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Three-dimensional Shape Measurement Using Two Snapshots From a Mov-
ing Digital Camera

il ) O s yalE o (A
R Al #it, Eas O E T, Ear H oK F

Mamoru Miura!, Shuji Sakaif, Jumpei Ishiif, Sosuke Yamaof, Koichi Ito! and Takafumi Aokit

Abstract A method is presented for measuring accurate and dense 3D shapes of an object from two views captured
with a moving consumer digital camera. Since existing 3D measurement systems require special and expensive measurement
equipment such as laser scanners or technical knowledge such as camera calibration, it is difficult for ordinary consumers to
use existing systems practically in their daily life. An easy-to-use 3D measurement system was achieved by using a Structure
from Motion algorithm based on feature matching to estimate camera parameters and area-based matching to determine an

accurate and dense correspondence. Experiments demonstrated that the proposed method makes it possible to measure a 3D

shape with accuracy comparable to that of a laser scanner.
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Processing flow of the proposed system for 3D measure-
ment: (a) stereo pair, (b) matching using SIFT, (c) stereo
rectification, (d) matching based on POC and (e) calcu-
lation of 3D coordinates.
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Stereo vision system used in the experiment.

3 MERERHIICHV 57— 4 1 (a) AT L AEE, (b) Bl
DAy v aET IV
Data for performance evaluation: (a) stereo images and
(b) ground truth 3D model.
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5 3 XoEtlFESR ¢ (a) SAD, (b) SSD, (c) NCC, (d)
POC (1 AF/%7 X =413 SIFT 1285 < StM & H
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3D measurement results: (a) SAD, (b) SSD, (c) NCC and

(d) POC. (Camera parameters are estimated by SIFT-

based SfM)
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Outlier rates and RMS errors of 3D measurement. (Difference of camera parameter estimation is presented
by types of marker and line. Difference of area-based matching method is presented by color)

® 1 3 RICRHNICH T A FUIEE (14 MOFATIZBT 5 + BRERE) (%)

Outlier rates of 3D measurement (meanztstandard deviation of 14 trials) [%]

CALIB BRISK SURF SIFT ASIFT
SAD | 12.7 (£3.6) 13.4 (£4.7) 13.4 (£4.5) 12.8 (£3.6) 15.6 (£6.5)
SSD | 6.6 (£2.5) 7.4 (£4.2) 7.3 (+£3.4) 6.6 (£2.7) 9.4 (£5.9)
NCC | 1.1 (+£0.8) 1.8 (£2.6) 1.6 (£1.7) 1.1 (+0.9) 3.6 (+4.8)
POC| 0.9 (£0.9) 1.7 (£2.7) 1.5 (+1.9) 1.0 (£1.0) 3.3 (£5.1)

® 2 3 XTEHNICBIT S RMS #472 (14 MOFATIZ BT 57 + HEHEFE) [mm]

RMS errors of 3D measurement (meanzstandard deviation of 14 trials) [mm)]

CALIB BRISK SURF SIFT ASIFT
SAD | 0.602 (+£0.034) 0.671 (£0.107) 0.706 (£0.137) 0.638 (£0.103) 0.768 (£0.147)
SSD | 0.529 (£0.020) 0.607 (£0.124) 0.642 (£0.137) 0.567 (+£0.118) 0.716 (£0.171)
NCC | 0.454 (£0.027) 0.542 (+0.148) 0.581 (4+0.149) 0.494 (£0.136) 0.665 (+0.197)
POC | 0.437 (+0.037) 0.533 (£0.156) 0.564 (+0.151) 0.484 (+0.139) 0.641 (+0.214)
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Evaluation with variable baseline cases.
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