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一、个人申报
（一）基本情况【围绕《浙江工程师学院（浙江大学工程师学院）工程类专业学位研究生工

程师职称评审参考指标》，结合该专业类别(领域)工程师职称评审相关标准，举例说明】

通过参与“基于ZYNQ的雷达信号分析系统研究”项目，使我的专业基础理论知识和专业技术

得到了深化和提升，我深刻地体会到项目实践对知识掌握、能力提升和素质养成的重要意义

，结合我的个人成长和企业实践，我将分享以下情况：

1. 知识掌握与能力提升： 

在项目中，我深入学习了ZYNQ硬件平台和FPGA技术，学会了使用Verilog进行硬件描述和设

计。通过与团队成员的合作，我掌握了高速信号处理、干扰信号生成和系统控制等关键技术

。在实践中，我不断钻研优化算法和硬件设计，提高了系统的性能和效率。通过这个项目，

我不仅学到了专业知识，还培养了分析和解决问题的能力，对于复杂项目的开发和实施有了

更深刻的理解。

2. 项目管理与协作能力： 

在项目中，我负责与团队成员协作，确保项目按时交付。我积极主动地参与讨论和决策，提

供技术支持和解决方案。通过与团队的密切合作，我学会了项目管理和沟通技巧，提高了自

己的协作能力和团队合作精神。在项目中，我还学会了分配任务和监督进度，使团队工作高

效有序。这些经验将对我的职业生涯和未来的项目实践有很大的帮助。

3. 创新思维与问题解决能力： 

在项目中，我面临着各种技术难题和挑战。通过不断的尝试和探索，我积极寻找新的解决方

案，培养了创新思维和问题解决能力。在解决问题的过程中，我学会了从不同角度分析和思

考，提高了自己的逻辑思维和决策能力。这些经验使我成为一个更加灵活和适应性强的工程

师。

4. 专业精神与责任心： 

在项目中，我时刻保持着对技术的热情和专注。我不断追求技术的完美和创新，对每一个细

节都严格把控，确保项目的质量和成果。在面对项目的挑战和压力时，我从不退缩，始终保

持着积极的态度和坚定的信念。我深刻理解技术对于企业发展的重要性，对于工程师的责任

和使命有了更深刻的认识。

5. 个人成长与企业实践结合： 

通过“基于ZYNQ的雷达信号分析系统研究”项目，我深刻体会到学习与实践的结合是个人成

长的关键。在项目中，我将所学的理论知识与实际应用相结合，不断地总结经验和教训。我

学会了如何在项目中不断挑战自己、突破自己，不断提高自己的技术和能力。同时，我也深

刻理解企业实践对于个人发展。

工程实践经历： 

通过“基于ZYNQ的雷达信号分析系统研究”项目，我们成功研制了一款适用于多种场景的雷

达信号分析系统，该系统能够截获雷达信号，并对雷达信号的信号参数进行准确分析。之后

根据分析结果，我们能够生成相应的干扰信号，包括欺骗干扰、压制干扰、宽带干扰等多种

干扰形式。这一项目成果解决了信号探测和分析的重要问题。

取得的经济和社会效益： 

通过“基于ZYNQ的雷达信号分析系统研究”项目的研制和应用，我们为雷达信号分析领域作

出了重要贡献。该系统的成功研制，增强了对雷达信号的截获和分析能力。同时，该项目的

成果还为我国电子对抗技术的发展做出了重要贡献，推动了我国电子对抗领域的技术创新和

产业发展。

工程问题案例：
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在“基于ZYNQ的雷达信号分析系统研究”项目中，存在以下主要难点：

高速信号处理：在本项目中，高速信号处理是一个核心难题。雷达信号的连续高速采集对FP

GA的处理能力提出了极高的要求。系统需要能够在极短的时间内完成对信号的采集、处理和

分析，确保对敌方雷达信号的实时性和准确性分析。这不仅涉及到硬件平台的选择，还包括

对信号处理算法的优化，以实现快速有效的数据处理。

干扰信号生成：干扰信号的生成是另一个技术难点。系统需要根据实时分析的雷达信号参数

动态调整，以生成复杂多样的干扰信号。这要求FPGA不仅要具备高效的信号处理能力，还需

要能够在短时间内根据分析结果生成相应的干扰信号，包括欺骗干扰、压制干扰和宽带干扰

等。

系统控制与优化：系统的控制与优化也是项目成功的关键。ARM处理器在本系统中承担着对

整个系统进行控制和监控的任务。它不仅需要实现对干扰信号的精确控制，还要负责对敌方

雷达信号进行实时分析，以优化干扰效果。这就要求处理器具备高效的算法和优化策略，以

保证系统的实时性和高效性。

针对以上难点，运用所学知识设计了以下技术路线：

该雷达信号分析系统采用ZYNQ硬件平台，结合FPGA和ARM处理器，充分发挥两者的优势。其

中，FPGA负责高速信号处理和实时干扰信号生成，ARM处理器负责系统的控制、信号参数分

析和用户界面。具体技术流线如下：

信号采集：使用ZYNQ硬件平台中的ADC模块对敌方雷达信号进行高速连续采集，确保实时性

和准确性。

信号处理：利用FPGA进行快速信号处理，包括滤波、FFT变换和信号参数提取，以获取敌方

雷达信号的频率、幅度和相位信息。

干扰信号生成：根据分析得到的敌方雷达信号参数，利用FPGA实时生成干扰信号，包括欺骗

干扰、压制干扰和宽带干扰，以对敌方雷达系统产生影响。

控制与分析：通过ARM处理器对整个系统进行控制和监控，实现对干扰信号的精确控制。同

时，ARM处理器负责对敌方雷达信号进行实时分析，以优化干扰效果。

同时为了进一步提升系统性能，综合运用所学知识，还对后续的实践工作的优化路线做出如

下安排：

优化算法：针对高速信号处理和干扰信号生成，优化FPGA中的算法和数据处理流程，提高系

统的处理速度和效率。

硬件优化：考虑采用更高性能的ADC和DAC芯片，提高信号采集和输出的精度和速度。

干扰策略优化：对于不同类型的雷达信号，研究并优化不同的干扰策略，以提高干扰效果和

隐蔽性。

系统稳定性：考虑添加自适应控制算法，使系统能够在不同环境下自动调整参数，保持稳定

的干扰效果。

通过上述技术路线和优化策略的实施，"基于ZYNQ的雷达信号分析系统"项目旨在开发出一套

能够有效应对现代电子战挑战的高性能雷达信号分析与干扰系统。该系统的研发不仅能够提

升我方在电子对抗领域的技术水平，还将为未来相关技术的发展奠定坚实的基础。
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（二）取得的业绩（代表作）【限填3项，须提交证明原件（包括发表的论文、出版的著作、专利

证书、获奖证书、科技项目立项文件或合同、企业证明等）供核实，并提供复印件一份】

1. 
公开成果代表作【论文发表、专利成果、软件著作权、标准规范与行业工法制定、著作编写、科技

成果获奖、学位论文等】

成果名称

成果类别 

[含论文、授权专利（含

发明专利申请）、软件著

作权、标准、工法、著作

、获奖、学位论文等]

发表时间/

授权或申

请时间等

刊物名称

/专利授权

或申请号等

本人

排名/

总人

数

备注

Research on High-

Speed Detection 

Method of Radar 

Signal Based on RFSoC

会议论文
2024年02

月04日

2023 IEEE 

the 15th 

Internatio

nal 

Conference 

on 

Wireless 

Communicat

ions and 

Signal 

Processing

1/4  
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2.其他代表作【主持或参与的课题研究项目、科技成果应用转化推广、企业技术难题解决方案、自

主研发设计的产品或样机、技术报告、设计图纸、软课题研究报告、可行性研究报告、规划设计方

案、施工或调试报告、工程实验、技术培训教材、推动行业发展中发挥的作用及取得的经济社会效

益等】
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（三）在校期间课程、专业实践训练及学位论文相关情况

课程成绩情况 按课程学分核算的平均成绩： 85  分

专业实践训练时间及考

核情况(具有三年及以上

工作经历的不作要求)

累计时间： 1.3 年（要求1年及以上）

考核成绩： 89 分（要求80分及以上）

本人承诺

个人声明：本人上述所填资料均为真实有效，如有虚假，愿承担一切责任

，特此声明！

                                  申报人签名：
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the conference. 
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E-mail: fengvv@zju.edu.cn, wangxtt@zju.edu.cn, shizg@zju.edu.cn, wangy@zju.edu.cn 

 

Abstract—This paper proposes a real-time radar signal 
detection method based on RFSoC and parallel Fast Fourier 
Transform (FFT) architecture, suitable for electronic warfare 
(EW) applications in electronic reconnaissance aircraft. The 
proposed method utilizes high-speed Analog-to-Digital 
Converters (ADC) and high-performance heterogeneous 
processing units integrated in RFSoC, combined with parallel 
FFT algorithm, to optimize the radar signal detection 
architecture. It improves the time-accuracy trade-off in large 
point FFT processing, enabling the electronic reconnaissance 
aircraft to detect radar signals containing any number of 
carriers with instantaneous bandwidth of 2 GHz and frequency 
resolution of 1 MHz in 3 us. Both Matlab simulation and real-
world experimental results are presented to validate the 
rationality and reliability of the design, providing a reference 
for the design of modern high-performance electronic 
reconnaissance aircraft. 

Keywords—RFSoC, parallel FFT, high-speed detection, radar, 
instantaneous bandwidth 2GHz 

I. INTRODUCTION  
With the advancement of electronic science and 

technology, modern warfare has gradually evolved into a new 
form of information and electronic warfare. Modern combat 
weapons are not only simple killing tools but also play a 
significant role in acquiring enemy information. Electronic 
reconnaissance aircraft have the crucial capability to intercept 
radar signals in real-time and analyze various parameters, 
providing essential support for localization [1], interference, 
deception, and other strike tactics, making them a crucial 
representative of modern combat weaponry [2]. 

In modern electronic reconnaissance aircraft, the structure 
of high-speed ADC combined with FPGA to perform the Fast 
Fourier Transform on digital signals has effectively improved 
the shortcomings of traditional electronic reconnaissance 
aircraft, such as small instantaneous bandwidth and low 
sensitivity. According to the Nyquist sampling theorem [3], 
high sampling rates of ADC can provide ideal detection 
bandwidth. However, achieving higher detection frequency 
resolution requires performing large-point FFT (exceeding 
1024 points) [4]. The significant computational load resulting 
from this can negatively impact the real-time nature of signal 
detection, thereby affecting the performance of electronic 
reconnaissance aircraft. 

In existing research on electronic reconnaissance aircraft, 
achieving a balance between instantaneous detection 
bandwidth, detection frequency resolution, and detection time 
has been a focal point. These performance parameters 
determine the precision strike capability and rapid response 
maneuverability in electronic warfare, reflecting the important 
operational capability of electronic warfare. In order to reduce 

the impact of the significant computational load caused by 
large-point FFT on real-time signal detection, many studies 
have introduced high-speed monobit ADCs and designed 
monobit electronic reconnaissance receivers. Monobit 
Discrete Fourier Transform (DFT) can avoid multiplication 
operations, thus speeding up the computation. Some 
researchers designed a constant iteration architecture without 
using multipliers, which efficiently implements pipeline DFT 
computation and achieves higher real-time performance [5]. 
And some researchers gave a new method to replace the 
discrete Fourier transform for monobit receivers by using 
dynamic twiddle factors based on the split-radix fast Fourier 
transform (SRFFT) to optimize performance of monobit 
receivers [6].  

However, the cost of this high performance is that it only 
retains the frequency and phase information of the signal 
while completely discarding the signal amplitude information, 
making it unsuitable for scenarios that require detection of 
signal amplitude or multiple carrier radar signals. Therefore, 
some researches have focused on optimizing multi-bit FFT 
architectures to improve the performance of electronic 
reconnaissance aircraft. For example, a new type of digital 
electronic reconnaissance aircraft with a detected 
instantaneous bandwidth of 675 MHz and a detection time of 
2 us is implemented by using multi-bit high-speed ADCs and 
FPGA to perform small-point (512 points) FFT on the signal 
[7]. And through a combined FFT structure, a multi-signal 
detection environment for four carrier signals with different 
frequency is achieved on FPGA [8]. 

Compared to previous works, this paper utilizes the new 
high-performance hardware platform RFSoC and designs an 
8-channel parallel data processing structure to perform a 
4096-point large-point FFT. Under the premise of 
instantaneous detection bandwidth of 2 GHz and detection 
frequency resolution of 1 MHz, the signal detection time is 
reduced from 25 us to approximately 3 us, and it also has the 
capability to detect multiple carrier frequencies of continuous 
wave radar. These improvements enhance the performance of 
the electronic reconnaissance aircraft in multiple aspects and 
provide a strong foundation for localization [9], interference, 
deception, and other strike tactics. The content of this paper is 
organized as follows: Section Ⅱ presents a detailed description 
of the implementation model and principles, and Section Ⅲ 
exhibits the simulation results and experimental results. 

II. IMPLEMENTATION MODEL AND PRINCIPLES 

A. System Model 
Currently, the mainstream electronic reconnaissance 

aircraft mainly consist of RF front-end circuits, high-speed 
ADCs, and processing units. The implementation in this paper 
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is based on the system model shown in Fig. 1. The weak RF 
Signal received by the antenna has a more suitable Signal-to-
Noise Ratio (SNR) after passing through the automatic gain 
control (AGC) module. After frequency mixing, the down-
converted signal is split by a power divider, with one part 
output to the detector module for calculating pulse parameters 
and acting as an indication signal for effective carrier 
sampling. The other is directly output to the processing core 
RFSoC for computing other parameters. 

 
 

Fig. 1. Digital EW receiver system model 
 

RFSoC is a high-performance System-on-Chip (SoC) 
developed by Xilinx, which integrates RF and digital signal 
processing capabilities into a single chip. It integrates multiple 
high-speed ADCs with sampling rates up to 4.096 GSPS, 
ARM Cortex-A53 processors, Field-Programmable Gate 
Array (FPGA), and rich memory resources and peripheral 
interfaces, providing high-performance RF and digital signal 
processing capabilities [10]. 

Despite RFSoC has high-speed RF and digital signal 
processing capabilities, the limitation of FPGA operating 
clock frequency still poses challenges to high-performance 
real-time systems such as electronic reconnaissance aircraft, 
especially in the implementation of FFT algorithms. For 
instance, considering the RFSoC ADC sampling frequency of 
4 GHz and FPGA clock frequency of 500 MHz, to achieve a 
frequency resolution of 1 MHz, it requires performing a 4096-
point FFT on the sampled digital signal. For conventional FFT 
implementations, even with the use of pipelined FFT 
processing, significant time overhead can still be encountered, 
which could be detrimental to real-time signal detection.  

To address this issue, we propose an optimization strategy, 
which involves using an 8-way parallel 512-point pipelined 
FFT to achieve a 4096-point FFT. This approach not only 
leverages the advantages of FPGA parallel computation but 
also considers the characteristics of RFSoC analog-to-digital 
conversion signal transmission. Specifically, to match the 
ADC sampling rate with the FPGA clock frequency, the 
RFSoC internally combines 8 consecutive 16-bit samples into 
a single 128-bit data stream, achieving real-time serial-to-
parallel data conversion. This process provides the necessary 
parallel data foundation for implementing the 8-channel 
parallel FFT algorithm. 

B. Principle of 8-Channel Parallel FFT 
The Discrete Fourier Transform can obtain the frequency 

spectrum of a discrete-time signal, allowing for the analysis of 
the signal's characteristics in the frequency domain. 
Define  be the time sequence of length N obtained 
through continuous sampling by the ADC. The DFT is defined 
as follows: 

    

Where,   is the twiddle factor. From (1), it can 
be observed that each N-point DFT computation requires N2 
complex multiplications and N(N-1) complex additions. As N 
increases, the computational complexity will increase 
significantly [11]. The twiddle factor possesses several 
properties: 

 Periodicity:           

 Symmetry:                

 Reducibility:            

Simultaneously, based on the RFSoC's sampling data 
transmission format, the input time sequence  is divided 
into eight groups: x(8m), x(8m+1), x(8m+2), x(8m+3), 
x(8m+4), x(8m+5), x(8m+6), x(8m+7). According to (2), (3), 
and (4), formula (1) can be represented as follows: 

  

  

  

  

From (5), it can be observed that the N-point FFT result of 
the continuous-time sequence can be computed using the N/8-
point FFT results of the 8 decimated sequences. Let the 8 
results be: F0(k), F1(k), F2(k), F3(k), F4(k), F5(k), F6(k) and 

F7(k). Additionally, by letting  and 

, combined with the properties of the twiddle factor  
, the complete N-point FFT results can be obtained: 
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C. RFSoC Algorithm Model 
The algorithm implementation is mainly based on the 

parallel processing capability of FPGA, the high-speed ADC 
data parallel transmission format in RFSoC and the 
computational capability of ARM Cortex-A53 processor. 
Firstly, the data conversion module converts the sampled 16-
bit serial data into 128-bit parallel data without delay, 
allowing N-point digital signals to be transmitted within N/8 
clock cycles. The 128-bit data is divided into eight groups and 
undergoes N/8-point pipelined FFT computation, which 
effectively minimizes the FFT calculation latency. Meanwhile, 
the address control module controls the output of complex 
twiddle factors stored in BRAM according to specific logic. 
These twiddle factors and the complex results obtained from 
the multi-channel parallel FFT, are processed by the butterfly 
operation module and serially output the N-point FFT 
computation results with a certain timing. The N-point 
complex results are stored in BRAM and later processed by 
the ARM processor for peak detection, amplitude conversion, 
and other subsequent calculations. The overall algorithm 
model implemented in RFSoC is illustrated in Fig. 2. 

 

Fig. 2. Parallel FFT algorithm model based on RFSoC 

This RFSoC-based parallel FFT scheme offers significant 
advantages over conventional serial FFT or other parallel FFT 
schemes. Compared to serial FFT, the RFSoC-based parallel 
FFT not only greatly reduces the transmission time of radar 
signal sampling data but also reduces the computational 
complexity by using a parallel FFT structure, thereby saving 
considerable time in complex calculations. Compared to other 
parallel FFT implementations, the RFSoC allows seamless 
and real-time serial-to-parallel conversion of high-speed 
sampled data, directly transmitting data with a 128-bit high bit 
width. This capability enables the FPGA to read the data 
within a single clock cycle, thereby shortening the data 
transmission time. This optimization significantly reduces the 
time overhead, leading to a remarkable improvement in FFT 
computation speed and enhancing the performance of 
electronic reconnaissance aircraft. 
 

III. SIMULATION AND EXPERIMENTAL RESULTS 

A. Simulation Results 
To further validate the feasibility of the proposed approach, 

the main components of the algorithm were simulated in 
Matlab. Initially, a continuous wave radar signal with a 
frequency of 100 MHz, superimposed with Gaussian white 
noise, was generated and sampled with a length of 4096 points. 
Then, the signal was evenly sub-sampled to obtain eight sets 
of 512-point sub-sequences. Subsequently, a parallel FFT 
processing structure was designed, and the sub-sampled 
sequences were input to this structure to obtain eight sets of 
512-point complex result sequences. Finally, the complex 

sequences underwent butterfly operations to generate the 
frequency-domain representation of the time-domain signal. 
A comparison of the results obtained from normal serial FFT 
and parallel FFT is shown in Fig. 3. It can be observed that the 
frequency-domain information obtained from both serial and 
parallel FFT computations is correct and consistent, 
demonstrating the feasibility of the parallel FFT algorithm. 

 
Fig. 3. (a) The time domain diagram of the continuous wave radar signal with 
a frequency of 100 MHz superimposed with Gaussian white noise; (b) The 
serial FFT result; (c) The parallel FFT result. 

B. Experimental Results 
We simulated the radar signal source using a signal 

generator and transmitted the signal into the atmosphere 
through a planar spiral antenna. At a distance of one meter 
from the transmitting antenna, a receiving wideband dual-
ridged horn antenna, the electronic reconnaissance system, 
and the host were placed. The experimental setup is 
illustrated in Fig. 4. 

 

Fig. 4. Experimental setup 
 

After the hardware system completed the signal detection, 
the detection results were transmitted to the host via the 
JTAG interface, so that the Integrated Logic Analyzer (ILA) 
tool of Vivado can be used to capture multiple sets of data, 
including the sampled digital signals and FFT computation 
results. Finally, the captured data was exported to Matlab for 
system analysis. The time interval between the first clock 
cycle of transmitting digital signals and the last clock cycle 
of outputting FFT results is defined as the radar signal 
detection time. 

After extracting the valid portion, the experimental results 
obtained with a transmission frequency of 2950 MHz and an 
amplitude of -45 dBm are shown in Fig. 5. To ensure the 
reliability of the experimental results, multiple measurements 
were performed by varying the transmission signal 
parameters with the frequency ranging in 2 to 4 GHz and the 
amplitude ranging in -50 to -40 dBm. Specific experimental 
parameters and results are presented in TABLE I. 
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Fig. 5. (a) The FFT input data validity signal; (b) Results of the second set in 
parallel FFT; (c) The FFT output data validity signal; (d) Results of the 
seventh set in parallel FFT. 
 

TABLE Ⅰ.   EXPERIMENTAL PARAMETERS AND RESULTS 
 

Transmission Reception 
Frequency 

(MHz) 
Amplitude 

(dBm) 
Frequency 

(MHz) 
Amplitude 

(dBm) 
Time  
(us) 

2350 -50 2350 -53 3.3 
2650 -48 2651 -49 3.3 
2950 -45 2950 -46 3.3 
3250 -43 3250 -43 3.3 
3550 -40 3549 -40 3.3 

 
The signal detection time can be calculated to be 

approximately 3.3 us, based on the difference in the number 
of points between Fig. 5(a) and Fig. 5(c), with the FPGA 
clock frequency set at 500 MHz. From Fig. 5(b) and Fig. 5(d), 
it can be observed that the frequency domain peaks appear in 
the butterfly operation results of the second and seventh FFTs, 
corresponding to the actual frequency and its mirror image in 
the Sub-Nyquist domain, respectively. Considering the local 
oscillator frequency as 2 GHz, the corrected actual frequency 
is calculated to be 2950 MHz, and the actual amplitude is 
approximately -46 dBm, which is consistent with the 
transmitted signal. 

C. Resource Utilization of FPGA 
The FPGA resource utilization for the proposed design is 

presented in TABLE II. 
TABLE Ⅱ.   RESOURCE UTILIZATION OF FPGA DESIGN 

 
Resources Used 

LUT 8956 (2.10%) 
BRAM 43 (3.98%) 

DSP 104 (2.43%) 

IV. CONCLUSION 
This paper proposes a real-time radar signal detection 

method based on RFSoC, enabling signal detection in 
approximately 3 us with an instantaneous bandwidth of 2 GHz 
and a frequency resolution of 1 MHz. This method also 
provides the capability to detect multiple carrier frequencies 
in radar signals. The performance of the proposed method is 
validated through simulations and experiments in real-world 

scenarios, ensuring the reliability of the system. For modern 
electronic warfare, the speed and accuracy of radar signal 
detection are crucial, making the method of this paper highly 
valuable for the design of next-generation electronic 
reconnaissance aircraft. In future work, we will continue to 
optimize the radar signal detection structure based on RFSoC, 
aiming to further reduce system resource consumption, 
improve the performance of electronic reconnaissance aircraft, 
and make the system adapt to more radar signal detection 
environments. 
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