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Increase in autonomous UAV usage

L% ‘A”" - .
o “ss T _meRwu_ wuun.

a auw

L PP ‘SRRuun .
"o

auw

b -
S eee b

A -
> PRl AN
Amu . wuuan
e sss ", o v ww _
- e

"soss " .

s =
Suwla 2 P

- _Amw

Security &
Defense

Delivery &
Transport

Inspections &
Monitoring

Mapping &
Surveying




MATLAB |

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
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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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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

MATLAB BEXIPPO

Simscape Multibody, Aerospace Blockset, UAV Toolbox
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UAV Plant Modeling: Selecting the appropriate fidelity

Physical Modeling Link

Model construction technigues and best practices, domain-specific
modeling, physical units

Simscape Multibody, Aerospace Blockset, UAV Toolbox

MATLAB BEXIPPO
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https://www.mathworks.com/help/physmod/simscape/physical-modeling.html
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UAV Plant Modeling: Selecting the appropriate fidelity

v, (mis) S
X, m) b Drag
e M Mass Gth Order
sewtEdr - AWeight  Point Mass
DCM_ Iy
b=
Thrust
v, mis)
&Imim wh{radJE] 3
AM, (N-m) clo, it
A, mish)
A tm) Cam;uus Vg (1 b W -
AVimie) = b 1I2 v q Yy fiF
)DCM I{Igd:rr; mw‘m(radfs] y P U L
Physical Modeling Link Vehicle Dynamics Link
Model construction technigues and best practices, domain-specific Model aerodynamics, propulsion, and motion of aircraft and spacecraft

modeling, physical units

Simscape Multibody, Aerospace Blockset, UAV Toolbox 18
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UAV Plant Modeling: Selecting the appropriate fidelity
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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 capabillities
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Sensor Fusion and Tracking Toolbox, Lidar Toolbox, Navigation Toolbox, Computer Vision Toolbox, Deep Learning Toolbox
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https://www.mathworks.com/help/deeplearning/ug/pedestrian-detection.html
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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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Integrated workflows for developing UAV applications
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Tracking and automating verification and validation activities

Requirements Traceability

Test Management & Automation
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Example: Automating UAV testing with requirements linking

FromWP

ToWP

#5: Heading Command limits

'ﬁ |#E: Yaw Command limits

/A 7

Posa

LookaheadDistance

&

Lookshead

DesiredCourse —
HeadingCmd
InnerLoopCmds

Desiradyaw f— >
YawCmd

LookaheadDistFlag —@

Waypoint Follower

58
L
> -
Status
WP
DisiZWP

Requirements linking for traceability

?

v E1
v B 11
B 111
E 112
B 113
El 114
El 115

m

116
v B 12
v B 121

v h, uavPackageDeliveryReqs

Right Controller

Guidance

Heading Command limits
Yaw Command limits

Mot start until flight is started
Transition to Descend
Finishing Flight

Transition out of Takeoff
Control

Control Commands Limits

Requirement: #19
Details
* Properties

Type: Functional
Index: 1.2.1.4

-

Custom ID: | #19

Summary: | Pitch Command Limits

Description Rationale
b [ arial

[ v]B r U A

Commanded Piich angle shall not exceed 25 degrees in either direction

Test Browser Results and Artifacts

|Filter results by name or tags, e g. tags: test

7

STATUS
jo
30
10
[£] Test Guidance State Transitic @
20
[=] Test Control System Cmd Lir &

NAME
+ Results: 2020-Dec-21 15:19:38
+ =] MultirotorModelTest
v [ GuidancelogicSuite

~ [ ControlSystemSuite

[£] Test Control System Perform @

Automating test execution and evaluation

THLEEIS —
; ¥ L kg = = & ce| 2
i I | 2 = & 8- & = # @
= =
Save All New 25| pdd Requirement ' | Add Link Show Requirements  Show Links Search Traceability Matrix | Export Help
- Requirement Set -~ -~ [E~ - -~
FILE REQUIREMENT SET REQUIREMENTS LINKS vIEW £DIT ANALYSIS SHARE  DOCUMENTATION z
? | Requirement: #25
~ x Details
S — S S - oo -
=2 ight Controller Type Functional =
o B
T u 1T e
Summary: | Lateral Position Steady State |
Biis o 1T ErerelREY IR
E 116 Transition out of Takeoft D )| | venicie shall reach a steady state within 50 cm of its
Iateral (XY) commanded position
B 1212 Lateral Acceleration Command Limits D
B 1213 Vertical Acceleration Command Limits D
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MATLAB BEXIPPO

Integrated workflows for developing UAV applications
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Integrated simulations with sensor models

MATLAB BEXIPPO
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Realistic graphics to test autonomous
algorithms in closed-loop simulations

Link
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https://www.mathworks.com/help/uav/ref/uavscenario.html
https://www.mathworks.com/help/uav/ug/uav-package-delivery.html

| MATLAB BEXIPPO

Integrated simulations with sensor models
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UAV Toolbox Link Link 4



https://www.mathworks.com/help/uav/ref/uavscenario.html
https://www.mathworks.com/help/uav/ug/uav-package-delivery.html

Integrated simulations with sensor models
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UAV Toolbox

Realistic graphics to test autonomous
algorithms in closed-loop simulations

Link

MATLAB BEXIPPO
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https://www.mathworks.com/help/uav/ref/uavscenario.html
https://www.mathworks.com/help/uav/ug/uav-package-delivery.html

Example: Build 3D map using simulation Lidar point cloud data

Execute simulation
Obtain sensor data

UAYV Toolbox, Lidar Toolbox

Extract and match features
Register and align point cloud

Detect loop-closures
Create pose graph
Optimize poses
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Create 3D scenes for UAV simulations

MATLAB E

Design 3D scenes for simulating and testing autonomous algorithms

RoadRunner, RoadRunner Asset Library, UAV Toolbox Interface for Unreal Engine Projects
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https://www.mathworks.com/products/roadrunner.html
https://www.mathworks.com/help/uav/ug/customize-3d-scenes-for-automated-driving.html

Automatic code generation for hardware implementation

MATLAB EX

4 \\
" \
! Deploy flight controls to :
! autopilot hardware i
: Link |
i |
i Deploy to Hardware
|
i
|
i
l
. l
: Deploy autonomous !
| algorithms to onboard !
l computers }
\ /

\ Link

UAV Toolbox, Simulink Coder, Embedded Coder, GPU Coder
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https://www.mathworks.com/hardware-support/px4-autopilots.html
https://www.mathworks.com/hardware-support/nvidia-jetson-cpu.html
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Connecting to UAV hardware through MAVLInk protocol

MAVLink Serializer
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UAV Toolbox


https://www.mathworks.com/help/uav/ug/tune-uav-parameters-using-mavlink.html

| MATLAB BEXIPPO

Post-flight data analysis
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UAV Toolbox, Computer Vision Toolbox, Deep Learning Toolbox
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https://www.mathworks.com/help/vision/ug/multispectral-semantic-segmentation-using-deep-learning.html
https://www.mathworks.com/help/vision/ug/uncalibrated-stereo-image-rectification.html
https://www.mathworks.com/help/uav/ref/flightloganalyzer-app.html
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Integrated Workflows for Developing UAV Applications
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Key Takeaways
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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

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 traceabillity, test completeness,
and test management/automation
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