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Figure 1  Architecture of overall system
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Figure 2 Signal transmission flow diagram of on-board equipment
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Figure 3 Circuit of power supply system
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Figure 4 Six-axis angular velocity sensor
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Table 4 Comparison table of parameter measurement and standard data
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Table 5 Comparison table of field test system performance

X Ll 4 i B bR FH ] iz 3 CATEES R G (SR
WARKHE 5 Hz (200 ms) 5 Hz Fa e (R 4F <04 Hz([]f=2.5s)
BEARA 1 Hz(FE 3 JRJE BEZ) 1 Hz fa e R 15 A Tk it 2
. U . _ s A8 H6BCHE B, 38 50~200 ms,
EETHEIR 186 ms( S 2 52 ) 14195 ms(FEME Sz ) AL IR S
B BTG5 AL AR B ) L Eh A SO R R R IR T (o ) N _ .
R %E?,:J?fuﬁ% B R A, BT S O BRI i A e R I O] T (g o < TR ELE P B e 2 A
TR A 1.55)
— SUTCAT WL < 28 AL+ A< b 52 000 190 2% 5 8k 8 35 98.7 %%, 45 & 7 Hb 77 £ 52 90 30 H R R BB B AL BRI ok

Flash i ¥ 774#(2 h) 100 % 45 5% K 4

AGRENE RS LR 207 (LR BT

JRUBS: 125

o O R B TR RE R E B AR A o [ 0.02°, %

AHHRE MR BT

WY B 414 r/min, B 0E PR A BrE

Se A g s A R L A
gighsrpe o
RO o e

B ARG, BT 8Ol h H™ A2
il

MSABAT A2 TR S PRI T g

FET ] 00 340 SR R T, O A B SR R SN
ALRETE B b SE M Oy T MO R T, BB S
A AR SRR, WARAS i e 1 J50A Bodls BT 12 /Y
()T 3 2 MR P /0N 3, 5 P i 2l B 4 i AT A A
ez 1al .

FLUC, i T 8% 8l M 245 5 B gy, 1 a9 3R 78 T ] i
AN ZE 195 ms  AEATS R S8 IR RATIR A 2878, 1 2
RHLE AT MR T R o BT, W 2% 55 R s ST AR A7 i
B 72 52 B Ak P sl DR 1 K5CHE 19 268 X 5 %, ik 2B P fiE
e Bk AR T, I () R R B 2 W Il 9 Y R g R dE
Bl o

6 it

ARG TR CAT R S R Gois A7, i 0k e i A fg
JER 5 B R AR L R S BT X e AL R AT RS
(5 Hz) & s HLEG 2 /0 B & s L = AR RS B AE LA
LR ORISR L R MR AR
M e T PR AT I R AR G AR T BB AR ), S
TP )& MavLink Bh i 5 4G /5G 7 WL Hr 50, 45 &
G I A7 TE T BT AR KR CRBEALE . IR0,
30K S 2SRRI b AR R [ % 200 ms LY, H
TF1] 501 A0 492 0 5 3 %8 98, 7Y%, R SERIR S W s 5 =
Jei 090 4 1L T v B R | o M R BOE . BEF
AL 2 R B A IR B — T ORGSO ]
SRR S AL Bk B R B L TR KRR 2R
U B G TR S A T REXT B AL U L AT AL B 2K
I SIS D 2 5 A 1) PR AG R

ZEER, RE BRI T —E L B

TURECET S M T A IRAE T R A
o R A 1 R R RE S W R SRR . v dR
Thih3h 5 BN E TP AT % 4 92 BTN 4 4 LA
T 3 G I i (3t W S A S A

Z £ x w

[1] Z2/NRE, R, FIes, % RO TN LI AR 25 13

fF ¢k J R BEBIR [T, R 25 5% 22 4l 2023, 25(2) :
282—294.
An Xiaokang, Li Fugen, Yan Xiaojing, et al. Research
progress and management status of pesticide application
byplant protection unmanned aerial vehicles [J]. Chinese
Journal of Pesticide Science, 2023, 25(2): 282—294.

[2] % 2t . Rl SRR JE N BT HLPT PR AT 42 ol 30 ms T

D] KA dMRY:, 2025: 1—-7.

Jiang Shengjian. Research on anti-disturbance flight control

strategy of large-load oil-powered plant protection unmanned

helicopter [D]. Changchun: Jilin University, 2025: 1—7.

INR R, PRis, B, S5 AN B ARTER ML A 7 iy

JO7 FHF 28 BUIR B R B[ T]. TR Rl B2, 2022, 50(15)

31—42.

LA AW YIRMN NB-ToT X AR R (1], BT

ARG8T R, 2020(12) : 15— 16.

[5] =EM, MRS, X468, & . rh EAL AR JC ALK JRIE 3 2
IR T [T]. ARR AR K224, 2019, 40(5) . 217—225.
Lan Yubin, Chen Shengde, Deng Jizhong, et al.

[3

[}

[4

[

Development  situation  and  problem  analysis  of
plantprotection unmanned aerial vehicle in China [J].
Journal of South China Agricultural University, 2019, 40
(5): 217—225.

(6] FhAT, UG, e &, 4% . B REAE (ke o OC B H R T 58 BUR



140

B RE AL AR L2 A 2 4 (R IS0

2026 4%

[

[8] fif 303K .

—

HEREHT]. Eafekl &R (), 2024, 5
(4): 1—23.

Sun Zhu, Gu Wei, Cui Longfei, et al. Research status and
development trends of key technologies for intelligent plant
protection equipment [J]. Journal of Intelligent Agricultural
Mechanization, 2024, 5(4): 1—23.

PREAE, B, /A, S B AR TE A BL R 25 ¢
HEHOR BRI T BUIR S8 L], P B ARE R 22 M, 2023,
54(4): 502—512.

Chen Shengde, Liao Lingjun, Xu Xiaojie, et al. Research
status and trends of plant protection UAV and its key
technology of spraying in China [J]. Journal of Shenyang
Agricultural University, 2023, 54(4): 502—512.

J6 L T Al B AP LT ] B T
HAR, 2023, 46(20): 95— 100.

He Wenzhi. Research on software universalization of UAV
ground control station [J]. Modern Electronics Technique,
2023, 46(20): 95— 100.

RIGEP:, XBMG , A4, 45 . JET MSP432 54 LAY IO e 3
TR RG], ARG, 2022, 29(12)
11—15.

Xu Xiaodan, Deng Peng, Yuan Shuangquan, et al. Design
of control system for quadrotor UAV based on MSP432
single chip microcomputer [J]. Instrumentation, 2022, 29
(12): 11—15.

(107 k57, ZEZent, 22 A RE . v AR Sl R rp il 2 1 g A 1 22

R IR T IR (T ).
22—28.

HER2E SR, 2025, 69(2) -

Zhang Yu, Zuo Aibin, Peng Yuexiang. Research on multi-
sensor temperature control method for temperaturetest
chambers in high-temperature vibration calibration [J].
Metrology Science and Technology, 2025, 69 (2) :

22—28.

[11] Bk, e, HE =, . T AVRBERILIKE RS

LRUIENE g WP
118—120.

PLAR B 7 4 R, 2014, 37(24) .

Yao Ning, Guo Chaolong, Weng Lingyun, et al. Design
of automobile exhaust gas detection system based on AVR
[J]. Modern Electronics Technique, 2014, 37 (24) :
118—120.

[12] KRB, THAF, B/, % . ZE T FPGA W £ i B K K

M), Ak Sk, 2021, 36(1): 62—67.

Zhu Sibiao, Wang Jingcun, Wei Xia, et al. Multi channel
based on FPGA [J].
Automation & Instrumentation, 2021, 36(1): 62—67.

liquid level detection circuit

[13] Bfd . JE T FPGA i 2 3@ I8 £ R AR A4 R vt (D .

P PEE AR, 2023: 15— 17.
Lu Jian. Design of multi-channel data acquisition and

transmission system based on FPGA [D]. Xi'an: Xi'an

[14]

[15]

[16]

[17]

[18]

[19]

Shiyou University, 2023: 15—17.

SREH, ERE, AR, 4. JE T MAVLink PrC# JE AL
FO kW AE TR RN, 2020, 40(8) :
2286—2292.

Zhang Linghao, Wang Sheng, Zhou Hui, et al. Secure
communication scheme of unmanned aerial vehicle system
based on MAVLink protocol [J].
Applications, 2020, 40(8): 2286—2292.

AT N AHLR Sh LI W R gt [T].
HLI 7 S 4l , 2021, 29(8): 72— 76.

Hu Ningbo. Design of temperature monitoring system for
UAV [J].
Control, 2021, 29(8): 72—76.

VLI B TR BB A7 PR W) . — b Bk Tl R 98 R 1Y
AT BE G N HLAR 25 40 W J7 i I & 4 - 202411329612. 5
[P]. 2025—05—23.

TREE, BBE, BAME . LT YRR R S IR AL
By % O fF 5E (7). MOk 5 #2023, 30(12) : 93—
97, 103.

Journal of Computer

small engine Computer Measurement &

Cheng Qing, Li Yiheng, Lu Hede. UAV-aided
localization based on extended Kalman filtering [J].
Electronics Optics & Control, 2023, 30 (12) : 93—

97, 103.

SR, BRI, BUWE, S RlA EKE AR B BT
Yo il Ok oh s (0] BAC A 7 R, 2025, 48(17) -
131—136.

Zong Lii, Li Ligang, He Zehao, et al. USV course active
disturbance rejection control method fused with EKF [J].
Modern Electronic Technique, 2025, 48(17): 131—136.
EAYE, X IR, BE4 R, 45 DU TC BN B S R AL
BS54 HLT]. U AT R R 24, 2023, 49(9) -
2395—2405.

Wang Lina, Liu Zhenbao, Yuan Jinbiao, et al. Adaptive
fault diagnosis and estimation for quadrotor UAV [J].
Journal  of Aeronautics  and
Astronautics, 2023, 49(9): 2395— 2405

b, RN, KRB ZPAT AR SRTHRTEA
HLER 3 0 P At il [T 1. v R LA~ 4, 2024, 45
(10): 254—261.

Li Yuanyuan, Hou Baoshun, Zhu Shuhui. Adaptive robust

Beijing  University  of

fault-tolerant control of plant protection unmanned aerial
vehicle with multiple actuatorfaults [J]. Journal of Chinese
Agricultural Mechanization, 2024, 45(10): 254—261.
WA E, EOIT0, K, 45 . TC ML 2 Wi B AR WF 5 ik
JEMER[T]. AR, 2020, 41(9) : 56—69.

Miao Jianguo, Wang Jianyu, Zhang Heng. Review of the
development of fault diagnosis technology for unmanned
aerial vehicle [ J]. Chinese Journal of Scientific Instrument,
2020, 41(9): 56—69.



55 2 4 W4 A s LR BT ILPL AR & 5 5 i R ge ot 5 il g

141

Design and experiment of an on—board equipment
monitoring system for oil-powered plant protection
unmanned helicopter

Yang Xuedong, Jiang Liying, Wang Rong, Zhang Yong

(School of Electronics and Information, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: Oil-powered plant protection unmanned helicopters play an indispensable role in modern precision agriculture due
to their large payload and long endurance. However, their complex operational mechanisms, including broadband strong
vibration, high-temperature engine radiation, and coupling among multiple subsystems, impose extremely high demands on
condition monitoring. Existing monitoring methods mostly rely on closed flight control systems, which commonly suffer from
issues such as missing on-board equipment status data, low telemetry data update rates, high transmission latency, and non-
open interfaces, leading to severe deficiencies in real-time flight status monitoring and fault diagnosis capabilities. To address
these problems, a multi-signal acquisition and condition monitoring system is designed that is completely independent of the
original flight control system. At the hardware circuit level, by integrating an MPUG6050 attitude sensor, laser rangefinder,
thermocouples, and optoelectronic isolation detection circuits, the system achieves high-frequency acquisition of nine types of
key parameters, including flight attitude angles, engine speed, exhaust gas temperature, generator three-phase voltage, and
servo command/feedback signals (attitude at 5 Hz, status at 1 Hz). The extended MavLink protocol is used for data
encapsulation, and data are transmitted to a ground station via 4G/5G networks in a time-sharing manner, combined with on-
board cyclic data storage, thereby establishing a dual-redundant data link. On this basis, an engine overheating early-warning
method based on a temperature-speed coupling model and a fault detection algorithm for servo actuators based on an Extended
Kalman Filter (EKF) are proposed. Test results show that the system operates independently and stably, reducing the uplink
latency of critical attitude data to less than 200 ms, and successfully achieving rapid identification of faults such as generator
phase loss (response <1 s) and servo jamming. This system can serve as an independent on-board “black box”, providing a
reliable data foundation and diagnostic tool for real-time condition monitoring, predictive maintenance, and post-flight
incident analysis of oil-powered unmanned helicopters.

Keywords: oil-powered plant protection unmanned helicopter; on-board equipment; signal acquisition; MavLink protocol;

fault diagnosis
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