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With the rapid advancement of drone technology, its applications in industrial inspection, precision
agriculture, geographic surveying, emergency rescue, and aerial videography have been continuously
expanding. As a quintessential example of multi-rotor aircraft, quadcopters have emerged as the
primary platform in both civilian and research fields, thanks to their streamlined mechanical structure,
flexible operation, vertical takeoff/landing capability, and hovering capacity. The efficiency and
intelligence of drone systems fundamentally depend on stable, efficient, low—latency, high—bandwidth
bidirectional communication between air and ground. Current commercial solutions, however, face
challenges such as protocol isolation, limited customization, high costs, and scalability issues, making
them inadequate for specialized research and high—end industrial demands. This paper presents
an open, reliable, and scalable software/hardware development and testing platform, which holds
significant reference value in communication link management, system integration, and intelligent
mission support.

quadcopter; ground control station; interactive connection; MAVLink; ROS; redundant
communication; system integration

itz Es Nl RSN ATA i R
(=) ERSMARIR

(=) HAREREEX

TeNAL (UAV ) SR TR GUS B TR R TT 1), 7Y
2 BRI AAERA . TEAR . A S 2 e
JHARGOE ATFO . RIERGFS, WA Rs
W, RANZE, E5NR SEARC A0, ARk
REE B E TC ANV IREE ). AN HERR R TR
5 MRIEIRAEERE, A AT 2 B AN HARGR AL,
HMELE R R S @ f 7oKk Fit, FETIREST R m kR, 7T
PRAIDUANTT AN EE R RS, FR e SSLROE, 6

[ A TG ABLAS B 32 2 G JF U AR A B, PX4. ArduPilot
4 2 AR K AR I H R FE MAV Link A3 W8 d %O 284,
fit £ QGroundControl S FF Y HL A 35 404, 254 ROS HE 45
MAVROS £, TIEFESRA T EA . SLAM S m R A, H
WTC MR RV, HH A58 I 7 SR [ R0 )
[, S 2R %, RERGEIULL ., BN
gy, (NPT AR IR B R S LT
PRRA, BT, BRI BB E S IR AL

HEWH: N'FALESKHSELHNE (AR ) —SHRMNERT “IRKEEBHT AU BH ( 2024KTSCX365 ) o

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 007



RIS A SANFEARE | SCIENCE TECHNOLOGY AND SUSTAINABLE DEVELOPMENT

(Z) AXEERRABTS IR
L R A
REUERIET . SITTC AN S B R R, R

WIERECFE | AR . PR EIRTT 5, IR aek 4>
HHrbmi.

RS- E &k 585 PA Pixhawk "k 4211 Jetson Nano #1L2;
PN A0 RUBE (R 2 . 413 598, &85k 915MHz HUfE
5.8GHz AL RIER S B, MR pra s v,

BIERSTIT R HIESHEST Ubuntu Fl ROS fitE MAVROS,
FFRRAS IR | LS PUTFIAIGR Y 2 M IET QUAEZSE
FR M ELE, S MAVLInk JB(Z5 . SR . fUARI5%E
U

TUARGEREHUG]: T REEE ST OBk, RSSIL £
) W B TUAREEHR S ES s, A RZE A
BRERNEETT

RGN 5500E: XN R GmEHERTERE
FUESS ATHA TN, TS ag

2. BT

SRS RS RN CREE A (PX4) | HlEheE
(ROS) | #fFHHL (MAVLink ) FHE L (HETFR) 194
MEITIRHARE, SRS S B A

FRETURBEIR AT, M SO, fF550E (RSSI)
PEAEFN A SRS R PR R s, SOl S BR TohE 1
P, OuF st kg Y,

ALY RS s b T R R R B AR O, I
PERLE] 5 (SR BT 6E; HLEL ROS 7 AR R Je S i S b
B,

TOARYIHR AR A8

—. RBREMAHA R

(—) RREFZ R

WAGEM AT ey EATC AN E, REREGFE,
R RER SRS

FPV WS4 . L RIEmrm i, #=E5 T sHm
IR

ZEEGIE TR E . WS R A F A
AT, B 2 A .

PURUESS A M SR T AT, R, IS
TEH AR5

SHEESHS . BERUEIE RS, U ITIEERE.

HIHos 5 R MR IO R WTEYE, s AT
ERESAI

WEABEESEE. LNERCEER, FHW Mk

of
bl

o

RAGYHE]: B b HmmE L, (KA R
e

Do
B
>

TEEEE: JFRAMMEET, BEHEE= 1000, REHE
=2/, H,

WSIER: #651#5 4 < 200ms, B TEH = 10Hz, AT
< 300ms.

WET . fREEE NG ERE< 1%,

S SN B E = 204080, TIAREAIN A TS

3. ATEEPER K

TORBIE: REEEHER R A TTARE G, ERR I B3
IE BN

PrtHkaEsT: 18 2.4GHz/5.8GHz WikFi 4RSS Mg T/,

WAL . SR R, JC AN R MR 2 4

(Z) RGEEEN

RGCRMME . BCZEN, sy oz, BEEEmFHE
Sy 145 Pixhawk KeRSMSUREEEGER RS BE
kS 5455 Jetson Nano igfF ROS, AbMH =4 (T45 % i 5 (&%
FHURE, RLBEFR; BERLREMIOHC S G, 2. 8E
Helg . SRS M AERS, 2.4GHz RC #HI 4EER BRI ITIE IR T
#E4 s 916MHz W akEs L4 MAV Link i ; 5.8GHz
AT (R B A eV R AR . 3. M . EREIIARE
FTE TR MR 2 5 QGC, it aiifs; #IER
PHTEE RS M, 0 RC MR ae b i A5 4 B
A L AR 2 R gl FPV IR

(=) BiEmiuRigit

MAVLink &4 g0s A, &Rz R R G
BEEATE, SRARSk - AT - IR RISE, RN EGAL. AL,
TESCHUERRRIETE 2L, KRR GORH MAVLInk v2.0 L ™,
REIBE DU B 2458, MAVLink HrU+ 8N Z,
AHELER RSTUES A, Pl MAVROS /BRI, K
MAVLink #8588 ROS FEEIFIIRS, @LITA.

=. BHREFAIRITESN

(—) TANEE B FigT

To AR FH o 50 5 T 472 F50 /N FEFEAILZR (Tic & o P
A=), HNFES50mm, AR MR ERE ) RIF. B RGN
T—-Motor MN2212 920KV JoJill AL, 1045 H =8 eI e Al
I # Skywalker40A HiHZHpk, HLIESR A4S 10000mAh 35C #
RAYIM, SR ERR R, MU AT R A O R
Frb e M,

(Z) KiESHEHTEN

1.Pixhawk 2.4.8 ®f7#& Ml de: T STM32F765 G4 il 4,
WHEFEL-RE (IMU, #2003, SEH) FEr (UART, 12C
4) , 1817 PX4 v0113[E M, Tk EKF2ARSM IS, BN
HIAR MAVLink B0, BUEAPURE <X BHEsEmRpsat ¥,

2.Jetson Nano HLEFEAL: NARIIFE ALTHE T &, #

008 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



#7 #% ARM Cortex—A57 CPU #1128# Maxwell GPU, 4 2
Ubuntu 18.04 LTS 1 ROS Melodic, it UART 5 Pixhawk &
%, W 921600,

(=) BISHEREG

1.915MHZSIK #{ f& i1 & 1% ] Holybro 915MHz SiK V3,
23R 500m W, HUES 1W, 915MHz MIEFZsghe iR, 5
2.4GHz RC f15.8GHz EEMIBL#, 57600 R T IEiR 577
EAu

2.DJ1 O3 Air Unit EERSE: LRAANL. EUERNHIRIRZ:,
Y 1080p/60fps M4, HEIMHAENL 30ms, FCCARIE T
KIEfEHR 10, Wil 4 g WA L.

3. RC R gn i 1% . % J§ FrSky Taranis X9D Plus 3% 2 g5
5 R-XSR #:UHlL, TAET 2.4GHz HiBk, S04 SBUS #ii, mid
SBUS B\ Za%#; Pixhawk “&4%, (EARILCRTFahi=fliEE.

(M) BRES5HEIET

SR ST FRJE e A 2 ALt B, O Pixhawk $2( 8w 5V
HLJ; Jetson Nano BN HLBEl K M di BEC fEHL, i R4
ZF. FraR&d, RIEZLSESLATHRIL, Bt GPS KZ&
TEESS TR, BPRR i T2,

(h) BHRARERSHERTMHER

SRBJE HET R A B A AR, TR AR R S 2,
MHFEFARAST, WP IR G ERE . BEEEHES RSSHEMEL
(e e e i O alle s s (1Y =R D) WA < MU NI 4

M. MERFIZITESEH

(—) RERGDALEE
AR GER -2, 4y s shm R T R e, i
MAV Link HrSCRARRAC B
(=) MEwRREIEITSSEN
1 WL A IZ1 7T Jetson Nano [y Ubuntu F#48, 0H
ROS #EZE:
T MAVROS RIEEHECE: FLE mavros JH3I 3, HA7
5 Pixhawk B IEE:, 1T6 / kAR ROS 1H BRI o
2. &S HAISE: HFK status_monitor 9 &, 6
CREERE . GPS . AL R RS SRR
SALFEE AT mission_manager 7 ST AT
AR _E AL JSON AU 4T55
4 WHCR L R BEAAEE: ] GStreamer {5IEREWHIIT
H.264 %70, j@id UART Jikss O3 EL R GAL, UDP MR
N
(=) HESREIEITSSEM
HHSE AN H IR OO, R Qt 515 HEZEFI C++ 5
L RMHEZR S GULIE . SR MVC B, & i /
SHEMEX ., AT BRI
2% I o % M 5 @ 5 Y 8 MAVSDK JE &b B
MAVLink Jlf, REMERT 0, SIMTTARHER T,

it

3 TRATEE WR S ST ) Qwt R S i
2k, T Q3D M Cesium HHT =48 %,

4 RS G SEOR B, SRR R AR R
1F4%, @t mavsdk: : Param ZHAREURIS & KIESH,

5. BHHCR S R I HAURICTE] SQLIte ZREE,
B T4 P BRI R A TR

(M9) TSR FIZIT

RGN 916MHz UL A A T80, WAL Wi-Fi #4
A CUDP) Sy RS

L BRI TEAL . & AR T 040 (LQS) =wlH+w2 (1-
PL)+ w3*RSSLnorm (H AOHRIRE, PLAFE@E),

2 MBI RIB . MRS IR S s8R LQS, R
T Rt 2 A

3PN R S MU AR YR A, MBS A
TAH, CRERIAHERS T

h. BEERE

(—) Iems

IS B 28 P il TG AN M T % 5558 BB B ] 2 G5 R TR
g8, WBHRGIT K, a2 RIS A 7T %, il |
LA Pixhawk 2.4.8 11 Jetson Nano NAZUHIES, & ECHISSHE
{FI5; Wk AEE ROS AL RS, TR QU+ ML,
AT LQS TUARSEISTEIHAH . ZK, REASTEREIER,
RAET S R RIFR A G5 .

(Z) £28l#=

L AT e, T RIBEVIATES . AT TR

2. ZUEFETEAL ARSI, IR HRRE

3. SRR, (BT UrAE RN EASE L.

(=) FRERE

AT AGC/5G TBELIBENE L, SEpc ey, 2
A BRIRESNRE, b VR/AR AWIACH., H5Risfnas S5 a3tk
H, MR a2,

Sk

[1]Meier L,Honegger D,Pollefeys M.PX4:A node—based multithreaded open source
robotics framework for deeply embedded platforms[C]//2015 IEEE International
Conference on Robotics and Automation(ICRA).IEEE,2015:6235-6240.

[2]Koubaa A, Alajlan M,Qureshi B.ROS:An open—source robot operating system
tutorial[J].Journal of Intelligent&Robotic Systems,2017,87(1):19-31.

[3] EM§ . B35, XUEI . 36T MAVLink (975 AW G R G040 (). TR S
&3 ,2018,39(11): 3489-3494.

[4] 5k, Zoat , X FE T ROS Tl PX4 i T AHUR I = GemE 5 (). v AL it 5 4%
il ,2020,28(5):214-218.

[5]Chao H,Cao Y,Chen Y.Autopilots for small unmanned aerial vehicles: A survey[J].
International Journal of Control, Automation and Systems,2010,8(1):36—44.
[6]DJL.O3 Air Unit User Manual V1.0.2022.

[7]Holybro.Pixhawk 2.4.8 Autopilot User Manual.2021.

[BIMAVLink Developer Guide.https://mavlink.io/en/.Accessed: Oct.26,2023.

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 009



