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High precision detection technology of particle positions

in optical trap
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Abstract: Precision sensing and measuring based on optical trap technology is innovation and deepening
for application of optical force effect from micro-precise manipulation to precise measurement of physical
quantities. Precision measurement of position information of the particle in optical trap is key technology
of precise sensing and measuring. The method was put forward, which used digital image processing and
curve fitting algorithm to detect particle positions in optical trap. The normalized self-correlation function
of particle positions was obtained by digital image correlation, and the quadratic curve fitting was used to
the normalized self-correlation function curve by least-square method to realize particle position detection
of sub-pixel accuracy. Experiments show that the method described in this paper can effectively suppress
the quantization effect of hardware and realize fast and high-precision detection of particle position in
optical traps. Compared with the direct correlation method, the detection accuracy can be improved by at
least one order of magnitude to 0.03 pixel.
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Fig.1 One-dimensional optical fiber trap system
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Tab.1 Main parameters of one-dimensional fiber

optical trap system

System parameters Value
Capture optical beam power P/mW 75
Capture optical beam wavelength A/nm 980
Capture optical beam waist radius o/pm 2.5
Captured microsphere material Polystyrene(PS)
Captured microsphere radius r/pm 5
Captured microsphere gravity G/N 5.39x107"
Waist distance between two beams d/um 200
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Fig.2 Particle imaging
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Fig.4 Normalized cross-correlation
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Tab.2 Simulation results of quadratic fitting error

No. Quadratic term Linear term Constant term  Position
1 0.000 4 0.000 02 0.999 7 0.0250
2 0.000 4 0.000 03 0.999 8 0.0375
3 0.000 4 0.000 02 0.999 9 0.025
4 0.000 4 0.000 02 1.000 2 0.025
5 0.000 4 0.000 03 1 0.0375

Average 0.030 0

Standard deviation 0.006 8
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Fig.8 Particle position detection result of x direction
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Tab.3 Statistical analysis of difference results

(Unit:pixel)
Standard Peak t
Average a'n .ar Maximum  Minimum eak to
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0.042 0.218 0.460 —-0.410 0.870
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