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Abstract: The high—performance CPU is taken as processors and Vxworks is taken as the design kernels for most
flight control systems, which has the problems of high cost, large size and non-disclosure of kernel source code. A
low—cost and reliable flight control system for a small UAV is designed. A flight control hardware system consis—
ting of micro—controller, various sensors and actuators is developed based on STM32F4 to realize the control of at-
titude and rudder position. FreeRTOS embedded real-time operating system with open source code is introduced as
software platform to develop flight control software, so as to realize the functions of flight control, autonomous na—
vigation and flight management. The flight control system 1s validated by flight test of fixed—wing aviation model.
The results show that the designed system has high stability, high control accuracy and fast response.

Key words: flight control system; STM32F4; FreeRTOS; residual design; flight test

Wi B 2023-03-24; {EEIHHI: 2024-05-29

E£WH: TR L TR ARBE 55 H (MJ-2018-G-55)

BEMEE: FEAA989—), B, Wit, TR, E-mail: xumeng0102@126. com

SIR&R: H&E), Fhd, A, % LT STM32F4 5 FreeRTOS B JC AML CATHEHI R4 [T]. fiias TR SR, 2024, 15(4): 93-99.

ZHOU Zhiguang, XU Mengmeng, SHI Meilin, et al. UAV flight control system based on STM32F4 and FreeRTOS[J]. Advanc-

es in Aeronautical Science and Engineering, 2024, 15(4): 93-99. (in Chinese)



94 i as TAES

0 35l

il

Bt 2 HL T B R 9 R R TE AL Ok ik A7
K AR TN R G R FE I L, E AT
B RGO R W B ET R A . TC AP AT 45 6
PEAR R 1 K S8 22 1 T M DSP %] MCU+FPGA |
SOPC % % JE BB . Fuller %3 T FPGA 288 i%
TRAT RS AL T R s RO {5 s Park
S5 T PowerPC &b B 25 HE1T 8 BE JC ALY RAT
PR S AL K 5 3k /NARE I T PCLO4 2R A R 25
B AT I R G 7 T AEEE T PCL04 AR
HATHE AN RATER RE MBI RE, BA L
BT % v kb BEER D BB K 0T SEME = T ROHE
I AR R A A A AR TR KD,

IBATHE RATFE W IT S AL AT 5 i R I &
IR T A R RAE RS VxWorks - & o Murray
ST VxWorks 1 RG & T X-38 K4 #t
A i B 1 ) ZR GG 5 il e 7 453 T Vixworks B2 1E &
Gi At g e N E T HLAL B RAT R O R 5 ik )
ST — B R T VxWorks 52 RHEE R G/
T IE NALRATEE WA . SR Vxworks R 484 46
55 A 58 AN FEURAS A8 R I EUIE 18 A
7 R A

STM32F4 R 51 kb P28 & —F 3 F Cortex-M4
F 5 ARM A% B OB 45 i L Ah IR L K
R ZAE 55 A B, DI FEAR ; FreeRTOS J& — A4~ 5¢
LRI AL S L REREY BB AT AT
P AR Y R R SR M R, 5 (A% 4 B STM32F4
Ab S O FreeRTOS $#8:4E R 48 W% 5 A
Fizs a0, e T STM32 2 81 b B 3% N 17 25 8] /)
1 B8 A5

S5 A i 1 AR VA AT L S R R AR SO
1 5 30 9 3 3 21 BB RAT AR L R S AT T
e STM32F427VIT6Z 1E A F= 42 4 , 3 it 45 2 A
F3E R AR HLAE ] A /D SR 55 A L R R
AT AU R 5 5 7E Il E A A FreeRTOS #
VERGE , Vit AT M R R e 4, O 38 i [ o 32 A0
B AT IR0 X CAT R R e AT B IE

1 XITEHESEEHETES
1.1 BHERGEN

ALV I AT HE ) R S8 LA e B 4 o g
STM32F427VIT6 Ay #% 0> kb 345, T4 45 26 1] 3k
180 MHz, 5 & & & 4% AT AL 2L [R] 44 B FAT A 422
Tl ZR G, A 235 ) A L 4 18T 1 T

I 3L
SPI :ij:

T & R 5t

B R P EHD\

T T
CPUB TR
WL A ¢ vy

N

e SPT' ]
/9

HSVT1d
SRy

BI1 AT 4 2R T 2 g PR

Fig. 1 Block diagram of flight control hardware
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Fig.3 Circuit diagram of pulse width modulation voltage
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Fig. 6 Periodic real-time task synchronization diagram
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Table 1 Tracking error and roll angle statistical
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Table 2 Tracking error and roll angle statistical
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