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Construction of 3D Environment Model by an Omni-Directional Camera
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Abstract Map information is important for path planning and self-localization when mobile robots accomplish
autonomous tasks. In unknown environments, however, mobile robots should generate an environment map by
themselves. We propose a method for 3D environment modeling by a mobile robot. A 3D environment model
can be generaterd from the result of 3D measurement using image data. To realize a 3D measurement of objects
more efficiently, the robot uses an image sequence acquired by an omni-directional camera which has a wide field of
view. The measurement method is based on structure from motion (SFM). A triangular mesh is constructed from
measurement data. Experimental results showed the effectiveness of the proposed method.
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OOoooU0ooooOoooU ¢d)pjoooooouoooog
goboooooboooobooobooooooobooooooboo

1. O g

gobodooooooooooboooobooobooooobooo
gobooooobooooboooboooooooboooooboo
gobooooboooobooooboooooooboooooboo
goooooooooooooobobuoboboobooooo
gooooooooooboooobooo3ooooooonooboo
oobooooooobooooboo

goboooooooooooooooooobooooooo
oooo0Dooboo0obD0obDo0ooDoOooDoOoooOooo
goboooo seoc00O0oOooOoOoboOooboboOoboOonoon
0000100000000 00D0OO0OO0OOODOOOOO
goboooooboooooooooboooooooboooobo
gobooobooooboooooooooobooooboa
0000000000 00o00o0O0@BooO 360°0000

0000000000000000000000000000
0000000000000000000000000000
ooooo (60
000000000000000000000000000
00000000000000 (7800000000000
0000000000000000000000000000
0000000000000000000000000000
000D0000000000000000010000000
0000000000000000000000000000
000 [900000000000000000000000
0000000000000000000000000
GPS[10)0000 [11]J0000 [12)000000000000
000000000000000000000000000



gobooooboooooboboooobooooooobooooboa
gobobooooboooboboooboboooboooboDboo
oono
goboooooooob1oo0oo0o0oooobooooDooo
O00000000000000000000000 Structure
from MotionO SFMOOOOOOOOO0O0OO0OO0O0OOOOOOO
gooooooooocooooobooooooooboooooooo
goboooob2000000000000DO0O00ODDO
gobooooboooobooooboooooooboooooboo
goboooooooobooooooobobooooooood
goboocooboooobooooooooooobooooboo
goboboooooobodoooboooo
SFMOOOOOOOODODOOOOOOOOOOOOOOOO
goboooobooooboooooooooooboooooboo
goboooooboooobooobooooooobooooobo
goboooooboooobooooooooooobooOoooboo
gobooooooooobooooobooooooobooooobo
goboocoooooooooboooboooobooooooo

2. bO0DOOD

goboodoooobooooobooooooooooood
goooobooocooooooooooooboooono 1004
gobooooboooobooooooooooboooobod
gooooooo

EHMHAS
)

BEoRyk
)

01 ODooooooooooo

HERRS
)
xt it 2 4

=S
& - ZBDHEAHETE
-

Xt RD3RTTEREH

|

ﬁﬁé-%@ﬁ#ﬁi
XS R DIRTTEFZDBEHEH
e

HARRO G- HHE
~———
ETIVVY

02 0O0O0OC0CO

gobodoobodoo 2b00000boo0oooooood

oobobooooooooboooooooooboooooooooon

gobooooboooboooobooooooobooooooa
goboooobooooboooboooooooboooooboo
gobooooboosgoobooooooboooboooooooboo
gobooooboooboboooboooooobooooooboo
goboooooboooooboobocoobo3sooooooooboo
goboooobooobooooooooboo

3. 0000

3.1 0OOoo

gooooOoOoooo 200000000 OOO0OOOOOO
000000000ooooooooooooooooooan
00000000 Lucas Kanade Tracker OO0 O0O0OO0O0O
00o0o0oo0O00o00oo0oo0ooooooooooo 3o
oooog 3oo

03 Ooooo

000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000D000000000D000000000
000000000000000000000000

3.2 0000 EODO

00000300000000000000000000
r=[z,y270000000000000000000000
000000000000000000000000000
00000D0D0D00000000 3000000000000
000000000000000000000000 400

00000000 [u,0] 000 (1)(2)000 r00000
000 e0b0c¢00000000000000f000000
ooo

sf —2c

a? (f\/m—i—b u2+v2+f2>
a2f2 — b2(u2 + v2) (2)

S =

000000000000 000000000000000
[r| 0000000000000 000000000

O0o00DD0200000000000000 r; =
[, yi,2)7 00, = [zh,y), 2] 0000000000000



0000000000000000000000000000
00 EDO0ODDD (3)0000000 (30000000
(40ooooo

FTEf =0 (3)
u'e=0 (4)
oooad

U = [2172, Y122, 2172, T1Y2, Y1Y2, 21Y2, T122, Y122, 2122) "

e = [e11, €12, €13, €21, €22, €23, €31, €32, €33] T

Oeqwd EO a0 bO0OO

o000 E08SO0O00OO0OOODOOOOOO0OO0OO0OoOoOooOoO
oooo0ooUoo (p)ooooUoooooU0oOonOOO
ogoooooo

min || Ue || (5)

O000U = [ug,ue,...,us])  O000ed UTUDOODOOO
00000000000 0000000000000 edO
ooo

P HE
X2+Y2_£:

a* b?

X

04 ODO0O0OOOOOOO

3.3 UOOQag
gobooooooooooooboooobooooooobooo
goboooobooooboOooobOoOoobOOobobOooobooo
goboooooooooboooobooooooobooooooooboo

O0000000000000000000000 RANSAC

0 RANdom SAmple ConsensusU[14] D0 OO0
000000 E0O0DOOOODOOOODOOOODO 8000

00000000000 Erene 00000ODO0ODOODODO

r;,0r; 00000 (6)0000000000 k0000

|KZErmmrA‘<q (6)

000 ¢0OD00000000 ErengDkOO0ODOODODOOOO
oooooooooooobOoOoOo koOoOobDbobooboooobo
() 0000000000000 DODOUOODOOOOOOO
OoooUooUoooo (b)UbU00OD EQOOOOO

3.4 00000000

000 800000000000D0000O0ONDNDOO00O0
00000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000003.100000
000 RANSACOOOOOOOOOOOODOOODOO0ODOO00
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0 (7)(8)000000

k+w k+w k+w
wZZOl—EZZOl
1=k i=k i=k
C(k): e w rw N 2 (7)
w Y i?— (Zz)
i=k i=k
C(k) <G (8)

0000, 00004000000000GO0000¢(k)00
000 kD00 (k+w)000000000000000000
000000000000000wO00000000000
0000000000000000000000
00000000000000000000O0O0O0O00O0
0000000000000000000000000000
00000D000D0000000D0000000000000
00000000000000000 (8)0000000 k0O
00000000000

3.5 0000000000

0000 EODOOOROOOOOOO0D0 t=[tety,t.]7
0000 (9000000

E = RT (9)

BRI

;A2

05 000030004

3.6 UUOO0O 3000000

O00o0o0oo0oo0ooOoRrROOODOOOOOtOOOO0OO
gob3tooboboooooboooooooboooooboa
gooooooo3socoooooooooooooooooboo
goboooooobooooooo sbod



3.7 0000000

000000000000000000000000000
000000000000000000000000000
00000000000000 pm,:;02000000000
[Um,i, Um,i] O [un, 4,0,,]7 00000000000 (10) 00
0000000000 g0D0O00O0000000 g0O0OD
00 (11)00000000000000000000000A
ooooooon

— | EPmi | | TP, Pri | | | ZPm, (10)
o, ; O s oy, o,
llgll < h (11)

3.8 000000
350000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000 340000000000000000000000
0000000000000000000000 (150000
0000000000000000000000000000
0000000000000000000000000000
00000000000

000000000000000 300000000000
0000000000000000000000000000
0000000000000000000000000000
0000000 (12)0(14) 00000000

u dx
v =d dy - (12)
—c+ f dz + 2¢ —c
CZI + b .’17/2 + 12 + ZIZ
d= Y (13)

b 2
(a) (:C’Q +y/2) _ 2’2

r f
d = dz' + 2¢ (14)
000000000000000000000
2
Br = vy |xpp = | (15)

P

O0O00FE,00 fO0000O0OO00O0OO0OOr,,00 fO
OooopOO0OO0OO0O0O0O0D0OOOOODDxy, 0000CCO
EIEII:II:II:IDx'prEIEIEIDEIEIEIEIEIEIEIEIEIEIEIEIEIEIEI
gobooooobooooobooooobooooooobooooobo
0000 37000 (l0)D0D0O00O0ULOO0O gOOOOOO
ooooooooooono

Tfp = || (16)

OO000Ogs, 00 fOD0OO00 pO00O0DOOOOOOOOOO
goboooooboooobooooooooooobooooboo
goboooooooon

3.9 UUOOoOooooooo

gobooooooooooobooooobooobooooobooo
goboooboooboooobooooooobooooood
gobooooboooobooobooooooobooooooboo
gobooooboooobobooobooooooobooooooa
gobooooboooobooobooooooobooooooboo
goboooooooobooboooboooooboooobooboooooo
00o000o00oo0oo00o (1eoooooooooooo
goooooooobo3boboobooooooooocoooooon

4. 00OO0O0OO

4.1 000000

ocoooobooooboo spopobobooooboOOOOOOOO
goboooooboooobooooobooooooobooooooboo
gobooobooooboooooooooobooooood
gobooooobooooboooboooooooboooooboo
goboooobooobooobooooooobooooooa
0000O0o0oooooooe 0000000 e0nooon
goboooobooooboooboooooobooooobooooo

=

06 ODOO0O0OOOO

4.2 0000000000
gobooobooooooooboooooboooooooobooo
ooooooooooooooooooooooooooon
gobooooboooooooooooobooo

5 0 0

000000 7(x)LO000M)00000000o0oooo
ooLooobo0ooOoOboO0ooOooobOO0oobOooOooOoobooo
000000 10em/s00000O00O0O00OOOOODOOO
0000000 sfpsO000000000O00OOOOOOOOO
gobooobooooboooooooooobooooood
O 10fps 000000000000 O00O0O 1920 x 1080pixels
gooad

0(aLO0O0000DD0OD00O00O (b)Ooo
o7 0000

goboooooobooooooosoooooboooooboo
oooOoooooooooobObObOOobOoboobO0s.303.403.703.8



0000000000 ()000000000000000 (b)
0000000000000000000000000000
000000000000000000000000

. E‘I’;ﬂ“ﬁ\ oo ‘ I:I7ﬁ‘yl~0)§)|.ﬁ§]‘

() 0000 1

(b) 000D 2
() 0000000

*

o9 0 0O O

*
-

2L

=31 !'
-3
5

L

R
. EAY LT N 31_:'“-5‘? Al

- A

. - eae PR BSR erdn  o a lTE
o H s ke e 8 Rk o " E < B¥)

(b)0DODOO00
08 0DO0DODODOOOO

cooooooooboobobooo spopoooobooooOoOooo
gooooocoosbooooooobobooooobooo
oooooooooooooooooooooooooobon
goboocoobooooooobooooooboo

ooooooooooooob nnoooboooobooos.3d
3403.70380000000000 ()000O0UDOOOOODO
00000 (b)D0DO0O00O0DO0O00O0ODODO0ODOODOO
goboooooooooooooooooboobooooooooboo
gobooooboooooobooooooo

gobooooooooboo3oooooobooooonooo
b 1200000000000 00000O00O00O00DO
oobooooobooooooon

6. U g

gobooooooooboooooboooooboooooooobooo
goboooooooobooooooooooboooood
goboocoooooobooooooooooobooooboo
gobooooobooooooobooooood

goboooooooobooooooboooooobooooobooo
goboooooboooooooooooooooboooooboa
gobooooobooooooobooooooooboooooboo

00 ()
010 ODOOoOoooooddd0oooooooooooooooo



® il cooB) AMOHIH

(by DDODOOD
011 D0D00000D0000

00 (c)
012 O00O0OO0OO0OO0O0OCOOO0OO0O0OOOO0O0O0C0O0OO0O000

goboooobooobbooobooooooobooooooa
goboooooooboooboooon

g g

0000000000000 ooooooUo oooo (B)
207001840 0 000000 ODOOOOOOOOOODOOOO
0ooo

O O

[1] A.J. Davison:* Real-Time Simultaneous Localisation and
Mapping with a Single Camera” , Proceedings of 9th IEEE
International Conference on Computer Vision, Vol. 2, pp.
1403-1410, 2003.

[2] H. Ishiguro, M. Yamamoto and S. Tsuji:* Omni-Directional
Stereo” , IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, Vol. 14, No. 2, pp. 257-262, 1992.

[3 OO O0O,0000,00000 000000O000O0OOOO
goooooboooo 3gooooooobr,oooooooboooo
0, Vol. J87-D-II, No. 5, pp. 1120-1132, 2004.

[4] R. Bunschoten and B. Krose:“ Robust Scene Reconstruc-
tion from an Omnidirectional Vision System” , IEEE Trans-
actions on Robotics and Automation, Vol. 19, No. 2, pp.
351-357, 2003.

[5] C. Geyer and K. Daniilidis:* Omnidirectional Video” , The
Visual Computer, Vol. 19, No. 6, pp. 405-416, 2003.

[6] J. Gluckman and S. K. Nayar:“ Ego-motion and Omnidi-
rectional Cameras” , Proceedings of 6th International Con-
ference on Computer Vision, pp. 999-1005, 1998.

[7] J. Takiguchi, M. Yoshida, A. Takeya, J. Eino and T.
Hashizume: ”High Precision Range Estimation from an
Omnidirectional Stereo System”, Proceedings of the 2002
IEEE/RSJ International Conference on Intelligent Robots
and Systems, pp.263-268, 2002.

[ OO 0OODO,00 00,00 000 0DOO0OOODOOOOOOO
0000000, 00000000000000 (MIRU2005)
0oooO, pp. 1396-1403, 2005.

[9] M. Tomono:* 3-D Localization and Mapping Using a Single
Camera Based on Structure-from-Motion with Automatic
Baseline Selection” , Proceedings of the 2005 IEEE Interna-
tional Conference on Robotics and Automation, pp. 3353-
3358, 2005.

[10] J. Meguro, Y. Amano, T. Hashizume and J. Takiguchi:

“ Omni-Directional Motion Stereo Vision Based on Accurate
GPS/INS Navigation System” , Proceedings of 2nd Work-
shop on Integration of Vision and Inertial Sensors, 2005.

[11] S. Wei, Y. Yagi and M. Yachida:“ Building Local Floor Map
by Use of Ultrasonic and Omni-Directional Vision Sensor” ,
Proceedings of the 1998 IEEE International Conference on
Robotics and Automation, pp. 2548-2553, 1998.

[12] OO OO,00 00,00 000 DOODOOOOOODOD
gooooboooooooooooooobooooor,ooooo
00, Vol. 34, No. 5, pp. 529-538, 2005.

[13] J. Y. Bouguet: “ Pyramidal Implementation of the Lucas
Kanade Feature Tracker Description of the Algorithm” ,
OpenCV, Intel Corporation, 2000.

[14] M. A. Fischler and R. C. Bolles:“ Random Sample Con-
sensus: A Paradigm for Model Fitting with Applications to
Image Analysis and Automated Cartography ” , Communi-
cations of the ACM, Vol. 24, No. 6, pp. 381-395, 1981.

[15] B. Triggs, P. McLauchlan, R. Hartley and A. Fitzgibbon:

“ Bundle Adjustment -A Modern Synthesis” , Vision Algo-
rithms: Theory & Practice, Springer-Verlag LNCS 1883,
2000.

[16) OO 00,00 00,00 008 DO0OOOOOOOOOOO
J0ooo0ooooo",0000000000 CVIM-149-2,
pp. 7-14, 2005.



