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Building Blocks for UAV Simulation

Plan Mission Design & Simulate Validate & Deploy

Design flight controller and simulate
plant behavior in virtual scenarios

Deploy flight controller and autonomy

Generate flight path for the mission algorithms to the platform
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MIL, SIL and HIL Workflows for UAV Simulation

Model-in-the-Loop
(MIL)

Simulator communicates
with the hardware

Simulator communicates :
with the host PC :



HIL with Flight Controller Deployed on PX4
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Full HIL Workflow

Communicates with
actuators, sensors and the
drone peripherals

Real-time operation
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Visualize Flight Behavior in a Virtual Scenario

bdwawk 4
I . ——
i N
I N
I
] ] ®
S




| &\ MathWorks

Design Autonomy Algorithms with UAV Simulation Workflow
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What is Pixhawk®

On-board sensors:
 Accel/Gyro: ICM-20689
« Accel/Gyro: BMI055 or

ICM20602

« Magnetometer: IST8310
« Barometer: MS5611
Interfaces:

8-16 PWM outputs
3 dedicated PWM
Dedicated R/C

5 serial ports

3 12C ports

4 SPI buses

2 CANBuses
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Host machine

Power Man geme tBoard
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SBUS OUT

GPS module
Motor Output

https://docs.px4.io/en/assembly/quick start pixhawk4.html
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UAV Toolbox Support Package for PX4 Autopilots

Simulink Block Library

B8 Simulink 51759 F591- - o X
@ Ao @s @
UAV Toolbox Support Package for PX4 Autopilots
> SerDes Toolbox ~
SimEvents Pd
> o5 12c Pxd P4 Bxd
> S::ZT;T(:D Animation Master Road e Status >
o Slave: Oxh uORE Message uORE Read uRE Write
> Simulink Coder Msg } )MEE
> Simulink Control Design %4 Sensor Blocks PX4 uORB Read and Write Blocks 12C Master Read > Msg >,
> Simulink Design Optimization vehicle_gps_position sensor_gtcel wehicle_gps_position
> Simulink Design Verifier Px4 P4 v PX4 )
> Simulink Desktop RealTime Jous A b Yt ,,.,,;,H H I—] P4 uORE Message PX4 uORE Read P¥4 uORE Write
> Simulink Extras Waster SO Yont
5 Simulink Real-Time Slave: Oxi Hcnz Diaviee: /dev/pwm_outputD
simulink Requirements 12C Master Write Px4 Analog Input PX4 PWM Output
simulink Support Package for O R B L] A h b/ b
» Simulink Support Package for | S‘M s S‘M b P4 u - Sy n C ro n O u S p u S u
Simulink Test ' = :] = -
Read Parameter —h(ﬂ-&) 3 - A P I ( - d d | )
> SoC Blockset l I I l I I
stateflow ATT BlAs MAX S P \t: TdevryAci e P Port: /dev/ttyACMO e S S a g I n g I e W a re
7 Statistics and. h_.-1ac.h|ne Learnir Read Parameter Seri\Receive Serial Transmit
> System Identification Toolbox
> UAV Toolbox
¥ UAV Toolbox Support Package
P4 Sensor Blocks
P¥4 uORB Read and Write
> Vehicle Dynamics Blockset
> Vehicle Network Toolbox P4 Status [» | PX4 Status [ P4 Status [» | PX4 Status [»
> Vision HDL Toolbox v } s > f_ }
N bl LI Tl x Latitude g X
= B } +* 4| |—"~"ﬂhﬁ'ﬁ } ), > \‘Q }
¥ -_F/fLong'rtud: | ¥
b Percentage b Attitude(MSL) [ zh
Accelerometer Battery GPS Gyroscope
P4 Status [B | PH4 Status [ | PH4
b ) chily Status [
* \ Chaly
¥
ED; Gh3 > aternion >r
Zp Chafy

Magnetometer

Radio Control Transmitter

Vehicle Attitude

4\ MathWorks

11



‘ MathWorks

PX4 Autopilots Support Package Relationship to PX4 Architecture
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PX4 Autopilots Support Package Relationship to PX4 Architecture
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UAV Simulation Workflow with PX4 and Simulink
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Flight Controller Plant Model Scenario Simulation Onboard Autonomy
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Model In the Loop

Flight Controller Plant Model
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Quadcopter Simulation in Simulink
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the controller design using PX4 Host
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Shipping example in UAV Toolbox

‘ MathWorks
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Quadcopter Simulation in Simulink
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Simulink Plant Modelling
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Software-in-the-Loop (SIL)
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SIL with PX4 HSP and Simulink Plant
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Plant Model in Simulink

21


https://www.mathworks.com/help/supportpkg/px4/ref/simulator-plant-model-example.html

SIL with PX4 HSP and Simulink Plant
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Hardware-in-the-Loop (HIL)

_________________________________________________________
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HIL with PX4 HSP and Simulink Plant
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UAV Simulation Workflow with PX4 and Simulink

Model-in-the-Loop
(MIL)

Simulator communicates
with the hardware

Simulator communicates :
with the host PC :
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UAV Simulation Workflow with PX4 and Simulink
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Scenario Simulation Onboard Autonomy
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Closed-loop autonomy simulation
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Create environments and simulate sensor readings
UAV Scenario Designer
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Integrate environments into full-system simulation

UAV Package Delivery Example
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Integrate environments into full-system simulation
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Integrate environments into full-system simulation
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UAV Simulation Workflow with PX4 and Simulink

__________________________________________________________________________________________________________________

Flight Controller Plant Model Scenario Simulation Onboard Autonomy
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HIL with Scenario Visualization
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HIL with Scenario Visualization
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Shipping example in UAV Toolbox
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UAV Simulation Workflow with PX4 and Simulink

__________________________________________________________________________________________________________________

Scenario Simulation Onboard Autonomy
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Shipping example in UAV Toolbox 40
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Simulate and Deploy UAV Applications with SIL and HIL Workflows

- Why SIL and HIL? v
— Ensure safety in real flights LAB E)‘Po

— Test ﬂlght behavior in simulation Automating Drone Analysis Using
Simulation with MATLAB and Simscape

Maria E. Gavilan, Steve Miller,
MathWorks MathWorks

(‘fd @

<) MathWorks

- Why MATLAB & Simulink?
— Integrate with external autopilots
— Generate C/C++ code for onboard computers
— Scenario simulation with MATLAB and Unreal Engine

Relevant MATLAB EXPO Workshop
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UAV Toolbox

UAV Algorithms for
Planning and Control

100
50
X [meters]

Connectivity and Deployment with
MAVLink and PX4

Scenario Design & Low-Fidelity
Sensor Simulation

Unreal Engine Co-Simulation with
Sensor Models
. o
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Flight Telemetry Data Analysis
Flight Log Analyzer App

Wap View
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Resources

Product Page
— www.mathworks.com/products/uav.html

= Product Overview Video
— https://Iwww.mathworks.com/videos/what-is-uav-toolbox-1600154005892.html

=  UAV Toolbox Support Package for PX4 Autopilots
— https://www.mathworks.com/help/supportpka/px4/index.html?s tid=CRUX topnav

=  Documentation
— www.mathworks.com/help/uav/

=  Examples
— www.mathworks.com/help/uav/examples.html
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