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摘要 

 I 

摘    要 

现代无线通信技术迅猛发展，频谱资源日益短缺。为了提高频谱效率，现代

通信系统广泛采用高阶调制方式和多载波传输方式。但是这些非恒定包络调制的

信号往往拥有高峰均比，严重影响功放效率。数字预失真技术是目前常用的一种

功率放大器线性化技术，可有效补偿功放非线性失真。本文考虑多波段宽带数字

预失真的实现，区别于传统的单一波段预失真，同时考虑信号的带内失真和带外

失真，对谐波失真和三阶互调失真分别进行建模和补偿。 

本文第一种抑制谐波的多波段预失真系统的优点在于可以同时抑制载波频

率（ 0 ）上的带内失真和谐波频率（ 0 02 ,3 ,  ）上的带外失真。这种预失真

结构由多个预失真器“并联”组成，分别工作在载波频率的倍频上。其中一个工

作在频率 0 上的预失真器用来补偿带内失真，其他的预失真器用来抑制谐波。

各个预失真器的系数统一由粒子群算法计算而得。本文第二种抑制三阶互调失真

的多波段预失真系统可以独立补偿多载波发射机的带内失真和带外三阶互调失

真。其最大优点是可以单独处理每个波段的信号，从而将整个系统的大带宽拆成

小带宽，降低了模数转换和数模转换的采样速率，解决了传统单波段宽带预失真

技术采样速率要求过高的难题。这种单独处理各波段信号的系统对带内失真和带

外失真分别建模，带内使用克罗内克积模型 “合并”多路输入信号，带外使用

粒子群算法配合的信号注入法压制带外三阶互调失真，都达到了不错的效果。本

文还对粒子群优化算法进行研究，对不同的优化问题采用不同的粒子群算法。 

关键词：功率放大器；多波段；谐波失真；三阶互调失真；数字预失真；粒子群
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Abstract 

 III 

Abstract 

Because the number of wireless systems and services has been increased rapidly, 

we are short of frequency resources now. To utilize the frequency resource efficiently, 

modern communication system widely uses high-order modulation and multi-carrier 

transmission. However, these multi-carrier signals are envelope-varying signals with 

high peak-to-average power ratios (PAPRs), which usually lead to the sacrifice of the 

system’s power efficiency in order to meet the linearity requirements. Digital 

predistortion (DPD) technology is a commonly used linearization technology for 

power amplifier and can effectively compensate the PA nonlinear distortion. This 

paper concerns about the wideband multi-channel DPD, which is different from the 

traditional narrow band DPD. It both concerns about the intra-band and inter-band 

distortion and presents using the particle swarm optimization (PSO) algorithm to 

increase the ability of restraining harmonic and the third-order intermodulation (IMD3) 

distortion. 

In this paper, the first DPD structure reduces the spectral regrowth of the 

fundamental signal at the carrier frequency （ 0 ） and removes the harmonics 

（ 0 02 ,3 ,  ） at the same time. The DPD structure is composed of multiple DPDs 

centered at integer multiples of 0 . The DPD at 0  is for removing spectral 

regrowth of the fundamental signal, and the others are for harmonic reduction. The 

coefficients of each DPD are calculated by PSO. The second DPD structure uses 

independent processing cells to compensate for the intra-band and inter-band 

distortion of nonlinear multi-carrier transmitters. This band-selective feature of the 

second DPD technique significantly reduces the minimum sampling rate requirements 

of analog-to-digital and digital-to-analog converters, which are a critical issue for the 

conventional single-band DPD techniques dealing with wideband signals. The 

band-selective DPD system builds models for intra-band distortion and inter-band 

distortion respectively. The intra-band model uses Kronecker model to combine 
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multiple input signals perfectly. The inter-band model uses signal injection method 

with PSO to restrain IMD3 and has a better result. We use different PSOs for different 

optimization problems and do some research for the relevant PSO. 

Key Words：Power Amplifier; Multiband; Harmonic Distortion; Third-order 

Intermodulation Distortion; Digital Predistortion; Particle Swarm Optimization 
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