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Closed-loop control method of optical fiber positioning of center-

opening four-quadrant detector
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Abstract: Optical fiber positioning technology is a key technology in multi-target optical fiber spectroscopes.
The accuracy of optical fiber positioning is an important factor affecting the observation efficiency of telescopes.
With the development of the spectral survey project, the requirements for the optical fiber positioning unit to be
miniaturized, high density, integrated and high precision positioning have become a general trend, which poses
higher technical requirements and challenges for optical fiber positioning systems. Optical fiber positioning
technology was also expected to achieve a high-precision real-time monitoring and feedback system, forming an
effective closed-loop control. Based on the requirements, a center-opening four-quadrant(4-Q) detector fiber
positioning technology was proposed, and a two-dimensional Gaussian model was used to design the center-
opening four-quadrant detector positioning algorithm. The algorithm performs a single calibration of the unit
beam spot waist, can achieve high precision multiple real-time spot position determination and fiber position
adjustment. The performance of the device and algorithm was simulated with the experiment set up based on the
principle of the optical fiber spectroscope telescope. With this closed-loop control method, the absolute

positioning error was obtained when the four-quadrant detector had a zero offset diameter of 40 mm and a fiber
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cross-sectional area of 1 000 um?. It can be controlled within 6 pm, and the relative error can be controlled within

0.15% ,which meets the requirements of the optical fiber spectroscope telescope fiber positioning technology.

This device can be applied as an optical fiber positioning system.

Key words: fiber positioning;
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Fig.1 Schematic diagram of the focal plane structure of the 4-Q detector
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Fig.3 Experimental system based on center-drilled 4-Q detector
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Tab.1 Measurement data of the beam waist radius

No. Ve Vrg VsumV X/mm Y/mm
A0001 —0.113 —0.002 0.662 —0.681 -0.015
A0002 —0.112 —0.004 0.674 —0.666 —0.021
A0003 —0.113 —0.005 0.670 -0.676 -0.027
A1500 —0.111 —0.002 0.665 -0.669 -0.012

R2 REBEFEHENIRER
Tab.2 Experimental results of waist radius determina-

tion

4% Veg  VsuwV  Xmm  Ymm  Vi/Veyy  R/mm

—0.112  0.003  0.667 —0.673 —0.018 0.416 3.17
—0.278 0 0.679  —1.639  0.003 0.295 3.04

0.255 0 0.672 1.517  —0.003 0.690 3.05
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Tab.3 Center-opening 4-Q detector simulation samp-

ling data
No. Vet Vg VsunrV X/mm Y/mm
D0001 0.003 —0.004 0.652 0.017 —0.021
D0002 0.003 —0.004 0.650 0.020 —-0.022
D0003 0.002 —0.002 0.650 0.014 —0.015
D2000 0.001 —0.004 0.648 0.007 —-0.022
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Fig.4 Schematic diagram of the virtual area of the center-drilling on the

4-Q detector
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Tab.4 Simulation results of the center-drilled 4-Q

detector

Rum?® Vi/Veuyy VilVsuy X/mm  Y/mm Er(X)/mm Er(Y)/mm
0 050188 0.49738 0.0145 —0.020 1 —0.0005 0
200 0.501 88 0.49736 0.0145 —0.020 1 —0.0005 0

300 0.50189 0.49732 0.0146 —0.0204 -0.0004 —0.0003

400 0.50193 0.49732 0.0150 —0.020 6 0 —0.000 5
500 0.50199 0.49723 0.0155 —0.0212 0.0005 —0.001 1
600 0.50206 0.49708 0.0160 —0.0223 0.0010 —0.002 2
700 0.502 18 0.49690 0.0169 —0.0237 0.0019 —0.003 6
800 0.50220 0.49676 0.0171 —0.0248 0.0021 —0.004 7
900 0.50233 0.49642 0.0182 —0.0255 0.0032 —0.005 4
1000 0.50239 0.49622 0.0188 —0.026 0 0.0038 —0.0059
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Fig.5 P-P plot of the measured data X and Y calculated using the beam waist
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