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Three-dimensional Shape Measurement for Underwater Objects Based on Bundle Adjustment

with Bi-path Stereoscopy via Rectangular Planes

Hirotoshi Ibe, Yuichi Kobayashi, Toru Kaneko, Shizuoka University,

and Atsushi Yamashita, the University of Tokyo
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.

1. Fi

AR, RS 7 BRI 7 E D 3 IRTTIR R E
ZEHT 2 L1k, HHRE L TCEFBEKICRETETDS 3 K
TLT A VHENT —HA TR ED TN D. T —
B A TACIEL TR PITE LI D ORI RITI > TWDH N,
KT SN BARST THE SN DB AOEA -
AR~ N KV IRTE SN A IRIREEAR 72 EOKRP iR %E T
—H A TAT D Z LT &0 MR E 5B ~DIG 2N
fEns.

EEEEHNE, AT EAWTAERE UICHRE L-ESg» S
KA Z IR TR 2 Z N T, ORI TE
%2 L INBIERD bR 2 RRIENRR ST 2 B 5
AT BEEERWEIR AT LA BN 2 5 LR
(L—HFEFF TV F) 2HAGET-REIN 2T L AiED
X, BRERFINARECHINEE A NREND R
SERE RO B LB L FHEICKRIE L TR LERH 5.

AL TIE, K (@R T E SRR 2RO A OB A m# L
W21 BOHATEANTKRTMEEZRETHZ LT, K 1(b)
IR TG HER A T UAEGER™SEOND 2 EICERT 5.
EA T L OBYCIKHIE R T LA EgIE, KPiE»L 0N
AKFPDERE, T L TRENLZER T~ HEREIOENE
L, EAEEAESRT S 2 SOFHENbFNLFNERT S =
L THATEGITB AL b D TH D, 8RB, ke
Ry bV 7%HBNE L, BEKEALIEDLI N ND TV
TR AT HRE LT, KEWIREFRT2 FEEREL
TW5.

AWFFETIE 1 BEOH AT EAWTHEHATR LICRE LI-E
FHEHIR A T U A B2 DK TR D 3 ok zFHd 5
FiEr R0,

HASER > SR FIRD 3 RIThLEE OB 2B E L T
FHAT D 01X, JEAEITT D B A O AL E EBE WA
F L7 %. Sedlazeck & Koch 1E®, 2 BDH A T2k 0 %D
B UICHRE L2 2T L A EiG Lok h ik ok o xt
FREMNSNY FAFEERWD Z LI2X Y, KIEBOFHR DN
BRBEHTET HFIEELBEL TS, ABFETIE, #0K
HIR AT UA B OSSN S, Ny Vi s O CE
TR OEBZHEE L, HEE L ZEBIER & A EOERE
BEsE U CHEAROMEEHEET 5. #HE S EARON
BERBIERZE VY, BEOELL L OEMEHET HEE O
JEITER A R & U OB 2 W CRKRSIIRD 3 IR
ZEHAIT 5.

2. EHAIFZE

RETFEOUHETIELK 2 \TRT. B A THNORKMFE T
A—H EHRNICKIE LT A T 2O CRBOBE AR LIC
KR O & ST 5.

A U 7= 50 & [EA O Aoy O AR (BERERR) &4l
H 5., BERERPSEATOMELRLZRETLHZ LT
HAMONENRY NMVOESERT A —A T A =4, H
A DOEBERTET D 2 DDEBEIRT A —FPRHNT A —

(a) HIRA 2 7T & DR
B4 1 A ik LBDERE IR A T LA

(b) AT LA

| EAEELEABEERT LIEEZORS |
——_—

[ HREROME ]
- =

[ AvELEERCEIEAEOEBEE |

[ )

[ ]

4

R —ILHEE

- =
KR D 3 RITRARETA

2 FHALELFIE

ZEieb.

EAHE O, BEOXIEE - ITRETIC L VAR S
hobol L, BEgLIZBOTAHADOELRITEATOREMRE LT
BRINDLOLRET S, EREROMPEREZX 3 (IR
T X 3@ TESREER S, K 3(b)IIRT =y V% Canny
D=y DEHEERWTHINT 5. =y U b AT BRI K
D EAREEZ R, 5OV EAREE S AT A L, AT
MO E U TEBEREREMHT 2. X 3t L5t
EA GERR) &FITR () &omd.

EAWICIE, ERERBVET LR EFes LK EDHET
LEENDHD. /NTA—XHEEIIRHEITOWTITY, HEET
RHEFITTHDE L, HaaDELEPEME L TREOHETE
SNTENRTGA—EZNBEEDI/INT A= EZRETD.

2T LA & K PR o [l — 55 & 5 S e S O &
B 7 L2 X80 SIFT 2 W CESHIH L, vk
IVIEE A FNT 2 DDERBRT A — X 2 HEET 5.

N RVIREE T, BEAIZOVWTH 4 IR X912k
BOEBHFE HREZIT). B AT DL RINET D IEFT L
MOHXIET BENTNO R EWDIEHRERD, [LEOEZA
FA—ZE 5 2T, AR NVOERE VK E TLRRGEER
L, ROFHUNEZRD D, RKOFHUMENS 7 = b~—0
FEMC X B EOFRESERD D, im s FRERD
THERD, RO TXTOT ORI TH 5 HEY



(a) BUfSHi{&

OES
43 SEfERROfIH

o ORI

—> RHRBH
> BRE
o XA
o BEEAR

O
Pyl BRERK
B4 3 FVERIE OLREEE L FRE

MREERMET D Z L TERNTA=F 2 #TET D, FbN
FoBBNT A =2 LEME KT D 2 DO GO
ENOAT—NNTG A= 5 RDD.

RZIT, EAmEZRERTS 2 o9 b0/ OmICkET
2 R ca R S LT, AT LAYy F UL DK
TR D 3 RIThiiE & FHIT 5 . SRIEFHI N O & H il 5,
B 5 (R TOEHUBIRC XV KT T OGO ALE & R 4 oK
D5, KFWIZET DIORRFHEL RO AT v 7 Tl
L, BREICIVEARD S 5 )7 OEISHIET 2 Big R
WTORKREZRD D, A RBEFRERRAOHBICHRE LT
HT SIS OB L 347 70> b R EE A2 OREHER T dh 2 SAD Z 5 H
L, SAD DfEM /N D RATRERL, £DL EDKPON
EaFAE LTRD 5.

3. XE

R 2128 X 1416pixel DA A T Z [\, H T AWOE K
TERDRIBNICHRE LTm—F h v ZADER 2 Kk s L
TEHAFEBR 21T > 7=, BUS U7 BDERE IR 2 7 L A W4 4 X 6
WRd. Ee, BHREREHESOMBEFEREX 7 2R T.
SR 274 SO0, HEESNEEAERORT A —HZ %
A= RT A —H 1T 439. lmm, 2 DDEENRT A —H1TFN
I 42.0deg B LN 0.3deg & 2o 72, HERO 72 DI B A T D3
HIZFY VT L—va = BRETHZETEARD
NIGA—BERE LT, FORE, XAr—nA/39 A —2 %
400.7mm, KB T A —F([ZENEI 44.2deg 1 L OV 1.6deg &
ol

BE S EAR AR OO fEE & FEVERRI & L, KNI T DR
DAT v 7%z Imm & LT, AT LA~y F o7k kg
WIERDIGIRZZHIL7-. X 8 1T/ RO R 2R~
SRS O IR SSD T DO AR LTV 5.

VI

KEOHE A HEB UICHRE LB EIEA T LA E &S,
KENOKTMIED 3 IR EFHT 5 Rk & 2 KT
BICLVEATMOLRBEZHEL, RWBOESTNEAr—L%
RKOBFEERBE L. EBRICE Y, KbPWiEo K%
L, 3 &aBIREZFEMR L. S%OMEL LT, EAmD
PBEBHEE O S A MESCEIE & AV BT 5Kk P4
WEFHT 2t ENRELLND.

B

AR O—IIL, FHFE A FAF9E(A)22680017, 8 K O
BB M o8 %252 5 7.

ST mRBH

=+
> B
WRER |1 o HEEH

o ¥R

&
ERbEE B
A

O
RERD  pmme

X5 ATFTVvA~yF T

="
7144 | R
7120 C s -
7096 -
s oo ] 1]
7048 i
B o]
B P

X 8 7K H A o> FHRE SR

ZE XAk

[1] R. Li, C. Tao and W. Zou: “An Underwater Digital
Photogrammetric System for Fishery Geomatics”, International
Archives of Photogrammetry and Remote Sensing, XXXI, Part
B3, pp.319-323, 1996.

[2] A. K. Chong and P. Stanford: “Underwater Digital
Stereo-observation Technique for Red Hydrocoral Study”,
Photogrammetric Engineering and Remote Sensing, Vol. 68,
No. 7, pp.745-751, 2002.

[3] R. Kawai, A. Yamashita and T. Kaneko: “Three-dimensional
Measurement of Objects in Water by Using Space Encoding on
Robotics and Automation (ICRA2009)”, pp.2830-2835, 2009.

[4] RRMEESRE, (1N, &FF%, IMH—: “AiRAT LA
A Z H TR IIRD 3 WITEHAT, K LaEs, Vol
79, No.4, pp.344-348, 2013.

[5] T. Yano, S. Nobuhara and T. Matsuyama: ‘“3D Shape from
Silhouettes in Water for Online Novel-View Synthesis”, IPSJ
Transactions on Computer Vision and Applications, Vol. 5, No.
0, pp.65-69, 2013.

[6] gnRkESE, IITFIE, &T& : VeHEICLDRAFTOEN
ERIHLULRIBAT VAT A ZIC K Kb EBE >
77, BARIEMA T ¢ 7 RN, Vol. 31, No. 14,
pp.165-170, 2007.

[7] B, &Fd, IMHi—, ITFE  “EAmARE L
BYEEEHAR A 7 LA K DKk 3 RoTHIARGHAL”,
BV a VHEIROERFIAY — 2 voa vy T SR
(ViIEW2013), OS2-H2(IS1-F5), pp.1-8, 2013.

[8] A. Sedlazeck and R. Koch: “Calibration of Housing Parameters
for Underwater Stereo-Camera Rigs”, Proceedings of the
British Machine Vision Conference, pp. 118.1-118.11, 2011.



