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Research on Model and Detection Range of Mirror Angle Detection Based
on Quadrant PD and LED
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Abstract As the large angle deflection of a mirror is difficult to measure in an electromagnetic galvanometer system, a
photoelectric mirror-angle-sensing device based on the quadrant photoelectric detector (PD) and LED was designed. First,
the basic principle of mirror angle detection was analyzed, and based on the LED Lambertian radiation model, the
mathematical model between the true value and the calculated value of the mirror deflection angle was established.
Second, the system detection range was defined with the nonlinearity as the evaluation standard. Then, the influence of
the detector’s horizontal position, distance between the center of the mirror and the LED, and half-power angle of the LED
on the detection range of the system were simulated and analyzed. Finally, an experimental platform was built for
verification. The simulation and experimental results show that the established mathematical model is effective for mirror
angle detection using Lambertian LED. With reduced distance between the detector and the LED, increased distance
between the center of the mirror and the LED, and increased half-power angle of the LED, the angle detection range of the
system can be improved.
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Fig. 1 Structure diagram of two-dimensional miniature

electromagnetic galvanometer system
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Fig. 2 Schematic diagram of mirror angle detection system structure and signal processing circuit
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Fig. 3 Schematic diagram of mirror angle detection system. (a) Mirror is not deflected; (b) mirror rotates ¢, around the A-axis
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Table 1 Typical parameters of system model

Parameter Value
A, /m? 2.25% 107"
a.,a, /m 2.08%X10°°
a./m 1.1x10°
P12 /(%) 17
P, /W 0.02
d,, /m 5X10°°
R /(A/W) 0.34
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Fig. 4 Relationship between system measurement value and mirror deflection angle. (a) Relationship between detector photocurrent and

mirror deflection angle; (b) relationship between mirror deflection angle calculated value and true value
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Fig. 13 Verification ideas of theoretical model. (a) Radiation curves comparison of SFH 4441 and Lambert light source; (b) detector

energy sum, difference, and ratio curves of ideal Lambert light source; (c) detector energy sum, difference, and ratio curves of

experimental light source SFH 4441; (d) comparison of the relationship between the true value and the calculated value of the

mirror angle in theory and experiment
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Fig. 14 Mirror angle calculated curve at different horizontal

positions of the detector
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Fig. 15 Comparison of theoretical and experimental values for

maximum angle value of single-direction detection,

when the nonlinearity is 5% and the detector is at

different horizontal positions
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Fig. 17 Comparison of theoretical and experimental values for

maximum angle value of single-direction detection,

when the nonlinearity is 5% and different distances d,,,
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