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Flight Control of Two-degree-of-freedom PID Unmanned Gyrocopter
Based on Improved PSO

SU Zhongbin ZHANG Leilei MA Zheng GAO Rui
(School of Electrical and Information, Northeast Agricultural University , Harbin 150030, China)

Abstract; For the automatic control of the traditional unmanned autogyro, a combination of one-degree-
of-freedom PID and optimization algorithm is used, because the one-degree-of-freedom PID cannot solve
the problem of fast response and interference suppression at the same time due to the response lag
characteristics of autogyro. A two-degree-of-freedom PID controller based on the particle swarm algorithm
and the simulated annealing algorithm is proposed, and a noise reduction method of feedforward controller
is designed to achieve effective control of unmanned autogyro. The feasibility is verified by building a
Matlab simulation model. The simulation results show that the response speed of the algorithm in this
study is faster than that of the traditional one-degree-of-freedom PID control. The feedforward controller,
with strong robustness and system response can effectively suppress external disturbances. As the result,
the speed is fast and the response time is increased by about 119% . The control system is more stable with
higher response accuracy and slighter convergence error value. The possibility of error is about 1/6 lower
than the traditional PID. At the same time, the actual flight experiments in two different flight
environments verified the feasibility of the two-degree-of-freedom PID controller based on PSO-SA | which
can provide a theoretical basis for the application of unmanned autogyro in the field of agricultural
aviation.

Key words: gyrocopter; automatic control; two-degrees-of-freedom; PID; particle swarm algorithm;
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Tab.1 Pitch angle parameters after stabilization
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s Hin K

Mo .
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N Fif [ .
o/ &/ o/ &/ R% o,/
t/s

)¢y (°) (°)

PSO — SA - PID 0.11 10 11.23 49.2 9 0.13
SA — PID 0.25 10 11.95 52.3 9 -0.36
PSO - PID 0.29 10 12.12 50.6 9 -0.68
PID 0.31 10 12.53 57.1 9 -0.94
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Tab.2 Roll angle parameters after stabilization
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PSO — SA - PID -0.026 0.4 0.676 23.7 0.4 0.014
SA - PID 0.095 0.4 0.681 25.8 0.4 -0.042
PSO - PID 0.112 0.4 0.691 24.3 0.4 0.071
PID -0.152 0.4 0.694 26.2 0.4 -0.098
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Flight test model aircraft
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Fig. 12 Specified and actual pitch angle in windless

environment
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Fig. 13 Specified and actual roll angle in windless

environment

P 12 13 A1 3 T LA A0 £ 16 U -1
U A — 2, R ECF IR ZE RO, |
A7 e T v i R R 2 RSP 2 R 22 B A AT 4 B L Vi
WL RERFFFRR © AT, BURMAETT IR VI A 3h K
P8 ST A — 2 ) i 22 , (EL e 17 1 2 T8 — B0, R ik
T AR GEA B 0 IO R e T e BEBIL A R RN e
P, e bR 22 H BUAE B 25 A, 5% 22 4 7 W] 42 B AEL Y 1R
W, BERALRE R T2 AT

£33 AR EEREITIRE

Tab.3 Actual flight error (°)
PR 2 IR 40 £ VR F
FRIR % 1.92 2.90
TR 2 0.26 0.37
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