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BOREAMTIE, K VESGEOH 2 BOEOEBITT T, T E TSR, BREZZTTE/. 1953
T VEBOEDPIEE > THr B, 1960 FFI2H 7 —7 L EHGE, 1991 101 B 3 Uik, 2016
ACA == BV g Uik, ZOBBITIARNO T T —1k, VA N, sk &R L
T&le. —F, ZNOOERT 2 R ERIGLE LIEbDOTHY, I 5 DERGED & 5Kk
DOFEBUZTT TIE, HOEIC 3 WM RBENZICH L, R t5 o 3 IonZEfEHma KT 5
ZEMHIEND.

3 WM RBIFAMN O —DICZHAMGERBIFEIN DR oD, Ny NI LRF A LATA AL
%Wiﬂé DWAGRBILANNZ, HEAROBEFIER DO AT (ZHRET A T) ZEE L CRIE
W L, BATOWNCH> TG ZE D EX 52 LT, KlZELES LFAr—IZ LTH
Eﬁi@ﬂl%?ﬁ RNEL Y AT KO oMU RELE FEELT 5. FLADE VAT R OEIIE A Lo T
SEARIIC R R, BEE O H Z 5 mWHRREIR D H D & T, WERE S EIEREANGSD
DRFTLEBTED LN AV v IBHD. F2, ZOMO 3 RTHWGRBLFINICA > T 7T
SRR B D . BB EAERO— A TH D Z ONEMGEHIN I, SRET A7 LA
RTaVI =L LURT LA BAAEDED I T, WEERONRE DRICHBIL, s
OSIIE CTESEIR G 2 KT 5. Rk O RN AT, RO 30720 <, BRI
BEARTEDEVI AV v ERBD.

IO 3 WITTMBERBLEN & ek~ T A 2 8T, SR DEGROFEINHHTE S,
FD—FT, BORIEHT H72012iE, BFOFEMIZENT, AR—=YOIRFER N7~ OfHER
CEFESERWEREZRE TE R TUTRLRW. F A F 3 v 7 I8 < PRI ZE NS HAE
T ORGIR, 13T OWEAR L Do To BRI S T O GAR & AR5 ATRETR 3 IR B Bl 23 %
BChDG, £, N EV gL, 4K, A—s—nA BV a2l EEE AT L AL T
7202, W OERCB W TG OEE &0 L3 %52 ENEHEETHD.

ZIT, KXTIE, ZHAERY v ATEHAWE 3RTEMERBIZIRET 5. SR
v M AATIE, BEEEOaR Yy b AATOWHMREIE S AT AT, 1 N\OIAT< R 1 HEORR
Y NI ATEBIEL CHWERERE T DL, T XTorRy M AT BPEGR~—FIZI7miE
I, WERDOZH G 2 i Té&“5ﬁﬁﬁ3ﬁﬁ%@ﬁ ST NAATHD., RAATIT
xoT&KT‘y7L%375%5W%ﬁV CIRAET DR GARAR &, SRR GAR D LA
WetgZ SEE IR T2 2 LN TE D, K ifi FT, BOERICEH NG R B 2 03
L0, BRE TRy b AT ORIETE, TOYAT AOFRE L, ZFORENSEE V-5




TR R OHIWEFIEEZRET 5 L I, AR Y b I A TIZL D16 L0 ARG R
BOMHETHEY TIAA MU T LV AT LE2FRETD. Zhbicky, 3 koozEfis s A
T2 7B T DGR 3 IRTTERNIC RTET DGR O LU R & m R i L, 1R
W TODUEY TVE A A TEHEMESGE R OMS 2 HIIEST 5 2 LN AREIC e D, EBRTIX, A
A=Y =R e LI ERS, AR—Y ik EOEKETORMAEZE L TR AT A
DEDEETR U, £, BORISA VT 7 I ARG Z ST 572012, SEE AT D

RGNS 3 RTET VR AR LERERICEMR T D4 T 7 T NI A TFIEZ 1R ET
L. ZOFETIE, ZHED AT OBEEBED O BEEHEEIC LY 3WRICET VEAERTHZ LT,
(RABZE R T BRI T B METIG L, A>T 7 I NS EMG 2 AR+ 5. 3 RTET VDA
AT, BREEHEERS ROGHEA W THERHEE =7 — 206725, 612, ZHArRY I A
THRBANLIA T T INNRREFIEZRET D, ZOFIETIE, ZHARRY M AT OR
BN L0 A T 7 TNASLET 4 A7 LA OFEFERO 20 R Mg & IR E 2 e/ O
TEGIE IR T 5. £z, AT E2ZROURICEET 5 2 & CTREFMOLHEEEIGL, =
WICIRICHELE LIZ ) A 7 DSBS ZFAmICEA LT3 kTET V24T, £LTC, &
AT AATLD /N« FIVE « A=A EOH AT T — 7 ZHBLEEZBBRB IO, T 77
ALK 2 AT D, ZhBIckY, EBHICBWTEA T v 7 ICBET DGR IR 22
\ZRAET D EARDA T 7 T NVNLARBR 2 AT D 2 S FTRBIC 72 5. TR UL, EERITHGE
THRONTFER, EFEOL—r DA T TINS5 2 & TREFIEOHEIMN A7
L.

RE LI AU RBLEAN Y, EALEh, AR—YRORT v Enoi & F & Aafkik TF
Mahie. Fio, BELIA VT 7 TSRS, WHAROSET L e & L THFZEBRR A
EDLNTWDA T T INNEKT LEDOIRB I AT AL LTRIH SN, BELEZZHA R
v M AT & DT =R B ERBUT, BIEDOHGER JORKROFGEITICH S, Znbicky,
BEF N LWMAR Z 12832 2 N TE 2. BOXRIZ 3 IR RBIEIN /ST 252 & T, &
DR DGR D B D HEDEBIC T 5T 5 LN TE T,
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The objective of the research described in this thesis is to apply 3-D image processing technologies,
especially bullet time visual effects and integral 3-D imaging to broadcasting for realizing of a greater
sense of presence through television. These technologies for the broadcasting must be able to capture
dynamic moving subjects with as good pan, tilt, and zoom camerawork as is performed in current TV
program production.

I propose multi-viewpoint robotic cameras for bullet time to capture multi-viewpoint images of subjects
moving in 3-D space with panning shots and zoom-in shots. The camera operator instructs a robotic camera
to fix its gaze point at an arbitrary position in 3-D space and other robotic cameras automatically follow it
as their gaze point. The operator can then capture multi-viewpoint images by fixing the gaze point on the
subject position. Bullet time are generated from the images shot by the cameras. Bullet time is generated by
using a virtual camera control with a projective transformation to make the viewpoints change smoothly.

I also propose a capturing method for integral 3-D imaging using multi-viewpoint robotic cameras. The
cameras are controlled through a cooperative synchronous system composed of a master camera controlled
by a camera operator and other reference cameras that are utilized for 3-D reconstruction. When the
operator captures a subject by using the master camera, the region reproduced by the integral 3-D display is
regulated in real space according to the subject’s position and view angle of the master camera. By using
the cooperative control function, the reference cameras can capture images at the narrowest view angle that
does not lose any part of the object region, thereby maximizing the resolution of the image. 3-D models are
reconstructed by estimating the depth from complementary multi-viewpoint images captured by robotic
cameras arranged in a two-dimensional array. The model is converted into elemental images to generate the
integral 3-D images.

Bullet time using multi-viewpoint robotic cameras were used in a live broadcast of a figure skating
competition and the other several broadcasting programs. The capturing method for integral 3-D imaging
using multi-viewpoint robotic cameras is used for integral 3-D television which is developed as
next-generation 3-D television. These 3-D image processing technologies were applied to broadcasting and

a greater sense of presence through television were realized.
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