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Abstract

The 3D Particle Tracking Velocimetry(PTV) offers a flexible technique
for the determination of structural motion. In the past decade the
research work determinate the structure motion by contact type
measurement system. But contact type measurement system contains a
basic error by contact equipment. In this paper, we measured motion of
circular cylinder type structure using PTV measurement system against
the traditional measurement system. And we decided that PTV method is
suitable for detection of structural motion through the comparison.

And the results show that each experimental value are good agreement.
But theoretical value are bad agreement with experimental value except
heave motion. This disagreement was caused by coupled motion of pitch

and surge motion.
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Fig. 2.2 Relationship between S and Sp
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AIV

m

00V, = ¥o) [ (X Xp)dA = pg(X,~ X)) (7, v,) [ a4
Ay Ay

Cy= Gy , G3= Gy, Gu= (G

C.= pgV(Zy— Z5) + pg | (X—X.)dA
AW

~2pg (X, ~ Xg) [ (X Xe)dd + pgl(X,— X7 [ aA
AW AW
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LA HtEHR 9% 7+ J(PSD: semiconductor position sensitive
detector) & AF&3tE B X ASd*](light spot position detector)E ©] &3
X, Yake] 9% BERE de=vh ol A AISH dHeolEl = Fig.2.2¢] ®Helwier
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(GX, GY)& Tate] 24 REW ¢589s 78 & vk

—1 )/;_ yl
PITCH : 6 = tan (2.40)
Xo— x
SURGE : x» = X,— (Y¥;Xsinf) (2.41)
HEAVE : y = Y,— (Y, xcos0) (2.42)

Fig. 2.3 The coordinate system of
conventional method
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7t Fhlete] AL AE Fely] Sld) olw La e AuHEg (X, Y, Z)
B ARFZER (z; y)o dal BT F G 2] (2.45),(2.46)3 o] %
A g ),

F=c o - — (z—Az)=0 (2.45)
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X,= S =E it m, (2.49)
Y;n_ A Ay t+ mu
) C
Y
Z = d—t

Y. |= M, lﬁé Y}: My | Y,|= BlY, (2.50)

olm2 X, Y, Zd ¥ Aeshd,
X= Bll ‘X;n + BIZ Ym B Bl3Zm (251)

s, s
(Bn - + B, c_y - B13) t+ (Bu m,+ B12my+ B13d)

T Yy

Y= B, X, t B,Y, + ByZ, (2.52)
Sy Su
B, - + By, c_ — By|t+ (321 m,+ Bz2my+ BQ3d)
x Y
Z= By X, 6+ B,Y + By,7Z, (2.53)

S, 5,
(Bglc—+ By~ BSB)tJr (Byy m,+ Byym,+ Byd)

x y
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T,= v— Az,s,= y— Ayrt =59, Fdate] 9x (X, ¥, Z4)&

X,= Bymx+ B,my+ Byd (2.54)
Yo= Bymx+ B,ymy+ Byd

Zy= Byymx+ By,my+ Bjd

o ZRE 7} el o AeEA( X, ¥, Z)3 949 BN Ak

==
T & qow, shtbe] gl HE F o ol s
& FHe) 2AL olg3te] T k.
= Fig.2.6914 ¢} o] gk Ak Pl diell Z2be] Fhv|el=

P(X, Y, Z)= Plat+ X, ayt+ Y, ayt+ %) (2.55)

oF 2

flo

A9 WG Rk S ool Fhet e e A

1+ 0 0 71

A(X, Y, Z)= Alapt+ by apt+ by ajgt+ byy) (2.56)

B(X, Y, Z)= Blayt+ by ayt+ by ayt+ by)

9 2. o ¥ Adel g AeAN S AAE t, st T 2.

- (2.57)
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oa= a0yt Q09T G130,
= ay <b11 - b21)+ Qo <b12 - b22)_ a3 (613 - b23)

X= Qg (bll - 1’21)+ Q9o <b12 - b22)_ CL23(blz - b23)

22578 olgdt] ¢, s 7} TaAE AX, Y, Z), BX,Y,Z)7} A%
go] Atk o714 e 9, P(X, Y, 2)= vy 2

5 (] [
Yp|= 5 Yl+ | Y5 (2.58)
Zp Zy Zp,

72 Aol dial 9Ash 2e HHE AW G et Averzrel st shel

33 ANE AT 5 A Aok

Fig.2.4 Rotation by X, Y and Z axis
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(X ¥.Z) 2

Fig.2.5 Relations between absolute and camera's
coordinate system.

Ed .

X

Fig.2.6 Definition of 3-D particle position

_26_



2.3.3 94

o) W o
o o mm L S )
go ~ . o ol ”zr% HE oo T > ) —_ 1r
W %A LN T T o L © = o E B
~5 j ;OE ﬂo 0o = SN s © —_ il
\Mﬂ OE o [49] ;%l . S,L nmE N ,A“(é\ o M EL o
a] <0 4 (W\ oy = x lz% on
© g op B puw B T x
ﬂ_—\ﬂ ‘O| \w-‘_ 1ﬂ“ ox ﬂ o ‘_mﬁ HA_.O ﬂA_.O
— s .
o W T o 2 g P OE o B %
g T oy E ) e 5T o F
LG X : W ot
=~ e F % o m B &) ®
~ e —~ B = o
G © = % ° o <
oE m C = Oy T B
S m R X o W | T 2w
Poowl PR i o - . S > @
~ o o file) (7 o ) K < R
o< TN 2y BB : o il = 8y
T W T = ow o ¥ o =
T L ;
N 11L_|| m,ﬁ r oY i i Bo = ~
s N & g °F ° = Foa M
w o W e = 8 = — o) mo
"% - B2 <y X W B M
< G = T = W — R
A5 £ 2 M ;M L) ol — ° co ™ > T
I oy GO B 7 o )
2 o 2o N WM i T OO
o X ~ o o ) <0 = m 2 S o 0 Sy B
RO EETEN O%%ﬂ M o 5 = 7 8 G S e
— X ! 0 T EO ~ EO )
T oo W ME om T ¥ s s o oo T N o
< = R oy LN X e < 2 9o ° X
AMﬂsz oo oo oo X o~°S OF S wwo 9 B
0 . .
LN g T = o T - = | oo S ET
o _IM = W T W_m oo ox T I _ . 1‘m| W
TNk ® Fr s ¥ z = : I NORW
™ o0 . OE Q..#O < ﬂvm.L < M &E ™N S~ xb Ulw - xb yo — T ‘_W \I/a
oA 5 o xa.,
o

- 27 -



el

o)
L

(2.62)
(2,63)
(2.64)

Ho) g}, vy,

(x cos 0+ ysin ) S+ T,
(—zcos 0+ ysin ) §, ,

= (5; cos 0) z+ (5; sin 0) y+ T,
by x,+ b, y,+ b

x(ll
Ya
T, = AT 4 YT
Ya

o A= PTV

S H B
A B E

%

)

%k

T H7F

i

O

e

fuy

o)

sfof =

K

=
T

el
Hr

beel )

N

o]
A

B
7ol

g

el
Hr

.vOﬁ
—~
o

oL

T

fuy

(2,65)
(2.67)

Omm A

= Z

S

_28_

SR}

S

=

=

Ly
Yy
Zp

|

712 gtk A

°

gy Ggy 1

Q1 Q9 Qg3
Qg1 Qoo Qo

2k
=

Q1 Gpp Op3

Qg1 Qoo Qo
gy Ggy 1

A

o
T

==

T

A —
xa
Ya

]

o



*
T ayy Ty Ay Yy 4Oy

T,= = (2.68)
~ Qg Tyt gy Y+ 1
* T+ Y, L a

y= y_*: Qo1 Ty 22 Yy + Qo3 (2.69)
Z a3 Tyt ag Y+ 1

o2
ox
o
Iy
=5
=

ooz, Y, s WS

8 )

r&%

ak

o2
ox
Lo
5
Bl

a’ya:

2749 Mg PAA T A (Realst #HA(PixeDFHES] LS A A
ol

g71e] MARAE WH A= AxAsHoR Pah Ten Gl 75

A owge 483w wsn ARt 4% AL A9 dgdA Tahe 97

o E AelA: v Malo] AT Fe] Fmel vl el HAE w7
]

]
o ks W el A B Bilinear Interpolation)S # k3T
Fig.2.8 < 7tMgle] XA QAE o] 838l Z}zt Camera#l ¥} Camera#2=
Hrol=9l JAkS o)%, Bl AlE B BAS AH G Hojx= AH

A Aol

A

R H’:’:ﬁii

Lo

=T | \k Pl
e 52 =l
= G K
// \“*\\
Image viewed by camera | Image viewed by camera 2.

Fig.2.7 Images of each camera for a regular
square

_29_



Calribralor

(Wa:y Wm}

CCD Camera #1 CQCD Camera #2.
e, S
I——qp_.ﬂ |
@ 11T [ &/
] -—
,._-—np-dli transformation{Watoing
y
B :
| 1.
¥
Calibrator image afler Caalibrator mage alber
transtormation ransformation
= 3 . P
T | 7777 |
|
R i
B Sarme mage
| %&mm PR it ﬂ

k“b—lmﬁu:;{e ares lost In Warping

Fig.2.8 Transformation between pixel and real coordinate planes
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0.9913 kgfo]tt.
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Gl

0.60929 Kgf/mm©]

%
a

, 271

Table 3.1 Principal Dimensions & Particulars of Models

oz

X
g

. . . Model
Designation Unit ]
(classic spar)
Length overall L m 0.11450
Breadth B m 0.11450
Draft T m 0.53368
Displacement A m’ 0.00550
Center of VCG m 0.28500
Gravity LCG L 0.28500
Center of V(B m 0.26700
Buoyancy LCB m 0.26700
Metercentric GM m 0.01940
height GM . " 0.01940
Ixx Kg - m? 0.01999
Mass moment of ) 0.01999
Inertia Lyy Kg-m i
1., Kg - m” 0.00074
Cas 10.29680
Coefficient of
] Cu 0.10650
Restoring Force
Css 0.10650
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Fig. 3.2 Configuration of Model Installation (Longitudinal
section)
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Fig. 3.3 Configuration of Model
Installation (Transverse section)
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Fig.3.4 Calibration procedure of traditional
detecting method
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Fig.3.5 Calibration procedure of
LED moving
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3.3.1.2 #3373 (PSD)

71 ASW 93 FxE S5 ASER)(PSD)e AF%S Table 3.2, Fig3.63%

gl w7y AE A ARSE A ek Zotof P

7
AAR AR AFEA

23, LEDS} 7Hg73=] Aol 9]
= g e} Fx2Eo F&H LEDE HoFal

Fig.3.7% 3.8
3.

Table 3.2 Specification of PSD

Specification

Semiconductor position
Sensor o
sensitive detector(PSD)

Effective Photocathode size 10mm x 10mm

Sampling frequency internal mode 300Hz (Standard)

Recommended measurement light 4~ 8
volume Level of light volume(X)

Fig.3.6 Semiconductor position sensitive

detector
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Fig.3.7 The real Image of LED and SPAR

Fig. 3.8 The real image of conventional method
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Fig. 3.9 Configuration of Model

Installation

3.3.2.1 PTV AZ9H ¢ Calibration

Fig.3.129] v 29 Camera
image(Fig.3.129] sthE F

mapping3t oV A& HoFal Q)
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Fig.3.10 Picture of Calibrator

300
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X

Fig.3.11 Virtual image for camera calibration
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Fig.3.12 Process transformation between pixel and real

coordinate calibrator
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3.3.2.2 PTVE& 7hdgt

PTV Al5Hel 98t +x2&E 54540 (Camera 1 &2) A% Table 3.3,
Fig3.11%} #t}

Fig.3.12¢} 3.132 AAE A% Camera 1&2¢9 FFE] ¥ 2F Particles
HojFal vk

Table 3.3 Specification of Camera 1&2

Specification
Model FASTCAM-X 1280PCI
1280 x 1024 mega—pixel sesolution
CCD
up to 500 fps
Shutter speed Electronic shutter to 7.8us
Records speed Up to 16,000 fps

Fig.3.13 High Speed camera and image board
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Fig.3.14 The real image of PTV Particle
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Fig.3.15 The real image of PTV method
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Fig.4.2 Wave Exciting Force and Moment from Haskind Relation
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Fig.4.3 Predicted Surge Response of SPAR
Fig.4.4 Predicted Heave Response of SPAR
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Fig.4.5 Predicted Pitch Response of SPAR
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Fig.4.6 Detecting data of LED motion
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Fig.4.7 Analyzed data of LED motion
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Fig.4.11 The Image of Camera 1 at Time 1

Fig.4.12 The Image of Camera 2 at Time 1
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Fig.4.13 The Image of Camera 1 at Time 2

Fig.4.14 The Image of Camera 2 at Time 2

_50_



Fig.4.15 Numbering of Points
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Fig.4.16 Detecting motion of X direction
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