\n".
{_hordif / f_count);
fprintf (out2, "### Average depth %If m\n". {_adepth / [_count);
fprintf (out2, "### Length of lincs %I m\n". {_totlen):
Tprintf(out2, "#HHHHHHHHHHHHHHHH R BN ),
fclose (info);
} /* end main */



Appendix 3. Out-put data print-outs of example area (A), (B), and (C)

1. Area (A)

HEURBIIBNHHUHHBHHTRHBURHHHREBHBHHBIBUBIBUBURBHHBRHBROBER RS
## Linc filcs: rlinc.024

Interval degree %

0---3 R1.0IRS19%
3= 6 12962963 %
6-- 9 4.166667%

912 0.462963 %

12 - 15 0.462963 %
15---18 0.462963 %
18 --- 21  0.000000 %
21 ---24  0.000000 %
24 ---27 0.462963 %
27 ---30  0.000000 %
30 --- 33 0.000000 %
33 --=- 36 0.000000 %
36 ~-- 39 . 0.000000 %
39 --- 42  0.000000 %
42 ---45  0.000000 %
45 --- 48 0.000000 %
48 --- 51  0.000000 %
51 =54 0.000000 %
54 --= 57 0.000000 %
57 --- 60 0.000000 %
60 --- 63 0.000000 %
63 --- 66 0.000000 %
06 =69  0.000000 %
69 --- 72 0.000000 %
72 ---75  0.000000 %
75 ---78  0.000000 %
78 --- 81  0.000000 %
81 --- 84  0.000000 %
84 --- 87  0.000000 %
87 ---90  0.000000 %

### Average angle of slope degree 2. 104869

##t Av. length of bottom part with ang. from 010 3 degree 1794.699669 m
## Av. Iengih of bottom part with ang. frotm 3 to 6 degree 330.886036 m

## Av. length of bottom part with ang. from 6 to 9 degree 281.863426 m

## Av. length of bottom part with ang. from 9 1o 12 degree 232.667961 m
## Av. length of bottom part with ang. from 12 1o 15 degree 259.565906 m
## Av. length of bottom part with ang. from 15 to 18 degree 259.627444 m
## Av. length of bottom part with ang. from 24 1o 27 degree 247.700570 m

### Avcrage veritical difference 60.344828 m
### Avcrage horizontal difference 5.470046 extr/10km
### Average depth 4946.875576 m

### Length of lines 51150.282406 m
HAHRBHR R HHHAHH BB HHURH SRR HH S R SRR R R Y
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2. Area (B)

HHHIHBHBRUBRIRUR IR ERBHBREHUNT RS HGBRIBUHHBUARBHUEOHAH IR B
## Linc files: rlinc.038

Interval degree %

0 -

3 42424242 %

3= 6 17.676768 %

6 -

9 10.101010 %

9--12 7.070707 %
12---15 9.090909 %
i5---18 3.030303 %
18 ---21 4.040404 %
21 ---24  2.020202 %
24 ---27 1.515152%
27 ---30 1.515152%
30 --- 33 0.000000 %
33 -36 1010101 %
36 --- 39 . 0.000000 %
39 ---42 0.505051 %
42 --- 45  0.000000 %
45 --- 48 0.000000 %
48 --- 51 0.000000 %
51 ---54 0.000000 %
54 --- 57 0.000000 %
57 --- 60 0.000000 %
60 - 63 0.000000 %
63 --- 66  0.000000 %
66 --- 69  0.000000 %
69 --- 72 0.000000 %
72 === 75 0.000000 %
75 ---78  0.000000 %
78 --- 81  0.000000 %
81 --- 84 0.000000 %
84 --- 87  0.000000 %,
87 --- 90  0.000000 %

### Average angle of stope degree 7.007518

## Av.
## Av.
## Av.
#1 Av.
## Av.
## Av.
#H# Av.
## Av.
## Av.
## Av.
## Av.
## Av.

length of bottom part with ang,
length of bottom part with ang.
Iength of bottom part with ang.
length of bottom part with ang,
length of bottom part with ang,
length of bottom pant with ang.
length of bottom part with ang.
tength of bottom part with ang.
length of bottom part with ang.
length of bottiom part with ang.
length of bottom part with ang.
length of bottom part with ang,.

from 01to 3 degree 548.829396 m

from 3 to 6 dcgree 284.164781 m

from 610 9dcgreec 311.945134 m

from 910 12 degree 265.325713 m
from {2 to IS degree 295.493844 m
from 15 to 18 degree 305.226620 m
from 18 to 21 degree 215987117 m
from 21 10 24 degree 218.924655 m
from 24 t0 27 degree 262.719230 m
from 27 to 30 degree 214.020731 m
from 33 10 36 degree 265.209928 m
from 39 to 42 degree 270.524771 m

### Average veritical difference 98.807018 m

### Avcrage horizontal difference 11.139860 exts/10km
#H## Average depth 4620.502513 m

### Length of lincs 45513.753632 m
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3. Area (C)

UHHBIHHIRTRIN U URUBRAERENHBURUBR R ONENTHN R BEBRHHBHEI R #
## Linc filcs: rlinc.032

Interval degree ™ %

Q-3 79746835 %
3--- 6 16455696 %
6---9 3.797468 %

9 -—- 12 0.000000 %
12 =15 0.000000 %
15 --- 18 0.000000 %
18 --- 21  0.000000 %
21 -« 24  0.000000 %
24 ---27  0.000000 %
27 ---30  0.000000 %
30 --- 33 0.000000 %
33 --- 36 0.000000 %
36 --- 39 . 0.000000 Y%
39 --- 42 0.000000 %
42 --- 45 0.000000 %
45 -—- 48 0.000000 %
48 --- 51 0.000000 %
51 --- 54 0.000000 %
54 --- 57 0.000000 %
57 --- 60 0.000000 %
60 --- 63 0.000000 %
63 --- 66 0.000000 %
66 --- 69 0.000000 %
69 --- 72 0.000000 %
72 --- 75 0.000000 %
75 --- 78 0.000000 %
78 --- 81  0.000000 %
81 --- 84  0.000000 %
84 --- 87  0.000000 %
87 ---90  0.000000 %

### Average angic of slope degree 1.462800

## Av. length of bottom part with ang. from 0 to 3 degrec 774.374787 m
## Av. length of bottom part with ang. from 3 10 6 degree 205.174468 m
## Av. Iength of bottom pant with ang. from 6 to 9 degree 179.439481 m
##t# Average veritical difference 18464286 m

#H# Average horizontal difference 7.421384 exti/10km

### Avcrage depth 4940459119 m

### Length of lines 28047.344000 m
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