Vol.45 No.1 Wk & & A B 45 % 1
Feb.2026 HEBEI ELECTRIC POWER 2026 4 2 H

He T Nelder-Mead FEiER DU ST N WL £ b
PID #il23 280 Jiik

FER.ZSFULFR.BE OB MER
(ERARE A ERAARLEHEE AT A HLHE 071600

WE AR T R AL DAL L ERREZANEEHREFEL PID AZRAT 7 E A R MG P M, 328 T
— AL T Nelder-Mead H ik ALY v 4 R A PID 4541 B A M F k., S #N PID HH B AT L L RAARELR
HFERE AR, M Nelder-Mead L kA ZXABREZF L. AL BEELA PID AR AT HEAL, AANLTWHREAR
AN KT RBFRFER QI N FHEDpRFEEH TR, RE, F@EET S XN PID 4 BRI REFZAF
%, VA & Nelder-Mead & i R4 53 M PID 2% ¢9 o B, %5, i@ 1t Matlab/Simulink 45 & \77‘)? 5@ ER SR, BET
BRIt i R R RS, AR SR AW, AT Nelder-Mead AL F i 49 5 2% PID #2418, £ Wk L LA E
Fo g 542 'ﬂl’,%@)%fgf&%%zfoﬁﬁw PID 4 #4] % . ve 5 % E AT B 42 7F, £ R ASRIR TR Sk o), iéi‘iﬁnﬁﬁﬁﬁfx%i
H, ZENBEEATRAANE ARE GEARRRE THRET KITRBLAK AT FTE.LEETFR A5 L,

KR Wk Z LA 5 HH PID#E%’]%,Nelder—Mead ok 1B A AL

FESHES:V279; TMT75 X ARERD : A XEHS 1001 —9898(2026)01 — 0086 — 09

Parameter Design Method for Fractional-Order PID Controller
of Quadrotor UAV Based on Nelder-Mead Algorithm
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Abstract: Aiming at the limitations of traditional control methods in handling the complex nonlinear systems of quadrotor
drones and the low efficiency of traditional PID parameter tuning methods, this paper proposes a parameter design method for a
fractional-order PID (FOPID) controller of quadrotor drones optimized by the Nelder-Mead (NM) algorithm.With the advance-
ment and widespread application of drone technology, traditional control methods face limitations in handling the complex non-
linear systems and variable environmental characteristics of quadrotor drones.Fractional-order PID controllers demonstrate su-
perior performance in managing the nonlinear dynamics of such systems due to their flexibility and adaptability. Meanwhile, the
traditional PID parameter tuning method is inefficient as it relies heavily on experience and trial-and-error. The Nelder-Mead al-
gorithm,as an efficient direct search optimization method.has shown excellent performance in PID parameter optimization. This
paper first introduces the flight principles and mathematical model of quadrotor drones,including the dynamic and kinematic
models as well as the rotational motion equations. Subsequently,it elaborates on the design principles and implementation of the
fractional-order PID controller,as well as the application of the Nelder-Mead algorithm in optimizing its parameters. The effec-
tiveness and performance advantages of the proposed method are validated through Matlab/Simulink simulations and hardware-
in-the-loop experiments.The results show that the fractional-order PID controller optimized by the Nelder-Mead algorithm sig-
nificantly outperforms traditional integer-order PID controllers in position and attitude control.Specifically,it has a lower over-
shoot,a faster response speed,and shows better stability and accuracy when the system tracks the predetermined trajectory.
Therefore, this study provides a reliable and efficient control strategy for stable quadrotor flight under varying environmental

conditions,offering significant practical value and potential for applications such as power line inspection using drones.
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