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ABSTRACT

Keywords: Animal In this study, a quadrotor unmanned aerial vehicle (UAV)-based system is proposed to perform remote
aneSt.heSia’ UAV, anesthesia on animals located in areas with limited accessibility. The system integrates a robotic manipulator
demgg};&gﬁgﬁ and a needle-launching mechanism into the UAV platform. The developed model incorporates UAV
dynamics, forward and inverse kinematics of the manipulator, and a simplified linear motion assumption
for the needle. Simulation studies were conducted for two scenarios: a stationary and a moving target. In
both cases, manipulator joint angles were computed in real time based on UAYV flight data. Results show
successful alignment of the injector mechanism with the target, and they highlight the influence of the
reaction force during needle launching on UAV stability. In the experimental phase, a Pixhawk flight
controller and Lua scripting were used to calculate joint angles using live telemetry data. While real needle
firing was not performed due to safety concerns, the manipulator's ability to track a fixed target was
validated. This proof-of-concept study provides a foundation for future systems that can incorporate
autonomous vision-based tracking and live in-flight deployment, contributing to more efficient and
humane wildlife management practices.

Abbreviations and Notations

UAV Unmanned Aerial Vehicle

FMU Flight Management Unit

FCU Flight Control Unit

GPS Global Positioning System

RC Radio control

ESC Electronic speed controller

CoM Centre of Mass

DH Denavit-Hartenberg

RPM Rotate per Minute

F; i.th motor thrust force

M, Roll moment

M, Pitch moment

M, Yaw moment

°Py; Position vector of the UAV for i.th step on Earth Frame
°Py; Position vector of the target for i.th step on Earth Frame
a1 First joint angle of the manipulator

qa Second joint angle of the manipulator

®,0 and Y Euler angels

Thr Throttle

ks, km thrust and reverse moment coefficient

0; Angular velocity of i.th rotor of UAV

iR Rotation matrix of Earth to Body Frame of UAV

dT Homogeneous transformation matrix i.th to (i+1).th frame
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1. Introduction

Unmanned aerial vehicles (UAVs) are highly innovative vehicles that are remotely controlled and come in a wide range
of take-off weights. They are classified into two main categories: fixed-wing and rotary-wing, depending on the number
of rotors they possess [1,2]. While each category has its own strengths and weaknesses, the choice of UAV depends on
their specific application areas and advantages. These vehicles can be designed in various physical structures to enhance
their effectiveness [3-7]. The utilization of UAVs, both in civilian and military contexts, continues to increase. Moreover,
the integration of different devices into UAVs expands their range of applications [8-15]. Initially, UAV's were primarily
used for imaging by incorporating cameras [16-19]. Over time, they are employed for sample collection [20,21] and object
transport [22-24] by attaching various grippers [25-27]. Similarly, their usage in agricultural practices, such as seed
scattering and spraying, becomes more widespread [28-32]. Furthermore, with the installation of weapon systems on
these vehicles, their military applications have also emerged [33].
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Figure 1. Example of a gun for anesthesia of animals

In fact, UAVs can be assigned tasks in areas that may pose challenges or risks to humans. One such area involves UAV
systems that undertake various tasks related to animals [34-37]. Anesthesia [38-40] of uncontrollable or temporarily
incapacitated animals represents another challenging and hazardous task. For instance, capturing wild animals in nature,
handling stray animals, or returning escaped farm animals to their designated areas often necessitates the use of a needle-
throwing gun for anesthesia, as depicted in Figure 1 [41].

The current task is predominantly performed using land vehicles and personnel on foot, posing significant challenges for
officials involved. However, in situations where access is limited by both foot and vehicle, these tasks often yield
unsuccessful outcomes. A literature review revealed limited studies on the proposed system within the scope of this
research. To enhance the success rate of this task, the present study proposes the utilization of a UAV system.
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Figure 2. Working principle of the system
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The aim is to facilitate the capture of target animals through remote anesthesia, allowing officials to perform the necessary
procedures. The proposed system comprises three key components: a quadrotor UAV system, a manipulator, a needle
throwing mechanism. Figure 2 provides a visual representation of the proposed system in action.
This study on the proposed system comprises four main sections: "Description of Proposed System,
and Results," “Experimental Setup”, and "Discussion and Conclusion."

"o

Simulation Study

In “Description of Proposed System” section, the physical structure of the entire proposed system is outlined, and a
mathematical model of the system is derived. The components of the system include the quadrotor UAV, a manipulator,
and needle throwing mechanism. The manipulator incorporates a rotary joint driven by a servo motor. The angular
positions of these joints are determined based on the target animal's position, as well as the linear and angular positions
of the UAV. In this study, the effects of factors like aerodynamics and gravity on the motion of the thrown needle are not
considered. Instead, the focus is on the reaction force resulting from the throwing action. Consequently, a mathematical
model is developed, assuming linear motion for the thrown needle.

Simulation Study and Results section presents the simulation study conduct on the proposed system, which involved
running simulations in two different scenarios. The objective is to demonstrate the validity and effectiveness of the system.
Details of the simulations, along with the obtained results, are provided.

In, Experimental Setup section, the production and assembly of the proposed system is presented. The working principle
of the real system is mentioned. The final section, Discussion and Conclusion, offers an evaluation and discussion of the
study's findings. Conclusions are drawn based on the outcomes of the simulations and the performance of the proposed
system. Additionally, potential limitations and suggestions for future improvements may be discussed.

2. Description of Proposed System

The entire system consists of four subsystems: the quadrotor UAV, a manipulator, needle throwing mechanism, and
camera, as shown in Fig. 3. The manipulator incorporates a rotary joint driven by a servo motors. The angular positions
of these joints are determined based on the position of the target animal, as well as the linear and angular positions of the
UAV. These joint angles are calculated using inverse kinematic calculations. It is important to note that when an arrow is
thrown, it is influenced by aerodynamics and gravity throughout its trajectory [42,43]. A more realistic model would
require solving the projectile motion equations under gravity and aerodynamic drag:

v 1c 513 (1)
mz—mg—i apPAlv||v

where C, is the drag coefficient, p is the air density, and A is the cross-sectional area of the needle. Implementing this level
of modeling is planned for future work as part of dynamic system refinement. In this study, the trajectory of the launched
needle is modeled as a linear path. This simplification assumes that external forces such as gravity and aerodynamic drag
are negligible, which may not reflect the actual motion of a needle in real-world scenarios, particularly when launched
from a moving UAV at a non-zero altitude. The linear model is defined by:

7 (t) =7y + Vot 2)

where 7} is the initial position of the needle, and v ~_0 is its initial velocity vector. Although this model simplifies the
trajectory calculation, it serves as a first-order approximation suitable for evaluating the basic alignment and response of
the manipulator system. Thus, assuming that the thrown needle follows a linear trajectory, a mathematical model of the
entire system has been developed.
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Quadrotor UAV system

Manipulator

Throwing mechanism Needle

Figure 3. Demonstration of the whole system

2.1. System model

The solid model of the proposed system is depicted in Fig. 4. In the figure, @, 0 and, y represent the Euler angles, while q,
and q, denote the angular variables of the manipulator's joint. The variable d_1represents the distance between the needle
throwing mechanism and the target animal. The kinematics of a system with angular and/or linear joints rely on both the
joint variables and mechanical constants. As shown in Figure 4, when defining the position of the target animal in relation
to the UAV's position, a mathematical expression needs to be derived to describe the relationship between these two
positions using assigned coordinate axes. To achieve this, two axis sets, {M;} and {M,}, must be designated at positions
where there are variables between the two positions. The rotation (orientation) involving roll, pitch, and yaw between the
Earth-fixed axis set and the body-fixed axis set of the UAV is represented by Euler angles. The matrix representing this
rotation is presented in (3) and (4). The linear position difference between these axes is expressed by latitude, longitude,
and altitude, as given in (5). The instantaneous values of all six variables are obtained from the flight control unit.

cp syp 0 c6 0 -—sb 1 0 0
Ryaw =|—s¥ cp 0 )Rpch=1{0 1 0 >r Riou=10 co S‘P)
0 0 1 s 0 o 0 —sp co (3)

Considering that se and ce represent sine and coss, respectively, the rotation matrix representing the rotation between the
Earth-fixed axis set and the body-fixed axis set can be expressed as follows:

cOcy cOsy —s6
tR(w) = (S(pseczp —cesyY  s@sOsy + cocy s<pc9>
cpsOcy + spsyP  ceshsyP — spcyp  cpch (4)
@ = [, 0,1 ] represents the attitudes of the quadrotor.
ePborg = [er,x er,y ¢ v,z]T (5)
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Figure 4. The solid model and identification of the proposed system

To obtain the homogeneous transformation matrix, incorporating both the orientation matrix and the position vector, it
can be done using (6) and (7).

gT — [ §R ePborg
000 1
(6)
cOcy cOsy —s6 °P,,
er — spsfcy) — cpsy  sesOsy + cpcyp  spcd  °P,,
cpsOcy + spsyPp  cpsfsy —spcy)  cpcd  °F,, )

0 0 0 1

The transformation matrix from the body frame to the target frame, considering the joint variables of the manipulator
and the mechanical properties of the limbs, can be obtained. The transformation matrices between the three-dimensional
axes assigned to the manipulator joints are determined, and a homogeneous transformation matrix is derived from the
body frame to the target frame.

2.2. Forward kinematics
In (8), UT represents the homogeneous transformation matrix that contains the position and orientation of the target with

respect to the UAV body frame. The joint angles of the manipulator, denoted as Q = [q,, g5, d;], are used to define the
transformation matrix.
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BT(Q) = W2T(q1) * 'T(q;) * 3T (dy) (®)

The Denavit-Hartenberg (DH) model is a well-known and widely used approach for describing the kinematics of robotic
manipulators. By applying the DH model, the kinematics of the manipulator can be effectively represented. The DH model
relies on assigning coordinate frames and defining transformation matrices between consecutive frames along the
manipulator's links. Each link is represented by a homogeneous transformation matrix, which relates the frame attached
to the link with the frame fixed to the link. The DH parameters, including link lengths, link twists, link offsets, and joint
angles, are used to determine these transformation matrices. By sequentially multiplying the transformation matrices
based on the DH parameters, the forward kinematics of the manipulator can be computed, providing the end-effector's
position and orientation. Although physically not a joint, the translation variable d, can accommodate additional degrees
of freedom in the manipulator as a member of the DH parameters. Thus, the transformation matrices between successive
joints are obtained as follows.

)
dy = \/((epv,x - ePt,x)Z + (er,y - ePt,y)Z + (EPU,Z - ePt,z)Z)
cqgu —sq; 0 O cq, —-sq, 0 0 1 0 O 0
by — S @ 0 0 Myp _ 0 0 -1 0 My _ 0 0 1 —(d+dy)
My 0 0 1 —h|'M sqg, cq; 1 O ¢t 0 -1 0 0 (10)
0 0 0 1 0 0 0 1 0o 0 O 1
Cq1Cq; —Sq1 —Cq15q; €q159,(d + dy)
by — [€92591 €41 541592 $¢159,(d + dy)
‘ s¢z 0 cqp  —h—cq(d+d) (1
0 0 0 1
11 Tz T3 ePt,x (12)

_ |21 T2 Tz CPry| _ b
i = oY= 5T(@) * 5T(Q)
31 T32 T33 P,

o 0 O 1

In the equations, P, ,, and P, are the position of the target and the UAV according to the earth coordinate system,
respectively, where n takes values x, y, or z. And °P, ,, data is taken instantly from the flight controller unit (FCU).

2.3. Inverse kinematics

In calculating the manipulator joint angles, inverse kinematic operations are performed using the position data of the
UAYV and the target. The inverse kinematics process involves determining the joint angles of the manipulator based on
the desired position and orientation of the end-effector or target. By applying inverse kinematics, the joint angles can be
computed to achieve the desired positioning of the manipulator [44,45].

The following equation is obtained to calculate of inverse equation for g4, q, angels.

£T % \T)* ST= T » 2T (13)

By equalizing the 2nd row and 4th column elements of both matrices obtained, the inverse kinematic equation is obtained
for q,. For the sake of simplicity of the inverse equations, K and 8 given in equation 15 are,

K =Py *cp*cl + P *s0*s@*syy - °Py*cl*s@ - °P *cp*s0*sy (14)
8 = °Pry* c*sP - Pyt e *s0%s@ + P *s@*sP- °P e s*sO
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q,= atan2(8, K) + acos (-®P, * 0 / /(K% + 82)) (15)

Since angle q, is known, similarly, the 1st row 4th column elements of both matrices obtained are equalized to each other
to obtain an inverse kinematic equation for q,.

g2 = asin((*Py*(cq1* cO * e +5q,* €6 * s - °Pyy*(cqy* c@*sy - sq;* cp * cfp * 6 * s@) - (°P, —h)*( (16)
cqr*(s@ * sP+c@* e *sB) - sq*(cP * s - cp *s6*s))) / (d +dy))

In the equations, the Euler angles and the position of the UAV are taken instantly from the FCU.

3. Dynamics of UAV with Manipulator

The forces and moments in the system are primarily generated by the thrust forces of the propellers, which are
proportional to the square of the rotational speeds of the UAV's rotors. The effect of the servo motors in the manipulator
joints is considered negligible as they have little impact on these forces and moments. The thrust produced by each
propeller (F;) and the reverse moment effect caused by each rotor-propeller pair (M,, ;) can be calculated using the thrust
coefficient (k;) and the reverse moment coefficient (k,) as follows:

Thrust of each propeller: F; = kf.QiZ

Reverse moment effect of each rotor-propeller pair: M,,; = ky$2;®. Where T; represents the thrust produced by the i-th
propeller. M,,; represents the reverse moment (yaw effect) caused by the i-th rotor-propeller pair. £2; represents the
rotational speed of the i-th rotor.

Considering a quad-rotor UAV, as is relevant for this study, the total thrust (T;) and total reverse moment (M,) can be
calculated by summing the contributions from each propeller or rotor-propeller pair, respectively:

Tt = kf.Qiz (fori =1to 4)
4 (17)
M, = Z(—l)i k2% (fori =1to4)
i=1

Differences in the rotational speeds of each of the four rotors can lead to roll (M,) and pitch (M,) moments. These
moments arise due to asymmetrical thrust forces generated by the rotors. When the rotational speeds of the rotors are not
identical, the resulting imbalances in thrust cause the UAV to experience roll and pitch motions. Additionally, the reaction
force (F,.) exerted by the throwing mechanism during the needle-throwing process can have an impact on the total thrust
forces and the roll and pitch moments of the UAV. The specific effect of the throwing mechanism's reaction force on the
UAV's dynamics depends on the joint angles of the manipulator. It's important to consider these factors when analyzing
and controlling the quad-rotor UAV system, as they contribute to the overall stability and maneuverability of the UAV
during operation.

F sq,
MT FC‘th(lp q1)
Al * 18
m, | = A1+ chzhs(w @) e
My 0, 2

The matrix A is associated with the physical structure of the UAV. To simplify the notation, the expression I' = | * s(g)
has been introduced as an abbreviation.

In this abbreviation, [ represents the shortest distance between the geometric center of the UAV and the rotation axis of
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a rotor, while s is a scaling factor. By using this abbreviation, the matrix A in (19) can be written more simply. However,
without the specific equation or further details of the matrix A and its purpose within the context of the UAV's physical
structure, it is challenging to provide a more specific explanation or application.

A diagram of the control of the whole system is given in Figure 5. In the control diagram, U, represents the desired
moments and force value vector for the UAV, given by Uy = [F; M, M,, My]T.

ke kp o ke kg
| -r r r -rT
A= r -r T -T (19)

_km _km km km

This vector includes the desired values for the total forces, roll moment, pitch moment, and yaw moment of the UAV.

The net force acting on the UAV consists of four components, the thrust that is produced by the propellers, gravitational
forces, disturbing forces and reaction force of throwing mechanism. The translational equations of the whole system are
obtained from equation 20. The drag force caused by the UAV body is not considered. In (17), w, = [p g r]" and V,, =

[V, 1, ]T are angular and

F, =F, — (3R x mg)

Vy, = (Fb/m) — (wp X V) 20

translation velocity vectors, respectively. Similarly, moments acting on the vehicle due to the thrust and reaction force of
throwing mechanism are roll and pitch moments. In addition to the moments, there are gyroscopic moments which may
not be considered. The angular equations of the whole system are obtained as in (21).

- 4 ]
Z(_(—Di X (I X p X 02,))
l=1 Mr
M, = Z((—nf X (e XX 2) |+ My @D
pp y
DD % (L x )

i=1

6, = (Moy,) - (Cw» 1) /1)

4. Simulation Study and Results

Simulations were conducted to validate the entire system, utilizing the obtained mathematical model. Two distinct
scenarios were defined for the simulations. The first scenario involved a fixed-position target, while the second scenario
involved a target that was in motion across all three dimensions. In both simulations, the UAV autonomously flew along
a predetermined trajectory. As the UAV approached a specific distance along the trajectory, the throwing mechanism
become active. Additionally, during autonomous flight, the manipulator joint angles, which are responsible for
positioning the needle throwing mechanism, were instantaneously determined to align the mechanism with the target.
The simulation utilized the physical parameters of the UAV, as outlined in Table 1.
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Table 1. Physical parameters of whole UAV system

Parameters||Describing Symbol Value Unit
Thrust coefficient kg 0.9412e-04 N/(rad/sec)?
Reverse moment coefficient ke 3.0522e-06  Nm/(rad/sec)?
Total max thrust F; 72 N
Rotor RPM value per volt KV 720 Rpm/V
Total mass of whole UAV system m 1690 g
Throwing mechanism reaction force E 10 N
Length of the arm to which the motor is attached l 360 mm
Length of second limb of the manipulator d 100 mm
Distance of CoM of UAV to Manipulator second joint h 100 mm

The block diagram of the whole system related to the simulation is given in Figure 5.

arget_dista »d1

hi; tlieta; psi>

Y q1 rpy TH >

px cnst Fr MR

pxt Manipulator_Angles

[ >—
[ >—pY
[z —>

4
q1 Reactions MP

pyt q2 q2 MY
pz
pzt

Inverse Kinematics

Reactions

»|Actual Dynamics

T

Forces — For:
[—o

i

Moments — Moments

Desired_XYZ |—> Desired_Z

Controller UAV

Figure 5. Controller structure of the proposed system for simulation

In the simulation phase, the launch mechanism activation is governed by a dual-condition logic implemented through
Lua scripting and MATLAB-based control simulation. The conditions are as follows:

D= \/(xv - xt)z + (yv - Yt)z + (Zv - Zt)z < Dthreshol (22)
Distance conditions:

where Dipresnoiq determined as approximately 20 m, although it may vary depending on the characteristics of the
shooting mechanism to be used. This ensures that the UAV is within an effective range of the target.
Alignment condition:

Let [ be the direction vector of the manipulator’s end-effector and 7 the vector from the end-effector to the target. As
seen in fig 4, the angle g, between these two vectors satisfies:
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L7
= T TTE—— <
qs arccos(Hl”. ||77||> 92 max (23)

where ¢4, ~3°, then the alignment is considered acceptable. Once both conditions are met, the launch mechanism is
triggered. This logical framework is embedded in the simulation to replicate a real-world decision-making mechanism
under simplified assumptions.

Stationary state of the target

In the stationary target scenario, the target remains fixed at ®P,(40, 35, 0) relative to the reference zero position. As the
UAYV autonomously follows a predetermined trajectory, the manipulator joint angles are instantaneously determined
based on the positional difference between the UAV and the target.

60
E
~40
g —10 -
= é —Desired
320 N 5- —Actual
o | Target
- 60
0 0 = 60 T a4
| Z a 40 20
50 0 50 0
Time (s) Y (m) X (m)
(a) (b)
100 -
' 50
a0 £
o 40
100 LE
I I b 30
30f ‘ . g
< 20
< 10f 1 20
0 L
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time (s) Time (s)

(© (d)

Figure 6. Regarding the condition of the target being fixed; Trajectory tracking graphic (a) and (b), change in manipulator joint angles (c),
change in distance between UAV and target (d)

Figure 6 provides visual representations of the scenario: The reference trajectory for each of the three axes separately (a).
The reference trajectory and the trajectory followed by the UAV in three dimensions (b). The values of the manipulator
joint angles (c). The linear distance between the UAV and the target, which changes over the course of the flight time (d).

In Fig. 7, two sets of information are presented to provide insight into the flight dynamics and the effect of the throw
reaction force: The subplot, Fig. 7a, illustrates the changes in the roll, pitch, and yaw angles of the UAV throughout the
flight. The plot showcases how these angles evolve over time, capturing the UAV's orientation and rotational movements
along each axis. The subplot, Fig. 7b, highlights the impact of the throw reaction force on the moments (roll, pitch, and
yaw) and the thrust force of the UAV. It demonstrates how the throw reaction force influences the UAV's stability and
control by exerting moments and affecting the thrust force.
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Figure 7. Case of the fixed target; Euler angles change graph (a), the effect of throw reaction force on roll, pitch and yaw moments,

and thrust force (b)

Moving state of the target

In the moving target scenario, it is realistic for the target to change its position by making different movements. To

simulate this situation, similar to the first simulation, the UAV autonomously follows the same

orbit trajectory.

Additionally, a path is determined to represent the movement of the target in three dimensions.

60 :
12
50 . e
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Figure 8. Regarding the case of the target being mobile; Trajectory tracking graphic (a) and (b), position change of the target (c), position change of
the UAV and the target in the horizontal plane (d), change in manipulator joint angles (e), change in distance between UAV and target (f)
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Fig. 8 provides visual representations of this scenario:

The reference trajectory for each of the three axes separately (a). The reference trajectory and the trajectory followed by
the UAV in three dimensions (b). The movement of the target along all three axes (c). Both the trajectory of the UAV and
the path in which the target moves, specifically shown in the horizontal plane (d). Displays the values of the manipulator
joint angles over time (e). It allows you to observe the specific angles assumed by the manipulator joints as the simulation
progresses. These values are crucial for controlling and positioning the manipulator accurately. And it illustrates how the
linear distance between the UAV and the target changes as a function of flight time (f). It shows the evolution of the
distance over the course of the simulation, providing insights into the relative positioning of the UAV and the target.
These visualizations help to illustrate the interaction between the UAV's trajectory and the target's movement in a
dynamic environment.

10 Roll °) % Thrust (N)’ " l
0 B
-10 | ' ; ‘
0.6 ' ‘
. . Roll Moment (Nm)
10 Pitch (°) 813 - " §
0 0
-10 - , .
-20 ! : 0.2 Pitch Moment (Nm)
0.4 1 -
0.05 Yaw (°) i
“ o: —\/\f . ‘ ] 0{ Yaw Moment (Nm) !
o 10 20 40 50 s o 10 20 40 50 60

Tirs8 (s) Tirs8 (s)
(a) (b)

Figure 9. Case of the moving target; Euler angles change graph (a), the effect of throw reaction force on roll, pitch and yaw moments,
and thrust force (b)

The subplot, Fig. 9a, illustrates the changes in the roll, pitch, and yaw angles of the UAV throughout the flight. It shows
how these angles evolve over time, providing insights into the UAV's orientation and rotational movements along each
axis. The subplot, Fig. 9b, highlights the impact of the throw reaction force on the moments (roll, pitch, and yaw) and the
thrust force of the UAV. It demonstrates how the throw reaction force affects the stability and control of the UAV by
exerting moments and influencing the thrust force.

5. Experimental Setup

In the experiment, an open source flight control board, Pixhawk, is used to control the proposed UAV system with
manipulator [1,46]. The board has fourteen outputs, eight of which are main outputs and six are auxiliary outputs.
Necessary connections were made according to the layout order of the brushless motors on the relevant configuration by
using four main outputs. And three auxiliary outputs are used for servo motors used in the manipulator. Although the
control of the manipulator can be done using an external controller [47], it can also be controlled by writing the desired
codes on the flight control card as a more practical method. As seen in Figure 10, Lua scripting is a coding which are run
at a low priority on the system. This ensures that the core flight code will continue to execute even if a script is taking a
long time to process. Lua Scripting provides a safe, “sandboxed” environment for new behaviors to be added to the
autopilot without modifying the core flight code. And the scripts are run in parallel with the flight code [48]. The system
established for experimental study is given in figure 11. Angular positions of the vehicle are taken from the gyro built into
the flight controller. Similarly, linear position data of the vehicle is received from the GPS receiver connected to the flight
controller. Both angular and translational position data received from the FCU include both internal and external
disturbances. Therefore, to determine the joint angles of the manipulator, these data must be cleared of these distortions
before being included in the mathematical process. Thus, a Kalman Filter is added to the Lua script where joint angles are
calculated. Thus, the joint angles of the manipulator could be estimated more accurately. In addition, by manually
entering the location data of the target into the system, the joint angles of the manipulator integrated into the UAV are
calculated. Which is known by taking inverse kinematics calculation.
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UAV SYSTEM WITH MANIPULATOR

A

Figure 10. Schematic representation of whole systems for experiments

The calculated joint angles are converted to PWM values for the servo motors that provide the angular movement in the
joints. The system is locked to the target by positioning the servo motors according to the PWM value.

Manipulator

Figure 11. The UAV system with manipulator

The mentioned inverse kinematic calculation continues throughout the flight of the UAV. According to both attitude and
altitude data received from the FCU, the control of two joints of the manipulator is carried out in an indoor environment.
The location of the target was entered into the script manually. The working principal diagram of the entire system is
given in Hata! Bagvuru kaynagi bulunamada..
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Figure 12. Controller structure of the system

In addition, the Lua scripting summary of the operation of the manipulator system is presented in Table 2. It should be
noted that, for safety and regulatory considerations, full integration tests involving in-flight anesthesia needle launching
are not conducted in this initial study. Instead, the focus is on validating the manipulator's control system under real UAV
flight data and ensuring its ability to accurately target a fixed position.

Table 2. Working principle algorithm of the manipulator system

Algorithm 1: Lua Scripting for control of manipulator

1 Determine Kalman parameter values
2 Assign Motor Outputs (AUX1-AUX3)
3 Determine initial positions of motors of the manipulator (PWM1-PWM3)

function update ()
Get angular position data of the UAV (roll, pitch, yaw)
Get translational position data of the UAV (Lat, Long, Alt)
Get translational position data of the target (Lat, Long, Alt)
Filter data for the positions (Target and UAV)
Calculate manipulator angles (q4, q,)
Calculate required PWM values for motors (PWM1-PWM3)

O 0 N N Ul

end

The proposed system is presented as a proof-of-concept, and future work will aim to perform comprehensive flight tests
including live needle launching to evaluate the integrated system’s performance under realistic dynamic conditions.

6. Discussion and Conclusion

In this study, a system has been proposed to address the complex and challenging task of capturing animals in real-life
situations. This includes capturing wild animals in their natural habitats, rescuing stray animals, or managing farm
animals. Animal capture often presents significant difficulties for officials and caretakers, requiring careful planning and
execution. To tackle this problem, it has been proposed a system. The system consists of a quad-rotor UAV, equipped
with a manipulator and an anesthetic needle throwing mechanism. This system aims to enhance the capture process by
providing a remote anesthesia method facilitated by UAV technology. The UAV serves as the platform for the entire
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system, allowing for autonomous flight and precise maneuvering. The manipulator integrated into the UAV provides the
necessary dexterity and control to direct the anesthesia needle accurately. To validate the proposed system, firstly, it was
conducted two simulations based on the mathematical model developed for the system. The simulations encompassed
two scenarios: one with a stationary target and another with a target in motion. Through these simulations, it was
evaluated the system's performance and its ability to effectively capture animals in different situations.

Secondly, in the experimental part, the manipulator angles could be controlled by processing the dynamic data of the
UAYV and the manipulator with the Lua Scripting code written on the flight control card. Here, the target is assumed to
be in a fixed position. In outdoor tests, without flight, the manipulator was found to be quite sensitive to the target. The
results demonstrated that the proposed system is indeed capable of addressing the challenges associated with animal
capture. Overall, this study presents an innovative and practical solution for animal capture, utilizing the advancements
in UAV technology and robotics. By combining the capabilities of a quad-rotor UAV, a manipulator, and an anesthetic
needle throwing mechanism, the proposed system offers a promising approach to improve the efficiency and safety of
animal capture operations. It opens up new possibilities for wildlife management, animal rescue efforts. On the other
hand, it would be more appropriate for an operator to use this proposed system for the mentioned purpose. Although the
UAYV can be directed to the target autonomously and the manipulator is locked on the target, the operator can direct the
UAV to the target with a camera integrated into the UAV. Thus, a more suitable result can be achieved by controlling the
launch mechanism by the operator according to the location of the target. Autonomous target detection and tracking
functionalities are not implemented in the current experimental setup. Instead, target coordinates are manually entered
for preliminary validation of manipulator control based on UAV dynamics. The integration of a computer vision-based
module for real-time detection and tracking is planned for future development, as it requires a separate algorithmic
framework, and computational resources not addressed in this initial phase. In the current study, the camera serves as a
supporting component for future operator-assisted control, which was briefly discussed in the conclusion section. Full
autonomy, including onboard visual processing and real-time tracking, is considered outside the scope of this proof-of-
concept work.

In addition to the controlled simulation and experimental results presented, it is important to acknowledge potential
limitations that may arise in real-world applications. Environmental factors such as wind, target unpredictability, and
system endurance, as well as legal and ethical considerations, may influence the effectiveness and safety of the proposed
system. These challenges were not within the scope of this preliminary study. However, they are essential for the practical
deployment of the system and will be addressed in future research. Table 3 summarizes the key real-world constraints
identified and possible strategies to mitigate them.

Table 3. Potential Real-World Constraints and Suggested Mitigation Strategies

Constraint Potential Impact Suggested Mitigation or Future Work

Wind disturbances Can alter UAYV stability and needle Incorporate wind compensation algorithms and onboard
trajectory, reducing hit accuracy sensors; use heavier projectiles or stabilization fins

Battery life / Flight duration Limits operational range and time; ~ Optimize energy efficiency, use higher capacity batteries,
affects mission feasibility or swappable battery systems

Unpredictable animal movement May cause misalignment or missed Integrate real-time vision systems and adaptive targeting
launches algorithms

GPS signal reliability (e.g., in forest)Affects UAV localization and Combine GPS with inertial measurement units (IMU),
targeting accuracy visual odometry, or RTK-GPS for higher accuracy

Legal regulations May restrict UAV flights or the use  Collaborate with local authorities, obtain necessary
of tranquilizers in certain areas permits, and comply with UAV and veterinary laws

Ethical considerations Concerns about animal welfare and Conduct ethical reviews; apply guidelines for minimal
operator safety intervention and humane capture

Payload weight limitations Reduces available flight timeand ~ Use lightweight materials and miniaturized electronics
maneuverability
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