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Abstract

When a camera is employed for 3D sensing, accurate camera calibration is vital as it is a prerequisite for the subsequent steps of the
sensing process. Camera calibration is usually performed by complex mathematical modeling and geometric analysis. On the other con-
trary, data learning using an artificial neural network can establish a transformation relation between the 3D space and the 2D camera
image without explicit camera modeling. However, a neural network requires a large amount of accurate data for its learning. A sig-
nificantly large amount of time and work using a precise system setup is needed to collect extensive data accurately in practice. In this
study, we propose a two-step neural calibration method that is effective when only a small amount of learning data is available. In the

first step, the camera projection transformation matrix is determined using the limited available data. In the second step, the trans-
formation matrix is used for generating a large amount of synthetic data, and the neural network is trained using the generated data.
Results of simulation study have shown that the proposed method as valid and effective.
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Fig. 1. Pinhole camera model.
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Fig. 2. ANN for learning the projection of a camera.
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Fig. 3. Proposed neural camera calibration method.
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Table 1. Camera parameters assumed for test.

Parameters Values
f 25
(ior Jo) (258, 204)
Pixel size 23 um><23 um
Rotation(x) 185°
Rotation(y) -30°
Rotation(z) 15°
Position(x) 5 mm
Position(y) 200 mm
Position(z) 2005 mm

Table 2. Lens distortion and noise parameters.

Parameters Values
h 0.005
g 0.002
233 -0.009
2 -0.002
& 0.009

Noise MO, 0.023%/12)
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Fig. 4. Calibration points are marked by ‘+’. They are distorted

mainly by the lens and the degree of distortion is represented
by the circle size.
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Fig. 5. Error circles by the proposed method for the calibration data.

Table 3. Performance(projection error in [mmy]) for different number
of hidden nodes

Number of Hidden Nodes 3 4 5 6 7
Training Error 0.109 0.090 0.059 0.033 0.015
Test Error 0287 0.283 0.267 0308 0.307

Table 4. Comparative test results [mm]

Error for Error for
Methods Learning data Test Data
Eq.(1) 0.101 0.388
Fig. 2 0.039 1.039
Proposed 0.059 0.267
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Table 5. Test results using more learning data: Twenty data are used
here for calibration while ten data are used in the test of

Table 4.
Error for Error for
Methods Learning data Test Data
Eq.(1) 0.340 0.248
Fig. 2 0.037 0.305
Proposed 0.018 0.232
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