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Challenges in developing autonomous UAV systems &
applications

Complexity of advanced
autonomous algorithms

Need of end-to-end workflows

Ensuring system quality and
reducing flight risk




Solutions for developing autonomous UAV systems &
applications
Robust tools and features for

designing and testing UAV systems
and algorithms

Integrated development environment
that covers development from ideas
to production

Extensive verification and validation
tools to evaluate design quality
through virtual testing
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Integrated workflows for developing UAV applications
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Integrated workflows for developing UAV applications
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Integrated workflows for developing UAV applications
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Integrated workflows for developing UAV applications
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Integrated workflows for developing UAV applications
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Integrated workflows for developing UAV applications
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UAV Plant Modeling: Selecting the appropriate fidelity

Physical Modeling Link

Model construction techniques and best practices, domain-specific
modeling, physical units
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Model aerodynamics, propulsion, and motion of aircraft and spacecraft

Simscape Multibody, Aerospace Blockset, UAV Toolbox
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Reduced-order model for UAV
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https://www.mathworks.com/help/physmod/simscape/physical-modeling.html
https://www.mathworks.com/help/uav/ref/guidancemodel.html
https://www.mathworks.com/help/aeroblks/equations-of-motion-1.html

Transition From Low to High Fidelity UAV Models
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1Transition From Low to High Fidelity UAV Models in Three Stages

Simulation models for UAVs often need different levels of fidelity during different development stages. A system designer may get incrementally better access to UAV characteristics as
the design progresses.

In the Approximate High Fidelity UAV Model with UAV Guidance Model Block example, you tune a guidance block to match the characteristics of a high-fidelity fixed-wing aircraft.
However, some more advanced modeling parameters may not be available at that point when the design wwis in progress. This can include sensor models,complete aerodynamics
modelling and actuator dynamics.

This example shows how to design a medium-fidelity model using aerodynamic coefficients, thrust curves, and response time specifications. Assuming the high-fidelity model is

unavailable until the end of the design process, this medium-fidelity model enables you to test your path planner and design a mid-level controller without needing the complexity of the
high-fidelity model.

When the high-fidelity model is made available, you can then model the additional effects and study the changed system response. Compare the medium-fidelity model with a complex
high fidelity system over a desired set of waypoints. This example demonstrates that the medium-fidelity model provided an accurate estimate of the UAV trajectory and step response.

Table of Contents

Open Example and Project Files

Low Fidelity Model

Medium Fidelity Model

Medium Fidelity Step Response

Simulate Path Following Algorithm

High Fidelity Step Response

Simulate Path Following Algorithm for High-Fidelity
Conclusion

Open Example and Project Files
To access the example files, click Open Live Script or use the openExample function.

LI n k UTF-8 LF [script 12
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Integrated workflows for developing UAV applications
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Autonomous UAV Algorithm Development
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Autonomous UAV algorithm design with robust capabilities
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Autonomous UAV algorithm design with robust capabilities
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https://www.mathworks.com/help/uav/planning-and-control.html
https://www.mathworks.com/help/uav/ug/motion-planning-with-rrt-for-fixed-wing-uav.html

Autonomous UAV algorithm design with robust capabilities

(- ="

I Control I

\----------’

/ AGENT \

> $—p  POLICY *—)
OBSERVATION ACTION
Gt I'LI'I‘IZ
POLICY
UPDATE
REINFORCEMENT
3 LEARNING -

. v ALGORITHM
1{:Fu;|dmtﬂr phi angle ﬁjruidrotor theta angle fllruadmtor psi angle & A /

osp | |I| I| |II 0
o ||; N~ . [ | _ospl ] REWARD
s | |L|I E oo Il'n* 2 | R,

s I'l[ I - | ||V UL

a actual | actual actual

e retarenee e refarenee e Ll [ ENVIRONMENT }

tirme time time Llnk Llnk
Trajectory tracking controller with nonlinear Train policies for trajectory generation
model predictive control (MPC) using reinforcement learning algorithms
Mode! Predictive Control Toolbox, Reinforcement Learning Toolbox L



https://www.mathworks.com/help/mpc/ug/control-of-quadrotor-using-nonlinear-model-predictive-control.html
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Example: Fixed-Wing UAV Motion Planning with RRT
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Integrated workflows for developing UAV applications
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Tracking and automating verification and validation activities
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Example: Automating UAV testing with requirements linking
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Example: Automating UAV testing with requirements linking
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Integrated workflows for developing UAV applications

v
v
v

‘ 87.5%

DO-178 1 |

g

(" -Verification & Validation-.

U Ny,

U Ny,

f
ﬁ System Architecture I

|
S Model UAV "=777777 ‘=

\

Control

om==== Design Algorithms -==-=-- s

Perception
X Planning &
Decision

- -

-

© Terasoft, Inc.

" MATLAB® _D\il SIimulink® =~ = — — = Simulate with Sensor Models -

" Cuboid

>

Implement

Connect

\

l
0
0
Gazebo Unreal Engine l

/— Deploy to Hardware ———\

\_ PX4® NVIDIA® Jetson® )

Connect

Ground Con’rrol STOTIOH)

23




Integrated simulations with sensor models
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Integrated simulations with sensor models
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UAV Scenario Designer App
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Integrated simulations with sensor models

P4 uavPackageDelivery - Simulink
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Create 3D scenes for UAV simulations
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Design 3D scenes for simulating and testing autonomous algorithms
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Automatic code generation for hardware implementation
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Deploy flight control algorithms to PX4 Host Target
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Connecting to UAV hardware through MAVLIink protocol

’—-----------------------------------------------------------.
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Post-flight data analysis
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Example: Flight Log Analysis
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Integrated Workflows for Developing UAV Applications
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Call To Action:

 Download presentation file
and investigate linked
examples and pages

« Contact us for to learn
more details or for trials

O@®

Integrated development workflows
from prototyping to productization
with MATLAB and Simulink

Robust tools/features for
autonomous UAV design and
simulations with sensor models

Quality through verification & validation
tools for traceability, test completeness,
and test management/automation
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