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提纲

▪ 简介

▪ 深度学习流程

▪ 连接软件无线电（SDR）与雷达硬件

▪ 预处理、特征提取及标注

▪ 实例演示- 采用合成数据训练模型，实采数据进行模型测试



采用MATLAB和Simulink进行雷达系统设计

Sensor Fusion/Tracking

Resource Scheduling

Scenario Generation

System Modeling

Antenna Arrays/RF

Targets & Environment Deployment

HDL

Data Synthesis for

Deep Learning



采用MATLAB和Simulink进行无线通信系统设计

Waveform Generation

PHY/MAC Simulation

Standards

MIMO Processing

Measurements  

Channels, Impairments 

& RF Propagation

Deployment

HDL

Data Synthesis for

Deep Learning
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深度学习开发流程

Data sources

Data Labeling

CREATE AND ACCESS

DATASETS

DEVELOP PREDICTIVE

MODELS

PREPROCESS AND

TRANSFORM DATA

Feature extraction

ACCELERATE AND

DEPLOY

Embedded Devices and 

Hardware

Simulation and 

augmentation 

Analyze and tune 

hyperparameters

Import Reference Models/ 

Design from scratch

Transformation Hardware-Accelerated 

Training

Pre-Processing Desktop Apps 

Enterprise Scale Systems 



理解挑战很重要

Data Labeling

Deep learning models only as 

good as 

training data

Limited Data 

Availabiliy

Domain-specific data 

processing desirable

Limited reference 

research

Deployment and 

Scaling to various 

platforms



需要考虑的折中
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Deep learning 

with I/Q signals

Domain knowledge

Time-frequency maps

Pre-processing
Wavelet

Scattering

数据集大小 vs. 专业知识 vs. 计算资源

哪些技术适用于所开发的应用?如何获取数据?

Synthesized data 



提纲

▪ 简介

▪ 深度学习流程

▪ 连接软件无线电（SDR）与雷达硬件

▪ 预处理、特征提取及标注

▪ 实例演示- 采用合成数据训练模型，实采数据进行模型测试



Hardware connectivity – Software Defined Radios



Hardware connectivity – Radar

距离 角度 雷达



提纲

▪ 简介

▪ 深度学习流程

▪ 连接软件无线电（SDR）与雷达硬件

▪ 预处理、特征提取及标注

▪ 实例演示- 采用合成数据训练模型，实采数据进行模型测试









• 常用神经网络结构-信号处理

Feature Engineering

Time-Frequency Transformation

Convolutional Neural Networks (CNN)

Long Short Term Memory (LSTM) Networks



• 时频变换
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Reframe

(e.g. Buffer)

To frequency

(e.g. FFT)

Constant Q transformBasic spectrogram Perceptually-spaced (e.g. 

Mel, Bark) Spectrogram

...

Wavelet scalogram



各专业领域的特征和变换

Speech and Audio
Navigation and Sensor Fusion

▪ Orientation

▪ Height

▪ Position

▪ Multi-object tracking

▪ …

▪ Acceleration, angular velocity

▪ Magnetic field

▪ GPS reading
from

▪ Micro-Doppler analysis

▪ Range-Doppler processing

▪ Synthetic aperture imaging 

▪ Spectral analysis

▪ Waveform ambiguity

▪ ...

Radar

▪ Train Word Embeddings

▪ Word2Vec

▪ Topic Modeling

▪ ...

Text Analytics

▪ MFCC

▪ GTCC

▪ MDCT

▪ Pitch, harmonicity

▪ Spectral shape 

descriptors

▪ ...



分布式小波网络提供自动特征提取

Fixed 

weights 
Fixed 

weights 

Classifier/ Model
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基于微多普勒特性识别行人和骑车人

One Bicyclist

Two pedestrians

One pedestrian

One pedestrian and 

one bicyclist

Two Bicyclists

BUILD CNN MODELDATA SYNTHESIS
TIME-FREQUENCY 

TRANSFORMATION



微多普勒特性

Doppler response for a helicopter 

in motion

Micro-Doppler response for a 

helicopter in motion



pedestrian = backscatterPedestrian( ... 

'Height',2,'WalkingSpeed',0.5, ... 

'InitialPosition',[0;0;0],'InitialHeading',90); 

数据合成: 创建多散射模型

BicyclePedestrian

bicyclist = backscatterBicyclist( ...

'NumWheelSpokes',18,'Speed',10.0, ...

'InitialPosition',[0;0;0],'InitialHeading',90, ...

'GearTransmissionRatio',5.5);



数据合成：合成微多普勒特性数据

Short-time 

Fourier 

Transform



数据合成：合成目标微多普勒数据



数据合成：场景创建

Scene combinations

• One pedestrian  

• One bicyclist    

• One pedestrian and one bicyclist  

• Two pedestrians  

• Two bicyclists  
Synthesized 

Dataset:

5000 signals in 

each scenario



雷达信号合成
深度学习

(CNN) 分类
器

时频变换, 尺度变
换, 归一化

创建卷积神经网络模型



创建卷积神经网络模型



创建卷积神经网络模型

73 %

Accuracy



Improving your model performance : Creating a deeper network



Improving your model performance : Selecting better training options



模型测试

合成雷达数据
深度学习分

类器
短时傅里叶变换, 

缩放,归一化

One Bicyclist

Two pedestrians

One pedestrian

One pedestrian 

and one bicyclist

Two Bicyclists

95 %Accuracy



Classify Signatures With Car Noise

Accuracy = 71% Accuracy = 87.28%

Classify Signatures with Car Noise Retrain CNN by Adding Car Noise to Training Data Set



模型正确预测 模型错误预测

Ground truth = prediction

Two bicyclists

Car closely resembles bicyclist pedaling or 

pedestrian walking slowly
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误分类分析

Correct Incorrect

CorrectIncorrect

有哪些改善分类精度的方法?

- 更多的训练数据
- 改变网络结构
- 预处理和时频分析



深度学习的通信调制方式分类

▪ 生成合成调制信号

▪ 添加信道损伤

▪ 训练CNN识别调制模式

▪ 以实际无线信号验证模型



波形分类网络连接无线收发器硬件



Data sources

Data Labeling

创建和访问数据集 预测模型开发预处理和特征提取

Feature extraction

部署

Embedded Devices and 

Hardware

Simulation and 

augmentation 

Analyze and tune 

hyperparameters

Import Reference Models/ 

Design from scratch

Transformation Hardware-Accelerated 

Training

Pre-Processing Desktop Apps 

Enterprise Scale Systems 
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