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Radar resource management Array pattern synthesis Antenna design

Apply design optimization to key radar and antenna design challenges
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Multifunction Phased Array Radar (MPAR)

Resource constraints

• Transmit energy/time budget

• Bandwidth

• Computation

• Emission reduction

Capabilities

• Electronically steered phased array enables an agile beam and dynamic time/energy resource allocation

• Control parameters can be varied nearly instantaneously

• Many tasks supporting different functions can be multiplexed in time and angle
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Higher frequency operation increases the interference challenges
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Operational and physical resources are limited
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Address the design challenges with optimization workflows

Find optimal 
designs while 

satisfying 
requirements

Automate 

operational 

decision-making

Reduce time of 

design iterations

Optimization Solver 

Modifies Design 

Parameters

Optimal 

Design

Objectives
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Initial 

Design 
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Radar resource management Array pattern synthesis Antenna design

Apply design optimization to key radar and antenna design challenges
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Circular Planar Array

Link to exampleSuccessful completion of a search task depends on 

power aperture product (PAP)

https://www.mathworks.com/help/radar/ug/quality-of-service-optimization-for-resource-management-in-multifunction-phased-array-radar.html
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Resource allocation under normal operational conditions

What if we only have access to half of the required PAP?

65km

421 W.m2
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Optimize search quality across all sectors with QoS

Resource

Translate to range

Utility function

Weights
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Find optimal resource allocation under constrained operating 

conditions

Search Sector Priority Weights

Horizon 0.55

High Elevation 0.3

Long Range 0.15
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Apply design optimization to key radar and antenna design challenges

Radar resource management Array pattern synthesis Antenna design
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How can I obtain a pattern that meets my requirements?

▪ Traditional process very tedious

▪ Trial and error with array geometry, 

parameters, spacing, weighting, etc.
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You can perform array synthesis using optimization to drive pattern 

attributes
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Example: Minimum Variance Beamforming Link to example

Signal of interest at 0 azimuth 

Interference at -70, -40, and -20 degrees azimuth

Interference

Sidelobes < −40 dB between −30 and −10 degrees

Sidelobes < −20 dB everywhere outside mainlobe

wts = minvarweights(pos,ang)

Beamformer weights

Element positions

Beamforming directions

https://www.mathworks.com/matlabcentral/fileexchange/61588-array-synthesis-examples?s_eid=PEP_16543
https://www.mathworks.com/help/phased/ug/array_pattern-synthesis-part2.html
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Example: Minimum Variance Beamforming

Tapered sidelobe mask decreasing linearly from -18 dB to -55 dB

Nulls at -45, -35, 40, and 60 degrees azimuth

Sweep beam from -35 to 35 degrees
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Radar resource management Array pattern synthesis Antenna design

Apply design optimization to key radar and antenna design challenges
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Also Optimize Arrays and PCB Antennas​
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Define Customized Optimization Workflows in MATLAB

▪ Define the objective and constraint function using MATLAB functions

▪ Use global or local optimization methods applied to antenna design

▪ Use parallel computing to speed up computation

Poor directivity Optimized pattern

Example: Design Optimization of Six-Element Yagi-Uda Antenna

https://www.mathworks.com/help/antenna/ug/radiation-pattern-optimization-of-a-6-element-yagi-uda-antenna.html
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Summary and Resources
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Optimization Solver 

Modifies Design 

Parameters

Optimal 

Design

Objectives

met?

No

Yes

Initial 

Design 

Parameters

Apply design optimization to key radar and antenna design challenges
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Learn more about designing and optimizing radar and antenna 

systems in MATLAB

Videos Training Examples
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