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This dissertation presents the results of a study on optical performance monitoring (OPM) techniques for
phase-modulated optical signals using asynchronous waveform sampling. The content of the dissertation is
based on the research which the author conducted during his tenure at the Division of Electrical, Electronic and
Information Engineering, Graduate School of Engineering, Osaka University. The dissertation is organized as
follows :

Chapter 1 is an introduction to the contents of the dissertation. It presents a general overview of the current
state of optical communication systems and discusses the development directions which form the motivation for
the conducted research. As the optical networks evolve towards dynamic provisioning and large transmission
capacity, optical transparency and advanced modulation techniques are being introduced in order to satisfy these
requirements in a cost-effective manner. The OPM systems are described as a viable method to maintain
control over the quality of signals and ensure efficient bandwidth provisioning. The purpose of this study and
the structure of the dissertation are explained at the end of the chapter.

Chapter 2 presents the basics of phase-modulated optical transmission systems and the current status of
network monitoring techniques. Generation and detection of binary and multilevel differential phase-shift
keying (DPSK) signals is described together with the advantages of employing these formats in an optical system.
This chapter also discusses the important transmission impairments influencing the quality of signal. Finally,
the legacy electronic monitoring and existing OPM methods are discussed.

Chapter 3 presents the OPM method based on asynchronous amplitude histogram analysis. The principle of
operation is followed by the description of application of this method to monitoring of phase-modulated systems.

Based on the histogram contents, monitoring parameters are developed to evaluate the level of optical signal to
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noise ratio (OSNR), accumulated chromatic dispersion (CD) and polarization-mode dispersion (PMD). The
parameters are used to monitor the level of impairments in non-return-to-zero DPSK (NRZ-DPSK),
return-to-zero DPSK (RZ-DPSK), and RZ differential quadrature phase-shift keying (RZ-DQPSK) transmission.
Successful experimental demonstration of OPM for all three formats at 10 Gsymbol/s is reported. The results
are compared to other monitoring methods and, finally, characteristics of the proposed method are discussed.

Chapter 4 proposes the application of asynchronous delay-tap sampling method to the monitoring of
phase-modulated signals. The principle of delay-tap sampling and the creation of delay-tap plot are described.
An image processing algorithm based on the Hough transform is suggested for analysis of the delay-tap plot. A
successful experimental demonstration of OSNR and CD monitoring for a 9.95328 Gbit/s RZ-DPSK signal is
described. Monitoring of signals with low OSNR at monitor input power of —15 dBm is shown. Also, a
numerical analysis for monitoring of RZ-DQPSK signal is presented. Evaluation of OSNR, CD, and PMD is
shown for a 20 Gbit/s signal. A discussion of important monitoring parameters is made and a comparison to
other OPM methods is drawn.

Chapter 5 summarizes the results of the preceding chapters and draws final conclusions of the dissertation.
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