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This research aims to recover the 3D shape of underwater objects b{ modeling
the multi-layer light field. In FY2021, we modeled the multi-layer light field that is illuminated
to and observed from a undewater object in a measurement system consisting of an active polarization
light source and a polarization camera. In addition, we described the transformation relationship
between each light field and developed an analysis method for this model. In FY2022, we demonstrated
the effectiveness of the calibration method for the imaging system and the 3D reconstruction method

for underwater objects through evaluation, including real image experiments.

61010:



¥ X C—19,. F—19—1, Z—19 (i38)

1. WFZEBIAE Y D =

;m¢&ik%<£@ét%ﬁ%@¢m$hwx ORI RAHEZ B9 I2H=0, K
BRIRICEHT DT - BEL - W & W o BB 2 SRR 2 E AT FR»0 L LT, K
MZRIZ A ORE TT HFH LA WIE R OBRIERZFIHT 5. T LTInb %
BEAE D HARZER] OB AT D720 T <, ROEHREZMIRNE BEEMOER) ~&
JEBR U7 20 22 0 & 7 ki iém¢%¢®3&i%ﬁ@ﬁ&wom ARREIZELY

Fde, ARMFICRRBEOZITIX, AKHPERERIN, AMEWRSE, KEEREZIICDE LSO~
@ﬁ&@%ﬁ%ﬁéﬂé
2. WEOHEM

Kﬁnﬂﬁmi ZHEOEARZEM DT MBIZ X D KTIRD 3 TIBIRE T TH D, K
BREICEBUT DRI - 8L - WL & W o T2 BIR 2 SRR MR 2B EIANT FRND L LT, i
TRAMSEE L ORI OBLAITE & SRS M OPSAAIEAT 5. S 51T, M ORBLZ Yk
B (BB O HE) ~ & YRR L 7= 680 2e W@%Twmkiu%@mﬁ X Bk R
DOFEM7e 3 WIIBIRE T TIEE TEHLNCT S, Ko TEMERMIZIE, #EPEIC#EK L TK
R ERE 21T 5 D TIE 7 <, iR E L LT, %%$K%ﬁ%i@ﬁ%?%%ﬁb,m%
T AR ET A BRI B W TR EOG IO EIICET 5.

3. WHEDIE
WHPERRIDFEI DT DI, WFEFEMETEIILL TSRS (@) ~ () DOEFHIHIIT THED 5.

(a) ZEENEHRZEM OET ML -
E%% (ESEITH RN = #%ﬂ@%@tﬁkbf@7m/mﬁ&&'ﬁtﬁ%7%%ﬁ¢é
WZHRET - BRI R 2T B 72 DI - I A T ENENORNIAH A FE/R /N KX
X74W&% YiE L, KEOHOWEREZBIT L AT L2 BETDH. ZOFHI AT
B 5 LHEOLMZER 2T Wb T 51 %t@ FFNET e HO 1 ERENLR
%éhét# , X o T THESERRZER O 7o DITHEEE LI BER O HBAA L, 2
WOERRZE R R O B HRAR 230k U, = OTEORRIIMEHIIE 5.

(b) ZAEIEHRR 22 & W= B D 3 ot RIE L -
(a) &TAERDFHABREEIZFRBW T, BELO R WIEAMIRZ G & LT, SEOLRZEM DO fig
WHEDOE M Z FRET 5. 7272 LEHIGR IZEMFH - XFICF vy VT L—a U
HTHDERETS.

(¢) (@), (b) EREROFHURILICENT, BEOH D FBEIHMERZ G L LT, SOt
ZER DFENTE DAL FFET 5. & BITHATIRICEHIR B R 2 & L&) - e e
B RE( RIS S B e,

4. WFFERE
0 3 AR

BRI, 3L O A T 15425 F0F (1)
SIS TR T OB~ & RS - B S L 5 S AU AR
25 & BT L, & I SRR ) 1 025 R
L, ZOMATEOMGRIMFHIIES Lz, BRI,
Yl % B T I & R T B T2 IS DRI T 1 % 5
FhEEERL, ZhEANTRERDT Y 2 h—HER | Il Lad
327 —BlBEUY s~V RIPBNCH LCIEL: | |
IR L Loz ER L (B2 ), £7-, B, —

SO, 45 & OVEBZERIC 5 LT SHOER 2 B A L 0 2
BRI L7 (RI2 (). &BbIc, £ 0ZmEHRE
%y U7 L— 2 VRO ERO TR E TR % R

Housing
/ Polarization
camera

Display

B 1. AKHEHAIBREE



L7z, ZhBlE, v Ba—2 vV a BT 2 E TOYMER AR 2 5 7= Il A
THb.

Image plane

(@ (b)

BN 4 B

AITAR | BRER I S 21T - T2 2RO R 22 B OATIC L AR Z D F v U 7 L—3 3 U FiE,

BLOWERD 3 RIGHNTFEOREDMEEZ S I 2 b—y 3 VER, BIOHEEGEREZEL

TEMH « EEAIZHE L7-.

RrRIZFEmBRERICE L C,

1. REEMREICOEIRE LCORRT A A7 LA, BEXOW T —RET AT ZHNT, Kititho
BEEARICR UL 2 R - B9 23S E 25 L7 (K3 (b).

2. BRULEBGROF v VT L—va e /KPICHE LI BE— O EHEZ AT, 7B
AZITHRT DB DO LS « (MEHEEL T L TCT 4 AT LA OLE - ([EEHE LT,
(X3 (a).

3. MRE - B S N7 S REBOCHRZE R 2T L, Kk o 3 otigdk (AT & - RiEiE#)
AT D L TCIREFHEOAYMELIGEL. (K4).

Fim, TNOOHFERED —FHE LV L, EESBICBWURREREBIOEREIT- 2
(R EmCEEZR).

Mirror

Camera

M 3. EWRIC L 5 EREE B 4. Kiko 3D AR SRR



2 0 2

Ryo Kawahara, Meng-Yu Jennifer Kuo, and Takahiro Okabe

Polarimetric Underwater Stereo

Image Analysis: 22nd Scandinavian Conference, SCIA 2023, Sirkka, Finland

2023

Soma Kajiyama, Taihe Piao, Ryo Kawahara, and Takahiro Okabe

Separating Partially-Polarized Diffuse and Specular Reflection Components Under Unpolarized Light Sources

IEEE/CVF Winter Conference on Applications of Computer Vision (WACV2023)

2023




