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1 2 3 4
urzal) - HASY - okmed - ofxf7|”

Park, Kyeong Sik - Jung, Sung Heuk - An, Jeong Ook - Lee, Jae Kee

Abstract

Presently many constructions establish in underwater, but approaching to underwater constructions are
difficult, for comparing with ground, underwater environment is different in media. Usually measurement
methods for underwater constructions are using tapes, using depth gauges, using acoustic positioning systems.
But, tapes are hard to measure the correct distance, for applying a right tension is not easy in underwater.
Depth gauges have a weakness in settling, for it takes long time to do it. Acoustic positioning systems don’t
work well in confined spaces and cost a lot. Hence, the purpose of this study is, at first, to understand rays
path in multimedia like water, glass and air. The second thing is to perform a camera calibration at the field
to compare with the interior orientation parameter. And the third thing is to find out whether photogrammetry
is applied for underwater object in using cube for accuracy examination. The last thing is to perform underwater
photogrammetry about underwater object, which is pier model and riverbed. We came to the conclusion through
this experiment that the applying underwater photogrammerty for underwater constructions and underwater
ground is possible.
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H 1. Index of refraction by yellow ray

Media Index of Refraction
Air 1.0002926
CO 1.00045

Polystyrene 1.59

Glass 1.5~1.7

Water 1.33

17 Zejdeoisha Fsta+3], 1997).

2.2 #EH=0| 7|5kt

371500 R FAL A=) 2HAY(f= T8
H(cardinal point)®] fIx]o &Jaf A==, H(nodal
point)+ = (principal point)& LX|5}1, FFI)REE
9] TasF4l(paraxial ray) FHO2HE fo] Aol
4Z(optical axis) 9]¢l YZ|SH= ZA(focal point)e] 5=
BAHZAT 5, 2002).
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Hojx|=htel o] Fale FATCEN FE & YUtk

Foe] qFE R, 5 A2 4ER YA
SEFAZ AR Fyof sk v, Az £
& mRiola] Qapel Waliz Azt 2ol BE Yol I
stk Ao Ao 7 EE FWH(principal plane)-2 A}
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Air Image Space
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Principal Plane

33! 1. Second principal plane

- 402 -



Water Object Space

Air Image Space

S —

vy o 7
7 k\ms:

Principal Plane

T3 2. First principal plane

e FAe A= Falof 93] FolxITkH. M. Karara,

f=PF [ =PF, 1)

1 n_(W—mn) (=1 dl—n)-1)

7F m T + nor @
A71A, n2 B2l S-AA S 0/ HRY FHA|S o]

3,y A2 R W v =
o, dio dl=o] Sy

HE(N,N)E o olif 2H oz wenr] gtou &
o] B2 8ol wjd Zog AR ok 241} &
A Aol Azl 4] (3)at 2.

WA we) wgol

mp =L yp ey )

3. =37t 4%
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O3 3. Olympus 3040Z

%! 4. Water housing for Olympus3040Z

H 2. Test case

Case Equipment Media
Casel Olympus3040Z Air
Olympus 3040Z

Water Housing

Olympus3040Z
Water Housing

Case2 Air

Case3 Water

*1 &‘XS 2G5t B X(Casel)eF 30407 Fl|ets 422 5}

off ol tf7iFollA] EGst H-X(Case2)2} 30407 7}
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Casel, Case2, Case3olAQ] 24 A= & 33} Zol
¥z} 7.6224mm¢e} 7.6496mmi}t 10.2247mmtk $£3A}
ZofM e} thikE-] F2lo] Y 59F Zol E9f Z4d 9
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uje} ZkS 7} cMark R Shortis, 1998).
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Uz} ge| FUBL WA, B Aol AL A}
o} AA A3} oF 1.33663u2 AAH=|cHH. M. Karara,
1989 ; Chester C Slama, 1988).

Hj&E2 o R HE| o] X (chief ray)& e W T
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rzi

4 @3ozye P AuE AT 4 Uk E,
I 3. Calibration resuit (unit ;: mm)
Casel Case2 Case3
Focal Length 7.6224 7.6496 10.2247
Format Size 7.4239%5.5649 | 7.4580%5.5896 | 7.4504x5.5896
Principal Point | 3.7579%2.7050 | 3.7784x2.7186 | 3.7690x2.7638
Radial | Ki | 4.431e-003 4.377-003 8.710¢-004
Distortion | K, | -5.624¢-005 -5.864¢-005 -7.777¢-005
Decentering | P1 | -2.158¢-005 | -3.083e005 | -2.876e-005
Distortion | p, | 1.096¢-005 1.941¢-005 2.280e-004
Object Virtual Plane Focal
Plane Plane
NN, " i
VoA -1 1y liss
i ;I\‘E\,\\\\\
NN Ty
i
L]
™y g3

T2 5. Alteration of focal length in underwater

gt A A7} E 59} 2k
p2 pt
p3 p4
4
p5
Y p6
X
p7 p8
% 6. Position of edge points
H# 4. The residual error (unit : mm)
Edge Casel Case2 Case3
PIP2 -0.0122 -0.0511 -0.1043
P2P3 -0.1529 -0.1279 0.0372
P3P4 0.0983 0.0357 -0.1053
P4P1 -0.0918 -0.0841 0.014
P5P6 -0.0353 -0.0938 0.0346
P6P7 -0.1841 -0.1203 0.0242
P7P8 -0.0233 -0.1045 -0.0643
P8P5 -0.0732 -0.0251 0.0481
P1PS -0.3780 -0.3495 0.1137
P2P6 -0.2604 -0.3484 *0.1802
P3P7 0.1460 0.0773 -0.5419
P4P8 0.0729 0.1207 -0.1986
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H 5. RMSE of case test (unit : mm) AXsHc) R HEe wdisly] $5]  dgoly
E dxf ZHPCE exportdlo] CADOA A AAF

Condition RMSE XYZ
Casel 0.170555238 oz I8 103 22 ZHE A3tk
Case2 0.172208726 TZFZE0 WS AEst ATl AkERe] slERL zhzb
Case3 0.193126106
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2| 7. Installation of strip targets JJE! 10. 3D model of pier
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117,52

%8 11. A top view

163,91
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2! 12. A front view
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2! 13. A side view
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% 17. 3D View of underwater coverage
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