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Motion Estimation of Spherical Stereo Camera Considering Confidence of Reconstructed Points

Junpei NODA, Sarthak PATHAK, Hiromitsu FUJII, Atsushi YAMASHITA and Hajime ASAMA

Localization is an important function for a mobile robot. In this research, a new localization method using a spherical

stereo camera is proposed. Spherical stereo cameras are effective for motion estimation as they can visualize and measure

all directions of the environment. Instead of using conventional sparse feature points, dense information of all pixels in
images is used to estimate motion accurately. However, because of the wide field of view, the 3D measurement uncertainty
is not uniform across the image. Hence, geometric uncertainty of every 3D point is calculated and used as weights to

improve accuracy. Experiments show the effectiveness of using uncertainty information to increase the accuracy of motion

estimation.
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Fig. 1 Example of a spherical image
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Fig. 2 In a spherical stereo camera, the measurement uncertainty is not uni-
form and changes greatly across the range of the image. In this example,
measurement point (green) has high uncertainty and measurement point

(yellow) has low uncertainty
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Fig. 3 Overview of motion estimation and coordinate system in this paper
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Fig. 4 Before rectification, the coordinate system of both cameras are not
aligned (left). By rectification, they are aligned along the direction of
each z axis, to correspond with the baseline direction (right). Red lines
indicate epipolar lines, on which corresponding points exist
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(a) Before rectification

(b) After rectification

Fig. 5 (a) Before and (b) after epipolar rectification: Corresponding points ex-
ist on epipolar lines indicated as red lines. The lines are curved before

rectification, whereas they are parallelized after rectification
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Fig. 7 The uncertainty of spherical stereo measurement is indicated as the red

area, which is caused by error in search on the epipolar circle
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Fig. 9 Confidence distribution for various size of p
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Fig. 10 Experimental conditions 1

Table 1 The positions and orientations of the points 1 to 7 in experiment 1

Pose H Tz m ‘ ym ‘ zm ‘ ¢ deg ‘ 6 deg ‘ ¥ deg

1 0 0 0 0 0 0
2 -0.03 | -0.12 0 0 0 -30
3 -0.12 | -0.21 0 0 0 -60
4 -0.24 | -0.24 0 0 0 -90
5 -0.36 | -0.21 0 0 0 -120
6 -0.45 | -0.12 0 0 0 -150
7 -0.48 0 0 0 0 -180
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(a) Left image at frame 1

(b) Right image at frame 1

Fig. 11 Example of captured images in real experiment

Table 2 Statistics of S and C' at frame 1 in real experiment

[ sm® | cw=0.02

Average 0.051 0.999
SD 0.008 0.002
Min 0.003 0.988
Max 0.599 1.000
Median 0.022 0.999
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(b) Virtual image generated from images at frame 1

Fig. 12 (a) Right image at frame 2 and (b) virtual image generated from images
at frame 1 in real experiment

0.14

@
NS
o

0.131972
2.9187

013
" SUBI ) osaze
011
: 235744 339207

01
0.09
008

175
007 :
0.06 ’
005 ’
0.04
003 -
0.02 -
001 -
0

Sparse Sparse Sparse Sparse Sparse Sparse

~ ~
N g ~
B & & w

~

H
N
el

Average rotation error deg
-
- i

Average translation error m

=)
oo
[

=3
Ny
&

o

+ Dense + Dense + Dense + Dense

(thresholding) (weighting) (thresholding) (weighting)

(a) Translation errors (b) Rotation errors

Fig. 13 Average errors of translation and rotation for each estimation in real ex-
periment
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Fig. 14 Experimental environment for simulation experiment
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Fig. 15 Example of captured images in simulation experiment

Table 3 Statistics of .S and C' at frame 1 in simulation experiment

[ sm®* [ clp=002

Average 0.067 0.999
SD 0.083 0.002
Min 0.001 0.979
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(a) Right image at frame 2

(b) Virtual image generated from images at frame 1

Fig. 16 (a) Right image at frame 2 and (b) virtual image generated from images

at frame 1 in simulation experiment
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Fig. 17 Average errors of translation and rotation for each estimation method in
simulation experiment

7. #& Bl

ERRAT VA AA S OEBHEERE DM EE2BHRE U,
AR OGEHE 2B U MBS FREHRIREL .
AT VA AATIINT BEHISEOAEIC & > TRAEDEHYE
%, WIERERIIBII2BENSEL D, FHURPELET S &
EXoNDHEOMmRE HWTERME U, KE L CEBZ2HE
ETE DN, BYVRIMEABELR T v A FiEe W5 720
Z, FHEMEWAIAEZ UTHETE AN - A hFe A
WTHHHEBIE 21T o 72, TV ARFHEICBITIMEEDE
TlE, &R EZNENDPROEFEIZL > TEAMNITLT

0.28 85
0.260766
0.26 8 | 772874

022 0.213494

0.201732 6.5

584738 5.65417

E &
o
5] . 55
e
o
o £ 5
[0}
5 c 45
=1 o
3 S 4
o I
o c 35
2
= 3
o
25
2
15
1
0.5
0
Sparse Sparse Sparse Sparse Sparse Sparse
+ Dense + Dense +Dense  + Dense

(thresholding) (weighting) (thresholding)(weighting)

(a) Position errors (b) Orientation errors

Fig. 18 Position and orientation errors at last frame (frame 101) for each estima-
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