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An Analysis of Accuracy for Submarine Topographic
Information by Interpolation Method
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ABSTRACT: Three-dimensional information of submarine topography was acquired by assembling DGPS and Echo Sounder, which is mainly
used in the marine survey. However, the features of submarine topography, derived according to mechanical data, were confirmed using human
eyes. Because the dredging capacity using a submarine surveying data influences harbor public affairs, analysis and the process method of
surveying data is a very special element in construction costs. In this study, information on submarine topography is acquired by assembling
DGPS and Echo Sounder. Moreover, the dredging capacity in harbor public affairs has been analyzed by the interpolation method: inverse
distance to a power, kriging, minimum curvature, nearest neighbor, and radial basis function. Also, utilization of DGPS and Echo Sounder
method in calculation of the dredging capacity have been confirmed by comparing and analyzing the dredging capacity and the actual oneas per
each interpolation. According to this comparison result, in the case of applying Radial basis function interpolation and Kriging, 3.94 % and
4.61 % of error rates have been shown, respectively. In the case of the study for application of the proper interpolationas per characteristics of
submarine topography, is preceded in calculation of the dredging capacity relevant to harbor public affairs, it is expected that more speedy and

correct calculation for the dredging capacity can be made.
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2.1 DGPS =9 0|2

Yo zrEe BPNTE 17 [29] WEHE FAUFeR
A Ae F low, L1 wEvhE AZES PAER HEHW,
[2 wke PREWOR Wzdt. #4018 AEe A4AAL
SA(Offset), 4171 A1A FA(Offset), 8487t FHehe
AelZold tFdoA Axe] Aoz Qg A7kl SA Fell
oJai Fewrt DojxA Bk 8AIA L FA71 AAIS] FA
2 PR U 2 L AX AN 7 ok
A Yt 222 AFHE GPsY EE AAEA Aulad
SPSE SA7} 9l AElelA 30~50m H=] AR exE &
A7, SA7F AEFduolE & 100me] AXHHLAE &
AAZTE 28y gFd SEEoN 27 HE AXNPRES
2 Al & Q7] diEd oEd BAANE 28] HsiA
DGPS(Differential global positioning system) 7*do] 7H:&= 3]
th. Fig. 1914 BE 3o} Zo] DGPS 71 olv| €3 sle 7]
Agel ARE o4l 2AS Hulg FAN o837 AR
x|sAAloltt. DGPSE 71Xl 71€5§ GPS 4718
ARG T YA BEs 2 YA orbAY BAGE T8t
1, o] BAZE o183 olFTE GPS 41719 AASHL
A5 7hdshe $IXs1471¥olth. DGPS 71M& ©8-31 SPse]
AARFEE 100melA 10m vlgre s A F3AE F o
AAZE DGPSQ A% 71ETe BAGE FHLE o)FF &
Aste] A ANE BATR F NS AT FA2(Post
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st AXE I

DGPS 71 A8E BASE Wy me 372 e
F ok R HA WYL FFd AAE 23 e VIEH
o GPS 41718 AXsn 71E= 4A A% #xd
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o)t} 7|E=23 o] gAke YU ALES A=l 3
o, 7|1&F3 o]&A Alole] Ayt oA FAle] AH
7153k 9AE9 X AYx A& (Positional dilution of
precision : PDOP)o] AXA Hi RAARS FELE ¥
otk F WA WHe 71EFH F4 7Hsd ZE GPS 9
Asd dF AR E BFstn riAE EAYARE ©f
£A0A Ak etk NEFAAME ZE A4 o
& SAlAE BARE ol &AENA ATIL oA = 7]
FaoA HEF AAR RAARE o83t ol 8AH9
Age 95 AN £ Ak A HA PP 7ETA
RE 9459 JAAY BARES GPS AN 4T F
B, e AgFHE Afshe BHelth o] 8 b
A(Pseudo-satellite)?] BAPAEE GPs A4 IPAHE}
Zo] Azsta IS FIch o] WEL 7MY Aol
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He e ey B dpdie A bAYYEer 549
o] AASAAEE GS3ATHeIAS, 2001).
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Fig. 1 Differental GPS
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2.3.3 RBF(Radial basis function) &7

RBF 27332 4857 29Fe] d3oz AFso] &Y
3 285 voE 749 9F 4B ¥guE 2o I &
o2 FAE EFo|7] yiol, £3d FHo] Wygsiy 7|&
AZAgo] g&dug]Eoe s A3 Gradiant descent$} T
HEEAo|3 AR AQ) dugd diile] J33S ARRE
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Fig. 2 RBF neural network
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A7IM, h(2H9%F wHe 843 §9T RBFETE, ¢
HHREY FAE, we =S vt} RBF W77l
A B35 TR ARSSHE he B4 ¢ oA BojdSE wx
Z7h v gx2Ase 5AS Zde 55 ARSth o9}
& RBR:E+ Gaussian function, Multiquadratic function,
Cauchy function 5°| It RBEE ¢; 9} Y=k A9 &
Zaz 7§8tdl 2A4S Fa ok welr, dukHo s RBEs
he A7t 0d Ao Hdighe 2A "o 7AARE s
B FA ;o x; ol ZE o o] FE 109 #%E A=
e, ¢, 9k 2,9 #kel Rpolrt AN A ASE
0ol 7W7HE & AFESH Brh(EHdE 5, 2002).
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2.3.4 Z|AZ[E(Minimum curvature) H7HH

HraEHe T ske 99 Y wolg 1 FH
MR A, & 80 A He He 71EeE A
Y, B 7P 7P 1 F9e] F39) gole] HHOE BN
& B3l $3he WHolth Fig 300A Zpe Zc& JIEFgS
2 SAWMNZatZb)/2 & AT TEE 24 34749 4

o] HaZER e ol HishA "ot E£F tE HIMd
o vl A7 Siqtelle o8 + AHAZHE T, 19%).

2.3.5 Z22I(Nearest neighbor) =21
HATY Hibge Q=g 32 sHM R Alel e
71E 549] e AER AR sagoez FHske g 1
s WAoo g, & (12)9 2 BAZ A3
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o714,
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Fig. 3 Interpolation by the minimum curvature method
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55 HAANIA ge Aol UAT Fde] nEA RIn
7V 7Vrtol e 71E SAE FE] "R 9% savt
o W FEI= Commissioniﬂ}g} 3l AlAAl He
Commission&3}7} Uebd = e @do] AchAF4, 2002).

3. 3XH SiNMA[H ==

3.1 TECHAR|S 2 BET|

2agUe Ay BERE g2 Z4FANE §a Qe A

g8 A2 HAS, GPSeF Echo sounder 23] ¢J3l 3
A AN EE -‘d‘—ﬁf}?\iq 3AAAX AR HIA=E Fol

71 98t 7|EAEE AARSES AABEeH, Fg 42
AEWFAG S YER L »1‘:]'

BEFGH Aol ZEe SAFRES N GPSe 7
TS AR ZABSS A E8&E JEHS &
A stden, 5719 AR =g 4 S5
E Ao A #=FH|= GPS, BEcho sounderE AME-314
o DGPS 99 7IEH 33 B3I GPS FAVE

JAVADALS] GPS F21718 ARSI eH, o] FAl7le LL2
QA Z=¢ PRE B 9T S FAE 5 Aok Anle
B3-S Fig 59 2oH, AYe Table 191 VEALE 282
Echo sounder= OdomAle] AHlolw GPS$F o] #3lstd] 3
AARARE S B=3HTE Echo sounder?] E&3 AQe

Fig. 67} Table 20 JEhiATh

Fig. 5 Shape of GPS receiver
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Table 1 Specifications of GPS receiver

Characteristics Receiver Antenna
Type Legacy(JAVAD) LegAnt
. 40 L1 channels
Tracking 20 11/12 channel
annels
channel
© GPS/GLONASS
L1/12 C/A and P-code and
Si tracked
ignals tracke fer phase
Static 3mm+Ippm
Accuracy  Rapid static 5mm+1ppm
kinematic ~ 10mm+1.5ppm

Fig. 6 Echo sounder

Table 2 Specifications of echo sounder

Specifications
Type

Features remark

Single beam

Frequency agile 24, 30, 40, 200, 210, 340 kHz

Resolution 0.1 ft or 0.01 meters
200kHz
Icm 0.1% of depth value
Accuracy
33kHz

10cm 0.1% of depth value

3.2 DGPS 7|=Xz=

B #ZolA GPse] 71EH 32 98l ARG ol AX)
H A 2R3 ARAHE9E 713FeR2 AREY
(StaticHo 2 FA8rh Epoch 122 5xo|9, 2A1ZH5<t
238k 1 A FEAZFZEAAA 2AE AHE o
£819ct. 2 2= Table 3 9} z2on, GPsdl| A&EHe
WGS84 A E 55 4P e rIFEez HIdsign)

7148 4o AFEE S/Wre TOPCONAA AZH Pinnacle
S ARESt 71481 & AR T 3H(4309, 2422y 11
Foz 3l BZAPS AN} Fg 7 GPS 71EH &%
o) AHEE AAH2A309)9 E5elH, Fig. 8 7R
AR715H9] GPS &9 2ot

Fig. 8 Control point of DGPS

Table 3 Adjusted coordinates of TM (Grid, Zone Krea)

Point Coordinates
name  Northing(m) East(m) Height(m)
1 178765.5362 206094.8237 29273
2 178801.0834 206061.4079 21115
309 179821.0906 211051.9436 2246000
422 184236.8096 207407.7806 427.6300

3.3 3AHAGHAXIH 2=

2 d7olA 339 AAAFBFAA Y JPE v He
gl M o) Altlole e} FAvlolEl g Al&3tn FEshA
As7198 32 DGPset Halg 834 7|(Echo sounder)S
ol-83te A} FHL AR FAIYIL, o9 FAl
tolgE AFE 2xEOl/t AFste HHE =t &34
A FASFA AHEHE AAHCEE S0cm W& F3
g3 A, DGPSE AlEIE olste] AUEE AFsnz
&3 AFA 0] Pttt FHSHE 20m HFow A
dEA o 4443204m'E IR LRE wteh ZFAE 93
gto] 3L AAsATh #5352 1Y A=) /e Tt
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A Y Y BES sl A4S WiE FUgeR 2% -
st stk A WA BEE 9812719 AESS ASHAY E
3, 870 Fo] F WA FFolMe 64201709 ARE HASS 2.5
o ARg vlm BN & Q) SAT FASFIN A5E | 8D
ABES 2UEHS TN FPFA0R deidd 1 8 |
gk Table 47 Table 581 2t} _ e
Fig. 9% 4% o] 83t DGPS$ Echo sounder 2ol £ O§‘§§§§§§§§§§§§E§E§§§E§E
o 917 2 54 25k Bae YT 3l Fg 10 PesicfcsEsEiiiocerries
ime
& Juhie) 483 AS}E ZH5E olch ¥ DGPS A=
S /A4S E o 62870, PDOPL 25402 ¥5# 9%  Fg 12 PDOP of DGPS
PREE BXx gler, Fg 113 Fig 122 7983
PDOPE Uel i) Table 4 Result of observation (First)
No X Y Y4
1 204925.39 78900.95 11.80
2 204925.52 178901.12 1177
3 204925.70 178901.35 11.76
4 204925.89 178901.60 1176
5 204926.05 178901.81 11.74
6 204926.24 178902.05 1175
7 204926.55 178902.45 11.79
49806 204852.33 179189.16 13.80
49807 204851.53 179188.10 13.69
49808 204850.74 179187.06 13.82
49809 204849.64 179185.64 1420
49810 204848.59 179184.30 1414
49811 204847.67 179183.27 1410
49812 204846.79 179182.32 14.06
Table 4 Result of observation (Second)
No X Y Z
1 204847.82 179168.01 14.90
2 204848.02 179168.76 15.01
3 204848.22 179169.51 1510
4 204848 42 17917046 1516
: 5 204848.62 179171.58 15.26
L e 6 204848.72 179172.46 15.35
i eSS 7 204848.79 17917335 1548
Fig. 10 Observation DGPS & Echo sounder (Interior) 8 204848.85 179174.29 1549
9 204848.92 179175.46 15.35
10 204849.00 179176.65 1534
10 . . .
9 . - .
8
7 64192 205743.21 178799.86 15.63
> g 64193 205743.57 178800.37 15.55
w
at e e ] 64194 205743.94 178800.89 1552
g:_v . o . ] 64195 205744.42 178801.56 1545
1 64196 205744.85 178802.15 1548
Og%gggggggggggggaggggggg 64197 205745.32 178802.82 1547
o w7s7 e 153
T 64199 205746.16 178803.99 15.28
64200 205746.62 178804.63 15.35
Fig. 11 Satellite visibility 64201 205746.98 178805.13 1543
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4. 3312 R B

A BFUHe] GPS9 Echo sounder Xl
o3t SFAR Y9 F49 3xH doJEE 5. A
HAl #3A) AS5E ARES A FHeE vl 4=
Fig. 13 ©]1, ¥ WA= Fig. 14 ek ol2igt Z2H2
H5E ARES o8 7HA H7HE ARSH] 3Ake SR
AY 2de Ao, A" HIVIME  Inverse
distance to a power, Kngmg, Radial basis function,
Minimum curvature, Natural neighbor®] 57F4] Ezb 7ol
o ol BIHE B5E T ol BZEE o83t
AAAF g BANHUT matA HHo) AAAY F
2 9ot 5" volHE ®it s/Well HEAA 23}
a3tk ZHzhe] R A A ] Ws g2 Table 59 vet
Wa, 1 APYEEE Fg 13904 Fig. 179 2th

Fig. 15 Result of inverse distance power

. 759

T T A L

Fig. 17 Result of radial basis function

Fig. 19 The result of nearest neighbor

Table 5 Result of volume by the interpolation method

Interpolation First Second Difference
method volume (m’) volume (m’)  volume(m)
Inverse distance
4,485,786 4,111,798 373,988
power
Kriging 4,928,399 4,153,068 775,331
Radial basis function 4,904,311 4,123,574 780,737
Minimum curvature 4,508,983 3,416,335 1,092,648
Nearest neighbor 4,511,840 4,005,792 506,048

42 HEz2A
£ a7H 24 3 5o 3RS wEskn 3y AR
Hzh 7PES Al 39 SiAAY RS PAsgon,
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AHHE AHE AFHoz nu BA598 A 2L4% A

E GG O 4% 812,794m' o]t}

HZE71Hel wet AHEd AR A distd 2 FF
TE B3I A 4% vustg o, Table 62 B
77t A A Fge] 2elE HoFT Qo Bz e
2} AA E-ABI 461%~53.99%2] Q&L Holn glon,
FerEFEANEA ) el oF 5%HEo|A dEd Fgow #A
gith weEbd B ATl AREE BRUAVIHES AEES

B9 Fig. 205 o] Radial basis function, Kriging7]®2

3.94%4.61%% Vel FHErF 5 7PYoletn dd o
92, Minimum -curvature, Nearest neighbor, Inverse
distance power & 34.43%, 37.74%, 53.99%Z EAF o] vl
F EFY o vEigten siAAPENAAE AeA
2% Zeoz wddn o3 ¢ 37HA JHELS AHI
ol ARt E A=rt 45 AR AFHAT, A7)
2ol JHZe W& AFPRMejA A LAEC] XF¥HT
AZtEn, agEg & dFdAe fAAE &4 Al B3
7132 Radial basis function®]# Kriging'l$ AH&3ete A
o] gelAolzta HA

B d7olA AAAF et FEA717] A B

Table 6 Error ratio by the interpolation method

Interpolation method Residual (mr) ri(l;?‘;)
Inverse distance power 438,806 53.99
Kriging 37,463 4.61
Radjial basis function 32,058 3.94
Minimum curvature 279,853 3443
Nearest neighbor 306,746 37.74
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Fig. 20 Error ratio by the interpolation method
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