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Abstract: A control scheme using non-singular fast sliding mode control and a Nonlinear Extended State
Observer (NESO) is proposed to solve the problem of reduced trajectory tracking performance caused by
load swinging during transport in quadrotor load transportation systems. First, the dynamic model of the
quadrotor system is built using Lagrange—Euler equations. The system is divided into three parts: position

control, attitude control, and swing angle suppression.Controllers are designed for each part. NESO is used
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to estimate and compensate for uncertainties, disturbances, and noise in real time.Simulations show that this

method reduces the maximum load swing angle by about 30% , and significantly cuts swing duration and

load oscillation times compared to methods without swing control. It also improves the trajectory tracking

accuracy of position and attitude controls. This scheme balances robustness and efficiency through

decoupled and coordinated control, offering a practical solution for quadrotor transportation systems.

Key words: navigation, guidance, and control; quadrotor transportation system; non—singular fast terminal

sliding mode; nonlinear extended state observer; swing suppression
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Fig.1 Diagram illustrating the structure of the
quadrotor suspension system
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Table 1 Explanation of variables used in

model construction
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Table 2 Parameters of the quadrotor transportation

system model

G SR G ZH

M 2.00 kg m 0.40 kg

l 0.20 m L 0.30m
I.1, 1.25 Ns*/rad I 2.5 Ns”/rad

5.2 EHSRSHSHRRIT
WAL G SRR 3R, S AR YT
SRR AL 5 2 KK 4 PR
TEFEATOF LI, R IR W% B
BT EWE D 20 s R T BRI R Gtz Bl i A
x3 BEERNRSH

Table 3 Sliding mode controller parameters

(iRes 28 iR 28
A ye 0.8 Couyz 0.5
kl[.x,y,:) 1 k?(‘z,y,:) 1
Ap.0.p.ap 5 Cp0.9.ap 1
kl[qﬁﬁ,y&.n,,?) 2 kZ[qﬁAH.‘,&.a.,?) 2

x4 ZMTRRERNFZSH
Table 4 Parameters of the third—order extended

state observer

5 ZH 5 28
P eayez) 100 M1ig.0.9) 50
Hoayz) 50 Pa(4.0.9) 10
H3(2,3,2) 20 H304,0,9) 10

7 5808 S R A AT 0 S 04 B R P RE L R X A
B4 40 ) RE L I BRI B

Xyg— 5
ya=sin(z)+5
= /6
ST RGN LR
d,= 0.2sin(z)
d,=0.2cos(1)
d.=0.5sin(¢)
d,= cos(t) (38)
dy=sin (1)
d,=1
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Table 5 Results of repetitive experiments
\ HRRAB DR L /rad 1R FFLENT E] /s
ik J\ﬁ/kg ) - i i
A Tl A i Te A
0.2 0.456 0.742 5.006 =>20
0.3 0.456 0.744 5.018 =20
0.4 0.456 0.744 5.022 =20
0.5 0.455 0.732 5.032 =20
0.6 0.454 0.707 5.040 =20
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Fig.4 Simulation structure of the attitude

calculation system

(a)(b) (c)Frzn , BT By il 4% v LAAR G b R B 22
I N BRI RE . WK 6(d) ik JER
v A A I R R CR
5.5 #Enfhit SERIE ST

A 2y, 2. ¢ 0, XN T R G5 TT
AR ALY SR LI &5 , B0 K B A 3 1 45 1
R TR KRS AT ROR N 7 s, AR S
JIT A FH A I e P ™ DR 25 WL g A8 - DA 3 ROCR
83 AR AR LA 2 s B[] P AG B 4 B



% 78

XK, F Wk EHERGEFERIEEN S X - 1807 -
04r . 04r N
— - — IR oSS — — IRIBRRT 05
— RIGER B oS B — RIBEHENES
024

@Dd/rad

—04 1 1 1

Od/rad

10 15 20

0 5 10 15 20 0 5
t/s t/s
() PRI BRIE IR IR AL (b) G223t PR R B8 iR 4
B 5 PROGIRKBRT
Fig.5 Comparison of amplitude limiting filtering effects
04r N 04r N
e — - — AT
— LR — Sk
02 0.2
B
s 00f § 0.0
T
-0.2 -02F
—0.4 : : : ! -0.4 : : ; '
5 10 15 20 5 10 15 20
t/s t/s
(BRI A BB BB RO R (D)W A I BRER R
0.8F —— S or — - mEna
— LR — LR
0.6 30
= g
5 04r W20
0.2H T
0.0 L L L ! 0 L L |
0 5 10 15 20 0 5 10 15 20
t/s t/s
(/IR BB ER BRSO R (d) R BERI BT SR B RO

Ee6 ZSAERERSERERUR
Fig. 6 Tracking effect of attitude angles and altitude signals
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