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Fuzzy Adaptive Control of Unmanned Aerial Vehicle for Carrying
Time-Varying Cargo on Predefined Path

Vahab Nekoukar, Nima Mahdian Dehkordi

Abstract: At present, the use of unmanned aerial vehicles (UAVS) has been increased
dramatically. The reasons for this development are cheapness, smallness, simplicity, and diversity of
missions. The simplicity of guidance and control of multi-rotor drones is that they are equipped with
an autopilot system. This system is responsible for flying control. UAVs do not have a high weight
and often have three-phase high-speed motors which makes a fast and complex flight dynamics. In
this paper, a fuzzy adaptive PID controller is applied to control an UAV for carrying a time-varying
cargo. The performance of the flight control system implemented on a quadrotor is evaluated,
experimentally. A sandbox is used to model the time-varying mass. The sand passes from the
beginning of the fly through some holes of the box, and after about a minute all the sand is poured.
At the end of the paper, the practical results are compared with results obtained by fixed-parameter
PID controller.

Keywords: Unmanned aerial vehicle, fuzzy adaptive PID, flight control, autopilot system.
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2 Driver circuit

! Pulse Width Modulation (PWM)

Journal of Control, Vol. 14, No. 3, Fall 2020

R4 L O o5led OF W oJ 7S done


http://dx.doi.org/10.29252/joc.14.3.43
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.3.9.1
https://joc.kntu.ac.ir/article-1-649-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1399.14.3.9.1]

[ DOI: 10.29252/j0c.14.3.43 ]

fv o e i 3l s (95 Ol b iie 5U e S (ai O gebs 0 (56 ks J S

(62,55 Obdge s IS S5 Clag
z |G-bias
Zref Js r_iﬂ — N L
¥ oanis 3=
Y [ o~
Yo [ Jras f_!_W Js * PWM,
B oass Y suiis |+
I £

@ 42
- Fouais
x a

¥ oaiis |- PWM,

_ ¥ oadss 4@13%%

A NS Dl IS e il e (Sl S Y S

~
=]
~~.
I

-1 -0.8

()

©)

j,f';,w@ocl:(g)@,,,;ﬁpcu(Jl).aufi,bdjuauu;.\.zugu;;ﬂpcl,::Y‘JS.:

Journal of Control, Vol. 14, No. 3, Fall 2020

R4 L O oyled OF W oJ 7S done


http://dx.doi.org/10.29252/joc.14.3.43
https://dor.isc.ac/dor/20.1001.1.20088345.1399.14.3.9.1
https://joc.kntu.ac.ir/article-1-649-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1399.14.3.9.1]

[ DOI: 10.29252/j0c.14.3.43 ]

o et e Sl e (695 Olej b yeite 5U oo g S e O el 0y (56— ks J 1S FA
3,583 Olbitge s IS5 Sl
(Sl oS J 17 (Silwosly ¢ U s 7 dlon s by o 56 310 s
Sy &S S eslizal b 65l dhee SLalesT 53 ookt s, Ae(t)
S Q..:-JJ ali.i}‘: ‘JJ:S‘X‘ L;LE.:.E;J ali.&».ll.n)T 9D ok =l o-Uj_»: NB NM NS VA PS PM PB
):W&&}m‘Mal)a.g;wlo&dlﬂj)hm}:&lqvw NB Y ¥ yor ¥ ¥
oy Dby 5l oo F USKE 5 e s (ool By Sileesly NM ¥ ¥ Y Yo v ¥ ¥
omamet Lib s MPUB050 Jute dMU s o 0lisi 1 2ale3T 5550 NS f ¥ vov v ¥ ¥
ols L 'GPS 5 HMC5883L ojlus L Licks § . ey 'z & F ¥ ¥ ¥ ¥ 0
Soo p Bogse 55 3 EalS (gl .l odd oslizel UBLOX6 PS ¥ v Y oY ¥ ¥ ¥
b &G g5 2 IMU 5 515, J 28 dly dAMU- 515 glay g PM ¥ ¥ Y Y Y ¥ ¥
GOV SYslee U 31 sl bl las 8 415 "0l 8 auS” PB Y \ Y Y ¢ \ Y
S Sy 5 5T 50 P sla e s3lie . Liph o dulons (VW)
w538l b O I Sy 5 g e (Sl A S
K' s dlous 40 b 36 -l g5 Y
égg‘ L\.&g)g..»}]:j JL:L’ J~\> 6‘,: (e > Sl ok enlaiwl (\j: PUTIS hERr SRS J}A,.-
[\ \] ol ol 6:-‘}9 U«Jlfjil:? Ae(t)
NB NM NS Z PS PM PB
daly 510l Sl a3 ol oies 53 0 Dby Cand s NB B B B B B B B
LT e (44) NM M M B B B M M
A d‘ ——d 4;
) ) conyingsing smycoss cmysinoese-smsing NS S M M B M M S
X cosy cos@ cosy sindsing—siny cos¢  CoSy Sin @ cos @ +siny sin
§|=|sinycos@ sinysin@sing+cosy cosg sinysindcosg—cosysing |A (\4) E(t) Z S S S M S S S
z —sin@ cos@sing cos@cosg PS S M M B M M S
PM M M B B B M M
A IMU sl a5 00 GSolul oka Ap 0T 43 a8 PB B B B B B B B
s oSl 6, SIS 6, S el slalks game Ol Sl
R PRI S .ol os oslizwl [VA] Kos -allS
S eI b kgl o Al A B o Kig (s 7 amlos 4 b3 1o (656 518 Y J s
Sl ol 03l OLES O JQZJJQ\{)C&))@JA
Ae(t)
NB NM NS Z PS PM PB
NB S S S S S S S
NM M M S S S M M
NS B M M S M M B
) Z B B B M B B B
PS B M M S M M B
PM M M S S S M M
PB S S S S S S S

shes Sl 3T 53 e oalizal gz 51,8 by 51 olei iF IS

2 passive damper

! Global Positioning System (GPS)
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