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1. Ideas and Goals of RflySim Platform
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1.1 Goals

RflySim (Reliable Flight Simulator): A Unified Development,
Test and Assessment Platform for Unmanned Control

Systems with High Credibility
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1.2 Unified Framework
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All unmanned vehicle systems have

:]1 D~ similar structure, which can be
g’*f :éound‘{-l- described by a unified framework.

Bio-inspired Helicopter

Vehicle Body Environment
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1.3 Mode-based Design

Experiment Tests Simulations
« Qutdoor * Indoor
» Flight place, test engineers, time, ! « Only Computers
mongey... « Simulate any faults with proper

« Most faults are hard to reappear
In experiments

« Test after the completion of
system development

modeling technologies

« Test during the development
stage

» Require the modeling

* The test results are more technigues

accurate and trustworthy

Key problem: How to make people (users, developers, authorities) believe
the simulation results can be as reliable as experimental results
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(b) Hardware-in- the loop (HIL) Slmulatlon
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Airsim (Unreal Engine 4) by
Microsoft in 2018

FlightGogles (Unreal Engine 4) by
Google in 2019

RflySim Education Platform
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(c) FPGA-based HIL Simulation

RflySim Commercial Platform

Test real autopilot hardware without
accessing or modifying source code

(black box test).
A standard safety assessment platform
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From motion state simulation to sensor data to sensor chip signals
From algorithm tests to the whole system test (hardware, RTOS, drivers, control, vision, Al)
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Modular programming & auto code

generation
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Speed

Thrust
£y Lift

Vehicle Simulation States

. . . . . K Test Cases | Vehicle Parameters | 3D Vision
Credible Real-time Credible Simulation Credible
Hardware Platform Software Mathematical QEEEETmE U0 K8 erormnce

Computer Workstation PC

Model

. . IL Vehicle Model M
How to ensure simulation credibility: iveal Exgine
Sensor Model B
rF : Ground Station

1. The simulation platform should be credible

2 Pixhawk® Sl Fault Injection Safety
5 Autopilot G
» Hardware aspect: performance & structure close to real system s _— Fuiaba” Radio
S avice ontrol
o ggnals Control System el Control Commands
»  Software aspect: standard development & verification

Controller States

Sensors Blocked

Sensor Signals

2. The Mathematical Model should be credible. System identification
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Real Plant | Experimental
System & Results
Sensors

Comparison
& Assessment »| Reports
HIL ‘
Simulation Simulation
Platform Results

= After the platform credibility is satisfied, by using hardware-in-the-loop simulation methods, we
can input the same signals to simulation and real systems to compare and assess their results



Sweeping Frequency for Model Accuracy
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E 005l Zero-output Real Outdoor Flight Test | |
(<5} . - . . .
= — — — High-precision Simulation
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Propose quantitative assessment method by comparing
simulation and experimental flight results.

[1] Xunhua Dai, Chenxu Ke, Quan Quan, and Kai-Yuan Cai. Simulation credibility assessment methodology with FPGA-based

hardware-in-the-loop platform. IEEE Transactions on Industrial Electronics. Published Online, 2020.03. DOI: 10.1109/T1E.2020.2982122.
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RflySim: 0. Unified Testing Platform for the Control Systems of |
Unmanned Vehicles with FPGA-based HIL Simulation

g Watch this video by clicking the following links:
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https://v.youku.com/v_show/id_XNDU4MjE2ODA4MA==.html
https://youtu.be/GIb7JcGcXig
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2. Single Vehicle Control and Test Framework
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MATLAB/Simulink Environment

C;) < FlightGear
- < 2 _ e ...
2.1 Experimental Process == Sy | L. pry
= CG 75 —— — e N
. . ] E Cé)_ Controller Design o Multicopter Model WMI;I};htGearSD
RflySim Education Platform: S 8

. i Simulator
-----ﬁ}%%%%%%%---iﬁ%ﬁ%r--------

HOW to quickly design ContrOI ‘ ) I Real-time HIL Simulation platform

algorithm with requirements and ds oty N

apply It to a real VEhICIe SyStem . CTJ C_é : Radio Autopilot Sgr;gr CopterSim + 3DDisplay

1. Design controller in Simulink ;g Zl) Gmﬁiéﬁﬁpnm System | —

2. Quickly realize controller to real UAV T C mmme—- m@f;ﬁ“&&?ﬁfag-----’-------
an Airframe W= ‘\ D) :_/n

through SIL, code generation, HIL,
Indoor, outdoor.

3. Greatly lower the threshold for
learning and developing UAV control
algorithms

-~

Flight Tests
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2.2 How to download RflySim and how to install

Visit our website to download Basic free version to test
the basic functions.
If you want advanced functions, you can contact to buy
advanced versions. All RflySim versions support one-key installation.
> This PC > DVD Drive (F:) RflySimBasicvV2 > v O £ Search DVD Drive ... —u
P
- cp ) . o . E——— Step1: run the scrlﬁt
Here is the installation package, you can run the I T PR BT e
script in MATLAB to install it el - cic.



https://rflysim.com/
mailto:rflysim@163.com

« Local Disk.. » PX4PSP >

2.3 Basic functions

v | O O Search PX4PSP
i > RflyTools v | D L Search RflyTools
- # ’“
3DDisplay CopterSim drivers eclipse examples F
)
X < 3DDisplay CopterSim eclipse FlightGear-F450 HITLRun
Firmware FlightGear Python38 QGroundControl RflySim3D
2016.1.2 /. A
N Ol < N
//’.I
RflySimAPIs GenerateShortcut ubuntu.ico Python38Env QGroundControl RflySim3D SITLRun Win10WS5SL
CMD.bat
Installation folder Shortcuts on Desktop
L - /= e
=~ 1tiA EHIT R A
> Al CITERIM R 17
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=
3. Software/Hardware-in-the- | — 4
I
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4. Indoor/Outdoor Flight Indoor and outdoor flight tests N~ ______
Tests and Assessment
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A
|



RflySim: 1. Platform introduction & How to use hardware-in-the-loop
simulation for one vehicle

Watch this video by clicking the following links:
Youku:
YouTube:

File Home Share View Shortcut Tools Application Tools

4 > RflyTools

Q Search RflyTools
7 Quick access l ," é F
7] T v

% OneDrive 3DDisplay CopterSim eclipse FlightGear- HITLRun
F450
<@ This PC

¥ Network @ @

QGroundCo RflySim3D SITLRun Win10WSL
ntrol

10items 1item selected 780 bytes

Click Desktop shortcut to Open RflySim3D

9:16 PM
E
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https://v.youku.com/v_show/id_XNDcwNjA4MjEwNA==.html
https://youtu.be/3ytbk63Og5k

CopterSim — O be QGroundControl - ] X
LR/ ® [o
L '
wlie Frame Type Total Weight Diagonal Size Altitude (@ Erand Model ﬁ e, g 5]‘.: % Ko “ “J) e il D Disarmed ~ nual -
.:n-. ~ 1.5 | b3 ‘450 ‘ |50 | (O Custon Desisn = = jt q#%ﬁﬁﬂm gﬁ :
Hexacopter . 4 nm n 8 BUAA Reliable Flight Control Group Vehicle Setup + l
Tricopter
Coax—Hexacopter s
N deopt Model: JLULE )
o 2312 K980 - Blade Generic Hexarotor + geometry
Firmware
Hexarotor x Octo Coax Wide
Prepeller Brand: Model :
- K., ESC Erand: Model: Radio
N = Hobbywing . ZRotor Z0A v
Flight Modes
jy Battery Brand: Model:
ACE a2 LiFe 35-11.1Y-25C-5500nih b
e Steadidrone MAVRIK -
azsenbled UAV Database: ~ Calculate Nodel Parameter Add to Database Delete frem Database ;
Octorotor x Plane A-Tail
Vehicle ID: UDF Fort: Use DLL Model: Simulation Mode: 3D Scene Selection: Link Vehicle Initial Pos: Yaw Angle: Safety
20100 v | |Pz4 sITL RFLY v |crasslands - 0 x:o [ velo ] vaw: [0 .
UDF Mode Tuning
Select Pixzhawk Com: TDP_Full ~ Start Simulation Stop Simulation Festart Simulation
Parameters
] T 0 Z0 T
v 0 ¥y 0 vz o Generic 10" Octo coaxial geometry Generic Octocopter X geometry - Applied Aeronautics Albatross -
D (g =] oo Quadrotor + Quadrotor H

Change and apply model to hexacopter in CopterSim Select a hexacopter airframe and enable
HITL mode in QGroundControl
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RflySim: 2. How to simulate other types of multicopters
Watch this video by clicking the following links:
Youku:

YouTube:

v @ « Desktop > RflyTools

3 Quick access -
#& OneDrive B _' EF

<& This PC

3DDisplay CopterSim echpse FlightGear-F450 HITLRun
¥ Network . :

Python38Env QGroundControl RflySim3D SITLRun Win10WSL

10 items

Connect Pixhawk and open QGC



https://v.youku.com/v_show/id_XNDcwNjA4MDY2MA==.html
https://youtu.be/bryZXxaJE5M

| T4Y Databaze: bt Calculat

D: TDP Port: Uze DLL Model: Simulation Mode: 3D 5

| [zo100 | FX4_HITL v | |Visi
ﬂircraft]'u'[odelﬂo rl : UDF Mode

xhawlk Com: Legacy FMU CONM3 e UDP_Full

3. CopterSim select the aircraft DLL model

R —

i o TR TR R e—
2. Simulink build aircraft model to DLL file jelluable n.gm: 4. RfIySImBD auto select alrcraft S 3D model



QGroundControl

RflySim: 3. How to simulate other types of vehicles, for example fixed- | J
SR Hexarotor Coaxial Wing ai rC raft i ckor Comdei

S & Watch this video by clicking the following links:
"% Aiframe Youku:
Radi YouTube:

Vehicle Setup

Edont Mod Generic Hexarotor coaxial geometry - Generic Hexarotor x geometry v Steadidrone MAVRIK hd Generic Octocopter + geometry A Generic 10" Octo coaxial geometry hd ’
ig es

Octorotor x Plane A-Tail Quadrotor + Quadrotor H Quadrotor Wide
Power

’ Q=
Motors a ¢ ﬂ o
Safety
~— : —@
Tuning :
Generic Octocopter X geometry hd Applied Aeronautics Albatross - Generic 10" Quad + geometry - Reaper 500 Quad hd Team Blacksheep Discovery v

Camera

Quadrotor x Simulation (Copter) Simulation (Plane) Standard Plane Standard VTOL
Parameters

h

== —

HILStar (XPlane) - ’ ’ Standard Plane A ‘ l Generic Quadplane VTOL -

VTOL Duo Tailsitter VTOL Quad Tailsitter VTOL Tiltrotor

1a®

1211 AM
=

Al ! SR G E 5/30/2020


https://v.youku.com/v_show/id_XNDcwNjA4MTQxMg==.html
https://youtu.be/gt7lIUx7JRc

<> HITLRun

1. Connect several Pixhawks on computer

Manage Manage RflyTools [m] X

Share View Shortcut Tools Application Tools (7]

—~

‘:_ Qﬂ \9 % & ‘ A X ma B ® |[Amed v | [Retum ~ |
3 Quick access . = Ve W\k‘ 1

v | D
» "
8 , ad ‘ EF iy TS " 8.5 B Vehicle 2
o = ‘ —— Y = : ' :
Z Locatioff + R . Vehicle 3
% This PC Z e | A4
| |
¥
Return A
2 AN
/]

« v > ThisPC > Desktop > RflyTools £ Search RflyTools

-

OneDrive
; 2 . = Vehicle 4
3DDisplay CopterSim eclipse FlightGear-F450 HITLRun \

DT e

RflySim3D SITLRun Win10WSL

& Network

Vehicle 5
. |

Python38Env

QGroundControl

LAy &
wen 1en 2. ClICK the HITLRuUN script ~[5/BUAA Reliable]l§




RflySim: 4. How to use hardware-in-the-loop simulation for UAV swarm
Watch this video by clicking the following links:

Youku:
YouTube:

“ Home Share View Shortcut Tools Application Tools

« S > ThisPC > Desktop > RflyTools

s Quick access 3 )y R -
% OneDrive QO A F 2 i 3
gy, | Location: HITLRun (C:APX4PSP\RflySimAPIs)

< This PC P
3DDisplay CopterSim eclipse FlightGear-F450 HITLRun

BPE)IDT o

Python38Env QGroundControl RflySim3D SITLRun Win10WSL

u¥ Network

10 items 1 item selected 1.58 KB



https://v.youku.com/v_show/id_XNDcwNjA3OTQ0MA==.html
https://youtu.be/oZ_-yhEgebA

SITLRun
™~ - Manage Manage RflyTools = m} X
Home Share View Shortcut Tools Application Tools o
« v R > ThisPC > Desktop > RflyTools v O D Search RflyTools
R R TATYT
Please input UAV
Oy am o -
s Quick access : A :'_\;‘Fc‘il t QJI oundC L
o = F Kill all CopterS
/@& OneDrive —— O e 2 o /
h v Starting PI
= This PC % [1/1] Generatin
3DDisplay CopterSim eclipse FlightGear-F450 HITLRun -
W) Network
= DESKTOP-NQL, A
= RFLYSIM ? ! @
Python38Env QGroundControl RflySim3D SITLRun Win10WSL
10items  1item selected 1.58 KB = ‘7-

1. Click the SITLRun script 3. Auto start N PX4 SITL controllers on computer

QGroundControl = [m]

% PR | N XS @ Bo O [Ameds]

Fly -~

X

SITLRun ®

L3

- TATT A > Alt (Rel) (m)
input UAV swarm number:4 : 25
Vioh Ground gp(e)ed (m/s)

Flight Time
Land 00:01:00

Land the vehicle at the current position. " o

Slide to confirm

2. Input the vehicle number



RflySim: 5. How to quickly perform software-in-the-loop simulation
for one multicopter UAV

. Watch this video by clicking the following links:
. Youku:
YouTube:

& - ;f | —— :
Z& OneDrive =" J ___, =4

<& This PC

3DDisplay CopterSim eclipse FlightGear-F450 HITLRun

¥ Network

W DESKTOP-NQL / \
<@ RFLYSIM Q 4 3 @

Python38Env QGroundControl RflySim3D SITLRun Win10WSL

10 items

Click one-key script and input vehicle number 1

- 2:22 PM
= O B 9 O N W 7 dx NG g 000 L



https://v.youku.com/v_show/id_XNDcwNjA4MzUxNg==.html
https://youtu.be/QxNGOwANy-o

Start

o | o @

RflySim: 6. How to quickly perform software-in-the-loop (SIL)
simulation for UAV swarm

Watch this video by clicking the following links:

Youku:
YouTube:

& OneDrive

=8 This PC o
FlightGear-F450 HITLRun
¥ Network

3DDisplay
= DESKTOP-NQL /
= RFLYSIM P l @

Python38Env QGroundCon RflySim3D SITLRun Win10WSL

item selected 1.58 KB

one-key script and input vehicle number 4

w7 % ENG

227 PM
5/29/2020
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https://v.youku.com/v_show/id_XNDcwNjA4MzA0NA==.html
https://youtu.be/88dGpErxPJ8

Support to import all scenes in UE4 - RflySim3D

2.8 How to import your 3D scenes in RflySIm3D

will detect and import UE4 scene map files v e
Create a 3D Scene in 3Ds Max (or imported from ettt %—vl FE
AutoCAD, SketchUp by fbx file) = imported to P Node | ponert i gt A

UE4 - imported to RIfySim3D VPRl hborhoodherk ion s
Procedure: UE4 build and package project to files i T

—> copy the scene folder to RflySIm3D content SN “lv o

folder - Copy terrain files to CopterSim

Epic Games Unreal Engine Learn Marketplace Library Twinmotion

Friends ENGINE VERSIONS o

Unreal Engine

BUAA Reliable Flight Control Group




- 0J0 X

Gy Eoic cames 8l RflySim: 7. How to import your own 3D scene to the UE4-based n
RflySim3D program

= frene 3 \Watch this video by clicking the following links: P

AL  Unreal Engine Youku:

YouTube:

Lauricn | v

Installed Plugins

MY PROJECTS
Q
4,22 kA--4.22

RflySim3D StreetBocks
¥  Downloads
Q Settings VAULT

. Open unreal engine 4 from Eplc"GBamesJ.a_uncher
e- daxuhug “ Advanced Glass Material Pac W AdvanceanIIage Pack | Animation Starter Pack Brushify - Environment Shade
a O m & = @ ~wm oG ool O

5/30/2020


https://v.youku.com/v_show/id_XNDcwNjA4NjY2NA==.html
https://youtu.be/W9kKZpLZ04U







— RflySim: 8. How to use RflySim3D to simulate light show of UAV 3"
swarm flying at city night e
1 /f /im P
Watch this video by clicking the following links: sl
Youku: |
D @ ~ X

Ln21,Col 54 Spaces:4 UTF-8 HCRLF Python & [0
11:42 AM
A X
8 ® 7 dx ENG 5/16/2020 L

X  Python38.164-bit ®0A0 17KB



https://v.youku.com/v_show/id_XNDcwNjA4NjE1Ng==.html
https://youtu.be/Chpx1uwFVkU

2.9 How to import your vehicle’s 3D model to RflySim3D

) P ®EO EES BEV BIG) EAR KM EEH)

2 DroneyeeX680.xml X

® Su pport to Im port al I VEh | C|€/targ et/peop I e/ObStaCIe C: > PX4PSP > RflySimAPIs > UE4MapSceneAPI > VehicleModel > X680 > ™ DroneyeeX680.xml

<?xml version="1.0"?>

in UE4 - RflySim3D will detect and import UE4 BN loceosac/Classins

<DisplayOrder>d@/0isp1ay0rderg

model file and XML configuration file cane>Droneyeexsa0<Nane>

<Scale>

<X>1< /x>

Create a 3D model in 3Ds Max (or imported from pacly>

<z>1</z>

AutoCAD, SketchUp by fbx file) = imported to 1o | «/scales

<AngEulerDeg>

UE4 - imported to RIfySim3D I el

<pitch>@</pitch>

3 m
T s AR
2 Oropayas izl < 3

Epic Games Unreal Engine Learn Marketplace Library Twinmotion

&% Friends ENGINE VERSIONS )

AL  Unreal Engine X 4223
y |~

nstalled Plugin




3 DroneyeeX680.max - Autodesk 3ds Max 2020

Fle Edt Tools Group Views Create Maodifie Animation aph Fdito Rendering ivil Vi gmie ipting e gnten

Arnold Q sianin A Workspaces: Default v

BrX e - RflySim: 9. How to |mport your own 3D vehicle models to the UE4- s B W, Cuseridre. 30 a0z ¥
: Modeling Freeform Selectio
based RflySim3D program
+ 7 mem
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Select Display Edit >Sustomlze WatCh thls Vldeo by CIICkIng the fO”OWIng Ilnks
® =u® HAN =

@ Name (Sorted Ascending) 4 Froze k — .
2 Standard Primitives v
e ¥ (% Group001 YOU u.

v ot dsEEERE e
©® aa i YouTube: ko
¥ O I5EEER
© @ hig-ufil
¥ O[] GPSE LR
< ® BE4
v O @] ITKiR
© @ VliR-Hi{E2
© @ NE-hif#4
vOr
2 .RTEQ-EMZ R ¥ Name and Color
©® nafin3 S |
vor e [+][Left ] [Standard ] [Wireframe ] SR
©® mafif
v O R iR
© @ fi5-hifH2 :
voF BicE
< ® BHfE3
v O] Bl kiR
o @ FEl
v O BiF
© @ Ga-hifi2
vOoR B
© @ 52
: v ot il
© @ matiH2 v 3

Box Cone
Sphere GeoSphere
Cylinder Tube

5991 174 |8 L) |us

Torus Pyramid
Teapot Plane
TextPlus

C 4ot @ mm O Z R e

L
H

s Open a 3D maodel from 3Ds. Max b 5

H 3; ,4.{'
+ A
Bl Click or click-and-drag to select objects &) Add Time Tag i S setk. jm(‘ Filters... W y
= ™ M . 21:29
(] — 9 aw @ A i 7 dx ENG ]

2020/6/9



https://v.youku.com/v_show/id_XNDcwNjA4NzIxMg==.html
https://youtu.be/mKUehJwqqsU
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3. Multiple Vehicles Control and Test Framework
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Totally distributed framework, you can extend to any
3.1 System Structure number of computers, vehicles, observation views, etc.

Computer #1 Computer #k

Integrated Vehicle System #1 Integrated Vision System #1

gz Pixhawk CopterSim

UE4 Camera P Python/Simulink
HIL/SIL Simulator

onaga Vision Data [ ) OpenCV/OpenAl

A
\ 4

Vehicle&Autopilot States

Integrated Vehicle System #n1 Integrated Vision System #nk

UDP Nework —
e Pixhawk | o CopterSim : UE4 Camera| | ﬂ Python/Simulink
HIL/SIL Simulator Broadcast unmeas Vision Data OpenCV/OpenAl
Computer #m < Computer #h
Integrated Vehicle System #1 Integrated Swarm System #1
s Pixhawk |, CopterSim'{ @ QGC ISWW!“ > d Simulink/
HIL/SIL | Simulator Control Station Python/C++
UDP Nework
O« Receiver
Integrated Vehicle System #nm Integrated Swarm System #nh
- ) /Top_level Control Commands .
s Pixhawk | CopterSim @ QGCSwarm | A Simulink/
HIL/SIL Simulator Control Station Python/C++
L ) - ® )




3.2 Distributed framwork

Fault Injection Program RflySIm3D program

Vehicle Vehicle

Simulator #1 Simulator #2 jf Real UAV Swarm system
Distributed framework in LAN

~ :1tﬂﬁﬂ$_ﬁﬁf§$‘]ﬂ§§gﬁ 41

BUAA Reliable Flight Control Group



3.3 Key problems and solutions for UAV Swarm simulation

Problem 1: it is ineffective to create simulated vehicles&Pixhawks one by one
Solution: One-key script to start and initialize all programs and parameters
Problem 2: How to display all vehicles in the same 3D program

Solution: we use UDP network to broadcast vehicle states, and RflySim3D dynamically create vehicle 3D
model when receiving new data. Users can also create other 3D models such as obstacle, people, tracking
target, checker board .

Problem 3: The network become congested when vehicle number is too large
Solution: we have multiple communication protocols, simplified message can be applied when vehicle
number is large to improve the real-time performance of communication.

Problem 4: It is too costly and inefficient to perform large scale swarm simulation with Pixhawk hardware.
Solution: we provide PX4 SITL simulation mode, under which the PX4 Autopilot software is running in
the windows instead of Pixhawk hardware.

Problem 5: How much vehicle can be simulated on one computer?

Answer: the QGroundControl and RflySim3D occupy most of the computing resource, and the CopterSim
+ PX4 SILT only need few computing resources. For normal high-performance PCs, we can run at least 15
vehicles with CopterSim + PX4 SITL, and at least 30 vehicles with CopterSim + PX4 HITL. The number
will increase if the QGroundControl, RflySim3D, and MATLAB are not running on this computer



CAWINDOWS\system32\cmd.exe

- ] I RflySim: 10. How to use Simulink to control UAV swarms in software-in-
Please input UAV swarm number: the_loop (SI L) Simulation mode

Watch this video by clicking the following links:
Youku:
YouTube:

17 items 1 item selected 4.36 KB

7:56 PM
L]
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https://v.youku.com/v_show/id_XNDcwNjA4NTEwOA==.html
https://youtu.be/AMZNuAtRp2w
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|| ehicle d Alt (Rel) (m)
Pause 1 O O
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> | 4.4
Aion Flight Time

CAWINDOWS system32hcmd.exe

_______________________________________ B SR
Please input UAV swarm number:4

Start QGroundControl

Kill all CopterSims e
Starting PX4 Build o

[1/1] Generating ../../logs R
killing running instances RR
starting instance 1 in /mnt/c/PX4PSP/Firmware/build/px4 sitl default/instance 1 Sh i
starting instance 2 in /mnt/c/PX4PSP/Firmware/build/px4 sitl default/instance 2 =250,
starting instance 3 in /mnt/c/PX4PSP/Firmware/build/px4 sitl default/instance 3 st

starting instance 4 in /mnt/c/PX4PSP/Firmware/build/px4 sitl default/instance 4 T
PX4 instances start finishec o
Press any key to exit &



3.4 Key problems and solutions for UAV Swarm simulation

* Problem 6: Simulink will significantly slow down when too much vehicles to be
controlled, which may affect the real-time performance
Solution: we provide script to compile Simulink controller to exe file, which can
control large-scale UAV swarm simulation system with few computing resource

* Problem 7: How to ensure controller can work in real system as in simulation

« Solution 1: All vehicle data received by Simulink is the actual data from Pixhawk through Mavlink
Instead of ideal data from simulator, and the output of Simulink is also Mavlink message to Pixhawk.

« Solution 2: Our swarm communication interfaces ensure the Simulink can control actual
UAYV swarm system when each UAV is connected to the same LAN through WIFI or radio
telemetry. User can also generate the Simulink to C/C++ code to developing a swarm
ground control system.
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RflySim: 11. How to quickly perform distributed software-in-the-loop
simulation (SIL) for UAV swarm with multiple computer

Watch this video by clicking the following links:
Youku:
YouTube:

« Dist.. > Broad..

# Quick access

= This PC

P G 4 ”

N GenerateSwarmE  RflyUdpFastcpp  RflyUdpFastmex  RflyUdpUItraSim
& Network w64 pleEight_Dist.slx

6 items

10:03 PM
m 9 @ <) A A NG g


https://v.youku.com/v_show/id_XNDcwNjA4NDE2OA==.html
https://youtu.be/fmzYADSQyj0
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https://v.youku.com/v_show/id_XNDcwNjA4NDU2OA==.html
https://youtu.be/sLIatdHL6FY
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4. Vision/Al-based Control and Test Framework
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4.1 Key Problems and Solution for UAV Vision Simulation

Problem 1: How to capture images from UE4-based program RflySim3D with high frame rate

Solution: we use Python/C/Simulink to directly read screen images from windows APl which is
Independent from RflySim3D, so our interface will not slow down the efficiency of RflySim3D,
and we can read the images with a very high frame rate (within 5ms, more than 200Hz )

outside the RflySIm3D

Problem 2: How to obtain multiple camera views in the same time
Solution: users can open multiple RflySIm3D windows to display different views.

Problem 3: How to change the image size, camera position and angle, and select cameras on the
desired vehicles.

Solution: users can set these parameters through mouse and keyboard, or send commands
through our UDP interface

Problem 4: How to ensure the algorithm can run successfully on real vehicles?

Solution: Our programming language is Python (we will support MATLAB soon) which is
cross-platform, and our communication interface is based on Mavlink which can be processed
by Pixhawk directly. So the algorithms can run on onboard computer without modification



RflySim: 13. How to use Python/OpenCV to perform vision-based control
of a multicopter UAV

Watch this video by clicking the following links:
Youku:
YouTube:

#& OneDrive

w w
x )

CrossRing3  ManDetect  ManDetect = ManDetect NightCityS NightCityS

= This PC SITLbat 3.py 3HITL.bat 3SITLbat warm4.bat warmé4.py

&> Network 'g‘ 'g, 'g‘
< x x
PX4MavCtrl  PX4MavCtrl  PX4MavCtrl  Python38Ru  ShootBall3.  ShootBall3
APITest.bat APITest.py V4.py n.bat py HITL.bat

J o

ShootBall3  VSCodeUse  fal{E=Fa.
SITL.bat rSetup-x64- docx
1.45.1.exe

21 items 1 item selected 6.41 KB

Use demo bat script to quickly create a SITL vehicle

11:49 PM
=

& NG 5/30/2020
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https://v.youku.com/v_show/id_XNDcwNjA4NTYwNA==.html
https://youtu.be/PvxEfY7oMq4

) File Edit Selection View Go Run

- P
RflySim: 14. How to perform binocular vision control and apply to real
multicopter system

2 -1 Watch this video by clicking the following links:

" Youku:

YouTube:

s Quick acce:

—

(=] HITLSwarmRunManDect.bat 5/16 6 AM Wind 11 import cv2

@ OneDrive ) 12 import numpy
- 13 import sys
14 import time
¥ Network 15  import math

= This PC t\-\r.

def window_enumeration_handler(hwnd, window hwnds):
if win32gui.GetClassName(hwnd) == "UnrealWindow":
window_ hwnds.append(hwnd)

class WinInfo:
def _init (self, hwnd, width, height, saveDC, saveBitMap,
24 self.hWnd = hwWnd
D 25 self.width = width
1item 1 item selected 3.63 KB = self.height = height
IETETES self.saveDC = saveDC
self.saveBitMap = saveBitMap
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self.hwndDC = hWndDC

]
ity
.t
-
.\t
)
!
iy
iy
LAl

N N
00

def getHwndInfo(hwWnd):
left, top, right, bot = win32gui.GetClientRect(hwnd)
; width = right - left
v 36 height = bot - top
37 print((width,height))
i€ hind nd widéh — 2 nd haicht —— oo

X Python38.164-bit ®O0AO0 832KB Ln16,Col 1 Spaces:4 UTF-8 CRLF Python & Q
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https://v.youku.com/v_show/id_XNDcwNjA4NzgxMg==.html
https://youtu.be/hm6i6UCQjCI
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5. Summary
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Summary

RflySim provide a unified solution for development, test and
assessment of unmanned control systems, and we have more
wonderful features are coming soon:

1. More high-fidelity 3D scenes and vehicle models will be released on our website with
control demos for users.

More sensors will be supported, e.g., Lidar, depth cameras.

3. Simulink interface for computer vision and machine learning, so users can train their
vehicle control algorithms on RflySim

4. More types of vehicle to be supported, e.qg., driverless cars, fixed-wing aircraft, VTOL,
unmanned boat, etc.

Standard modeling module database to quickly develop vehicle model
More experimental courses will be released on our website

<= A ETERRREA

BUAA Reliable Flight Control Group

56



How to get RflySim advanced version?

Visit our website:

Contact our email:
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https://rflysim.com/
mailto:rflysim@163.com

Thanks
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