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Abstract Position sensitive detector (PSD) has a great advantage in terms of visual pose measurement due to less
affect by light and the simple data processing. However, due to the non-linearity of the PSD sensor itself, the
distortion of the PSD sensor is complex and the calibration of the PSD sensor becomes the key to its application.
Aiming at the PSD vision measurement system composed of PSD camera and infrared light emitting diode (LED)
light source, we propose a PSD camera calibration method. The method uses polynomial model to characterize the
PSD camera distortion, combined with the traditional pinhole imaging model to form the PSD camera imaging
model. Non-linear optimization is used to get calibration camera model parameters. A dedicated infrared LED
calibration board is designed to achieve PSD vision measurement system calibration. Experimental results show that
this method has high calibration accuracy for PSD camera. With this calibration result, we can obtain high
measurement accuracy of position and orientation and short running time, which can meet the demand of high
precision optical measurement.
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Fig. 1 (a) Schematic and (b) equivalent circuit of PSD sensor
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Fig. 3 Calibration of PSD camera. (a) Calibration picuture; (b) calibration board; (c) calibration board imaging
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Fig. 4 Intrinsic parameter calibration results. (a)(b) Maximum pixel errors; (c)(d) mean pixel errors
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Fig. 5 Extrinsic parameter calibration results. (a)(b) Maximum pixel errors; (c)(d) mean pixel errors
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Table 1

Calibration results of 7™ order polynomial model, 8" order Chebyshev

polynomial model and traditional distortion model

Intrinsic parameter

Extrinsic parameter

Error Distortion model
u v u v

Traditional model 5.15 6.09 3.28 4.75

Maximum error Chebyshev polynomial model 3.28 3.12 1.61 1.75
Polynomial model 3.29 3.04 1.64 1.81

Traditional model 0.94 1.25 0.88 1.26

Mean error Chebyshev polynomial model 0.57 0.54 0.47 0.43
Polynomial model 0.57 0.54 0.47 0.44
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Table 2 Accuracy test results

Distortion Model Error _ Relative p’o‘silion /mm _ Relative attitude angle /(°)
T X T Y il VA AX By CZ
Traditional Average error 1.03 0.32 2.11 1.59 1.99 0.23
distortion Model Maximum error 3.67 1.26 5.52 6.10 6.46 0.56
Chebyshev Average error 0.13 0.28 0.89 0.29 0.19 0.07
polynomial model Maximum error 0.29 0.55 1.90 2.26 0.62 0.19
. Average error 0.12 0.27 0.86 0.33 0.18 0.06

Polynomial model )

Maximum error 0.28 0.56 2.01 2.44 0.76 0.20
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Table 3 Running time of different models

Distortion Model Running time /ms

Chebyshev polynomial model 2.144
Polynomial model 1.440
Traditional distortion model 0.374
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