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Abstract In order to conveniently analyze the laser-spot-position detection performance of quadrant detectors
(QDs), a new mathematical model of the Gauss spot’s position resolution is established in this paper. First. the
principles and approximate mathematical model for QD-based position detection in the Gauss spot model are
analyzed. Then, a mathematical model of the relationships among the position resolution, total signal-to-noise ratio,
position of spot center, and spot radius are deduced by deriving certain error function and theory properties. Finally,
the proposed model’s correctness is verified via numerical simulations and an experimental system. The results show
that, over a +0.45-mm range of spot center position, the proposed model’s estimated error is approximalely 36%
for a spot radius of 0.74 mm and total signal-to-noise ratio of 66.96 dB. Compared with the original approximate
model, the proposed model offers approximately twice the accuracy. It can effectively estimate the resolution of
laser-spot-position detection systems, which is of great assistance in engineering applications.
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Fig. 1 Operating principle of quadrant detector
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Fig. 2 Stimulation curves of position resolutions for two models

with different radii when total signal-to-noise ratio is 66.44 dB
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Table 1 Maximum differences between simulation and experimental results of AM and
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o.,/(10"" mm) Maximum difference /(107" mm)
@ /mm Experimental AM PM AM PM
0.54 6.30 1.91 3.93 4.39 2.37
0.64 7.40 2.27 4.66 5.13 2.74
0.74 8.59 2.62 5.39 5.97 3.20
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