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The Analysis of Accuracy for Submarine Topographic
Information by Interpolation Method

Jong Min, Park

Department of Civil Engineering, Graduate School of [ndustry,
Pukyong National University

ABSTRACT

Three dimensional information of submarine topography acquired by
assembling GPS and Echo Sounder which mainly used in the marine
survey. However, it is difficult that feature of submarine topography
according to mechanical data was confirmed using human eyes.
Because dredging capacity using submarine surveying data influence in
harbor public affair, analysis and process method of surveying data is
very special element in construction cost.

In this study, information of submarine topography acquired by
assembling GPS and Echo Sounder. Moreover, the dredging capacity in
harbor public affair has been calculated by interpolation method ;
Inverse distance to a power, Kriging, Minimum curvature, Natural
neighbor, Nearest neighbor, Polynomial regression, Radial basis
function, Triangulation with Linear interpolation, Moving average, Data
metric. Also, utilization of GPS and Echo Sounder method in calculation
of the dredging capacity have been confirmed by comparing and
analyzing the dredging capacity and the actual one as per each
interpolation. According to this comparison result, in case of applying

data metric interpolation, some 1.89% of error rate has been shown as



difference of the contents is 15364 m' and in case of applying radial
basis function interpolation and moving average interpolation, 3.9% and
4.4% of error rates have respectively shown. In case the study for
application of the proper interpolation as per characteristics of
submarine topography, is preceded in calculation of the dredging
capacity relevant to harbor public affair, it is expected that more

speedy and correct calculation for the dredging capacity can be made.

Keyword : GPS, Echo Sounder, submarine topography, interpolation
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312 a3 +A4

B Ao Abgd #=3u]E GPS, Echo sounder, Total stationg Al

R

i
N

stA. GPS E9¢ 71&3d FHd €a% GPS 217 JAVADALY

GPS Al715 Abgskelern, of 47 LI/L2 C/A =% PAE 3

e S FAE A Al Bae <ad 32>9 #ow, Al

<1¥ 32> GPS FAl71e] d4

<3 31> GPS F21719 A

Characteristics Receiver Antenna
Type Legacy(JAVAD) LegAnt
Tracking 40 L1 channels
Channel 20 L1/L2 channels GPS/GLONASS
Signe .
. ignals L1/L2 C/A and P-code and Carrier phase
lFracked
Horizontal
Static 3mm+ 1ppm (XD) for dual frequency
Accur Rapid static 5mm+ 1lppm (XD) fo Single frequency
ceuracy kinematic  10mm+ 1.5ppm (XD) for dual frequency
RTK (H)  10mm+ 1.5ppm (XD) for dual frequency
(V)  20mm+ 1.5ppm (XD) for dual frequency
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32 71+d 2 GPS AAH 54

321 GPS 714 Ax

2 Aol GPS F9o 2a3 I EAE AR vIedd A

ted e JEe Aste Adskach AW, AdsEoRs gF 9
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>
>
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Lo
et

5 g0 tsd Hom LYERFA Ad JFRoZ A
go] SR s, FHMOZRY BE o4 AAE FuT F o
= Ao dugad. B4, A8 AAE wd T u, AANE) g

Fow At AA, GPS F9o Hag Holnz Jhedt Ayt o

712d S Ha dHAG Hol 2AE A4y FH422)3 AR

(309)8 71Hd o7 AXZY(static)y o2 A3}t Epoch 7H2 & 530
o, 2A]7HEot EASE Y. 2 Ade FEXIHEAAA AlE HAHE

ol g&tvt. 1 A <3 3.2>9F #ow GPSell 4&HE WGS84 #Hx
o FRARS 1FOR @ HAEolnh
71 el ALg-E S/W TOPCONAF A A5 ¥ Pinnacles AF&-3}<

Z1da s & AN TE T OH(A309, A422)% AR e WERA

o

ANt HxAE 7)) 25 <2y 33> B £ ok <
FAAHA309)8 Bgoln, <19 35>
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<

I 032> A A o3 24d ag= #FRx e WGESS4F R
Point s TE9d WGS84
name| Northing East Height Latitude Longitude | Height
1 |178765.5362 | 206094.8237 | 29273 135°%6 28648287 [129°4 0294091 " | 2.9273
2 178801.0834 | 206061.4079 21115  .35°6 20802477 |120°4 701622347 | 2.1115
309 |179821.0906 | 211051.9436 | 224.6000 [35°7 (274852 " |120°7 " 1873472 " | 224.6000
422 1184236.8096 | 207407.7306 | 427.6300 12&5"9'%.15294 " 1129°4 496187 7 | 427.6300
Latitude [y
35°09°00M
3505 00N -
N
35°07'00N 0
——
Mv”ﬂ
1 1
129°05'00E 12%9°06'00E 12%°07'00E Longitude

<1y 33> 71" A A
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322 AAH AA

GPS¢} Echo Sounder ol o3 siAHe] Ady} FHEFS A48
71918 HANAE AL GPSY FHHE ol &35t AAEA =) o
HE Y] A4 GPSe ZY71del wet g AuEz AEsA 59
weld GPS9F Echo Sounder Z3boll 93t sl APSo] oA
GPSE 99 Agxg HAAE 7|3l dasttt 4% GPS F92 @54
2709 NNEHAN T/SE o]&38te 5709 F7HH @AbHol M A8ty
GPS HH 9% A2 BAsidet. @zhe) 2709 71&d 3} 5709 A4t
HE SAT7EEY g AT E2E e x5

B ool FAZHe] 71 7| Ro] Hi sfAtel e YxdolE g
Aol s A&stan AgstA #8798 49 RTK-GPS9F #a)&
o8& 7)(Echo sounder)& o] &3l 9)x9} 4L AANoz =5
i, ol FAlN dHeolHE e AZTEY7L AgstE WE-S Hslo]

ZASIT. FAFZA A E= A olE = 50cm oW E A s 3l
3}

denga Q.
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<19 36> GPS/Echo sounder Z3ell ojsk MdBle] S9uF

GPSSE Bcho Sounder 2@l % shAdsl AFZgolA w917
% 24a7) 98 27he) GPS 1FWF o8 olgstel 54 EHE 4
Asglom, A% FA5Fe] kA GPS AAAH AAEE T/Sel o)

AAg AAE I v@Edch <28 37>3 <29 38> T/So 9% 7]
FHol GPS F94& vwg BEgFolth <1y 37> Ao waATx
9ol fjAs AArFolH, ojufe] FPAd G = 97], PDOPS 098322
ol YANAH HAELEE AFI <2y 38> FATERE Yo 43X
" 71EAdA GPS FA-d % vlastd o, ojue] JpAf e Sl

%5 S wol 67, PDOPE 25647 siA Rt X124 Agwr}t
Ho]AE & F vt wEbd GPS9 Echo Sounder Z§oll 28k 924
Alel= 1449 ThAIAd ol E2 sldellA SRR FEo XA A&

©E 9 F Yt ez nad.

Lo
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<19 37> AR TEES ) AAE AAAT GPS BEge vl
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A GPS¢ Echo Sounder Z%He] &3t GPSY

qotee 9400 9

e PDOPL.®E H7s £ 9o, <18 39>9 <129 310> =94
o) 7k 7HF<F PDOP #tg vhebdch
7MI "I/H l
10
s 8
™
of 6
0
oF 4
= 2
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0
VD QO O N VO O L O VN OV OO L&
.q,@q/ r§.>'b(. &‘59.6\?@&\69@6? %&v \\P‘Q b@qf@v \qu f?/\f}f‘og. 'V. @‘Q. @q/
7T OT Y 9T 9T 9 97 97 9 9,07,0 ,0,07,0 .
Al ZE
<19 39> 7hA91A 9
GPS=9/Al2 PDOP
3.5
3
2.5
3 p)
Q 1.5
1
0.5
0
A%Q ‘{OQ @Q < .(}0 S b@ Q/Q {og Q/ (og q/@ (,DQ ,—LQ
¥R Y T YT Y %'% @,@,\Q,\Q,\Q QO
Al 2H

<718 3.10> GPS =9 4¢ PDOP
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41> 2

i

4 34

A} 4 b o]

2

No X #AX Y 2% S 54 z=4 AT
1 | 20484782 | 179168.01 | 1855 3.65 14.90
2 | 204848.02 | 179168.76 | 18.66 3.65 15.01
3 | 20484822 | 179169.51 18.75 3.65 15.10
4 | 20484842 | 179170.46 | 1881 3.65 15.16
5 | 20484862 | 179171.58 | 1891 3.65 15.26
6 | 204848.72 | 179172.46 | 19.00 3.65 15.35
7 | 20484879 | 179173.35 | 19.13 3.65 15.48
8 | 204848.85 | 179174.29 | 19.16 3.67 15.49
9 | 20484892 | 17917546 | 19.02 3.67 15.35
10 | 204849.00 | 179176.65 | 19.01 3.67 15.34
11| 204849.08 | 179177.56 | 18.85 3.67 15.18
12 | 204849.17 | 17917853 | 18.77 3.67 15.10
13 | 204849.30 | 179179.69 | 18.74 3.67 15.07
14 | 204849.46 | 179180.93 | 18.69 3.68 15.01
15 | 204849.63 | 179182.09 | 18.64 3.68 14.96
16 | 204849.77 | 179183.05 | 18.75 3.68 15.07
17 | 204849.94 | 179184.13 | 18.91 3.68 15.23
18 | 204850.19 | 17918543 | 18.95 3.68 15.27
19 | 20485045 | 179186.67 | 18.91 3.68 15.23
20 | 204850.77 | 179187.74 | 18.90 3.68 15.22
21 | 204851.06 | 179188.68 | 18.96 3.68 15.28
22 | 204851.49 | 179189.84 | 19.04 3.70 15.34
23 | 204851.97 | 179191.06 | 19.01 3.70 15.31
24 | 204852.44 | 179192.13 | 18.95 3.70 15.25
25 | 204852.95 | 179193.20 | 1891 3.70 15.21
26 | 204853.40 | 179194.13 | 18.92 3.70 15.22
27 | 204853.95 | 179195.14 | 19.05 3.70 15.35
28 | 204854.50 | 179196.14 | 19.27 3.70 15.57
29 | 204855.19 | 179197.30 | 19.32 3.70 15.62
30 | 204856.02 | 179198.64 | 19.44 3.70 15.74
31 | 204858.02 | 179201.61 | 20.19 3.70 16.49
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2 AFol M GPS echo sounderg ©]&3dto] Adg E@iE
1/2,4009] FAHAHLEE At 20 m A FHAE AAR

FAEE FAAor, <ad 4225 A4 F4ES e,

2004.03.22) - A4t
S=1:2400

) PR 1427 14g, 1, te7 (2 152 154 152 154 134 135 158 156 158

5 :
) TR ;\qu 167 136 141 43 W7 IZJ 1z

e e BINMEA 154 158 154 158 166 165 167

e *\4‘&'\'“ e v g e 150 T80 152 138 154 133 155 155 134
IGF 65 B2 MU CME.1ED JEY 14 M4 2 l ‘1. 23]
[RR. - - Sp—— 158 152 162 152 162 154 154 {53 153

s 1%1“ (1=} 15&““ 1. Wllll ILF

% . 152 153 164 153 1627 153 163 163 1564
WE A M R4z 1T e 1

(O URTUN ] 140 148 (04 144 U2 A 152 157 163 183 161 1564 165 163 153

<I¥ 4.2> A FA =
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42 329 AAAFLE

2 dFddA 854 delHE oy 7HA] BA7IHS AHEste] 3k 8
HAAY 2dg FAAstHow, AMEHE RV Inverse distance to a
power, Kriging, Minimum curvature, Natural neighbor, Nearest
neighbor, Polynomial regression, Radial basis function, Triangulation
with Linear interpolation, Moving average, Data metric 2] 107}#] =3+
7ol ol gt BV E AFS T3 LA BHF;S ol &dte] &
o] daEl 99 WA FAHA &S WEgE HGrbste AAeld. wet
A HAY MR FE2E Slete] FA5E dHolHE B S/Wol A&
7 wdst sl <219 43

345 AAAE wAe e,

e

V
!
A
q
sl
N

12>8 1074 B3k & o] &3
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<713 4.3> Inverse distance to a power HIF7] & o] 83k 33}

AAAY 2

@ 379 AAY 2



<28 45> Minimum curvature B 7H7| 1 & o] 83 334 A A H

N

<718 46> Natural neighbor B7H71H & o] &3 324 fAXE =24
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<198 47> Nearest neighbor H7H7]|H & o] €3k 329 fAAE 2

<19 4.8> Polynomial regression B.7F7] RS o] &3 33 A A&

SR

_44_



208800 205800 205400 208200 W0EC00  OABO0

<719 49> Radial basis function B2 7F7]¥ S o] £3F 329 | AAE

wu

<71¥ 4.10> Triangulation with Linear interpolation ¥.7F7]¥ & o] &3

3 fAAE
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<718 412> Data metric BE7H71H S o] 83 349 AR E =g
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2
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A4 9 ES
o] 2} el g = A g4 7 A-1 T 2 A-2 Ztod
e

V1 V2 V1 V2 Vi V2 T

20031 7€ | n' | 158,808 27.981 |465,396| 77,139 | 142,740 | 29,482 | 896,495

20043 39| ' | 45,983 | 21.046 | 2.832 | 7.267 325 6,249 | 83,701
et n 812,794
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GPS/Echo Sounder %22 2Hgd 329 siAAFdelHE o8 7t
2 2Bz 7S ol gt AAE AAsAoH <H 4T F WY A
o 4 B7b 7gel wEk AEE AAHA APer AEd FA%S UEd
a3

<3E 43> B3 71Hd A4 2y gk

#4 A% A 24 A7 F A
:

(m')

cut(m) |cut=fill(m")| cut(m') |cut-fill(m")

Inverse distance to _
4,485,786 | 4,485,786 | 4.111,798 | 4,111,798 | 373,987
a power

Kriging 4,928,597 | 4,928,399 | 4.153,168 | 4,153,068 | 775,330

Minimum curvature | 4,508,983 | 4,508.983 | 3.549.360 | 3,416,335 | 1,092,647

Natural neighbor 1,299,167 | 1.299.167 | 1,115,346 | 1.115.346 | 183,821

Nearest neighbor | 4,511,840 | 4,511,840 | 4,005,792 | 4.005,792 | 506,047

Polynomial
3,500,313 | 3.367,245 | 2,935.2

o
|

. 2.935.102 | 432,142
regression

Radial basis

. 4,937,056 | 4,904,311 | 4,214,311 | 4,123,574 | 780,736
function

Tringulation with
. . . 1,389,934 | 1,389.934 | 1,219.628 | 1,219,628 | 170,305
Linear interpolation

Moving average 3,799,913 | 3,799,918 | 2,951,108 | 2,951,108 | 848,810

Data metrics 102,125,433 102,125,433 101,328,003 | 101,325,003 | 797,430
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Inverse distance to a power 438,806 54
Kriging 37.463 4.6
Minimum curvature 279,853 34
Natural neighbor 628,972 77
Nearest neighbor 306,746 38
Polynomial regression 330.652 47
Radial basis function 32,058 3.9
Tringulation with Linear
. ) 642,488 79
interpolation
Moving average 36,016 4.4
Data metrics 15,363 1.9
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