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Robust Computation of Trifocal Tensor
from Mutual Projection of Cameras

TAKESHI SUGIMURAt and JUN SATOt

The computation of trifocal tensor is very important for computing camera motions and
reconstructing the shape of objects. However computation of trifocal tensor is very sensitive
to image noise. Thus, in this paper, we propose a robust method for computing trifocal ten-
sor by projecting three cameras each other. Especially, we show that if a single camera is
projected to the other two cameras, trifocal tensor can be computed from five image points,
if two cameras are projected to the other, it can be computed from four image points, and
if all cameras are projected to each other, it can be computed from just two image points
linearly and reliably. We also show that by using the proposed method, we can reconstruct
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object shapes accurately.
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Fig.1 Epipolar geometry.
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Fig.2 Epipolar homography.
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Fig.3 Mutual projection of cameras.
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Table 1 Comparison of existing methods and proposed
methods.

oooo ooo ooo goooo
ooooo ooo ooo oooooo
0 18 26 7
1 14 20 5
2 10 14 4
3 6 6 2

O 00O trifocal tensor 0 00000 12000000
0000000000 (2)bo0ooooooooo
w1 [ma]x T1[ms]x + v1[m2]x Ta[ms]«
+w1 [m2] x Ts[ms]x = 03 (6)
00000000000 exnles; 00 m; OO0
00000000 (2)D0000000 meUOmg O
000000000000 wivOw, OOOOOO
(6) 0000000000000 (6)0 ex1Ues; OO
oo0oooooooooood
[e21]xTifes1]x =03 (i=1,2,3) (7)
O0O0oOooo0Od trifocal tensor 0 000 120
O0o0ooo0o0oooooooooo 4)oGk)oo
000o0ooooooooobo 1200000 8000
ooooooOooUooUoooooooooooooo
00000o0oooUoOoUoo WoG)o(mooo
0200000000000
0000000 (2)00 100000000 400
oooooooooooUooOooo 1000 (moo
000000o0oooogoo 1oooooooon
30j00ooo0ooOooo0ooooogoD20000
oooUooooOo (2)ooeOoUOoOOOUOOD
26 0O trifocal tensor 0 000000000000

goooooooooooocboooooooboooo

trifocal tensor 0 000 OO0O0OO0O0OOODOOOO
jdodoooooooOoboboooooooogoo
000 20000000 trifocal tensor0 00000
goooooooOoDoooOoooOOOn
34 0OOODOOO
00ooo0oooooDOOooOoooOooo10000
0000000 180000 trifocal tensor0 000
gooooooOooobooboo 20000000

gooo vrooooboooooooboooooooao

goobobooooooolooboooono 2000
gooooooooboo0oobo0o000 1400000
oooooobooo2o0000000000000 5
gooooooooooboo2000b0000000A0
020000000000000000000 100
goooooooo0o 40000booooooon

Dec. 2002

---g camera
----1 camera
310.8 ..... 2 camera
s —3 camera !
=0.6
Q
Bo.4
0
50.2 .
. et

7T 27 3 4o
angle of view

04 0O00OO0ODODO
Fig.4 Probability of mutual projection.
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Fig.5 Synthetic images used for some experiments.
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Fig.7 Panoramic images used for some experiments.
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Fig.10 Results of projective reconstruction.
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Fig.11 Stability of projective reconstruction.
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