Defects Size Measurement of Underwater using the Estimation Algorithms of
CCD Camera Position
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SUMMARY

In this paper, a method of measuring the defect size of underwater and restructuring
the defect image is proposed based on the estimation algorithm of a camera orientation
which uses the declination angle of the line slit beam. To reconstruct the image, an
algorithm of estimating the horizontally inclined angle of CCD camera is presented.
From the result of a series of experiment of underwater shows that the measuring
accuracy of the defect is within 0.5%, 1.2% error bound of real defect size in the air
and underwater at the 30 degree of the horizontally inclined angle, respectively. Also,
the accuracy is deteriorates with the error rate of 1% for every 10 degree increase of
the horizontally inclined angle. The estimation error increases in the range of 30~50
degree due to the existence of dead zone of defect depth, and defect length can not be
measured due to the disappearance of image data above 70 degree. In case of under
water condition, the measuring accuracy is also influenced due to the changed field of
view of both the camera and the laser slit beam caused by the refraction rate in the
water. The proposed algorithm provides the accurate measurement of the defect lengths

of underwater only by using a single camera and a laser slit beam.



—_
X
i

(

S
>
ofo
2
)
re
il
o,
m

FA (spent fuel assembly)E H.#3sl3l & A=A L Az 2
’\]E W FHol vk Agzde YF R WA S ﬂﬁ]é}ﬂ %ﬁﬂ

B
rir
=
i

==

el
>O m“_‘ N

=
o
SRR e
o
2
iR
i
o
H
X
Ak
fm
_>,i
o
_ﬁ
r\r
ﬂE
0%
_OL
N
&3
!
¥
lo
=
il
>
N
>
&2
&
o
2

=2

o) o Ao Qg #HYl 24
Ugd vetve gue |94 a7l S48 oy JtvlgE A A=

Utk H =R =

WSk g b o omp m
o MM Rl oox o (m

offt
>
A

of

o

2

ne X
=
A
sl

1
o?‘j
;L
é
r
) >
e
'
)
N
A,
£ oo
o
N
Moy
RI/NYOY
N ‘Qj’ =
oY 2 B
E
oy
2
£ [o [

oX @
o
-
r (
>
olr
oX,
o
2
>
ol
8
v

=5 AE Fye CCD 7ideElet o w@a] #Ho]lx S A

gho]l AV|E 43R HHe 43 ar|E SA5H 40}04 TE
g ew, CCD Zid e dHo <3 WA 7](beam generator) &
st Fhelete] eEztE Wstel] uwhe) ©W A =79 oAt EAET

>
=
_~)
[U O
9

OL‘D
S
Ny
Y
_0|L
il

2d

it

ol
=5
g

HU 0_1_, ﬂllnl JE
-

o g
©

>~
=
&N
ol

3 73
daglEe A5 3o, EEd FHHE ¢

Agatgeh, Ee A FA9 FA FAol

—@%?LOHH_QJEéO?D
_0|L
b 2 2 =2

oA
H
lo
o W
oo [o
ol

oy &
ol
ofk

AL QA7 fa CCD 7hHleret #HolA s8] ZHE9 4 d
249 27 2 F4s dHete duEES Adsigu. Huded AN A9 A 7t
A MEES AAR STk () AN T4 52 FHUdy Hgolr 25449
SEHE E £9 99 dFor vig Sddn S5HA0 Y 9 #3FY T4 s34 b
ge] 54 ek wHon, AHAE SAS A 99 A A HEE AA 2= g
i AAAo® F3 SAHd vA e by HHd gid shete] 7o)zl Pz ot
Fig. 1ollA H= upef o] Hule] 2] T4 omR Y SS9 23 <399 FAe
5 HoFa low, shveet 3 SR = Hdd e 6, vHE e ZnEE 9y
< Fshal vk Fig. 4& 7hvekel €8] tﬁ;‘?igl = (Right section)oll FALE A& of
o] mafolrh. o7 L oA ghlgitA e 24 Aglolal, L= €3l Zol9



o L Ly= 7ieebs W 2o AAZ (g9 sidsts 6, v ole e we
Hell oiek F3R & FU7kA Ageln, Li= S8 " R oot Lo L=
=7

FAFAE HRe W, FHoR T2 | S Zo)(Lye] & edolA 7=l

o] <3 Aabzre] BAEY. Fig. 2914 6, = AAA (0 e 9FE Eorh wEhA
Hdol A Ael Ll 7ileke] 6,2 AMAA(G) &5 olFsta ¥ 475 §; b= s

Fowm ZEAE W E2NWY AAZA g% Hx ZolLso®  A=(6)7F

AL=BLg, 00=40,, (B ==) WF S7tdth Fig. 244 <308 S7kd 2ol

= Lgolth 7hvert 9502 6, wa olssta, W AV 0y wE Ve He W =
Qule] 71gola Zolo U@ % Tee) AYE L, Liztala, 2wl 71&eld o] A
5 Lgot 82 W =39 A e 62% thg- 7 o] et Fig. 2014 /el W
DA77 61 v ol T dE W HAFA 0ol A BEZA Y Agl= A1) 2
_ L
Ll_—61 (1)
COS )
L)
3
L.= L tan 6, (3)
L4: than 63 (4)

L,=L {(tan(3 0.+ _tan } (5)

LGZ(L4_ 5) (6)
g,= tan 1(%2) (7)

tan (93{005%—005(—5l 61)}
sin(—él 6,)

(8)

2 (8)& 33 taale o wigtowr mAs EslWdl 9% CCD FHvigle) fA7% 6,
2 2(9)9 2
50=a;(0,)"+ byo) + ci(6,) + d; (2 0°< ;K45 9
219) a, b, ¢, do] A5 #e 059 T BAE vk V)M A g Fig 39 9 W
gk gro] Hth
3}

gl

23 324 #
Fig. 494

R
A i

rﬂ
=
=i
olr
é
_>.i
)y
)
et
1o
(6]
Y
o
ofl
N
>,
1o
ol
@)
o
=
2
&
[
o2
o
B



FA A9 Clu, =2 vE (mapping 3] S °
CCD 2A47+9) A= e 1909 #AZEE o 2o A8 o8 4
xiE 9yl Zogy yi= ghvel AN 22 RS0 HE o]l ¥H, S,
¥ (Scale factor)”7} ®r}

o)
o
N
@)
o}
2
>
N
o
fri
1o
=3
r U

A= S4
At o 7]A
i 27

o v YT vt Atanb,
X = AT T dand, (10)
. Z)ZAB
Y v+ Atan 6,
u = S,(320— uy S, = L
- u iy w
(1D 640 (12)
v = S,(240—vp s = Ly
v 480
2.4 BSakeked W 3 HaHdte HAE 2A
A FHEA A AH A9 FHxe #= FHAEA (viewing coordinate)d] et 3k
ZFFow WitAY)= 48 A= W (viewing transformation)o] et =3t} A WHES ¢
A= 7] 7HgolA Y54l 7hver A wo] FYweroR #&etr] wiitd FhHete] ¢
H7Zke] Y=o W“ﬂ 3l Wk Fx olewt gtdETh A 13)~4 17MolA T+ #HARE olF

ol Ry Y= ﬂﬁé}—t— Zhioln, g olE o] Huh
= (fu /0 f2), T=(t.t,t) (13)
=(fx—t fo—ty, i t) = (v,0,0,) (14)
1000
T(—t, —t, —t,) = 8 (1) (i 8 (15)
0001

cos( ;) 0 sin(8,) 0

oy 0 1 0 0
R, (—6)) —sin(§,) 0 cos(6y) 0 o

0 0 0 1

%, 61 = ‘[Ell'li1 (Ux/Uz)
. q:Ry(61)STp an

ATl z 9ue 29e SA5] A9 FRE 29 3
Ag FASAT Fig. 5t AWAT A4 54 Ao sEEE Hepd ol 2o 4
o) BRE Fig 69 2ol ¥ 492 ddoR dgom, Fig 7¢ £F4% AE noz



=

.2 =M ARgE CCD 7}‘3113}(1%(35—3100) 7] ol sere]l =3 ’\]7#
Z

f
mlm

ZYE(field of view)T 27°9|A 48° Wololn, & &AM 203°9A4 356°9 AA 4=
zr=1t}, 7} g} 7}3}9] QAL 289042300 series) o3, HelEre] & F8EE= 4 AA
2 od vk & & &4 ol 60 m”}xl 7bsete, Zivere] FAE F7] FAAE

=
08 kg, & FAAMT 045 kg o|vh. el <A B3 ZHE(intensity) S ZtE Non-Gaussian

vkA el cylindrical optics® 271# ¢ A F

E3W(SNF Class IDS AH&39d. o
S A5 )k AAR, de] Wy S FEo] s Wa, dEeR AeE s¥AY] o
ol gl e A9 Az s AEs ARE JdE S gtk AR g90s uel 2o
57t B2 Gaussian FE 9] #lo] A9l CCDst AeH ol W a5 WA, oy

o A2 4 }7] 40}04 312 E¥ 9 FZ(intensity)E 713 29 £33 W (non-Gaussian
= A AL E(field of view angle)= 7 eEle]l 497zt

7] wii&ol Non-Gaussian # o)A <8 (SNF Class 1D
A ]‘O]—}J\E‘— 7%3]%‘ D, g9 &3] 4dolE L, AlA ZEE FOV i

_ -1
F.V.=2 Tan (72D ) (18)

2 Addd Algd W ZAVY AA AEE Fer] st H08)dd A &8s v
Non-Gaussian #l o)A £z AA ZFE(field of view)e 30°% AF=F At}

26 49 43

261 7ivEte] 4 A4 g o 2FgIT A

Fig. 82 7tughe] 7= Wate] whel g doto] digh o3} &34 A, aga a5
HEgon 3d 548 dodgdeln. e 242 Jhvielel o Fdd 23 d4dol 60°
HA Fflo] & o] FojAa ge & o, 807l A FEHEE A9 <&
& 7] el dAder Ao Erleda & g S a8y 29 AY JH
2 3 st Sad Maes 2 2959 duok sdd Zde] 244 add &
AL, Z4zbel ddeS AHE W #5 4 W 559 29 e = A wel
M dd 2 9o B3 2 a7)9 AR 9¥%s Fe Ae & ddd

2 A3 54 AR WMo #H9E 20 ecmollA 40 em Aol 7] wiiEel W EAT e T
o] 7t 37°= AFATE L o] fE 2 X*ﬂa] HA7F 20 cmoll A 40 ecm 221Y o] #o] A
8ol 640 x 480 sta(pixeD®] Hol W= Sole7] wZolvh webd Hud g 7}

<4
debel 2RzHgnel dF 37 DA AF e A 199
(91:dz((92) +bz(§2) ‘I‘Cz(ﬁz)‘l‘dz (]1—/_}'632:370) (19)

a=10.00209, b= =0.07999, c=2.28365, d=+2.49634 [-%-5"(-), A= (+)]

Fig. 10, 11& #9999 28 2% 27|& SAS da=A vt 3 7o] 50° o]y
ANA Hit 048 %2 A&l LAHM, 60° o] FolA Hit 2 %9 oA FUHES HoAFL
Atk 2Elal 307 ~50° kA= B e Ao G A A9 dEFS Tol HdAY &
25 M8 vda S0 FUte o, 70° ol el M= P4 HolH e dF Adw s



4 oAE st
7)9)

==

=

-

ke
il

of A% A7lel o

3
5}

)

)
A

a1 9

Q
A

S

o~
T

o)
=

s}k
=T

4 Ao vl

=

==

Aol EIl=

27]¢)

=

==

hg

<

of 2% 27]9

Ll

B
o
‘Xﬂ

il
At
ofF

gzn

o

——
o

gk
=2

d9 FEe 7ne W

A
=

B2 A2t

e}

74

L 1200 x W 600 x H 600 mm¢®] A}

R
1

F9 A7)

o~
T

3l

714

)

=3

J
7} 30° o]l

Rl

1.52(5 ¢
A

F7h A = 9l

A

225° %

), No

[e]

g

[}

(20)
2D

A
At

43 %9
o)

719 =
)

Q
A

31 A

WAy 7] o] gk (wave length)

o~
T

1)
o 48° ol FF o= 36.6° =

o ¥l

7hgo] HAHJ. 7|2t £5 $HA

[e]

=

R

1

7

[e]

AAZE (20,
Hee @

< Ng=1.003(

=43 AN AZHfield of view angle)
of AHEH

=

€]

=

[e]
=
A
[s}

o

A

4

=

[e]

g

[e]

g

1A,

0

T 06 %9

1o

o)
=
]

4
1)

A
e HolF o, 50° o] FoM= H

Fheete] Al A ZEe] th7] 5 e

=

O\———
L
.

il

=

N, sin 4,
9] 580 nmolA 2 WA =

2]

o 2
A

=
=
2

=

o] h ol A

to A A webA, Fig. 99 3] 580 nme] #3& zZe =
1.33(
7}s

3|
)
=3
=

€]

1

N, sin 8,=N, sin 8,

N, sin 8,

P~

=

=l
), Ne

o

27}
o] A AZH field of view)ol ™

670 nmoe| A% ZHH FAL 530 nmol W

&
Bt 1.2 %9

4

=

[e]

[ B o i I =) TR )

o] 714
=

o]

2(9)¢] Tl 2HA
Aaes] w79

ol A

]
9

A

%0
7o

ol

g gloj A, 2H#e Fivlet

R
1

ey
)
=

et
o

(e}
sy

A e 7HA

R

Aol E7l=

]_

S

=

oh el Fhv e

]

A A oF

[e]

°]

o]
=

v
tel 29 =719

gl o9

o]

R

1

1

o)
1!

!
vbE 913 (fteration)

S

H

3} 3

I
ot

Z
o] 30° olellA W7l FL2 05 %, FE< 1.2 %9 2k

A

Z
1

=

=
37)

SRR

3

t7]

o]

J

[e]

uf

dek. whebA, #le)A A CCD 7hvlele)

]
e

\

A, 60° o] %

L
T 9%
o]

al

[e]

=



T AT VRS e A LA3F SokekE 992 F R adE 5 v A
s A

= 2d&d 4TS A= 399 AAZ ga#iA 2 Ao Abgd W EA7] 9
#2670 nmo) A e, 1 ® 9L 580 nmell t3k FASS aEs gy wWEQ Aow AL
FEY F AR AL T gk AlAZe] di7]Fel= Hdl 48° ol ol A= 3567
T asty] Wil 718 2% SAERY eAF FkHY] wEelv. dx T gl A
doll holA Fivlekel calRle]l AlAZte] A dojo] g 54 Qxafel] FFFE HA= A
= o g AN, FFolM e g S8 e AAE o] &% JhHete] sHA4E F4 &
aelwe] A8 2 Y e Fote F A 2] S WS AAEAH
References

[11 Stephen Tetlow and John Spours, "Three-dimentional Measurement of Underwater
Work Sites using Structured Laser Light”, Meas. Sci. Technol. Vol. 10, pp.
1162-1167, 1999,

[2] Nobuhiri Tsunashima, Hirosada Miyaoka, Kazuo Nakazawz and Masato Nakajima,
"Detection of Front Obstacle of the Vehicle using Stereo Images”, T.IEE Japan,
Vol. 118-C, No. 5 pp. 743-748, 1998,

[3] Kuntal Sengupta and Liyanage C. DeSilva, "A New Depth Cue Based Algorithem
for Backgroung-Foreground Segmentation”, SPIE Vol. 3653, pp. 1305-1314, 1999.

[4] Woontack Woo and Antonio Ortega, "Modified Overlapped Block Disparity
Compensation for Stereo Image Coding”, SPIE Vol. 3653, pp. 570-581, 1999.

[5] N. C. Krieger "Automatic localization of Electron Backscattering Pattern Bands
from Hough Transform”, Materials Science and Technology Vol. 12, October pp.
837-843, 1996.

61 R. S. Petty, M. Robinson and J. P. O. Evans, "3D Measurement using Rotating
Line-scan Sensors”, Meas. Sci. Technol. Vol. 9, pp. 339-346, 1998.

[71 Toshiyuki Takatsuji, Atsushi Kirita and Tomizo Kurosawa, "A Simple Instrument
for Measuring Edge Angles using a Light  Sectioning Method”, Meas. Sci
Technol. Vol. 9, pp. 782-786, 1997.

[8] Yan Xu, ChangSheng Xu, Yingli Tian, SongDe Ma and ManLi- Luo, "3-D Face
Image Acqusition and Reconstruction System”, Technology Conference 1998.
(http//lg.or.co.kr).

[91 Witold Czajewski and Andrzej Sluzek, “Development of a Laser Based Vision
System for an Underwater Vehicle”, ISIE’'99-Bled, Slovenia, pp. 173-177, 1999.

[10] Andre Morin, Michel Arsenault, Merv H. Edgecombe and Ernst Radloff, "Real-time
Mounting of Icebraker Propeller Blades Ice Load using Underwater Laser Ranging
System”, SPIE Vol. 3640, pp. 206-216, 1999.

[11] Dae-Gyu Kim and Won-Seok Chang, "A Study on a 3-D Profile meter using
Dynamic Shape Reconstruction with Adaptive Pattern Clustering of the
Line-Shaped Laser Light”, IEEE Tencon, pp. 1371-1374, 1999.



Beam |

|
! generatar

; \ ry
‘ -

i

Field of view

Camera

Slit beam

—

F

Fig. 1 Orientations of a slit beam generator Fig. 2 Relationship of 81,82 to fa.
and a camera against the wall.

¥

45

The angle of _—42 X
the beam generator, . q,

40

°

37°

\

35

_——132

30

_—27°

25

——122

20

—17

15

——12

10

The right slope angle of
the slit beam on the wall

5 —

B
0 20 40 60 80
The right horizontal angle of %Za

the camera againt the wall ,q,°

defect

3D of View

Fig. 3 Trend of @2 according to the Fig. 4 Coordinate system of camera model.
variation of @1 with the parameter
8 3 fixed.

Color
Analog

l -
Fig. 5 Schematics of the Fig. 6 Defect shape. Fig. 7 Experimental set up
system for wall defect

measurement



|

Biray

Afterrotion

Fig.

Round defect length, mm

Fig.

Round defect length, mm

8 Image reconstruction for round shape
defects viewed at right section with

various angles( 8 1).

Real defect size
Defect size on the applied algorithm

0 20 40 60 80
Degree variation on the right section, °

10 Result of length estimation of
round defect in the position
tracking algorithm of the camera
right angle.

Real defect size
Defect size in the water

0 20 40 60 80
Degree variation on the right section, °

Fig. 12 Result of length estimation of

round shape defect in the water
of the camera right angle.

Round defect length, mm

Fig.

Round defect length, mm

/ beam generator

cylinderical cover
air

glass

refracted beam

water

Fig. 9 Field of view of the projected
beam in the water.

Real defect size
Defect size on the applied algorithm

0 20 40 60 80
Degree variation on the left section, °

11 Result of length estimation of
round defect in the position
tracking algorithm of the camera
left angle.

Real defect size
Defect size in the water

0 20 40 60 80
Degree variation on the left section, °

Fig.13 Result of length estimation of

round shape defect in the water of
the camera left angle.



	분과별 논제 및 발표자

