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Abstract Aiming at the application of optical transmitter signal distortion analysis, we adopt a coherent detection
system with slowly varying phase, analyze the preprocessing of the distorted optical signal by means of cluster
analysis, and estimate the distortion coefficients accurately to achieve a better constellation restoration effect. In this
system, we adjust the length of the local oscillator fiber link to be equal to the fiber length of the signal link, so that
the phase difference between the local oscillator and the signal light can be approximately constant over a long time
window. It means that we can do intelligent analysis and preprocessing of the constellation for the long time window
data by means of cluster analysis. Then, we obtain the distortion coefficients and cluster centroids based on cluster
analysis of signal constellation, and use the location information of cluster centroids to equalization process and
carrier phase recovery. This scheme solves signal recovery problems in the presence of signal distortion and phase
noise, enabling accurate signal distortion evaluation. In this system, we simulate and experiment three kinds of
distorted signals (I-Q gain imbalance, I-Q phase error, and I-Q amplitude uneven distribution) by using cluster
analysis and blind-phase-search ( BPS) algorithm. The results show that in the experimental system we can
accurately estimate the transmitter signal distortion mentioned by using cluster analysis.
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Fig. 1 Schematic of experiment with the same length of signal fiber link and local oscillator link
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Fig. 2 Constellations of three kinds of distortion. (a) I-Q gain imbalance constellation;

(b) TI-Q phase error constellation; (c¢) I-Q amplitude uneven distribution constellation
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Fig. 4 (a) Constellation with cluster analysis; (b) cluster centroid constellation
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