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Abstract— This paper introduces a refined iteration of the
PX4 autopilot firmware tailored to support developers in
integrating bespoke control algorithms alongside the exist-
ing control framework. The proposed methodology employs
a template-driven approach and introduces two novel con-
trol modules, thereby enabling users to harness all firmware
functionalities within their custom modalities, including the
QGroundControl interface, while retaining all the standard
modules and compatibility with the QGroundControl interface.
With its transparent and adaptable structure, the software
framework presented herein lays a robust groundwork for
implementing tailored and specialized solutions across diverse
aerospace domains. As a practical demonstration, we apply
the developed firmware to the domain of inspection and
maintenance, wherein it incorporates an admittance controller
and a model-based control algorithm for a tiltable drone
equipped with a sensorized tool. The efficacy and versatility of
the proposed approach are validated through simulations and
empirical trials conducted across multiple aerial platforms. The
produced code is released to the community.

I. INTRODUCTION

Over the past decade, Unmanned Aerial Vehicles (UAVs),
commonly known as drones, have witnessed escalating adop-
tion in both academic research and industrial applications.
These aerial platforms have demonstrated versatility across
diverse domains, encompassing agriculture [1], aerial pho-
tography, and infrastructure inspection and maintenance [2]—
[4]. They offer cost-effective and inherently safe solutions
for tasks such as remote sensing, surveillance, payload
transportation, non-destructive testing [5], and device instal-
lation [6]. However, the term UAV encompasses a broad
spectrum of aerial platforms characterized by varying ca-
pabilities, levels of autonomy, and aerodynamic configura-
tions. Understanding the intricacies of airframe structures
becomes imperative, particularly when implementing model-
based control laws, as control design is strictly linked to
physical configuration.

Due to the heterogeneity of UAVs, open-source autopilot
software provide versatile control solutions that can be
readily deployed on various platforms, albeit with a trade-off
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Fig. 1: H-shaped one-axis tilting drone equipped with a sensorized tool. Four
load cells on the plate measure the forces and torques exchanged during the
interaction. The main frames are depicted.

in flight performances. Prominent examples include the PX4
and Ardupilot control frameworks, which support several
unmanned aerial vehicles, ground rovers, and underwater
robots [7], [8]. Other flight controllers, such as iNAV [9]
and Betaflight [10], offer similar versatility, while dRehm-
Flight [11] caters primarily to hobbyist applications and is
mainly suited for rapid prototyping. Despite their adapt-
ability, existing open-source solutions do not currently ac-
commodate advanced configurations such as omnidirectional
tilting drones [12] or aerial manipulators [13], [14], which
are prevalent in aerial robotics research and increasingly
deployed in industrial settings. Private companies often resort
to proprietary solutions [15]. At the same time, research
laboratories frequently rely on custom control architectures
that may lack features necessary for field deployment and
real-world testing or see limited adoption beyond research
settings [16]. Developing robust frameworks is inherently
complex, as they must meet real-time requirements, ensure
safety, hardware compatibility, provide API interfaces, and
offer code support. Consequently, many efforts focus on
customizing open-source autopilots, leveraging their modular
structure and functionalities. However, such developments
often target specific platforms and control laws, with limited
code reuse. As autonomous systems advance, the manage-
ment of software complexity becomes paramount.

This paper aims to address this gap by introducing
a tool for easily implementing custom embedded control
laws within the open-source PX4 ﬁrmwareﬂ while fully
utilizing its functionalities and retaining standard control
modules. The PX4 firmware was chosen to be customized
for some key advantages. This leading autopilot software
has a modular structure compatible with various hardware

'When writing, the latest stable release is v1.14.



boards, such as the Pixhawk [7], and has a large support
community. Furthermore, PX4 operates under a BSD license,
enabling code modifications without mandatory submission
to the main branch, thus safeguarding companies’ intellectual
property; in contrast, Ardupilot functions under the GPL
license [8]. Therefore the proposed customization can help
users and researchers implement embedded and model-based
controllers to improve performance and ease the deployment
of non-standard aerial systems in real-world applications.
The produced code is freely available to the community

The paper is organized as follows: Section [l discusses
the related works; the firmware customization is described
in Section [[T] while Section [[V] introduces some usage ex-
amples. The experimental part is divided between simulation
studies in ROS/Gazebo and real-world experiments, reported
in Sections [V] and respectively. Finally, Section
concludes and analyzes future directions and functionalities
to be developed.

II. RELATED WORKS

The PX4 autopilot was initially introduced in [17] as
a node-based multi-threaded framework tailored for em-
bedded platforms. Over nine years, this software has been
extensively utilized in thousands of UAV-related studies.
However, directly interfacing with the PX4 firmware can
present challenges, leading many researchers to seek alter-
native approaches. Frequently, researchers opt to develop
firmware from scratch, as seen in [18], [19], or execute
the drone’s controller on a companion computer. This latter
approach is common especially when controlling hybrid
or non-standard systems, such as an omnidirectional aerial
manipulator [20]. While such strategies may streamline de-
velopment efforts, they entail losing the comprehensive and
thoroughly tested functionalities already implemented within
the PX4 ecosystem. Choosing this route deprives researchers
and developers of the capabilities provided by the PX4
disconnecting them from the potential growth of a dynamic
and engaged community.

An exemplary illustration of PX4 utilization in research is
demonstrated in [21], where an advanced PX4-based frame-
work is introduced to execute complex missions, showcasing
its efficacy through real-world outdoor experiments. How-
ever, this work predominantly deals with standard platforms,
leveraging the standard embedded controller and relying on
the companion computer for additional control layers.

While the PX4 modular structure allows the creation
of new controller modules within the firmware, coding
these modules can be time-consuming. Often, the stan-
dard proportional-integral-derivative (PID) controller is the
preferred choice. Consequently, several studies focus on
offline PID optimal gain tuning within PX4, both with [22]
and without system identification [23], to enhance perfor-
mance and robustness for specific user cases. Conversely,

2https://github.com/prisma-lab/Px4_Tilting_
Custom_Control
https://github.com/prisma—-lab/ggroundcontrol

the concept of harnessing the PX4 flight stack and imple-
menting a custom embedded controller has been explored
in various ways in the literature. For instance, in [24], a
disturbance-observer-based nonlinear sliding mode surface
controller is validated using PX4-based simulation, indi-
cating improved performance, although real-world exper-
iments are not conducted. In [25], the authors devise a
model predictive controller to regulate the angular rates
of a quadcopter and integrate it into the PX4 Autopilot.
Initially simulated in MATLAB, the controller is then con-
verted to C++. The authors integrate the new controller
by modifying the Attitude Rate Controller of PX4, thereby
excluding the existing one. Similarly, in [26], a similar result
is achieved by implementing a model reference adaptive
control. The controller is designed for seamless integration
into the PX4 firmware, allowing users to continue using
the standard flight controller as before. However, specific
implementation details are not provided. The obtained results
demonstrate improved tracking performance compared to
the PX4 controller. In [27], a controller implementing a
geometric controller and an admittance control law in the
PX4 flight stack is developed entirely in MATLAB using
the UAV Toolbox Support Package for PX4 Autopilots [28],
which enables modification of the PX4 flight controller.
However, this approach overwrites the standard firmware,
implying the loss of some software functionalities during task
execution. Both [29] and [30] focus on fully actuated UAVs.
In [29], the authors outline a method to extend existing
controllers for under-actuated UAVs to support fully actuated
ones. In [30], the PX4 firmware is extended to address the
control allocation problem for UAVs with tiltable rotors. This
is achieved by modifying specific firmware modules and
leveraging the PX4 dynamic allocation while maintaining
and exploiting the standard PX4 control modules.

In this work, the modifications made to the Control Alloca-
tion module and the simulation tools presented in [30] served
as a foundational framework for integrating the capability to
control tilting platforms into the proposed firmware.

A. Contributions

The primary objective of this paper is to augment the ca-
pabilities of the PX4 firmware, thereby enabling researchers
and developers to design and deploy their own UAV control
algorithms while leveraging the functionalities delineated in
Section [II

Flexibility is lacking in most of the analyzed works:
researchers predominantly embark on controller implemen-
tations from scratch, often disregarding pre-existing features.
Typically, these endeavors entail replacing the reliable PX4
controller with a newly proposed one. However, excluding
the existing modules means losing the reliability of the
standard control stack. Moreover, the prevailing state-of-the-
art solutions frequently overlook compatibility with new PX4
firmware versions. Besides, in the event of issues with the
newly introduced controller, the standard modules can act as
a reliable fallback option.
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Fig. 2: (a) Custom PX4 firmware flow chart: on the left branch, the new modules implementing the model-based control law; on the right one, the original
PX4 flight control stack. (b) Class inheritance scheme for modular development of model-based controllers.

The proposed modular implementation of control laws
aims to facilitate the seamless integration of modifications
with future firmware releases.

The project aims to establish a framework for imple-
menting new controllers, guided by the following design
principles:

« minimal impact on the original code for seamless inte-

gration with future releases of PX4;

o isolation of all custom code within newly created
modules to prevent interference with other firmware
components;

« cnabling the ability to switch seamlessly between cus-
tom and standard controllers during flight operations;

o testing with different usage examples provided in the
released firmware.

To evaluate the feasibility of these principles, new controllers
will be implemented in custom flight modes for standard
drones and tilting platforms. Tests conducted with simulated
and real platforms will demonstrate the seamless transition
between the original and custom control modalities.

The primary contribution of this work is the release of
a custom firmware for PX4, available on GitHub for uti-
lization and customization by interested researchers seeking
to deploy it on their drones or evaluate controller perfor-
mance in simulated environments. The custom firmware
incorporates two distinct model-based controllers—i.e. a
geometric tracking controller [31] and an omnidirectional
control approach [S]—already tested in simulation and on
real hardware. The proposed framework comprises two key
components: the first houses all PX4-specific code for inte-
grating the new controller firmware, and the second serves as
a template. The template, constructed using C++ inheritance,
will facilitate users in developing new control laws based on
those provided in this work. Furthermore, an admittance filter
is introduced alongside the implemented controllers to ex-

emplify an initial practical application within the inspection
and maintenance domain. This filter utilizes measurements
from external force sensors to dynamically adjust desired
trajectories enabling compliant or stiff interaction with the
environment.

III. SOFTWARE ARCHITECTURE

The developed PX4 software architecture incorporates
both the custom flight controller and the standard one.
Ilustrated in Fig. the firmware features two distinct
control stacks: the original stack, comprising a cascade of
P/PID controllers divided into three modules, and a custom
controller divided into two modules. The structure of the
custom control stack mirrors the classic inner and outer
loop configuration commonly found in the literature, thereby
providing a versatile and generalized framework. Following
the hierarchical arrangement of the standard PX4 system,
the custom controller modules are scheduled with varying
priorities and frequencies. Specifically, the position outer
loop operates at 50 Hz, while the inner attitude loop executes
at 250 Hz. Both control stacks yield three-dimensional,
normalized thrust, and torque vectors as outputs, which
are then converted into pulse-width-modulation signals by
the Control Allocation module. The normalization facilitates
seamless integration with the existing mixing module, en-
abling effortless deployment on various UAV shapes already
supported by PX4, including tilting platforms introduced
in [30]. Moreover, the proposed structure is designed to be
independent of the firmware’s conventional behavior, thereby
permitting switching between control stacks.

A. Flight modes

Flight modesE] are a key feature of the PX4 autopilot
activating different UAVs’ behaviors and providing vary-

3https://docs.PX4.io/main/en/getting_started/flight_modes.html



ing levels of users’ assistance. Flight modalities are also
exploited in the presented work to manage the switching
between the two control stacks.

Two new modalities are defined starting from the existing
position and offboard flight modes: PRISMAManual and
PRISMAOffboard. These flight modes enable the control of
the UAV with the radio controller (RC) or the onboard
computer while using the custom modules, respectively.
The user can directly trigger the desired control stack only
changing the flight modality. Most importantly, the switch to
the custom flight modules excludes the standard controllers
without disabling them, which is crucial for retaining full
firmware functionality. In addition, such a feature allows
easier and safer testing of custom modules, as users can
still rely on the standard flight controller and switch to it
whenever needed, even during flight.

B. Custom PX4 modules

The custom Position and Attitude modules are constructed
following the conventional PX4 control module structure,
and implemented by classes that inherit from:

e ModuleBase class for core module functionalities, such
as ’start’, ’stop’, and ’status’ commands;

o ModuleParams class for accessing the param subsys-
tem, crucial for defining and accessing parameters for
control;

o ScheduledWorkltem class for scheduling.

These parent classes are already implemented in the PX4
standard libraries.

These modules oversee all vital information required for
the firmware’s proper operation, gathering input from vari-
ous uORBE| topics and disseminating output used by other
modules.

The specific controller is implemented in a separate class,
providing a straightforward interface for defining multiple
controllers without modifying the module core, as detailed
in subsequent sections. The run (-) function serves as the
core of the modules, executed at each iteration. Additionally,
both modules feature a parameters_update (-) function
to check any parameter variations and update their values
accordingly.

The classes for the position and attitude controllers share
a similar structure, illustrated in Fig. @ Therefore, we will
use the former as a reference to describe both, highlighting
key differences. A virtual base class named PositionControl-
Base (AttitudeControlBase for the inner loop) provides the
necessary function prototypes for proper controller operation
within the module. While some functions have a basic imple-
mentation that can be expanded in the derived class, others
are purely virtual and require complete implementation. The
derived classes include the actual control laws, with all
the necessary member variables, such as the gains and the
dynamic model parameters.

The proposed software structure facilitates the addition of
a new controller through the following simple steps.

“https://docs.px4.io/main/en/middleware/uorb.html
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1) Create new classes for the position and attitude con-
trollers using the respective base ones as a reference
and implement all necessary methods.

2) Define the messages exchanged from the position to
the attitude controller.

3) Add macros for the new controller and set new pa-
rameters in the parameters_update (-) function,
if applicable.

Preprocessor directives ensure flexibility in the message
sent from the module to the attitude controller. Initially, a
macro defines the selected controller type, with constants
associated with each developed custom control law, enabling
the compilation of the appropriate controller class and cus-
tom messages. Notably, it is possible to define multiple
controllers and select at compile time the one to associate
with custom flight modes.

C. User Interface

QGroundControl (QGC) is the default PX4 ground con-
trol station, offering comprehensive flight control and mis-
sion planning capabilities through a graphical user interface
(GUI. With QGC, users can manage firmware settings,
parameters, sensor calibration, and logs. Maintaining these
key functionalities necessitates additional modifications to
the PX4 firmware and the QGC source code.

Users can select the custom flight modes through the QGC
slider (see Fig. [3) or the RC triggers, once properly config-
ured via the ground station. The introduction of controller
parameters, prefixed with PRISMA and added to the PX4 pa-
rameter server, enables their modification through the QGC
interface. This functionality facilitates online tuning and
updating of controller gains. Additionally, custom parameters
can be leveraged to achieve tailored behaviors. For instance,
in the case of an omnidirectional tilting drone, adjusting the
PRISMA_ANG_MODE parameter allows users to map pitch,
roll, or yaw rotation to the same RC stick, enabling manual
command of desired attitude, as demonstrated in Section m



D. Companion Computer

A companion computer enhances the capabilities of an
aerial system by providing additional flexibility and compu-
tational power onboard. PX4 flight controllers can be con-
figured to communicate over a serial port with a companion
computer through various application programming inter-
faces (APIs). In this paper, the ROS2 middleware handles the
communication, efficiently exposing PX4 uORB messages
as ROS2 topics. This integration allows PX4 to benefit
from ROS2’s robust middleware for high-level decision-
making, complex maneuvers, and sensor integration. The
ROS2 connection facilitates the custom control modules in
retrieving Offboard commands, position feedback, and sensor
measurements, thereby enhancing tracking capabilities and
simplifying onboard sensor fusion in advanced applications.
A detailed example will be presented in Section

IV. FIRMWARE USAGE EXAMPLES

The subsequent sections present three firmware usage
examples as case studies. Each example demonstrates the
versatility of the proposed solution by implementing a
diverse model-based control law deployed on a different
aerial platform, as summarized in Table [I The implemented
controllers are included in the released firmware and can be
utilized in simulations and real-world experiments, as further
detailed in Sections For conciseness, not all tests
will be included, but additional results are available in the
accompanying video. A detailed discussion of the adopted
control laws exceeds the scope of this paper; therefore, only
their main characteristics and the reasons for their selection
will be provided.

The main reference frames are depicted in Fig. [} B is
the UAV’s body frame and W denotes the global world
coordinate system. If a sensorized tool is provided, i.e. an
end-effector equipped with an exteroceptive sensor, let S be
the frame attached to the tool. Let p,n € R3 be the position
and attitude vector expressed with the roll, pitch and yaw
(rpy) representation and ¢ € R* the relative quaternion,
w € R3 be the angular rate vector, uz, 7 € R? the thrust and
torque vectors. In the following, (-)4 will indicate the desired
quantities while the measured ones will appear without any
subscript. Dynamical parameters are the mass m > 0 and
the inertia matrix J € R3*3,

A. Case 1: Geometric tracking controller

A standard usage example is presented, focusing on stan-
dard flat UAVs. The geometric tracking controller emerges
as a prominent solution for controlling these platforms,
establishing a coupling between the outer and inner control
loop wherein attitude set-points are generated by combining
the desired yaw and the actual desired thrust. A notable
feature of this approach lies in the computation of attitude
error. Utilizing the rotation matrix allows the definition of
errors directly in the special orthogonal group SO(3), thus
offering an approach devoid of singularities and circum-
venting complexities and ambiguities associated with other
attitude representations such as Euler angles or quaternions.

Firmware Usage Examples

# | Arial Platform Model-based Control Law
1 | Flat quadrotor [32]

2 | Omnidirectional tilting drone [5]

3

H-shaped one-axis tilting drone

with a sensorized tool. [32] + Admittance Filter

TABLE I: Fimware usage examples

The theoretical framework adopted here aligns with that
presented in [32], incorporating integral action in both thrust
and torque vectors computation.

In the following, the attitude and rate errors are provided:

er(t) = L(RTR— RTRy)V, eu(t) =w— RTRawa, (1)

where (-)V is the vee operator [32]. This choice enables
singularity-free handling, contributing to a smooth and con-
tinuous description of the system’s spatial orientation.

B. Case 2: Omnidirectional controller

To extend the work in [30] another usage example is
provided to control omnidirectional tilting platforms. The
controller is extracted from [5] and can be divided into the
following two parts.

1) Position control: This part considers the linear errors

ep(t) = p(t) — pa(t), e(t) =v(t) —pa(t), (2)
e;(t) = /0 (GU(T) + 1 ep(’T))dT, 3)

where ¢; € R a proper gain; while the controller computes
the 3D thrust vector as

ur = RT(erp + Kpe, + Kre; + mges + pa). (4)

2) Attitude control: This part computes the attitude error
in the quaternion representation as

Qerr = qd @ CI* = <Qw,err> ’ @)

Qu,err
where ¢* is the inverse of the measured quaternion and ® is
the quaternion product operator [5].

A desired angular velocity is extracted from this error and
then used to evaluate the desired torque vector:

Wd = K(]‘Sign(q:d,err)%),err (6)
T =K (wqg —w) = Topf X ur + w x Jw, 7

In @) and @) K., € R**3 is proper control gain matrix, g
is the gravity acceleration and 7,7y € R3 is the offset from
the center of mass.

C. Case 3 - Admittance control

A third example illustrates the firmware’s applicability in
the inspection and maintenance field by incorporating an
indirect force control mechanism into the custom control
stack. The implementation involves employing an admittance
filter, described by

Maé(t) + Kda‘é(t) + Kl)az(t) = feact(t)v 3
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Fig. 4: Gazebo simulation studies - in the left column the position trajectory tracking results obtained with the fully actuated tiltable drone are depicted;
in the right column the indirect force control results obtained with the H-shape one-tilt configuration appear. The plots represent respectively: (a)(b) the
desired and measured 3D trajectory and the norm error, (c)(d) admittance filter correction computed starting both the interaction force (c) and torque

measurements (d).

where M,, Kg4,, and K,, € R3*3 denote the associated
mass, damping, and stiffness matrices, respectively. Begin-
ning with the measured interaction force fe,; € R3, the
filter adjusts the drone’s planned references, computing the
corresponding corrections z(t), (t), 2(t) € R? onboard. The
acceleration can be derived by inverting (8)), while Z(¢) and
z(t) are computed through successive time integration.

The same principle is extended to the computation of
attitude set-point corrections from the interaction torques.
Notably, the firmware implementation is closely tied to
the custom control module, facilitating direct usage of the
filter with every implemented controller class. Moreover, in
the absence of contacts, the entire PX4 control algorithm
functions as a pure motion-tracking controller.

V. SIMULATIONS

The custom firmware seamlessly integrates with the
ROS/Gazebo PX4 simulation environment. The tilting plat-
forms, utilized as case studies, are incorporated into the PX4
firmware simulation models, while the standard iris drone
serves as the flat quadrotor benchmark. As in the standard
firmware setup, the user can command the simulated drone
via the QGC virtual joystick or with a planner in the offboard
mode. This provides flexibility to test the custom control
stack across various flight modes.

The conducted tests utilize a ROS2 planner, which
publishes linear position, velocity, and acceleration ref-
erences, along with yaw setpoints on the standard PX4
trajectory_setpoint topic. Additionally, the planner
publishes a quaternion desired attitude on a custom topic

named tilting_attitude_setpoint, specifically re-
quired by the custom controller for tilting UAVs. An interpo-
lation mechanism guarantees the absence of discontinuities
in the commands. The simulations for study case one are
omitted for brevity but are shown in the attached video.
Figures [Aalfdb] depict the results with the omnidirectional
platform. The planned trajectory, shown in Fig. fa]in orange,
contains four points forming a square; the drone can track the
reference perfectly thanks to the tilting capabilities, avoiding
modifying the attitude during the task execution. Moreover,
Fig. [@b] shows that the linear tracking error norm is close to
zero. The shaded regions in the plots indicate the activation
of the custom controller in the PRISMAOffboard flight mode,
while the white areas represent standard modalities. Notably,
during the transition phase, there are no discontinuities in the
error norm. An additional test is conducted using the simu-
lated one-axis tilting drone equipped with a stick sensorized
with a force sensor (four load cells) and integrated into the
control loop to emulate real-world behavior. Figures [c| to
[d| depict the interaction force in the approaching direction
and the interaction torque around the tool z-axis, utilized to
compute relative set-point corrections in the PX4 firmware.

VI. REAL EXPERIMENTS
A. Experimental setup

Similar experiments are replicated by uploading the cus-
tom firmware on real platforms entirely customized by the
authors. For further details, the readers can refer to [27]
and [30] for the first two drones, while the third one appears
in Fig. [T} This latter platform is an H-shaped, one-axis tilting
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drone with arms controlled by coupled servos, enabling
tilting around the body y-axis. A tool composed of four load
cells is affixed to the front to measure the interaction force
on the z-axis and the torque around its z-axis.

All experiments are performed in an indoor flight arena
without any motion capture or 3D tracking systems. Position
feedback is estimated using SLAM algorithms executed
on the drone’s onboard computer, leveraging input from
two cameras: a combination of T265 and D435i RealSense
cameras feed into an RTABMAP algorithm.

The custom firmware is deployed on both the stable
releases v.1.13 and v.1.14, compiled, and executed on a Pix-
hawk 6C flight controller. Each drone utilizes a Lattepanda 3
Delta as a companion computer, operating Linux 22.04 with
ROS and ROS2 docker images. The ROS2 Data Distribution
Service (DDS) handles the communication with the board,
while the communication with the ground-station PC relies
on a Wi-Fi network and telemetry antennas.

For the third drone’s sensorized tool, four load cells are
connected to the autopilot via an Arduino Nano, which
processes the measurements to compute the mean orthog-
onal interaction force and related torques around the body
axis. The data is then reconstructed, converted into a force
message, and published as a uORB topic for utilization in
the admittance control law.

For the sake of brevity, only the experiments with the
two tilting platforms will be presented, while the tests
with the standard quadrotor are shown in the accompa-

nying video. The motion controller dynamical parameters
are selected from the CAD model of the drone, and in
the case of the one-tilting axis drone are m = 4 kg,
J = 1029 0.5 0.55] I3 kgm?®. The controller gains are
Kp = [10 10 15]13, Kp = [4 4 7|15, K =
128 128 2|13, K = [1.8 1.8 065|135 K, =
0.3 0.3 0.1} Is, K1, = [0.1 0.1 0.05] I3, M, =513,
Ky, =213, K4, = 2513.

B. Experimental validation

Figures [5a) and [5¢| depict the experimental results obtained
with the omnidirectional platform. Specifically, Fig. [5a]illus-
trates the platform’s capability to track the reference trajec-
tory with minimal position error in a real-world scenario,
facilitated by its four independent tilting servos. The plot
also showcases the firmware’s switching capability: takeoff
and landing phases are executed by a human operator in
the standard Position flight mode, while trajectory tracking
occurs in the custom PRISMAOffboard mode, highlighted
by the grey shaded areas in the figures. Figure [Sc| showcases
the tilting platform’s ability to maintain stable hovering while
tracking a time-variant attitude reference. For safety reasons,
integral action on the attitude control is deactivated, and
small roll and pitch displacements are commanded.

An additional experiment demonstrates the one-axis tilting
drone performing an inspection test, utilizing the sensorized
tool to make contact with a surface. The task is semi-
autonomous, with a human operator controlling the drone in



PRISMAManual flight mode. The operator lacks complete
knowledge of the wall’s position and orientation; once the
contact occurs, the filter adjusts the drone’s attitude and
position to ensure interaction with all four load cells. The
measured interaction force in the approaching direction and
the interaction torque around the tool’s z-axis are used
to compute the relative set-points correction in the PX4
firmware (see Figs. [5b] and [5d).

VII. CONCLUSIONS

This paper presents a modified iteration of the PX4
firmware, facilitating the integration of new controllers into a
comprehensive autopilot system. Successfully tested in both
simulated and indoor environments across various platforms,
two integrated custom controllers demonstrate efficacy. Ad-
ditionally, a notable application showcases the firmware’s
utilization in an aerial manipulator for nondestructive test
inspections. This contribution unveils novel prospects for
deploying the firmware in research and industrial settings,
streamlining the implementation of embedded model-based
and advanced control laws leveraging additional sensor in-
formation (e.g., force sensors). The autonomous execution of
these tasks, devoid of external middleware dependencies like
ROS or Matlab, holds promise for heightened performance
and reduced memory overhead. Future endeavors will inves-
tigate further the safety implications of transitioning between
control stacks. In addition, efforts will focus on keeping the
custom firmware aligned with new versions of PX4, aiming
to incorporate it as a stable release.
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