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Photometric Registration Based on Defocus and Motion Blur Estimation

for Augmented Reality
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| (A) Detection of image markers |

i

| (B) Estimation of PSF parameters from image markers |

i

(C) Estimation of camera position and orientation
in consideration of blur effects

i

| (D) Estimation of focused position and motion blur |

i

| (E) Rendering of virtual objects with blur effects |
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Fig.1 Flow diagram of the proposed method.
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Fig.2 Shape of PSF.
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Fig.3 An example of marker.
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Fig.4 Function fitting to a blurred edge and sampled
pixels used in blur estimation.
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Fig.7 Images for evaluation and comparison of edge
part of each image.
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Robot Arm
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Fig.9 Experimental environment with robot arm
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Table 1 Results and errors of estimated focus posi-
tion.

Shutter | Reference | Average of Standard Average
speed value estimated | deviation of | error of
values estimated estimated
values values
20ms 0.45m 0.42m 0.012m 0.03m
40ms 0.45m 0.41m 0.022m 0.04m
60ms 0.45m 0.40m 0.023m 0.05m

02 0O0O00OO0O0O0OO0OOOO0O0O00O
Table 2 Results and errors of estimated magnitude
of motion blur.

Shutter | Reference | Average of Standard Average

speed value estimated | deviation of | error of
values estimated | estimated

values values
20ms | 3.46pixel | 3.15pixel 0.31pixel 0.31pixel
40ms | 6.92pixel | 6.9pixel 0.53pixel 0.02pixel
60ms | 10.4pixel | 9.5pixel 0.71pixel 0.9pixel

03 DO00OoOopopooooouooooooodg
Table 3 Results and errors of estimated orientation
of motion blur.

Shutter | Reference | Average of Standard Average
speed value estimated | deviation of | error of
values estimated | estimated
values values
20ms Odeg. 0.84deg. 3.63deg. 0.84deg.
40ms Odeg. -0.79deg. 4.34deg. -0.79deg.
60ms Odeg. 2.2deg. 4.08deg. 2.2deg.
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(b) Image composition with defocus blur
representation

(¢) Image composition with motion blur and defocus
blur representation (proposed method)
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Fig.10 Comparison of the proposed method and an
image composition method without blur rep-
resentation.
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Abstract In augmented reality, photometric registration is as important as geometric registration to
decrease seams between real and virtual worlds. Especially, the difference in image quality between a real
image and virtual objects decreases the seamlessness for users. This paper proposes an image composition
method which can represent blur effects caused by a camera on virtual objects. The proposed method
estimates blur effects, which consist of defocusing blur and motion blur, in a captured image of markers.
The difference in image quality between the real image and virtual objects is decreased by representing
blur effects on virtual objects. In experiments, the effectiveness of the proposed method is confirmed by

comparing a real image with virtual objects generated by our method.

Key words augmented reality, photometric registration, defocus blur, motion blur, image composition



