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摘要 

摘要 

毫米波调频连续波(FMCW)雷达质量轻，体积较小，易于高度工业集成，工

作频带较宽，分辨率高，具有较好的全天候工作能力，并且抗干扰能力强，从而

使得毫米波FMCW雷达在汽车防撞、环境遥感、工业控制、战场监视、精确制导

等民用和军用领域中有着广泛的应用前景。因此，本文以毫米波FMCW雷达信号

处理为题，展开了如下几个方面的工作： 

(1) 介绍了毫米波FMCW雷达的系统结构；对线性调频信号模型进行了分析，

并比较了匹配滤波方法与去斜方法，给出了线性调频波形的模糊函数；介绍了锯

齿波与三角波的运动参数估计原理，并分析了调频连续波在测量多目标时存在的

问题。对现有的几种多目标分辨波形的参数估计原理进行分析，包括单频连续波

雷达原理，变周期三角波多目标分辨方法，以及基于线性调频信号二维FFT方法

的多目标分辨，对这三种方法分别进行仿真。 

(2) 针对变周期三角波方法对硬件计算能力和调频斜率的要求较高的弊端。

提出了一种基于组合波形的FMCW雷达波形，该波形可以在运算能力较低、调频

斜率较低的情况下，进行快速多目标分辨，以及目标的测距测速。 

(3) 基于硬件平台进行算法实现，并在真实实验场景下进行算法验证。 

 

关键词：毫米波雷达；调频连续波；多目标分辨；波形设计；快速匹配算法; 测

距测速 
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Abstract 

Abstract 

Millimeter FMCW radar is a new kind of high range resolution radar with 

advantages such as light weight, small volume, ease of industrial integration, large 

bandwidth, capable of working around the clock, undesirable to interact with other 

electronic systems. And make it a good choice to be used for fine-resolution compact 

radar operation and are becoming increasingly popular. Some typical and emerging 

civil and military applications include collision avoidance of automobile, 

meteorological, industrial production, ordnance guidance, battlefield surveillance etc. 

Therefore, we focus on the signal processing of millimeter frequency modulation 

continuous wave (FMCW) in this article. And the main objectives of our research work 

can be summarized as follows: 

(1) The system structure of millimeter wave FMCW radar is discussed in detail.  

Signal model of linear frequency modulation is analyzed. And compared matched filter 

means with de-chirp method. The ambiguity function of linear frequency modulated 

waveform was deduced. The theory of triangle linear frequency modulated waveform 

in measuring the motion parameters of targets was analyzed. And the problem when 

measuring the motion parameters in multi-targets situation was proposed. The theory 

of multi-targets distinction and motion parameters estimation based on existing several 

waveforms was analyzed. First, the theory of single frequency continuous waveform 

radar was explained in detail. Then a waveform using two or more triangle linear 

frequency modulated waveform with different frequency modulated slope was set out 

to solve problem in multi-targets situation. Besides, the method of 2D-FFT based on 

linear frequency modulated waveform was analyzed to solve multi-targets distinction, 

and simulation was deployed on three methods above. 

(2) Aiming at the drawback of waveform using two or more triangle linear 

frequency modulated waveform with different frequency modulated slope which need 

high calculation ability of hardware and big frequency modulated slope, a frequency 

modulated continuous waveform base on combined waveform was proposed in this 
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Abstract 

article. It could deploy fast multi-targets distinction under the condition of low 

computation ability and small frequency modulated slope and measure the range and 

velocity information of targets. 

(3) Implementing algorithm based on hardware platform, and validating algorithm 

in real-world experimental scene. 

 

Key Words: Millimeter wave radar; Frequency modulated waveform (FMCW); Multi-

targets distinction; Waveform design; Fast paring algorithm; High precision velocity 

detection; Measuring range and velocity     
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