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3 Things We’ll Cover Today 

Challenges
Multifunction operations in harsh 

environmental conditions for smaller targets

Radar System Engineering 
Making engineering trade-offs early in the 

design cycle

Modeling and Simulation
Selecting the right level of model abstraction
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Today’s radar systems perform multiple functions

Search

Track

Multifunction Radar

Communicate

Assess & Protect

Is something out there?

Where is it going?
Classify

What is it?
Do you see what I see?

What is that interference?

Measure

How is the weather?

What are we missing? Where are you focused?

Imaging
What does the target look like?
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Radar systems need to detect smaller targets  
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Smaller targets are harder to detect

Radar cross section: dBsm vs. aspect angle

vs.

Typical RCS (m2)

Large aircraft 100

Small UAV      <<1
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Smaller targets fly at lower altitudes where environmental conditions 

are a factor

Propagation losses & clutter Clutter returns from the terrain
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A trade must be made between detections and false alarms

What is the best 

threshold?

Large target

Small target
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Challenges
Multifunction operations in harsh 

environmental conditions for smaller targets

Radar System Engineering 
Making engineering trade-offs early in the 

design cycle

Modeling and Simulation
Selecting the right level of model abstraction
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The design must work in for a range of environments and scenarios

Signal 

Processing
Data Processing

Resource 

Management 

& Control

Antenna/RF
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Export MATLAB script or formatted reportQuick start with 5 built-in configurations

Radar Designer App can help you interactively evaluate tradeoffs
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What tools do you currently use for your preliminary 

radar system design?

Poll question



11

Start new radar session
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Start new radar session
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Select airport radar 

template
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Update minimum acceptable thresholds and 

objectives based on your project’s requirements
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Update target parameters
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Update radar design and 

note changes in the main 

body
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Visualize environmental

losses
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Add rain precipitation
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Update radar parameters to achieve 

objective probability of detection
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Export SNR vs Range
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Save and run to visualize SNR vs 

Range plot
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Generate metrics table
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Uncomment this line to get a 

spreadsheet, which can be opened in 

Excel or other spreadsheet software
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Uncomment this line to get a 

spreadsheet, which can be opened in 

Excel or other spreadsheet software
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Metrics report output
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3 Things We’ll Cover Today 

Challenges
Multifunction operations in harsh 

environmental conditions for smaller targets

Radar System Engineering 
Making engineering trade-offs early in the 

design cycle

Modeling and Simulation
Selecting the right level of model abstraction
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Model 
Platforms and Targets

Model 
Trajectories

Model 
Sensors

Simulate
scenarios

Object Dimensions
bounding box

RCS signature
Az, el pattern

frequencies dependency

Use kinematic properties
acceleration, angular velocity

Use waypoints
position, orientation, time of arrival, 

ground speed, climb rate

fixed NED or ENU frame (x,y,z) or,

geo-referenced (lat, lon, alt)

Radars on platforms
Mounting position and orientation of 

radar sensor on platform

INS sensor
platform self-awareness

sensor to platform frame conversion

Generate radar data
I/Q signals, detections, tracks

Monte Carlo
perturb ground truth and sensor 

to increase testing robustness

Authoring surface, air and space scenarios for radar applications



2929

Line-of-sight (LOS) and SNR over terrain

radar

Iterate on design to increase detectability 

radar

You can also evaluate detectability for the scenario 

Colors other than red: SNR

Red: No LOS
Green: Target detectable

Red: No LOS/target non detectable
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Poll question

▪ What can we do to increase the target’s detectability (select all that apply)?

a) Increase the radar transmit power

b) Integrate the radar returns over multiple pulses

c) Increase the height of antenna

d) Turn off the target’s cloaking device



3131

Radar Modeling and Simulation 

Model 
Platforms and Targets

Model 
Trajectories

Model 
Sensors

Simulate
scenarios
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Radar Modeling and Simulation

Model 
Platforms and Targets

Model 
Trajectories

Model 
Sensors

Simulate
scenarios
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Sensor and Environment FidelityHigh Low

Raw IQ signals        | Detections (point cloud) |               Clusters               |               Tracks

Waveform-level Model Measurement-level Model

Radar data synthesis spans a range of fidelity levels

Radar

ID 1

ID 2
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Measurement-level Model
(Statistical)

Waveform-level Model
(Physics-based)

Dynamically switch between waveform-level & measurement-level models
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You can then apply a range of signal and data processing algorithms

Beamforming

Matched filtering

Doppler processing

before after

Detection (CFAR)

Clustering (DBSCAN)

Tracking
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These types of models can scale to larger radar systems

Multifunction Radar Maritime surveillance

System of radar systems Space tracking
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Download handout with more information related to this session
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Define 
Requirements

Model System 
Architecture

Design 
Components and 
Virtual Test Bed

Link Requirements 
to Components

Detection
Detect a target with 1m2 RCS at 6 km 

Pd must be at least 0.9 

Pfa must be no more than 1e-6 

Resolution
Resolve targets that are 70 m apart in 

range

using System Composer TM

Apps
Pulse Waveform Analyzer

Sensor Array Analyzer

Radar Designer

using Simulink Requirements TM

Radar Architecture Modeling: System partitioning & requirements 

allocation
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Simulate
Components

Author tests and 
manage test results

Trace tests results 
back to requirements

Manage changing 
requirements

Blocks Libraries
Waveforms, Tx/Rx arrays, signal 

processing algorithms, targets, 

channels, clutter, etc.

using Simulink Test TM

App
Test Manager

using Simulink Test TM

using Simulink Requirements TM

Automated process 

enables quick iterations

Test automation & requirements traceability: Manage changing 

requirements

using Simulink

using Simulink Requirements TM
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Signal 

Processing
Data Processing

Resource 

Management 

& Control

Antenna/RF

3. Signal Processing
• Phased Array System Toolbox
• LTE Toolbox
• 5G Toolbox

2. RF Front-end
• Antenna Toolbox
• RF Toolbox
• RF Blockset

4. Data Processing
• Sensor Fusion & Tracking Toolbox
• Signal Processing & Wavelet Toolboxes
• Statistics & Machine Learning Toolbox
• Deep Learning Toolbox

1. System Engineering
• Radar Toolbox
• Mapping Toolbox
• System Composer

Green indicates tools used in this session
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MATLAB, Simulink, & Radar Toolbox can help you with radar system 

design
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Please visit our website for more information 

https://www.mathworks.com/solutions/aerospace-defense/radar-systems.html
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© 2021 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. See mathworks.com/trademarks 

for a list of additional trademarks. Other product or brand names may be trademarks or registered trademarks of their respective holders.

Thank you


