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Three-Dimensional Measurement of Underwater Objects in a Rectangular Vessel by Using Bi-Path Stereoscopy

Hirotoshi IBE, Yuichi KOBAYASHI, Toru KANEKO and Atsushi YAMASHITA

It is important to measure shape of objects in a transparent vessel for 3D digital preservation of underwater creatures. We
propose a measurement method using a bi-path stereoscopic image of the objects acquired with a monocular camera via
rectangular vessel planes. The method estimates the posture of rectangular planes based on bundle adjustment considering

light refraction, and measures the 3D shape of underwater objects using ray tracing. Experimental results demonstrated

the effectiveness of the proposed method.
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Fig.1 Bi-path Stereoscopy via Rectangular Vessel
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Fig.4 Outside Plane and Inside Plane
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Fig.5 Detection of Borderline

% v F A& DKk EHADOE R 3 IR TIRA 21T S .

3.2 BRERmY

I 5 R 4 OO TEL A TR U L2 Y U 7= DB B R 7 L A il
Mo EATOBFEERME TS, APETIIE 1 DL S0
IEREALTWARERENSE L, YHOMmE e L
THIK L, ZodubfEBisttiie LThitt 35, B 5 i8R
A O JLELBFE R R T

A ALE Y U CHS S I B E L N1 ST I T 4 LRI
S HFHHEEEHL, Wi EOBAENLEAOFIE & BEED
A XREETD. B 5) ICHS U 2SR RIR A 5 L A i
BUZRTMEE 2 e L 7= D& RT.

SEATERH O 72812, Canny © T v DRl 2 2 HWT
Ty UL, BiliXhizoy Yh S Hough 288 ' % v
THEMEEEZMET 5. M50 ok Loy % 5(b) 12,
Hough Z5H1z X b fliHh U 7= B4 & [ 5(c) 12RT.

Hough Z8#12 & b fili i U 7= i RUE IR B 7E B S S
BETOREHEE p), & HHROACEEEILHEL LME g, 12
FWXEINE, ZhEaAQEZRTEMNATIA R e, BLT
by OMUIZLATOREFANTERT 5,

as = —tan @y (5)

bs = pn (cos By, — assindy) ©)

BIAEMIIRESAICHDEDEREL, |cosly| > &, EiliT:
THEME FITROEMRE LT YIAD, &b, & ETHo
ERZ DAL D OMIETH 5.

ZIZT, T A FTRIGERE L 2 ROBBOH & EH
L, i &z mimieh o Eiri e il 3 5. EigkE» 5358
THEMEINL, FOEBNTIA =R E ag BET by & T
5. AHUZERRE RO EREED S Bl & 2 S EAREHLD

BB I HR:E/Journal of the Japan Society for Precision Engineering Vol81, No.12. 2015 1095



EHBRIRAT VT [CLDEHLFBEPOKRPYED 3 Xtstal

(a) Feature Points

(b) Matched Points

Fig.6 Detection Process of Corresponding Points
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Fig.15 Generated Corresponding Points
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Tablel Estimated Errors by Error of a

Errorof a, deg | e deg | Oordeg | prge mm | pire mm
-1.00 -18.0 0.842 0.00 0.00
-0.50 -1.93 0.122 0.00 0.00
-0.10 -1.55 -0.0523 0.00 0.00

0.10 1.56 0.973 0.00 0.00

0.50 8.44 0.997 0.00 0.00

1.00 19.7 3.13 0.00 0.00
Table2 Estimated Errors by Error of b,

Error of by pixel | ¢er deg | Oep deg | prge mm | ppr. mm
-50.0 -0.667 -2.97 0.00 0.00
-25.0 -0.408 -1.45 0.00 0.00
-10.0 -0.193 -0.581 0.00 0.00

10.0 0.262 0.594 0.00 0.00
25.0 0.796 1.50 0.00 0.00
50.0 1.69 2.88 0.00 0.00

Table3 Estimated Errors by Errors of Corresponding Points

O er pixel Standard Deviation (SD) of ¢..,- deg | SD of 8., deg
1.00 0.511 0.200
2.00 1.52 0.712
3.00 2.30 1.22
4.00 1.92 1.09
5.00 5.20 1.72

AR AT RS OHEERIEE & DOBIRMEE MGEL 7=,

YEialb—YarvTiR, AASORSA—-4% f, =
1700pixel, f, = 1700pixel, C, = 940pixel B LU C, =
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e, HAROME LS E AT —)L%E p, = 440mm, %3
NI A—LR% ¢ = 1.62deg, 0 = 38.0deg & L, BiftEft%
as = 0.001745 (0.1deg), bs = 880pixel £ LTa#&@E L. &
S L UFETI O R RIS A U R AWz, B
1512 10 MloSEE Y I ab—Y a yTERL LB E R
T, 8B, YIal—YarTERENIGONIGRIZEERRY
LOETH. FELBIRESROM & R U 7 G s o
Ny RV & D BB R AT o 7oA RIE ¢ = 1.62deg B &
U0 = 38.0deg 72D, A7 —IVHEEDFRIE pry = 440mm
B L prr = 440mm &7 Y, PEEFIEIC L O E AR OMEE
BEEUSHEETEDZ LR L. UL, ISHEHRDSH
U IR RS, WIS E & AT — U I W B A8 O b
EAUCIXERENGENA I EAF AN, TN OMAEMNESA
T ON RS OFERIZE X 2R E MR T 2080 H 5.

R1BEICR2ITHEE M A BERBEMMD T X — & a,, b,
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L7z as DFEIT ¢ DFEETHEL, b, OFAEFNIZOD
MEIZEET A Z R E NN, EELE AL OfE
ISR A SN o7, £z, as 1 1deg KilfD b T
MAETHBBOBBIIRELWET I b,
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EHBRIRAT VT [CLDEHLFBEPOKRPYED 3 Xtstal

Tabled4 Estimation Errors by Errors of Edgeline of Plane Q

Errorof ag deg | pige mm | Errorof by pixel | pige mm
-1.00 13.6 -50.0 54.9
-0.5 6.72 -25.0 263
-0.1 1.33 -10.0 10.3
0.1 -1.33 10.0 -9.93
0.5 -6.58 25.0 -24.2
1.0 -13.0 50.0 -46.7

Table5 Estimated Errors by Errors of Edgeline of Plane R

Errorof a,. deg | pire mm | Errorof b, pixel Prre MM
-1.00 -16.7 -50.0 -60.4
-0.5 -8.46 -25.0 -31.4
-0.1 -1.71 -10.0 -12.9
0.1 1.72 10.0 133
0.5 8.66 25.0 34.1
1.0 17.5 50.0 71.4

(b) Pattern B

(c) Pattern C (d) Pattern D

Fig.16 Acquired Images for Evaluations

Fig.18 Chess Pattern Image

Fig.17 Detected Corner Points

Table6 Results of Estimation of Rectangular Vessel

Pattern A | Pattern B | Pattern C | Pattern D
¢ deg 1.41 1.17 1.29 1.28
6 deg 439 436 43.8 439
pr mm 460.7 459.6 460.3 460.8
Prq mm 390.4 394.5 392.0 390.2
Per MM 531:1 524.7 528.5 531.3
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X 11% 720
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mm 3 30 75 mm -5:55 11220
(a) Bird's-eye View (b) Top View
Fig.19 Reconstruction of Cuboid Object
Table7 Evaluation of Measurement Accuracy
Pattern A | Pattern B | Pattern C | Pattern D
[he MM 11.9 11.9 11.8 11.9
[thp MM 10.5 9.23 9.33 9.2
oy MM 9.20 10.5 10.5 10.5
fyb MM 10.4 10.3 10.4 10.3

4.2 FEEFHRER
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HEBRIEH OGN Sh e UTH W, NS o ki
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ENTHY, B8O I3 5deg DETHE X niz. £7, #iE
ENFAT = p 1L 20mm BBIEDEDD Y, pg & pir D
iz 140mm FEDENH D Z L MRS N, BEICEDE
SN/ BB L UBIFERRR D o A7 — L EHEE L 728551,
pr = 440.4mm (pyq = 449.4mm, py = 431.4mm) &7 -o7z.
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Fig.20 Underwater Object
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(b) Bird's-eye View

Fig.21 Reconstruction of Underwater Object
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