290-281 yo e 8 o louis 15 095 1394 obT (RIS S wddie Alxo

933 ol dolinle
OV IO S S0 (S GO

mme.modares.ac.ir

\

qu

FHngl

E“’""

Lﬁ.«/;'{“;sﬂ;:

WA LSl b o g O90 319 0908 O (oS pd 55 9 Sl S

3 W T *2 1w « o
ﬁl‘;w}o‘ Q90 dads (a8 98 Ao sane
O ol s oSy (8 0uSisly (Sl awdins bl w8 ozl -1
5 ol oSl 8 0uSils « SilSe uoige ¢yluils =2
u‘).Qa ‘u‘).ee oKy (5'3 ISLEHN c&u&n ‘_,;»).L.Q(o c)b)L.M)I _3
mmahjoob@ut.ac.ir 11155 -4563 i seio o)l *

s Jlio e

Jol8" imgh dllie
1393 6527 1cél s

1394 515519 5l
1394 1513 1cgle ,s 1))

Sl e el JpES s S g giloie SOl jky y55) i ol e (S b el 9 Slon dges S dlie )
@ Yl gy 3bul cuilB g ol 495 b go S5 a5 @glas 1 b codgn 1939,0158 il 5lg pdgec ol 0ns (¢ilwans 9 b

Sl G el cpizman 5 03505 By |y 55558 o b b (o3 ol JSihe 00 48] e o 15 SIS

W ob i Swolod (5lw e i Hliel jelaie 4.l (gylg sl)b Mals ot [l Dgd 0 piye Bl ply >

Ol 4l
b o HlLL Cad 4 g osd Cudy (o5 5 o ad el Cawds Yl . 00 ploul 51,5V bg,y 4 wb g kgl = e B9, asde iy jlgp S50
A b (2t 929y Lok Suad gy dlie nl 3098 (2l cuslie (SRS s (Sl lgSd Gkas 03 &8 o (ol W iy O o
oS S 3,5 o ool 93 Aype dad oS walals dligy 008 JymS 1 e 0dd L pieme (ly 5 4858 4 58 Jae 56,5 29555

.35 Jicpe Jan 3 o Slec 5l 5] olyied el ol ol o2 Jao (slacSialis & g 0332 Yy 4858 55 i ol S S0 Sl S

sobte & 1 39 g0 (JyHS pls (gilwodly g (Ahb (Stomg (Rl el plus Sy 4 b Slas Sealis 05 Bl ()b
080es osds (b J S piuw &5 e o Ui (gilwdnd zuls Cul 0ud odlitul 4 gl 0ailS ST Sl b ySles Soliun oy

Modeling and nonlinear tracking.control of a novel multi-rotor UAV

Mohamad Ali Tofigh, Mohamad Mahjoob?*, Moosa Ayati

Department of Mechanical Engineering, College of Engineering, University of Tehran, Tehran, Iran
*P.0.B. 11155-4563 Tehran, Iran, mmahjoob@ut.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper
Received 17 January 2015
Accepted 09 June 2015
Available Online 04 July 2015

In this paper, modeling and design of a trajectory tracking control system for a novel multi-rotor
UAV (Unmanned Aerial Vehicle) is developed. The UAV is similar to a quadrotor with an extra no
feedback propeller which is added to center of vehicle. The additional rotor improves the ability
of lifting heavier payloads, and anti-crosswind capability for quadrotor. For validation, the
dynamic model is obtained via both Newton Euler and Lagrange approaches. The dynamical
model is under actuated, nonlinear, and has strongly coupled terms. Therefore, an appropriate
control system is necessary to achieve desired performance. The proposed nonlinear controller of
this paper is an input-output feedback linearization companioned with an optimal LQR controller
for the linearized system. The controller involves high-order derivative terms and turns out to be
quite sensitive to un-modeled dynamics. Therefore, precise model of UAV is derived by
considering actuator’s dynamics. To compensate the actuator’s dynamic and moreover, to avoid
complexity in the controller, a second control loop is utilized. The obtained simulation results
confirm that the proposed control system has a promising performance in terms of stabilization
and position tracking even in presence of external disturbances.
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