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Analysis of Precisions of Parameters Calculated by Ellipse
Fitting in Double Beam Interferometer
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Abstract The phase modulation and demodulation of double beam interferometer often use ellipse fitting to
calculate relevant parameters, and a method is developed to assess calculation precisions of these parameters. The
maximum deviations of parameters calculated by ellipse fitting should be computed in different levels of noise
according to adaptive Monte Carlo method; then the precisions of fitted parameters can be estimated according
to the noise floor of interference signal which is measured in experiments. The algorithm of fiber—optic hydrophone
based on 3x%3 coupler using two interference signals is analyzed as an example, and the relationship between the
parameter value and device properties needs to be studied in order to improve the demodulation effect of
hydrophone. As a result, the precisions of parameters calculated by ellipse fitting in experiments should be assessed
firstly. The assessment method of precisions is applied to hydrophone experiments, and the noise floor of measured
interference signal is close to =70 dB - V*/Hz from 20 Hz to 4 kHz. The deviations of parameters are less than 0.06%
and 0.08° according to adaptive Monte Carlo method.
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Fig.1 Schematic drawing of fiber—optic hydrophone using 3x3 coupler
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Table 1 Deviations of fitted parameters with different Ny

Gaussian noise with zero mean value . Parameter
a IV Ni/(dB - V*/Hz) Fitted Value D, D, A, A, Ag’ /(%)
Mean 1.000000 1.000000 1.000000 1.000000 120.0000
Maximum 1.000002 1.000002 1.000002 1.000002 120.0002
107 -115 Minimum 0.999998 0.999998 0.999998 0.999998 119. 9998
Maxdev 2x107° 2x107 2x107 2x107 2x10™
Mean 1.00000 1.00000 1.00000 1.00000 120.000
Maximum 1.00001 1.00002 1.00002 1.00002 120.001
107 -95 Minimum 0.99998 0.99998 0.99998 0.99998 119.998
Maxdev 2x107° 2x107° 2x107° 2x107° 2x107
Mean 0.9999 1.0000 1.0001 0.9999 119.97
Maximum 1.0001 1.0002 1.0003 1.0001 119.99
107 =75 Minimum 0.9998 0.9999 0.9999 0.9997 119.96
Maxdev 2x10™ 2x10™ 3x10™ 3x10™ 0.04
Mean 0.9996 1.0002 1.0005 0.9994 119.84
Maximum 0.9999 1.0006 1.0009 0.9999 119.89
2.5x107 -65 Minimum 0.9992 0.9998 1.0001 0.9990 119.80
Maxdev 8x107™ 6x10™ 9x10™ 1x107 0.2
Mean 0.993 1.003 1.009 0.995 117.9
Maximum 0.995 1.005 1.011 0.997 118.0
107 =55 Minimum 0.992 1.001 1.007 0.993 117.7
Maxdev 8x107 5x107 1x107 7107 2.3
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Fig.4 Schematic drawing of experiment
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Fig.5 Power spectrum density of interference signal measured by experiment
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