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4. ESC (Electronic Speed Controller)
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6. FC (Flight Controller) Fo| At
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6-1 ) PX4 - Autopilot

- 42330 =27 2 Ao

e C++ 7|8 QEAAOH ZRE IEE BHY
- 8Y0o| AtMet X 7H0|E EXY

- JfEE TIASCHE & =QIoHA 2 AFO|E
» https://docs.px4.io/main/ko/
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Power
47|

GPS 2=
2E 1,234

1)
2)
3)
4)

23 N S0oict oM 3 s 2 HE0| C}E)
Pixhawk 6x

Q Honore
pixdhawik 'ex

Primary GPS
With Intergrated Compass, LED,
Buzzer & Salety Swilch

S

Secondary GPS

For Dua \_st_ﬁy'slem

TN

Serial {UART) port for companion
computer, telemetry radio, GPS,

Cantreller Area Network port

UART4 & 120 —
UART & I2C Port

TELEM2 &3

senzors, eles,

CAM1 &2

far CAM enabled devices,

SIYI MK1S
Transmitter
roun i

RC, telemetry, and HD
video all-n-one. Android
G5 with QGroundzantrol

=r G

Ethernet
Far etheret devices & high speed
mission computer integration

STWLS3L1X
id

Lidar

12c

splitter for multiple
12C d

Micro 8D card slot—
For log recording

FMU Debug Pon—'l
Power?2 —

For seconday power
s0urce as backup power

DSM RC

For Spekirum DSM
Ruceiver

~ADC in & GPIQ

“\_USB Type C

Universal Serial
Bus

— Serial Peripheral
Interface Bus

kFurSPI devices
/0 Debug

Part

Battery || /7

1
Power Module
< PMOZD .

If telemetry radic
requires external

— PMUPWNOUT oM ou

A BFaresuaaroresaann

pawer (BEC might

be required)

" A
o  Power
o Distribution
Board
o (PDB) ©
e

C i
i

=

SIYI MK15 Receiver

RC, telemetry, and 1080P HD
video all-in-one. Up to 30KM

Telemetry Radio
To provide a wireless
MAvlink Connection
vween Autopilol
and Ground Control

s(aliuy

SI¥YI HD FPV
IP Camera

Image Transmission

Depending on main — [0
battery voltage, conneet  w
1o another batlery or PDB

Pixhawk Cube

[17\ @ Safety
@ Telemetry System INVD  ZNVD  ZzwataL < o > Switch
| g ]
5 oav  iwaEL zSdd
W
j—— i
asn zou 1 Sdo f"‘ D
> 4 GPS
A\ /ﬁ e
\\
Directional arrows
must always face
CL;;BE cube forward
© Buzzer
POWER 1 POWER 2 O Power System
MAINOU —AUXOUT —
6 54 1654321

| Connectors
I O
Reciever @

M1

Motor4

9
Motorl

Make sure that the
motors and propellers are
properly balanced

LIPO Battery

XT60
Connectors
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QGC (QGroundControl)O|Zt? [l

- X5, GCS (Ground Control System) O|2fAlE of, ?|d X| =& Zgfet H&N 2l GUIs 7t UL},
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QGC A4 7|5 ALE GlAl:

1) ZIH[ 2] AR K|S K= SO HA

2) AN, 2F7] A 4 & et E(ex. PID Gain) ME= &
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QGroundControl
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Stabilized GPS AFER =t 7|4 XEM A
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QGroundControl

4 2| < %Q JIH &3

JIH 8=

201
AIAE D
IIM Er
LAl
B HA
HA8 BN HA

1
Quadrotor x
Generic Quadcopter
1.14.0

0.0.0

JIHIS £F0i tHet 29f

MA

PAPAPIRLIVARI)
PAPAPIE.VoR|
NOIZ2ADT HIA
s dlA

i

ro o o o
L0V 1

Channel 7
Stabilized
Unassigned
Unassigned

Unassigned
Unassigned
Position

Innininin in 0

A
[m]

-
[m]

-
[m]

=
(=]

=
[m]
-
[m]
-

Uk wN =

&2l SHOl 2= ASLICH BHE 2l & Warning Ez|A 2HBEOoIA
il 2&E RC &Z 0t Return mode Edn B Disable
a4 RC & EI0OI2 05s

OOIeg 3 otd Disabled

RTL &= 30.0m

RTL, 8% ZA &S

2
=
2
=

Actuators

Flight Behavior

Jtollet
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QGroundControI

% 201 < %Q JIA&&

mH o Al
I e BAN L4

“‘ oo QGroundControl2 Pixhawk Ztx|, SiK Radios & PX4 Flow Smart ZFH|2te] =i = ¢ D0 E & £+

B E QGroundControl 2| A2l A& AEN2F T O OFEHLICH prior to firmware upgrade.

L Ofeiel B

USB M= AZAE HEO|A, S BULH CHA| 77| H XS 2 Z PX4 Stable version YO §=E7F T EICE
(== PX4 firmwareE 2T Y 2 A=A ECHH, PX4 firmware Z2EH0M Z make & %EE St= A0| O HStL
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Generic Helicopter (Tail ESC) - Generic Hexarotor + geometry - Generic Hexarotor coaxial geometry =

Octorotor Coaxial Octorotor x Plane A-Tail Quadrotor +

K 13
| .//0\\ .

® ® ey

Generic 10" Octo coaxial geometry - Generic Octocopter X geometry - Applied Aeronautics Albatross -

Quadrotor x Rover Simulation

Actuators

Generic
Quadcopter 11

M X
= O
Flight Behavior Generic Ground Vehicle (Ackermann) ~ HIL Quadcopter X -

Tricopter Y+ Underwater Robot VTOL Tailsitter

T2A0IES TN
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714 28 - A A2 =8| 0|M

2) 2 =

B8 A HO|| 7h2Ho] ket

- -

HA Z21Z014&0 AR EL

X HES =2 2F 22/ E0|H U= A
cal] calibration startedi 2 level
cal] progress &lt:0&gt:

cal] progress &lt:20&agt:

cal] progress &lt:40&gt:

cal] progress &lt:60&gt:

cal] progress &lt:80&gt:

cal] progress &lt:100&gt:

cal] progress &lt:100&gt:

cal]

|
|
|
|
(
|
|
|
|

calibration done: level

AN Be|E o 5

o HEfZ HASI LR

Ao =22 0] 42 LLHoA
o AL 25 oS
H CFA| =B =K}

OII_l_

3H*1 OFR|= L{7tE E|X|
FX|oH7| 2ol HI HOof| o
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714 478 - 2|

JIE &2 20180 At

AbAL KO

Cl#fnnel Monitor

AU F I 3 A 2|2 014 AlE

Fotettle £€35:
~ | AUX2 Passthrough RC channel

AUX1 Passthrough RC channel
PARAMT1 tuning channel Channel 5 = | PARAM2 tuning channel

PARAM3 tuning channel

Spektrum HtOIE
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Channel 7

Stabilized

Unassigned

Unassigned

Unassigned

Unassigned

Position

Arm switch channel
Emergency Kill switch channel

Offboard switch channel

Channel Monitor

Unassigned ~

Unassigned ~

Unassigned ~

Landing gear switch channel
Loiter switch channel

Return switch channel

Unassigned ~

Unassigned =

Unassigned =
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*% %R *%

ESC ZZ|E2f|o|M

1) Z=2E2e B2 S A

7
'<'5|.—| USB A—logn} g :IEI_|
AEO| A 22| 2ol M Al

X BES L0

2) HiE2[E AAst J|Cte|
O ESCOJ|A] tH| |48 St= A

2|} B 22| =ao|Mo|
RIS EIC

ESCO A 22[7} L= B2 Of

E-|i O| II-O-IQ E H H7:|E|
7:|07|_ I:II-|:|.

HHE 2l 1

HiE 2|2

# = | Disabled =

ESCPWM =4, = [Hgt Zel=2d01&

O 2= BFEAI USBIF HZ E G OF & LILH

Zel=EdlolE AlE

[z
11

Rl

X

ol

£ 00

=

Z 4y g
Ui

>
.*0

Mo [Ho Qb xz

X = v
> Hu 0X 19
Wrorx &

Jh
02
[
12

Ut XHO|JH %0 SHOHH, B & &

ol HMTHI HES sHFEAZ

m.,| I_H:}D:] 2 E ot o

HH J| H| & Close

BHEICl M &S
s U|EOHIQ/\|9.
ot flolil A

L MAH7|7F ACHH, HiE 2|2
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7| (ESC) He| 2o

57| &8 (50 AHEE|= ESC)

GT-Drone EC-X3 ESC for Multicopters (30A/500Hz/OPTO/COB/25~6S)

S22 B LHE EIHE wajsiala ¥aT| AUt
%|X S0Hz ~ 2T S00Hz O Input Rate B X|8HH, EEo| AT S0| BHE A = ALgO| THsELICH

CE HEo2 X Mo 42 TSI YoM, 7.4V ~ 22.2V (25 ~ 65) 2| EZ2| HIHE|E AT 2 YSLICH

450 ~ 6003 SEO AH83H7/0f 20| MZ22, BEC 7t S OPTO YA YLITH
SEfQ HZE7| Y 35mm BEMO| 7| Tof 0|2 $RE0f 9 COB EFUULCH (L T 9

- 100% =& N-FET A 2.

- 250 IHE PWM A21H ZO|E0| F=E FA| = 0ED J2[2F 24 0/H &,
- %[ 500Hz Input Rate

- 16Khz =& SO 2 [yEE0| FC O 2A17|9F S3HA X

- A2 E U2 B0l = ELof HEGIO| HZE A& 7Hs.

-

F

=
2

[ ]

: 30A
7t M2 35A (10 £ 0|2

- BEC : No BEC (OPTO)

- YUHFR : 25(7.4V)~65(22.2V) X
-2A 2 o3g (BEM =Eh

- 37| : 60x25x8mm

= &
= =
7

H> 12 o
:|ru :|ru (o

\
[H7] AZE W2 O|M Y |

1 Z87) 288 100%0f £ % W10 HAE GELIC

2. 57| ZO|M 8-~ s 227} LI A2 ES 0%E LT

3. ¥%7|0| MRS OFF BLITL

4. Bi%7| AZE BE|HHOH 22

37



QGroundControl 7| X

7|18 ™ — Actuators

Actuators & &

Geometry: Multirotor

Motors

Position X Position Y Direction CCW

Motor 1: [N

Motor 3: [N

Motor 4: &

Actuator Testing

Actuator Outputs

PWM AUX PWM MAIN UAVCAN

Identifiv x Assign Motors

MAIN 1-2 PWM 400 Hz =
- |

Rev Range
Function Disarmed Minimum Maximum g

(for Servos)

o v~ R

MAIN 3-4 PWM 400 Hz =

Rev Range
Function Disarmed Minimum Maximum 8

(for Servos)

MAIN 5-8 PWM 400 Hz =

) ) e . ev Range
Function Disarmed Minimum Maximum g

(for Servos)

HE g0 E AZEA=K =2 HE T

Identify & Assign Motors T —
1) Z2E A
2) UYO| HIHE|Z &
2=l A=K =2

DE 1, 2, 3, 49| 3|H™ dtsko|
CHH, oH'=* DE{Qt HAE ESCO
MZ HHYA AHZAN
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J|H 28 - 2hH

Battery1 2td & X| E2|H

HHEl 2l HI A& 2l &

Object Detection

E A& el :m)

. Show obstacle distance overlay

GIOIHE 3 ot &I EClA

OFE & |

=d

Disabled

7

CIOIE &3 Al2t= 1k

Return To Launch Settings

ez &

Return to launch, then:

M &eiltEel 22

O=/ a5
@ =1z
@ =i

Hold mode v
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7|H 278 -PID &
https://docs.px4.io/main/en/config_mc/pid_tuning_guide_multicopter.html

= EotH, 4 = ko tisiM XHo7|9 BtSds =20t Al 7|MQ £50| et HE S PID Gain al&
XOtOF QHE M QI H|MO| 7HSOIE} -> of o] Ojdi2 =X 0|1, E8 &S Sl HE¢ 4= X OtoF otrt.

o g3 &=z

PID S &3

Tuning Setup is used to tune the flight controllers.

Rate Controller Attitude Controller

Airmode (disable during tuning) :| Disabled =

40
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= _
4

Airspeed Validator

Battery Calibration

Camera Control

Geometry

Commander

Multicopter Position Control

DShot

EKF2

Events

Failure Detector

Follow target

FW TECS

FW Rate Control

Fw Attitude Control

Geofence

GPS

Hover Thrust Estimator

122 | P zz=
ADC_ADS1115_EN
CAL_AIR_CMODEL
CAL_AIR_TUBED_MM
CAL_AIR_TUBELEN
IMU_ACCEL_CUTOFF
IMU_DGYRO_CUTOFF
IMU_GYRO_CAL_EN
IMU_GYRO_CUTOFF
IMU_GYRO_DNF_BW
IMU_GYRO_DNF_EN
IMU_GYRO_DNF_HMC
IMU_GYRO_DNF_MIN
IMU_GYRO_NFO_BW
IMU_GYRO_NFO_FRQ
IMU_GYRO_NF1_BW
IMU_GYRO_NF1_FRQ
IMU_GYRO_RATEMAX
IMU_INTEG_RATE
INA226_CONFIG
INA226_CURRENT

INA226_SHUNT

S0 8))|

Disabled

Model with Pitot

1.500 mm

0.200 m

30.000 Hz

30.000 Hz

Enabled

40.000 Hz

15.000 Hz

25.000 Hz

20.000 Hz

0.000 Hz

20.000 Hz

0.000 Hz

200 Hz

18139

164.00

0.0005000000

Enable external ADS1115 ADC

Airspeed sensor compensation model for the SDP3x
Airspeed sensor tube diameter. Only used for the Tube Pressure Drop Compensation
Airspeed sensor tube length

Low pass filter cutoff frequency for accel

Cutoff frequency for angular acceleration (D-Term filter)

IMU gyro auto calibration enable

Low pass filter cutoff frequency for gyro

IMU gyro ESC notch filter bandwidth

IMU gyro dynamic notch filtering

IMU gyro dynamic notch filter harmonics

IMU gyro dynamic notch filter minimum frequency

Notch filter bandwidth for gyro

Notch filter frequency for gyro

Notch filter 1 bandwidth for gyro

Notch filter 2 frequency for gyro

Gyro control data maximum publication rate (inner loop rate)
IMU integration rate

INA226 Power Monitor Config

INA226 Power Monitor Max Current

INA226 Power Monitor Shunt

PX4-firmware L}
oieto|e &2

o\ %[5k
& Utk
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QGroundControl 7| =

=4 £+ - 0fel 2tHA QGC OF0|& =& T 7=

Hgi 21 CI2EC

HH 2=, ZHO0| A|S0| 23 WOICr X522 7| FE L} (Arming)

QGroundControl - (] X

% sz 1 < & S e

g0

== £ UHEZ5(Log Download)= JIMZFE BHOIH 2l =1 IH< J 5" =i J = 2Otz LICH

Id o

oloixo NEHE= 0 2024-01-27 % 11: 385.6kB MEIs
1 2024-01-27 2% 11:57 283.3kB J\E=p/=
2 2024-01-27 2% 11:57 527.7kB A2

, N 3 2024-01-27 & 11:59 502.5kB AN2ItS

Mavlink 2£ 4 2024-01-29 @F 9:17 319.1kB NEIHsS
5 2024-01-29 2% 9:18 513.2kB A2Is AT A
6 2024-01-29 2= 9:20 515.0kB NS = SALS
7 2024-01-30 2% 9:25 317.4kB J\E=S[

MAVLink & 43| 8 2024-03-09 2% 3:17 367.4kB NEIS
9 2024-03-09 2% 3:17 1,015.6kB ANEIS
10 2024-03-09 @= 3:18 1.0MB NS =
11 2024-03-09 2% 3:15 507.9kB AN2ItS
12 2024-03-15 2% 2:11 1.0MB MBS
13 2024-03-15 @& 2:57 577.3kB ANEIS
14 2024-03-15 @5 3:24 492 3kB A2
15 2024-03-15 2% 3:40 1.1MB AN2Its
16 2024-03-15 2% 3:41 1.3MB ANEIts

Mz1fH -> #ddl= 23 2§ -> LI2E2E
23 F45l= YEH2 FoM CfA CFE o
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QGroundControl 7| = JNE=20:(UN
=4 = - 02 2tHO|M QGC Of0| & =& T’ 7Fs listener vehicle_local_position & &

nsh> listener vehicle local position

Mthnk -._-.- : r—l'l¢§a LH_?_O.II xﬁ-l-ﬁ I-I_ 7HI_=;I !o TOPIC: vehicle local position

— El-ol:_ohl- S.I'Q. I- ( . *l‘X) Vehiiigsizial p051tlon .
— — p: 3395105988 (0.006241 seconds ago)
LIStener & Commander o O =20 7 o PX4 flrmware = timestamp sample: 3395105524 (464 us before timestamp)
) . ref timestamp: 21752932
) QGroundControl ref lat: 37.454681
ref lon: 126.952100

x: 5.75351
:J A—| — ? y: 7.48984

z: 34.99282

delta xy: [0.00017, 0.00193]

delta z: -0.02102
vx: 0.00643
vy: -0.01271
= A = — vz: 0.01970
I"%tgfl )\lﬁg _é(}” [-HP_'- ._%E I‘” - z_deriv: 0.01262
delta vxy: [-0.00110, 0.00251]
delta vz: -0.00150
ax: 0.04737
- ay: 0.12332

Ol0IXION IS RS It nsh> | az: 0.08533
heading: -1.81223
delta heading: 0.00174
ref alt: 170.76042
dist bottom: 0.09285

Mavlink 2 eph: 0.18843
epv: 0.18597
evh: 0.11022
evv: 0.08248
vxy max: inf

. ELAH vz max: inf

MAVLlnk D)%jl hagl_min: inf
hagl max: inf
xy valid: True
z valid: True
v_xy valid: True
v_z valid: True
Xy_reset_counter 6
z reset counter: 14
vxy reset counter: 6
vz reset counter: 6
hegdinq reset counter: 6
heading:qood_for_control: False
xy global: True
z global: True
dist bottom valid: False
dist bottom sensor bitfield: 0
dead:reckonfnq: False




QGroundControl 7| %
=4 4 - 02l ZtHO|A QGC Of0|&E =2 &MY 7ts
Mavlink 2& : A 33 L{Fo d=55t= 78 1

Listener & Commander S ':l'%!:‘.’_P ga*% 7}s (PX4 firmware &X)

AFE O Al AFE O Al
Commander arm & listener battery_status

nsh> listener battery status

TOPIC:
bd‘r‘rely 5

nsh> commander arm

nsh>

1Mo HE Alss He 83

cemaining s: nan
ture: nan
cell v: 0.

ave dqe puwe o
dleldbl
full ch

0|0 = F=aF Lot &g &oto] =XY |
Ex) PX4 firmware
HOE HME s !

- ﬂJ|HJ

AR B Ef 2] SEf
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Yo 2E S5 Aa|o| o]

Throttle Control Roll Control

' R

= .
I ) 1 |.
Rerand Descend ’ Roll right ' Roll Left

Pitch Control Yaw Control

i,

Move Forward Rotate Right Rotate Left

Image : Gunarathna, J., and R. Munasinghe. "Simultaneous execution of quad and plane flight modes for efficient take-off of quad-plane unmanned aerial vehicles." Appl.
Sci 1.0 (2021). 45
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0

EYe)
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st
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- FlightReview= BIALO|E0f B|# 21 THAS S2|H 7|=2Xol 242 IHZ2 BOjFCt OFF 7t
HoX| O 2 £ Qe HAIX| 7} SHYHO|T

https://review.px4.i0/

- Plotuggler= 2Lt B2 HO[HE 2F XN2|5tL flightreviewO| A 2O F=X| i= AtAM|SH HO[H S
T 2ol = A =L

https://plotjuggler.io/

00
ot
HIT
1z
A
ot

Ol M|O|LIO A= ZHEES| FlightReviewS At


https://review.px4.io/
https://plotjuggler.io/

Hg 23 g9l
Flight Review

1) Flight Review EIAIO|EO| T 2) QGCO|AM CHREF2 Ulog IS PEE

Upload a Log File

Select and upload a log file for plotting and analysis. You can browse through public log file 1255 Fllght Review

Description (optional): PX4 Quad rotor Open 3D View | Open PID Analysis

Airframes genzrictQuadiz?ter Distance: 7.2m
uadarotor X (. ) % &

Additional Feedback Hardware: PX4_FMU_V6X (V6X000003) Max/tudeDifference: L

(optional): Software Version:  v1.14.0 (b8c541dd) Average Speed: 0.8 km/h
OS Version: NuttX, v11.0.0 :

7 Estimator: EKF2 Max:Speed: 3.5km/h

LoggingStart?:  15-03-2024 15:40 MaxspeedHorzongl  32km/h

E-Mail: jason4012@snu.ac.kr Logeing BOration: (00032 Max Speed U B—
Vehicle Life "
Will only be used to send you a link to the uploaded file (including a link to delete) and is not stored on the server. Flight Time: 2 minutes 21 seconds Max SpeediDown: Tk
. Vehicle UUID: 0006000000003436333634325102002d0036 Meix Tilt Angle: 154/deg
Access to the log: Public s

Make this log publicly available (on this page). The PX4 community
can use it to improve the flight stack.

ULog File: Choose File...

Upload
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Flight Review

3) GPS A, & 5 FX/E2/7t5E 8=, =
=0 22 BEAlE

[m]

[m]

— GPS (projected)

| &S, HiE 2| SEf, 27F HAIX], £

04

0.2

-0.2

[m/s]

-04

-0.6

-0.8

Velocity

1:20

I

E
Lo

Al
o

[V

Ef

o

=
o

ov

1:30

O
—

1:35
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