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Our Customers: Subaru

Cm—— a’
= = Advanced Driver-Assistance Systems
for everyone

Detects obstacles, applies brakes, adjusts
cruise control, and stays in lane
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Our Customers: German Aerospace Center (DLR)

Autonomous Robots

Senses the environment using stereo
cameras and tactile sensors on his skin

Performs tasks

Autonomous System Development and Deployment
Accelerated with MATLAB and Simulink
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Traditional Software Development
Cost of Finding Errors Increases Over Time

\ Design Concept /\ Handwritten Code > Embedded System /

4

Most errors Testing finds errors Latent errors remain in
infroduced late the software

Integration test on
hardware or in the field

Testi Unit test on PC/Desktop
esiing Develop some tests

Cost
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Time



| . &\ MathWorks'
Common Challenges of Autonomous Robotics Development

Applying -to-
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% Complexity of and System
Algorithms Stability
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Types of Autonomous Robotics

Robot Arms Mobile Robots

Manual
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Pick-and-Place Industrial Robots

Robot Arms
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MATLAB
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MATLAB EXPO 2019 in Japan

https://www.mathworks.com/content/dam/mathworks/mathworks-dot-
com/images/responsive/supporting/products/robotics/implementation-of-verification-of-picking- Audio Toalbox:™
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Deep Learning
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Mobile Robot Delivery and Inventory Management

Mobile Robots
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User Presentation:
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Unmanned Aerial Vehicle (UAV) Delivery

UAV
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UAV User Stories

Dynamic Simulation Environment for Testing GNC
Algorithms for Multirotor UAVs

Intel

“Modeling and simulation with Simulink is the
only way that we can get the results we need
with the speed and quality that's expected in
our industry foday. If we had to do everything
by hand and rely solely on flight festing, we
would require more bug fixing iterations and
nead more festing time per iteration. The
problem would grow infractable. There's no
other way.”

— Jan Vervoorst, Intel

4\ MathWorks

UAV Flight Control Software Development and

Verification with Model-Based Design

Korean Air

“The model reuse and efficiency improvements
enabled by MATLAB and Simulink save time
ond lower costs. We estimate o fime savings of
more than 30% is achievable with Model-
Based Design compared with hand-coding,
ond the advantages of Model-Based Design
increase with the complexity of the project.”

— Jungho Moon, Korean Air

12



https://www.mathworks.com/company/user_stories/intel-creates-dynamic-simulation-environment-for-testing-gnc-algorithms-for-multirotor-uavs.html
https://www.mathworks.com/company/user_stories/korean-air-speeds-uav-flight-control-software-development-and-verification-with-model-based-design.html

Getting into the Weeds:
Farmers Rely on Artificial Intelligence to Boost Production

Examples of UAV Usage

"In the next few years, computer vision, machine learning, and robotics
will increasingly converge fo help growers produce more food, more

efficiently, and achieve greater financial returns in the process.”

(- ARG \ — Al Eisgian, CEQ, IntelinAir

=

"It's time-consuming to walk an entire field, but aerial imagery can provide
the detailed information needed for both in-season insights and end-of-

season guidance on what fo change to improve next year's crop. There is

a lot of research and development focused on these applications from an

agronomic perspective.”

— Dr. Joe luck, Associote Professor of Biological Systems Engineering, The University of

Mebraska-Lincoln

‘ MathWorks:
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https://www.mathworks.com/company/mathworks-stories/ai-aerial-image-analysis-for-agriculture.html

Marine Robot Mapping

Marine Robots
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Time 40003848
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Startup Use Case: Eelume Snake Robot

4\ MathWorks
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Types of Autonomous Robotics

Mobile Robots

4\ MathWorks

16
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Common questions from robotics engineers

L 4

Decide & Plan

How can | model and How can | discover and How can | test and
simulate robots and design autonomous deploy robotics
sensors? algorithms? applications?

17



Common questions from robotics engineers

How can | model and
simulate robots and
Sensors?

&\ MathWorks

18



How can | model and simulate robots and sensors?

Robot modeling methods

I Physical model I Abstract model External robot model

4\ MathWorks

Selection
based on task

19



| 4\ MathWorks

Modeling High-Fidelity Robot Dynamics: Physical Modeling

Automobile Two-wheeled Crawler Legged Drone
vehicle

CAD Import
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https://jp.mathworks.com/videos/import-onshape-cad-assembly-to-simscape-multibody-1488499009017.html?s_tid=srchtitle
https://jp.mathworks.com/matlabcentral/fileexchange/47417-simscape-multibody-contact-forces-library
https://jp.mathworks.com/products/connections/product_detail/delft-tyre.html
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Modeling High-Fidelity Robot Dynamics: Simscape Multibody™

Mobile Robots

—— Car g
St ,
CyCmr:gurhim § §
2
Using the Spatial Contact Import UAV CAD model
Force Block - Bumper Car Simscape Multibody

Simscape Multibody™ Simscape Electrical™
Aerospace Blockset™

21


https://jp.mathworks.com/products/simmechanics.html
https://www.mathworks.com/help/physmod/sm/examples/using-the-contact-force-block-bumper-car.html
https://www.mathworks.com/matlabcentral/fileexchange/63580-quadcopter-simulation-and-control-made-easy
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Robot Modeling Methods

Mobile Robotics

Kinematics Models

| 3 Control

I Environment

v - \4/\ state P Yv | state p qdp/dt state P idg/dt =~ state

”
Hdyror stateDot P Ju stateDot Y dp, /dt stateDot P stateDot

Ackermann Kinematic Madel Bicycle Kinematic Madel Differential Drive Kinematic Model  Unicycle Kinematic Model

Simulate Different Kinematic
Models for Mobile Robots

Robotics System Toolbox™

UAV Guidance Models Equations of Motion

Six Degree of Freedom Motion Platform

State [

Fixed-Wing Guidance Model 3 Control

1
State !

3 Environment

Multirotor Guidance Model

Approximate High-Fidelity
UAV model with UAV
Guidance Model block
UAV Toolbox
Aerospace Blockset
Control System Toolbox™

Six Deqgree of Freedom

Motion Platform
Aerospace Blockset

22


https://www.mathworks.com/help/robotics/examples/simulate-different-kinematic-models-for-mobile-robots.html
https://www.mathworks.com/help/aeroblks/six-degree-of-freedom-motion-platform.html
https://www.mathworks.com/help/uav/ug/approximate-high-fidelity-uav-model-with-guidance-model.html
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Co-simulating with Gazebo Simulator

Mobile Robots

Control A Differential-Drive
Robot in Gazebo With
Simulink
Robotics System Toolbox

Simulink and Gazebo
Co-Simulation

Robotics System Toolbox

23


https://www.mathworks.com/help/robotics/examples/control-a-differential-drive-robot-in-simulink-and-gazebo.html

How can | model and simulate robots and sensors?

Sensor modeling methods

Sensor simulation External sensor
Import sensor data model S——

4\ MathWorks

Enable open
and closed-
loop workflows

24



Sensor simulations for localization

(IMU / GPS / Altimeter / 2D-LIDAR / GNSS / INS / wheel encoder)

IMU

Accelerometer, Gyroscope,
Magnetometer

Range sensor (2D LIiDAR)

Navigation Toolbox ™

&\ MathWorks’

2020

gnssSensor
altimeterSensor

gpsSensor

iImuSensor

InsSensor

rangeSensor
wheelEncoderUnicycle
wheelEncoderBicycle
wheelEncoderDifferentialDri

ve
wheelEncoderAckermann
kinematicTrajectory
timescope
waypointTrajectory
nmeaParser

gpsdev

Simulate GNSS to generate position and velocity readings
Altimeter simulation model

GPS receiver simulation model

IMU simulation model

Inertial navigation and GPS simulation model

Simulate range-bearing sensor readings

Simulate wheel encoder sensor readings for unicycle vehicle
Simulate wheel encoder sensor readings for bicycle vehicle

Simulate wheel encoder sensor readings for differential drive
vehicle

Simulate wheel encoder sensor readings for Ackermann vehicle
Rate-driven trajectory generator

Display time-domain signals

Waypoint trajectory generator

Parse data from standard NMEA sentences sent from GNSS
receivers

Connect to a GPS receiver connected to host computer

25


https://www.mathworks.com/help/nav/ref/gnsssensor-system-object.html
https://www.mathworks.com/help/nav/ref/altimetersensor-system-object.html
https://www.mathworks.com/help/nav/ref/gpssensor-system-object.html
https://www.mathworks.com/help/nav/ref/imusensor-system-object.html
https://www.mathworks.com/help/nav/ref/inssensor-system-object.html
https://www.mathworks.com/help/nav/ref/rangesensor-system-object.html
https://www.mathworks.com/help/nav/ref/wheelencoderunicycle-system-object.html
https://www.mathworks.com/help/nav/ref/wheelencoderbicycle-system-object.html
https://www.mathworks.com/help/nav/ref/wheelencoderdifferentialdrive-system-object.html
https://www.mathworks.com/help/nav/ref/wheelencoderackermann-system-object.html
https://www.mathworks.com/help/nav/ref/kinematictrajectory-system-object.html
https://www.mathworks.com/help/nav/ref/timescope.html
https://www.mathworks.com/help/nav/ref/waypointtrajectory-system-object.html
https://www.mathworks.com/help/nav/ref/nmeaparser-system-object.html
https://www.mathworks.com/help/nav/ref/gpsdev-system-object.html
https://jp.mathworks.com/help/nav/sensor-models.html?s_tid=CRUX_lftnav

Sensor Modeling

Wheel Encoder

4\ MathWorks

Velodyne Lidar

Position (Different Wheel Biases)
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Navigation Toolbox

Working with Velodyne ROS Lidar and Camera Calibration

Messages Lidar Toolbox™
ROS Toolbox !

26


https://www.mathworks.com/help/ros/ug/work-with-velodyne-ros-messages.html
https://www.mathworks.com/help/lidar/ug/lidarcameracalibrationexample.html
https://www.mathworks.com/help/nav/ug/wheel-encoder-error-sources.html

Common questions from robotics engineers

Sense & Perceive

Decide & Plan

How can | discover and
design autonomous
algorithms?

4\ MathWorks
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How can | discover and design autonomous algorithms?

Sensing and Perception

4\ MathWorks

L Mapping Environmental

28
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Developing Localization Algorithms

Sensor Fusion and Tracking Toolbox™

——

Attitude
estimation

Recorded
IMU data —

Streaming data P -

AHRS:Attitude and heading reference system

Position,
velocity

GPS
- Simulation

29
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Tools for Developing Localization Algorithms

IMU + GPS fusion for Multi-Sensor Fusion
accurate localization

. : e [ —
= Create the filter to fuse IMU 3 e
8 : Svroacoge: 1004z S > osition X Error
+ GPS measurements Posaion e v, ‘
2 2 [ Magnetometer *°MZ ¥ | Eamis
= Use an extended Kalman _ o o . ==
. . . ==g y (East 2 2 x (North Mleps SHz v 2 3 4 5 iime(:) 8 9 10 1
filter to track orientation (as | R S
a quaternion), position, b
. . y (East) x (North) -2
velocity, and sensor biases g, * e e e
Y(EaS:; ° Z(Nonh) E'Z 2 3 4 5 6 7 8 9 10 1

Sensor Fusion and Tracking Toolbox 20



Localization, Position/Attitude Estimation with Sensor Fusion

IMU + GPS

z (Down)

Orientation - Ground Truth

-2
=
:

2

2

0 0
-2 2

Position {(meters)

-2

y (East) x (Morth)

Orientation - Estimated

- 0
y (East) X (Morth) 2 s
y

IMU and GPS Fusion for Inertial
Navigation

Sensor Fusion and Tracking Toolbox

Lidar

LargeParkingLot

Lidar Localization with Unreal

AprilTag

Camera Calibration Usinq

Engine Simulation
Automated Driving Toolbox™

Image Processing Toolbox™
Computer Vision Toolbox™

AprilTag Markers
Computer Vision Toolbox

4\ MathWorks
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https://www.mathworks.com/help/fusion/examples/imu-and-gps-fusion-for-inertial-navigation.html
https://www.mathworks.com/help/driving/ug/lidar-localization-with-unreal-engine-simulation.html
https://www.mathworks.com/help/vision/ug/camera-calibration-using-apriltag-markers.html

&\ MathWorks

Localization, Mapping, and SLAM

Offline SLAM Obstacle

Load data mapping Localization avoidance

Qocupmncy Mep = Loop closure estimation
= Trajectory Estimation And
Refinement Using Pose Graph
Optimization
12 | = Build and Visualize 3-D Occupancy
z Map
o] 0 4
E
N -5
- - Perform SLAM Using 3-D Lidar Point
Clouds
o 20 Navigation Toolbox
0 19 Computer Vision Toolbox
Y [meters] 20 <10 X [meters]

32


https://www.mathworks.com/help/nav/ug/perform-lidar-slam-using-3d-lidar-point-clouds.html

Design SLAM Algorithms

(Simultaneous Localization and Mapping)

Monocular camera

Monocular Visual

Simultaneous Localization and
Mapping

Computer Vision Toolbox

Lidar

(REEWCEIEY

File Edit View Insert Tools Desktop Windo Help
Daede @ 0B K [E

Build a Map from Lidar Data
Using SLAM

Navigation Toolbox
Automated Driving Toolbox
Computer Vision Toolbox

4\ MathWorks

Lidar
(Synthesized data)

Design Lidar SLAM Algorithm

using 3D Simulation
Environment
Navigation Toolbox
Automated Driving Toolbox
Computer Vision Toolbox

33


https://www.mathworks.com/help/vision/examples/monocular-visual-simultaneous-localization-and-mapping.html
https://www.mathworks.com/help/driving/examples/build-a-map-from-lidar-data-using-slam.html
https://www.mathworks.com/help/driving/examples/design-lidar-slam-algorithm-using-3d-simulation-environment.html
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Sensing and Perception

Load data Calibration Labeling

= Load and augment data

= Preprocess training data
= Define YOLOvV3 network
= Train & evaluate model

Object Detection Using YOLO v3

Deep Learning
Computer Vision Toolbox

Deep Learning Toolbox™

34


https://www.mathworks.com/help/deeplearning/ug/object-detection-using-yolo-v3-deep-learning.html

4\ MathWorks

Computer Vision and Deep Learning

Image classification GAN

Epoch: 500, Iteration: 14499, Elapsed: 02:28:04

Detecting Object

Semantic Segmentation Result on Point Cloud

Lidar Point Cloud Semantic

Train Deep Learning Network i Train Generative Adversarial
to Classify New Images | Network (GAN)
Deep Learning Toolbox Deep Learning Toolbox

Parallel Computing Toolbox™

Segmentation
Lidar Toolbox
Deep Learning Toolbox
Computer Vision Toolbox

35


https://www.mathworks.com/help/deeplearning/ug/train-deep-learning-network-to-classify-new-images.html;jsessionid=dbe182df40d62f28cc9013ea701f
https://www.mathworks.com/help/deeplearning/ug/train-generative-adversarial-network.html
https://www.mathworks.com/help/lidar/ug/SqueezeSegV2.html
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Other Perception Algorithms

Speech Command

Detecting Humans Detecting Object Recognition

0.87359

Pedestrian Detection | Vehicle Detection using YOLO | Speech Command

Computer Vision Toolbox v2 Deployed to FPGA Recognition Using Deep
Deep Learning Toolbox Computer Vision Toolbox Learning
GPU Coder™ Deep Learning Toolbox Audio Toolbox™

Image Processing Toolbox Deep Learning Toolbox

36


https://www.mathworks.com/help/deeplearning/ug/pedestrian-detection.html
https://www.mathworks.com/help/audio/examples/Speech-Command-Recognition-Using-Deep-Learning.html
https://www.mathworks.com/help/deep-learning-hdl/ug/vehicle-detection-using-yolov2-deployed-to-fpga.html

How can | discover and design autonomous algorithms?

Planning and Controls

4\ MathWorks

37



4\ MathWorks

Planning and Control Workflows

Task Path Trajectory Path

scheduling planning planning following

Central scheduler
Robot models and controller
Visualization

Loading

Control and Simulate Multiple
Warehouse Robots
Robotics System Toolbox

Stateflow®

38


https://www.mathworks.com/help/robotics/examples/control-and-simulate-multiple-warehouse-robots.html

4\ MathWorks

Motion Planning Algorithms

Grid-based A*

Hybrid A* RRT. RRT*

Occupancy Grid

0 Hybrid A* Path Planner AStar
JTTTTITTTTT T | - &
: 51 ot el j T
RERCETEN . 7 ,
LTI 1
R 1T : e S
: " 6 200 ¢ ® ®
X ) I- [
0 - | | | | | | | | | | | | | b 20 5;0 - 160 1éo 200 250
(1] 50 % buctere] 100 150 Columns
plannerHybridAStar Plan Mobile-Robot Paths plannerAStarGrid
Navigation Toolbox 5 using RRT 5 Navigation Toolbox

Navigation Toolbox
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https://www.mathworks.com/help/nav/ref/plannerhybridastar.html
https://www.mathworks.com/help/nav/ug/plan-mobile-robot-paths-using-rrt.html
https://www.mathworks.com/help/nav/ref/plannerastargrid.html

Task and Motion Planning

Task scheduling

80

70

J_n\oadmg Station

Y [meters]

X [meters]

Execute Tasks for a Dvnamic Replanning on an

Dynamic replanning

Forklift Route to Package 50

Path metrics
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[ 1Path Smocthness

0.0

| | | | | 0.008
0.006

T | | | | | |
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[ 1Planned Path 0.004
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0.002
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1
1
1
1
1
1
1
1
I 10
1
1
| NN
10 20 30 40 50 B0 70 80 20 30 60
X

40 50 70

[meters] | X (meters)

Warehouse Robot
Robotics System Toolbox

Stateflow

Evaluate metrics for planned
Indoor Map | path
Navigation Toolbox Navigation Toolbox

4\ MathWorks
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https://www.mathworks.com/help/robotics/examples/execute-tasks-for-a-warehouse-robot.html
https://www.mathworks.com/help/nav/ug/dynamic-replanning-on-an-indoor-map.html
https://www.mathworks.com/help/nav/ref/pathmetrics.html
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Mobile Robot Examples: Path Following and Controls

Reinforcement learning

Nonlinear MPC

! —
1 e T —
. . | . . L Parking garage . , . | =
Binary Occupancy Grid H * H = =
. e RRECRERARCA - a5
®  Waypoints : “ e | : abservation f ) TV -
a0 b Reference Path ! 0 | 1 =S
) . ! action ==
— Optimal Trajectory ! M| e
w . =
] g
; W]
£
> S NN [ |
0r . | 7
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I 10 -4
1
0 L L 1 1 L L L N
5 .
10 20 30 40 50 60 70 80 90 100 : | | |lIT|l| |l| | | | |
I T T T T T y
I ’ o 10 20 30 4“0 50 80
! X

X [meters]

Avoid Obstacles using
Reinforcement Learning for
Mobile Robots
Robotics System Toolbox
Reinforcement Learning Toolbox™

Parallel Valet using Nonlinear
Model Predictive Control

Automated Driving Toolbox
Model Predictive Control Toolbox™
Navigation Toolbox

Find optimal trajectory for

reference path
Navigation Toolbox



https://www.mathworks.com/help/nav/ref/trajectoryoptimalfrenet.html
https://www.mathworks.com/help/robotics/examples/avoid-obstacles-using-reinforcement-learning-for-mobile-robots.html
https://www.mathworks.com/help/mpc/ug/parking-valet-using-nonlinear-model-predictive-control.html
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UAV Example: Planning and Controls

Define Simulation
Load map start and Plan path and
goal visualize

Refine

path

Uecupancy Ssep Plan a smooth path within obstacles
s R RRT path planner

= Apply aerodynamic constraints
= Visualize in 3D occupancy map

Motion Planning with RRT for Fixed-
Wing UAV

UAV Toolbox

Navigation Toolbox

0

0 X [meters]
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UAV Motion Planning

Guidance model Dynamic path planning Dubins path
400 i % il 0
200 5 Peas Lm.._m,.f_J e ! 5 L
. T2 i i [ .. — i g 10 f//k N
400 i LA Weaypeint Follower ;Il“m“lmgma i ;; l’/'II
200400—500 200 w i i East : 20 0 2':0"‘h
Approximate High-Fidelity "~ Tuning Waypoint Follower for | Dubins Path Connection
UAV model with UAV g Fixed-Wing UAV | Dubins Path Segment
Guidance Model block | UAV Toolbox | UAV Toolbox
UAV Toolbox i !

Aerospace Blockset
Control System Toolbox
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UAV Examples: Path Following and Controls

Robust controls

Two-loop autopilot for controlling the vertical acceleration of an airframe

aaaaaaaaa

Robust MIMO Controller for Two-

Loop Autopilot
Robust Control Toolbox™

Simulink Control Design

Non-linear MPC +
Reinforcement learning

DNN \ + DNN
MPC | MPC
5 10 15 N 10 15
theta N vl
A X e
£ \ + DNN
T 5 ‘t'\' MPC
14 VR b
‘,i +  DHN +-1i H
2l MPC Y
5 10 15
v2 i [——
¥ “‘:ua |
| i =
5 T T onn 3
| MPC I e
10 15 i —

At

Imitate Nonlinear MPC Controller

for Flying Robot
Reinforcement Learning Toolbox
Model Predictive Control Toolbox
Deep Learning Toolbox
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Reinforcement learning

Train DDPG Agent to Control
Flying Robot
Reinforcement Learning Toolbox
Deep Learning Toolbox
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Common questions from robotics engineers

4

How can | model and How can | discover and How can | test and

simulate robots and design autonomous deploy robotics
sensors? algorithms? applications?
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How can | test and deploy UAV applications?

Simulink

& MathWorks

i MATLAB I External I Automating I Y l
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Communicate with ROS/ROS2 using MATLAB/Simulink

-

Planning &
decision

Conftrol

\
<
Perception

MATLAB

2l

Simulink

Windows/Mac/Linux

4\ MathWorks

-

A/

@ ROS Connection
Prototyping

© ROS node
generation

Standalone implementation
(C++ node generation)

«

~

\_

" )

MATLAB/Simulink

>
4

— ™
N -
ROS/ROS2
nodes
rosbag
-

Simulator

Or

Redql
hardware

Linux

@ rosbag import

Offline analysis

ROS
ROS2

MN——

J

ROS PC
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Gazebo / ROS connectivity

Gazebo synchronized

. : Testing with hardware
simulation

ROS connectivity

Host (MATLAB) TurtleBot

1
1
1
1
1
1
:
1
| IP Address: 192.168.1.100 IP Address: 192.168.1.200
1
1
1 > -
1
H =l -
1 — |
1 X
1 Had
1 |
H |
1
1

ROS_IP=192.168.1.100 ROS_IP=192.168.1.200
ROS_MASTER_URI= ROS_MASTER_URI=
192.168.1.200 192.168.1.200

Automated Parking Valet with Simulate a Mobile Robotina Get Started with a Real
ROS in MATLAB | Warehouse Using Gazebo | TurtleBot
Automated Driving Toolbox Robotics System Toolbox ROS Toolbox
ROS Toolbox Navigation Toolbox '
' Stateflow
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https://www.mathworks.com/help/robotics/examples/simulate-a-mobile-robot-using-gazebo.html
https://www.mathworks.com/help/ros/ug/ros-automated-valet.html
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Mobile Robot Example: Co-simulation with Gazebo

Task Path Trajectory Path

scheduling planning planning following

A* path planner

Vector field histogram (VFH)
algorithm to avoid obstacles
Gazebo co-simulation

A* Path Planning and Obstacle

Avoidance in a Warehouse
Robotics System Toolbox

Navigation Toolbox
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https://www.mathworks.com/help/robotics/ug/a-star-path-planning-and-obstacle-avoidance.html
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3D Simulation with Unreal Engine

Design Plan Generate Cuboid 3D Increase

UAV model

algorithm mission scenario simulation simulation fidelity

DN e o File Edit View Insert Tools Desktop Window Help

BEEC DI ’ = Workflow for UAV app"Cation
development

= Sensor readings for closed-loop
simulations

= Variant subsystems for incremental
design iterations

= Customizable components

UAV Package Delivery
UAV Toolbox

Aerospace Blockset
Navigation Toolbox
Stateflow

DEEuES oM

= \

1 » L ., |
S ssinn .luuu_ E—1_
i i r.-
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https://www.mathworks.com/help/uav/ug/uav-package-delivery.html

Simulator and hardware test

Gazebo simulation MAVLIink / QGroundControl

Simulink Drone Reference
Application
UAV Toolbox
Aerospace Blockset
Control System Toolbox

Simulating Quadcopter Missions

with Simulink and ROS
Robotics System Toolbox

ROS Toolbox
Aerospace Blockset

&\ MathWorks

PX4 Autopilots

X

[= Wi =]= =]y

P X4 Autopilots Support from

Embedded Coder
UAV Toolbox
Embedded Coder™
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https://www.mathworks.com/matlabcentral/fileexchange/64381-matlab-and-simulink-robotics-arena-simulating-quadcopter-missions
https://www.mathworks.com/matlabcentral/fileexchange/67625-simulink-drone-reference-application
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Flight Log Analysis

Add Customize Interactively
predefined plots change plot Export figure
plots (optional) focus

Load flight

log data

= Create customized series of plots

= Visualize with predefined or custom
plots

= Interactively zoom in to data
segments of interest

= Save and load sessions

Flight Log Analyzer App
UAV Toolbox
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https://www.mathworks.com/help/uav/ref/flightloganalyzer-app.html

Automating verification tasks and certification

Requirements traceability Test automation

.......

previous target

e

Requirements Definition for a Test Coverage for

Cruise Control Model | Reqguirements-Based Testing
Simulink Requirements™ | Simulink Test™

Simulink Coverage™
Simulink Requirements

Certification support

IEC Certification Kit
Reference Workflow

IEC/ISO and DO certification

IEC Certification Kit
DO Qualification Kit

&\ MathWorks
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https://www.mathworks.com/help/slrequirements/examples/requirements-definition-for-a-cruise-control-model.html
https://www.mathworks.com/help/sltest/ug/test-coverage-for-requirements-based-testing.html
https://www.mathworks.com/products/iec-61508.html
https://www.mathworks.com/products/do-178.html

How can | test and deploy UAV applications?

DSP

GPU

4\ MathWorks

Deployment
MCU FPGA
ROS/ROS2 ASIC

SoC
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Implement and Prototype Algorithms in Hardware

ROS \
J Toolbox [ r) ROS node
HDL .~
Coder

V
VHDL, Verilog

»e
N

Programmable SoC



Automatic Code Generation and Deployment

ARM

NVIDIA GPU

Segmented Image using Codegen on ARM
Pr.’n'—vl."-rvn. AT LE SR s v AN TR e SN R N S S

Code Generation for Semantic

Segmentation Application on
ARM Neon
Deep Learning Toolbox
MATLAB Coder®

Code Generation for Object

Detection by Using Single
Shot Multibox Detector
Deep Learning Toolbox

GPU Coder

ROS node generation

Feadback Control of @ ROS-snabisd Robot ower ROS 1

Casrnd fusebs moeuls bkl Ay

T | - I

r|'~|

L

#ROSH:

2

Generate a Standalone ROS 2

Node from Simulink®

ROS Toolbox
Embedded Coder

4\ MathWorks
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MATLAB and Simulink for Autonomous Robotics Development

L 4

Decide & Plan

Model and simulate Design and evaluate Test and deploy
robots and sensor autonomous algorithms robotics applications
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Model-based design for developing autonomous UAV

 F A BB ERE R R ROSToolbox H B B E B EE N EEEEEEEEENDN

Autonomous Algorithms
i Navigation Toolbox
Decide
Robotics System
Stateflow

Computer Vision

Sensor Fusion and @ S EERE
Tracking Toolbox -

Learning Toolbox
Control Toolbox

S gl < 'Dﬁ Control

Platform
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User Stories: Robotics and Autonomous Systems [ gye surgery Robot

Preceyes
UAV Hexacopter
Korean Air IntelinAir Robot Arm Braking System
3T
Large-Scale
RobotArm | _
MHI Humanoid Robot
DLR
S Fly-by-Wire Controller
Airnamics ODOLA \
obotArm
: . / Festo > Manioul Robot A
Unmanned Air Vehicle (UAV) anipulator = Robot Arm
. Tactile Object Recogpnition _/
Quadcopter GNC Nara Institute of Technology
NASA Interns

Aircraft Tractor
Israel Aerospace

Automated Driving
i Self-Driving Vehicle

&
’ ’ _Za . Clearpath Robotics

.. Voyage K :
Automated Driving Autonomous Ground Vehicle (AGV)
\ AEBS
: . Scania

Products Summary 59
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Takeaways

El. Autonomous robotics development workflows with MATLAB and Simulink

simulations with sensor models

LZ. Integrate platforms and autonomous algorithms for closed-loop }

LB. Streamline processes from prototyping to production
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Next Step: Resources Offer

Email us or indicate via polling if you would like access to these practical
resources you can use in your projects

= Free MATLAB trial for Robotics

= MATLAB & Simulink Robotics Github
« Example Files

= Video Series: Autonomous Navigation

= Video: Unmanned Aerial Vehicles using
MATLAB and Simulink

Contact Us

MarketingAU@mathworks.com.au
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