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iwconfig ath0 mode managed essid ardrone_ap
ifconfig ath0 xx.xx.xx.xx netmask 255.255.255.0 up
route add default gw xx.xx.xx.1
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Marker Pattern



7= 010|C|0oq

¢ 2J=HME EFXI6101 OF7H 212! (using OpenCV)
€ marker consists of
& for direction, fixed sub blocks (a,b,c,d)
€ ablock has to be always black
€ b, ¢, and d blocks are white
¢ for marker ID, 0~10 blocks
€ can create 2048 markers
€ parity bit

19



¢ we know

€ each marker position from real measurement

& apertures of the camera (64 ° ) from AR.Drone spec
¢ altitude from SONAR sensor
& roll/pitch/yaw from IMU

¢ We calculate position

considering roll/pitch/yaw

Hd = ¢-tan{a + roll)
Vd = c - tan(f + pitch)

Il
™

L Vol
8 = arctan {m) -+ p
DeltaX = ~Hd< 4+ Vds-cos 8
DeltaY = \."H{fz + V< - sind

X = PatternX — DeltaX
Y = PatternY — DeltaYy
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BUR | =B/53Q) CHE O|BOR A A(A)

Time: 2613/84/61,15:08:40.274688

[ ball#k<pos: 0.14-0.02 G:00
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AJAE 2x

Calculate
ll Pitch/Yaw/Roll

Extract
Position Info







€ For accuracy test, use motion capture system

4 maximum error is 0.6m when altitude is 1.8m

*—e camera based trajectory
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{7|?'= EEFALY
AR.Drone Lj& Host Computer (s xia= ase)
[]

AR.Drone Core Program
(program.elf)
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¢ AR.Drone LHEOIM X 2ISHE X}

CH-d & &4

AR.Drone L5 Host Computer (sis siat= saen

AR.Drone Core Program

(program.elf)

¢ Image Data (TCP)

Position Data (UDE)

MarkerDetector QOMAC

{QrultiARDroneContraller)

(testinVideo)

Client-Server(7| = gf4Al) 40Hz (25msec)
Distributed (7| = HtAl) 3.125 Hz (320msec)
Distributed (M =l 2FAL 11.1Hz (90msec)
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& QM FHH[2HE 0123510 OIF0l| 3XH! $I%| Q14!
& 2t H[SHRI0] O}72] HEIS 012510 HSH] 214l
& 1mm 0[5} A2 =X 7k=
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& SE0| BriuL|, MEZie| SE BA HA
¢ IDEA: 0{= M= 717j0| 2428 M2 215131 T[3H} (Potential

Function)

Potential Function

Initial Velocity

Control Force for
Collision Aoidance



<3O =4 1>

relD - vel > 0

Y A2 et ST STt
#2 eFo|ofof 2| o] g

<9I =H 2>

L dist gist < 1

E|CH 28 H2"7F1m
O|L{ O Of OF 2| 1| &t

— — —
vel =v; — vp

il = relD X vel X vel

6 = cos™

relD - vel
|relD | |vel|

1

dist = |relD| sin 6
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€4 The AR.Drone uses ultrasound data to measure its altitude

¢ However, when multiple quadrotors run in same area, the
frequency interference happens because of collision of same
frequency
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Original Method

Program.elf
(AR.Drone Core Program)

/dev/ttyOl

f SONAR Data

=>

ainjdey uonop Ag
10 abew fg
Eleq spniujy

CiH, 1= &S HPY X[7 |5t}

Proposed Method

Program.elf

(AR.Drone Core Program)

SerialsSniffer

/dev/ttyF1 /dev/ttyOl

‘ SOMAR Data

ultragoasd

P
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¢ IDEA 1
¢ 5ol CIE EA BES §235101 41 2ES 0%}
& Zigbee?} WiFi SA| 91A




=0 =X

¢ IDEA 2
& AR.Drone L5 E £+=Hs}X}
& WiFi S4 A 32 C0[E{7 421 E|8 2X7} 2502 S5

CIo|EE Z0{=A}

AR.Drone

] Cmd Sender '

% ; Data Receiver g

AR.Drone
Core
Program
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& TLD (Tracking, Learning, and Detection)E &&s il ==
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m-mun'n\clll Update (*Correct™)

Time Update (“Predict™
pd (1) Compute the Kalman gain

g-dt?

(1) Project the state ahea ’ < % =
s o Ky = PHT(HPHT + R)
Y, o= Ak |+ Bu, X =

(2) Update estimate with measurement 3

>S
(@)

2) Project the error covariance ahead . = %, ‘. (2, - HX,
( Y l-ll)\cﬂl anance ah X, =% +A‘L‘ H"L'
l" = .“I"‘_ l.‘\’ + Q (3) Update the emror covanance
D , "

P, = (I-K H)P,

T u - O _—g'dt_

¢ =£2| 2|X] =3 (Drag Coefficient 112{)
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Linear Kalman Filte

¢ 500 Hz S&t
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Extened Kalman Filte

4 500 Hz ==
Z2 cix|31, 200 ms O|LH{0]] 5cm O[52 =o{Xx|= = 2|x| &0l 7}=
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¢ QT 4.022 J1w
¢ 500 Hz= = GI0|E| &1, 250HzZ 7 || 01

JIH

¢ A™E VN2 S{UHE A=
¢ Gain Scheduling PID X|0{= H|34A| X0
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¢ -T'-7}°I MY {AI*E"OE oI5} EHQ| F|2t
¢ [Hlo1] 2H=|X] 242 1Z=2| AR.Drone

& [SAM] HlstEl =2 [ (Centralized System)

& EAI2F: n x (Scenario + Position ) Data

Scenario
based on Global Position

T 2 £ =
] =3 = =

Drones

Ground Control System
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¢ [¢Ix] 21Al] RTK-GPS 7|4 MM g8t= Sttt ¢Ix| oIS
¢ = 10 Km 7=

4 [X101] Open Source 74| HISHA|0] ZIFFE] A=

& [EA] 22 HHA (Distributed System)

& SMZ UL nx(Scenario+Position) Data

Scenario
based on Global Position

o
=
.Qofo‘
W *EZ e
- Scenario Data
0’\} - Position Data

Ground Control System
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017 |A{ &ZH! (&I2]

Q2 HEH
(Mission Computer)
\Y[e

WiFi' Zigbee' LTE' °C e — FHSS (Frequency Hopping Spread Spectrum)
2.4 Ghz, 5 GHz, ... H| A O & 2.4 GHz

grrsssanessasnessasss (Flight Control Computer) ................................... .

FCC

K= Al E

(Ground Control System)
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Pixhawk




Pixhawk

C $3333 B
FEPX4FMU vi.s E

®) ®
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Pixhawk

J X4

outopiLot

V/

cutopor

FEPX4FMU vi.s
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Pixhawk

1-LX BIMAVLINK

outopiLot

MICRO AIR VEHICLE COMMUNICATION PROTOCOL

(QGROUNDCONTROL

el i T S T ATy F R SASALL A - A - AT E R AL FOR R A S AR el S T P
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ArduPilot - /2= H|sHH| (2012)

¢ APM
¢ Arduino 7|Ht2| H|2H{|0{ZFE]
& 20k A28 =S TS

& THS0| LR AR MESIA| 242, S SEM0| oA




ArduPilot

APM 1 APM 2.5/2.6
2010 2012
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ArduPilot

Ui/ API

Communications Layer

Flight Code

0s

Hardware

Companion Computer

Ground Station DronekKit

MAVLink

Ardupilot

Vehicle specific flight code

Shared Libraries (Sensors, EKF)

Hardware Abstraction Layer (HAL)

PXAFirmware |

sp1/ 12€C / Serial

MNuttx Linux BusyBox Linux Linux / QURT

Pixhawk NAVIO Bebop SnapDragon External Sensors
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Pixhawk LI /1=

Flight Control State Estimation

\
f———————————————— |
L Object Request Broker (UORB) ):
1 1
T
NuttX RTOS J
r‘r - N
kSensor Drwers) (Actuatnr Drwers)( )

Embedded Hardware (MCU + sensors)
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Publisher

1
1
i Publish()
v

Object Request Broker

Subscribe()

Subscribe() Subscribe()

*.,._..__.._.._

|
v

s LT

Subscriber #1 Subscriber #2 Subscriber #n
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Tutorial (hello world)

Firmware/src/module/
px4_simple_app/module.mk

Hello world program

px4_simple_app
px4_simple_app.c

MODULE_COMMAND
SRCS

#include <nuttx/config.h>

#include <stdio.h>

#include <errno.h>

__EXPORT int px4_simple_app_main(int argc, char “argv

int px4_simple_app_main(int argc, char *argv

printf("Hello Sky!\n"
0K



Tutorial (hello world)

makefile MODULES += modules/px4_simple_app

compile make clean
P make px4fmu-v2_default

make upload px4fmu-v2_default

Found board 5,86 on /dev/tty.usbmodeml
erase...
program. ..
verify...
done, rebooting.
i nsh> px4_simple_app
Hello Sky!



Tutorial (

subscribe)

Accelerometer:
Accelerometer:

[pxd_szimple app]
[pxd_simple app]
[px4_simple app] Accelerometer:
Accelearometer:

Accelerometer:

[pxd_simple_app)
[px4_simple_app])

[px4_simple_app] Accelerometer:

#include <poll.h>

i

int sensor_sub_fd

nclude <uQRB/topics/sensor_combined.h>

orb_subsecribe (ORB_ID( sensor_combined

/* one could wait for multiple topics with this technique, Just using
struct pollfd fds
.Td sensor_sub_fd .events POLLIN
true

I
wat

t for sensor update of

1 file descriptor for 1868 ms (1

int poll_ret = poll(fds, 1, 1088
fds .revents POLLIN
/* obtained data for the first file descriptor
struct sensor_combined_s raw
* copy sensors raw dota into local buffer
orbk_copy(ORE_ID(sensor_combined sensor_sub_fd raw

B8.8483 8.8821 8.8332
2.8486 a8.8828 8.8336
8.8487 a8.8B819 8.8327
2.8482 2.9818 2.8323
2.2482 2.8827 2.9331
2.84859 2.9804 2.8328

double jraw.accelerometar_m_52
double iraw.accelerometer_m_s2
doubleiraw.accelerometer_m_s2

nere

printf("[pxd4_simple_app] Accelerometer:\th&.4F\th8.4F\t%E. 4F\n"



Tutorial (publish)

#include <uORB/topics/vehicle_attitude.h>

/* advertise attitude topic */
struct vehicle_attitude_s att
memset(Zatt, 9, sizeof(att

int att_pub_fd = orb_advertise(ORB_ID(vehicle_attitude att

orb_publish(ORB_ID(vehicle_attitude att_pub_fd att
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History of Pixhawk Control Module

Loren Meier Julian Oes

Architecture

Control &
Estimation

> &

Anton Babuskin
[position_estimation_inav]
[attitude_estimator_(q]
[mc_att_control]
[mc_pos_control]

Paul Reiseborough
[EKF2]

James Goppert
[LPE]
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How to become contributor

Project

Fork

Issue
—
HH/IS=

dl
N

>
o

AE by
Travis ClI

HE by
committer

Commit
Your code
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How to become contributor

-~

& stmoon commented on 17 Feb 2016 Contributor
e
Fix a array subscript is above array bounds error @ src/drivers/stm32/drv_io_timer.c
4 stmoon added some commits on 17 Feb 2016
£ fix code style
Ej Merge branch 'master' of https://github.com/PX4/Firmware into
fix mav. -
j; Merge remote-tracking branch ‘origin/fix_mavhilgps®' into W i

fix_mavhilgps
X |§ LorenzMeier and 2 others commented on an outdated diff on 17 Feb 2016 #z Show B comments

i LorenzMeier commented on 17 Feb 2016 Member

Awesome, thanks for the fixes!
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How to become contributor

€ C O @& GitHub, Inc. [US] https://github.com/PX4/Firmware/blob/master/src/modules/logger/params.c

(5 SW Linear Algebra | Ma.. [) TeamGantt [=] DeepLearning » COMS [ M¥EYE ) Mad for Simplicity ;.. €9 @4&2l [F kaimanfilter ®

1= 1
1 1 LN ] [
1 I: | ! "! I ..-I
or In « AG )
C of 1@ mi %60 )
{
= LI -I o | q
- - g
1 g
W L)

A

PARAM_DEFINE_INT32(SDLOG_UTC_OFFSET, @);

%

M



DEEPLY EMBEDDED
CONTROLLER
Actuator & Geofence &
Sensor Safety
Interface Controller
uORB pub/sub bus
Trajectory Atitude

Control Caontrol

|

3

N

swappable

LINUX COMPANION
COMPUTER

Obstacle
Avoidance

b/sub bus

Trajectory
Control

execution location
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QR HEH

(Mission Computer)
MC

MAVLINK

MICRO AIR VEHICLE COMMUNICATION PROTOCOL

WIFI' Zigbee’ LTE’ o FHSS (Frequency Hopping Spread Spectrum)

2.4 Ghz, 5 GHz, ... HI KO E =+ E 24l
QMAVL'-NK ....... (Fllght Control Computer) ...................................

FCC

MICRO AIR VEHICLE COHM'UN'I'?N.TION PRO|

A= Al AE

(Ground Control System)




YMAVLINK

MICRO AIR VEHICLE COMMUNICATION PROTOCOL

MAVLInk is a very lightweight, header-only message
marshalling library for micro air vehicles.”

MAVLink Frame — 8-263 bytes

STX LEN SEQ SYS COMP MSG PAYLOAD CKA CKB

i
=

<message id="11" name="SET_MODE">
<description>THIS INTERFACE IS DEPRECATED. USE COMMAND_LONG with MAV_CMD_DO_SET_MODE I
<field type="uint8_t" name="target_system">The system setting the mode</field>
<field type="uint8_t" name="base_mode" enum="MAV_MODE">The new base mode</field>
<field type="uint32_t" name="custom_mode">The new autopilot-specific mode. This field
</message>



Drone Open Source Eco-System

A Y
Dronecode

by the numbers

’ 2014 DEV TEAM/USER STATS ‘

APM/ArduPilot PX4 DEV TEAM
335 9,080 1,200
commits commits members

N 50+ USERS
commiters commiters 17 O/ 000
g downloads
80 500+

contributors contributors
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PROJECT MEMBERS
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Drone Open Source Eco-System

AutoModality
Dig.y.S , i~
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[0

oIFIA0f] SRI=OI X|AME A|AE JiEt (Linux, MAC, Window, Android S0i|
MEZ I1s)

¢ 2=31E Set 07 IS 7IH0l B2 7ks

| nex
Ul Logger } Z f
| A5
X
Manager ﬂ?j
AS
#AR Drone #pixhawk #others...
Agent Agent Agent 2
HI A
Cmdsender Cmdsender 00000060 Cmdsender EA
Data Data Data ?‘ﬂ 5
Navreceiver Navreceiver Navreceiver
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measure » Predict
sensor information position

& Predict position by accelerometer

.- 1
p =vAt+ ?;mt?

A —

v = alt
& Correct position
132 13_ +e,w,Al

N T 2
v=1v +e,w,At+ew At
¢ Correct Accel

Ai

Aoce — Qace 6gps o 6l?ida'r

_ 2
Ogps = €W, T e w,

Correct

position

correct
accelerometer
JER
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RTK-GPS
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RTK-GPS

Features

| Centimeter accurate relative positioning
(Carrier phase RTK)

B 50 Hz position /velocity/time solutions
B Open-source software and board design
B Low power consumption - 500mW typical
| Small form factor - 53x53mm
| USB and dual UART connectivity
B Integrated patch antenna and external antenna input
& Full-rate raw sample pass-through over USB
B 3-bit, 16.368 MS/s L1 front-end supports
GPS, GLONASS, Galileo and SBAS signals

Model

OEM V2

Piksi

Frequency

GPS/GLONASS (L1, L2)

GPS/GLONASS/
Galileo L1

Position Accuracy 1cm 2~4 cm
Data Rate 50 Hz 10 Hz
Dimensions 60x100x13 mm 53x53x12.8 mm
Weight 56 g 329
Power 33 VDG, 1.2 W 35~55 VDG 500 mW
Price $ 10,000 O &f $ 495




RTK-GPS




RTK-GPS Problem

¢ RTK 2=

=M o #1 ” o A
[ S #1] [ 24 #2]



GPS-INS

RTK-GPS = GPS-INS









RTK-GPS

GPS-INS 2 RTK-GPS



& Version Update

R o
e s
i
Ll 2

o o T T , ~
7 \
‘ i
] 1
|-.._J|.|1c..t‘i|$ 1
et e 3 \\

P i —
~ A i
/7 > TS
IJI" .‘l.u‘.l.l‘l
\ TN
' \
I i 1
I i
\ oty
\ L e
/ Rt
\ Towa -
N R L
~ 31 -\."
- -

10 4

14
13
12

15 41

-1t

A8

1.44% 1,450

1,440

1,43%

.40

1,410

1.40%

1. 305 1, W0k

1, 300

N:'W:II"'('H:..II

Maew: RTE.n




RTK-GPS

@ Sensor Error (RTK-GPS)




MA 2E LSS5

Communication Position Scenario
ITE LPM Embedded
Scenario
LiDAR
Zighee RTK
RC GPS-INS Barometer Remote
Scenario




Mode Switching Algorithm

[H-8 8] [/H8=]
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