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Online System of Foreground Obstacle Removal from
On-Vehicle Video Using Plane Structure Constraints

Kousuke KURIBAYASHI*! Hiroshi KOYASU*! Hitoshi MAEKAWA*!  Shintaro ONO*3  Hiroshi
KAWASAKI*? Katsushi IKEUCHI*3
Saitama University 255 Shimo-Okubo, Sakura-ku, Saitama City, Saitama 338-8570, JAPAN*!
Kagoshima University 1-21-40 Kagoshima Kourimoto, JAPAN*2
University of Tokyo 4-6-1 Komaba Meguro-Ku, Tokyo 153-8505, JAPAN*3

Abstract In the urban scene modeling, removing foreground obstacles (e.g. pedestrians, telegraph
poles, roadside trees, etc.,) is important problem for 3D reconstruction, privacy protection, etc. We
propose the method which can automatically remove foreground objects for such problem from the
on-vehicle video data. Since an input data is a video stream and an urban scene is mainly composed
of planar surfaces the method can effectively separate the objects by using the Spatio-temporal image
analysis. To show the effectiveness of the method, several experiments using real data are conducted,

which resulted in a successful separation of complicated objects.

Keyword: Spatio-temporal analysis, structure from motion, obstacle removal

1. 0000 Jddddd0oooooooooOooooooooa

Jd0o0d00o0oDoo0bOO0bDOoDoooboOoboOoooooa
gddoooooboooooboobooobooonoo 0000000000000 0O0oOooOoooooo
doddooobooooouooooboooooooga 0000000000000 O0O00ooOOoooooon
ggooooobobobooooooooooooood 0000000000000000D0D0000Google
gooubodooaooodooodogooooood Earth 0 Virtual Earth 0 0000000000000

goooooobobobooooooooooooooo 0000000004 0OIntelligent Transport Systems [
000oo0oDooooDpDooooooogooooon

121



gobooboobooboboboboobooboo
O00000000000000000 Google Street
ViewOOOOOOOOOODOOOODOOODOOOOO
gboboobogboobboobgobooboda
gbooabooan
goboobogbooboboobooboooo
gbhobooboooooboobobobobobobon
gboobooboobooobooboooooboo
goboobooboobboobooboobon
goboobooboobboobooboobon
gbhoboobooooobooboboobobobobon
gbobooooooooooobooboboboo
gboooooooobooboboboboooogon
00 EPIlO000O0DOODOO0O0O0O0ODOODOOO0OOO0
gooboooobooooobbooooooooooon
goboboooboboobbooboboooboooo
gooobooboobgooobooo
gboboooooooobooobooboboboboon
gboooooooobooboboboboooooon
gboooooooobooboboboboooooon
gbooooooooboobobobooooooon
gbooooooboobooboboboooooooon
gboooooooobooboboboboooogon
ooooOOoO0opoooOoOoOoOooooousSBOOO
goooo0oooefpsOO0O0OOOOOOOODODOOO
goboobooboobboobuoobooboo
goboobooboobboboboobooboo
goboobooboobbooboobooboo
goboobooboobboboboobooboo
goooboooboobgoobon

2. 0OO0O0O

oooooooooooboooooooooog
ooooooooboooooooobooboooboooo
O0doooopoooooOoooooooooDoooo
KorahOODOOOOODOOOOODOODOOOODOO
00000000 ?0000MatsushitaO0O D000
gooooOo0ooOooooooooOooooooooo
oo0ooooOoooOoooooooboooobooooo
000000000000 3%00000000000
oo0ooooOoooOoOoooOoOopooooooooo
ooooooooooo0oOooooooooooOogo
oooooOooooooooOooobooooooooo
oooooOooooOooooooobobooooboooo
ooooooooobooooo

oo0oo0o0obDoooooooooooOooood
oo0oo0oOoooOoOoooOoopooooooooo
oo0ooooooooooooO0oogooooDoooo
LiO0O lazy snapping 0000000000 OOO0O
goooo0oooooboOooooooobooooooo
0o00o0o00obo0o00o0obO0obObOndD inpaintingd
0000000 YOShiratori 00000000000

0000000000000 0000Do0o0ooooooog
00 00O Epipolar Plane Image

gbooboooboooooobobobobooooo
gboboobooooooooobooboboboooo
0000000000000 00000Y00000
gboboooool1oooooooboboboooo
gboobooobooooooooobobobooooo
obobooooooooobooboobobooooon
gboboooooboooooboboooooboon

gbobobobooooooooboobobobon
gboobooooooooobobooboboboooo
gboboooboooooooboobobobooooo
0000000000000 D000000 Y0000
oboooooooooboooobooobooooono
obobOobobobobobobobobobon
oooooooooooobooboobooooooooon
oboboooooooooooboobobooooon
gbobooooooooooooobobobooon
gbobooooooooooobooboboboooon
0000000000000 90000000000
gboboooooooooooooboboboooon
gbobooooooooobooboobobooooon
O0000Garg000000000O0O0O0O0O0OOO
gboooooobooobooobooooooobooo
gboboobooooooboooooobobooooon
gboboooooooboobobobobooooon
0000000000000 D00000000 P00
gboboooooooboobobobobooooon
gboobooOooboooboobooboobooboo

e

1L
ERFEDOHE
it a
FE1TO | FE2
FIESZIC Y IR

I a

SFTHOREEROMRE

Fig.1 0000000000 O0OOODOOOOOOOO

3. ODOOObOOoOoooobooobaoo

3.1 OOobOoaboodn

gboooobooooooobbooboooooboooon
oboboooobooooooobooboboboooon
oboboooboooooooooboobobooooon
oboboooobooooboooooobobooooon
oboooobooboooooboooon

gboboobooboooboooboobooboboobon
goooboooooooooobobooooooooooo
obobooobooboooooooboobobooooon
oboboooboooooooooboobobooooon
oboooooooooon

gbobobooboooooboooboooooboooboon

122



; NG PeoAar:
48T Bunig G

SRy cuy

Input T Ly 2,?.'. Z‘.S‘.{:‘;Z
d Eﬁ' ﬂi iRy 55

At 279

s
ACINES TAEiRAKL

=0 t=4 t=8

"2.9%

. PASIIED TRNDRAR

......

t=12

Fig.2 USBOOO0OOOOOOOOOOOO

oboooooooobooboobobobooooon
oboboooooooooboobobooooooon
oboooooboooooboooo
gboooooooooooooooooooaoo
gboooooobobobooooob 100000
gbbooooobooboobooboobooooono
gboooooobooboobobobobooooon
gboboooooboobooboboboboooooon
oboobooooooooobobobooooooon
ooooooooooobooogooboooo

3.2 00OO0OOOOO

d3gbooooooboobobobobobobon
obooooobooooboobooog

0000000000000 AffineSIFTY 0000
gbooooooboooobobobobooooon
OO0000000AffineSIFT OO MorelDOOOODO
0000 SIFTY 00000000000000000
gooooooooobooooooooooooooon
OO0OCOOOO0OO0O0O0OD0O0O0OO0O0O0O0O0O AffineSIFT
gbooooooooboboboboooooogo
gboooboobooooboboooobooon

00000000000 OORANSACOOOOOO
000000000 000O0oo ™Woooooog
obooooooooooboobobobooooon
obooooooooooboobooboboooon
oboboooooooooooooooooboobo
oboooooooo

3.3 0UO0OObOoOoooboooooboon

320000000000000O0CO00DOOO0DOO
goboooooooboboooooobooboooooooo
gbooooooooboobobobobooooon
000000000000 ®OVMFOOOOODOOOO
gooood

ooooooooooooooboobooooooooo
ooooogooooRrGBOOOOOOODOOOOO
obobooboooooooboooboobooooooon

gbobooooooooooooobobooooon
gboboooooooooooboobobooooon
gboboooooooooooboobobooooon
gbobooooooooobooboobobooooon
gboboooooooooboobobobooooon
gbobooooooooobobobobooooon
ooooooooooovMrFOOOOOODDDDOO
gboboboooooobooooboobobooooon
gbooooooooboobobobobooooon
O00O0OVMFOOOmOOOOOOOOOvOODO
gbooooboooobooooon

N
m= argmin Z|v—vi| (1)
v€{V1,...,VN}i=1
oboboooooooooooboobobooooon
oboooooboooon

34 0O000ODOOOOODOO

gbobobooboooooobooobooboboobon
gboobobooboooooboobobobooooo
gbobobobobobobobobboobooooon
gbooooooboooon

goooooooooooooobobooooooooo
goboooooooo vMFOOODOODOOO
gooooooobo-00obboobbr-=20000
gbobooboooooooooboobobooooo
gboooogoo

4. ODO00OOO0OOOOOOO0Od

0000 §3.00000000000000000
0000000000 oOo0oooooooooog
00o000o0o0ooooooooo

0003200000000000000000
AffineSIFT 00 SURFIY 000000 OO0ODOOODO
000000o0O00o0l000o0oooooooog
00000000000000003.30000000
0000000000000 oo0ooooooon

123

......

t=19 (E#)



Input Ed

Projected
(Right)

Projected s
(Left)

ugoboobodobooboboobugobooboa
ooooboooobooobooboo pOoO0ODbDOOO
OpP=20000000000000000000OO
Ofpsd000O0DODOOOOO340000000O
oboooooooooooon

5. 00O

51 USBUOOOOOOOOOOOODO

USBOOOOOOOO0O0DODOOOO84. 00000
0d0Do000ooooooooooooogoog CPU
O Intel O Core-i7 860 2.80GHz OO OO OO O OO
00 640%480pixel D D D DO OO0 OOOOOOOO
O.6fpsO0O0 DO OO

020000000000
oOooOoo (1oooooo)o
gboooooobooogn
obooooooooogo
gbOoooobobooboo
oboooobooobgo
gboogoloooooooon
oboooooobooogo
goboooobooooboood
gbooooooooogo
gboooooooobooboboboboooogon
oooobbOOo0oOooooobooobbobOooooo4o
gboooooooooooooooooooogo
00000000 11.520PSNRODO 86.3840 0000

HIKF %

SOwed > 10l PACIFICN YORBRAMA

call for Papers
e Ao

Paper

Fig4O0OOOO

5.2 00000D0O0ODOODOOO

Fig7rO0O0O0O0O0000000O0O0O0O0OOO
gboboooooooboooobooboboboo

gobooboobooboboobuooboooboo
gbosog3boobooooboobooboogooboon

gboogoopoobobooboooboboooobo 5.3 OOOOOOODOOOOO00

gooboobooboobboboboobooboo
gobbooobooobboobboobboooo
gobooboobooboobogeboonboOn
oboboooooooo Tobooboooobooogoo
gooobooobooboobon

gobooboobbooboobooboobo
gogbooboobboobooboobooboo
goboobooobobooboobooboboobbo
gUbobooobooooboobobooobooobonDo
oro0ooobo0oooooboooobooboooooon

124



Input

Projected
(Right)

Projected
(Left)

t=7 (H %) =21

Fig8 0UODOOODOOOOOOOOoooOO

t=28 t=35

obobooobooooooobooobooboooooboo
oboboooooooooobooooboboobooooon
oboooooooobooboepnooboboooon
oboooooooobooboobobobooooon
oboboooocoooooobooboboobooooon
obobooooooooooboobooboboooon
obooooboooooooooboobooooooo
oooooooooooooooobooooooogn
ooooooooooooboooooooob 1ooooo

FigoO0OOOOODODODODOOOOOOOOOOOOO

Fig.10000O0OOOOOOOO

54 0U00O0OO0OO0OO0OOOODOOOO

oooooooboobooooboooboooboo 11go
goboobooboobbobbooboobon
gd2000000000000000DO0O00O0O0O0OO
goboobooboobboobooboobon
oobooooogob1200000000000D00
oboobooooooooobobobobooooon

gbooboooooooooboobobobooooo
gboooobooobooog

6. OO

gbobobobooooooboboboboo
gbobooooobooooobobooooboon

gboboboooooooobooboobobobaoon
gbobooboooooooboobobobooooon
gbobooooooooobooboobobooooon
gboboooooooooboobooboboooon
gooobooooooooboobobooooooooon
gbobooooooooboobobobooooon
gobooboboooooooboobobooooooooon
gboboooooooobooboobobobooon
gbdobooooooooboooboobobooooon
gboboboooobooboboobobobooooon
gooboboooooboooooobooobooooo
gbobooooooooooboobobooooo
gbobooooooooooobobobooooo
U00000O0mpainting00000000OOOO

gboooobooooooboooon

ubooooboooooooooon

1. 00o0oDOoOoO00oooooboboboboooooooon
2.000000000000O00O00O0O00O0O00
gboboooobooboooboobooooobo
. 000o0oobOoobooooooobooooooon

obooooooboooon

gobobobooboooboobooboo

1. 00o0obooooogd

2. 000000000000O00O0O0OO0OOO0O
gbobooooboobooooboobooboonbog
gooooboooooog

gbobooboooooooooobooobooobooboon
gboboooooooooboobobobooooo
gbobooooooooboobobooobobo

7. 00OO

gboboboooooogooobooboobooboon
gbobooboooooooooboobobooooo
gboboooooooooboobobobooooo

125



.
-

o

od
ao
ao
ao
ao

Oo000ooOo0oOoooooOooooousBOOOO

ao
ao
go
go

)

2)

A EE Y

i

t20(£)

t=26

Fig.11 000O0O00000OCODO

Fig.1200000000000COOO

goboooooooobooooooooooon
ubobooooooboboboboooooon
boooooooobooboboboooooon
ubobooooooooobobobooooo
gboboooooooooboboboooooon

booooobobobobooooooooon
gbooooobocoboobooboboooooooon
gbobooooobooooboboboooooo
gooooao

gboooobon

Yin Li, Jian Sun, Chi-Keung Tang and Heung-
Yeung Shum, ”Lazy Snapping”, SIGGRAPH
2004, Vol. 23, pp. 303-308.

C. Rasmussen] T. Korah[] ”Spatiotemporal in-
painting for recovering texture maps of partially
occluded building facades” In Proceedings of the
IEEE ICIP. 2005.

Yasuyuki Matsushita, Ko Nishino, Katsushi
Ikeuchi, Masao Sakauchi, ”llumination Normal-
ization with Time-Dependent Intrinsic Images for

10)

11)

12)

126

Video Surveillance”, IEEE Trans. Pattern Anal-
ysis and Machine Intelligence., 26(10): 1336-1347
(2004).

Takaaki Shiratori, Yasuyuki Matsushita, Sing
Bing Kang, and Xiaoou Tang, ”Video comple-
tion by motion field transfer”, In Proceedings of
IEEE Conference on Computer Vision and Pat-
tern Recognition (CVPR), volume 1, pages 411-
418, June 2006.
ogooo,00ogo,0oo,0oo,ooog,”
oo00oooO0OooOooooooooooooog
oooooooooor,opoogoooogo
0 0 PRMU97-1260 , pp.41-46 (1997).
000,00 0,00 0,00 000,7000
ooooooooooooooooooor, o 13
0 dodoooobboooooooooo, oo,
June 2007.

Rahul Garg, Hao Du, Steven M. Seitz and Noah
Snavely, ”The Dimensionality of Scene Appear-
ance”, In Proceedings of the IEEE International
Conference on Computer Vision (ICCV), Kyoto,
2009.

D. Lowe, ”Distinctive Image Features from Scale-
Invariant Keypoints”, Int’l J. Computer Vision,
vol. 2, no. 60, pp. 91-110, 2004.

J. M. Morel and G. Yu, ASIFT: A new framework
for fully affine invariant image comparison, STAM
Journal on Imaging Sciences, vol. 2, no. 2, pp.
438-469, 2009.

Herbert Bay, Andreas Ess, Tinne Tuytelaars,
Luc Van Gool, ”SURF: Speeded Up Robust Fea-
tures”, Computer Vision and Image Understand-
ing (CVIU), Vol. 110, No. 3, pp. 346-359, 2008.
oooo,0o00,000,0000,700000
Oo00o0ooooooooos3soooooooog
ooooo”, 0120 boOooooOoooooo
00, 2009.

J. Astola, P. Haavisto, and Y. Neuvo, ”Vector
Median Filters”, Proc. of the IEEE, Vol.78, No.4,
pp-678-689, Apr. 1990.




