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Camera Parameter Estimation from a Long Image Sequence by Tracking Markers

and Natural Features
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TAKEMURATT

Joo0o0 OooOoooOoOOOO0OO0OO0OO0OOO0OOOOOO0OO0O0OOO0OOOOOOOOOOOOODOODOO0OO0O0OO0
0000000000000000000000000000000000000000000000O00000O0
0000000000000000000000000000000000000000000000O00000
0000000000000000000000000000000000000000000000O00000
goo0oooooooooooOooOoOODOODOODOODOOO0OOO0OO0OO0OO0 20000000000000000
gooooooooooooooOoOoOOOO0OO0ODOOOOO0OOOOOOOOOO0OODOODOOOOOODODOOOO
0000000000000000000000000000O000O0O0O0O0O0OO0OO0OO0OO0OO00O000O0
0000000000000000000000000000000000000000000000O00000
g0oo0oooooooooooooooooOooOoOoOOoO0OO0O0O0O0O0O0OoOobOOoOOoOoOoboooo

00000000000000o000o

00000 0O0o0O0o0oo0oOoO0oOoO0OooOoOoOOoOooOooooooooOooooo

1. 0D OO0

coooooooooooooobooOoooboooo
ooooooooooobooooobooOoooOooon
ooooooooooobooooobooOoooOooon
ooooooooooobooooobooOoooOooon
ooooooooooobooooobooOoooOooon
O (shape from motion) 000000000000
00O [1]0(8]0

cooooooooooooooboboOooooon
ooooboooooooooooobooOoooOooon
D00D0000000000D0D[1],[210000
oooooooooooooooobooOoooOooon

0000000000000 00000000000
Graduate School of Information Science, Nara Institute of
Science and Technology [ 8916-5 Takayamall Ikamall Narall
630-0101 Japan

0000 D00DO0000000000000
Cybermedia Center JOsaka University[J1-32 Machikaneyamall
Toyonakall Osakal]l 560-0043 Japan

000000000000000000000000
000000000000000000000000
000000000 00000000000000
000000000000000000000000
000000000000000000000000
0000000000000, 0000000000
000000009 00000000000000
0000 ([10)000000000,00000000
000000000000,00000000000
000000000000,
00000000000000000000000
0[40[700000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000000

00000000000 D=l Vol. Jxx=D-Il' No.xx pp.1-10 xxxx O xx O 1



00000000000 ’xx/xx Vol. Jxx—D-II No. xx

000000000000 000000000000
000000000000000000000000
000000000000000000

00,00000000000000000000
000000,00000000000000000
000000000000000000000000
O[11],[12]. 000, 00000000000000
000000000, 00000000000000
000000000000000000000000
0000000000000000000000. O
0,0000000000000000000000
000000000000,00000000000
00O00D00D00D000D00000.

000000000000000000000,0
00000000000 (00000000)0000
000000000000000000000000
00000000000 800000000000
000000000000000000000000
0000000000000000000000 [13]
0000D000000000000(13]000000
000000000000000000000000
000000000000000000000000
afafaluln

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 D0000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000,000000000
0000,0000000000000000000
00000000000000000000,0000
000000000000000000000000
ooooooo.

00020000000 (00000000000)
000000000000000000000000
000000000000000000000003
000000000000000000000000
00000000000 0000000000000
000400000000000000000000

2, 00O0O0oOOoOoOoboOooobooooog
gooooo

00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000 1000000000000000
0000000000000 6000000000
000000000000000000000000
000000000000000000000000
0000000 (010 A)D0O0D0000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000 (010 B)0OO0DO0000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000
2.1 00000000000 D0O0D0O0O0000
oo
0000000000000 (010 A)0D0000
000000000000000000000000
000000000000000000000000,
000000000000000000000000
000000000000000000000000
00000000000000000,000000
000000000000000000000000
00,000000000000000000000
ooooooo.
2.1.1 000000000000
000,0000000000000000000
000 [14),[15) 0000000000, (a) 0000
000000000000000000000000
O00() 000000000000000000000
000000()00000000000000000
0000000000000000 Harris 0000
00000000 [16),[17] 000000000000
000000000000000000000000



jo0do0oo0oo0o0o0O0o00o0O00OO00O00OO0O0OO0O0OOOOOOOOOOOo

| marker specification at the first frame |

—— (A) initial camera parameter estimation —
§
| marker and natural feature tracking |
¥
| extringc camera parameter estimation |
i
| 3-D position estimation of natural features |
i
| computing confidence of features |
i
| adding and deleting natural features |

(B) error minimization in the whole input
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Fig.1 Flow diagram of camera parameter estimation
and 3-D reconstructionl]
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center of projection
in f-th frame

\: /.

squared re-projection error:
Y, pr = |Xfp _Xfp |

tracked position of feature p: X n

projected position of S;: f(fp

3D position of feature p: Sp
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Fig.2 Reprojection error.
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160th frame

320th frame
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640th frame

800th frame

982th frame
(b) Result of tracking
features

(a) Input images
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Fig.3 Input images and result of feature tracking
(building).

04 00000D0ODOOOOOOO (OO)

Fig.4 Result of camera parameter estimation (build-
ing).
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(a) Input images
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Fig.5 Input images and result of feature tracking
(street scenery).
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Fig.6 Result of camera parameter estimation (street

scenery).
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Fig. 8 Estimation errors of camera rotation (build-
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Fig. 10 Estimation errors of camera rotation (street
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abstruct

Camera parameter reconstruction from an image sequence is very useful for many applications such as 3D
model reconstruction, object recognition, robot navigation, and mixed reality. However, there is a prob-
lem of the precision in the camera parameter reconstruction from many images because feature tracking
errors and estimation errors are accumulated. In this paper, we propose a camera parameter reconstruction
method which is based on using a number of markers with known position, color and shape, as well as
natural features. The camera parameters and 3D positions of natural features are estimated efficiently in
every frame by tracking these markers and natural features. Finally the accumulation of estimated error
is minimized by specifying the markers in the last frame and optimizing parameters globally in the whole
input. We demonstrate and evaluate experimental results of 3D reconstruction from real image sequences

for showing the validity of the proposed method.

Key words: 3D reconstruction, Monocular image sequence, Camera parameters, Natural features, Markers
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