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Abstract

Unmanned Aerial Vehicles (UAVs) have contributed to a wide range of applications, becoming faster and more sustainable
nowadays. However, given the significant increase in the number of UAVs, concerns regarding operational safety have grown.
Autonomous UAV path planning must ensure compliance with safety requirements. This study proposes a real-time path replanning
method focused on ensuring compliance with regulations governing UAV operations. Considering no-fly zones (NFZs) defined by
both static (buildings) and dynamic (people) obstacles, a low-cost and replicable solution was implemented in four main steps: 3D
offline path planning using the A* algorithm and Digital Elevation Models; human detection in UAV imagery using the YOLO11m
model; estimation of the person’s 3D coordinates using Monoplotting; and experiments of real-time path replanning. During flight
execution, imagery acquired by the UAV is transmitted to a server and, if a person is detected, path replanning is performed. The
replanned route is then sent to the UAV controller to be executed via an SDK-based application. For flights at reduced speeds, the
proposed method demonstrated feasibility in a computational environment (replanning time of 2.79 s). Simulated flight execution
using the DJI Mobile SDK was successful. However, when relying on data transmission over Wi-Fi, the replanning duration on
a local server (17.96 s) remained unsuitable for real-time operations. As future work, alternative solutions should be explored to
ensure real-time processing. Despite the challenges, this study contributes by validating the open and free DJI MSDK application

for path execution in a simulated environment, integrated with a listener application.

1. Introduction

Unmanned Aerial Vehicles (UAVs), popularly known as drones,
have increasingly contributed to a wide range of applications,
making them faster, more cost-effective, and sustainable. In ad-
dition to being adopted for well-established tasks such as map-
ping (Liu et al., 2025) and precision agriculture (Haque et al.,
2025), these platforms have stood out in logistics (Aldao et al.,
2025), search and rescue (Soorki et al., 2025), and surveillance
and public safety (Park et al., 2025), driven by the development
of efficient and intelligent hardware and software. As a result
of the significant advancement of Artificial Intelligence over the
past decade, autonomous UAV navigation and exploration have
become increasingly reliable, particularly due to the use of deep
learning algorithms.

In this context, autonomous path planning for VLOS (Visual
Line of Sight) and BVLOS (Beyond Visual Line of Sight) op-
erations must be carefully designed to ensure the safety of air-
space, as well as people, animals, and properties within the op-
eration area. In urban environments, the use of autonomous aer-
ial platforms in BVLOS operations raises even greater concern.
For this reason, regulations governing UAV operations and air-
space access have been established worldwide (Stocker et al.,
2017). Although legislation varies between countries, common
concerns include maximum flight altitudes and flying over non-
involved people. Regarding the latter, some countries define a
minimum horizontal distance between a person and the vertical
projection of the UAV on the ground - such as in Brazil (ANAC,
2023) and Australia (Australian Government, 2023), where this
distance must be 30 m. Since safe mission completion relies on
proper path planning (Hu et al., 2023), it must therefore comply
with the limitations imposed by regulations.

Given the complexity of urban environments and the need for
spatially accurate representations, research has focused on dy-
namic and three-dimensional UAV path planning (Luo et al.,
2024). Dynamic path planning addresses the challenge of re-
planning the UAV trajectory according to changes in flight con-
ditions and the 3D environment (Luo et al., 2024), including
the presence of moving obstacles, which characterizes online
(real-time) path planning (Golabi et al., 2023). Several stud-
ies have proposed real-time UAV path planning methods (Peng
and Cheng-Yu, 2023, He et al., 2023, Hu et al., 2023). How-
ever, although these authors consider dynamic obstacle detec-
tion, they do not address compliance with airspace access rules
within their approaches.

Unlike most research on UAV path planning, this study pro-
poses an exploration of a real-time path replanning method fo-
cused on operational safety. No-fly zones (NFZs) defined around
static obstacles, such as previously mapped buildings in the
area of interest, as well as dynamic obstacles (people detec-
ted along the UAV trajectory), are considered in the path plan-
ning process. To develop a replicable and low-cost method,
this work includes: (i) the use of a heuristic technique (A*
algorithm) for prior (offline) UAV path planning considering
static obstacles mapped in a high-resolution orthomosaic; (ii)
the three-dimensional analysis of the planned path using a point
cloud obtained from an Airborne Laser Scanning (ALS) Sys-
tem; (iii) the real-time detection of dynamic obstacles (people)
along the path using deep learning models; (iv) the adoption
of the Monoplotting photogrammetric process to determine the
localization of dynamic obstacles; and (v) the use of a free mo-
bile Software Development Kit (SDK) application for mission
execution.
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The initial proposal of the real-time UAV path planning method
was briefly presented in Simdes et al. (Simdes et al., 2025).
However, the authors did not consider the implementation of
a lowest-risk route when NFZs around buildings and people
intersect, as addressed in the present study. Moreover, two
computational experiments were conducted to evaluate the pro-
posed method. In contrast, the main contribution of the present
study is the development of a complete end-to-end architecture
that integrates the DJI Mobile SDK, a listener application, and
a FastAPI/Papermill server, enabling experimental evaluations
within a simulated environment. Experiments were conducted
using DJI Assistant 2 (Enterprise Series), with a minimum num-
ber of observations sufficient to ensure statistically reliable res-
ults regarding the time required for UAV path replanning and
its feasibility for real-time execution in UAV operations.

The content of this paper is structured as follows: Section 2
presents details of each step of the proposed real-time UAV
path replanning method. The qualitative and quantitative res-
ults obtained from the implementation are discussed in Section
3. Final considerations and suggestions for future work, high-
lighting the challenges encountered, are provided in Section 4.

2. Material and Methods

The proposed method for real-time path planning ensures UAV
operational safety through four main stages: 3D offline path
planning (offline processing — Section 2.1), human detection in
UAV imagery, estimation of the person’s 3D coordinates, and
real-time path replanning (online processing — Section 2.2). All
algorithms for each stage are implemented in Python within a

Jupyter Notebook environment. UAV flight execution is carried
out using two applications implemented in Kotlin within An-
droid Studio: a listener application and the official DJI Mobile
Aircraft SDK (MSDK) (DJI Developer, 2025b) - described in
Section 2.3.

2.1 Offline processing

The initial UAV path is planned prior to flight execution (off-
line path planning). To ensure path safety and maintain the
minimum distance from buildings - as defined by airspace reg-
ulations - a minimum path between the origin and destination
points is generated. This is done using the A* algorithm while
avoiding the no-fly zones (NFZs) around buildings. In addi-
tion, a 3D path analysis is performed based on a Digital Sur-
face Model (DSM) - a LiDAR point cloud with a density of
10 points/m? acquired by an Airborne Laser Scanning system
- and a Digital Terrain Model (DTM), obtained by filtering the
DSM using LAStools software (Rapidlasso, 2024). This ana-
lysis ensures a safe vertical separation between the UAV and the
surface while preventing violations of the maximum permitted
flight altitude (120 m). As a result of this process, an offline
route composed of a set of straight-line segments is obtained.

From this initial route, flight execution is initiated using the
DIJI Mobile SDK. As this application requires a route file with
specific configurations (DJI Developer, 2025a), an additional
pre-flight step (offline processing) involves generating this file,
which contains the initial segment of the path to be followed by
the UAV. This process also generates data required for execut-
ing real-time path replanning (Figure 1).
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Figure 1. Method for real-time safe path replanning for UAVs.

2.2 Online processing

Although the preliminary UAV path planning ensures three-
dimensional safety by avoiding building NFZs, there is still
concern for individuals who are uninvolved or unaware of the
UAV operation. The online path replanning process aims to
ensure a safe distance between the UAV and any person detec-
ted along the flight path. Figure 1 illustrates the stages of the

proposed method for real-time path replanning. The following
subsections describe each stage in detail, including the inputs
and outputs obtained at each step.

2.2.1 Human detection in UAV imagery

The UAV path is executed in segments by the DJI MSDK ap-
plication (DJI Developer, 2025b). The first segment, generated
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through offline processing (Section 2.1), is responsible for cap-
turing an image from which individuals along the flight path
are detected. For human detection in UAV-acquired images, the
YOLO11m model (Jocher and Qiu, 2024) was adopted. This
model was trained using the Unicamp-UAV dataset (Simdes
et al., 2026a). In this work, Simoes et al. (2026) evaluated
this dataset considering the performance of the latest YOLO
models: YOLOv7, YOLOv8m, YOLOv9m, YOLOv10m, and
YOLO11m. Among these models, YOLOI11m achieved the
highest AP50 score and demonstrated suitability for real-time
applications; therefore, it was selected for use in this study.

For comparison purposes, the YOLO12m model (Tian et al.,
2025) was trained using the same dataset. Table 1 presents the
training results. The experiments were carried out on a work-
station equipped with 16 GB of RAM, an Intel Core i7-12700H
2.30 GHz processor, and an NVIDIA GeForce RTX 3060 GPU
with 6 GB of RAM. Although YOLO12m achieved higher in-
ference speed (FPS), YOLO11m was adopted in this study as
it attained a slightly higher AP50. Since both models satisfy
real-time constraints (low inference time), the model achieving
the higher AP was selected, as AP is regarded as the primary
metric for evaluating the performance of general-purpose ob-
ject detectors (Akshatha et al., 2023). The definition of metrics
used can be observed in (Simdes et al., 2026b)

Model YOLOIIm | YOLOI2m
P 0.824 0.865
Train R 0.640 0.615
F1-score 0.720 0.719
AP50 0.777 0.770
P 0.822 0.818
R 0.637 0.627
Test F1-score 0.718 0.710
AP50 0.774 0.768
Inference (ms) 13.6 10.3
FPS 51.6 68.5

Table 1. Comparison between the training results of the
YOLO11m and YOLO12m models.

The result of the YOLO model inference consists of the nor-
malized image coordinates (Znorm, Ynorm ) Of the center of the
bounding box for each detected person, as well as the bounding
box width and height. For the path replanning method, only the
person closest to the UAV is considered. Therefore, only the
detection with the highest y,orm value is selected. This is be-
cause the image is captured at a 45° inclination angle, always
in front of the UAV. Under these conditions, the person closest
to the UAV corresponds to the bounding box center with the
largest row value among all detections (Figure 2).
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Figure 2. Flight execution by route segments.

2.2.2 Estimation of 3D coordinates of person

When a person is detected, it is necessary to determine their
three-dimensional coordinates. To this end, the photogrammet-
ric Monoplotting procedure (Fluehler et al., 2005) is employed.

In this process, the Inverse Collinearity Equations (Mikhail et
al., 2001) are used to calculate the planimetric coordinates (X
and Y). Therefore, the Interior Orientation Parameters (IOP) of
the sensor used to capture the UAV images are required, spe-
cifically the principal point in the image (zo, yo) and the focal
length (f) - acquired from a pre-flight camera calibration. The
Exterior Orientation Parameters (EOP) - X, Yo, Zo, K, ¢, w - of
the image in which the person was detected are also necessary,
possible to be obtained from UAV GNSS and IMU sensors.

For the calculation of the initial coordinates (X; and Y;), the
maximum elevation of the DTM is adopted (Z; = Zmnaz)-
Since Zmaq is unique for the study area, this value is defined
before flight execution (the “Maximum elevation of the DTM”
offline process - Figure 1). Through an iterative process, for
each new position (X, Y;) determined by the Inverse Collinear-
ity Equations, a new Z; value is defined by interpolation with
the DTM, using the “lascontrol” function of the LAStools soft-
ware (Rapidlasso, 2024), until a threshold is reached (Fluehler
et al., 2005).

This stage results in the three-dimensional coordinates of the
person closest to the UAV, as detected by the YOLO11m model.
Simdes et al. (2025) evaluated the planimetric accuracy of co-
ordinates obtained through the monoplotting process. Consid-
ering images acquired at different flight altitudes (10, 20, 30,
and 40 m) with a camera tilt angle of approximately 45, the av-
erage planimetric error was 1 m (Simdes et al., 2025). The same
average planimetric error was reported by Simdes et al. (2023)
when analyzing eight different positions in an oblique UAV im-
age acquired at an altitude of 40 m (Simdes et al., 2023). In this
context, this average error is taken into account when defining
NFZs around the detected person along the UAV path in order
to ensure compliance with the minimum separation distance es-
tablished by regulatory requirements.

2.2.3 Safe path replanning for UAV

Considering the initially defined 3D UAV path, the 3D coordin-
ates of the person closest to the UAV, and the NFZs around
buildings, real-time path replanning is performed. The Python
library Shapely was adopted for implementing path replanning.
It allows the execution of geometric operations similar to Post-
GIS outside a relational database management system, support-
ing fundamental geometric object types: Point, LineString, and
Polygon (Gillies, 2025).

From the detected person’s position, a buffer is created corres-
ponding to the NFZ around it (Figure 1), which the UAV must
avoid to ensure operational safety. If the previously defined
3D UAV path intersects with the person’s NFZ, the path is re-
planned to circumvent the corresponding NFZ. For the first real-
time update, the prior 3D path corresponds to the initial path
determined during offline processing (before the flight). For
subsequent replanning steps, this path corresponds to the out-
put of the previous replanning, i.e., the path generated in the
last update.

However, only circumventing the NFZ of the detected person
may bring the new path too close to nearby buildings, com-
promising safety. Therefore, if the overlap between the per-
son’s NFZ and building NFZs exceeds a predefined threshold -
considering the limits established by local airspace regulations
- the person’s NFZ is reduced to guarantee a minimum hori-
zontal distance between the UAV and buildings. For example,
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in Brazil, where the NFZ for buildings and people is 30 m (DE-
CEA, 2023, ANAC, 2023), if the overlap between the NFZs
exceeds 500 m?, the person’s NFZ buffer is reduced to 20 m.
This ensures a minimum distance of 10 m to buildings.

In all analyses, the shortest path was maintained. That is,
when dividing the NFZ into two parts based on its intersec-
tion with the prior 3D path, the UAV always circumvents the
NFZ along the shortest direction. After the 2D analysis, the re-
planned path is generalized using the Ramer-Douglas-Peucker
algorithm (Ramer, 1972, Douglas and Peucker, 1973), adopting
the same generalization parameter of the offline stage (Section
2.1). Finally, altitude values are assigned to each waypoint of
the replanned path. If the waypoint already existed in the prior
3D path, the corresponding altitude is assigned. Otherwise, the
altitude of the previous waypoint is used.

Algorithm 1 summarizes the analyses required for real-time
UAV path replanning, resulting in the new three-dimensional
path.

Algorithm 1 Real-time UAV path replanning

if Previous route intersect N F'Zperson then
Calculate intersection area between NF'Zperson and
NF Zyuitdings
if Intersection area > Maximum overlap then
Redefine NF Zperson
end if
Find the shortest path around N F'Zcrson
Plan a new route
else
New route = previous route
end if
Generalize the current 2D route
for i in range (number of waypoints 2D route) do
if waypoint; 3 previous route then
Assign the corresponding altitude value
else
Altitude of waypoint; = Altitude of waypoint;—1
end if
end for

If no person is detected along the flight path - that is, if the res-
ults of the previous steps described in Sections 2.2.1 and 2.2.2
are null - the path replanning stage is omitted.

2.2.4 New route segment file creation

After replanning the UAV path, it is necessary to prepare the
file to be sent to the UAV and read by the SDK application for
flight execution. To ensure person detection along the route and
the corresponding path replanning when necessary, the UAV
receives route segments whose length corresponds to the min-
imum distance required by current legislation between a person
and the UAV’s ground projection. Each segment consists of
three waypoints, so that when the UAV reaches the second way-
point, a new image is captured. Until the UAV reaches the end
of the segment, path replanning occurs in time to safely initiate
a new segment, avoiding people and buildings (Figure 2).

In the proposed approach, the UAV flight height is defined
based on the minimum safe distance between the aircraft and
individuals. This is because the images in which people are
detected are captured during flight. Since the dataset used to
train the YOLO11m model consists of images acquired with a
45° camera tilt angle, the same tilt configuration is recommen-
ded in this study (Figure 2) to ensure accurate human prediction
in UAV imagery (Section 2.2.1). Therefore, to guarantee com-
plete coverage along the UAV trajectory and enable detection of

dynamic obstacles, the flight height is defined as the minimum
distance from the UAV to people as required by national UAV
operational regulations.

In this context, once the 3D coordinates of the replanned path
are available, the route is subdivided into segments with a
length corresponding to the flight height. The geodetic coordin-
ates (latitude and longitude) of the waypoints defined every
“hfiight/2” meters (Figure 2) are then determined.

Since the SDK application considers flight height relative to the
ground, the flight height takes the altitude of the first waypoint
into account (defined during the offline path planning - Section
2.1). To maintain a consistent flight height along the route, any
difference - positive or negative - between the altitude of the
first waypoint and the subsequent waypoints is added to the ini-
tial user-defined flight height.

To determine the three waypoints that will compose each route
segment, it is necessary to know the last waypoint of the pre-
vious route segment. This waypoint will serve as the first way-
point of the next segment. From this point, the two subsequent
vertices are selected. These three waypoints constitute the new
segment to be sent and executed by the UAV.

For the first path replanning, the last waypoint of the previous
segment comes from the file creation step for the initial route
segment, executed prior to flight (Figure 1). This offline step
(Section 2.1) also generates the first segment to be traversed by
the UAV, initiating the route with the three initial waypoints of
the offline planned route. For each segment defined in the on-
line stage (Section 2.2.4), the last waypoint of the segment is
saved for use in defining the next segment during subsequent
path replanning. In some cases, depending on the person’s po-
sition along the route and the NFZ generated around it, the last
waypoint of the previous segment may not be included in the
newly replanned path. In this case, to ensure the flight continues
while avoiding the person as quickly as possible, the first way-
point of the new segment is defined as the point closest ahead
of the last waypoint of the previous segment.

The coordinates of the final point (destination) of the UAV path
are saved during the offline process (Section 2.1). This inform-
ation is crucial to ensure that the last segment of the path is
generated correctly. The last segment has distinct configura-
tions compared to the others, such as no image capture - since
the route reaches its end - and the UAV landing configuration
upon arrival at the destination.

For each route segment, a file is created following the route file
format required by the SDK application used for flight execu-
tion. In this study, the DJI MSDK v5.15 application is adopted,
which uses the WPML (WayPoint Markup Language) route file
format (DJI Developer, 2025a). According to this standard, all
route files have the extension “.kmz”.

2.3 Flight execution

For UAV flight execution, the DJI MSDK v5.15 application
(DIJI Developer, 2025b) was adopted. By default, the applic-
ation provides several tools, including Wayline Management -
referred to as Waypoint within the app - a function for automatic
aircraft operations (DJI Developer, 2025b). The route file fol-
lows DII’s custom Waypoint Markup Language (DJI WPML)
(DJI Developer, 2025a).
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As a new “.kmz” file corresponding to the replanned route seg-
ment is loaded in real time, the SDK application must be able
to execute the flight automatically and transfer the photo from
the UAV’s SD card to the UAV controller. To achieve this, two
main modifications were implemented in the official Waypoint
function of the DJI MSDK application using Android Studio:

1. Route file (“.kmz”) import and automatic mission start -
Algorithm 2;

Algorithm 2 Start of the automated mission

Location to the directory containing the route file
Media Manager function initialization
while Detecting of a new route file in the directory do
Uploading the route file (.kmz)
Current route file deletion
Starting the mission
end while
Mission successfully completed

2. Automatic download of photos acquired during flight - Al-
gorithm 3. This function runs in the background so that,
as each new photo is captured, it is transferred to the UAV
controller.

Algorithm 3 Media Manager function

Enabling “Media playback™ (DJI Developer, 2025b)
Initial update of the camera file list
Prevents historical downloads and keeps track of the current
photo count
while Mission not completed do
Photo count update
if “currentCount” > “lastMediaCount” then
Filters only RGB images
Identifies the most recent image by date
Copy of the selected photo to the default directory
end if
end while

For each photo captured by the UAV during flight and trans-
ferred to the UAV controller’s default directory, person detec-
tion along the route is performed (Step 1 - Section 2.2.1), the
three-dimensional coordinates of the person closest to the UAV
are determined (Step 2 - Section 2.2.2), the UAV path is re-
planned (Step 3 - Section 2.2.3), and a new route file is gener-
ated (Step 4 - Section 2.2.4). It feeds the SDK application, and
route execution continues until the UAV reaches its destination.
For this purpose, an Android application (“listener”) developed
in Kotlin was implemented. It is responsible for automating
communication between the UAV controller and a local server,
which, in turn, handles real-time flight path replanning.

The Android listener application runs continuously on the UAV
controller in the background (ForegroundService) and:

1. Monitors the UAV controller’s directory where photos are
saved during the execution of the DJI MSDK application
- Waypoint function - and detects when a new photo is
received. The application uses the “FileObserver” class,
which is capable of detecting changes in a system direct-
ory.

2. Uploads the detected photo to the FastAPI server using the
Retrofit library. The transfer is performed via the HTTP
(Hypertext Transfer Protocol) - the standard protocol for
file transfer over the Internet.

3. Monitors the server’s local folder and, upon detecting a
new available route file (“.kmz”), saves it in the specific
directory of the UAV controller via the MediaStore APL

In this context, a local FastAPI server (Ramirez, 2025) was cre-
ated, running on a computer connected to the same local Wi-
Fi network as the UAV controller. Upon receiving the images
sent by the listener application, this main server executes the
algorithms required for path replanning. For the automatic and
sequential execution of the algorithms (Step 1 to 4), the Paper-
mill tool (Python, 2024) is triggered by the server. The final
output of this process is the route file (“.kmz”), which is sent to
the UAV controller via the listener application. Once the exe-
cution of a route segment is completed, the new route file saved
on the UAV controller is loaded by the SDK application. The
iteration between the DJI MSDK and the Android listener ap-
plication is illustrated in Figure 1.

The developed system employs a distributed architecture: the
human detection process in UAV images (Step 1) is decoupled
from the main pipeline and executed on a dedicated server. This
server is started before the main server and loads the YOLO
model only once into memory. It remains active throughout the
flight and is accessed via an HTTP API by the human detec-
tion algorithm. Consequently, it is not necessary to load the
YOLO11m model for each new image captured by the UAV,
which enables fast inference suitable for real-time applications.

3. Experiments and discussions

In this section, the results of the proposed UAV path replanning
method are presented. All experiments were conducted on a
computer equipped with an NVIDIA GeForce RTX 3060 GPU
with 6 GB of memory. The experiments were conducted using
a DJI Mavic 3M UAV exclusively in a simulated environment,
employing the DJI Assistant 2 (Enterprise Series) flight simu-
lator (DJT, 2025).

3.1 Algorithmic feasibility of the real-time UAV path re-
planning method

Table 2 presents the execution times of each step in the online
UAV path replanning process, measured in a Jupyter Notebook
environment (ideal case). Each process was executed 20 times
to compute the mean and standard deviation of the processing
time.

Process Mean (s) d esvtiil[tlgg%s)
I - Human detection 0.505 0.132
2 - Monoplotting 1.712 0.411
3 - Path replanning 0.046 0.009
4 - Route (geodetic coords) 0.445 0.072
5 - Route file creation 0.087 0.028
Total time (s) 2.795

Table 2. Time required for executing the algorithms using
Jupyter Notebook for real-time UAV path replanning.

The average total processing time for the real-time UAV path
replanning is 2.795 s. Considering that the UAV flight is con-
ducted at a low speed, the proposed method proves to be feas-
ible. For example, assuming a flight altitude of 30 m and that a
waypoint is defined every 15 m along the path (Figure 2), for a
flight speed of 5 m/s, UAV path replanning is satisfactory. This
is because, from the second waypoint of each segment to the
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end - when a new replanned route segment begins - the UAV
would travel 15 m at 5 m/s (3 s), which is longer than the aver-
age total processing time of the algorithms.

When analyzing each process individually, it is observed that
the determination of the 3D coordinates of the person detected
along the UAV path (Process 2) requires the most time and ex-
hibits the highest standard deviation. Furthermore, in computa-
tional experiments, for certain positions of the detected person
in the image, the execution time of the Monoplotting process
was high, making real-time path planning unfeasible (average
of 31.345 4+ 10.413 s). This is because the Monoplotting pho-
togrammetric procedure is iterative: depending on the initial
position of the person in the image and the initial altitude used
in the Monoplotting process, convergence may be slow.

Although these isolated cases (outliers) were not considered
when computing the average execution time of Process 2 (Table
2), such exceptions would lead to unsafe system behavior and
therefore characterize a system failure, as they would preclude
safe real-time operation. Defining a maximum execution time
for the process could enable real-time performance; however,
it would not guarantee safety, since the person to be avoided
would not be taken into account. These results thus indicate
that estimating the 3D coordinates of individuals along the UAV
path via Monoplotting may not represent the most promising
solution. Alternative approaches, such as Simultaneous Local-
ization and Mapping (SLAM) or Monocular Depth Estimation
(MDE) with onboard processing supported by embedded GPUs
on the UAV (Zhou et al., 2024), constitute a viable direction for
future work.

The second process with the longest execution time is Human
Detection (Process 1). The total execution time of 0.505 s
includes data input, YOLO11m model prediction, and selec-
tion of the person closest to the UAV. The average time for
YOLO11m model prediction - including image pre-processing,
inference, and post-processing on a dedicated server - is only
191.405 + 32.403 ms, demonstrating the capability of the
YOLO model for real-time human detection in UAV images.
Figure 3 illustrates the outputs of this process for a sample im-
age.
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Figure 3. Results of the human detection process in UAV
images.

Although the results confirm that the YOLO11m model is suit-
able for real-time human detection and that the evaluation met-
rics obtained from training on the Unicamp-UAV dataset (Table
1) outperform those reported for other models trained on dif-
ferent datasets - such as the study by Akshatha et al. (Ak-
shatha et al., 2023) - further improvements in this processing
stage are still required to ensure higher detection reliability. In

particular, the recall value (R = 0.640) indicates a high rate of
false negatives (i.e., undetected individuals), which may lead to
severe or even fatal consequences in safety-critical applications.
Consequently, human detection in UAV-acquired imagery re-
mains an open research problem, with significant potential for
improvement driven by the development of new deep learning
models, such as YOLO26.

The process with the lowest average execution time is Path Re-
planning (Process 3), which demonstrates that the implementa-
tion logic is suitable for real-time replanning. Figure 4 presents
qualitative results of this process. Notably, correct UAV path
replanning can be observed in cases where the NFZ generated
due to the detected person would result in a path very close to
buildings in the flight area. Considering a minimum horizontal
distance of 30 m between the person and the UAV’s vertical
projection on the ground, for example, the minimum-risk path
is traced maintaining a distance of at least 20 m from people.
Figure 4 shows the initial NFZ around the person, with a ra-
dius of 31 m, considering the accuracy achieved through the
Monoplotting process.

- v REAY
* Origin % Destination ¥ Person
. Buildings B8 NFZ - buildings 3 NFZ - person (31 m) " Onine route
[ NFZ - person (20 m)

== Offline route

Figure 4. UAV path replanning considering static and dynamic
obstacles.

Despite the promising qualitative results, the proposed method
presents two main limitations. First, although it ensures avoid-
ance of the person closest to the UAV along the planned path,
this simplification may lead to unsafe trajectories in the pres-
ence of false negatives, i.e., undetected individuals, which lim-
its its applicability in real-world UAV operations. Second,
the accuracy of the replanned path strongly depends on pre-
cise estimation of the EOPs used in the monoplotting process
(Simdes et al., 2025). In the simulated experiments, EOPs were
obtained via Phototriangulation, resulting in an average posi-
tional error of 1 m for the detected person along the UAV path.
Conversely, EOPs derived directly from UAV image metadata
may not provide comparable accuracy, potentially leading to
replanned paths that violate minimum safety distances. Such
inaccuracies pose significant risks in safety-critical UAV oper-
ations, particularly in dense urban environments.

The step described in Section 2.2.4 - “New route segment file
creation” - is executed in two processes: (i) Route (geodetic co-
ordinates), in which the waypoints of the new replanned route
segment are defined; and (ii) Route file creation, in which the
route file in DJI WPML format (“.kmz”) is generated. The latter
process is the second fastest. Overall, the complete step (Step 4
- Section 2.2.4) takes an average of 0.532 s - the most compu-
tationally demanding step after Monoplotting. Despite its relat-
ively high computational cost for defining a new route segment,
the process remains feasible for real-time path replanning.
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Figure 5 (a) shows the qualitative result of this step for one of
the routes presented in Figure 4, without the presence of people
along the path. The waypoint colors represent a single route
segment, i.e., a “.kmz” file. Since the last waypoint of a pre-
vious segment corresponds to the first waypoint of the next
segment, waypoint colors change every two points displayed.
Visual analysis of the route files shown in Figure 5 (a) also
indicates that, although the proposed method defines waypo-
ints every “hyiigne /2” meters, if the route contains curves and
the waypoints are closer than this distance, their spacing is pre-
served. This ensures the UAV path avoids NFZs resulting from
buildings and people.

Figure 5. (a) Result of the route file creation stage in DJI WPML
format, where each color corresponds to a new file. (b) Route
execution using the DJI MSDK considering the same route files.

3.2 System feasibility of real-time UAV path replanning in
a simulated environment

Although the average total processing time for the UAV path re-
planning is sufficient for real-time operation (Section 3.1), dur-
ing UAV flight execution with the DJI Mavic 3M in a simulated
environment, the average total time for path replanning is ap-
proximately 17.96 s (Table 3) - which is unfeasible for real-time
operations.

Process Mean (s) d esvtiz?ﬁ:g% 9)
I - Human detection 3.198 1.267
2 - Monoplotting 2217 0.426
3 - Path replanning 2.231 0.377
4 - Route (geodetic coords) 2.687 0.486
5 - Route file creation (“.kmz”) 2.098 0.328

Total server processing time
(from image arrival

to route file creation)

Time between image capture
and route file (.kmz) upload
File transfer time

(server <> U AV controller)

12.436 s + 2.506

17.960 s + 2.380

5.526s + 1.111

Table 3. Online UAV path replanning time considering full
system architecture and communication.

The total time between image capture by the DJI Mavic 3M
UAV and the transfer of the route file to the UAV controller -
measured from the notification of file reception by the listener
application - includes both the total processing time of the al-
gorithms on the server and the file transfer time. Comparing
the total processing time of the algorithms executed directly via
Jupyter Notebook (Table 2) with the execution on the server via
Papermill (Table 3), the execution using Papermill is 4.45 times

longer. This indicates that, although the UAV path replanning
method proved satisfactory for real-time operation, the server
configuration used is not appropriate.

Furthermore, there is a delay due to file transfer times - from the
UAV controller to the server for the photo, and, after processing,
from the server to the UAV controller for the route file (“.kmz”).
This transfer time (average 5.526 s) is dependent on the Wi-Fi
network being used. To identify and address this bottleneck,
future tests should be conducted on different networks. Since
photo transfer is the most time-consuming step, evaluating an
image encoding method could be beneficial, as the route file
transfer is nearly instantaneous.

Considering the execution time of each process on the
server, the first process (Human Detection) is the most time-
consuming. Although the use of a dedicated server for loading
the YOLOI11m model and performing inference on the UAV
image reduces processing time, failures were observed on the
dedicated server during the execution of a complete route. The
dedicated server encountered an error that interrupted its opera-
tion, preventing the execution of subsequent processes. There-
fore, the configuration of the main server needs to be reviewed
in future work.

Despite this failure caused by the dedicated server for image
inference, the UAV route execution in a simulated environ-
ment using DJI MSDK, DJI Assistant 2 (Enterprise Series) and
listener applications was successful (Figure 5 - b). It can be
observed that waypoint numbers “0”, “1”, and ‘“2” correspond
to the route segments traversed by the UAYV, i.e., the route files
executed. For each waypoint labeled “0”, a new “.kmz” file is
executed - which corresponds to the waypoint colors shown in
Figure 5 (a), defined according to the output of the route file
creation algorithm (Section 2.2.4).

4. Conclusions

The qualitative results of the proposed UAV path replanning
method confirm its feasibility for ensuring operational safety
concerning both detected people along the trajectory and build-
ings within the flight area. As directions for future work, real-
time estimation of population density is suggested, enabling the
UAV to avoid more densely populated areas. Such an approach
may further enhance public safety, even in the presence of false
negatives, i.e., undetected individuals.

If the operation does not require high flight speed, the current
implementation (algorithms executed in a Jupyter Notebook
environment) is satisfactory for real-time operations. In con-
trast, when running the operation in a simulated environment, a
challenge arises regarding the algorithm processing time on the
local server. Although the use of Papermill is simple and easily
reproducible, it presented limited performance when executing
sequential algorithms. Modifications in the server implementa-
tion are required to guarantee real-time processing. As altern-
ative solutions, it is suggested to: (i) convert the algorithms
into “.py” files, eliminating the need to execute a Jupyter ker-
nel as required by Papermill, which would increase execution
speed; (ii) implement all algorithms in a single notebook and
use an alternative Python library for execution; or (iii) refactor
the notebooks into Python functions to be executed in a single
script. Furthermore, the use of a compiled programming lan-
guage, such as C++, represents an alternative implementation
strategy for future research and may yield performance gains
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of an order of magnitude or more. In future work, practical
tests using the DJI MSDK and the listener application in simu-
lated environments may be conducted to evaluate these altern-
ative approaches to reduce processing time. Addressing this
bottleneck would enable real-world outdoor flight experiments,
which have not yet been conducted and currently represent a
limitation of this research.

The dedicated server used for YOLO model loading and infer-
ence also exhibited failures, which may be related to reading the
received photos - for instance, corrupted or invalid files. Addi-
tional tests are needed to identify the cause of these sporadic
failures in order to mitigate them, either through a more robust
server implementation or by adopting alternative methods for
sending and handling images to the local server. In a fully op-
timized implementation without server bottlenecks, evaluating
the YOLO26 model - the latest version released by Ultralyt-
ics - may yield promising results for human detection in UAV-
acquired images.

Despite these challenges, one contribution of this study to fu-
ture research is the validation of DJI MSDK use for route ex-
ecution, including modifications to the original Kotlin code to
adapt it to the proposed scenario, together with a listener applic-
ation. This is particularly relevant because the MSDK applica-
tion is open-access and freely available for developers working
with DJI UAVs.

Moreover, DJI MSDK is supported by several UAV models bey-
ond the DJI Mavic 3M adopted in this study. Consequently,
the range of potential applications that can rely on this frame-
work increases, and its route execution functionality has been
successfully demonstrated in this work. As an example of an
emerging application that may benefit from the DJI MSDK and
its functionalities, UAV-based logistics operations stand out.
The DJI FlyCart 30 UAV, for instance, specifically designed for
such operations, is a platform supported by the Payload SDK
(PSDK), and a mobile application developed with the MSDK
(DJI MSDK) is required to control the payload device to per-
form specific actions and tasks (DJI Developer, 2025c).
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