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SIMULATION MODELING FORMAT
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Read actuator output 01
CtriSurfaceCommands | === Control surface

Rotor parameter #»{ Rotor

MAVLink bridge source .
Reads MAVLink f the PX4 on serial and parses the Split actuator command VTOL Plant Combine mavlink stream
MAVLInk data stream as array.

Read actuator output
Parses the MAVLInk data steam array as actuator output.

Split actuator command
Spiits the actuator datastream output into motor RPM and tilt commands, and control
surface commands. Copyright 2024 The MathWorks, Inc

VTOL Plant

The VTOL plant Y contains the UAV model and sensor dynamics. The
subsystem outputs UAV's estimated states, heartbeat. GPS, and rotor parameters. The
subsystem serializes the outputs to MAVLInk messages using MAVLink Serializer

Combine mavlink stream
Combines maviink messages into a vector
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Reads MAVLInk data and sends it to PX4 hardware via serial connection
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v [E 13 #14 Payload Capabilities
B 131 #17 Carrying Capacity
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E 1.3.4 #24 Pyload Protection
E 1.4 #15 Construction

Details
¥ Properties
Type: Functional hd
Index: 1.31

Custom ID: [#17
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Description Rationale
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Aircraft shall be able to carry up to 2.2 Kg of payload

Author, manage, and link requirements
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Physical Modeling

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

Simscape
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Vehicle Dynamics

Model aerodynamics, propulsion, and motion of aircraft and spacecraft
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Guidance Model Link
Reduced-order model for UAV

UAV Toolbox


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
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Mars Helicopter System-Level Design
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Compute the aerodynamic forces and moments generated by one or more rotors.
Aerospace Blockset / Propulsion
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Aerospace Blockset™ & R4l
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I Pl ] Simulink Control Design™

\----------

MATLAB EXPO

R2022a

#3 uavPIDAutoty fer/Angular Velocity Loog Bl Block Paremet o5 PID Akt
SIMULATION DEBUG MODELING FORMAT APPS ClosedLoopOnlinePIDTuner (mask) (link)
@ W:A X1, Trace Signal = 2 R Pause Time| Automatically tune PID gains based on plant frequency responses estimated from closed-loop experiment. Use "Help" button for
—> Comment Out %] %8 34| ©, Add Bre ‘ more information regarding general tuning workflow.
Performance | Diagnostics Information
Advisor ¥ - Overlays v  Output Values 09 [ ~ B Breakpoints List | ¥ Block Diagram
PERFORMANCE DIAGNOSTICS TOOLS BREAKPOINTS
AT EMESIEFINES) PID 3% | -
N e
’l-' _§ uavPIDAutotuning Angular Velocity Loop Autotuning % Reference PID d Bisedingg 64 Plant
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*& & Type: |PIDF v | Form: |Parallel -
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Time Domain Discrete Time Settings
Controller sample time (sec) |UAVSampleTime
@ discrete-time i ) ] P
Tuning sample time (sec) 0.2 [ Tune at different sample time
O continuous-time
Integrator method |Forward Euler v | Filter method |Forward Euler ~
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https://www.mathworks.com/help/releases/R2022a/uav/ug/pid-autotuning-for-uav-quadcopter.html
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RATHE

VALIDACION DE LA PLANTA tecnalia Jy zzz:

* Dos modelos:
Modelo de planta con ecuaciones dinamicas (ED)
Modelo Simscape Multibody (MEC)
* Una misma orden de trayectoria comandada en ambos modelos
» Misma estrategia de control y mismas ganancias en ambos modelos
+ Se compara respuesta de motores y error de seguimiento

CICISERT:

Simscape |

1
|

ET 1 8

B
‘” TA

WE CAN ‘ :
DO SO Error de Estrategia :
MUCH trayectoria de control Al
TOGETHER 3
TECNALIA ELECTRIC AIRCRAFT ‘
MODELO DE PLANTA EN SIMULINK tecnalia J sz
VUELO CONTROLADO DE AERONAVE DE PROPULSION ELECTRICA DISTRIBUIDA GENERACION ERROR ESTRATEGIA DINAMICA INTEGRACION
TRAYECTORIAS e=xd-xc CONTROL E.D. ACELERACIONES
prosentacion: David Cula xd(t) PID ddx(t)/dt=f(U) xc(t)= Jf ddx dt
g permeecl 1 l U=fle l
tecnalia J = B | E = -
Bz s ez i

f xc(t)

CALCULOS

GEOMETRICOS

PR R T AWLED 30 KT B 3
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B
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https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/images/events/matlabexpo/es/2019/bilbao-control-strategy-electric-propulsion_tecnalia.pdf
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tau_Thrust tau_Thrust
Valocity | Current Velocity
tau_Yaw tau_yaw
I
tau_Pach tau_Pitch
Ang Rate Ang Rate
tau_Roll tau_Roil
xyz¥aw Position & Yaw Desired Position Desired Position
Position & Rate Controller Mixer & Send to Actuator
Navigation
Copyright 2021-2022 The MathWorks, Inc.
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VTOL Tiltrotor Model
Visualization
HoverSP HoverC: I
Aircraft States ¢
Actuator UAVState
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e o === CtrMode & ’
UAVState Giobal Mission === Giobal Mission % “ o s Visuakization P =
Ground Control Station Guidance Test Bench

File Edit View Insert Tools Desktop Window Help
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Digital Twir

Ground Truth
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Copyright 2023 The MathWorks, Inc.
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AEEFEMEEERINT B2 ML e EN

%Automate reference tracking optimization for cascaded loop.
automatedHoverControlTuning;

%% Roll rate

MATLAB EXPO

if TunePrRr

io(1) = linio([mdl '/Autopilot/Multicopter Controller/Attitude Control/Roll Rate
i0(2) = linio([mdl '/Autopilot/Multicopter Controller/Attitude Control/Demux2'],
rollRateSys=linearize(mdl,io,options);

[C,~]=pidtune(rollRateSys, 'PDF',50,ctrloptions);

P _ROLL RATE=C.Kp;

D ROLL_RATE=C.Kd; o e
if C.Tf<eps

C.Tf = 0.01;

end
N_ROLL_RATE=1/C.TF;
end

%% Pitch rate
if TunePrRr
io(1) = linio([mdl '/Autopilot/Multicopter Controller/Attitude Control/Pitch Rat

p—

=

i0(2) = linio{[mdl '/Autopilot/Multicopter Controller/Attitude Control/Demux2'],
pitchRateSys=linearize(mdl,io,options);

[C,~]=pidtune(pitchRateSys, "PDF',50,ctrloptions);
P_PITCH RATE=C.Kp;
D _PITCH RATE=C.Kd;
if C.Tf<eps
C.Tf = 0.01;
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Object Tracking algorithm for
UAVS

DEVSHREE KUMAR,(SCIENTIST,MAV
UNIT,NAL,BENGULURU)

SUVARNA AGARWAL (M.TECH STUDENT)

Computer vision capabilities
for situational awareness
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MILITARY AIR & INFORMATION

BAE SYSTEMS

The Use Of MathWorks Tools in the
Unmanned Air Systems Design Process

Alexander McCuish — Flight Control Specialist

6" Nov 2012

i K =0r
AEEY

BAE SYSTEMS

Examples of Use

« Electromechanical Actuation Modelling

» Environmental Control System Modelling

» Image Analysis — Object Detection and Recognition
« Flight Data Plotting

+ Air Vehicle Concept Analysis

BAE SYSTEMS

MATLAB / Simulink - Pattern of Adoption

Generally the adoption of MathWorks’ products

follows a similar pattern;

* Initial use to support current process and
tools e.g. data transfer, data visualisation.

» Spreads to use in early stages of lifecycle to =
rapidly assess various options.

* Use extends across the lifecycle as
confidence and capability grows.

* Aided by
* Need to maintain commonality with other
disciplines. —

* Pool of recent graduates more familiar with
MATLAB/Simulink than Fortran.

* Resisted by
+ Inertia of legacy (qualified) toolsets.
* Investment to make the change,
* Appropriate time to make the change.

BAE Systems (Operations) 2012 BAE Systems Proprietary

—-—-3

Model Based Development
Lifecycle

‘a S | e

—[ —‘i_~

Mode! Based Development l = —
Lifecycle e
4
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B EF AR

B RAR B
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NASA Langley Develops a Process to Quickly Deploy
Custom Control Laws to Multirotor Aircraft

Project Goal
Develop a process to quickly deploy custom control laws to a multirotor aircraft, then publish the
methodology to accelerate innovation in the advanced air mobility market.

Components
Simulink for developing custom control laws, with UAV Toolbox, Embedded Coder, PX4 Hardware
Support Package for automatically generating deployable code for the custom control laws.

Solution
Modeled the plant in MATLAB/Simulink and ran hardware-in-the-loop simulations on a test bench.
Deployed a custom flight controller to Cube Orange and Cube Blue flight computers running PX4
firmware. Investigated implementation of geofencing and return-to-launch behaviors along with a
custom mixer to support the development of a subscale eVTOL aircraft. Injected programmed test
inputs into the motor commands to help collect data for plant model identification. Tested and refined
multiple control architectures at indoor and outdoor NASA flight-test facilities.

-

\_

Market accelerator

Plans to publish methods used and
provide publicly available data to
accelerate the emerging advanced air
mobility market.

~

“This solution made it easy to take a simulation-developed control
law and implement it onto a flight vehicle. In the past, hardware
integration was notoriously difficult. Now we can deploy and test a
new flight controller in minutes.”

G. D. Asper, B. M.

Simmons, R. M. Axten, and K. A. Ackerman

NASA Langley Research Center

PR BN 1

PR
..
o

Deployed To Autopilot

Credit: NASA Langley Research Center

-

_J

¥» Learn more about NASA’

Testing completeness

Tested a multirotor aircraft in free flight
with multiple control architectures and
programmed test input injection.

N

/ \_

s VTOL Aircraft Testing Framework

Time savings )

New methodology reduced the time it
takes to integrate and flight-test a new
controller from weeks to minutes.



https://www.mathworks.com/company/newsletters/articles/aiming-parker-solar-probe-at-the-sun-with-simulink-gnc-software.html
https://ntrs.nasa.gov/api/citations/20220011570/downloads/NASA-TM-20220011570.pdf
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https://www.mathworks.com/content/dam/mathworks/mathworks-dot-com/solutions/aerospace-defense/do-178/mathworks_do178c_autocoding_workflow_poster_jan18.pdf
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Korean Air Speeds UAV Flight Control Software Development and

Verification with Model-Based Design

Challenge
Develop and verify flight control software for
unmanned aerial vehicles

Solution

Use Model-Based Design to design and simulate
flight control laws and operational logic, generate and
verify production code, and conduct HIL tests

Results
= 100% of run-time errors in handwritten code

identified and eliminated
* Development effort reduced by 60%
= Costly flight tests minimized

Link to user story

A Korean Alr unmanned aerial vehicle.

“The mode! reyse and efficiency improvements enabled by
MATLAE and Simulink save fime and lower costs. We estimate a
time savings of more than 50% /s achievable with Model-Based
Dezign compared with hand-coding, and the advantages of
Model-Based Design increase with the complexity of the
project.”

- Jungho Moon, Korean Air

3l

M

Plans Test Cases Requirements
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