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Agenda

Applications of Modelica/OpenModelica for:

1. Software-In-The-Loop (SITL) and Hardware-In-The-Loop
(HITL) framework for UAV operation and control

1. Digital Twin for self-balancing robot
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1. Software-In-The-Loop (SITL)
and
Hardware-In-The-Loop (HITL)
Framework for
UAV Operation and Control



Objective

1. To allow for rapid deployment of UAVs in industrial environments
by observing simulated flight control behaviour with varying
payloads.

2. Facilitated by creating dynamic UAV models for Hardware-In-
Loop simulations for different applications allowing:

a.
b.

Flight controller evaluation
Controller tuning

3. A Modelica Based Simulator will allow for:

a.

-0 o000

Enabling “Flight Controller - Ground Control Station - MAVLink Server -
Modelica” communication

Building custom UAV configurations (fixed wing/n-frame multicopters)
Simulating faults, disturbance and noise in the controller and environment
Include additional operational requirements (e.g. gimbal)

Tune flight controllers

Developing custom flight controllers
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UAV Model - OpenModelica

Key components considered to develop UAV model:

1. Mass Moment of Inertia
2. Configuration o
3. Thrust coefficient :
4. Torque coefficient Motord V¥ Motors
5. Throttle - Motor relation i'; b
6. Gyroscopic forces o,
7. External forces
8. State equations
a. Angular velocity
b. Euler angles
Position
. Velocity

a o
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UAV Model - OpenModelica Libraries (Built in-house)

E;I UAVSimulator UAVSimulator :

——" ] UsersGuide Modelica/OpenModelica

—E‘;|Examples th.)rary Contalr.nng UAV
& Flight Dynamics Models,
—LJsm Sensor Models and Flight
—Hm Controller Models built

—E)jComponems using PID t_)Iocks from
S Modelica Library .
_EI FlightDynamics I | InterProcessCommunication
—D FlightController _h info

—E‘):| SensorModels —E;| Examples
—E linToGPS —t] InterProcessExamples
— JaltToBaro InterProcess- "] CombinedExamples
] magenotoData Communication L|braw: _E;I SharedMemory

. SharedMemory and Serial &
—{JeulerToQuaternion communication between "] SharedMemoryRead
Functions OpenModelica and other "] SharedMemoryWwrite
rotMatrix software/hardware
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Sensor Model Development

State variables calculated using mathematical models is converted
to sensor data to mimic their behaviour. The sensors are:

1. GPS - Latitude and Longitude conversion from Cartesian
coordinates

2. Gyro sensor - Angular rates in BodyFrame
3. Accelerometer - Linear acceleration

4. Magnetometer - Magnetic field vector calculation based on the
orientation

5. Barometer - Pressure at given altitude

6. Battery life - Remaining battery life based on power consumption
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Software-In-The-Loop Simulation in OpenModelica

Referance Path Dataset
Values (x,y,z,yaw)
l Time Series
Sensor || Gomd | ,
Models ] . ;
! Station ; Path
: : Controller
UAV Model Noise E § , ,
Generator ; Attitude Setpoints
. Attitude
Glats Hats Controller
I
Attitude Corrections
4
Motor
Motor Motor ! Control
Input~ |  Model l GOmGARd Mixer
Signals
Simulator in OpenModelica : Controller in OpenModelica
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Software-In-The-Loop Demo
(UAVSimuIator - GroundControIStation)

QGroundControl v3.3.0
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Results - Altitude Control
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Hardware-In-The-Loop Simulation in OpenModelica

UAV Model

Sensor

Motor

Models

f

Noise
Generator

Motor

Input- |  Model

Simulator in OpenModelica

Shared Memory

Sensor Data/

(MI IPC Library) [¢

Actuatqr Signal Flight
via i Controller
MAVLink Serial :
________ Hardware
MAVLink
> Hardware-Software
Linker

Sensor Data/
Actuator Signal Groung
A — rolgna___, Control
va Station
MAVLink UDP
Hardware
UAV

Movie demo
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2. Digital Twin for Self-Balancing Robot



Introduction

1. Walking robot - Lego Mindstorms based bot

2. Two driving wheels for position control andl- g

fast motion - operated synchronously

3. Gyro sensor for rate and angle of bot
inclination (der(y), )

4. Electric actuators (motors) have angular
position sensors (encoders) to measure
angular position (6) of the wheels and spee

5. Angle of inclination for the ramp is ()

Tty

6. Under-actuated system

13

Ll | 4
Mop’ELi’cA _AodeliCon



Architecture

Physical System Digital Twin in OpenModelica

Brick/
Controller

MotorParameters
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Inspiration from Segway Modelica Model
(Example made by Wolfram for System Modeler)

1. Based on multibody library

for the bot components.

2. 3D Forces and voltages are

supplied as inputs

3. Maneuvers the bot on a
flat surface.

Reference: http://www.wolfram.com/system-

4 =~ LegoSegway
4 [+=| Components

Body

:_ Brick

] Gyro

& Infrared

n LegoSegwayModel

'.r, Motor

§ soanetirie

. SmallRightTire
n LegoSegwayModel

- LegoSegwayModelwithoutContr

n LQControl

modeler/examples/mechanical-engineering/inverted-pendulum-

control.html#alert-1
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Segway Modelica Model
(Made Using OpenModelica)

1. Based on Lagrangian

equations: ’ﬁ w
a. Energy Conservation (Kinetic
and Potential Energy) ‘.| %_’ j

2. Captures the pitching and
.l l g Libraries
! IIJ 3 EI OpenModelica

wheel forces
3. Maneuvers the bot on an 9 @ ModeicaReference

InCIlned su rface 3 [:J ModelicaServices
. . . . e
2 @ Modelica
NotorParameters 3 [E MI_DigitalTwins
tmm. -
£ » Brick

[E] bot_parameters

'?' Example

:1 sensormodel

ﬁ J;' MotorParameters

é nXTcontroller
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Lagrangian Model - Free Body Diagram

Leosy+¢ ) v

QA )V*i

Lv
£#0

KE; (translational) + KEg(rotational) = PE (potential) + L (Lagrangian)
The force equations are as follows :
. der(g—g) - g—g = F, (Force on wheel)

. der(:—;) - Z—g = F, (Force on pitching)
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Simulation Results (with respect to Distance)

BENBaodho Bobihonso
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Simulation Results (with respect to Time)
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Inclination and Time Characteristics

time
7
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Workshop with Participants on Digital Twin

Objective: To find the optimum velocity and acceleration
limits for quickest travel without falling, by trying and testing

Task: To simulate the model at varying conditions
understanding the relationship between:

o Velocity
o Acceleration
o Inclination of the track
Given: Mathematical model (Digital Twin) of the bot

Speed E

R — o = = Acceleration ;‘!1,
Soend g o P o e
7
Acceleration Al A2 A3 A4

0
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Workshop on Digital Twin

R ——
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Conclusions

1. Leveraged Modelica/OpenModelica’s modelling
capabilities and external interfacing capabilities for
real time modelling and simulation of systems

2. Demonstrated inter-process communication using
serial and shared memory

3. Demonstrated versatile UAV and Self-Balancing
Robot models

23
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Operator Training Simulators (OTS)

1.

Computer-based training system that uses dynamic simulation models
of industrial processes.

®ao0co

f.

2. Integrated with emulator of the process plant control system.

3. Elements of an OTS include
a.

Dynamic simulation software
Process model

Instructor interface

Control system integration software
Control system

Replica of operator station

4. An OTS provides a number of scenarios tailor-made to the plant operation.
Some examples include:
a. Runaway reaction
b. Equipment fouling
c. Electrical failures
5. Operator gains experience in dealing with unexpected situations arising in plant
and hence gains confidence.
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OTS Architecture with Modelica

Software Architecture

Network

Instructor
Station
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