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Challenges in Developing Autonomous System

« Challenge 1: Understand the dynamics of the autonomous system and
design control algorithm

= Challenge 2: Design vision, radar and perception algorithms

- Challenge 3: Verify and Implement the algorithm on to a real hardware
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Key Takeaway

Autonomous system design using MATLAB and
Simulink can help in:

= Understanding the dynamics and develop the
control algorithm

» Model aerodynamics, propulsion and motion
» Design control algorithm in single environment

= Design vision, radar, perception algorithms
» Visualizing different sensor data
» Develop and test sensor fusion and tracking algorithm

= Implementing the algorithm on actual hardware
» Test and verify algorithm on 3D simulators
» Automatic C/C++ code generation on to actual hardware
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Aerial Autonomous System Development Workflow

Develop
Aerodynamics and perception and Test and Refine in Test and Refine on
flight Control — planning I— Simulation r— Real Robot

' algorithm
Challenge 1: Challenge 2: Challenge 3:
Understand the Design vision, radar Verify and
dynamics and and perception Implement the
design control algorithms algorithm on to a
algorithm real hardware
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Different Approaches for Modeling Dynamic

systems

Modeling Approaches

First Principles Modeling Data-Driven Modeling

Physical Networks  Neural Networks
(Simscape and other (Neural Network System
Physical Modeling Toolbox) ldentification

i Syst |dentificat
Block Diagram products) (Sys e[lf_loolggxl)lca

(Simulink)

Code
(MATLAB)

: Statistical Methods
Modeling Language (Model Based

(Simscape language) Calibration Toolbox)

Symbolic Methods
(Symbolic Math
Toolbox)
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Aerodynamics and control design
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Supervisory control logic
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Quickly model the Airframe using Aerospace blocksets
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Design the flight control algorithm

Controller Plant

= Simulating plant and controller in one environment allows you to optimize
system-level performance
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Automatic PID tuning
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Use Simulink Control Design and the Control System Toolbox to automatically linearize the plant,

design and tune your PID controllers
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Quadcoptor —Flight Simulation Model
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Aerial Autonomous System Development Workflow

Develop
Aerodynamics and erception and ), Test and Refine in Test and Refine on
flight Control — i pléllonning —y Simulation — Real Robot

. algorithm
Challenge 1: Challenge 2: Challenge 3:
Understand the Design vision, radar Verify and
dynamics and and perception Implement the
design control algorithms algorithm on to a
algorithm real hardware
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Common Questions from Engineers Integrating Autonomous Systems
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How can |
visualize my
sensor data?
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How can | develop &
test sensor fusion and
tracking algorithms?

How can |

verify performance
and establish
requirements?
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Test vehicle equipped with sensors

Camera

Inertial
measurement
unit
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Tools to Visualize Multiple Types of Data

Bird's-Eye Plot
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Custom Visualization & Apps

« Open and extensible framework
 Synchronize data from multiple sensor sources
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Visual Odometry?
Manage Sensor data
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Detailed Session on Image Processing and Computer Vision

Simplifying Image Processing and Computer Vision Application Development
16:45-17:30

Image processing and computer vision is an enabling technology that is driving the development of
several of the smart systems today including self-driving cars, augmented reality, hyperspectral
imaging, and medical imaging. Developers of modern image processing and computer vision
applications face many challenges regarding handling large data sets and working with new
computing paradigms, such GPU computing. You can use MATLAB® to simplify your image
processing and computer vision application development workflow.

Join this session to gain insight into:

+ Object detection and recognition using machine learning and deep learning

+ Image processing on 3D data sets, including pixel operations, local filtering, and morphology

MATLAB EXPO 2017
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Common Questions from Engineers Integrating Autonomous Systems
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010 9101 HOW can |
visualize my
sensor data?
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How can | develop &
test sensor fusion and
tracking algorithms?

How can |

verify performance
and establish
requirements?

MATLAB EXPO 2017
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Why Sensor Fusion? &g’f\+q .

= Requires robust detection (low false positives) .«
for obstacle avoidance e

— Needs classification of likely objects
— Needs accurate measurements (range & speed)
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Fusion & Tracking Algorithm Development Workflow

Synthetic Algorithm
data

-
‘ Expected
" 7 Logged Behavior

multi-sensor |

data 7
A

T Refine algorithm

Collect vehicle & lab data

Create new scenario or refine sensor model

MATLAB EXPO 2017
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Generate code

C Code

Integrate
with embedded
environment
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Tracking of multiple objects (or “targets”) with one or multiple
sensors (e.g. radar, EO/IR, Lidar)

Multi-object tracking
Global nearest-neighbor assignment
Kalman filtering
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Common Questions from Engineers Integrating Autonomous Systems
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How can |
visualize my
sensor data?
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How can | develop &
test sensor fusion and
tracking algorithms?

How can |

verify performance
and establish
requirements?

MATLAB EXPO 2017
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Fusion & Tracking Algorithm Development Workflow

Synthetic
data

4,

AN
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Common Approaches to Synthesizing Test Data

“Buy It” “Build It”

= Buying “Off the shelf” solutions = Building it yourself enables
like Unreal, Unity, or other you to control the level of
simulators enable you to author fidelity/complexity appropriate
scenarios and synthesize sensor for your application
data

If building for multiple users, it
IS Important to select an
approach which is scalable,
maintainable, and testable

MATLAB EXPO 2017
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Scenario Generation in MathWorks Tools
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Aerial Autonomous System Development Workflow

Develop

Aerodynamics and perception and Test and Refine in Test and Refine on

flight Control — planning — Simulation = Real Robot

algorithm

Challenge 1: Challenge 2: Challenge 3:

Understand the Design vision, radar Verify and

dynamics and and perception Implement the

design control algorithms algorithm on to a

algorithm real hardware

. R =

Controller Plant
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Examples of Hardware Implementation of Autonomous

Systems

MATLAB EXPO 2017
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What is ROS (Robot Operating System)?

4\ MathWorks

robots

« An architecture for distributed inter- a pplications industry
process communication fesea:'ﬂh
b . | . t planning

mapping

» Packages for common algorithms Ca pa HITIES navigation
and drivers opencv, tf
pcl, kdl, cisst

hardware drivers

« Multilanguage interface (C++,
Python, Lua, Java and MATLAB)

core daemons
packaging tools
introspection tools
APl & language bindings
comm. infrastructure

MATLAB EXPO 2017
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Advantages of ROS — Connectivity to 3D Si

MATLAB EXPO 2017
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ROS: Connectivity to 3D simulators
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ROS: Communication framework and stack of libraries

4\ MathWorks
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Advantages of ROS — Connectivity to Hardware

MATLAB EXPO 2017
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What can be done with the Robotics System Toolbox?

MATLAB on PC

@ Robot )

y | Networking

MATLAB Cod
R ROS

\_
Built-in ..__"'"'"" Simulation
algorithms .- environment
Code Generation =
SM Models ROS node

MATLAB EXPO 2017 : :
Generate standalone ROS node from Simulink 33
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Aerial Autonomous System Development Workflow

Develop

Aerodynamics and perception and Test and Refine in Test and Refine on

flight Control — planning — Simulation = Real Robot

algorithm

Challenge 1: Challenge 2: Challenge 3:

Understand the Design vision, radar Verify and

dynamics and and perception Implement the

design control algorithms algorithm on to a

algorithm real hardware

. R =

Controller Plant
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Quadrotor Motion Controller Quadcopter Flight Simulation Model
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System Level Design with MATLAB, Simulink and ROS
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ROS as Communication Framework
Algorithm Design Independent of ROS
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Autonomous system design using MATLAB and
Simulink can help in:
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= Understanding the dynamics and develop the
control algorithm
» Model aerodynamics, propulsion and motion

» Design control algorithm in single environment

= Design vision, radar, perception algorithms
» Visualizing different sensor data
» Develop and test sensor fusion and tracking algorithm

= Implementing the algorithm on actual hardware
» Test and verify algorithm on 3D simulators
» Automatic C/C++ code generation on to actual hardware
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Flexible delivery options:
= Public training available worldwide

= Onsite training with standard or
customized courses

= Web-based training with live, interactive
instructor-led courses

= Self-paced interactive online training

Training Services

More than 30 course offerings:

= Introductory and intermediate training on MATLAB, Simulink,
Stateflow, code generation, and Polyspace products

= Specialized courses in control design, signal processing, parallel computing, code generation,
communications, financial analysis,
and other areas

Email: training@mathworks.in

MATLAB EXPO 2017

4\ MathWorks
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Control System Design with MATLAB and Simulink

This two-day course provides a general understanding of how to accelerate the design
process for closed-loop control systems using MATLAB® and Simulink®.

Training Services

Topics include:
Control system design overview
System modeling
System analysis
Control design
Controller implementation

MATLAB EXPO 2017

&\ MathWorks’
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&\ MathWorks:

Designing Robotics Algorithms in MATLAB

This one-day course is for engineers designing mobile robotics algorithms for Robot Operating
System (ROS) enabled simulators and robots.

Training Services

Topics include:
Listing the design workflows possible with Robotics System Toolbox™
Communicating with ROS and Gazebo
Building and testing mobile robotics algorithms
Designing algorithms for execution and data sharing

MATLAB EXPO 2017
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Mat h WO r kS Tral n I n g @® Guaranteed to run

Image Processing with MATLAB May 24 - 25 & Bangalore
Computer Vision with MATLAB May 26 © Bangalore
Designing Robotics Algorithms in MATLAB Sept 28 Pune

Email: training@mathworks.in URL: http://www.mathworks.in/services/training Phone: 080-6632-6000

MATLAB EXPO 2017
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Questions and Discussion

MATLAB EXPO 2017
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Accelerating the pace of engineering and science

Speaker Detalls Contact MathWorks India

Email: Vivek.Raju@mathworks.in Products/Training Enquiry Booth
LinkedIn:https://www.linkedin.com/in/vivekraju87/ Call: 080-6632-6000

Mobile: +91-8971669718
Email: info@mathworks.in

Your feedback is valued.
Please complete the feedback form provided to you.

MATLAB EXPO 2017
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