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Modelovanie, simulacie atestovanie
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ModelBased Design pre UAV aplikacie
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A Tvorba a organizacia
T tvorba novych priamo v prostredi
T formatovany text, atributy
A Integracia z inych nastrojov
T Word, Excel, ReqglF
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ModelovaniedynamikyUAV
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Physical Modeling

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

Model aerodynamics, propulsion, and motion of aircraft and spacecraft

Guidance Model
Reduced-order model for UAV

Simscape Multibody, AerospaceBlockset, UAV Toolbox
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Model dronu v Simscape
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File Exchange e - Q

Quadcopter Drone Model in Simscape (22)
7.7K Downloads @

version 21.2.1.3 (2.89 MB) by Steve Miller Updated 01 Dec 2021
Quadcopter with multibody, electrical and thermal models follows a path to deliver a package. From G.itH”b
https://github.com/mathworks/Quadcopter-Drone-Model-Simscape .V|eu.v Version H|.story
View license on GitHub
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Figure 3: h2_quadcopter_package_delivery_wind_test - % Figure 2: h1_quadcopter_package delivery wind_test
File Edit View Insert Tools File Edit View Insert Tools
NEdS 0ERE Daas 0EnsE VVindy Scope - X
ASM@ QS T i : i :
28 Battery SOC A0 ~ File Tools View Simulation
j" Wind Parameter Sweep Results (Package Mass) ~ ZI o B ] [-] T E
226 < & 2 ) IR NO N =K/ EEU!F[@
5
22.4 1 ]
1 4
22.2 : 3
£
£ 2 o | N2
x % SOC
8 218 1 1
? I
4]
21.6
1 a
1 2
21.4 1 -
21.2 N ) .
Y (m) 6 4 2 0 2 4 6
21 - - X (m)
0 50 00 150 200 250

R e .

Environment

P m omd ™ cmd

Raf ®
Ready Sample based T=200.000
Scope
CQuadcopter

Reference  paneuver Controller




15

£ HUMUSOFT’

Modelovanie dynamiky s Aerospace Blockset
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Aproximacia spravania UAV pomocou UAV Toolboxu
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A Rychla simulacia UAV (fixedving, multirotor) T UAV Guidance Model

Block Parameters: Guidance Model X
Guidance Model (mask) (link) =
Reduced-order model for a closed-loop system including UAV dynamics and autopilot. The maodel approximates the behavior of a closed-loop
) Control system consisting of an autopilot controller and a kinematic UAV model for 3D motion. This guidance model is designed for small multirotor
and fixed-wing UAVSs.
The block accepts control and environment inputs (bus signals) and outputs the UAV state (bus signal).
State > Use the Model Type drop-down to switch between fixed-wing and multirotor based on the type of UAV you are trying to model. Use the Data
Type combo box to change the data type used by the numeric values within the input and output bus signals. Supported data types are
. 'double’ and 'single'.
N Environment
Use the Initial State tab to configure the UAV's initial state according to the selected UAV model. Use the Configuration tab to configure the
UAV's autopilot control gains. Use the Input/Output Bus Names tab to configure the bus signal names used by the block.
Parameters
Multirotor Guidance Model Model Type: MultirotorGuidance -
Data Type: | double - . - >>
Simulate using: |Interpreted execution SpGley n Itlal state and deflne '
Initial State  Configuration  Input/Output Bus Names ContrOI and phySICal parameters
Y Control
Parameter /alue 2
PD Roll [3402.97,116.67]
State > PD Pitch [3402.97, 116.67]
P YawRate 1950
. P Thrust 3900
Y Environment Mase o .
Cancel Help  Apply
Fixed-Wing Guidance Model
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Integrované simulacie s modelmi senzorov
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UAVScenarioDesigner
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New Open Save | Import Scenario = Import Terrain Cylinder Quadrotor GPS Default Layout | Run Export Scenario
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¥ Property Panel o UAVScenarioCanvas v UAVScenarioView o
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§ 0 O
Elevation Control [Snap To Ground Elevation] = )
-500 g 1
» Geometry
~ Body Properties -1000 1
Y 74
Position(m) - 1 ppes 1M cnoses I % e o 0 1o o
= X East (m)
v Scene Browser o Ess r : : . ;
o o
g% 0—0
~ Platforms - = 51 1 \ : \ ' 1 : ; :
<
Platform 0 10 20 30 40 50 60 70 80 90
Time (s)
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CustomObject
CustomObject1 Time X W4 v 4 Course Grout
CustomObject2 1 0  -583.0000 -133.0000 -52.0500 42.9300 =
CustomObject3 2 18.4260, -262.0000 16.0000 -52.0500 -11.5900
CustomObiject4 3 259700, -137.0000, -63.0000 -52.0500  -51.3600 ¥ A
CustomObject5 4 36.5420| -27.0000| -243.0000| -52.0500  -48.5400 ;
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Tvorba 3D scén pre simulacie UAV
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Navrh 3D scén na simulaciu atestovanie autondmnych algoritmov

RoadRunner RoadRunnerAsset Library, UAV Toolbox Interface for Unreal Engine Proje:
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Kosimulacias Gazebom

Gazebo
IsNew [» Gazebo
Custom —» } —» Custom
Support | Msg Y msg " support
| 5 Kubunt Gazebo 7 - Vhiare workststion 12 Flager (Mon-commarcial use only) Msg > Gazebo P
Sl BB LBB A AR, Imy_topic ApplyLinkWrench
o e 4L
Subscribe to custom Create blank Gazebo Publish custom messages
messages from Gazebo command to Gazebo Server
Server
L'-.‘-az‘ebo - Ga%ebg o
— - ) Cmd crmd
" - . Gazebo
¥ Imy_tapic ™ L modeltfointtr oM Apply Link Wrench
Receive messages from Select a Gazebo entity Send command to Gazebo
Gazebo server
Configure Gazebo Co-Simulation
Gazlebo
@ Status N
¥
Gazebo Pacer
Set synchronized stepping between Gazebo and Simulink
Testovanie algoritmov v prostredi s podporou ROS
ROSToolbox
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Tvorba algoritmov autonémnych systémov
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Lidar Toolbox, NavigationToolbox Computer Vision Toolbox Deep LearningToolbox
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Tvorba algoritmov autondmnych systémov
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Image & Video Labeling : Point Could Processing

Obstacles
Bounding box detections
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Tvorba algoritmov autondmnych systémov
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Planning &
Decision
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Tvorba algoritmov autondmnych systémov
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EmergencyMode.

HoverAndDetect

{HoverMode

en:

position = pose(1:3);
ns = 0;

du:

LAP = position;

[t

/TandDetection

lisMapDone]

[~isDetected]
L

en,du:
curPosnNED = position(1:3);
initPosnNED = poselnit(1:3);

U =
—curPosnNED(3)];
U=

D(1); .

i D(2);

-initPosnNED(3)];

positionDiff = curPosnENU - initPosnENU;

[isDetected,LandingPos,isSuitable] = ...
safeLand(pcMap, positionDiff);

LandingPos = pcToWord(LandingPos, .
poselnit);

(1) ..

N [%after(20,sec)
isDetected]
{height = pose(3);}

7.

&

J

TandMode
endu:

LAP = [LandingPos(1:2) height]’

uavDistXY = dist(LAP(1:2),pose(1:2));

[uavDistXY < 1]

LandZone
LAP = [LandingPos(1:2) O]';
StopSIM(LAP(3), pose(3));

IMULATION
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MATLAB Function

y = dist(a, b) StopSim(LAP,

Simulink Function

Simulink Function
[isDetected landPos isSuitable] = safeLand(a,b)

MATLAB Function

ptWorld = pcToWorld(bestLandLoc,pos)

Nadradena rozhodovacia logika pre
HIJAGUT Uij WGI Rt q

@ X1, Trace Signal [ *1 R | Pause Time| Automatically tune PID gains based on plant frequency resp: i from closed-loop exp . Use "Help" button for
e — it ﬂ y 4| €, Add rea more information regarding general tuning workflow.
Advisor v - Overlays ~  Output Values 0 G ~ 3 Breakpoints List | ¥ Block Diagram
PERFORMANCE DIAGNOSTICS TOOLS BREAKPOINTS |
Tools J l
2 uavPIDAutotuning Angular Velocity Loop Autotuning X Reference PID d
& - — Closed-Loop
‘S ® |« EMultimtcr (MultirotorModel) » [Pa] inner Loop and Plant Model » [Pa] High-Fi{ H4 PID Autotuner
g » pid g
HIE
@ Parameters Pitch rate and roll rate loop settings
oy
= Tuning ~ Experiment  Block
o, totn
=) Controller
& Type: |PIDF v | Form: |Parallel .
O ) " "
Time Domain Discrete Time Settings
Controller sample time (sec) ‘ UAVSampleTime
pose) @ discrete-time
Tuning sample time (sec) 0.2 [ Tune at different sample time
O continuous-i
Integrator method | Forward Euler v | Filter method |Forward Euler v
Tuning Goals
B ’
Target (rad/sec) ‘angRateConﬂolTuning.wc |‘E [ use external source
Target phase margin (degrees) !angRateContm!Tuning.pm | [ use external source
@ [ output estimated phase margin achieved by tuned controller
#s ]
» (= (s
OK Cancel Help Apply
Readx = S
Aut tické ladeni ' ych PID
|é dj R reg latoro
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Tvorba algoritmov autondmnych systémov
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Sledovanie trajektorie s nelinearnym Generovanietrajektorii pomocou metody
prediktivnymriadenim (MPC) Reinforcement Learning

Model Predictive Control Toolbox, Reinforcement Learning Toolbc
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Automatické generovanie kédu pre hardverovu implementaciu
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