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Abstract To address rescue challenges caused by material shortages, traffic disruptions, and complex terrain in disaster zones,
this study proposes a tethered turbojet UAV rescue system based on an improved active disturbance rejection control (ADRC)
method. The UAV employs a tethered power supply to sustain engine operation, enabling precise nozzle deflection and thrust
control for enhanced endurance, stability, and payload capacity. A nonlinear dynamic model is established, and an enhanced
ADRC is designed by optimising the extended state observer (ESO) with a kinfal function, with its convergence proven via
Lyapunov stability theory. Simulations show that under strong disturbances, the improved ADRC reduces attitude control
mean square error by 75.81% compared to PID and conventional ADRC, significantly improving robustness for precise
material delivery.

Index Terms rescue drone, turbofan engine, tether cable, active disturbance rejection control.

I. Introduction

In recent years, global economic growth and industrial expansion have accelerated the overexploitation of natural resources
and environmental degradation, exacerbating the frequency and severity of natural disasters [1]. These catastrophic events
often cause severe supply shortages and transportation paralysis, highlighting the urgent need for efficient disaster response
solutions. Due to their compact size and manoeuvrability, unmanned aerial vehicles (UAVs) have emerged as vital tools in
post-disaster rescue operations. This study focuses on developing an advanced dynamic model for disaster relief UAVs and
designing a corresponding flight controller to enhance their operational effectiveness.

At present, many scholars have carried out research in the field of drone rescue. Zitao Du has designed a drone capable of
accurately flying to the centre of an accident site while carrying rescue supplies. This drone employs COFDM (Coded
Orthogonal Frequency Division Multiplexing) image transmission technology to transmit real-time footage from the scene.
[2]- Yijing He proposes a blockchain-based UAV Emergency Rescue Chain (UERChain) that achieves high robustness and
reliable collaboration for drone swarm emergency rescue in a weakly decentralised environment through reputation
management and faulty node filtering. [3]- Pengzhan Zhang et al. propose improving signal stability of communication
equipment at post-disaster sites to develop a transport system for delivering medicines and materials without manual travel
[4]- Yongquan Wang et al. used Agisoft Metashape 1.8 and Darknet for disaster mapping and target recognition, summarising
a tethered UAV-based emergency mapping method [5]- Li Cong et al. analysed the dynamic response and tension
characteristics of a tethered UAV fire hose in a super high-rise building using OrcaFlex 8.7a23, providing critical wind speed
data for its firefighting applications. [6]- Ali DINC optimised NOx emissions from a turbofan UAV during surveillance at
different speeds and altitudes to improve turbojet emissions control [7]- UAV rescue has potential in emergency response but
faces challenges like technological immaturity, environmental adaptability, complex integration, and high skill requirements.
The nonlinearity of the UAV model and the sensitivity to external environmental disturbances increase the difficulty of
controlling it accurately. In recent years, many scholars have also conducted extensive research in the field of UAV control.
Wu Huang et al. employed Proportional-Differential-Integral (PID) control for UAVs, which is convenient and
straightforward in design; however, it exhibits weak disturbance suppression and low robustness [8]- Zhu Jiayuan et al.
employed Active Disturbance Rejection Control (ADRC), which shows a superior anti-disturbance effect compared to PID;
however, it has more parameters, making parameter adjustment a challenging aspect of its control process [9]- Meng et al.
proposed an optimal control strategy based on active ADRC, which improved the extended state observer and nonlinear state
error feedback and achieved high-precision control of the permanent magnet synchronous motor[10]. This literature has
proved that ADRC is superior to PID. Yan Huabiao and other researchers improved the fal function of the extended state
observer (ESO) in ADRC, and the modified xfal function has a greater anti-interference effect than the original fal function.

769



2
Still, the function does not perform well under the interference of white noise due to the high gain [\1 1\] It can be seen that
although PID, ADRC, and methods that improve on them have their advantages in design, they still face common
shortcomings, such as a lack of robustness, difficulty in parameter adjustment, and unstable performance under specific
interference conditions. Different UAVs are used in rescue operations, but multi-rotor UAVs have low load capacity and are
unstable in strong winds. Tethered UAVs enable long-term monitoring, while turbine UAVs can carry heavier cargo and
perform stably in complex post-disaster environments[\lZ\]. By combining the advantages of two drones, a superior effect can
be achieved.

In summary, the innovations presented in this paper are as follows: (1) This work pioneers a novel tethered-turbojet hybrid
UAYV for disaster relief, uniquely overcoming the endurance-payload-control trade-offs in conventional drones. We establish
the first dedicated dynamics model for this original configuration, this innovative model accurately characterizes the flight
dynamics of this UAV configuration; (2) An improved kinfal function is developed by modifying the fa/ function of the
Extended State Observer (ESO), leading to enhanced performance. Furthermore, simulation experiments are conducted to
compare the PID, Active Disturbance Rejection Control (ADRC), and the improved ADRC controllers. The results are
analysed for errors, and an optimal control design is proposed. This work aims to advance the application of novel UAVs in
disaster relief and humanitarian assistance.
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II. Establishment of a dynamic uav model
II. A. Principles of Flight

A sketch of the turbojet section of the turbojet tethered UAV proposed in this study is shown in Figure I []

Figure 1: A simplified diagram of the UAV design

The body coordinate system is established with the geometric centre as the origin, defined as the coordinate system
B(X,Y,Z), while the inertial coordinate system is defined as W (X,Y,Z). The numbers 1, 2, 3, and 4 are the four rotatable
turbojet angles. The thrust vector of the small-thrust turbojet engine can be adjusted by the tail nozzle, as shown in Figure 2,
and the angle of rotation can be adjusted only in the X-Z plane of the airframe coordinate system.

Figure 2: Schematic Diagram of Tail Nozzle Rotation.

In the process of flight, the thrust of the four nozzles is of the same size. This study requires the construction of the rotation
matrix R, for coordinate transformation, which can be expressed as follows:
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2
c,c, C,S,S,-S,C, C,5,C,-S,S,

R} =| 8,C, 5,8,S,+C,C, S,5,C,~C,S, (1)
-8, G,S, c,C,

where denotes sin(-) and C denotes cos(:) -
During the process of releasing supplies, one only needs to keep the rotation angle of all four nozzles at 90 degrees to enable
the drone to fly vertically.

II. B. Modelling of System Dynamics

In reality, the dynamics of UAVs are very complex to model, and for this study, the following assumptions are made for UAVs
[13], [14]:

1. The UAYV is considered as an absolutely rigid body, without considering its elastic deformation, and the structure is
strictly symmetric;

2. The position of the centre of gravity of the body remains constant, and the mass is considered as a constant;

3. The turbojet engine is considered as a whole, and the effect of turbine rotation on the airframe is ignored;

4. The origin in the airframe coordinate system is considered to coincide with the vehicle's centre of gravity.

References [13], [14] established its dynamic model based on the assumption of external structural symmetry for UAVs, an
assumption that has been proven reliable. The rescue UAV proposed in this study adopts this assumption from the literature.
The incorporated designs of cameras, radar, and other structures are positioned at the internal central location of the UAV,
thus not affecting the external structural symmetry. Since the UAV's mass is significantly greater than that of these rescue
tools, their influence on the centre of gravity can be neglected. Furthermore, the other assumptions presented herein align
closely with the UAV structural conditions detailed in the literature; hence, they are applicable to this paper.

0,0,y represent the roll angle, pitch angle, and yaw angle, respectively. The thrust of the i turbojet engine in the X,Y,Z
directions can be expressed as:

F? =[Fsin(a,),0, F cos(c,)] (2)

Then, the total push on the vehicle is
4
F TB = zFiB (3)

According to Newton’s second law, the force of gravity on the vehicle is F,, = [0,0,—mg].

Here, m is the mass of the aircraft, and g is the acceleration due to gravity.
This study adopts the theory of a hanging chain line to analyse the tension situation generated by the cable [15]]- It assumes
that the angle of the cable connecting one end of the unmanned vehicle is 0, as shown in Figure \3\

Figure 3: An overall image of the UAV’s tethered structure

The tension force is analysed at a point a on the cable, as shown in Figure @

Figure 4: Tension Analysis Diagram at a Point on a Rope
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In this paper, the cable rope connected by the UAV belongs to the application scope of the catenary equation, which is
basically the same as the cable rope of the tethered UAV in literature 14, and the catenary equation can be used to solve for
the tension. According to reference [15], F, is the tension force generated by the cable on the UAV, F,' is the tension force
generated by the cable on the end of the unmanned vehicle, G is the self-weight of the cable, and S is the angle between
the tangent line at point a and the x.

2
FL.:X PE
2z

F' dz )
F=—o = B, 1+ = F 4 pez
cos dx

where x and z are the distances travelled by the UAV in the horizontal and vertical directions from the initial moment
minus the distances travelled by the UAV in the horizontal and vertical directions, respectively; o is the mass per unit length
of the cable; g is the acceleration of gravity.

According to reference [16], this study solves the air resistance force on the cable using the microelement method. The
cable in equilibrium is segmented so that the length of each segmentis L,, where L, denotes the distance from the turbojet
engine to the center of gravity of the vehicle and the resistance force is analyzed.

Where F,, is the air resistance of the cable in segment i, which is broken down into resistance in the x -direction F| /: ,y-
direction F;, and z-direction Fy .
Let the total length of the cable sticking outbe S, n=.S/ Li,(i =12, -,n) ; then, the total air resistance of the cable can be

expressed as follows:
F =[F},F},F[]' = [ELIEZF/;’EE{}O Fﬁlﬁlijng;]T (5)
i=1 i=1 i=1

In summary, the combined force on the vehicle and the cable is:
F =R,/ F/ +F] +F +F/ (6)
P" represents the position vector of the vehicle in the inertial coordinate system; then, the dynamic model of the vehicle
position is:
mP" =F (7)

Disregarding the effect of cable tension on the torque of the vehicle, the torque of the vehicle is produced by only four small
jet engines, the magnitude of which is related to the angle of rotation of the tail nozzle of each engine; for the i turbojet engine,
the torque produced can be expressed as follows:

MP =I°xF* (8)

i i i

where L, denotes the distance from the turbojet engine to the centre of gravity of the vehicle. According to reference [13],
we define the moment of inertia matrix J as a diagonal matrix. The dynamic model of the aircraft's attitude can be expressed
as:

ME = J6® +(&* xJi®) 9)

where we let the angular velocity o =[p.q.r] .
Introducing the virtual control quantity U =[U,,U,,U,,U,,U,]", with the turbojet engine angle as the actual control

quantity, the relationship between the two can be expressed as follows:
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cos(e,;)
cos(a,)
U, o o o o0 F F F F
cos(a;)
U, F F F F 0 0 0 0 -
U=l LF LF -LF -LF 0 0 0 0 | %% (10)
v | |-LF LF LF —LF o o o o |5
U, o o 0o 0 -LF -LF LF LF)""®
sin(e,)
sin(er,)

Here, U, controls the movement in the direction of the x -axis, U, controls the movement in the direction of the y -
axis, and U,,U,,U, control the three rotation angles of roll (¢ ), pitch (8), and yaw ( ), respectively.
Combining Equations (6) and (), the dynamical rigid body model of the vehicle can be expressed as follows:

L] x
* :;[UO(CWCH)J"UI(SWS(ﬂ +CWS¢9C¢)+Ff _FL COSAT COSﬂZ]
L1 , .
Yy :;[UO(SV/CH)"'UI(_CV/SW +SV/S9C¢’)+F; _FL COSﬂ,l Smlz]
Z :i[_UOSQ +U,(C,C,)+ F; —F, sin 4, —mg]
J ' (11)
N = Ov +_2
¢ J/\X l// JX]C
g:ﬂ(py) L+ 23
J}’y J}}
J.—-J .. U
.. — XX »y -0+_4
W JZZ ¢ JZZ

III. Self-immunity controller design
III. A. Simplitication of the UAS Model

Due to the strong nonlinear characteristics of the UAV model, the controller design is more difficult. To reduce the complexity
of the design, this study ignored the gyroscopic effect and linearised the UAS model according to the symmetry of the UAV’s
mechanical structure, with the assumption that the UAV makes a small-angle motion [17].

The simplified model reduces the nonlinearity of the system and the difficulty of control system design. The flowchart of
the UAV control system designed according to Equation (12\) is shown in Figure 5.

Controller uAav
Allocation Model

Yaw

Controller

Figure 5: The control flowchart of the UAV

III. B. Positional Self-Immunity Controller Design

Self-immunity controllers generally consist of a tracking differentiator (TD), extended state observer (ESO), and nonlinear
state error feedback (NLSEF) [18]. In this study, the z-channel is used as an example to design the nonlinear ADRC controller.
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The equation of the z—channel in Equation (12) is selected, and the complex external post-disaster perturbations such as

. . . . . 1
cable tension and wind resistance are considered as total perturbations 7, so that 7 =—
m

(Ff —F, sin Al) ; the state variables

z, = z,z, =z are chosen to establish the following state space equations:

zZ =z

2
: U, U
z, :r0+—°(—Sg)+—1(CgC¢)—g (12)
m m
y=2z

(1) Tracking Differentiator (TD)

The tracking differentiator is used to arrange the transition process v for the system expectation v, to obtain a smooth

input signal v, and the differential signal of the input signal v, This paper is consistent with the tracking differentiator in
reference [19]-

(2) Extended State Observer (ESO)
ESO is the core part of ADRC and can be used to estimate the system's state and total disturbance.
From Equation (13)),

- 1s considered a state that expands into a new state variable z,, and the new system after expansion
is:

(13)

Y=z

For this expanded system, the following state observer can be established:
e=z,—-y

z, =z, - B fal(e,a,,5)

' U, U, (14)
z, =zy— P, fal(e, 92,5)4‘70(—59) +ZI(CQC¢) -g

z, =, fal(e,a,,5)
where e isthe estimated bias, y is the system output, z, is the estimated value of each state variable, S, is the parameter
of the controller, ¢ is a constant, and fal() is a special nonlinear function.
A discretization of the state observer can be obtained as follows:
e =z, (k)= y(k)
z(k+1) = z,(k) + h|z, (k) — B, fal(e. . 5)|

2 +1) = 2,(k) + bz, (6) - B, ful(eay,8) + 22 (-8,) + 21(C,C )~ g (13)
m m

z,(k+1) = z,(k) - h 3, fal(e,a;,5)
where £ is the period of sampling.
(3) Nonlinear State Error Feedback Law (NLSEF)

NLSEF improves PID control by using small gains for significant errors and large gains for minor mistakes, acting as a
nonlinear PD control method.

Then, the NLSEF algorithm combined with the fa/() function is
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e =V -z
&G =V—5
u, = By fal(e,a,,6,) + By, fal(e,,a,,8.)

U, U, z
L0.(28,)+ 2(C,C.) = uy ——2=
m( 2 m(g"’) * a+b

a+b=—&
m

where f,,, B, are both controller parameters.

III. C. Attitude Controller Design

Taking the yaw angle y as an example, the state space equation can be established from Equation () as follows:

{W.1 =V,
(17)

Wz =r,+bU,

Here, b, = L.

The yaw statezzobserver is similar to the design of the z channel, and can be obtained as:
e=z,—y

z, =z, - B fal(e,a,,5)

z, =z, - B3, fal(e,a,,8) + bU,

z, =—pB, fal(e,a,,5)

The nonlinear error feedback law is similar to Equation (\18\) and can be expressed as follows:

q=v-"v
& =0V,
u, = p, fal(e,a,,6.)+ B, fal(e,,a,,o.) (19)
z
U,=u,——=
4 0 bo

U, is the yaw channel control volume for the final output of the ADRC.

IV. Extended state observer improvements
IV. A. Constructing the kinfal() Function

Considering that the gain parameter of the original fa/ function needs to be adjusted according to the system characteristics,
too high or too low a gain will affect the stability and response speed of the system, and it is challenging to choose the gain
[20]- Thus, the new klnfal function is designed as follows:

Lln(kzx +1) x>0

kinfal (x,k,,k,) =1 ' | (20)
—k—ln(l —k,x) x<0

1

where k is the magnitude.

As shown in Figure 6, the gain of the fa/ function at the switching interval is too large, making it easy to cause system
jitter. In contrast, the gain of klnfal function at the interval switching is smoother, which is very good for achieving the
characteristics of a high increase in the small error interval and a low gain in the large error interval. Therefore, bringing the
kinfal function into the ESO instead of the fal function can effectively improve its immunity performance.
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" [—Gain of fal(0.5,0.1) 15
18 - -~ Gain of Kinfal(4.5,80)

Gain

——1al(0.5.0.1)
--- - Klnfal(4.5,80)

2 a5 a1 05 0 05 1 15 2

Figure 6: Comparison of Error Gains of Two Functions and Overall Comparison Chart

IV. B. Convergence Conditions for the Improved Dilated State Observer
Substituting the klnfal function into Equation ([18)) yields the following improved expression:

e=z, -y

z, = z, — B kinfal(e,a,)

z, = z, — B,kinfal(e,a,) + bU,
z, = kinfal(e,a,)

Let the system perturbation be 0 to obtain the following expression:

(21

e = e, — Bkinfal(e,a,)
e, = e, — Bokinfal(e,a,) (22)
e, = —fB.kinfal(e,a;)

This can be further expressed as
é=—A(e)e (23)

In the formula,

kinfal(e,a,)

e
kinfal(e,a,)
e

2

A =| B,

1
ﬂ3knfal(e,a3) 0 0
e

It is known that if there exists a matrix D such that its central diagonal values are all positive and DA(e) is a positive-
definite symmetric matrix. The zero solution of Equation (@) is asymptotically stable in the sense of Lyapunov [21].
kinfal (e)

e

Let F = >0 be bounded by the definition of the function Infal ,andlet B = 5 5,F - B,F be bounded. When

B >0, the diagonal elements of the matrix D are positive definite so that DA(e) is a symmetric positive-definite matrix
[22]
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BF
1 + -7
B H
B F
D=|- ; —H v E"’/uz (25)
1
T —g T

where 7,u,,u, are infinitesimal positive numbers.
We take the Lyapunov function of the error system, Equation (@) as follows:

V()= [ [DAe)e,eldt+C = [ (e, —e,)* = 7(B,F —e,)’ ~(B,F) dt +C (26)

where 7> 0;C is a constant.
As 7 tends to infinity, we have the following:

V(t) ~ I;—(ﬂlel —e,)dt+C (27)

At the equilibrium point of Equation (‘27), j; —(Be, —e,)’dt is bounded, so it is only necessary that the constant C be a

sufficiently large positive number to make V(t) > 0. The derivation of Equation is
V(t)=—(Be —e,) —7(B,F —e,)* —1(B,F) (28)

From the above analysis, it is clear that V(t) <0; V(t) =0 if and only if e =0. From the above analysis, the system is
kinfal (e)

e

asymptotically stable at the equilibrium point in the sense of Lyapunov. At the equilibrium point, F = > 0; then,

the system stability condition B >0 can be simplifiedto S 5, — B, > 0, and the system is asymptotically stable if it satisfies

this condition.

V. Simulation study
V. A. Description of Parameters

Multiple experiments were conducted to find the best parameters to ensure that the experimental data can provide a real
feedback effect. At the same time, we introduced the galn [23] function and the fa/n [24] function, in order to carry out
comparative verification to prove the superiority of our improved #klnfal ,and the relevant parameters are shown in Tables
1-6. After numerous tuning experiments and based on the reference from [15], the following optimal simulation parameters
for the controller have been obtained.

Table 1: Drone simulation parameters.

Name Value Meaning
m/(kg) 0.65 Mass (in physics)
e/ (m/s 2) 9.8 Gravitational acceleration
J . / (kg D?’lz) 0.0552 Moment of inertia about the x-axis
2
J w / (kg Lin ) 0.0552 Moment of inertia about the y-axis
J, / (kg Dnz) 0.1104 Moment of inertia about the z-axis
L/(m) 0.23 Lever arm (i.e., perpendicular distance from the fulcrum of the line of force)
V[ 7.5 x10-7 Atmospheric drag coefficient
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Table 2: Parameters for the TD.

Name/value ho 4]

Z 0.05 2

4 0.05 5

o 0.05 5

v 0.05 2
Table 3: Parameters of the NLSEF.

Name/Value a, a, ﬂl ﬂl o
Z 0.5 0.05 150 120 3
[ 0.5 0.25 900 100 3
(% 0.5 0.25 150 100 3
4 0.5 0.25 200 120 0.04

Table 4: Parameters of the ESO in ADRC with the fal function.

Name/Value a, a, a, B B Bos ) b
Z 0.5 0.5 0.5 30 300 1000 0.7 0.9
[ 0.5 0.5 0.5 30 300 1000 0.1 1.5
0 0.5 0.5 0.5 30 300 1000 0.1 1.2
74 0.5 0.5 0.5 30 300 1000 0.1 2.25

Table 5: Parameters of the ESO in ADRC with the klnfal function.
Name/Value K, K, B B Bos b
Z 5 100 30 300 1000 0.9
[ 4.5 80 30 300 1000 0.6
0 4.5 80 30 300 1000 0.9
4 4.5 80 30 300 1000 0.67
Table 6: Parameters of the ESO in ADRC with the ga/n and faln function
Name/Value o, o, a, a,
galn 0.5 0.25 * *
faln * * 0.4 0.35

V. B. [Experimental design and result analysis

This study evaluates the control performance and disturbance rejection capabilities of each controller primarily based on the
methodology established in Reference [11].Building upon the virtual control computation in Equation (\10), the dynamic
system model in Equation (\1 1), and the ADRC controller architecture established in Sections 3.2-3.3, this study conducts
numerical simulations following the workflow illustrated in Figure LS\ using the Simulink platform. The implementation details
of each controller configuration are elaborated in subsequent sections.

The fixed-step ode4 (Runge-Kutta) solver was selected with a step size of 0.001 s, ensuring the Nyquist frequency (500
Hz) exceeds the highest system dynamics (80 Hz).

The controller's reference commands were configured with: a desired altitude of 2 meters; identical 3-radian attitude angles
for pitch, yaw and roll to test multi-axis tracking capability.

Let the initial values of z,y, 9,6 be 0, and the expected values are 2, 3x180 R
V1 V1

3x180 ,and 3180 , respectively. The
T

simulation time was 20 s.

The first set of experiments was conducted to observe the error comparison curves of the z,¢, and y channels in the
three controllers without perturbation, as shown in Figure [7. (a), (b), (c), and (d), respectively, illustrate the responses of the
UAY to the PID, ADRC, and improved ADRC control algorithms in the z-axis, roll angle, pitch angle, and yaw angle channels
under interference-free conditions.
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Figures 7: Drone Motion Tracking Errors Without Interference

Since the disturbance in the dynamic model evolves primarily from sinusoidal functions, this paper employs sinusoidal

waves to simulate environmental disturbances. The second set of experiments was conducted to observe the error comparison
z,p,and y channels using the three controllers when wind resistance, cable tension, and other perturbations

curves of the
were taken into account, as shown in Figure 8. (a), (b), (¢), and (d), respectively, show the responses of the UAV to the PID,
ADRC, and improved ADRC control algorithms in the z-axis, roll angle, pitch angle, and yaw angle channels under conditions

with disturbances.
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Figures 8: Drone Motion Tracking Errors With Interference

In order to measure the influence of different controllers before and after the disturbance of the UAV during material
delivery in actual disaster relief, this study calculated the mean square error of the z -axis for the exact height and the desired
height. The MSE value was taken as the following fluctuation index:

MSE =3, -3, (29)

where N is the number of samples, 9[ is the first desired height i, y, is the first actual height i, and the time taken is 1.7

s—20 s; the results of the calculation of the mean square error are shown in Table [7.

Table 7: Mean square error of the controllers.

Controllers Interference-Free Interference

PID 0.000517307 0.254238685

ADRC 0.000412806 0.249322961
Improved ADRC( kinfal ) 0.000036874 0.060314116
galn () 0.000051432 0.071657218

faln () 0.000065781 0.249879415

This study adopted the convergence time as the basis for judgment, as shown in Table , to compare the rate of UAV
convergence to the desired value when using different controllers without interference.

Table 8: The time taken for the controller to converge to the desired value.

Controllers Time
PID 20s or more
ADRC 10.112's
Improved ADRC( kinfal ) 6.907 s
galn () 7.115s
faln () 7.561s

With the comparison in Figure (7 it can be seen that the ADRC before and after the improvement can provide better attitude
control and effective tracking of the tethered turbojet UAV when the UAV is undisturbed; however, the ADRC with klnfal
is slightly inferior to the original ADRC in terms of the amount of overshooting and the speed of convergence, and there is a
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more pronounced overshooting phenomenon in the PID during the rising period. As shown in Figure [7¢c,d, the PID has sudden
large fluctuations, low curve smoothness, and poor control performance. According to Table [7, the mean square error of ADRC
with kinfal is reduced by about 75.81% compared with the original case, and mean square error is lower than that of the
faln and galn functions. At the same time, the jitter generated by it is obviously lower, which indicates that it can effectively
reduce the jitter. According to Table |8, the ADRC with kilnfal has the shortest convergence time, followed by the faln and
galn function, and PID has the longest convergence time and exceeds the time range selected for the experiment, which
shows that the convergence rate of the improved ADRC increases significantly.

In the comparison in Figure §|, it can be seen that when the UAV is subjected to external disturbances, the ADRC with
kinfal effectively suppresses the effects generated by the external disturbances, which is particularly evident in Figure \S’b
This is due to the fact that k/nfal has a high gain in the low error interval and an appropriately low gain in the high error
interval, which enables the ESO to provide a more accurate estimation and compensation of the disturbance. The overshooting
phenomenon in PID is more serious, as shown in Figure 8c, as it is unstable and prone to significant sudden changes in the
control process. In Table (7, it can be seen that the performance of the k/nfal function in disturbance height compensation is
much better than that of the fa/ and faln function, and a bit better than the galn function, but if the disturbance turns a
square wave, the galn function goes haywire, which means that the upgraded Fkinfal function works better at suppressing
disturbances and overshooting in drone control than original fal, galn,and faln functions. Consequently, the improved
ADRC with kinfal function has a faster convergence speed, making it more conducive to the control of UAVs in the process
of material dropping.

VI. Conclusions

This study was conducted mainly to address the inconvenience and danger of post-disaster rescue, taking into account the
characteristics of different kinds of UAVs; the goal was to design a new tethered turbojet UAV with the characteristics of long
endurance, high payload, stable work, and the ability to take off and land vertically. The study established a dynamic model
for the UAV; used Simulink to simulate and analyze the rescue process, including material placement and attitude change;
improved the ADRC, established the klnfal function; and compared the control performance of the UAV with PID, ADRC,
and ADRC controllers with the improved klnfal function when it is not interfered with and when it is interfered with by a
complex environment. It was found that the control performance of kinfal is the best, with good anti-interference ability. It
can be seen that this tethered turbojet UAV can be a key technological tool in future post-disaster rescue missions, such as
material delivery, helping to improve rescue efficiency and reduce personnel risk.

In the future, the improved klnfal function can be integrated with intelligent control algorithms (e.g., fuzzy control, genetic
algorithms) to enhance UAV adaptability and accuracy in complex environments. Additionally, by combining it with sensor
technology and artificial intelligence, UAVs can develop real-time environmental sensing systems, automatically adjust
mission strategies, and improve intelligence in rescue operations, leading to faster and more precise responses.
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