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(¢) polymorphic modulation sequence waveform
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Modulation modes under different modulation depths

Modulation depth

Modulation method

Modulation sequence

/2 8-state square wave modulation
2n/3 6-state square wave modulation
3m/4 16-state square wave modulation
4m/5 10-state square wave modulation
5n/6 24-state square wave modulation
Tr/8 32-state square wave modulation
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Fig. 3 Modulation and demodulation of speed error
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Table 2 Threshold comparison under different modulation depths

Modulation depth

Four-state modulation threshold /[ (°)+h ']

Polymorphic modulation threshold /[(°)+h ']

n/2 0.453
2n/3 0.741
3n/4 0. 340
4x/5 0.623
57/6 0.539
n/8 0.432

0

0

0
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Table 3 Performance comparison of fiber optic gyroscope under different modulation depths

Modulation Four-state modulation Polymorphic modulation
depth Bias instability /[()+h™']  ARW/[()+h "?]  Bias instability /[()+h ']  ARW/[(*)+h "]
n/2 0.0926 0.0034 0.0893 0.0031
2n/3 0.0758 0.0028 0.0701 0.0027
3n/4 0.0532 0.0025 0.0491 0.0021
4m/5 0.0478 0.0021 0.0429 0.0019
57/6 0. 0456 0.0018 0.0397 0.0015
Tn/8 0.0416 0.0016 0.0365 0.0012
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Abstract

Objective The closed-loop control mode in fiber optic gyroscopes causes the production of the modulation crosstalk,
which leads to the dead zone phenomenon, with negative outcomes on the zero bias stability of the gyroscope. The
random modulation method can reduce the impact of the crosstalk on the dead zone; nevertheless, the demodulation
period is prolonged, the dynamic range of the fiber optic gyroscope is sacrificed, and the random noise increases.
Meanwhile, a six-state modulation can maintain a good performance; however, it is able to eliminate the modulation
crosstalk only for a single modulation depth. In this research, we proposed an innovative polymorphic modulation
method for eliminating the dead zone problem caused by modulation crosstalk, and constructed the best modulation
method under different modulation depths to eliminate crosstalk and achieve a good performance for fiber optic
gyroscopes (FOG).

Methods Based on the principle of digital closed-loop fiber optic gyro modulation and demodulation, we define the
polymorphic sequence modulation structure, and establish a sequence of modulation and demodulation sequences
correlation function. When the correlation function is zero, the general formula for calculating the modulation phase
is extracted, the proportion relation between ¢,, and 2n — ¢,, in the polymorphic modulation sequence is obtained, and
the modulation sequences for eliminating crosstalk at different modulation depths are calculated. The performance
indexes of four-and multistate modulation in FOG were tested at modulation depths of n/2, 2x/3, 3wn/4, 4n/5,

5n/6, and 7n/8. Furthermore, the experimental data of two methods were analyzed and compared.

Results and Discussions The multistate modulation method has achieved good results in solving the dead zone
problem caused by modulation crosstalk. Regarding the test data of the dead zone at modulation depths of =/2, 2xn/3,
3n/4, 4n/5, 5n/6, and 7n/8 (Figs. 9—-14), it has been observed that the fiber optic gyroscope output is nonlinear
near the zero angular velocity input, indicating that the four-state modulation dead zone still exists, and that the
noise increases near the entering and leaving dead zones. More in detail, the output noise is small, the polymorphic
modulation dead zone threshold test curve, the fiber optic gyroscope output changes linearly, the dead zone basically
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disappears, and the output noise decreases with the increase in modulation depth. The multistate modulation method
maintains the good performance of FOG, while the angle random walk coefficient is smaller than that of the four-state
modulation (Table 3). Therefore, the effect of multistate square wave modulation on dead zone inhibition is better
than that of four-state modulation, and thus the former can effectively eliminate the dead zone effect.

Conclusions In this research, a polymorphic modulation method is proposed to suppress crosstalk by establishing a
general formula adapted to different modulation depths; the optimal modulation method is determined by different
modulation depths to eliminate the dead zone. According to the National Military test standard, the performance tests
of the four-state and polymorphic modulations are carried out under modulation depths of n/2, 2n/3, 3n/4, 4xn/5,
5n/6, and 7n/8. The dead zone thresholds corresponding to these depths are about 0.453, 0.741, 0.340, 0.623,
0.539, and 0.432 (°)/h. The zero offset stability corresponding to the use of polymorphism modulation is 0.0893,
0.0701, 0.0491, 0.0429, 0.0397, and 0. 0365 (°)/h, respectively. The corresponding angular random walk

coefficients are 0. 0031, 0. 0027, 0.0021, 0. 0019, 0. 0015, and 0. 0012 (°)/Jh, respectively. Using the
polymorphic modulation method derived from the general formula, the good performance of the fiber optic gyroscope
can be maintained, and the obvious dead zone cannot be observed. Results show that the polymorphic square wave
modulation has a significant advantage in eliminating the dead zone problem caused by crosstalk, which provides an
important step for the realization of high-performance fiber optic gyroscopes.

Key words fiber optics; fiber optic gyroscope; crosstalk; dead zone; phase modulation; polymorphic modulation
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