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Abstract: The mobility and flexibility of a quadrotor make it a popular choice for monitoring
missions in remote areas. However, remote environments introduce constraints due to limited
charging and communication stations that must be considered, alongside the possibility of collision
with the environment. To ensure the quadrotor task was completed, a decentralized chaos-bidding
consensus for decentralized task allocation was proposed, accompanied by control, Lyapunov, and
barrier functions. These functions were simplified using the backstepping method to ensure the
quadrotor's safety during task execution. The proposed method was evaluated through numerical
simulation in multiple situations. The results indicate a minimum of 3% reduction in task
completion time compared to other methods. When the battery constraint was applied, the
proposed method successfully directed the drone to return to base before battery depletion and
reassigned the task to other available quadrotors, thereby reducing the overall completion time for
the entire system. Furthermore, this framework demonstrates the potential to support long-
duration missions where continuous operation is required without relying heavily on ground
control. The decentralized nature of the system also increases scalability, allowing multiple
quadrotors to cooperate efficiently under dynamic environmental conditions. These advantages
highlight the relevance of the proposed control strategy for practical field deployment, particularly
in inaccessible locations.

Keywords: UAV; safety control; backstepping method; Lyapunov barrier function; decentralized
scheduling

1. Introduction

The rising popularity of unmanned aerial vehicles (UAVs), particularly quadrotors, is driven by
declining production costs and their high mobility and flexibility [1], [2], [3]. One of the applications
the drone can perform is a monitoring task. Quadrotors are often deployed in remote areas where
charging infrastructure and communication support are limited [4], [5], [6][7], [8]. Despite the
limitation, the quadrotor is still invaluable for this task, like a search and rescue in a recently
disaster-affected area [9] or to monitor any anomaly for a remote power station [10], [11], [12].
The communication problem can be mitigated by decentralizing communication between drones
and limiting ground control reliance during operations [7], [8], [13]. Meanwhile, battery constraints
may be addressed through scheduling strategies to maximize energy efficiency [14], [15]. Numerous
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studies have focused on optimizing quadrotor power usage, either directly [16], [17] or indirectly

[18], [19].

Infrastructure limitations are not the only challenges encountered by quadrotors in remote
environments. The environment that a quadrotor operates in can greatly impact the quadrotor's
performance [20], [21], [22]. Therefore, safety must be considered along with stability and energy
efficiency. However, the stability and safety problems are usually solved separately. Stability may
be achieved through simple PID control or more advanced nonlinear methods [23] for nonlinear
systems by utilizing the properties of the Lyapunov function [24], [25] or even with the help of
artificial intelligence [26]. Safety can be addressed using Al-based approaches or Lyapunov-derived
barrier functions [27]. Each of these methods has its own strengths, such as the simplicity of PID,
the hand-off approach of artificial intelligence, or the skipping of finding a derivative solution for
the solution utilizing the Lyapunov function. Of course, each method also has its own weaknesses,
such as the need to find a derivative solution for PID, the need for training data for artificial
intelligence, or the Lyapunov function itself for a solution utilizing the Lyapunov function. As for
the drone application, the reliability of the Lyapunov function for both safety and stability problems
to combat the complexity of the drone dynamics. As for the weakness of the Lyapunov-based
method, a backstepping method can simplify the search for the Lyapunov function [27], [28], [29].

However, the method tackles the stability and safety problem separately, which can result in a self-
climinating force between the stability solution and the safety solution. A method that combines
both stability and safety can elevate this problem, such as Prioritized Communication Learning
(PICO) [26], PID-Barrier Function (PID-BF) [30], or the Control Lyapunov-Barrier Function
(CLBF) [31]. The PICO method utilized a learning-based search algorithm with a grid-based map
to help navigation; however, this method has the problem of artificial intelligence requiring
previous data. The PID-BF used both PID and Control Barrier Function (CBF) to ensure stability
and safety; however, the use of PID can increase computational load from the need to solve the
system derivative to gain a solution. The CLBF sidesteps the problem from PID by implementing
the Control Lyapunov Function (CLF); however, with the implementation of CLF and CBF comes
the complexity in finding both functions that can work for the specified system. Therefore,
backstepping approach to the control of Lyapunov barrier function is proposed to simplify its
process for complex systems. In addition, with the help of chaos-bidding consensus, the suggested
method can be used to let drones safely fly to their destination without the need for a central control

system .
2. Material and methods

The Control Lyapunov-Barrier Function (CLBF) is a powerful control method for stability and
safety for a nonlinear system. Due to its complexity, this method has rarely been applied. In this
study, the backstepping method, which can be used to construct either a Lyapunov or a barrier
function, was employed to simplify the formulation of CLBF for quadrotor dynamics. This control
method can be integrated with the chaos-bidding consensus to eliminate quadrotor reliance on a
centralized control system in a multiple-agent environment. The overview of the proposed method
is presented in Figure 1.

2.1 Trajectory tracking

The quadrotor is a drone that uses four motors to move in a 3-dimensional environment with 6-
DoF (Degrees of Freedom), which consists of rotational movement (¢, 8, ¥) and translational

movement (X, ¥, Z) [32]. For this research, the X configuration for the quadrotor was employed,
which utilized all four motors for pitch and roll control to enhance stability. The schematic for the
X configuration can be seen in Figure 2.
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Figure 1.  Data processing overview for the proposed method
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Figure 2.  Quadrotor schematics for X configuration

Quadrotors, as mentioned above, have 6-DoF despite only having 4 control inputs in the form of 4
motors' rotational speed ({2), making it an underactuated system. The 4 motor speeds can be
converted into force applied to the quadrotor with the help of the thrust factor (b), distance between
the motor and the center of the quadrotor (l), and drag factor (d), which can be seen in (1).

U, b(0? + 03 + 0% + 03)
U= Uy| | bl(Q% — 0% + 0% - 02) )
Us bl(—0N? — 02 + N2 + 02)

Ul 1d(—02 + 03 - 03 + 0}

Three of the forces applied, including U,, Us, and Uy, are directly responsible for the roll, pitch,
and yaw, respectively [33]. The acceleration of each variable can be calculated by using (2) with I,
Iy, and I, as the quadrotor's inertia at each axis. The last force, Uy, were shared between the
calculation of quadrotor translational acceleration a dependent on quadrotor roll, pitch, yaw,

gravitational acceleration (g), and quadrotor mass (m) [33]. The equation to calculate the
translational acceleration can be seen in (3).

.=y

_ L 2

b =00 (27) + 12 2

. ..<IZ—Iy> l

0=¢pyY|——|+—U; (2b)
Iy Iy
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+ _U4 <2C)

% = (cos(¢)sin(8)cos(¥) + sin(P)sin(y)) % (3a)
§ = cos(9)sin(8)sin(p) — sin($)cos(y) - 3b)

7 = cos(¢)cos(y) % -g (30)

In order to simplify the controller for this system, a virtual input for x and y movement can be
made. These virtual inputs are defined in (4) with the new acceleration for x and y in (5).

U, = cos(¢)sin(8)cos(y) + sin(¢p)sin(y) (4a)
Uy, = cos(¢p)sin(8)sin(y) — sin(¢p)cos () (4b)

Uy
¥ =—U (5a)
= U

Uy
y=—U (5b)
Y=my

The acceleration defined above can be controlled using a control Lyapunov function (CLF) to reach
a desired position. CLF managed it by utilizing the Lyapunov function (V) properties to check
system stability [34]. CLF can achieve stability if the Lyapunov function (V) satisfied (6) where
LfV(x) and LgV(x) is the lie derivative of V to f(x) and g(x) respectively.

LiV(x) <0 Vxe{weR"\{0}VvL,V(w) =0} (6)

The CLF, while powerful, can be rather tedious, especially in finding the appropriate Lyapunov
function. That is why the backstepping method was used, which is a recursive method of developing

nonlinear feedback controllers by focusing on a known stable subsystem and progressively
stabilizing each outer system. Consider a generalized acceleration where k is the position or

rotation, Kk is the acceleration, and k; is the speed.
kl == kz (7)

Stabilizing the k1 was done by defining an appropriate Lyapunov function, as can be seen in (8) and

(9) with a as a definite positive constant.

1
Vl == aklkl (9)

The above function can satisty (6) if a virtual input (W) is defined as shown in (10). This virtual
input will be matched by the Ky, as such, the error between the two is defined in (11).
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kl =W = _kl (10)
h=k,—w (11)
From the virtual input and error, the acceleration function in (7) is as follows.

k]_:h_kl

. (12)
h=flk)+gllu+k

Regarding the formula, the system's Lyapunov function can be stated by combining the Lyapunov

function of k1 and h so acceleration stability can be reached while ensuring that both k3 and w
convergence. The Lyapunov function can be seen in (13) and (14).

1 1
V(k,h) = V1+Vh =Ek%+zh2 (13)
Vien) = —k% + hf (k) + hg(k)u + hk, (14)

The functions in (13) and (14) meet (6) if the input (u) is defined in (15).

1
u:—m(h+f(k)+k1) (15)

From the new input, it can be specified to each input and virtual input for the quadrotor dynamics,
which can be seen in (16) and (17).

m ) 1
~eos@cos@ " T
L{,. L — 1,
vy |7 @ -0+ 60 ()
U,
U= = (16)
Us L(,. (1 — I
o (ORI
Li{,. oL =1
Ho-wse52)
U, = ™ G
x__U_l(x_x) (17a)
Uy=—UE1(5’—Y) (17b)

2.2 Trajectory and obstacle avoidance

A new input for the quadrotor was made to ensure stability. However, if the quadrotor meets an
obstacle, a collision between the quadrotor and the obstacle might happen. That is where an obstacle
avoidance system is needed. In this research, a control barrier function (CBF) was used, which is a
modified control Lyapunov function to solve the safety problem, where there exists no system
trajectory that makes the state enter the unsafe state, given the initial state not inside the unsafe
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state in a finite time [35]. Given a set of unsafe states X, if the function B satisfies (18), then it is
called a control barrier function.

keX=>Bk)>0 (18a)
LgB(k) =0= LfB(k) <0 (18b)
AkeEXVBk)<0}#0 (18¢)

Since the CBF is a modified CLF, the backstepping method can be used to make the barrier function
as well. Using the generalized acceleration (7) as our foundation, rather than defining a Lyapunov
function, a barrier function as seen in (19) and (20) was defined with the virtual input in (21).

1

B = Ee—k% (19)
B = _e_k%(klkl) (20)
kl =Ww = kl (21)

A new acceleration is found as seen in (22)

lh=f(k) +g(k)u —ky

While ensuring the safety in terms of position by limiting the acceleration, the error between speed
and virtual input needs to converge to zero, rather than avoiding a certain area. In order to achieve
convergence, Lyapunov function was used for the error, resulting in system control as follows.

1, 1

W(k.h) = B + Vh = Ee_kl + Ehz (23)

Wieny = —kZe ™™ — he ™ + hf (k) + hg(k)u — kih (24)
1, e

u=ﬁ(e 1 —f(k) —h+k) (25)

The system control, as described in (23) and (24), uses a similar principle to that in [31] where both
CBF and CLF were combined to ensure stability while maintaining safety as long as the function
satisfied (26).

Wek)>0 VkeX (262)
LiWw(k) <0 Vke{weR"\ (Xxu{0o}vL,WWw)=0)} (26b)

As the obstacle only appeared in Cartesian coordinates, this input was only for translational
movement, resulting in the following new input.

U, = " (e +g—2+2z) (27a)
cos(¢)cos(0)
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U, = —Uml(e‘x2 — % + 2x) (27b)

U, = —Uﬂl (e —y +2y) (27¢)

Using a similar concept to [31], the trajectory tracking and the obstacle avoidance were combined
by using a sufficiently smooth function, such as the hyperbolic tangent, as a switching function to
satisfy (26), making a new input as follows.

—L(}H-f(x)) Vx & X
g(x) 28)

-xf _ _ _L
ﬁe f(x) h+x1) g(x)(h+f(x)) VxeX

2.3 Multi—agent consensus

The control system that was defined above was used to ensure the success of a single quadrotor in
performing the assigned task. When it came to multi-agent systems, each quadrotor had to establish
a common understanding of its intended destination. To combat this problem, a chaos-based
bidding consensus was used, a decentralized task assignment where the agent reached a consensus
by bidding on the tasks they wished to fulfill [36], which provided an efficient way for a many-to-
many interaction [37]. Utilizing the A* algorithm, the quadrotor will find the minimum distance of
travel for the n targets to bid using a cost function (]) that can be seen in (29) with D being the
distance between a previously chosen node and the next [38]. Since only the quadrotor's distance
and target were considered, the best bidder for this algorithm is the one who can bid with the lowest

value possible.

] = zn: D;_1, @9
i=1

This system promotes the bidding of trajectories up to n targets. The bid value was kept under a
singular shared queue, which is similar to the method proposed by Mahato et al. [39]. Unlike [39],
as mentioned above, the agent was allowed to bid a trajectory instead of a single target to minimize

time when the agent was forced to take a target that was far away. A graphic representation of this
method can be seen in Figure 3. Algorithm 1 shows the pseudocode of this method, where Dy;,
Diminj, and T; are the distance between the quadrotor i and waypoint, the smallest distance for

the quadrotor { to waypoint j, and the bid value on the waypoint j, respectively.

o 0 oo
o )
© ¢ © T 0 ¢ ©

Q.b‘ 4.

. Target » Agent 1 Trajectory

. Agent 1 » Agent 2 Trajectory

. Agent 2

Figure 3. Representation of bidding consensus with disputed bidding and new consensus

| 229



https://unp.ac.id/
https://creativecommons.org/licenses/by/4.0/

© The Author(s)
Published by Universitas Negeri Padang.

This is an open-access article under the: https://creativecommons.org/licenses/by/4.0/

Teknomekanik, Vol. 8, No. 2, pp. 223-242, December 2025
e-ISSN: 2621-8720 p-ISSN: 2621-9980

Algorithm 1 Chaos-based bidding consensus
DEFINE WAYPOINT

DEFINE ORIGIN

While there are unassigned waypoints

For remaining waypoints
IfDQ] < Dlminl and DQ] < Ti

Dlminl = DQl
Else if Do, < Dy and Doy < T,
Dlmin2 = DQI
Else if Doy < D3 and Doy < T,
Dlmin3 = DQl
End if
End for

PLACE D, ..y WAYPOINT BID
PLACE D, ..., WAYPOINT BID
PLACE D, ,..,s WAYPOINT BID
For remaining waypoints

If D) < Dyjpint and Dy <'T;

DZmin] - DQ2
Else if Do, < Dypipand Do, < T,
D2min2 = DQ2
Else if Dy < Dypins and D, < T,
D2min3 = DQ2
End if
End for

PLACE D,,.., WAYPOINT BID
PLACE D,,.i., WAYPOINT BID
PLACE D,,...s WAYPOINT BID
For remaining waypoint
If bid quadrotor1 < bid quadrotor 2
GIVE WAYPOINT TO QUADROTOR 1
Else
GIVE WAYPOINT TO QUADROTOR 2
End if
End for
End While

2.4 Simulation parameter

The quadrotor controller and bidding consensus were simulated under three conditions with the
help of Octave, for the simulation software. In the first scenario, the quadrotor was directed to
circle around the origin point at an altitude of 10 m above, using a radius of 5 m. The second
scenario is similar to the first, but it included an obstacle in the form of a sphere, with a radius of
0.5 m, and a core located at coordinates. Lastly, two quadrotors were instructed to visit a waypoint
in the shortest amount of time, with each waypoint requiring only one quadrotor visit, all while
avoiding collisions with a static obstacle at coordinates (20,10,10), which is a sphere with a radius
of 0.5 m. The simulation was done using parameters specified in Table 1, similar to [40]. This
condition was then used to compare the proposed method with 2 other methods.

One more simulation was conducted based on the third condition with an added constraint in the

form the management of quadrotor power consumption. Each quadrotor carried a battery with a total
amount of charge of 2 Ah. Two quadrotors were given the same task as in the simulation of the multi-
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agent consensus. They had a total weight of 1 kg, and each motor followed the parameters in Table
2. By adding an overriding flag to return the quadrotor, the task could be bid again as the quadrotor
returned to the base. The flag was checking on the quadrotor's distance with the base and comparing
it with the battery remaining charge. The result of this experiment was evaluated with numerical
simulation in the form of tracking error, position error, obstacle distance, and remaining charge.

Table 1. Simulation parameters
Variable Value
l 0.23m
4ly, 1y, 1, 7.5x10° kgm’
m 0.65 kg
g 9.81 m/s?
Table 2. Motor thrust table
Throttle Current (A) Thrust (2) RPM
50% 3.4 370 7000
65% 4.4 410 7800
75% 5.3 470 8500
85% 7.4 610 9300
100% 8.5 700 10000

3. Results and discussion

In this section, the simulation results were discussed using the method and parameters that were
defined in the previous section. A comparison to show the efficacy of the proposed method was also

provided.

3.1 Trajectory tracking and obstacle avoidance

Figure 4 shows the movement of the quadrotor for trajectory tracking using the control system and
simulation parameters that were defined above, without the battery constraint. Figure 5 shows the

tracking error for the trajectory tracking under low-fidelity simulation.

— Quadrotor Trajectory
@ Quadrotor

: . 4
—
*6?)0 }\\ < 2
)

0
. - - ()
4 x\//(_d 2 \.IU“'

Figure 4.

Quadrotor simulation result for circular movement trajectory tracking with center

point at (0, 0, 10) and radius of 5 m
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Figure 5. Quadrotor tracking error for circular movement trajectory tracking with center point
at (0, 0, 10) and radius of 5 m

The simple trajectory tracking simulation shows that this method reached and followed the circular
trajectory in 8 seconds. As for the reactivity of the method, a static obstacle was added in the
trajectory with results that can be seen in Figure 6 for the trajectory and Figure 7 for the tracking
error and the distance to obstacle.

— Quadrotor Trajectory
@ Quadrotor

Figure 6. Quadrotor simulation result for circular movement trajectory tracking with center
point at (0, 0, 10) and radius of 5 m while avoiding collision with a spherical static
obstacle at (-5, 0, 10) and radius of 0.5 m

As shown in this simple, low-fidelity simulation, the proposed method managed to ensure the
quadrotor tracked the circular trajectory by converging the error to 0 in 8 seconds from a 7 m
error. With the added obstacle, the quadrotor managed to avoid it with a 0.2 m distance to the
surface of the obstacle as the minimum value. The avoidance maneuver required 3 seconds from
the start of the maneuver until the error reached 0 m again. Comparing it with PID-BF[30], Figure
8 and 9 tell that the trajectory tracking at the start are similar. Once the obstacle was encountered,
the time needed for PID-BF to return was 12 seconds slower than the proposed method, resulting
in a 2-second lag when both methods returned to a stable tracking.
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Figure 7. Quadrotor (a) tracking error and (b) distance to obstacle for circular movement
trajectory tracking with center point at (0, 0, 10) and radius of 5 m while avoiding
collision with a spherical static obstacle at (-5, 0, 10) and radius of 0.5 m
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12 === PID-BF
10
E %
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Figure 8.  Quadrotor simulation result comparison for circular movement trajectory tracking
with center point at (0, 0, 10) and radius of 5 m while avoiding collision with a
spherical static obstacle at (-5, 0, 10) and radius of 0.5 m
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Figure 9. Quadrotor (a) tracking error and (b) distance to obstacle comparison for circular

movement trajectory tracking with center point at (0, 0, 10) and radius of 5 m while
avoiding collision with a spherical static obstacle at (-5, 0, 10) and radius of 0.5 m
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3.2 Multi-agent tracking and obstacle avoidance

Figure 10 shows the consensus result of the chaos-based bidding consensus when 8 random points
needed to be visited once, with at least a single quadrotor for two quadrotors. The task was evenly
distributed between the quadrotors with respect to the distance the quadrotor must traverse using
the bid each quadrotor put forward.

20 . Drone1 .
. Drone2 )
18 \ ® Waypoint
' @ Origin
16 |
o
14 +
>
12 F
~ ! |
‘S’\ 10 + . ‘
o '
st
6
4 | ’.
4 - | \
— V,,. \‘
2r | B . \
oFr @& |
0 2 4 6 8 10 12 14 16 h” >
x(m)

Figure 10. Task assignment using chaos-based bidding consensus for two agents and 8 targets with
the expected trajectory

The two quadrotors then go to the previously assigned task using the proposed method. With an
added obstacle in the way of quadrotor 1, the movement for both quadrotors can be seen in Figure
11.

® Quadrotor 1 O Waypoint
Cuadrotor 2

o
Obstacle K
12 _ A i
10 o ‘ 4 Fx/f‘@
8 | -
Es
N, ™
4 -
2 -
ﬂ e

Figure 11. Quadrotor simulation result for waypoint following assignment with chaos-based
consensus and collision avoidance for another agent and a static spherical obstacle at
(20, 10, 10)
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The simulation shows that the proposed method can be used to ensure each agent arrives at each
task while avoiding midair collision in a multi-agent scenario, although only shown at the start of
the simulation for agent-to-agent avoidance. In order to see the effectiveness of the proposed
method, the two other methods from [26] and [30] were simulated by using the trajectory of
quadrotor 1 since it would encounter an obstacle. The result of all 3 methods can be seen in Figure

12(a-b).
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Figure 12. Quadrotor (a) isometric and (b) top-down view for the simulation result with 3
different control systems

The search algorithm, with the help of Prioritized Communication Learning (PICO) [26] learning
from, was shown to take the longest route since its reliance on a grid map. The PID-BF proposed
in [30] and the proposed method has a similar trajectory, with a difference shown in how they avoid
the obstacle similar to the trajectory tracking simulation. Figure 12(a-b) shows that the proposed
method used a shorter route utilizing its 3-dimensional movement to avoid the obstacle, something
that is not properly utilized by the PID-BF method. This problem does not come from the control
system itself, but rather the disjointed force of the quadrotor dynamics. However, that is not the
only problem introduced by the PID-BF. The route taken by the quadrotor shown that at the start
the CBF portion of the control is only enough to slightly alter the trajectory and when the quadrotor
come closer to the obstacle, the CBF push the quadrotor far from the obstacle, overpowering the
PID control, making the quadrotor required to take a longer route to compensate. The effect of
each method can be easily identified from the distance to the objective in Figure 13(a) and to the
obstacle in Figure 13(b).
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Figure 13. Quadrotor distance to (a) objectives and (b) obstacles for 3 different control systems
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Every method managed to maintain quadrotor safety while performing each assigned task, with the
time needed for each method can be seen in Table 3. It presents the proposed method managed to
be the fastest, with the PID-BF having a 3.03% increase in time, while the search algorithm required
56.06% more time when compared to the proposed method. As shown before in the trajectory
tracking comparison, the proposed method and PID-BF method produce a similar outcome. When
an obstacle was introduced, however, the PID-BF method lagged by 2 seconds compared to the
proposed method. While negligible, in a more complex environment, this delay can increase
proportionally to the number of obstacle they may encounter. As for the PICO method, due to its
reliance on the grid-based map, the path produced was longer as the method cannot differentiate
the length between a straight and diagonal path.

Table 3. Time comparison between backstepping CLBF, PID-BF, and search algorithm

Method Time (s)
Backstepping CLBF 66
PID-Barrier Function 68
Search Algorithm 103

3.3 Multi-agent tracking and obstacle avoidance with power constraint

The method with consideration of quadrotor power consumption was tested. Using the multi—agent
simulation and the battery and motor parameters as defined in the Simulation Parameter subsection.
The new trajectory can be seen in Figure 14.
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Figure 14. Quadrotor simulation result for waypoint following assignment with chaos-based
consensus and collision avoidance for other agents and a static spherical obstacle at
(20, 10, 10) under battery power constraint

The task assignment is still similar to the one in the multi-agent, yet the last waypoint for quadrotor
1 was taken by quadrotor 2 after it returned to the base. The overtaking of the task was overtaken
because of quadrotor 1 remaining charge was not sufficient to go to the last waypoint and return to
the base, and had to relinquish the last task for another quadrotor to take. This task was taken by
the quadrotor 2, as this quadrotor managed to return to base and recharge its battery earlier than
quadrotor 1, despite running out of charge at approximately the same time. Figure 15 shows the
remaining charge for each quadrotor, including the time when each quadrotor had to return to the
base due to insufficient charge without completely depleting the power storage. The quadrotor 1
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managed to return to the base with 0.354 Ah or 17.7% remaining State of Charge (SoC) and the
quadrotor 2 with 0.208 Ah or 10.4% remaining SoC. While in the simulation, the performance of
the quadrotor won’t be affected by the amount of charge, but in a real-life application a stricter
condition must be applied to ensure that both quadrotors can safely return to the base. Without
rebidding, the overall time to completion take 91 seconds an increase by 5% compared to 86
seconds needed for the method with rebidding.
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Figure 15. Quadrotor accumulated current draw during simulation with overridden return to

base command
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Figure 16. Quadrotor simulation result for waypoint following assignment with chaos-based
consensus and collision avoidance for other agents and a static spherical obstacle at
(20, 10, 10) under battery power constraint without rebidding

4. Conclusion

Quadrotors, typically perform monitoring or surveillance tasks in remote areas, face multiple
constraints. In this paper, the constraint was considered due to limited charging and communication
stations, alongside the possible collision between the drone and the environment. The low-fidelity
simulation shows that the drone can follow its objective using backstepping control Lyapunov
barrier function without going inside the unsafe state. Compared to other methods, the proposed
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method managed to finish its task 3% faster compared to the PID-BF and 56% faster compared to
the PICO method. As for the chaos-bidding consensus, all drones manage to reach a consensus as
to where they go without the help of a central control system. When the battery constraint was
introduced, the proposed method managed to return the drone before the battery charge was
depleted and rebid the task to other quadrotors that were available to decrease overall time to
completion for the entire system. This paper considered the communication constraint only in
terms of drone-to-central-control communication, while the drone-to-drone communication
limitation was not considered. Alongside the movement from obstacle avoidance, future work is
advised to consider the limitations of drone-to-drone communication while smoothing out the
movement for the avoidance.
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y Quadrotor position in y axis relatives to the earth

z Quadrotor position in z axis relatives to the earth

X Quadrotor acceleration in x axis relatives to the earth

y Quadrotor acceleration in y axis relatives to the earth

Z Quadrotor acceleration in z axis relatives to the earth

{; Quadrotor motor i rotational speed

b Thrust factor

[ Distance from the center of the quadrotor to the center of the motor
d Drag factor

U, Total force and is responsible for all translational movement of the quadrotor
U, Total force and is responsible for roll movement of the quadrotor

Us Total force and is responsible for pitch movement of the quadrotor
U, Total force and is responsible for yaw movement of the quadrotor

k Quadrotor generalized position/rotation

kq Quadrotor generalized acceleration

k, Quadrotor generalized speed

I; Quadrotor inertia in i axis

g Gravitational acceleration

m Quadrotor mass

D;_;; Distance between a previously chosen node to the next
Dy;  Distance between quadrotor { and waypoint
Diminj The smallest distance for quadrotor  to waypoint j

T; bid value on waypoint j
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