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Analysis of Serrodyne’s Reset Amplitude Errors in Resonator
Fiber Optic Gyroscopes by Digital Modulation

LI Ru-chun, MA Hui-lian, JIN Zhong-he, WANG Yue-lin
(College of Information Engineering , Zhejiang University , Hangzhou, Zhejiang 310027, China)

Abstract Resonator fiber optical gyroscope (R-FOG) uses ring resonator to enhance the Sagnac effect, the
detecting methods have open-loop and closed-loop, the phase modulator’s controlling signal has analogous and digital
in circuit. Compared with analogous modulation, the method of digital closed-loop detection has a big dynamic range
and high sensitivity. In resonator fiber optic gyroscopes by digital modulation, imperfect serrodyne’s reset amplitude
V.. has influence on the rotation sensing errors and the scale factor non-linearity. The effects of imperfect V,, on the
system are analyzed theoretically. If the amplitude is not exactly V., two electric fields, Eq and Ey,, cannot result
in optimum destructive interference, thus the resulting waveform has errors. Based on the sum of electric fields
expression in detector, numerical calculations of rotation sensing errors associated with imperfect serrodyne
amplitude are given for resonator fiber optical gyro using two frequencies modulation. At last, some solutions for
substantially reducing errors are presented.
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Fig. 1 Fiber resonator diagram in emanating R-FOG
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Fig. 2 Output response to a serrodyne reset having an amplitude of less than V,,

(a) before and after main reset; (b) rafter reset;

(0) 27 after reset; (d) main reset pulse and delaying tail
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Fig. 3 Diagram of serrodyne combined with two frequencies
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having an amplitude of less than V,,
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Table 1 Results of calculation numerically to a serrodyne reset having an amplitude of less than V,,

The number of round trips
of light passing through m 1 2 3 4 5
the resonator ring

Light intensity when reset amplitude|l> (f» = f1) 4,.5724X10°°¢
equal to Vo (o = 2m) Lfm = f1 6.1721 X106
Light intensity when reset amp]itudel/z(fm = f1| 4.4019X10°¢ 4.4161X10°°¢ 4.4295X10°°¢ 4. 4421X10°¢ 4.4537X10°¢
less than V(@ = 99.9% X200 [I1(f = f1)| 6.6673X1076 | 6.6149X107° | 6.5683X 1076 | 6.5268X1076 | 6.4898X107¢
Error of light intensity when f,,=f1 IL,—1, —1.705X1077 —1.563X1077 —1.429X1077 —1.302X1077 —1.187 X107
Spurious rotations when f,, =f1 [0 —0. 0239 —0.0219 —0.02 —0.0183 —0.0167
Error of light intensity when f,,= fi L—TI 4.592X1077 4.428X1077 3.962X10°7 3.547X1077 3.177X1077
Spurious rotations when f;, = f1 o) 0. 0645 0. 0622 0. 0556 0. 0498 0. 0446
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Fig. 6 (a) Waveform with reset pulse;

(b) Output waveform after low-pass filter
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