FY-AY axiio [0 o ylouis 111 0,98 11F s Jlu /oo Ui g baojle Sailo

& . / &
fu(/}fubuﬁw?Uﬁ/

274 l:u:’/) g Iy

DOI: 10.22044/jsfm.2021.7877.2813

ool GHLAcel 0929 L 59950195 S0 o (213 Sl (oS oS J 1S (2 5b

. #Y e,
f@lél.w RETSWE UV 5*“5.«:[.3.: ol & CBln dosxo ol duw “‘_gaw =
Ol kol simiuo LR (Sl okt iyl ol IS a5 gal Al !
Ol smgb 3l pads 4195 ixino oKD (SWiln (quwdigen of 15D Ggamiils ”
Oleo! «yleuol  izimo oIS (SuilSo (cwiiten | jiSS Ggziils "
OIS ¢ owob (] s axlgs iaiuo olEaSIS (Sl (msdigeo ¢yl oLl |
AARRILTZAR IR SRV R SRV VAR IR < PSRN SRTARY) ORI R P C R -SRI

oS

Sy Dy oy (Seald SYolae 09h oo )l 55555055 (sl Siludnd bolpen wax (aS il SRS g, o GRegl ol 0
Ao el (2l GLazél b olien 5 (gluosls (g 5 oS g ik Gigs ¥l el o0l3T Az e B b eer
e 4 o8 (S (g5 S 5 b et S 0m s S o Selins iS5 0wy pog sleseS 4 az g b cenl o w88
SlrostiS J 7 3580 (b ol g gllas s (0,5 JLis 5 oniyy Condy ol ly (3538 050 Sy, 5 RS LS
Sk Sl b g oo oalial oaiy JUl D> g a2 2 S > SIS lp (Sl Al 5SS el 00l (b
3959 Grized 3 Sz oy Es8y 5l Olise wsdleiing eaiiS SRSl ookl b ogd e DLl Bl (5,55 Lawgt bag)]
et bawgi 3825 (nl o ool &l 0o S o Slae a3 oo £ (o253 S0 (S gy o & 08 bzl gl JS
it 3,Shae Lgi545 PID 0aisS J 1S 4y o (golgiion s, 45 amd se ol gl 0ad co dnl Cilids (glagy i s (g3l

el Spglie Genal ()5 HLESETL agrlge 50 a5 s oo (LaS 095 I pae (20 50

o nlael e mali ¢ e o, tddie ay ol ¢ b33l 550 ¢y574,0065 1 gudS OlalS

Design of Hybrid Control System for Path Tracking of a Quadrotor Subject to
Uncertain Disturbances

A. Mohammadi!, S.A.M. Managheb?", E. Abbasi*, S.H. Sadati?
! Department of Mechanical Engineering, Isfahan University of Technology, Isfahan, Iran.
2 Department of Mechanical Engineering, K. N. Toosi University of Technology, Tehran, Iran.

Abstract

In this research, a novel nonlinear control strategy along with its simulation for a quadrotor helicopter is
proposed. In the present work, a six-DOF dynamic equations of the quadrotor system subjected to unknown
external disturbances based on the Newton-Euler equations is developed completely and without any
simplification. Considering the under-actuated and strongly coupled characteristics of quadrotor helicopter, a
nonlinear control method is designed using integral backstepping combined with the sliding mode control
(integral BS-SMC) to stabilize the qudrotor attitude and to tracking the desired trajectory. The designed
controllers based on the hierarchical control scheme can be used to control the rotational and translational
movements and their stability are validated by the Lyapunov stability theorem. Using the proposed
controller, the chattering phenomenon and discontinuousness of the control inputs faced by traditional
sliding mode control (SMC) can be avoided. The feasibility and performance of the presented control
approach is verified by the simulations under different scenarios. The results show that the proposed
nonlinear control method not only has a better tracking performance than PID controller, but also has a
higher robustness when unknown disturbances occur.

Keywords: Quadrotor; Sliding Mode Control; Backstepping; Trajectory Tracking; Uncertainty; External
Disturbance.
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