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A 2-D Image Camera Calibration using
a Mapping Approximation of Multi-Layer Perceptrons
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Abstract : Camera calibration is the process of determining the coordinate relationship between a camera
image and its real world space. Accurate calibration of a camera is necessary for the applications that involve
quantitative measurement of camera images. However, if the camera plane is parallel or near parallel to the
calibration hoard on which 2 dimensional objects are defined(this is called "ill-conditioned”), existing solution
procedures are not well applied. In this paper, we propose a neural network-based approach to camera
calibration for 2D images formed by a mono-camera or a pair of cameras. Multi~layer perceptrons are
developed to transform the coordinates of each image point to the world coordinates. The validity of the
approach is tested with data points which cover the whole 2D space concerned. Experimental results for both
mono-camera and stereo-camera cases indicate that the proposed approach is comparable to Tsai’s method[8].
Especially for the stereo camera case, the approach works better than the Tsai’s method as the angle between
the camera optical axis and the Z-axis increases. Therefore, we believe the approach could be an alternative
solution procedure for the ill-conditioned camera calibration.
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Fig. 1. Radial error and tangential error.
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Fig. 2. Principle of camera calibration with multi-
layer perceptron.
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Fig. 3. Steps of applying a calibration method.
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Fig. 4. Hardware setup for camera calibration.
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Fig. 5. Input image for camera calibration.
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mono-camera calibration.
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Table 1. Performance evaluation results of the mono-
camera MLP for the change of input
image height measured in mm.
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Table 2. Performance evaluation results of the
mono-camera MLP for the change of
input image height measured in pixel.
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Table 3. Performance evaluation results of the mono-
camera MLP for the change of camera
direction.
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Fig. 8. Control-point images obtained from stereo
cameras.
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Fig. 9. Structure of multi-layer perceptron for
stereo—camera calibration.
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Table 4. Performance evaluation results of the
stereo-camera MLP(unit: mm).

MLP Tsai Y

Zt = |BRYQA
XE YE CE XE YE CE
0.19967 { 0.21966 | 0.23527 | 0.11371 | 0.17201 | 0.18126
0.00096 | 0.00065 | 0.01700 | 0.00053 | 0.00495 | 0.02118
0.03373 | 0.05544 | 0.05359 | 0.02383 | 0.03936 | 0.03751
005258 | 0.09652 | 0.11773 | 0.03398 | 0.06030 | 0.07410
0.18751 | 0.26152 | 0.26787 | 0.30132 | 0.23006 | 0.32102
0.00058 | 0.00320 | 0.02522 | 0.00063 | 0.00064 | 0.00687
003710 | 0.06171 | 0.05452 | 0.06838 | 0.05627 | 0.06737
0.05274 | 0.09548 | 0.11867 | 0.08535 | 0.08309 | 0.13210
0.11797 | 023556 | 0.23867 | 0.29578 | 0.22797 | 0.34947
0.00115 | 0.00039 | 0.01752 | 0.00234 | 0.00123 | 0.00671
0.02802 | 0.05678 | 0.06256 | 0.06745 | 0.05928 | 0.06681
0.03851 | 0.09032 | 0.10427 | 0.08012 | 0.08601 | 0.13181
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Table 5. Performance evaluation results of the
stereo—camera MLP(unit : pixel).

MLP Tsai Y

T = |BP3}
XE YE CE XE YE CE

083711 | 0.85029 | 0.92080 | 0.47675 | 0.66583 | 0.72516
0.00402 | 0.00212 | 0.07077 | 0.00224 | 0.01914 | 0.08258
0.22045 | 0.37363 | 046633 | 0.14244 | 0.23340 | 0.29380
0.78615 | 1.01236 | 1.04113 | 1.26327 | 0.89055 | 1.33400
0.00243 | 0.01238 | 0.10469 | 0.00264 | 0.00247 | 0.02690
0.22111 | 0.36961 | 047051 | 0.35781 | 0.32165 | 0.53321
0.49461 | 091184 | 0.925% | 1.24004 | 0.88245 | 1.43417
000481 | 0.00151 | 0.07308 | 0.00982 | 0.00475 | 0.02788
0.16147 | 0.34962 | 0.41074 | 0.33592 | 0.33294 | 0.53055
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