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Fig. 1. Schematic diagrams of laser Doppler vibration measurement system and fiber circulator: (a) Schematic diagrams of fiber M-Z

laser coherent Doppler vibration measurement system; (b) schematic diagram of fiber circulator.
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Fig. 2. Schematic diagram of relative position of optical fibers: (a) Transverse displacement; (b) longitudinal displacement; (c) the

optical axis tilts around the X-axis.
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Fig. 3. Schematic diagram of detection system.
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Fig. 4. The curves of coupling efficiency and wavefront PV
value versus transverse displacement: (a) X-direction trans-

verse displacement; (b) Y-direction transverse displacement.
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Fig. 6. The curves of coupling efficiency and wavefront PV

value versus optical axis angle (rotation about X-axis).
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Table 1.  Comparison of Zernike coefficients corresponding to different kinds of alignment errors.

JCLFRIXT A
72 73 74 75
dz/pm Sy/um 82/pm 0/(°)
2 3 5 0.5 1.67x10° 1.10x10° 2.14x10°1 1.20x101t
2 0 0 0 -4.02x101 -1.10x10° 1.85%x10 22 1.08x10°2
0 3 0 0 -1.65x10°7° 1.03x10°1# -1.41x10% 8.87x10°%
0 0 5 0 —5.20x10° -5.20%x10° 9.38x1012 -1.03x10%
0 0 0 0.5 —1.54x10°7 -3.30x10° 1.19x101! 1.19x101!
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W 2 ik 2 B R R 55— H K
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PEHT PV AESZ W 1Y RANEN 0.2392, 5 £ E 520
R Z IERT PV A 0.23590 % F, 22 7E 0.0033;
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Table 2.
wavefront PV value corresponding to different kinds

Comparison of coupling efficiency and

of alignment errors.

AR R v
dz/pm  dy/um  dz/pm  6/(°)
2 3 5 05 09215 0.2359
2 0 0 0.9792 0.0823
0 3 0 0.9536 0.1234
0 0 5 0.9999 0.0033
0 0 0 0.5  0.9978 0.0302

4 ERAFRMELER

it BB AT 5 (5 5T, 25 FF
AR A b 22 BIK 5y FiL B TG T T8 5 B 5 1 S 561

0.12X
0.10A
0.08X
0.06A
0.04X
0.02X
(02

X/mm

Bl 13 SESRAAT AT A AL I R A LR HE
B AR B ARG 0 LT AL

Y/mm

B, A LEE 1550 nm FOLES . 1x2 LRGN
Fereaiss . AR el i AR, Qi 12 Fos

FOGHA
DR L

K12 seEk R

Fig. 12. Diagram of the experimental setup.
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Fig. 13. The experimental phase diagram compared with the simulation diagram: (a) Phase diagram obtained by experiment;

(b) simulated phase diagram obtained from calculated relative position information based on experimental results fitting Zernike

coefficients.
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* 3 SLZEREXN Zernike XA

Table 3. Comparison of experimental results and simulation Zernike coefficients.
JELF XS
72 73 74 75
da/pm dy/um 8z/pm 0/(°)
SEHE — — — — 9.01x10°¢ —2.74x10°6 2.28x10 1 —5.75%x10 1
0.5 -1.4 42 -1.1 9.31x10°¢ -2.75x10°6 2.24x10° 1 -5.65x101!
0.5 0 0 2.26x1071 -2.75x10° ~2.28x10°% -3.60x10 2
PiEda 0 -1.4 0 7.71x10°6 ~6.33x10 1 6.38x10 2 ~1.01x10 2!
0 0 42 —4.37x10°8 —4.37x10°8 7.88x10 ! 1.30x10 %
0 0 0 -1.1 1.60x10°6 1.56x10°8 -5.64x10 ! -5.65x10 1!
* 4 MRS IE)G B SHREE R SR Zernike RELHEL
Table 4. Comparison of experimental results after transverse displacement correction and simulation Zernike coefficients.
TCLF AN
Sa/um  dylum  dxpm  0/(9) “ ” “ 0
FeH — — — — -9.62x10 8 4.96x107 6.45x10 12 ~1.79x10 1!
-0.09 0.02 — — -1.10x10°7 4.96x10°7 — —
firdE -0.09 0 0 0 —4.07x102% 4.96x10°7 4.10x10 % 6.47x10 2
0 0.02 0 0 -1.10x10°7 9.04x102% -9.11x10°% 1.44x10°2%
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Fig. 14. Experimental interference phase diagram after dis-

placement correction adjustment.
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Non-coincidence detection of fiber optic circulators based on
Hertz-level frequency-shifting heterodyne interferometry”
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Abstract

The fiber optic circulator in the form of point diffraction is a key component for coupling fiber optical path
and spatial optical path in a laser Doppler vibration measurement system. The coupling efficiency and other
performance parameters of fiber optic circulator are great significant for improving measurement accuracy and
working distance of vibration measurement system. The conventional circulator coincidence detection methods
include energy monitoring method and far-field coincidence monitoring method, which cannot be used to
quantitatively analyze the fiber mismatch factors. Therefore, the consistency of the circulator coupling efficiency
cannot be guaranteed. To solve these problems, a phase detection technology based on Hertz-level frequency-
shifting heterodyne interferometry is proposed. The interferometry phase information is used to calculate the
relative spatial positions of optical fibers, and this technology performs quantitative detection in the fiber
alignment process. The interference wavefront formed by relative spatial positions of optical fibers is simulated
and validated experimentally. The curves of coupling efficiency and wavefront PV value versus different kinds
of alignment errors are simulated and analyzed. By fitting the interference wavefront with the Zernike
polynomials, the correspondence between different kinds of alignment errors and Zernike coefficients is obtained.
The value of Z2 (Zernike coefficient) can be used as the basis for judging whether there is transverse
displacement in the Y direction. Similarly, Z3 corresponds to the transverse displacement in the X direction, Z4
corresponds to the longitudinal displacement in the Z direction and Z5 corresponds to the optical axis angle.
Through this correspondence relationship, the quantitative separation and analysis of fiber mismatch factors are
realized. The experimental results show that the accuracy of this method for measuring lateral displacement is
better than lum. According to the phase diagram obtained from the experiment, Zernike coefficient fitting is
performed. The lateral displacement deviation, longitudinal displacement deviation, and angular deviation are
calculated by the coefficients of Z2 to Z5. The fiber adjustment mechanism corrects the transverse displacement
deviation. It provides a new detection method for realizing fiber alignment and mismatch correction. Compared
with the existing detection methods, the phase detection method based on Hertz-level frequency-shifting
heterodyne interferometry solves the quantification problem of fiber coincidence adjustment. This method has
the advantages of high measurement accuracy, compact detection structure and composition, and low detection
cost. This method has great potential applications in the fields of optical fiber and spatial optical device
alignment, optical system aberration detection, and planar wavefront detection.

Keywords: fiber mismatch, alignment error, heterodyne interferometry, coupling efficiency

PACS: 42.87.Bg, 07.60.Vg, 42.79.Qx DOI: 10.7498 /aps.73.20231941
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