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Scale-Reconstructible Structure from Motion Considering Amount of Refraction

Keitaro USHIRODA, Hiroshi HIGUCHI, Atsushi YAMASHITA and Hajime ASAMA

In this paper, a method for scale-reconstructible Structure from Motion to improve the robustness of three-dimensional

(3D) reconstruction with a thin plate is proposed. Scale-reconstructible Structure from Motion is a 3D measurement

method with an absolute scale using a single camera and a refractive plate. However, previous studies need a large thick

refractive plate to achieve scale-reconstructible Structure from Motion. To solve this problem, a weighting factor according

to the amount of refraction for optimization of 3D reconstruction was designed. It was confirmed that optimization using

the weighting factor is effective for the robust 3D reconstruction method by simulation experiment.
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Fig. 1 Measurement Environment of Scale Reconstructible Structure from Mo-
tion
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Fig. 2 Definition of Variation Vector d
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Fig. 3 Geometric Relationship of Scale Reconstructible Structure from Motion
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Table 1 Camera Parameters

Focal Length of x-Axis pixel 5792

Focal Length of y-Axis pixel 5792
Pixel Size of Horizontal Direction mm/pixel | 0.004144
Pixel Size of Vertical Direction mm/pixel 0.004144




Table 2 Result of External Parameter

Rotation Matrix Translation Vector mm
1.00 0.00 0.00 0
Truth 0.00 0.82 0.57 201
0.00 -0.57 0.82 63.3
1.00 0.00  0.00 -0.02
10 mm 0.00 0.82 0.57 184.02
0.00 -0.57 0.82 58.05
1.00 0.00 0.00 —-0.01
20 mm 0.00 0.82 0.57 206.83
0.00 -0.57 0.82 65.18

- Estimated
- True

- Estimated
- True

0

-100  -100 -
y mm X mm y mm X mm

(a) Thickness: 10 mm (b) Thickness: 20 mm

Fig. 6 Reconstruction of Stanford Bunny with Proposed Method

[E1%5d 2000 [8] & U7z, RANSAC DD 3K L TOFHIIZEE L
T, EHEREDBIEIX 100 pixel 235, IRIZ, BERDZELL
B2 S EAMEBE KRG L. R#IZ RANSAC 22 515 5 iz fif
THEIMHLNTA—=REHNT, HEERELZNEILSTELD
BRI A—ROBEREITo72. BE, SHORELTIETART
Levenberg-Marquardt %% Fi\ 7z,
ﬁ%ﬁ?@,ﬁ%@ﬁ%ib%m%%ﬁﬁ’ﬁmt@ﬁ%ﬁ
DB ELTWS Z e %2R T 5. HERME O TiEvIalb—
v a VEBRIZBWT 30 mm ’C@ﬁxﬂ'ﬁ%ﬂ“ U7z, Lo TAR
FEERTIX, BHTFRDOE X %Z 20 mm, 10 mm D 2 FEDELE T
BETFEEZHVTHEITEZTD.

52 EBER

YIalb—vavEROKERIZEL THRA *%ﬁﬁﬁ
10 mm OE X DIFBEDHETAERZE 6(a) 12, 20 mm DHE
R EZKX 6(b) 1ZRT. TS DO TIE Stanford Bunny D
Ik & 2 — VTGRS C & 7=

Wz, BEORAEZ, BTIZRT. 72720, #EEeid, ey
5ﬁﬁﬁtﬁm®@®l~7U/%ﬁ%Zﬁﬁbt.%iﬁt
EHED R % WS 2 BERE R D BRI & i il %2 — I ETWH 2
b, NN HHEEMEEMBEOBDOI—2 Y v Nz L L
UCRHIiIZ WS, BIERDEE A 20 mm O & Eik, $T
DD B 323%IFFHAED 10mm AR & 72D, KO D 67.7%1%
REDY 10~20mm & o7z, —F, BHERDE XA 10 mm 12
B, AN 20 mm AT ORI <, 2D 20~30 mm AR
DEDM 52.9%, O D 47.1%HR2EH 30~40 mm & 725 7z,
7z, RN TA—ROEMEEHERERER 2 ITRT. EY
PHROEZ L ST, BHETFAIEEME ~HLTEVEERL
WETEZeHTEE.

Table 3 Scale and Direction Information of Translation Vector

Scale mm | Direction Vector

0.00
Truth 210.73 0.95

0.30

0.00
10 mm 192.96 0.95

0.30

0.00
20 mm 216.86 0.95
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Fig. 7 Error Distribution
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