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RF: radio frequency; MZM: Mach-Zehnder modulator; LO: local oscillator; BPD: balanced photodetector;
ADC: analog-to-digital converter; DSP: digital signal processor
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Fig. 1 Schematic diagram of a microwave photonic channelized coherent reception
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Fig. 2 Flow chart of digital nonlinear distortion compensation algorithm
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tone signal. (a) In-channel; (b) out-of-channel
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Fig. 6 Spectra of signals before and after digital compensation under input of 5 sets of dual-tone signals and influence of parameter
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Digital Compensation Method for Nonlinear Distortion of Microwave
Photonic Channelized Link

Wang Jincheng, Chen Xiaoen, Ding Min, Chen Jianping, Wu Guiling’
State Key Laboratory of Advanced Optical Communication Systems and Networks, Shanghai Jiao Tong
University, Shanghai 200240, China

Abstract

Objective Microwave photonic channelization technology converts broadband microwave signals to the optical domain for

processing, breaking through the bandwidth limitations of conventional electronics. In general, external intensity
modulation based on the Mach-Zehnder modulator (MZM) is employed in microwave photonic channelized links.
However, due to the intrinsic cosine response of MZM, several nonlinear distortions occur in the process of electro-optical
conversion, including harmonic distortion, intermodulation distortion (IMD), and cross-modulation distortion (XMD).
Since the harmonic components can be effectively removed by filters, the IMD and XMD will become the main factors
limiting the system's performance. Numerous electronic and optical methods have been proposed to compensate for the
IMD in conventional narrow-band links, but they are incapable of suppressing the XMD. In this study, we propose a
nonlinear distortion compensation scheme based on digital domain iteration processing, which can suppress the IMD and
XMD simultaneously. Moreover, compared with the previous linearization methods, the proposed scheme does not

require the construction of complex compensation function models or the introduction of additional hardware devices.

Methods Theoretical analysis shows that an approximate equation can be established between the distorted intermediate
frequency signal output and the linear one from each channel. The iteration process can be utilized to approach the
linearized output. Specifically, the distorted output in each channel can be selected as the initial value for the first iteration.
The initial value is first squared and processed by low-pass filtering. Then, it is split into two paths that are processed by
different operators. Finally, the results of the different channels processed by the operator are multiplied, and the distorted
output is divided by them to obtain the result of the first iteration. Similarly, the output result of the first iteration can be
used for the second iteration. Therefore, the digital compensation algorithm based on iteration can gradually convert the

distorted output into a linear result.

Results and Discussions A simulation experiment is built to verify whether the simulation results are consistent with the
theoretical derivation results. The signal spectra before and after the digital compensation algorithm processing are
presented (Fig. 3). It can be found that rare times of iterations are sufficient to suppress the third-order intermodulation
distortion (IMD3) and cross-modulation distortion (Fig. 4). With the increase in the fundamental signal power, the power
of XMD and IMD3 increases with the slope of one and three, respectively [Fig. 5 (a)]. As the power of the out-of-channel
signal increases, the power of the fundamental signal and IMD3 is almost unchanged, while that of XMD increases with
the slope of two [Fig. 5 (b)]. According to the simulation experiment, the IMD3 and XMD can be completely suppressed
[Fig. 6 (b)] when the parameter is accurate. When the parameter deviation is 5%, IMD3 and XMD have been suppressed
by 15 and 16 dB, respectively [Fig. 6 (c)].

distortion disappears as the parameter deviation approaches 18% [Fig. 6 (d)].

The ability of the digital compensation algorithm to suppress nonlinear

Conclusions The linearity in microwave photonic channelized links is mainly limited by the IMD and XMD. In this

study, a nonlinear distortion compensation method based on digital domain iteration processing is proposed, which jointly

1307001-6
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processes the intermediate frequency signal output from each channel in the digital domain and approaches the ideal result
of linearization through iteration. It can effectively suppress the IMD and XMD in channelized links. The simulation
results show that the method can completely suppress the IMD and XMD when the parameter is accurate. When the
parameter deviation is 5%, the IMD3 and XMD can still be suppressed by 15 and 16 dB, respectively.

Key words Fourier optics and signal processing; intermodulation distortion; cross-modulation distortion; microwave

photon; digital signal processing

1307001-7



	1　引        言
	2　基本原理
	3　结果与分析
	4　结        论

