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» Synthesizing data for Machine Learning workflows
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Radar and EW Simulation and Modeling Architecture
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= Functions for calculations and analysis
= Apps for common workflows
= Parameterized components for system modeling
= Easy path to increased fidelity for antenna and RF design
= Code generation for deployment
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Design Phased Array Antennas
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Design an array

Design subarrays
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Design Radar and EW Systems

Data cube processing Detections Polarization Scenario visualization
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Machine Learning Workflow

Integrate Analytics with

Develop Predictive

Access and Explore

Preprocess Data
DEE] P Models Systems
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Synthesize Radar Data for Machine Learning

Collect data

Train on data

Synthesize data

Create data set Learn Validate
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Synthesize Received Radar Signals

2-D MUSIC Spatial Spectrum Top view
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Signal Parameter
Estimation in a Radar
Warning Receiver

Modern aircraft often carry a radar
warning receiver (RWR) with them.
The RWR detects the radar emission

and warns the 20] 8

Ko
Scan Radar Using a
Uniform Rectangular Array

Simulates a phased array radar that
periodically scans a predefined
surveillance region. A 900-element
rectangular array is used in this

Open Script
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Define a Backscatter Target with Angle and Frequency

rcs cyl = cylinderrcs(rl,r2,H,c,fc,az,el);

RCS Pattern for Cylinder

RCS Pattern of Cylinder
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target = phased.WidebandBackscatterRadarTarget('Model’, 'Nonfluctuating’,
"AzimuthAngles’,azpattern, 'ElevationAngles’,elpattern,...
| 'RCSPattern',rcspattern,|DperatingFrequency',fc,'NumSuhbands',Bl,

'"FrequencyVector',fvec);
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Model Basic Shapes
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Model Extended Targets with Multiple Scatters

' . RCS Pattern at 0° Elevation for Extended Target with 4 Scatterers
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Machine Learning for Radar Examples
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RCS Pattern of Cylinder
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Synthesize returns (radar cross section)

Fres = 163.487 Hz, Tres = 15.7 ms
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Synthesize micro-Doppler (Time-frequency)
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Spectrogram of Baseband Signal
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Statistics and Machine Learning Toolbox

Classification
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Signal Processing and Wavelets for Feature Extraction

- Signal Manipulation E e Ee

fac
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— Signal Analysis App

= Time-Frequency Analysis Capabilities
— Short Time Fourier Transform
— Continuous Wavelet Transform
— Synchrosqueezing

= Multiresolution Analysis Capabilities
— Discrete Wavelet Analysis
— Wavelet Packets

MATLAB EXPO 2018
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Signal Analyzer App

Analyze signals in time, frequency and time-frequency domains

= With the Signal Analyzer you can : e . -
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— Import multichannel signals

— Explore signals jointly in time-frequency domain

— Zoom and pan signals
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ldentifying Features in Real World Signals

Quantify time-varying signals in frequency domain

4\ MathWorks

= Characterizing signal features in spectral domain is often | |
challenging as one needs to appropriate tools “

g |
3 05— 1

<
ok

= Accurate time-frequency measurements are possible Kre—
using wavelet based time frequency analysis techniques I |

= [Features once identified, can be extracted from signals
for further processing

= In this demo, we will characterize features in EKG signals : .
using Continuous Wavelet Transform

MAT&REXPO 2018
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Filtering Frequency Localized Components

= Sometimes unwanted signals can get captured
during signal acquisition process

= Atraditional filter cannot be used if the frequency
range of the interference lies within the frequency
range of the signal

= Unwanted components can be localized jointly in
time and frequency using wavelets and removed

MATLAB EXPO 2018

Time-Frequency plot
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Wavelet Synchrosqueezing

= For certain non-stationary signals, wavelet Synchrosqueezing can be
used to identify and extract signal modes

CWT of Quadratic Chirp

w B
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N
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=  Wavelet Synchrosqueezing helps extract signal components from
localized regions of time frequency plane o o 1 15 2 25 3 as
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Example 1. Radar Echoes from Cylinder and Cone

Wavelet Packet for Cone Return Wavelet Packet for Cylinder Return
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Generate law radar data from models
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Cone Aspect Angle vs. Time
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Feature Extraction

Cylinder RCS Retumn Cone RCS Return
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Cylinder Wavelet Transform

Cone Wavelet Transform

Magnitude
Normalized Frequency (cycles/sample)

-
0 100 200 300 400 500 600 700
Time (Samples)

Extract features: 700 samples/object -> 8 samples/object with Wavelet Transform

Time (mins)

trainingData = varfun (@ (x)modwptHelper (%, 'fke',2) ,RCSReturns) ;

trainingData = array2table(tableZarray(trainingbhata)'):

trainingData.Type = shapeTypes([ones(50,1); zeros(50,1)]1+1); % 50 cylinders followed by 50 cones
23
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Testing Against Training Data

dCCUuracy =
Collect data 16 9
O 25
Train on data
Test Accuracy 82.00

Synthesize data

Create data set Learn Validate

MATLAB EXPO 2018
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Classification Learner App
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4\ Classification Leamer - Confusion Matrix - O
CLASSIFICATION LEARNER y EL =
g & e - B B«
Linear SVM
- - - Export Model
o Data Browser Seatter Plot | Confusion Matrix _ Iﬁ Export the currently selected model in the History
w History list to the workspace to make predictions with new data
Plot
14 - Tree Accuracy: 96.0% ™ Export Compact Model
Last change: Fine Tree 16/16 features Export the currently selected model in the History list without @® Number of observations
12 \-,‘\{ Tree Accuracy 96.0% its training data to the workspace to make predictions with new data
Last change: Medium Tree 16/16 features Generate Code True Positive Rates
13 Tres Accuracy: 96.0% Generate MATLAB code for training the currently selected False Negative Rates
Lot change:. Coarse Tree i model in the History list, including validation predictions
14 " Linear Discriminant Accuracy: 96.0% Postive Predictive Values
Last change: Linear Discriminant 16/16 features False Discovery Rates
15 \_f{ ‘Quadratic Discriminant Accuracy: 96.0%
Last change: Quadratic Discriminant 16/16 features What is the confusion matrix?
1.6 \_ff Logistic Regression Accuracy. 98.0% Cone
Last change: Logistic Regression 16/16 features
17 s Accuracy: 95.0%
Last change: Linear SYM 16/16 features
18 o
Last change: Quadratic SVM 16/16 features
19 - sum Accuracy: 97.0%
Last change: Cubic SVM 16/16 features w
[}
110 - SVM Accuracy: 99.0% %
Last change: Fine Gaussian SVM 16/16 features ©
S
111 - SWM Accuracy: 95.0% =
Last change: Medium Gaussian SVM 16/16 features
112 - sWM Accuracy: 78.0%
Last change: Coarse Gaussian SYM 16/16 features
113 \_)}f KMNN Accuracy: 99.0%
Last change: Fine KNN 16116 features
v
w» Current Model
- Cylinder
Model 1.8: Trained
Results
Accuracy 100.0%
Prediction speed  ~4300 obs/sec
Training time 0.28851 sec
Model Type
Preset Quadratic SVM
Kernel function: Quadralic @
Kernel scale: Automatic Ja;,‘_,
Box constraint level: 1 %
Multiclass method: One-vs-One Predicted ¢l
Standardize data: true
v

| Data set: trainingData Observations: 100

Sizet 17kB  Predictors: 16 Response: Type  Response Classes: 2

|| validation: 5-fold Cross-Validation

MATLAB EXPO 2018
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Algorithms for training
MATLAB code gen

Classification metrics
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Example 2: Micro-Doppler for Drones

g 'O“W Micro-Doppler returns
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We can identify:
7 7 ” s 7 : « Rotation rate

Soeed (mis) * Number of blades
Range-Doppler from Parrot Quadcopter . Tip velocity

« Blade length
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Synthesize Micro-Doppler Motion

Radar return

%107

x10%

Range {meters)

Range-Doppler of blade

-20

Range-Speed Response Pattern
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0
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10

20
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Micro-Doppler Time-frequency

Fres = 163.487 Hz, Tres = 15.7 ms

w
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Frequency (kHz)
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Time (ms)

Rotation rate
Number of blades
Tip velocity

Blade length
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Micro-Doppler in Time-Frequency Domain

Even Number of Blades

Time (sec)
N

onocyclo<
N=2

Rotation rate = 1/Tc

H_j Doppler (Hz)

rotor blade

N0

Rotation rate = 1/Tc

tip velocity <—> blade length L

MATLAB EXPO 2018

(7 Doppler (Hz)

rotor blade
tip velocity <> bladelength L

Detection of small UAV helicopters using micro-Doppler  David Tahmoush

4\ MathWorks
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Example 3: Waveform Modulation ID for RWR

4 Radar Waveform Analyzer
File Help
Q< Y
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Waveomn: Lingar FM -
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Spectrogram of Baseband Signal
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Radar & EW Classification — Workflow

Access and Explore Develop Predictive Integrate Analytics with
Preprocess Data
Data Models Systems

4 e ( N £ » f S

Files Statistics & Machine Model Creation e.g. Desktop Apps
. Machine Learning
Learning Toolbox
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Key Takeaways
« Radar and EW modeling
« Synthesizing data for Machine Learning workflows

« Machine Learning Examples
— Synthesize Return, Micro-Doppler, Waveform
— Classification: Target, Radar

MATLAB EXPO 2018
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Resources to Help You Get Started

OHE S0 HAlI2H Y (eBook)

- IR TG R PR RN

B A& 2: A A AIESI

@ M 3:H|A| £(unsupervised) &t M &
@ MM 4: X T(supervised) &t M &

A Glole =4

MATLAB 24 2 ALETH
MATLAB ! 212! ([ H|

MATLAB EXPO 2018

“mHG)@

Al =(supervised) gk ® =2

Radar Target Classification
Using Machine Learning

Classify radar returns using feature
extraction followed by a support
vector machine (SVM) classifier.

F 20] 8 Open Script

4\ MathWorks
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