|

) <

The University of Osaka
Institutional Knowledge Archive

Tale Computational Photography based on 8-D
Reflectance Field

Author(s) |Tagawa, Seiichi

Citation |KFRKZ, 2013, HIHX

Version Type|VoR

URL https://hdl. handle.net/11094/27478

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



—L89—

(8]

ke Hbh held (3

S s @ N B
MEowRsHoLH [ L (W)

¥ L ® & % #H 25845 &
T 5 AE AR k254 3 H 25 H
EALE G O B EEIRAE AR 1KY

B 2 v o — & o = R

S VA T S 4 Computational Photography based on 8-D Reflectance Field
BRFTYILIB VAT A—ILRIZEDICaAYEaTF—YaF Lok
T2 741 5HR)

it # & £ B (D
o K FER
(E2)

o OMA E %o MR eiE dEEdx W)l

£

X A n EF

Lo

The appearance of an object depends on its reflectance. Here, appearances depend on the reflectance,
illumination, and observation. Of the three factors that control appearance, reflectance is the most
difficult to deal with. An eight-dimensional reflectance field can completely represent an appearance
consisting of the reflectances of objects, illumination, observation, and interreflections between objects.
However, because of the high dimensionality, 8-D reflectance fields have not been developed.

To realize practical use of an 8-D reflectance field, | have designed a measuring system, a computing
framework, and a rapid measurement method for a 4-D reflectance field and applied them practically.

In designing the system, one of the important issues is how to uniformly deal with the rays in a scene.
Ideally, many projectors and cameras should be placed spherically around the target scene. However,
such a system is infeasible. So, | developed a polyhedral mirror named the turtleback reflector,
exploiting characteristics of an ellipsoid and geodesic domes that are approximately regular polyhedrons.
Combining the turtleback reflector with a projector and camera, many virtual projectors and cameras
can be placed uniformly but sparsely on a hemisphere. Doing this makes it possible to measure entire 8-
D reflectance fields.

Next, [ solved the problem of there being no computing framework for 8-D reflectance fields. I have
proposed a framework for imaging with 8-D reflectance fields that unifies various individual
computational photography techniques. Here, I show the formulations of three computational
photography techniques in my framework and the computational result using my system with the
turtleback reflector.

Another problem is the measuring time of reflectance fields. Measuring time is very long even for a 4-D
reflectance field because although the light reflected in various directions can be captured at the same
time, we cannot simply illuminate the scene in various directions to acquire reflected light for each

illumination. Accordingly, I have developed a method for rapidly measuring reflectance properties in 4-D
reflectance fields. This method exploits the dichromatic reflection to analyze the angular period of each
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illumination direction, which makes it possible to separate the reflected light for each illumination. This
adaptive method acquires reflectance properties rapidly.

Finally, I show the usefulness of 8-D reflectance fields. Although few techniques have been proposed
that use 8-D reflectance fields, this does not mean the applications are useless. [ propose a useful
application, the hemispherical confocal imaging. This technique can capture only a particular depth
clearly, only when the measuring system provides 4-D illumination and observation in various directions
on a hemisphere around the target.

In this research [ have established the fundamental techniques for practical 8-D reflectance field
imaging by designing a measuring system, rapid measurement technique, method of computation,
and novel computational photography techniques.
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RESINEZRITIR. 8RITUYTVLII AT 4 =)V REFEND., MENDIOAS & RHF OBIR 2= I
EHITHBWEA VWD ET, TONRETI2MEDORZ T 2T - BERIAETDHEMICEL TERRSh TV,
ZITREINTWDFEIZ, WHRORZIFZ8RTOBREL TRLHFET L I EILBFIRERL TS,

FE—IZ, SRILDFABICDOVWTHM L. RTEEER L ZaHHEBEZERL TS, fEROPMETIE. Rk
FOBMEBEEERITOIFENKRETH o2, SRTZFETDICICHAT MmN LENTI LMo 7,
FRICBNWTRESN TN DFHAEERF T, 8RITZFET2ADICHKE LITHEIc 0oy eh
ASPEBINDIBEND D I LEBR. ZTORENZMROZD, ESHENSERSNZ2IFT v F—
LAERENZLVEARDOELWEEE KB LICRE T 22DICFRAR2DOERERFDEMAEOEEZFA L
MEIEEREL TS, £, REABOOEKBEZARTES 2RI LDICERZERL. SETTHRERKC
AWHENTVNS, ZhiKkD, 8RTYTILIF AT 4 =)V ROaEEREE L7z,

BT, SRITVIVLIFT AT A=V RERNDZE TS XS EARRFENE—DORTEETES, Hi—
BB LERETHIEICED, 8RTVILIF AT 4 — )V ROBRAEEZRRTVNS, SEIERBEFE
BENWT, BHCRBOFENERFZBBTO2AREHBE TSI LickD, BHICIZ2MEDORALPL VX
BRETEXD T+ —NAOEMPBEBEFICERINTVWSIZLEZHSMIL, TNLEZR—MNICTRBEATZ I EITR
LTV, £/, EBRICREZEBZAVTRELEA ETERMEEINZFHEEELETL LTI RTY 7 LY
FUAT A= REBEHADEREEZHERL TS,

B, BRIV IVIF AT A=)V ROERAHIZRT ZETTOBREREZRRTNS, 8 RTehkEaHE
L&D ELAREERMBEMES2E ML —RFITISEL., FHROEEECSZHOFNAZFDOZ&ITLD
BoNDFHERL TV, BEINTWVSEIKIELE AHBE Henispherical Confocal Imaging) TIE. ZERH
DEZETFHEICHEABE/NY - BEE2TH., TORATTORNAEESHAMAL TN, INSORBITKKRETF
HFIZKD, HROEERBELVDHEALREGNESNS I EEZRLTVS,

UEOBIERBICED. SREVTILIF AT 4 — )V RS HEELERBATHASNG L L 2B 85
CRBEAL. BEEROEREIC OV THHICRE TS LI TE 5, 5T, Wt (FEES) 0%iH
XELTHEOH2 b0 ERD S,





