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B ETIE P LEL, KRXOERTHLT 4 AT LA DR & RRIREGOBRGIZONTIER, £D
MRS AR LTV D, BRI A TORGICLY, TUXVEEORRIL, FEOEREIRN O I AT O
RFEFHOERKEREE~EZLLTND. L L, 2KRERD A T Tty S -2 KRR 2 BEF O R R FECEmT
A AT A BIZERRT D L, RRKEGEEOHER R TH D &5 R, WmOEHS CEEBNES, i
NOYEROFENEE L < 725 L WO RIENTFEL TS Z &R L, AiRSTo B E 2 KERE G O RS % 15 )
L7eRRFEORRLE LTS,

H2E T TRAEAIZE) LB, BRKEBRORTETIT A AT VARRRFIEL LT, FlHT 4 AT A,
BART ¢ ZAF LA, GWF 4 2o, BRIEWF 4 27 LA, 360 EBEBLEDDD Y 7 N7 =7 2L
ZOMBEAEHHEILTWD.

B3ETIE RS L 2T 0T 4 T T4 AT LA ORE] LEL, &2 BOBEMETET bR E
b L, EREKEBEOREEELRL, TOREERRKRITTENTIZODKET 4 A7 LA DREEZIT> TN 5.
R ARREREG O R AR T T2 DI21E, 2REREBRO—ES 721 TldR <, 2% B ZARNICELE L,
ERIRREE OBAEEAAT Z ENMETH D LIERI L, &K A ZREAMO TR EESIHIERETH S, K
ERNET 4 A7 LA L LT, IWERET 4 27 LA EMRMEERET A7 LA ~DOFRFELRELTND.
7o, METDHFRAFIEICLY, TRREKEGIIIRE~FRTT D Z & TRRINVEWERDELWZIROHRNES) &
2%, ), TERKEBITEAR TORSR TR, AHOEIREMICAND Z L TRWOBMENEGES. |, [F
RREB) LR OBIEEETTH 2 LT, MERROBMNEE S, | LWV FEED LITHRETT ) LTV 5.

B4 BT WIWVRERIE T + A7 LA LIEL, (WRRIEGT 4 AT VAR D ERRERA 2T T 4 T T+
AT LA Qoom [T K DEREIT ¢ 27 LA T4 L, BRIREG L NHOF LA 2T 7 va Uy FEERR LT
b, TAATVLADREL, TAATVAREKDOUA T LVADOBRE(ETET D20, I~y 74 0¥%H
W TZERIR DR Tl 2 W2 AN 7 1 O = 7 2 I B EIRIIIR~O FERFIBE & ERFEREFELZRE L TV D.
£, ERKEBEZ 2 —FOEFETHEY, R—V ARSI 2 L 5 ICHE L R S 5 8EIC L - T, 2R
BNOBERL, ERREBNOIZEE %2 S ) ~ADZ—FIZRBED, &V 72178 & R KRB ERED &
LCRIAT D EBAREE R D Z L AR LTS, ZLT, ZhHDT 4 AT LA L DEREBUE R OEMES
BIZOWTIRELITY, REFIENZERBE OZEMBH L 2 —FORREHE 5D, ERa IR — 9 U308
WCEHTHDHZ EEFFLTND.
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DF I BEFRFIEL IR L, BEFRAFIEL OWKEZITo7c. ZORBICEY, TRENDOT 4 AT LA D
FlR L R AR L, EFERMEERE T + A7 LA OFAGE AR LTS, SHIT, 5§ 4 B CRKMT
A AT VAN THMRBETH D LSz, WFIC & 2EHEOBREE BE A L U CERM U 7212 i it
T SA ADFEERITV, ERRICEBOBITCH DRy BT 50 AT LAEMELTWD. £, KRR
DFELEAEFI LI FERIC L o T, BFBMEERE T « 27 LA KD R REKREBGRFIMT + 27 LA DO
FRFIRITH R, RAFOHIRNEG /25 LRRFCMIEORBNIEREE 725 2 L b DS & R Le )
SIEEEATOBROLEERE N L 2R L TN 5.

FemTIE [BE) LEL, HA4WLEL B TIToLREFEOBELITY, EALFMASGEE LT, MAEk
T 4 A7 LA TIHZEREFEICB T A EADRR, WEMEKET 1 27 LA TILERSHRICBIT 2EHAOER
NHlE L TEF LTS
Lk, AFSCTIE, SRREGRRRET O BROBFEDT 4 27 LA ORBERZ A L, 2RREROREETE
MUTZHT LWERIE T 4 A7 LA OBSE L FRFEEZREL, EVAT LEELZEB L TEORNMEE MR L TV 5.
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With the advance of the omnidirectional camera, the shape of digital photographs has changed from flat
shape to spherical shape. Omnidirectional images taken with the omnidirectional camera are usually
displayed on a flat display. However, with the traditional display, it is difficult to recognize the whole
image at once and the edge of the image is distorted. On the other hand, there is a spherical shaped display
that takes advantage of characters of the spherical shape which displays the whole image on a spherical
surface without distortion. However, the interaction methods of the current spherical display stick to
the methods of the flat display, and it is difficult to understand the surroundings because the direction
is reversed on the display.

This dissertation proposes designs and implementation of the interactive spherical display that utilizes
the characteristics of omnidirectional images to solve the problems of existing displays for
omnidirectional images

Two variations of display methods using a spherical shape are proposed: a convex spherical display and
a concave hemispherical display. Both displays enable users to easily recognize the directional information
of the image by displaying the entire three—dimensionally arranged on the spherical surface and
implementing operations unique to the spherical surface.

To implement a wireless and lightweight convex independent spherical display, a real-time tracking and
projection methods are utilized. The proposed Kalman filter based projection method predicts the motion
of the sphere display to reduce the projection delay. Also, novel interaction designs to manipulate
displaying information are proposed, for instance handling the omnidirectional image by rotating like
a ball with two hands

For concave hemispherical display, a new display method that transforms spherical images to hemispherical
is proposed and the method is evaluated with the existing display methods. Through this evaluation, the
advantages and disadvantages of each display method are clarified, and the use cases of the concave
hemispherical display are presented. Also, a remote control device that adopts a rotation operation with
both hands as an operation method is demonstrated. Besides, in a comparative experiment, the display of
a spherical image on a concave hemispherical display makes it easier to recognize the entire surroundings
and the object recognition is more accurate than the display methods of other displays. Therefore, its
safety is confirmed especially when users need to check the surrounding environment

The main contributions of this study are to present novel interaction methods between humans and spherical
information and to improve the understanding of spherical images by displaying spherical images on a
spherical display
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