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Bicyclist Radar Reflection Model

This release introduces a bicyclist radar reflection model, backscatterBicyclist, to
simulate backscattered radar signals from a bicycle and rider. The
backscatterBicyclist model consists of moving point scatterers located on the
wheels, pedals, the bicycle frame, as well as the legs and upper body components of the
rider. Multiple reflections often occur when using high-resolution radars in automotive
applications. Reflections from the model can be used to track bicyclists and can also be
used to distinguish bicyclists from other types of objects such as motor vehicles and
pedestrians. Modeling a bicyclist is important for automotive safety reasons and a good
bicycle target model can yield high-fidelity detections. This release also introduces the
corresponding Backscatter Bicyclist Simulink® block.

Detection Clustering

The clusterDBSCAN object clusters points in feature space using the Density-based
Spatial Clustering of Applications with Noise (DBSCAN) algorithm. The clustering has
applications in radar, sonar, and other areas. You can use clustering in radar to perform
merging of multiple detections from extended targets which can reduce the
computational burden on trackers and detection classifiers. This release also adds the
corresponding Simulink block, DBSCAN Clusterer.

Hybrid Beamforming

Two new functions, omphybweights and ompdecomp, support hybrid beamforming. The
omphybweights function computes optimum weights for Multiple-Input and Multiple-
Output (MIMO) beamforming based on an orthogonal matching pursuit (OMP) algorithm.
The ompdecomp function decomposes a channel matrix using OMP.

Sensor Array Analyzer

The interface for the Sensor Array Analyzer app has been redesigned with added
capabilities. The new interface lets you display more information using multiple tabbed
windows. The analyzer supports isotropic sonar projectors and hydrophones as array
elements increasing its utility for sonar applications. The user can generate MATLAB
code, export the array to a MATLAB workspace or a file, or import any valid array and
element object or app session. The app displays several additional array characteristics:
half-power beamwidth, first-null beamwidth, and sidelobe levels.



Terrain Integrated Rough Earth Model Path Loss
This release adds the capability for computing radio frequency propagation loss over

irregular terrain using the Terrain Integrated Rough Earth Model (TIREM) path loss
function tirempl.

Application Example: Deep Learning

This release contains a new feature application:

* The “Pedestrian and Bicyclist Classification Using Deep Learning” example shows how
to classify pedestrians and bicyclists based on their micro-Doppler characteristics
using deep learning networks and time-frequency analysis.

Rename phased.BackscatterPedestrian Object

Starting with this release, the phased.BackscatterPedestrian object is being
renamed to backscatterPedestrian. This is a name change only. The functionality
remains the same and the original name will continue to work.

Compatibility Considerations

The name phased.BackscatterPedestrian may not be supported in future releases.
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Pedestrian Radar Reflection Model

This release introduces a pedestrian radar reflection model,
phased.BackscatterPedestrian, that simulate radar scattering from multiple points
on a human body. Multiple reflections often occur when using high-resolution radars in
automotive applications. These types of targets are called extended or multiple scatterer
targets. Modeling a pedestrian is an important application for automotive safety reasons.
Many users require a good pedestrian target model to obtain high fidelity detections. The
phased.BackscatterPedestrian model consists of multiple scattering centers on the
human body. Reflections from the model can be used to track pedestrians and can also be
used for classification to distinguish pedestrians from other targets such as vehicles.

Configure Antenna Element and Radiation Pattern Orientation

* This release provides more flexibility in specifying the orientation of antenna element
patterns. You can rotate any antenna or microphone pattern using the rotpat
function. For example, you can generate rotated patterns from patterns created by
phased array element objects. Then, you can insert these patterns into the
phased.CustomAntennaElement antenna element. You can also use the function to
rotate radar cross-section patterns of targets.

* The phased.CrossedDipoleAntennaElement object creates an antenna whose
orthogonal dipoles lie in the yz-plane of the antenna local coordinate system. Using the
RotationAngle property, you can rotate the dipoles around the x-axis.

» For the phased.ShortDipoleAntennaElement, you can set the direction of the
dipole using the AxisDirection and CustomAxisDirection properties.

* When a phased.CustomAntennaElement is used in an antenna array, setting the
MatchArrayNormal property to true rotates the element normals into alignment with
the array normal.

Polarization Modes for Crossed-Dipole Antenna

In previous releases, the phased.CrossedDipoleAntennaElement object created only
left circular polarized fields. Starting in this release you can also create right circular
polarized or linear polarized fields using the Polarization property.

Visualize Data Using Range, Doppler, and Angle Scopes

This release adds new data scopes to help you visualize processing results. In previous
releases, visualizing range-Doppler, range-angle, or angle-Doppler response maps
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required the creation of phased.RangeDopplerResponse,
phased.RangeAngleResponse, or phased.AngleDopplerResponse objects to
generate the maps. You could then call the plotResponse object function to display the
maps. This release provides phased.RangeDopplerScope,
phased.RangeAngleScope, and phased.AngleDopplerScope to simplify this task,
combining the creation and display in one operation.

In addition, this release introduces a range intensity scope, phased.RTIScope, and a
Doppler intensity scope, phased.DTIScope. These scopes present a rolling display of
intensity versus time. These objects extend the capabilities of the existing
phased.IntensityScope scope.

Create Waveform Library with Radar Waveform Analyzer App

The interface for the Radar Waveform Analyzer app has been redesigned with
additional capabilities. Now you can create sets of waveform library specifications to use
in the phased.PulseWaveformLibrary and phased.PulseCompressionLibrary
objects as well as the Pulse Waveform Library and Pulse Compression Library blocks. In
addition, the phased.PulseWaveformLibrary object lets you export waveform
specification data to use in the app.

Radar Cross-Section Functions for Simple Shapes
In this release, several new functions — rcssphere, rcsdisc, rcscylinder, and

rcstruncone — return the radar cross-sections for simple shapes — spheres, circular
plates, cylinders, and truncated cones, respectively.

Antenna Pattern Using Azimuth and Elevation Cuts
You can create antenna patterns from azimuth and elevation cuts to use in the
phased.CustomAntennaElement rather than specifying a fully sampled 2-D pattern. To

do this, use the azelcut2pat function. Specify the pattern along a slice at 0° azimuth
and a slice at 0° elevation. The function interpolates for other directions.

Application Examples: Radar coverage, beamforming,
classification, SAR, and micro-Doppler effects

This release contains several new feature applications:
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* The Planning Radar Network Coverage over Terrain example shows how to plan a
radar network taking into account terrain information.

* The Introduction to Micro-Doppler Effects example is extended to include a section on
using micro-Doppler to identify a moving pedestrian in an automotive radar scenario.

* The Stripmap Synthetic Aperture Radar (SAR) Image Formation example illustrates
how stripmap synthetic aperture radar is used to improve resolution.

* The Processing Radar Reflections Acquired with the Demorad Radar Sensor Platform
example shows how to process received FMCW echoes using the Analog Devices®
DEMORAD Radar Sensor Platform.

* The Radar Target Classification Using Machine Learning and Deep Learning example
shows how to use machine learning and deep learning for target classification.

* The 802.11ad Single Carrier Link with RF Beamforming in Simulink example
simulates an 802.11ad single carrier link using beamformed phased array antennas.

* The Radar Waveform Classification Using Deep Learning example shows how to
classify modulation types of generated synthetic waveforms using features from the
Wigner-Ville distribution and a deep convolution neural network.

Generate Single-Precision C Code for STAP Algorithms

This release supports single-precision processing when using System objects and
functions in the Space-Time Adaptive Processing library. These are the
phased.STAPSMIBeamformer, phased.ADPCACanceller, phased.DPCACanceller,
and phased.AngleDopplerResponse System objects and the dopsteeringvec
function.
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Pulse Compression Library: Switch pulse compression
algorithms on PRI basis

The phased.PulseCompressionLibrary System object™ performs on-the-fly
waveform range processing by performing matched filtering and stretch processing. The
object enables you to switch compression algorithms on a PRI basis. This object can
process waveforms generated by the phased.PulseWaveformLibrary System object
introduced in the previous release.

This release also provides the corresponding Simulink block, Pulse Compression Library.

Monopulse Feed: Combine channels and estimate target
direction

This release adds two monopulse tracking System objects, phased.MonopulseFeed and
phased.MonopulseEstimator, designed for direction finding using arbitrary arrays.
These new System objects complement the functionality of the existing monopulse System
objects, phased.SumDifferenceMonopulseTracker for uniform linear arrays and
phased.SumDifferenceMonopulseTracker2D for uniform rectangular arrays. The
phased.MonopulseFeed object forms sum and difference channels for monopulse
processing of received signals on an arbitrary array. The phased.MonopulseEstimator
object estimates the direction of arrival of narrowband signals from the sum and
difference channels. By computing the ratio of the sum channel to the difference
channels, monopulse processing can estimate the direction of a target with a resolution
greater than the array beamwidth. Monopulse processing can also track targets by
steering the array to follow a target.

The toolbox also includes the corresponding Monopulse Feed and Monopulse Estimator
Simulink blocks.

Alpha-Beta Filter: Predict and track target location and speed

This release introduces an alpha-beta tracking filter object, phased.AlphaBetaFilter.
The alpha-beta filter is a fixed-gain tracking filter and is a simplified form of the linear
Kalman filter but requires less computation. The filter works with constant-velocity or
constant-acceleration motion models.
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Code Generation: Generate single precision C code for receive
signal processing algorithms

This release supports single-precision processing by the System objects and blocks in the
Detection, Beamforming, and Direction of Arrival Estimation libraries.

Range-Angle Response: Generate and plot range-angle maps

This release adds a phased.RangeAngleResponse System object and corresponding
Range Angle Response Simulink block. You can use this object to create a range-angle
data map that adds to the capabilities of the existing phased.RangeDopplerResponse
and phased.AngleDopplerResponse maps. The object also lets you visualize range-
angle responses using the plotResponse object function.

Scattering MIMO Channel: Model polarization effects with
scattering matrix

The phased.ScatteringMIMOChannel System object can now simulate the
propagation and scattering of polarized signals in a MIMO environment. Polarized signals
are commonly employed in the 5G wireless and radar communities.

Platform Trajectories: Build waypoint trajectories and
scanning patterns

This release enhances some of the capabilities of the phased.Platform System object
and Motion Platform Simulink block. The new capabilities let you model mechanical
scanning radars. In addition, you can also specify platform trajectories using waypoints as
well as motion models.

Range Response Grid Centering: Choose origin of range grid

This release adds range centering to the phased.RangeResponse and
phased.RangeDopplerResponse System objects and their corresponding blocks,
Range Response and Range Doppler Response. The new phased.RangeAngleResponse
System object and Range Angle Response block also include this capability.
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Application Examples: Multifunction radar, micro-Doppler
effects, and polarimetric Doppler weather radar

This release contains several new feature applications:

The Search and Track Scheduling for Multifunction Phased Array Radar example
shows how to design a radar system to perform both searching and tracking.

The Introduction to Micro-Doppler Effects example makes use of the micro-Doppler
effect caused by target rotation present in the radar returns of targets.

The Simulating a Polarimetric Radar Return for Weather Observation example shows
how to simulate the return from a polarimetric Doppler weather radar.

Algorithm Acceleration: Use Dataflow to speed up simulations

Two new examples illustrate how you can use Dataflow to increase the speed of
simulations:

The Multicore Simulation of Audio Beamforming System example shows how to
beamform signals received by an array of microphones to extract a desired speech
signal in a noisy environment. The example uses dataflow to take advantage of
inherent parallelism in the system and to run a multi-threaded audio processing
system simulation.

The Multicore Simulation of Monostatic Radar System example shows how to use
dataflow to partition a monostatic radar model to run a multi-threaded simulation. The
example simulates a simple monostatic radar with one target.
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Waveform Library: Switch transmit waveforms on PRI basis
during simulation

This release introduces the phased.PulseWaveformLibrary System object and its
corresponding Pulse Waveform Library Simulink block. You can create a library of
different types of pulse waveforms during a simulation and then transmit any one of the
waveforms after each pulse repetition interval (PRI). You can add rectangular, linear FM,
stepped FM, phase-coded, and custom waveforms to the library. This waveform agility
enables you to match waveforms to a changing radar or sonar scenario and is useful for
simulating multi-function radars. For example, you can transmit a new waveform or you
can modify the waveform pulse length, and pulse repetition frequency of the current
waveform to change range resolution or Doppler limits. Another example is changing the
transmit frequency to mitigate jammers and interference.

PRF Agility: Dynamically select PRF during simulation for
STAP and clutter

You can change the pulse repetition frequency (PRF) during a simulation when you use
STAP, clutter, or stretch processing System objects and Simulink blocks.

The PRFSource property of the phased.STAPSMIBeamformer,
phased.ADPCACanceller, phased.DPCACanceller,
phased.AngleDopplerResponse, and phased.StretchProcessor System objects
lets you set the PRF using the PRF property at creation time or using an input argument
at execution time.

This capability is also supported by the SMI Beamformer, ADPCA Canceller, DPCA
Canceller, Angle Doppler Response, and Stretch Processor Simulink blocks by using the
Specify PRF as parameter.

You can output PRF values from any pulse waveform System object at execution time
using an output argument. To enable this, use the PRFOutputPort property of the
phased.LinearFMwWaveform, phased.PhaseCodedWaveform,
phased.RectangularWaveform, and phased.SteppedFMWaveform System objects.
The corresponding feature for Simulink is enabled by selecting the Enable PRF output
check box of the Linear FM Waveform, Phase Coded Waveform, Rectangular Waveform,
and Stepped FM Waveform blocks.

In this release, you can select PRF input modes for the
phased.ConstantGammaClutter System object by using the
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PRFSelectionInputPort property and for the Constant Gamma Clutter block by using
the Enable PRF selection input parameter.

Array Pattern Scaling: Apply field or directivity pattern to
radiated or collected signals

The release introduces an alternative scaling of the received power in radar system
simulations. At present, the received power is scaled by the field pattern. You can now
scale the input power to an array by the directivity pattern in addition to the field pattern.
This computation is useful when comparing a simulation result to the solution of the radar
equation. You can use this feature by setting the SensorGainMeasure property of the
phased.Radiator, phased.WidebandRadiator, phased.Collector, and
phased.WidebandCollector System objects. For Simulink, set the Sensor gain as
parameter in the Narrowband Transmit Array, Narrowband Receive Array, Wideband
Transmit Array, and Wideband Receive Array blocks.

Application Examples: Model radar warning receiver and
target classification systems

This release introduces several new featured application examples that show how to
analyze radar signals, classify targets, and mitigate interference in radar systems.

* The Signal Parameter Estimation in a Radar Warning Receiver example shows how to
extract signal parameters in a simulation of a radar warning receiver.

* The Radar Target Classification Using Machine Learning example demonstrates how
to employ machine learning and wavelets to classify targets.

» The Interference Mitigation Using Frequency Agility Techniques example shows how
to mitigate interference in a radar system by employing frequency agility.

PRF Agility: Improve staggered PRF support in Simulink

This release provides better timing support for Simulink simulations that implement pulse
repetition frequency (PRF) agility. This capability also makes these types of simulations
easier to construct and understand. Set the Source of simulation sample time
parameter to Derive from waveform parameters to obtain the simulation elapsed
time from the waveform instead of the Simulink engine. Then, the block runs at a variable
rate determined by the PRF of the selected waveform and the elapsed time is variable.
When you set the Source of simulation sample time parameter to Inherit from
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Simulink engine, the block runs at a constant elapsed time. This parameter appears
when you select Enable PRF selection input in the Linear FM Waveform, Phase Coded
Waveform, Rectangular Waveform, Stepped FM Waveform, and Constant Gamma Clutter

blocks.
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Independent Subarray Steering: Model multifunction array
aperture with subarrays

System objects that support subarrays, such as phased.PartitionedArray and
phased.ReplicatedSubarray, now allow independent subarray steering. By applying

weights to the individual elements in each subarray, you can steer subarrays in different
directions. Several Simulink blocks also support subarray steering.

These System objects and object functions support independent subarray steering:

phased.Radiator and phased.WidebandRadiator
phased.Collector and phased.WidebandCollector

phased.PartitionedArray, phased.ReplicatedSubarray, and their pattern,
patternAzimuth, patternElevation and directivity object functions

phased.ArrayGain, phased.ArrayResponse, and phased.SteeringVector
phased.ConstantGammaClutter and phased.gpu.ConstantGammaClutter

These Simulink blocks support independent subarray steering:

Narrowband Receive Array and Narrowband Transmit Array
Wideband Receive Array and Wideband Transmit Array
Constant Gamma Clutter and GPU Constant Gamma Clutter

Sonar Noise Source: Model noise radiated by surface and
underwater sources

You can now create an acoustic source for generating underwater noise in a sonar
simulation. The phased.UnderwaterRadiatedNoise System object generates
broadband and discrete tonal noise. Tonal noise can model, for example, shaft rotation or
machinery. Use this System object to model noise generated by both surface and

submerged vessels.

This figure shows a sample generated spectrum containing broadband noise and tones.
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Dual Polarization: Model radar and wireless systems with
polarization diversity

Use dual polarization to transmit and receive independent signals from an antenna or
antenna array using orthogonal polarizations. This capability is useful for remote sensing
and target recognition and classification. The feature is enabled in the narrowband and
wideband radiator System objects, phased.Radiator and
phased.WidebandRadiator, and the narrowband and wideband collector objects,
phased.Collector and phased.WidebandCollector when you set the
Polarization property to 'Dual’'. Use these System objects in conjunction with
antenna elements that support polarized electromagnetic radiation:
phased.CustomAntennaElement, phased.ShortDipoleAntennaElement, and
phased.CrossedDipoleAntennaElement.
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The Polarization property replaces the EnablePolarization property. This property
lets you select nonpolarized, polarized, or dual-polarized output.

Sonar Equation: Estimate maximum range, SNR, transmission
loss, and source level of a sonar system using functions and

app
This release introduces a sonar equation app and sonar equation functions.

The Sonar Equation Calculator app is a convenient way to predict sonar performance
using the sonar equation. The sonar equation relates received signal-to-noise ratio (SNR),
source level, noise level, transmission loss, receiver directivity, and target strength. The
app computes SNR, transmission loss, range, or source level in terms of the other
quantities. You can compute expected SNR for given sonar parameters, or you can invert
the equation to compute a needed source level or maximum transmission loss to meet a
particular SNR requirement. You can enter SNR directly or compute SNR in terms of
probability of detection and probability of false alarm. The app takes into account
spherical and cylindrical spreading in a sound channel and sound absorption due to
chemical processes in seawater.

The toolbox also provides five functions for using the sonar equation on the command
line.
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Sonar Equation Functions

Name

Purpose

sonareqsl

Compute the required source level to
achieve a desired SNR in terms of
transmission loss, noise level, receiver
directivity, and target strength.

sonareqsnr

Compute the received SNR from source
level, transmission loss, noise level,
receiver directivity, and target strength.

sonareqtl

Compute the transmission loss that
produces a given SNR in terms of source
level, noise level, receiver directivity, and
target strength.

range2tl

Compute transmission loss from range,
taking into account geometrical spreading
and sound absorption. The spreading
includes spherical and cylindrical spreading
in a sound channel of finite depth.

tl2range

Compute range that produces a given
transmission loss taking into account the
geometrical spreading and sound
absorption.

Application Examples: Model wireless, automotive and MIMO

radar, and EW systems

This release introduces five new application examples that show how to model wireless
communications, automotive radar, MIMO radar, and EW systems.

* The Introduction to Hybrid Beamforming example shows how to use hybrid
beamforming to improve data throughput in a wireless communications system.

* The Antenna Array Beam Scanning Visualization on a Map example shows how to
visualize the changing coverage map of an antenna array used in communications as it
scans a sweep of angles. The antenna array is created using Antenna Toolbox™.

* The Radar Signal Simulation and Processing for Automated Driving example shows
how to model the hardware, signal processing, and propagation environment of a
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radar used in a driving scenario. The example uses Automated Driving System
Toolbox™.

* The Increasing Angular Resolution with MIMO Radars example shows how forming a
virtual array can improve the angular resolution of real arrays.

* The Frequency Agility in Radar, Communications, and EW Systems example uses
frequency agility to reduce the effects of interference in radar, communications, and
EW systems.

Heterogeneous sensor arrays support code generation

Arrays created using the phased.HeterogeneousConformalArray,
phased.HeterogeneousULA, and phased.HeterogeneousURA System objects now
support code generation. Heterogeneous arrays let you construct phased arrays
consisting of different sensor elements. All phased arrays now support code generation
for transmitting and receiving nonpolarized electromagnetic or acoustic radiation.
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Scattering MIMO Channel: Model multipath signal propagation
through spatially spread scatterers

The phased.ScatteringMIMOChannel System object models multipath signal
propagation often encountered in wireless communications systems. This object simulates
the propagation of a signal from a transmitter array to multiple scattering centers and
back to a receiver array. Signals propagate along line-of-sight paths. Use this object to
model loss due to rain, fog, and atmospheric gases. The toolbox also includes the
corresponding Simulink block, Scattering MIMO Channel.

In addition, you can generate a MIMO channel matrix using the scatteringchanmtx
function. The diagbfweights function returns precoding and combining weights for
spatial multiplexing within a MIMO channel. Use these weights to diagonalize a MIMO
channel matrix into orthogonal and independent sub-channels. This technique improves
channel capacity. In addition, the waterfill function improves MIMO channel capacity
by optimally distributing power into multiple channels.

Sonar Systems: Model hydrophones, projectors, underwater
propagation, and targets

You can now simulate sonar systems using Phased Array System Toolbox. For example,
you can simulate an end-to-end monostatic active sonar or a passive surveillance sonar
system:

* phased.IsotropicProjector models an isotropic sonar projector. Use this System
object to create a transmitting phased array using any of the array System object
types, such as phased.ULA.

* phased.IsotropicHydrophone models an isotropic sonar hydrophone. You can also
use this System object as part of a receiving phased array.

* phased.IsoSpeedUnderwaterPaths and phased.MultipathChannel model
multipath propagation in an underwater channel.

* phased.BackscatterSonarTarget models backscattered signals from an
underwater target. The object supports multiple angle-dependent target strength
matrices. Backscattering applies to monostatic sonar applications. For performance
improvement, you can simultaneously compute scattering for all paths in a multipath
environment.
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Range and Doppler Estimation: Measure target range and
speed

The phased.RangeResponse System object models matched-filter and CW responses to
time-sampled data. This object computes range-only responses, in contrast to the
phased.RangeDopplerResponse object, which provides range and Doppler processing.
Range-only responses are useful when your system simulates noncoherent pulse
transmission for which Doppler estimation cannot be computed. The
phased.RangeEstimator and phased.DopplerEstimator provide high-resolution
target range and Doppler estimation for detected targets.

The toolbox also includes corresponding Simulink blocks: Range Response, Range
Estimator, and Doppler Estimator.

The utility function bw2 range converts signal bandwidth to range resolution.

Modifications to the phased.CFARDetector and phased.CFARDetector2D System
objects support the range and Doppler estimators by outputting detection localization
information and noise power estimates for the detection.

An option added to the phased.RangeDopplerResponse object lets you specify pulse-
repetition frequencies (PRF). Previously, PRF was computed automatically from the
sample rate and pulse duration. This option enables the processing of time-gated input
data.

Custom antenna element phase pattern

The phased.CustomAntennaElement System object now supports phase angles for the
custom antenna elements, phased.CustomAntennaElement. Use the PhasePattern
and MagnitudePattern properties to specify the phase and magnitude response of the
antenna to a nonpolarized signal. The MagnitudePattern property replaces the
RadiationPattern property, with no change in behavior.
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Wideband Targets: Model frequency-dependent and angle-
dependent RCS

The phased.WidebandBackscatterRadarTarget System object models the reflection
of wideband signals from targets in monostatic radar simulations. This System object
extends to wideband signals the capabilities of the narrowband
phased.BackscatterRadarTarget System object.

You can specify angle-dependent radar cross-section (RCS) models for nonpolarized fields
or scattering pattern models for polarized fields. For nonpolarized signals, you specify the
RCS pattern as a MATLAB® array dependent on incident angles and frequency. For
polarized signals, you specify a set of three arrays describing the HH, VV, and HV
scattering patterns. For the corresponding Simulink block, you can use Wideband
Backscatter Radar Target.

Multipath Propagation: Model atmospheric effects on
narrowband and wideband signals in two-ray channels

The phased.WidebandTwoRayChannel System object models wideband signal
propagation when the signal channel includes a planar boundary, such as a flat earth. The
wideband two-ray channel propagation model includes atmospheric attenuation caused by
fog, rain, or atmospheric gases. This release also adds atmospheric attenuation models to
the narrowband signal phased.TwoRayChannel System object. For the corresponding
Simulink block, see Wideband Two-Ray Channel.

2-D CFAR Detector: Perform constant false alarm rate
detection on range-Doppler maps

The phased.CFARDetector2D System object performs constant false alarm rate
detection on two-dimensional data. Like the phased.CFARDetector System object, the
2-D CFAR object calculates the detection threshold required to produce a constant false
alarm rate. The CFAR threshold is computed by averaging over signal-free training cells
in a two-dimensional region surrounding the test cell. For the corresponding Simulink
block, use 2-D CFAR Detector.
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MUSIC DOA Estimation: Resolve closely-spaced narrowband
sources

This release adds the high-resolution direction-finding algorithm, MUSIC, for resolving
closely-spaced narrowband sources. The phased.MUSICEstimator System object
performs MUSIC estimation on uniform linear arrays. For two-dimensional arrays, use
phased.MUSICEstimator2D.

For the corresponding Simulink blocks, see ULA MUSIC Spectrum for uniform linear
arrays and MUSIC Spectrum for two-dimensional arrays.

You can also use the musicdoa function to compute directions of arrival of signals on
ULA arrays based on the sensor covariance matrix.

Low Sidelobe Taper: Taylor tapers for circular planar arrays

Use the taylortaperc function to create Taylor tapers, which you can then apply to
circular planar apertures. Arrays with Taylor tapers maintain nearly constant sidelobe
levels.

Periodic and Cross-ambiguity Functions: Compute ambiguity
functions for periodic signals

The pambgfun function computes the p-period ambiguity function for periodic signals. In
addition, the enhanced ambiguity function, ambgfun, computes the crossambiguity
between two signals.

Generalized Sidelobe Canceler: Adaptively suppress
interference

The generalized sidelobe canceler (GSC) System object, phased.GSCBeamformer,
adaptively suppresses directional interference. GSC is an optimized version of the
adaptive linear-constrained minimum variance (LCMV) beamformer, whereby the
constrained optimization problem is replaced by an unconstrained one. For the
corresponding Simulink block, see GSC Beamformer.
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PRF Agility: Dynamically select PRF during simulation

You can run simulations in pulse mode with a dynamically changing pulse repetition
frequency (PRF). This feature lets you simulate, for example, an MTI radar with staggered
PRF waveforms. Pulse mode is available when you use one of the pulsed waveform
System objects: phased.LinearFMWaveform, phased.PhaseCodedWaveform,
phased.RectangularWaveform, or phased.SteppedFMWaveform. To run in pulse
mode, specify the waveform OutputFormat property as Pulses. Then, you can specify
the PRF property as a row vector of varying values. When running a simulation in pulse
mode the number of samples per pulse will change when you specify a variable PRE. In
contrast, when you specify the QutputFormat property as Samples, the number of
samples is set by the NumSamples property and remains fixed. PRF agility also applies to
the corresponding Simulink blocks.

System Objects: Simpler way to call System objects

Instead of using the step method to perform the operation defined by a System object,
you can call the object with arguments, as if it were a function. The step method will
continue to work. This feature improves the readability of scripts and functions that use
many different System objects.

For example, if you create a phased.WidebandCollector System object named
collector, then you call the System object as a function with that name

collector = phased.WidebandCollector('Sensor',array, 'SampleRate',fs);
x = collector(y,incident _ang);

The equivalent operation using the step method is:

collector = phased.WidebandCollector('Sensor',array, 'SampleRate',fs);
x = step(collector,y,incident _ang);

When the step method has the System object as its only argument, the function
equivalent will have no arguments. This function must be called with empty parentheses.
For example,

waveform = phased.LinearFMWaveform('PulseWidth',10.0e-6);
wv = step(waveform);

and

waveform = phased.LinearFMWaveform('PulseWidth',10.0e-6);
wv = waveform();
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perform equivalent operations.
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Scenario Viewer: Visualize radar and target trajectories

The phased.ScenarioViewer System object is a Ul tool for visualizing the trajectories
of multiple objects, receivers, and transmitters in radar scenarios. The System object
creates a 3-D display showing the motion of radars and targets over time. Use this display
to:

* annotate scenario objects with indicators such as position, speed, range, and angle

* toggle the display of radar beams and dynamically alter their pointing directions

* label the scenario objects with custom tags and motion history tracks

* change all parameters during the simulation using the UI panel

Although designed for radar scenarios, you can also use the Ul to visualize sonar and
microphone models. You can change all parameters during the simulation by using the Ul

panel.
& Scenario Viewer (S
file View Playback Help -
VEdanLtE OPO
[¥Sewings | |-® Radar Three Aiplane Scenario
| | @ Auplane 1
¥ Scene © Aplane 2
St Boam: Reterance - =8 A& i S
Boam Wi 15 g T e
Beam Range: 2000 - speed: 422.02 mis Arplane 3
Beam Steenng {0.47.29.43| deg e e Y 2015
Trasl- 500 points
Title: Thiee Auplane Scenaro
Lagend: [V Groand: [V
¥ Camaera
Parspactive: Auto 2
¥ Annotations
tame: ¥ Position: ]
Altitude: Spoad: [V]
Relative measurements:
AL Range: ]  Radial Speed
Precessing T=09

8-2


https://www.mathworks.com/help/releases/R2016a/phased/ref/phased.scenarioviewer-class.html

Intensity Scope: Visualize range-time-intensity (RTI) and
Doppler-time-intensity (DTI) images

The phased.IntensityScope System object lets you create RTI and DTI displays for
radar and sonar. An RTI display shows echo intensity as a function of time and range. A
DTI display shows echo intensity as a function of time and Doppler shift, or speed. You

can also visualize angle-time-intensity data or display spectrograms.

" IntensityScope Display =1 = i3
File Tools WView Payback Help »

G 8 A

7

Precessing T=48%

Atmospheric Loss: Model rain, fog, and atmospheric gas
attenuation of RF signals

The phased.L0OSChannel System object lets you simulate line-of-sight (LOS)
propagation of narrowband RF signals. The model includes attenuation due to dry air,
water vapor, rain, fog, and geometric spreading. The phased.WidebandL0OSChannel
System object performs the same function for wideband RF signals. These System objects
correspond to the phased.FreeSpace and phased.WidebandFreeSpace System
objects, which model propagation in vacuum. In addition, the toolbox provides two
associated Simulink blocks: LOS Channel and Wideband LOS Channel. When you want to
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perform analytic modeling, use the gaspl function to simulate attenuation due to
atmospheric gases. The fogpl and rainpl functions let you model attenuation due to fog
and rain, respectively.

Backscattered Radar Target: Model backscattered radiation
with angle-dependent, custom RCS patterns

Using the phased.BackscatterRadarTarget System object, you can model an angle-
dependent radar cross-section (RCS) or scattering pattern model for monostatic radar
simulations. For nonpolarized signals, specify the RCS pattern as a single M-by-N matrix.
For polarized signals, you specify a set of three matrices describing HH, VV, and HV
scattering patterns. The entries in the matrices specify the RCS value for each azimuth
and elevation angle with respect to the local target coordinate system. The toolbox
provides an associated Simulink block, Backscatter Radar Target.

Phase Shift Quantization: Model effects of quantized
beamformer weights on array patterns and responses

In this release, you can model beamformer and steering vector weights to finite precision.
This feature appears in the System objects listed in the table and in the corresponding
Simulink blocks.

System Objects with Phase Quantization Property

phased.ADPCACanceller phased.PartitionedArray

phased.BeamscanEstimator phased.PhaseShiftBeamformer

phased.BeamscanEstimator2D phased.ReplicatedSubarray

phased.DPCACanceller phased.STAPSMIBeamformer

phased.MVDREstimator phased.SteeringVector

phased.MVDREstimator2D phased.SumDifferenceMonopulseTrac
ker

phased.MVDRBeamformer Ehased.SumDifferenceMonopulseTrac
er2D

In addition, the steering vector function, steervec, the conventional beamformer
weights function, cbfweights, and the minimum-variance distortionless response
weights function, mvdrweights, include a quantization bit argument.
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In analytic models which use ideal components, the phase shifting required for precise
array steering and beamforming is computed to infinite precision. In practical
applications that model real radar components, the element phase shifting is computed to
finite precision. Finite precision gives rise to quantization effects that can affect the
beamforming and steering performance of an array. In some simulations, it is important to
model quantization effects. Quantized phase shifters are categorized by the number of
bits in the phase component of the weight vector.

Array Orientations: Set array pointing direction

Two features in this release give you more options for positioning elements on uniform
arrays:

* The ArrayAxis property lets you specify the position of ULA elements along the x-
axis, y-axis, or z-axis of the local coordinate system. Previously, elements were located
only along the y axis. This property applies to the phased.ULA and
phased.HeterogeneousULA System objects.

* The ArrayNormal property lets you place the elements of uniform planar arrays on
the x-y-plane, y-z-plane, or the z-x-plane. Previously, elements were located only on the
z-x plane. In these cases, the array normal axis points along the z, x, or y axes,
respectively. This property applies to the phased.URA, phased.UCA and
phased.HeterogeneousURA System objects.

* These features appear in the Simulink blocks that use uniform arrays.

To obtain the direction normal vector for the elements of these arrays, use the
getElementNormal method belonging to each System object.

Dynamic PRF: Change pulse repetition frequencies

You can change the pulse repetition frequency (PRF) at each call to the step method for
these pulse waveform System objects: phased.RectangularWaveform,
phased.LinearFMWaveform, PhaseCodedWaveform, and
phased.SteppedFMWaveform. When initializing the waveforms, you specify a vector of
PRFs. In the step method call, you then specify an index into this vector.

In addition, the DutyCycle property lets you specify pulse duration in terms of duty

cycle. Previously, you specified pulse duration in the PulseWidth property. When you
specify DutyCycle and PRF properties, the System object computes the pulse duration
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for you. The DutyCycle property applies to the phased.RectangularWaveform,
phased.LinearFMWaveform, and phased.SteppedFMWaveform waveforms.

Short Dipole Orientation: Align dipole direction along any axis

You can align the dipole direction of the phased.ShortDipoleAntennaElement
System object along the x-axis, y-axis, and z-axis.
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Wideband Radiator: Radiate wideband signals from arrays
and elements

The phased.WidebandRadiator System object lets you create wideband signals that
radiate from an element or array source into different spatial directions. This System
object is the wideband counterpart of the narrowband phased.Radiator System object.
The radiator employs subband frequency processing to generate wideband propagating
signals. Subband processing works in the frequency domain by dividing the signal
spectrum into frequency bands and processing each band as if it were a narrowband
signal.

This release also includes the corresponding Wideband Transmit Array Simulink block.

The phased.WidebandRadiator System object is one of several System objects
introduced in this release to process wideband signals.

Wideband Free Space: Propagate wideband signals through
free space

The phased.WidebandFreeSpace System object propagates wideband signals in free
space along line-of-sight paths. The System object models time-delay, Doppler, and
propagation loss and is the wideband counterpart of the narrowband
phased.FreeSpace System object. The wideband free-space propagator uses subband
frequency processing to propagate signals. Subband processing works in the frequency
domain by dividing the signal spectrum into frequency bands and processing each band
as if it were a narrowband signal.

This release also includes the corresponding Wideband Free Space Simulink block.

Wideband MVDR Beamformer: Perform frequency-domain
MVDR beamforming on wideband signals

The phased.SubbandMVDRBeamformer System object performs minimum-variance
distortionless response beamforming on wideband signals. This System object is the
wideband counterpart of the narrowband phased.MVDRBeamformer System object. The
wideband MVDR System object uses subband frequency processing to beamform a signal.
Subband processing works in the frequency domain by dividing the signal spectrum into
frequency bands and processing each band as if it were a narrowband signal.
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This release also includes the corresponding Subband MVDR Beamformer Simulink block.

Wideband DOA Estimator: Estimate the arrival angle of
wideband signals using generalized cross-correlation

The phased.GCCEstimator System object estimates the direction of arrival (DOA) of
wideband signals on an array. The System object uses the generalized cross-correlation
with phase transform (GCC-PHAT) algorithm to determine the time delay of coherent
signals from a common source arriving between pairs of sensors in an array. The
algorithm estimates time delays from the cross-correlation peaks between signals. The
direction of arrival follows directly from the computed time delays. The GCC-PHAT
algorithm improves the sharpness of the correlation peak over ordinary correlation by
whitening the signal spectrum.

In addition, the new gccphat function computes the time delay between two coherent
signals from a common source arriving at different sensors.

This release includes the corresponding GCC DOA and TOA Simulink block.

Two-Ray Channel: Propagate signals along line-of-sight and
ground-reflected paths

The phased.TwoRayChannel System object propagates signals in a channel with a
single reflecting boundary. This type of boundary often occurs with radar signals
reflecting from a ground plane or with acoustic signals reflecting from the ocean surface.
This System object models the line-of-sight propagation path and the reflected
propagation path. The model assumes flat-earth geometry and works with scalar field or
polarized electromagnetic fields. To compute reflection loss for scalar fields, you specify a
ground reflection loss parameter. For polarized electromagnetic fields, specify the relative
dielectric permittivity.

In addition, the rangeangle function now computes the path distance and arrival
directions for the line-of-sight and reflected ray paths. The phased. TwoRayChannel
System object and rangeangle function work in air or underwater environments
provided the signals are non-polarized fields and the propagation speed is appropriate for
the medium.

All propagation paths follow straight lines between boundaries. This illustration
illustrates line-of-sight (los) and reflected paths (rp) and arrival and emittance angles.
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This release also includes the corresponding Two-Ray Channel Simulink block.

Improved Accuracy of Free Space Propagation: Implement
fractional sample-time delay

This release changes how the phased.FreeSpace System object models propagation
delays. In previous versions, propagation delays were always an integral number of

sample times. This version outputs signals having fractional sample time delays. This
change leads to a more accurate estimate of the actual propagation time for a signal.

Compatibility Considerations

The propagated signal output can differ from the output of previous versions.


https://www.mathworks.com/help/releases/R2015b/phased/ref/tworaychannel.html
https://www.mathworks.com/help/releases/R2015b/phased/ref/phased.freespace-class.html

Platform Motion: Model acceleration of targets and signal
sources

The phased.Platform System object now models platform acceleration in addition to
the existing constant-velocity model. Acceleration is also included in the corresponding
Motion Platform Simulink block.

Wideband Collector: Subband selection changes

In the phased.WidebandCollector System object, when performing subband
processing, you can choose the number of frequency subbands. Alternatively, the number
of subbands can be automatically calculated. Similarly, you can choose the number of
subbands in the corresponding Wideband Receive Array Simulink block.

Compatibility