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Abstract: Unmanned aerial vehicle (UAV) autonomous control has drawn a lot of
attention from researchers over the past ten years. Drones are widely used in the public,
private, and military sectors for a variety of tasks, including delivery, search and rescue,
and surveillance, as well as for securing sensitive areas and resolving problems that call
for movement. The use of UAVs for navigational tasks that require complete autonomy in
terms of control, planning, localization, and mapping, however, is still an unresolved
issue. Information on using autonomous UAVs for object-target navigation is provided in
this article. With the exception of estimating the target's location, object-to-target
navigation inherits the same navigational issues as steering and navigation.
Understanding which object to look for and where to find it is necessary for the task of
finding something. In this regard, research taxonomies on UAV navigation and target
location tasks and methods are identified. The reliance on autonomous navigation tasks,
as well as the shortcomings in UAV development and framework standardization, are
significant issues that are brought to light by this review.

Keywords: object-target navigation, UAV control, autonomous systems, and
thorough literature review.

Introduction

The use of autonomous unmanned aerial vehicles (UAVs) for business, industry,
and recreational purposes has recently increased [1]. When a large area needs to be
covered, autonomous UAVs offer a significant advantage by allowing the human pilot
to concentrate on other tasks and use the vehicle to speed up procedures. Therefore, a
vehicle needs to be equipped with the ability to move around safely and effectively.
This requires a well-designed autonomous system. Vehicle control, step planning,
environment mapping, and surrounding perception are the four main problems that
an ANS must solve [2]. Understanding movement dynamics and using perturbations to
guide the vehicle to the desired location are the responsibilities of vehicle control. Step
planning proposes a trajectory for moving around and arriving at the target's location
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while assessing the current vehicle state. In order to plan where to move next, it is
necessary to first understand where the vehicle is located within the environment. By
projecting the vehicle's surroundings and spatially locating the vehicle as well as
various objects or obstacles, the mapping stage helps with planning. Finally,
surrounding perception processes sensory data to determine the current state of the
vehicle and identify potential objects of interest.

UAV navigation techniques

In contemporary UAVs, autonomy and precise flight stabilization are becoming
more and more crucial. Autonomous UAV navigation systems and their supporting
subsystems are essential. Figure 2 illustrates how a navigation system uses data from
various sensors to estimate a UAV's position, speed, and orientation.

Inertial measurement unit

e
Gyroscope Altitude

Accelerometer Position = |
Velocity

Error

Error
Vision sensor ——————» estimation ®

Figure 2. Typical configuration of a UAV navigation system.

Auxiliary systems also carry out related duties like static or dynamic detection,
tracking, and obstacle avoidance. A trustworthy and effective navigation system is
necessary for increased autonomy and flight stabilization [3]. Computer vision
algorithms can be used with monocular cameras to enhance navigation. There are
three primary subsystems that make up navigation systems: A UAV's position and
orientation can be estimated using two- and three-dimensional (3D) representations.
Other systems include obstacle detection and avoidance, which locates and relays the
position of obstacles the UAV runs into, visual servo control (VS), which directs
maneuvers to keep the UAV stable and on course, and position estimation.

Navigational tasks for autonomous targets

The primary distinction between each behavior is the underlying planning goal.
The challenge of getting a vehicle from point A to point B quickly and safely is known
as navigation behavior. On the other hand, gathering information from the
environment's hidden areas while also moving the vehicle to a more advantageous
position was described as reconnaissance behavior. In an object-to-target navigation
task, the location of the target object is the main consideration when selecting a
destination.

Four fundamental tasks necessary for autonomous navigation have been
identified within these two fundamental behaviors, as shown in Figure 4.
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Figure 4 depicts the main tasks for autonomous UAV control, focusing on
low-level tasks such as vehicle control and environmental perception, as well as
high-level tasks such as scene mapping.
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In order to suggest a trajectory and movement to the desired location, these
operations process both internal and external data while controlling the fundamental
UAV characteristics. The primary point of distinction is the localization task, which is a
K(F* * mapping sub-task. There is also a perception task that utilizes all of the vehicle's
sensor data. The descriptions of each of the listed tasks are provided below.
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eVehicle control modifies actuators to carry out movements in accordance with
the target coordinates and the current posture, necessitating real-time processing to
ensure safety. Depending on the dynamics and degrees of freedom of the vehicle,
%{,,‘ different methods are used.
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through and determines the subsequent coordinates to be followed. The trajectory is
chosen in order to establish the most effective path to the destination.
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eScene mapping depicts the surroundings of the vehicle by highlighting open
ﬁ{?f spaces, uncharted territory, and nearby objects. To ascertain the current positions of ¢
K“’ : the vehicle and other objects in the scene, this task is typically carried out concurrently
with localization. The map representation is designed using various sensory data from
the detected methods.

eEnvironment perception records the most recent sensory data in order to gather
pertinent information about the environment for other tasks to process later. Accurate
environmental knowledge will improve task performance by making it more resistant
to noise.
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Pixhawk 4 advanced autopilot hardware and PX4 software. Pixhawk Autopilot is
a hardware-based vehicle control platform that simplifies development with easy-to-
connect peripherals and their control. PX4 is software designed to control a vehicle
with its sensors and actuators, providing low-level control of the vehicle. This
hardware control must be performed in real time to ensure the safety and stability of
the vehicle. Other methods are proportional-integral-differential regulator (PID),
linear-quadratic regulator (LQR) and learning methods such as reinforcement learning
and fuzzy algorithms[4]. These methods aim to develop a suitable control policy for
moving the vehicle around the scene of an accident. The resulting policy is directly
dependent on how the control task has been modelled, most of which learns to move
from one point to another as an end-to-end solution. Predictive or probabilistic
methods for control tasks. These methods process the state of the vehicle to derive a
possible next state, bounded by reaching the target position. There are interesting
implementations of the dual control cycle method[5]. The first focuses on vehicle
stability and attitude control, while the second manages high-level movements,
controlling how the UAV must behave in order to reach a certain target point.

Planning methods

In order for the vehicle to get to the following waypoint of the route, the planning
method is a waypoint-following problem. The planning method is focused as a graph-
based approach, choosing which point to reach by applying a cost function over the
graph's vertices. Tree-search algorithms were discovered among the graph-based
techniques, including the Dijkstra algorithm[6], Rapidly Exploring Random Tree
(RRT)[7], and its improved version RRT*[8]. The main goal of graph-based methods is
to move from one node to another using vertex cost analysis to find the shortest, most
direct path without encountering any obstacles. an optimization algorithm that aims to
get to the final, well-known point through intermediate goals. The majority of the
custom implementations were mathematical models that planned the pose, velocity, or
required future state using positional data from the UAV and the target location. In
contrast to graph-based techniques, which are more closely related to the exploration
behavior, the majority of waypoint-following papers only discuss navigational
behavior. Finding the shortest route to a target location would seem to be a natural
application of the planning methods, which are focused on optimizing a score value
given a function or constraints. When the target is an object, however, it becomes
necessary to use a planning method to determine where it might be located.

Mapping methods

The majority of planning techniques require prior spatial knowledge in order to
suggest a movement scheme. Three main types of methods are used to address the
spatial information problem in the mapping task. The mapping task might have been
viewed as reconstruction, combining sensory data to produce a spatial projection for
each component of the scene. This reconstruction issue is resolved by simultaneous
mapping and localization (SLAM)[9], a popular navigational technique. SLAM
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combines data from internal and external sensors to produce a map that includes
structural information about lanes, objects, and the vehicle itself. The iterative closest
point (ICP)[10] method is another option for improving the relationship between a
point cloud and a sensor-generated image. This relationship gives the map additional
visual depth information. Quadtree decomposition[11], oblique photogrammetry, and
laser sensor-based implementation are additional methods for map reconstruction.
Similar to ICP, these techniques attempt to combine depth sensor and visual data to
produce a map that includes distance information about the environment's structure
and the objects nearby. The representation category for the mapping task was also
established. The use of sensor data is the primary distinction between the earlier
introduced representation and reconstruction methods. Reconstruction entails
compiling a map of the entire environment, whereas representation entails using that

data to create a spatial projection of the surroundings. Simply put, the map's
representation is clearer and only includes the details that are absolutely necessary to
solve the navigational issue. The majority of map representation techniques make use
of occupancy grid maps, which divide up various cell scene regions. Occupancy maps
can be modified by adding cell priority based on a calculated score or by adding
OctoMap[12], which incorporates the Octree data structure for effectiveness. With
SLAM, additional variations were used to fuse sensory data. The reference map is the
last classification for the mapping task, where the techniques use environmental data
as a reference for spatial data. After sensing the reference data, this mapping technique
enables a vehicle to determine its location. With this type of mapping, there were only
two methods discovered. The first one makes use of visual landmarks to identify an
intriguing spatial region in the scene. The second locates objects of interest using a
radio frequency (RF) signal[13], producing a signal fingerprint of the separation
between the vehicle and various objects' beacons in the scene.

Conclusion

Over the last decade, an increasing number of UAV-based solutions have
demonstrated diverse area implementation and diverse methodologies for achieving
appropriate applications. This article's main goal was to identify actual development
using UAVs in the context of an object-goal navigation problem. Autonomous
navigation is only possible if the UAV can solve control, planning, mapping, and
perception tasks without relying on external assistance. The two main behaviors of
exploration and navigation, as well as the four tasks required to achieve an
autonomous approach, could be identified. The behavior is determined by the
processing form of each task.
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