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Error Correction of Parameters and Measured
Shapes for Active Stereo by Minimizing Errors
between Multiple Scans

Kazurumi ENomoTo, ! KeENJ1 INOSE, !
HirosHI Kawasaki™! and Ryo FURUKAwAT2

In this paper, we propose a new method to improve precisions of multiple 3D
shapes acquired by a projector-camera active stereo system. The improvement
of precision of the shapes is achieved by minimizing “gaps” between overlap-
ping shapes that remains after registration algorithms are performed. To use
projector-camera system for 3D acquisition, we must calibrate the system in ad-

vance. Then, we can measure 3D shapes using the calibrated parameters. Noise,
lens distortions, or quantization errors can cause calibration errors, which often
causes distortions of the reconstructed shapes. In general, error-free calibration
is very difficult. So, even if we capture multiple shape data from an object
and register all the shapes, there still remains errors between the shapes. In
this paper, we re-estimate the extrinsic parameters between the camera and
the projector and the focal length of the camera by minimizing the registration
errors at the overlapping area of multiple shapes and the errors of epipolar
constraints. The process improves the accuracies of the 3D measurement and
corrects the rigid transformation parameters of the registrations of the shapes.
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Fig.7 Experiment 1 with simulation data: Position of projector and camera.
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Fig.8 Experiment 1 with simulation data: The result of optimization (view 1).

(1) 00000000
(a) Data with error

(by0OODOOOO
(b) Shape after optimization

09 0D00O0OO0O0OO0OO0OOO0OO0O 10000000000 20
Fig.9 Experiment 1 with simulation data: The result of optimization (view 2).
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Table 1 Experiment 1 with simulation data: Residual errors between shapes.
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Fig. 10 Experiment 1 with simulation data: Registration errors.
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Table 2 Experiment 1 with simulation data: Standard deviation from fitted planes.
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Table 3 Experiment 1 with simulation data: Estimated parameters.
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(te,ty,t.) are translations of z, y, z direction between camera and projector, «, 3, v are

Euler angles (degree).
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Fig.11 Experiment 2 with simulation data: The result of optimization.
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Fig.12 Experiment 2 with simulation data: The result of optimization (closeup view).
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Table 4 Experiment 2 with simulation data: Residual errors between shapes.
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Fig.13 Experiment 2 with simulation data: Registration errors.
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Fig. 14 Experiment 1 with real data: The target scene and the captured calibration box.
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Fig.15 Experiment 1 with real data: Acquired 3D data.
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Fig. 16 Experiment 1 with real data: Registration result of captrued data.

06 000000000 10000000000000000 m?0
Table 6 Experiment 1 with real data: Residual errors between shapes (Unit of figures is m?).

0000 1000000000
oooo 2.265 3.360 x 107°
oooo 0.952 1.412 x 107°

07 000000000 10000000000

Table 7 Experiment 1 with real data: Estimated parameters.
te ty t. o B vy Cam. focus
oooo 0.9517 —0.1182 0.2835 —6.8590 6.3519 —1.0978 0.0140
oooo 0.8915  —0.0814 0.4456 —7.3724 6.0171  —0.8477 0.0137

(tz,ty,t,) 000000000000000000 (2,y,2) 0000000000m@Me0B0~ 00
oooooom

(te,ty,t.) are translations of x, y, z direction between camera and projector (m), «, 3, v
are Euler angles (degree).
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Fig. 17 Experiment 1 with real data: Registration result after optimization.
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Fig. 18 Experiment 1 with real data: Registration result (closeup view).
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(a) Before optimization (b) After optimization
019 000000000 100000000
Fig.19 Experiment 1 with real data: Registration error.
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020 OOOOOOOOO0 2000000 Fig.21 Experiment 2 with real data: Acquired 3D data.
Fig.20 Experiment 2 with real data: The target scene.
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(a) Before optimization
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(b) After optimization
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Fig.22 Experiment 2 with real data: Registration result (closeup view).
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Table 8 Experiment 2 with real data: Residual errors between shapes (Unit of figures is m?).
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Table 9 Experiment 2 with real data: Estimated parameters.

te ty t. o B vy Cam. focus
oooo 0.9644  —0.0521 0.2594 —7.0974 9.5334 —1.7275 0.0140
oooo 0.9278 —0.0526  0.3693 —7.0834 9.5023 —1.7020 0.0137
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oooooom

(te,ty,t.) are translations of x, y, z direction between camera and projector (m), «, 3, v
are Euler angles (degree).
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Fig.23 Experiment 2 with real data: Registration result of proposed method (set 1).
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Fig.24 Experiment 2 with real data: Registration result of proposed method (set 2).
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Fig. 25

Experiment 2 with real data: Registration error (set 1).
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Fig.26 Experiment 2 with real data: Registration error (set 2).
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Fig.27 Experiment 3 with real data: The target scene.
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Fig.28 Experiment 3 with real data: Image for calibration.
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Table 10 Experiment 3 with real data: Residual errors between shapes (Unit of figures is m?).
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Table 11 Experiment 3 with real data: Estimated parameters.

te ty t. [eY B o Proj. focus  Cam. focus
oooo —0.269 —0.0310 0.070 —7.544 —5.593  2.000 0.118 0.0140
oooo —0.283 —0.0271 0.173 —10.125 —5.912 1.401 0.154 0.0175

(te,ty,t-) 0000000 000000OOOODO (z,y,2) 0000000000mMa0p0~y 000000

oo

(byDOOOOOO
(b) All shapes with shading
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Fig.29 Experiment 3 with real data: Acquired 3D data.
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(te,ty,t.) are translations of z, y, z direction between camera and projector (m), «, 3, v are Euler
angles (degree).
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Fig.30 Experiment 3 with real data: Registration result (closeup view).
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Fig.31 Experiment 3 with real data: Registration error (set 1).
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Fig.32 Experiment 3 with real data: Registration error (set 2).
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