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A New Refinement Method for Structure from Stereo Motion
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(Sung-Kee Park and In So Kweon)

Abstract : For robot navigation and visual reconstruction, structure from motion (SFM) is an active issue in computer vision community and its

properties are also becoming well understood. In this paper, when using stereo image sequence and direct method as a tool for SFM, we present a
new method for overcoming bas-relief ambiguity. We first show that the direct methods, based on optical flow constraint equation, are also

intrinsically exposed to such ambiguity although they introduce robust methods. Therefore, regarding the motion and depth estimation by the
robust and direct method as approximated ones, we suggest a method that refines both stereo displacement and motion displacement with

sub-pixel accuracy, which is the central process for improving its ambiguity. Experiments with real image sequences have been executed and we

show that the proposed algorithm has improved the estimation accuracy.

Keywords : computer vision, structure from motion, bas-relief ambiguity, small motion, robust and direct method.
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Fig. 1. Consecutive motion of stereo camera.
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Fig. 2. Graphical representation about the refinement process.
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(a) Reference image (image-1)

(b) image-2
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Fig. 3. Stereo sequence image for experiment.
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Table 1. Motion parameter estimation about Fig. 3.

(c) image-3

TR *A B c D
t, (mm) 0.0 6.66 1.96 0.20
t, (mm) 0.0 -0.10 -0.40 0.09
t, (mm) 0.0 1.24 0.55 0.27
wy (mm) 0.0 0.00 -0.02 0.00
w, (mm) 0.5 0.08 0.34 0.44
w, (mm) 0.0 -0.03 -0.02 -0.02

*A : Exact motion parameters
B: Robust method by only global optimization
C : Proposed method (at st iteration)
D : Proposed method (at 7th iteration)

EEFR EEEEEEERS

= 3
(1)I ««««««« =T err
g 25 ~——fy— Residual error
c 2
[%]
z 15
e 1
= 05
fol
=0
0 2 3 4 5 6 7
lterations
(a) Error of translational parameters
05
P - Werr
04 5
—_ i Residiuial error
2 03 \
el
~ 02
@
= 01
0
=01
0 2 3 4 5 6 7
lterations

(b) Errors of rotational parameters

23}

Fig. 4. Error transition according to iterative refinement.
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Fig. 5. Motion estimation with multiple sequence images.
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(b) Depth estimation by proposed method
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Fig. 6. Depth estimation with 4-th sequence in Fig. 5.
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