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Forewords

B Vision: Reliable Flying Makes Life Easier

B Objective: Develop evaluation and

control methods to make flight reliable.
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How 1o evaluate the health of aircraft more

accuratelyz

How to design conftrollers more robust?

How to make aircraft safer under failures?

How to regular the design process to make

aircraft reliable?
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Forewords

Reliable Flight

Objective
J Control
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e Flight Control
: : . Autonomous Aerial Fueling
ApplICOTIOﬂ . Multicopter Design and
Control
o
[
e Evaluation Theory | ¢ Control Theory
e Controllability e Additive Decomposition
e Reachability Based Tracking Confrol
Theory e Profust Reliability e Repetitive Control

e Decision Theory || Model-Based
e Failsafe generated .
automatically. Design

= + How to regular the design process to
make aircraft reliable? !



Forewords

Towards a full stack developer
1) Airframe Design

2) Estimation
= Introduction to

¢ Multicopter Design
3) Conftrol ¢ and Control

4) Decision

5) Software and Hardware 7

é) Developing Process ¢
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1. Background and Motivation
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What is the most important
requirement of a successful UAV
product?

Functions? Performance?
Appearance? Adverfisement?

Safety and Reliability!
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UAVs are more Dangerous Than Other Vehicles.
BQCkg round Safety Testing is Very Important for Flight Safety!

Unmanned Vehicles: the Future of Human Life --- as the
Development of Battery and Al Technologies

Top Level: Al
Middle Level: * Broad consumer/commercial adoption of Ardupilot = lots of
Safety corner cases
» Over 90% of development work is ab‘out ‘corner cases’
relating to bad sensor data including:
> 80% Work — IMU gyro and accelerometer offsets
— IMU aliasing due to platform vibration
> — GPS glitches and loss of lock
90% Work — Barometer drift
— Barometer disturbances due to aerodynamic effects (position error,
ground effect, etc)
Intelligent Cars — Magnetometer calibration errors and electrical interference
and the Road Ahead — Range finder drop-outs and false readings
HenlUibash AndMelba Kirman LOW Level: Con‘l'ro| — Optical flow dropouts and false readings
: , , , Fig. Key Problems of UAV
Fig. Faomous Book Driverless Fig. Autopilot 9 Y

System Structure Autopilot System Development

\
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2. Introduction of Safety Testing
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Test Content

e Reliability : Reduce the Possibility of Fault

e Safety . Reduce the Damage After Fault
R6|IObI|ITy Testing Safety Testing
-
Normal Maneuvering Communication Link
(Attitude Conftrol, Position (Interference, Attack,
Control) Disconnect...)
- Automatic Flight Sensors - GPS, Accelerometer,...
(Auto Take Off, Flight, Land) (Data error, Noise, Discontinuous)
Mode Switch Propulsion system
(Triggered and (Propeller, Battery Failures)
Executed Correctly)
Mission Execution Model Change (Inerfia, Mass)
(All functions work as expected) (Weight loss, Weight Center Shift)
Endurance Test Wind Interference

(Long Time and Many Times) (Wind Gust, Turbulence, Sheer)
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* Comparison of testing methods

-

%@
4 i
%
g gai®

Experiment Test (52 354 X)
e Qutdoor

e Flight place, test engineers,
time, money...

e Most faults are hard to
reappeaqr in experiments

e Test after the completion
of system development

HITL Simulation (5 # & 3R 45 &)
e |ndoor

e Only Computers

e Simulate any faults with
proper modeling
technologies

e Test during the
development stage

e The test results are more
accurate and trustworthy

e Require the modeling
techniques

HITL (hardware-in-the-loop) is a simulation mode where the flight controller (hardware) is
running with the sensor data generated by a UAV simulator (software) on a computer.

2017/12/20 LA g TEHRRE 12

BUAA Reliable Flight Control Group



3. Platform Overview
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1. Flight Controller (PX4 + RC):
Test Case Program Output Display Generate throttle control
Program signals to the model simulator.
@ @ 2. Ground Station Program:
Configure the flight controller
oS and send mission commands.
e 3. Model Simulator Program:
Configure parameters of UAV,
flight controller.
(F;X4 TFh@lthT Trans‘mlﬁer 4. Test Case Program:
- Generate normal flight and
@ AV g e 8 fault injection signal fo the
Tt Wireless model simulator.
Model Sraulator . 5. Output Display Program:
Program Ground Station Evaluate the flight
performance and output the
Fig. Structure of HITL safety Testing Platform test results and reports.
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Normal Flight Simulation

KR
GUIEERS
Command

Flight Controller

Ground Station

PX4+Pixhawk
L sl B R AL
ZHlES .
Sensor Data  Control Signals OUL?(‘)” %'Snﬁlcy
ey Qg .........

RC Signal - “

(S : ;

Model Simulator , 3D Display E

Program E :

RC Confrol : — 5

RHUR R R e r

Fig. Flow Diagram of Normal Flight Simulation
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............... < Manual KR ,"----------------".
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AR TS Al FEHIME 5 AR '
kbR SEE ' —=4EROR
R R \ 4 :
ki i
Test Case MV Model Simulator - Report
Program Program E
Test Results o
HREEAE M &
WRGERFE 0 Seeeeeesccccccce- -
I Output Display
Next Test Case Program
I 4 ot R R Y

Fig. Flow Diagram of Safety Testing

| I —
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Key Problems

< The key of the platform is the UAV model simulator

e Other programs for Ul, 3D display, intferfaces efc.
e Problem 1: How to Get Model Parameters
e Visit our welbsite

Detail Information

Total Weight

Input: o Qutput:
=  the UAV configuration, - Model Parameters

Size, Weight, and motor, 1 +

| ESC, Bo’r’rem[y, efc. I\/\odelmg me’rhod

7 E‘;‘ Ay, .
¥ o Motor-P: r Inertia Hm =
o] ) % Motor Response Time Constant ‘Tm=-s
Calculate ! = MultiCopter Air-Drag Coef. (D/v2)  © Cd = - N/(m/s)?
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°
Motor& ESC Envi
nvironment Model
%EIEA%O%?LM ‘ —  (wind, terrain, air
Input PWM PRPRES - density) FREERIE (K, Hr
Signals — Force and %, TREEE)
ton N FHL 4 )  MomenfModel __ - |
(5352 Battery (Aeéoﬂymr;“c’ ] &
ollision B |
(/_:Cijj , Eﬁ?ﬁ%) L l MavHILStateQuat
— _ Output | .
Interfaces |—— o
~ (Sensors, }— 33
MAViink, 3D }———c Quiput
] ~ Display) }——cg Signaks
CEn (e |y W
L9 7 6DOF MR, =4 | ey 7
Fault Model Dynamic © BRE) @
W Model o | S
J e B8 A S | vﬂ
ssssssssssssss mwsm
Fig. Structure of UAV Model Simulator in Simulink
Sy /= Ly £
2017/12/20 LA EYTEHRRA 8

BUAA Reliable Flight Control Group



7%

“*' Problem 3: HITL Simulation of PX4

-

1 %
S8 gal

Open Source Project Documents:

1. PX4 Document:
2. Mavlink :
3. QGroundControl :

4. PX4/IMAVSImM :
5. Microsoft/AirSim ;
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https://dev.px4.io/
https://github.com/mavlink/mavlink
https://github.com/mavlink/qgroundcontrol
https://github.com/PX4/jMAVSim
https://github.com/Microsoft/AirSim

4. Video Demonstration
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GPS Fix reguined X

- 9 ESC Brand Model
> > e — N £ E
S (e - (B30 ]
|
f Battery Brand Model
ACE (R PR - [LiFe 35-11. 1V-25C-5500mAh B

¥ind Fault

Copter Database FR4SC ) Caleulation [ addmedsl | [ DeleteModel | @ Const. Nerth: n/s East: [0 nfs
a . o o A bha s d\
Selact Contral. FI4 FHU (CON) - Start Simulatien [ Stop. ] Pause ] Gust  Spesd: nfs Freq: (20 pR/4
model begin! = Turb. Speed: n/s
Comnect Lo SerialFort! X -0.088 101 Z 0131
SerialPort comnection is suecessful = ~ . i =
=| vx 0176 ¥y 0179 Ve 0.473 Sheer Speed: |0 nfs

Multicopter # —=> COM4
Connect to CON4 successfull

3 |
Tait B0 ink o 4 ot 8 097 v 3975
| Case Database Manage |

Youku :
Youtube
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http://v.youku.com/v_show/id_XMzI0NzA2MTc2MA==.html
https://youtu.be/-M9OMHFWO4w

Outline

5. Outlook
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Problems:

1.

2017/12/20

Test at final stage (too late for
problems exposure).

W T MR, B AR R R TR K g
Control algorithm by Manual
coding (inefficient and low-
reliability).

F TR, HEK, TEMEIK
Coupling of Software and
hardware (hard to locate
problem).

BRI AB A, RILFEAE LE AL
Bixiz B

Hard to reuse codes

KRG 5 R 4K, A R R M 4R K

Customers
Requirements

Traditional Design

|

Requirements
Analysis

!

|

System
Architecture
Design

N

E WA g S rany
\_/—\

System
Modeling

!

Controller
Design

N

ARG

P2 B
it

Infegrative Test
& Optimization

EmAETT

BUAA Reliable Fligl

Design End

1
ZESINEN

it

i KA EE

Fig. Flow Diagram of Traditional Design



HITL Simulations

Design

Requirements

Simulati

'

ons

Matlab/Simulink Environment

Flight Conftroller

Opotimization y

Propulsion system +

Aerodyanmic design

Airframe + >

UAV Model Software
Code Code Geneartion
Y Geneartion v and download
Automatic Flight
Safety Testing <4— Controller [+ rl?\(;(r:\?s
Platform Hardware

'

UAYV Prototype Flight

Tests

|

UAV Product

Fig. Structure of Mode-Based Design for UAV

Future UAV System Model-Based Design

Fast development with Matlab
Toolboxes(Matlab#+ g T E 4 7 &)

Graphical Programming (& 4L
YAz

Standards and Guidelines
Compliance (14 /= se A7 4 )
Auto-code/document
Generation (K& + 4% 8 3 £ &)
Verification and Validation (k& i+
MR 5 JeiiE)

Model Reusability (A =T & A )
Retention of Legacy Code (X4
ARG Y 7)

Requirement Traceability (& KT
1B )

Continuous Integration and
Testing (# 4 # & 54K

2017/12/20
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e After certification

S_I_O ndc”.ds fOI’ ||g h.l. UAV Joint Authorities f‘c’:;'GR-:I:ri:vavI;iaghic:lfelsJ:manned Systems
p U b | lS h ed ° Certification Specification for

)EJ/\#}L #ﬁ: ;& ﬁﬂ; }é , ‘ﬁﬂ ,fa]- Light Unmanr;zg-fs:{c;;craft Systems

‘;)U]J % j‘EJ/\#)L"EA%é. I]b ﬁ% ? Version 1.0

30-10-2013

. . Fig. JARUS_CS_LURS Light UAV Standard
e Test the basic functions

of the flight conftroller
on UAV Sensor Data

. Mission Commands
e Qutdoor experimentse Automaic Testing

Platform < Control Signals

Black box

Flight conftroller

States + messages
g

® |ﬂeffICIeﬂT, COSﬂy, Uniform interfaces

l. _I_ d for all companies
complicarea,... B A G TR )

Fig. Structure of Multiple Flight Controllers Simulation
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UAYV Formation Simulation

e HITL Simulation for UAV Test Case Program Output Display
Group Program

e Battery and load @3
change Simulation
WG iR AR, & R 3D Display
THARE LR 15 A

e Algorithm development
and verification

UDP Communication Network .)

4

Computer #1 Computer #2 &8

Fig. Structure of Multiple Flight
Confrollers Simulation
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Frame Type
QuadCopter v

Total Weight ¥
15 kg

Recommended Configurations

Num.

1

Moter

JFRC U2212 KVT50

JFRC U2208 KvV1500

JFRC U2206 KvV1500

EMAX MT2216-810KV

JFRC U2212 K30

T-MOTOR MT2208
Kv1100

EMAX MT220311-2000KY

T-MOTOR MT2212
K20

ESC

Hobbywing XRotor 204

Hobbywing XRotor 204

Hobbywing XRotor 204

EMAX Simonk 12A

Hobbywing XRotor 204

T-MOTOR AIR 15A

EMAX Simonk 25A

T-MOTOR AIR 15A

Hovering Time
15 min.

Propeller

APC 10x4.7

APC 10x4.7

Carbon 3x3.8

1055 Carbon Fiber

APC 9x47

T-MOTOR 10%3.3CF

HQ 6x4.5

T-MOTOR 10%3.3CF

HOME

Flying Altitude
50 m

Battery

Lipo 38-11.1v-20C-

6000mAh

Lipo 28-7.4V-20C-

9300mAh

Lipo 38-11.1v-20C-

T900mAR

Lipo 38-11.1v-20C-

T100mAh

Lipo 38-11.1v-20C-

6600mAR

Lipo 38-11.1v-20C-

6900mAh

Lipo 38-11.1v-25C-

T900mAR

Lipo 38-11.1v-20C-

6500mAh

DESIGN({Beta)

BUGS&CONTACT

Design Application

Aerial Photography ¥

Frame Size HoTuir;ang
450mm 26.6min.
450mm 24.7min.
360mm 22.6min.
450mm 23.6min.
A00mm 23.6min.
450mm 23min.
270mm 20.9min.
450mm 23.1min.

Copyright @ rfiy.buaa.edu.cn All Rights Reserved.
Home | Contact | RSS

ABOUT US

LANGUAGE ¥

Battery Density (*Optional)

Reverse Solution! |

Remaining

Load

0.3kg

0.3kg

0.3kg

0.3kg

0.3kg

0.3kg

0.3kg

0.3kg

Weight

1.5kg

1.5kg

1.5kg

1.5kg

1.5kg

1.5kg

1.5kg

1.5kg

1.

2.

3.

Design Optimization with UAV Model

Input UAV Design
Requirements (flight
time, range, load
capacity, etc.).
IR E K
Calculation and
Optimization with UAV
Model.
ARABAR AN 1% vy KRB RAL
Output Optimization
Design Results Of
Airframe Size, Weight,
Brands and Models of
Propeller, ESC, and
Motor, efc.

WA RT, T2,
WAL S S AR A
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http://flyeval.com/recalc.html
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