254-247 100 9 o leskhs 15 095 1394 H3T ( yw )30 Sl wliye dlxo

9 3s rale dslinle =
—5; =
< . -EI. F—
OV o0 S0 (Swiigeo = & =
=L1\=
mme.modares.ac.ir T s

b dselo — =iy 319 9 0g0s K3 (Sl ds 4 PI 9 555 (Silw s b9y 4 J ks

N A (S S

3 47 * 1w ;.
) (oo w7 g0 s & (G995 (e eas
O35 0yt RN (Sl pwine eyl (ol S (ggoeitils -1
Al el oy (Sl pwtige o jluisls =2

OI)‘QK ‘U])‘Qf bli.w.s'.) ct_iuls.‘o u‘“"’"‘et" g)b_)L_M,I —3
mmahjoob@ut.ac.ir 11155-4563 s sgvo o5 *

sSes Ao oleYb|

a4 Jg swd pudi g ot sodyy oy pedlatuly 1 SO YU adygle cubl 5 ool (SO jlid ke > 4 o ygig,0068 6 el Jo (g Allie

B a0,So b ol e lgpdges S Alie opl )3 bl o dnlge Cudgiie b Sldes (slaayn) S Sy 0 oyl jb Jes bl

1394 15,5 11 1l
1394 1520 5 i

O LI 0391 (6 y9l5 sl 48 (olediiy o 5> sl 005 )] prame il B b (oSl J S ses 93 985t JalS ks 1394 31550 24 1ol 3 1)
015 plosl ylogl = (g ) 4 02y (Sealisd (giludso il Bl 20t o b il (o)l 50k oo Bl 59,0l Sy 4 o S 3l 45
IS it s colgsdd jolas 03y 8 > gl 1N il o LU sl 4 g osd s (S y50 05 ¢ oS g el Cawndy SVolxo il gy jlgpdges
xS Frbe Jolb &S (293 = (639)9 295 il dad D9y 4 (o sl 0ad &) 0y (gl 0SS £93 930355 (b i dbdgee 5999055
Joslital b g e plS 09y 4 (6500 9 Mblioe olus bR g5 g 0adi Jdo lacSiolys & w9 0392 (293 VL 4o il el
" L5 (st 5 Bl sl Sl e s 5 0351 cslis 03y (391 Sy Shyslyr bl S 3,50, P S 2 St

'«_gwol.u.) )gl)g ).)941&.3‘.) Pﬁwwnxaaxﬁ d)'.w)‘.\:b P u.»9ﬂaa .))fxla.cun.cAJ Plf wa)dac.kw@‘).‘o le)‘jwtkf.}.{b.)

Feedback Linearization and BackStepping controller aimed at position
tracking for a novel five-rotor UAV

Mohamad Ali Tofight, Mohamad J.Mahjoob! *, Moosa Ayatit

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

ARTICLE INFORMATION

ABSTRACT

Original Research Paper
Received 01 June 2015
Accepted 11 July 2015

Available Online 15 August 2015

Keywords:

Five-rotor UAV
modified quadrotor
feedback linearization
back stepping controller

Simple structure and high maneuverability of quadrotors have made them one of the most
preferable types of UAVs (Unmanned Aerial Vehicle). However, the main problem is their small
payload capacity. In this paper, a novel five-rotor UAV is introduced. Dynamical model of UAV and
two nonlinear controllers for trajectory tracking are developed. In the proposed UAV structure an
extra propeller is added to the center of vehicle to improve the ability of lifting heavier payloads
and open loop stability of quadrotor. The dynamic model is obtained via Newton Euler approach.
The model is under actuated, nonlinear, unstable, and has strongly coupled terms. In order to
have trajectory tracking two types of nonlinear controllers are designed for the UAV. First
controller is designed based on input-output feedback linearization method. This controller
involves high-order derivative terms and turns out to be quite sensitive to noises and modeling
uncertainty. Second controller is a back-stepping controller based on the hierarchical control
strategy that yields lower computational expense. Simulation results confirm acceptable
performance of back stepping controller stability, position tracking, and robustness in presence of
external disturbance.
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