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Abstrac® This paper investigates an Adaptive Fuzzy Gains Unfortunately, the difficulty of control design of such a
Scheduling Integral Sliding Mode Controller (AFGSISMC) type of rotorcrafts increases under the dynamics nonlinearity,
design approach to deal with the attitude and altitude parametric uncertainties and externatgibances. Moreover,
stabilization problem of an Unmanned Aerial Vehicles (UAV) the dynamical model of a quadrotor UAV has six Degdée
precisely of a quadotor. The Integral Sliding Mode Control  Freedom (DOF) with only four independent thrustces
(ISMC) seems to be an adequate control tool to remedy this generated by four rotarit is difficult to control all these six
problem. The selection of the controller parameters is done most outputs with only four controinputs. Forthis problem it is
of the time using repetitive trialserrors based methods.This necessary to use adequate control methods such as the
;nneéhcﬁgi(':SuI??;;f";péf;exerﬂggfsgﬂg ?&%g;ﬂgggggﬁﬂgl nonlinear ones to design robust and effective flight controllers.
ISMC gains adaptively according to a fuzzy supervisor. The Norgjllnear cotntrlolthls one 80f9theFS|gn|f|c£ahr_1t thil'lengesth[e_
sliding surface and its differential are declared as Fuzzy Logic modern control theory [81[9]. -acing this -defiance, 1t 1S

obviows that there is not a particular procedure that must be

Supervisor (FLS) inputs and the integral sliding moa& control - >
gains as the FLS outputs. The proposed fuzayased supervision ~ @Pplied to all nonlinear systems. So, we must resort to

mechanisms modify all ISMC gains to be timevarying and employing the k_)e_st adapted tools to the current problem. In this
further enhance the performance and robustness of the obtained context, the Sliding Mode Control (SMC) strategy presents a
adaptive nonlinear controllers against uncertainties and exterria  promising solutiorj10]-[15].

disturbances. The proposed adaptive fuzzy technique increases
the effectiveness of the ISMC structure compared to the classical
SMC strategy and excludes the dull and repetitive trialserrors

The SMC approach is eontrol techniqueknown for its
robustnesdor the complex and nonlinear systems. The best
process for its design and tuningVarious simulations have ben co_nstructlve characteristic pf this controller in the tpta_l
carried out and followed by comparison and discussion of the adjustment of the perturbation wherever the system is in the

results in order to prove the superiority of the suggested fuzzy Sliding phase and a sliding mode is impas@&tis last one
gains-scheduled ISMC approach for the quadrotor attitude and ~ takes place when the state is on an appropriate subspace of the
altitude flight stabilization. statespace.The compensated dynamics become insensible to

perturbation and uncertainties below the SMC de$idij-
Keyword® Quadrotor UAV; modeling; flight dynamics  [18]. Sliding mode contiohas been successfully applied to
stabilization; integral sliding mode controlfuzzy gainsscheduling, ~ robot manipulators, higherformance electric motors,
adaptive control underwater vehicles and UAY19]. Regrettably, aperfect
sliding mode controller has a discontinuous switching function
.- INTRODUCTION which causes a fast switching of the signal from one value to
Unmanned Aerial Vehicles (UAVSre volantrobots with  another. Due to the limitation of physics and the finite time
no aviator that are capable of carrying out various missions idelay of the control computation, it is intolerable to attain
inimical and unsettled environmerjtd. Thequadrotor , dype  boundedly fast switching controlin the practical
of these UAVsis a verypromising concept with a Vertical implementatiorj20], [21].

TakeOff and Landing (VTOL) motion thanks to four rotors . -
which are independently controlldd]-[7]. These rotorcrafts In the literature, the Integral Sliding Mode Co_ntr_ol (ISMC)
variant appears at first & answer to the achieving phase

have been developed foerform various tasks in different question for systems with matched disturbances G2,

fields whether inthe military or even civilian. As a class of ecently, the ISMC technique has been used in order to
unmanned rotorcraft, quadrotors are arising as an mcomp_a_rabé alyze the problem of minimizing the disturbance of systems
and promsing stgnd for various tqsks _such as reCOgmt'ontaken into account a nonlinear drift term and a constant input
su[jvellla_ncl:e,henvwonnr]]entﬁl mor:\lt?]rlng,vt_ﬁ%\cng operations - rix [3], [19]. This outcome has been applied evenly in
and aerial photography through their capagiéy its o L S

structure is simple. In some aspects, the quadrotors have bet%ornnectlon with dierent conirol strategiefike the Model

maneuverabilty tha other VTOL vehicles due to the four oI G0E0h 0o Sl model hefcopier wih ground
y Y- effect compensation is proposed. The authors then present the

132|Page
www.ijacsa.thesai.org



(IJACSA) International Journal of Advanced Computer Science and Applications,
Vol. 9, No.3, 2018

implementation of an integl action on the controller based on quadrotor results from changes in the speed of the rotors. The
sliding modes for a conventional helicopter. [B7], an  quadrotor structurés assumed to be rigid and symmetrical.
adaptive integral sliding mode control for a small scaleThe propellers are rigid and the thrust and drag forces are
quadrotor is designed to online estimate the attitudpr oporti onal to t he[l42 [6a[fle of
controll ersbod ar[a8naeppled de L1 Aut

adaptive control theory to dg&gn [thgn atgft)ude stabilization -FO develop a Mathematical model of such deviveth
against the model uncertainties and enwronmentaFOorOIInate systems such as the tretrame
disturbances. —{Oe, X Yol } and the bodyrame

Based on the aforementioned studies, the main challenging :{Ob’ Xps Y Z } are considered29]. Let denote by
stage in the ISMC design for quadrotors UAV is the ch0|ce of

appropr at e controllersdé gai m theytqtal mass (of; the Quadroi@ithe aegelerationofthee ¢ j
control parameters, the dynamics of such feedback controllergravny and| the distance from the center of each rotor to the
Such gains tuning provides a desired balance between the st&@enter{COG)][].

variable responses and control efforts. In the ISMC framework, . . o :
these decisio variables are selected by repetitive trizieors The orientation of the quadrotor is given by the rotation
based methods that become time consuming and difficult taskatrix R :F . - F 5 which depends on the Euler angles
[4], [5]. Indeed, the methods described abovf2ft]-[25] are . .

interesting but may not lead to satisfactory results because the()f » o )/and definel by the following equation:

are usually the-consuming and very restrictive. Looking for

new ways to handle these complex problems, a systematic eycqg s gcg-)scygscHhygy

approach to tune these design parameters is then an interesting; (£ =% ¢ s ¢ sos -5 (1)
task in the sliding mode control of VTOL rotorcrafts. ( 7 )/_ e v g wr §SE v

s

_ g% sk g ccf g
Incited by its noticeable draw inwerse control appliance

as well as its straightforwardness in realrld implementation, — —qi

the fuzzy control theory has been applied to attain advanced whereC(.) COS() and S() Sln(')'

performances and robustness for complex and nonlinear

systemg26]-[28]. The tuning and selection of abMC gains, T

systematically and without any triadsrors based stage, thanks earthframe are defined as X = [X, Y, Z]

to a proposed fuzzy supervision mechanism, is a promising

The position and the attitude angles of the quadrotor in the

. - : ) _ T
idea and efficient solution given the complexity and thef = [f q ]V respectively. We  denote by
hardness design of the conventional ISMC approach. Such a

proposé fuzzy gainsscheduling techniqueallows having p/2 ¢f ¢/@a, -p/2 ¢q ¢/@2 and -p ¢y ¢

variable gains over timeased integral sliding mode controllers the roll, pitch and yaw angles, respectively. The complete
that are more appropriatand efficient to uncertainties, dynamical model of the studied quadrotor is established
disturbances and faults of UAV rotorcrafts., $lee principal  applying the NewtorE u | e r formali sm. The
contribution of this pper is to propound a novel strategy to convey to the pursuantotion equation§l]-[3]:

conceit and adjust adaptive integral sliding mode controllers

for the attitude and altitude stabilization problem of a me =F, ¥, F
quadrotor Bothgains of the sliding surfaces and sign functions . ¢ 2)
selection problem is formulateohd is efficiently solved thanks TJW: M -M o M ab M-

to proposed fuzzy supervision mechanisms.

.
The remained of this paper isganized as follows. In where F. =R(f z 0-‘-‘ E £ denotes the total
Section I| a mathematical nonlinear model of the quadrotor is " ( 9 )/80 anq

presented thanks to the BEuMewton formalism. In — di T
Sectionlll, the adaptive fuzzy gairscheduling integral sliding thrust_force of the four.rotorsl,:_d diag(k, & ox"is _
mode controller problem is formulated for the altitude andthe air drag force which resists to the quadrotor motion,

attitude quadrotors dynamic z A s | d|ng
controll erso gai ns, as ef f c[ab\?ﬁ?—.ﬁ] |sdtgesqra¥|{¥%rcsl}{| gm’e flfs

sche_duled based on pram_ﬂ fuzzy supervision mech_amsms represents the total rolling, pitching and yawing moments
Ieadmg to reduce the ctering phenomenon. In Section,IV. M  and M , are he propellers and quadrotor body
various simulations are done to point the efﬂc&&yproposed 9 9 ,

fuzzy-based sliding mode controllers for the flight stabilization 9Yr0Scopic torques, reTspchver, and
of the UAV drone. Finally, aaclusions are drawn in — N2 2 - :

SectionV. a—dlag(k4, K, 6}’3 2 g § is the moment

resulting from the aerodynamic frictiof9].
Il.  MODELING OF THE QUADROTORUAV

A quadrotor is an UAV with four rotors that are controlled
independently as shown in Fid. The movement of the
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Fig. 1. Mechanical structure of the quadrotor and related frames.

By replacingthe position vector and the forces expressions

in (2), we acquire the next translatonal dynamics of the
quadrotor:

g. 1 k.
I:a(cfcysq‘ks sf)yTTl]
|
1.1 k

=—(cfsys¢s o -Z- 3
%y m( ys¢s o)y - 3)
7 1 k.
r2==dcq -9 2z
" m -9

From the second part of )(2we deduct the rotathal
dynamics of the quadrotors

e, (1,-1). 13- & .

=y ey ey e Ay

T IX qylx r 7_X IX 2

1

e (=) d = 5o 1

e )fy-—r W S 2 G4, (4)

1 ly ly ly y

ooas-ny) .

U]':quﬁ'zyj;u[l

I Iz Iz Iz

where ™ T W W 4 Genotes the overall
residual rotor angular spee<|j,x, Iy and l, are the body

L,i1=1,2,..,€

inertia, " is the rotor inertia an are the
aerodynamic friction and translational drag coefficients.

The systembs

represent the total thrust force in thaxs, the roll, pitch and
yawing torques, respectively:
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ey, ﬂeb b b b ey
u_guz S0 -lb 0 Ib g o
éay, ge—lb 0 b 0 éw2

2" e
&, géd -d d -dewf

whereb is the thrustoefficient, d is the drag coefficient,
and W is the angular speed of tHerbtor.

Taking
. . T .
=(f.f .g. g .3y.y.27] [R? as the state

vector, the dynamical nonlinear model of the studied quadrotor
is obtained as follows:

i npuld,sU;andW, thatef i ned]l as

?XFXz
ih=axx v W a% by
:Xs X,
;x=a4><zx5 B W &% by
1% =%
= axx 3% By
>‘<=f(x,u)::7=X8 .
,:\)(B:agxg +—(o‘cys gs g) p
i =%
7 1
leo:amxm "hm(dsqs)/'s d)Jf
|
IX11:X12
T =a, L% g
| Y2 m
(6)
Where
-1, k 3 |-,
="t = o, = I—,a4=( | )
k J. I -1 V'’s
ardasd gl ok
y y z z
A S S R |
m’alo m’an m'b_l_lx’bz 3
and@—l—
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Ill.  ADAPTIVE FUzzY GAINS-SCHEDULING OF INTEGRAL s -2 P
S(x,t)=¢(x,t) ¥ d@x, X, 8
SLIDING MODE CONTROLLERS ( ) e( ) 'G( D ﬂbé ) ®
A. Control ProblemStatement As shown in[14], [19], [20Q, the sliding control law

. . . includestwo terms as given by the following equation:
The control aims to establish an adaptive controller that 9 Y geq

eliminates the attitude and altitude error dynamics of the ult) = t) . (t 9
quadrotorto assurehigh performances and robustness. The ( ) ueq( ) D( ) ©)

desired trajectories of the controlled states are defined as . o , , )
with ueq(t) indicate the equivalent control which defines

the behavior of the system when the perfect sliding regime is
X =[f, q ,JZ]T . settled and U, (t) is a discontinuous function, called
- . switching controlpbtained by verifying of the condition of the
As shown in Fig. 2, the altitude controller takes an error. . . -
signal € as an inputhat introduce the gap betwetie desired attractivenesg1]. It is helpful to make up the uncertainties of

the model and frequently introduced as:
altitude z, and the actual statz and produces a control signal
U, . In a similar way, the attitude and heading controllers take Uo (t) =X sgn(s (X ’t)) (10

as inputs the error signals between the desiredfallpitch Where K; presents a positive control parameter and

T
Xy =[fd, q G;{Zd] and the actual ones are set as

g, and yawy , and their actual value , ¢ andy to Sgr()denotes the mathematical signum function defined as:

produce the output control signald, , U; and U, ,

: gl, s>0
respectively. Tel
- =3 = 11
(xraddy) sgn(s) \ 0, s =t (19
t-1, s <0
% N m | I Tr;:;“::f Lyapunov stability analysis is the most common approach
to demonstrate and to assess the stable convergenegtpiaip
¥ 8.4v nonlinear controllers. Here, direct Lyapunov stability approach
ke Positicns || Attde [|0 [ Rotatlonal is used to consider the stability property of the suggested
Coatrollers Controllers dynamks ; e ; e
y integral sliding mode controllelt consists to make a positive
\ —‘ scalar function, given by (32 for the system state varlab
"’—r@b—p Heading | "‘ and then chooses the control lawatthwill decrease this
Contralles R
4' function:
Fig. 2. Block diagram for altitude, attitude and heading controllers of the V (x, t) < QwithV (x,t) >0 (12
quadrotor.

This Lyapunov function can be chosen, to prove the closed

The ISMC is a type of conventional SMC where an integralloop stability, as follows:

action is added to the general form of #ttiding surface shape

as proposed bji6]. The main aims to lead the system states 1

to the surface appropriately selected and conceive a stabilizing \Y (t) ==¢ ( '[) (13
control law that maintains iThe sliding surfacéndicatedby 2

S() is specifiedas follows: Where V (0) =0andV (t) >0 for S(t) . 0.

_ad 0 3 The derivative of this above function is negative when the
S(X’t)-aed— ¥, g(x,t) 'ﬁj e(x, ) d @ following expression, called theeaching condition[1], is
cat B checked:

where X denotes the accessible variables (states), ,
(states) s(x,1) &x, <0

14
Q(X,t) is the tracking errors defined as 49

the quadrotorés altitude

t) = t )/ . For
g (X ’ ) = Xy ( ) 'X( ) . 1; is a positive constant that  1owing reduced model of such a flight dynamics:
interprets the dynamics of the surface adl is the integral

i 2=4q,2 _|cf_cq < 1
gain,il{f,q,JZ}. & m U < 19
The first time derivativeof the sliding surface of [7is The design issue is to force the performance of the system
given by: states to the desired trajectories which are knoWile
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considering the reference trajectorigs and Z, which are the

desired veloty and altitude, respectively, we defintae
relative tracking error by:

€=2-% (16)

Referring to (3, the corresponding sliding surface is il =*| Quadrotor
defined as follows: i : uAv
s()=¢e() ¥.e() iy ef)d (7

Where /,>0 and b,>0 are the effective design
parameters for the ISMC law.

x=[z.ﬁ,£'. w]r =R

Fig. 3. Proposeduzzy gainsscheduled integral sliding mode controllers.

According to(8) and (17, the integral sliding mode control The proposed fuzzy inference system FLS1 has two inputs

law for the quadrotoros al €itandgis de&"@tl’{%?@ia@%t"voi%‘tpuré/xSr}d@issed
follows: gains. The sliding surface gains are no longer fixed values. In
m fact, the gains are calculated at each sample period according
- . ) to the evolution of the error. The decisioraking outputs are
! ,; ax, hz Kz 3 b ngn( 9 (18 obtained using a Maklin fuzzy inference method where the
crisp output is calculated by the center of gravity
Where K, >0 is a design ISMC parameter and defuzzification technique. Tables | and Il give the defined
. z linguistic rules with the following assigned levels of the fuzzy
f, 4 ] - /,2, /%to avoid singular positions. inputs/outputs: N (Negative), NB (Negative Big), Z (Zero), P
(Positive), PS (Posite Small), PM (Positive Medium), NB
So, while following the same steps as for the altitude(Negative Big) and PB (Positive Big). All membership
dynamicsy the integra| S“d'ng mode Contro| |a_v!s u3 and funCtiOI’lS are deﬁned W|th '[I’iangulandluniform|y distributed

" ofe

. ) ~ shape.
U, responsible of the roll, pitch and yaw dynamics
stabilization, respectively, are calculateda®ws: TABLE.|.  Fuzzy RULESFOR /| VARIABLES.
1, -
L=-gaxx a W ak /,x heg Ko § (19 e
b NB N z P PB
1 B NB z z z PS PM
uazgg axx & W a% /% 4ed Kgr § (20 ' N z PS | Ps PS | PM
e z z PS PM P PB
1 P PM P P P PB
U4:E€a7xzx4 +3,% L% heg K;SQ”( S) (21 PB PM P PB PB PB
Where /i >0, bi >0 and Ki >0 are the effective TABLE. Il Fuzzy RULESFOR b| VARIABLES.
design parameters for the ISMiased stabilization of the roll, e
pitch and yaw motiond, | {f, q }y NB N Z P PB
NB PB z PB PS z
B. FuzzyGainsScheduling of Integral Sliding Mode N PB P P PM z
Controllers e z P P PM PS z
The fuzzy gains scheduling scheme of Fig. 3 is proposgd P PM P PS PS Z
for the ISMC parameters selection and tuning. Such fuzzy PB PM PS z z z

inference mechanisms adjust with an adaptive manner all | 4o proposed supervision gy, a set of linguistic

ISMC gains leading ta systematic selection approach for . : - :
ISMC design. As depicted in Fig. 3, both gains of the sliding[)lljéii :?Ltshle form of Eq.20) is used in the fuzzy inference

surfaces and sign functions shown in (19) to (21), will be

generated using fuzzy supervisors FLS1 and FLS2 based onfe(x)isA and e(x) i the i an 29
fuzzy rules and reasoning Q() A $() Sa m s pb IR (22
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TABLE. IV. QUADROTORs MODEL PARAMETERS
where A , B, , C and D are the fuzzy sets
. ) ] Symbol Description Value
corresponding to€ (X) , € (X) , /i and b linguistic Y
. . b Lift coefficient 2.984 10° N & /rad?
variables, respectively.
o . ) . d Drag coefficient 3.30% 10’ N & /rad?
The switching gainK, are the main parameters to rise - v 11Kg
. . . ass .
above perturbation anaxternal interaction Usually, the
. . ) : | Arm length 0.50m
chattering amplitude of the controller is proportionalg, so 3 — 7 5
the chattering could be diminished by settitigis gain r Motor inertia 2_'8385 10N ms~ /rad
adaptively. The gain¥, should be smaller when it is near tg | Quadrotor inertia | diag(0.005,0.005,0.01
the sliding surface and larger when it is farfi. g gf;\/eit'sra“"” ofthe | 9 g1ms?2

As illustrated in Fi.g. 3K; gains will be generated using.a' Unlike the conventional ISMC approach, the control gains
second fuzzy supervisor, denoted as FLS2, where the slldlngi , b. and K, of the proposed AFGESMC are time
surface § () and its differential§ (X) are selected as varying thanks to the supervisors FLS1 and FLS2 using the
fuzzy rules of Tables I, Il and IllThe obtained fuzzy surfaces
for all/,, b and K, decision parameters are given in Fig. 4,
5 and 6, respectively.

inputs andK; il {f, q ,JZ} are selected as outputs. The
fuzzy rules for the proposed FLS2 are given in Table Ill.

TABLE. lll.  FUzzY RULESFOR Ki VARIABLES
S
4 PS PM P PB

Z PB PB P P PM

PS PB P P PM PS

S PM PB P PM PS Z
P P PM PS PS Z
PB PM PS PS 4 Z
The decisiormaking outputs are obtained using a Max

Min fuzzy inference and the crisp output is calculated by the
center of gravity defuzzification method. A set of lingigis
rules in theform of (23 is used in such a fuzzy supervisor to

determine thegainskK :
If §(x)isE and §(x) i therK i§ 23

where E; , F, and G, are the fuzzy sets corresponding to

S (X) § (X) and K, linguistic variables, respectively.

IV. NUMERICAL RESULTSAND DISCUSSIONS

The simulations have been establish&a validate the
proposed adaptive fuzzy gaissheduled ISMC approach. The
physical parameters of the quadrotor UAV are given in
TablelV.

The initial states of the quadrotor are set as
& v.zg 0€0andg, /, yg 08,0 which means tht
the quadrotor is initially on the ground. The purpose of the
designed adaptive fuzzy sliding mode controllers is to drive the -05
rotorcraft to rise to 4 meters high and then keep hovering. At de/dt a4 e
the same time, the quadrotor is controlled to bring the system

states to be stabilized around the desired references [0.9; 0.5;
0.5] rad.

Fig. 5. Fuzzy surface for thebi gains.
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0 2 4 6 8 10 12 14 16 18 20

Fig. 6. Fuzzy surface for theKi gains. Time (sed)
Fig. 9. Time evolution of the fuzzy gairscheduled integral sliding mode
In this simulation scenario, external disturbances are gains: pitch dynamics.
applied on t he guadrotor 6s out puts at t he simul ati on ti

t =10sec The generated AFGBased ISMC gains for the 10

closedloop altitude and attitude dynamics are shown in Fig. 7 =

toFig. 10. Al | gairseecaeme tneearying o | T e [ |\ANSNEDANANN AT

which are more adapted and efficietd uncertainties and o
disturbances rejection as well as for the unwanted erirait 0 2 4 6 8 10 12 14 16 18 20
phenomenondés attenuati on. 5T

| - —M—M

Q
-
0 L L L L L L L L h ) 0 2 4 6 8 10 12 14 16 18 20
0 2 4 6 8 10 12 14 16 18 20 20

6 2 4 ¢ 8 0 12 14 6 8 20 o 2 4 6 8 10 12 14 16 18 20

Time (seq
10 f / ul | Fig. 10. Time evolution of the fuzzgainsscheduled integral sliding mode

gains: yaw dynamics.

L L L L L L L L L s
0 2 4 6 8 10 12 14 16 18 20

Time (seq) So asto show the timelomain performances of the
Fig. 7. Time evolution of the fuzzy gairscheduled irggral sliding mode proposed AFG®ased sliding mode controllers, a comparison
gains: altitude dynamics. to the conventional ISMC case, using basgn() and
°f sat() based sliding functions, has been carried out and
<5 relative results are pictureth Fig. 11to 14 for the altitude,
0 Ik it Lt Bl e Hicindit el roll, pitch and yaw motions, respectively. From these closed
© 2 4 6 8 0 12 14 16 18 20 loop step responses, it is verified that both ISMC and AFGS

Smm ISMC strategies are effective for the attitude and altitude
ol | control. The AFG$Shased controllers provide bettersults in

7
= terms of disturbances rejection and transient response damping.
6 B ——— A slight overshoot is observed inthe AFBSa s ed contr o
0 2 4 6 8 10 12 14 16 18 20 . . .
2% responses but with the advantage of high performance tracking
' [ [ responses. The steadiate precision and fastness ofe th
10 AFGSbased controlled UAV dynamics are more improved

| R I A I e related to the standard ISMC approach. Indeed, the dynamic
0 2 4 6 8 10 12 14 16 18 20 response of the ISMC is delayed and the stetale regime is
Time (seq) reached within 3 seconds when Bppy an external

Fig. 8. Time evolution of the fuzzy gairscheduled integral sliding mode  disturbances.
gains: roll dynamics.
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Altitude z (m)

20
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— — — ISMC-sign
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,\ AFGS-ISMC
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10 15
Time (sec)

Fig. 11. Closedloop step responses of the altitude dynamics.
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Fig. 12. Closedloop step responses of the roll dynamics.
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Fig. 13. Closedloop step responses of the pitch dynamics.
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Yaw dynamics (rad)

Ref
— — — ISMC-sign 4
————— ISMC-sat
,\ AFGS-SMC
i
\./
0 5 10 15 20
Time(sec)

Fig. 14. Time-domain performances of the controlled yaw dynamics.

On the other hand, i15, 16, 17 and 18 display all control

|l aws for

t he

guadrotor 6s

phenomena are further reduced and the control laws are
smoother due to the use of adaptive fuzzy gaateduling
supervisors in the contrast to the slaal ISMC without gains

supervision mechanisms. Based on these results, the proposed

freechattering AFGSased ISMC approach is promising in

the definitive

reakorld

implementation and hardware

prototyping of the designed flight controllers for suclygetof

VTOL vehicles.
50
k
2 o 2]
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2 | - g
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50 L L T )
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Fig. 15. Control laws for the altitude dynamics stabilization.
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Fig. 16. Control laws for the roll dynamics stabilization.

www.ijacsa.thesai.org

139|Page

dynan



(IJACSA) International Journal of Advanced Computer Science and Applications,

— — — using sign-ISMC
z [1]
Ld 0 VI
]
2
-50 L L L J [ ]
0 5 10 15 20
101 [3]
_
5«, of Y v »‘\‘L_I‘n..__..nf--\,,.l\;_s_w—————-—-—-——-
> [4]
10 I I I J
0 5 10 15 20
10r
z |
5 (5]
10 I I I J
0 5 10 15 20
Time (sec)
Fig. 17. Control laws for the pitch dynamics stabilization. 6]
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Fig. 18. Control laws for the yaw dynamics stabilization.
V. CONCLUSION (23]
In this wok, an adaptive fuzzy gairscheduled integral

sliding mode control approach siggestedand successfully [14]

applied for a quadrotor UAV. With a remarkablecreasingf
the chattering phenomenon, this strategy is proposed to address

the stabilization problerof the attitude and altitude dynamics [15]

of the studied vehicle. The dynamical model of the quadrotor
was firstly settled using the NewteBuler formalism.Then,

the design of adaptive fuzzy gaissheduled integral sliding
mode controllers igletailedfor each flight dynamics. In order
to select and tune the gains of sliding controllers, as effective

decision parameters, two fuzzy logic supervisors are proposgay7]

and i mpl emented to ma k e t he
adaptively. A comparison with the camtional ISMC strategy
was made in terms of tirdomain performances and

chattering phenomenon attenuation. Through the simulatioh®!

results, the proposed fuzzy gawsheduling approach

outperforms all other classical ISMC techniques with sign anqlg]

saturatio-based sliding functions. The design of integral

sliding mode controllers with timearying gains further [20]
enhancesigh closedoop performances of the rotorcraft UAV
in terms of stability and robustnedsorthcoming works deal [21]

with the Hardwardn-theLoop (HIL) co-simulation of the
designed ISMC approach.

[16]
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