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Pseudo-Video Display of Surrounding Scenes

from Freely Taken Images

Masatoshi Sakamoto and Kenichi Kanatani
Department of Computer Science, Okayama University, Okayama 700-8530 Japan

A new technique is presented for displaying an image sequence of the surrounding 360° scene taken as if by a
video camera, using only a small number of freely taken images. We need not generate any 360° panoramic image
or a motion sequences in advance or store them in the computer. Each time the viewing direction is specified,
the pixel values to be displayed are directly chosen from input images using “oriented projective geometry” and
mapped to the display real time. No knowledge is required about the camera or the shooting conditions such as
the focal length and camera orientation. Our technique enables one to view the surrounding scene interactively

by arbitrarily specifying the viewing direction.

1. oo

oboooooboooobooooboooooooog
goooooooooooooboobogoooboo
oooooobooboooooo seccnoooon
gbooooooooooooobooboobooboo
ooboooboooooooobooobboooobooo
bobooooooooooooooboooboooboao
gbooooocooooobooboboboooboo
good

O0000o000oooOooooomoooo (o
0)DooOoooOoooOoO0ooOoooOooOoooo
gbooooocooooooobobobobaoo
000000000000 [17,23,24)000000
00000o0o0O0o0o0oooOoooooo@mo)o
oboobooooboooobooboooooooon
gbooooocooooooobobobobaoo
gboooboooooogn

gbooooocoooooooooboooboooo
gbooooooooooobooboboboooboo

*700-8530 DO O OODO 3-1-1, (086)251-8173
{samoto,kanatani}@suri.it.okayama-u.ac.jp

gbooooooooobooooobooboboban
gboooooooooboooobooooboaoogn
gbooooooooooooboobobobon
+90° 0000000030 0000000000
oono

00 [19j0o0o0o00oooooooooooo
gboooooooooobooboobobooban
oobooooooooboooobomooboooon
00000000000 000(2)ouoooooo
obooooooooobOooboobobobooooo
oboooooooooooooobooobooobon
OoooOooooboseoc0ogoooooooo
oboooooooooooooooooooboan
obooooooooobooboobobobooooo
obooooooooobooboobobobooooo
oooooooon

gboobobooboooooooobocooooooo
obooooobooboobooboobobooooooo
oboooooooooboooobooboboobon
obooooooooooooobooboboobon
oboooooooooooooboobooboobon
obooooooooooooooboooooooon



00000000000000000000000
00000000000000000000000
000000000000002000000000
1. 000000000000000000000
0000000000000000
2. 000000000000000000000
000000000000000000000
0000D0000000000
000000 QuickTime VR ™ (40000000
000000000000 10000000000
00000000000000000000000
00000000000000000
0000000000000 (1990000000
000 “00700000000000000000
360°000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000 “0
0’0000000000000000000000
00000000000000000000000
00000000000000000000000
0ooooo
00000002000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
0oo0oooo
000000 [1900000000000000
0000000000000000
e 00000D0D00000O0D0DO00O[19)00
000000000000000000000
000000000000000000000
0Ooo0o0o0o0o
e 0000000D0D00000O0O0O0DOOOOO
0000000000000000000000
000000000000000000000
000000000000000000000
0000000000000000
000000000000000000000000

88

2. 00booooboboboooan

210000

000000000000 0000000000
y0O0ODOO0OO0D00000000000000000
0000000 (2,y) 0000000000 (2,¢)
00000000000000000000000

z/f '/ f
z=|y/f], = y/f (1)
1 1

ooobofO0O0OOO0O0OoOOO0OOmOoDOOoOn
obooooooooooooobooboooboooban
000000000 00UooOoOoo 9oooo
obooooooooooooooooboooboan
oboooooooooobooboobobobooooo
ooobooooooooboooooboooboooon
000000000000000D00'000000
oooobooooboobooooooo

' = Z|Hzx] (2)

0000Z[-)0 000 100000000000
0000000 HOODOODODOOOOOOOOOOo
O00HOODOOOOOOOOO0O0O0O0OoO (33)00
00200000000000%0 00000000
01000000000 2,3,4,.00000000
0000000000D0000 k0000 k+10
00000000000 Hygen0OOO

2200000000000

goggbooobooobbooboobboobooon

gooopooooooo fooboOoooooooo
gboogobooboobboobooboonboo
gboogobooboobboobooboooboo
gboobobobobobobooooooooon
goooooooooboooobooo ROOOO
obobooooooooboobobooboooooo
oobooboooobobooooobooobao
0002000000000 pO0ODOOODOO
ooogo

00000000000 0000000000000000
ooboOo0ooooOoOo0oooOoOoOo0oOoooboooo

0000 HO (33) 000 0000000000000O0
goooooooooooboooooooooooooobooo
oooo

3000000000000[21)00000000000000
0000000000000 000O0D0O00DO0O0o0O 110



1. 00 p000000000000000C0O0O
00000000000000000 p000
000000000000 Op0O000

2. 0000 w=ROpOO00D40O000O0O0
00000 100000000000 000
0000000000000000000000
100000000000000000000
p0000050

3. 00000000000« =H,ul0000O
00000000000 2000000000
000000« 000 0000000000
000 200000000000000000
000 p000000

4 00000000000 v = Hosw/ 00000
00000000000 3000000000
000000000 0000000000
000 300000000000000000
000 p00O00O00O

5. 000000 400,0500,..000000
000000000000000000000
00000000000000 p000000
0000

gboooboootob«000000000000
gbooooocooooooboobobobobaoo
000000000000000[21)000000°%0
booooocooooooboobobobobo
odooooooboooooooooooooooo
goboooooooooooobboobooooooo
gooooooooboooboooooooooooon
gooooooooooooboooooooooo
oboobooboooooooobooooooo

230000000

oboooooocoooooooboobobobo
OO0 ROOOOOO0OO0OOO0OOOOOODOIODOD
oooboooooooooooboo pPOODDOOD
000000000000070000000000
ooooooooobooogooooooboboD RO
oooooooo

40p0000000000000000 ROODOOOOO
00000000 Op 0000000000000 000 u=
ROpOOOO

SJ0000000000000000ON00O0NONOond
000000000000000000

6000000000000000000000000000
00000000000000 (110

00000000000000000000000000 -0
010 000000000000000000000000
0 HMDOODOOOOOODO0OOO0)0000000000
0Oo00O00000oooo

89

0 l:00o0oouo0oouoooooo

gboooboooboooooooo pOOOOOO
gbgbobdbnbOgboboooboboaoon
0000 ROOOOOOOOOODOOODOOOD
00 n000000000000 RPODOOOOO
gbogboobooboboaobooboanod

r5 = N[Rn| (3)

O0D0OON[-|]0D0000 100000000000
00000YOUOOoOoOooOoO 00000 4=
(1,0,00T 0000000000000 O0O0

ry = Nr} x 4]

(4)

00 X00OOOYOOZO000OO0OOOOOOOO
ufafslululs
1 = N[rh x 73]

(5)
gobodoobuoooobuoobuoooobog
00000 ROO0ODOOO 100

) (6)

gobooobooboobooooboooboo
gboobobopooooobobobobooooo
goboboobooooboooobobooboobo
oboobooobooboooobooooon

[ I !
Rf(r1 T4

24000

g200000000000DO00DO0OOOOO0O0
oobooboo xgoooboooboobogoo
gboooooooooboooobooooboooboan
gobooboooobooboooooboooo

3. 0ooood

gboboboboobooooooooooooo
ooboobOobooboboboboboooooo



U 2. 00000000000000000000000DO000O00O00xDO000DO00000ODO

0000000000000000000 (1900
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000
0000000000000000000000
00000000000000000000000
00000000000000000000000
000 [2,16,7,9,15 2000000000000
00000000 (130000000 800000
00 [10,14000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000 100000000
0000000000000000 5000000
00000000000 (1, 18000000000
00000000000000000000000
0000000000000 [3,6]0
0000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000000000000
00000000000000000000000
000000000000000000000000
00000000000000000000000
000
0000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000

90

gboboboboobobooboooooooobooon
gbobooooboooooooooboooooon
0000000000000000 3(a)0od

3.100000

gbobobobooboooobooooooboooo
gbobobooooocooooooooboooban
gbobobooooooooboobobobaon
gboboboboobooooooboooooooan
goooo0oOopopoopooooooooR,G,BO
ooooooooooOoodo Abooooooo
gbobobobooboooboooooooogn
gboboboobobooboobooooooooban
gboboboboobooooooooboooooboan
gbooooobooooooboooooobooooooo

3200000000

gbooboobooboboobobobobooooo
obooboobooooooooooboooboooaon
000U0oo0ooooooo 3(byoooooooo
gboooooooooooooooooboooboon
goooooooooooooooooooooon
3b) 00000000 000O00oUooooooo
gbobobobooboooobooooooooon
gbobooooobooooobobooon

33000000000000

gobooboboobooboooobooboo
goboooboobobooobooboooboboo
gobooobooboobobooobooboon
(B)DO000000BOODODODOODOOOOOO
goboooboobobooobooboooboboo
goboooboobobooobooboooboboo



|| =

o | ==

(a) (b)

(c)

0 3: () 0000000(b)000000000(c) 0000000

(a)

0 4: () 0000D000000000D000(b) 000
oooo

000 ADODODOOOO0OO0O0O0DODOOOoOooOooOo
gboboooooooobooboboboboobooo
oboboobooooooooooooboooboooon
goooooboooobobooogooo

3.4000000000000

gbooooobooooboooooooboooooDo
gbooooocooooobooboobooboboo
gbooooboboooooboodoboobooobo 1
gobo,obbooobool1bbogoil1booooogn
gbobooboboobobooboboooooog
goooboooogo

3.5 000

04()000000000000O0O0OOOOO
U200000000000000O000O000O000
0000000000 4(Mb) 00000000000
gbooooocoooooboobobobooboo
goooboooboo

4. DOo0ooOOooOoo

ubobobobooboboboobooboooad
gboboooooooobooboobooboobobaon
gbooooocooooooobobobobaoo
gooooood

uboobOoooooobooooboobooooo

gbooobOooooooboooboooooan
gboooooooooooooboboboooboo
gooobooooon

e 000000000000 DNO0DNOOOOODO
000000
e 000000000000 DO0DNOOOOODO
Oooooo00
00000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000 [13)00
00000 [8)000000000000000000
000000000000000000000000
00000000000000 [1,2,5, 10, 14, 22]0
0000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
0o00O000oooo
e 0000000 DOOODDONDOOOOOO
0000000000000000000000
00000000000000000
e 0000000000000 DO0ONOOOODO
0ooo0o0O0oo
e 0000000000000 ONODOODOOOO
000000000000000000000
000000000000000000000
0000 “0" 00000
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000000000

91



gbooooooooobooooooboooboooo
gbooooooooooobooboboboooboo
goooooboooobooooboooooooo
oooooooo

4.1 00000

00000000o000oooooooooo 50%0
gboooooooobooboobobobooobooo
gboooooooooobobobooooog
gobooboomoooboooboboooooon
gbooooooooboobooboobobobooobooo
goooooooooooooooooR,G,BO
uboboooooooboobooboboobooboo
gooooooOoOoOO0OO0O0OO0OO0O ADO

42000000

obOooooooooooooboobooboobo
obooooOoooooobooooooboooaon
gboooooooooboooboobobobooboo
gboooooooooooboobobobooboo
oooooooboobono

430000000

uobooboooooobooobooboooon
gbooooocoooooooboboboooboo
goooooobobooobooooooooooooo
gbooooooooooooboobobooboo
goboooboooocoobobooooobooooobo
booooocooooooobobobobaon
gobooobobooooboooooooboobon
oboooooobol1oboboobooooboooooboaoon
booooooooooobooboboobooooo
obooooooooooboobobobooobon
oboooooooooooobooboboooboon
coooooboOooboooOobOOOoOoOo“0’0On1
ooooo

44 0000000

boooooocoooobooooooboobooobo
booooooooboobooboboboooboo
gooobooobooooobooooobooooo
boboooocooobooobooooboobobaoo
gbooooocooooobooboboboooboo
uoboobooboooboooooobooooooo

4.5 000

Os0000000b00b00boo0o0ooooonoog
gboboobooooooobobobobobon

92

0 6: (2 00000D0000() 0000000000
oooo

0000000000000 0ooooooo 6(a)
gobooooooooooobooooooooooo
oboobooboobooooooooooooooan
0000000000DO0o0oooooooon 6(b)
oboooooboooboooboobooboboboobon
gbooboooboobooboooobooooooooon
gboboobobooooooo3bobobooon
gbooood

5. Dougooboboobooon

groogobO1200000000000 8000
gbooboobobooooooooooooooon
gbobooboboboooooobooooooooon
gbooooooboooooboboo

6. OO0

gboboboboobooboobobobooooboooo
goopoooooboo3e0c0poOoDoOoOoDOOOOO
gooooooooooobooooboooboobobooo
goobooboboobooooobooooooooon
gooboboboooooooobooooooooon
goobobooooobooooooboobooboon
gbooboboboboooooooooooogon
gbooboboboboobooboooooooogn
gboobobobobobooboooooooogo
goooog

gboboobooooooooooboooboooooo
gboboobooooobobobobobooogn



oobooboobooooooboooboooooon

08 00000000 (00)0

obooooocoooobocooooooooonog
oboooooooooooobooboobobon
obooooooobooooobooooooooon
Oooooogoseoc00onopoooooboDoDDDD
obooooobooooooboon

gooo

[

2]

3]

[4]

[5]

[6]

[7]

A. Agarwala, M. Dontcheva, M. Agrawala, S.
Drucker, A. Colburn, B. Curless, D. Salesin, and
M. Cohen, Interactive digital photomontage, ACM
Trans. Graphics, Vol. 23, No. 3, (2005-6), 294-302.
M. Brown and D. G. Lowe, Automatic panoramic
image stiching using invariant features, Int. J.
Comput. Vis., 74-1 (2007-8), 59-73.

P. J. Burt and E. H. Adelson, A multiresolution
spline with applications to image mosaics, ACM
Tran. Comput. Graphics, 4-2 (1983-10), 217-236.
S. E. Chen, QuickTime VR — An image-based
approach to virtual environment navigation, Proc.
SIGGRAPH’95, August 1995, Los Angeles, U.S.A.
(ACM Press, New York, NY, U.S.A.), pp. 29-38.
J. Davis, Mosaics of scenes with moving objects,
Proc. IEEE Conf. Comput. Vision Patt. Recog.,
June 1998, Santa Barbara, CA, U.S.A., pp. 354—
360.

A. Efros and W. T. Freeman, Image quilting for
texture systhesis and transfer, Proc. SIGGRAPH ,
August 2001, Los Angeles, CA, U.S.A., pp. 341-
346.

D. Hastler and S. Sisstrunk, Color handling in
panoramic photography, Proc. SPIE, Vol. 4309:
Videometrics and Optical Methods for 3D Shape
Measurement (Eds. S. F. El-Hakim and A. Gruen),
San Jose, CA, U.S.A, January 2001, pp. 62-72.

93

(8]
(9]

[10]

[11]
[12]
[13]

[14]

[15]

[16]

[17]

(18]

[19]

000,000000,0000000000 2007-
CVIM-158-26 (2007-3), 193-204.

J. Jia and C.-K. Tang, Image registration with
global and local luminance alignment, Proc. 10th
Int. Conf. Comput. Vis., Vol. 1, October 2003,
Nice, France, pp. 156-163.

J. Jia and C.-K. Tang, Eliminating structure and
intensity misalingment in image stiching, Proc.
10th Int. Conf. Comput. Vis., Vol. 2, October 2005,
Beijing, China, pp. 1651-1658.
oooo,00ooooooUoooooo,ooog,
1998.
gooo,000000000000b0O0—0000
gooooooooooo—o,00o00o, 2003.
goooO,000000000000O0—00000
ooooooo—o,0o0oo, 2005.

V. Kwatra, A. Schodl, I. Essa, G. Turk and A. Bo-
bick, Graphcut textures: Image and video synthe-
sis using graph cutsj/A;, AMC Trans. Graphics,
Vol. 22, No. 3 (2003-6), 277—286.

A. Levin, A. Zomet, S. Peleg, and Y. Weiss, Seam-
less image stiching in the gradient domain, Proc.
8th Euro. Conf. Comput. Vis., May 2004, Prague,
Czech, Vol. 4, pp. 377-389.

P. F. McLauchlan and A. Jaenicke, Image mosaic-
ing using sequential bundle adjustment, Image Vis.
Comput., 20-9/10 (2002-8), 715-759.

OO0 O0,0000,000000000000000,
0000000000 2005-CVIM-147-21 (2005-1),
163-170.

P. Pérez, M. Gangnet, and A. Blake, Poisson im-
age editing, AMC Trans. Graphics, Vol. 22, No. 3
(2003-6) 313-318.
0000000O0000o0O0O00oOOOoOoooon
0000000000 00oooooooooood
OOo00O0O0OO0O00ooOoooooon 2006-CVIM-154
(2006-9), 219-226.



[20] H.-Y. Shum and R. Szeliski, Construction of
panoramic image mosaics with global and local
alignment, Int. J. Comput. Vis., 36-2 (2000-2),
101-130.

J. Stolfi, Oriented Projective Geometry: A Frame-
work for Geometric Computation, Academic Press,
San Diego, CA, U.S.A., 1991.

M. Uyttendaele, A. Eden, and R. Szeliski, Elim-
inating ghosting and exposure artifacts in image
mosaics, Proc. IEEE Conf. Comput. Vis. Patt.
Recog. Vol. 2, December 2001, Kauai, HI, U.S.A.,
pp- 509-516.
ooo0,0000,00000000000000
00o0oUoo0,000000000o0ooooog
0000oO0oooooooo, 42-SIG 13 (2001-12),
1-18.
oooo,0000,0000,000000000
gobobooboobobo,bboobooobon
o000ooo0o0ooooooooog, 42-S1G 13
(2001-12), 59-70.

(21]

(22]

23]

24]

OO0 ADD0OO0OO0OO0OOoDoOoboo

00000 (G,)00000000 70 (#,5)
0000000000000+ ;00000000
00000000 & =i'(,5), § =4 (,5) 00000
000 /000000000000 7000000
0000000007101 =al+b0000000
000000000«000000000s0000
00000000 (120

J:% Z (Il(i/(i,j)aj/(iaj))_al(iaj)—b>2—>min

(i,5)ER
(7)

ooooRrROOODOODOOOODOOOODOO

0000ooooO0 (MmO, b00000O00O0OO

goooo

aJ e - -

o= 2 (109, ) el (6,) =) (~1(.))
(i,9)€ER

8‘]7 T(al(s N\ 2l(: ~ T

b T%z([ (1(i,5),3' (6, 3) —al (5, ) =B) (1) (8)
3

gboogoboobobbooboobogn

A B a\ (p

B N ) \b) \gq
O00O0ON*000ROOOOOOOOA, B, p, q0
ooooooooon

A= > I(,5)° B= > I(ij)
(i,7)ER (1,j)ER
p=Y_ I'i'(i,§),' (i, ) j)

(1,7)ER
g= Y T'@(i,5),5'(5)

(1,7)ER

(9)

(10)

94

00000 (900000000 [12]000000
0e b000000D0000

N*p— Bq Aq — Bp
o= —- b=

AN* — B%’ ~ AN* — B2 (12)

b BOOODOOODOODOOOO

000000 NxMOOODOOOODOO j=
M-1000 (i,,M-1)0000000000000
00000000000000d0000nooo
000000000000 (,M-1)000000
0+200000400000000000000R,
G,BO0O0O0ODODOOOODO JG,d000000
0000D0000000000000J(3,0),i =0,
., N—-100D0DODO JOOOJ(G,d0J0000
00 JO0O0ODO0OD0OD0O0000000o0oooon

0000000000000000000 dyax O
O000dmax =5 0000000 2dmax+1)xN OO
0 D(d,i)0 P(d, i), |d| < dmax, 0 <i < N—100ON
0000d*i),0<+<N-10000000000
ooooog

0 d=0

oo d#0 (13)

m¢m:o,_m¢m:{

ooooobooog:=1,.,N=-1000DOO

D(d, i) =min Gﬂ%d—wﬂDJ@,d)+[Mdﬂi—1ﬂ

P(d,i)=(00000000 &) (14)

0000d 0 —dmayx < d < min(d+1, dpay) 000
00000000000 |d < dmx 1000000
0000004 (N-1)=000000000004
=N-2,N-3,..,0000000
d*(i) = P(d*(i +1),i+ 1) (15)

000000000000000000000000
000000000 HOOOH =200000000
000000000 I(G,j)000000

i 1.5)
(i, )=
) {I<i+v<j>d*<z'>,j>

0<j<M-H-1

M-H<j<M-1
(16)

000000 o) 00000000000

L jrH-M+1

o(j) . (17)



