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3D Image Input System for High Resolution Integral Photography

SUSUMU SASAKI,"? KAZUHISA YANAKA," HIDEO KASUGAt®
and YASUSHI HOSHINO*t

IP (integral photography) is one of ideal 3D display technologies because viewers can see
stereoscopic figures from arbitrary viewpoints without wearing special glasses. The IP image
was made by taking a picture through a lens array so far. In this case however, it is difficult to
make high-resolution united to multi-viewpoint, because the product of the number of lenses
and the number of pixels of an element image is limited. Therefore this paper proposes a 3D
image input system for still images that can achieve not only ultra-high-density but also multi
viewpoint display. The principle is as follows. First of all many still pictures from various
viewpoints are taken by moving a camera in two dimensional space. Next the pixel value of
the observable intersection point of a real object with a ray which connects a pixel of the
virtual IP image and a virtual pinhole is calculated, and the value is set to the pixel of the
IP image. In our experiment a small color CCD camera is installed in an XY-plotter instead
of a pen, so that the position is controlled by a personal computer. As the camera moves
horizontally and vertically, 32 x 32 = 1,024 pictures are taken, and they are then synthesized
to an IP image by our algorithm. The IP image is printed on a transparent sheet and the pin-
hole array is printed on another transparent sheet. A transparent board is inserted between
the two transparent sheets, and they are illuminated by a backlight. It was confirmed that
a proper 3D image can be observed by the proposed method.
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Fig.1 Principle of the 3D display system assumed in this
paper.
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Fig.4 Method for searching a camera position.
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Fig.5 Relation between a pinhole and a pixel of an image
captured by the camera.

000o0oooooooo0o0oooooooooooono
goooobooooooooboooboooooooo
oooboD «OO0O0b0O0DbO0O0OO0bs0O0ooDboO
Jooooooooooooooo dobooooo
oooooooooooooooceccboooood
00000 2dtan(e/2) 0000000O00OO0OODO
00o0ooO0oooD0D mxmOOOO0ODOOOODOO
0000000000000 mO00O 2dtan(a/2)
00000000000 00ooUooug (wiy,yi5,0)
0000000000000 0oooDooooooon
0000000000000 H(zh,yn,2,) 0000
Oz =0000000000000 (=45,y:5,0) OO
z 000000 zp, —2;Uy 000000 yn — vy
gooooboooboOobOOoooOobpDoo HOoODoOoo
O (zn,yn,2,) 000000000 OOOOOOODO
oob0o0d0 00000 vO0000ODOCOOO
00000 «OD0v0O0D0OOO00O0ODO

_m—1 Th — Tij
R <1+dtan(%)) (6)

_m—1 Yr — Yij

Y 2 (1 dtan(%)) ™)
0000 (6)00 (7)000000000w0 00
gooooooooooboododotoyb yooooo
gobobooodouobbyo0oobobooyboboOoooo
gooooooo

goooooooboooooooooooonoooon
oobOo0O«00000o00000000000000
00000000000 1IPO0O00O0 E(Te,Ye, 2e)
000000000 (6)00 (7)0000 w0 v 0

Feb. 2006
Virtual element image size
T3 T vinual IP image
\ Virtual pinhole array
Virtual pinhole/
[E Real object
B2
d
a
range
ﬂ \\Viewing angle of camera |f|

Camera Camera

06 DOODOOOOODO
Fig.6 Relation between sizes and viewing angles.

gooooooo0ooooooooboooooooo
goooooooooooooOoO0o0oooooooon
gooboooo4000000D0O0O000O0OOOO
00o00ooooooooooooo Ip00OoooOon
oooooooooon

Oe00 400000000000
cal0O00O00000000O
pgOIpPOO0OOOOO
dO00D0O0O0OOOOOOOOOOODDD
size 000 IPOOOOOO
range D00 00000ODOOOO
00000oooopgOoOOOIPO0OO0O0O0O0OOOO
00o0oooooooIp0dooooooooon
go0ooooooooooo

oooooooIpooooooooooooon
goooooooob 200000000000O00
oo0o

a>p (8)

range > size + 2d tang (9)

0O @®UOUIPO00O0OODOOOOOOOUOO
goooooooooobooobooboooooobooDoboo
00000000 (9ODoOoDoooooooooooo
goImwroooooboo 2dtan§DDDDDDDD
gobooooooooboooooooooooooa
gbobooooooooooooooooooooa
goooooooo

5. 0000

0000000ooooooooIp00OoOooOn

goooooooooobooooooooooooa 7

gobooooooooooooooooooDbooboo
gobooo7000D0DDOXZ000 Xy ooooo



Vol. 47 No. 2 ooboooooooooOoooooo sooooboobooooo 643

XY Plane
(Checker board)

CCD Camera.
Origin(0,0,0)

Gmm

XY platter {Checker board)

07 0D0O0OO0OO
Fig.7 Layout drawing of objects.

08 OO0O0oOOoOoooooo
Fig.8 Layout of real objects.
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Fig.12 Observed 3D image produced by the proposed
system (Cube 2).
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Fig.13 Objects produced by POV-Ray.
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Fig.14 Observed 3D image produced by POV-Ray (1).
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Fig.15 Observed 3D image produced by POV-Ray (2).
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Fig.16 Observed 3D image produced by the proposed
system (Flower 1).
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Fig.17 Observed 3D image produced by the proposed

system (Flower 2).
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