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Abstract

Accurate localization is paramount for unmanned aerial vehicles (UAVs) span-
ning various technical and industrial domains, necessitating a comprehensive
assessment of global navigation satellite system (GNSS) precision. This study
investigates the performance of distinct GNSS constellations in determining
the precise location of a building utilizing a high-precision GNSS receiver. The
receiver, incorporating advanced multi-frequency and full-constellation posi-
tioning capabilities, was integrated with a smartphone via Bluetooth to enable
the UAV’s acquisition of centimeter-level positioning data. Sequential utiliza-
tion of single satellite systems—such as GPS-only, GLONASS-only, Galileo-
only, SBAS-only, and BeiDou-only—facilitated the documentation of latitude
and longitude coordinates for the designated building. Subsequent compari-
son of these coordinates with a specialized Geographic Information System (GIS)
was conducted to evaluate their positional accuracy. The comparative analysis
underscores significant variability in the precision offered by each satellite
constellation, providing valuable insights for optimizing UAV navigation
across GIS, IoT, construction, and other sectors requiring high-precision lo-
calization. This research underscores the significance of high-precision GNSS
receivers in enhancing UAV-based geospatial assessments, emphasizing the
critical selection of appropriate satellite systems for tailored localization tasks.
The study contributes to advancing UAV navigation strategies, ensuring ro-
bust and accurate geospatial data collection within diverse operational frame-
works.
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1. Introduction

Unmanned aerial vehicles (UAVs), commonly known as drones, have become in-
tegral tools in geospatial science, revolutionizing the way buildings are located,
mapped, and analyzed, alongside numerous other applications related to geo-
graphic information systems (GIS). UAVs equipped with advanced sensors and
high-resolution cameras capture detailed aerial imagery and data, enabling precise
and efficient mapping of urban and rural environments. In the context of locating
buildings, UAVs offer unparalleled capabilities for surveying and documenting
structures with high accuracy. They can fly at various altitudes, capturing images
that can be processed into detailed orthomosaic maps and 3D models, which are
invaluable for urban planning, architecture, and construction, allowing profes-
sionals to visualize and assess the built environment comprehensively [1]. UAVs
enhance the efficiency of building location tasks by reducing the time and labor
traditionally required for ground-based surveys. For instance, in urban develop-
ment projects, drones can quickly map large areas, providing up-to-date geospa-
tial data that reflects current conditions. This real-time data acquisition is crucial
for monitoring construction progress, verifying site conditions, and ensuring com-
pliance with design specifications. By integrating UAV-captured data into GIS,
planners and engineers can perform spatial analyses, identify potential issues, and
make informed decisions based on accurate, high-resolution maps [2]. In addition
to locating and mapping buildings, UAVs are extensively used in various GIS ap-
plications, such as land surveying, environmental monitoring, and infrastructure
management. In land surveying, drones equipped with LiDAR (Light Detection
and Ranging) sensors create precise topographic maps, capturing fine details of
the terrain essential for land use planning, property delineation, and resource
management. The ability of UAVs to quickly cover large areas and generate de-
tailed elevation models makes them indispensable for geospatial professionals [3].
Environmental monitoring is another critical application where UAVs have a sig-
nificant impact. Drones can monitor changes in land use, vegetation health, and
natural habitats, providing data vital for conservation efforts and environmental
protection. For example, in forest management, UAV's assess tree health, detect
illegal logging activities, and monitor reforestation projects. This capability en-
hances the ability of environmental agencies to manage natural resources sustain-
ably and respond promptly to ecological threats [4].

In infrastructure management, UAVs offer substantial benefits for inspecting
and maintaining critical assets such as roads, bridges, power lines, and pipelines.
Equipped with high-resolution cameras and thermal sensors, drones can identify
structural defects, assess damage, and monitor the condition of infrastructure
components without the need for manual inspections. This not only improves
safety by reducing the need for personnel to access hazardous areas but also en-
hances the efficiency and accuracy of maintenance operations [5].

UAVs also play a pivotal role in disaster management and emergency response.

In the aftermath of natural disasters such as earthquakes, floods, and hurricanes,
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drones can quickly survey affected areas, providing real-time imagery and data to
emergency responders. This rapid assessment capability is crucial for coordinat-
ing relief efforts, identifying safe routes for rescue operations, and assessing dam-
age to infrastructure. UAVs can also create detailed maps of disaster-stricken ar-
eas, aiding in the planning and execution of recovery and reconstruction activities
[6]. The integration of UAV data into GIS platforms further amplifies the value of
drone technology in geospatial applications. GIS software can process and analyze
UAV-captured data, generating insights that inform decision-making across var-
ious sectors. For instance, in urban planning, GIS can combine drone imagery
with other spatial data layers to evaluate land use patterns, plan new develop-
ments, and optimize the placement of public facilities. In agriculture, GIS can an-
alyze UAV data to monitor crop health, predict yields, and manage irrigation
more effectively [7]. Moreover, UAVs are increasingly used for photogrammetry,
a technique that involves capturing overlapping aerial photographs to create ac-
curate 3D models of the terrain and built environment. These 3D models are es-
sential for a wide range of applications, from virtual city tours and heritage preser-
vation to infrastructure planning and environmental impact assessments. Photo-
grammetry allows for the creation of digital twins—virtual replicas of physical as-
sets—that can be used for simulation, analysis, and visualization purposes [8].

Satellites play a pivotal role in modern navigation, providing the foundational
infrastructure for global navigation satellite systems (GNSS) such as Global Posi-
tioning System (GPS), GLObalnaya NAvigatsionnaya Sputnikovaya Sistema
(GLONASS), Galileo, and BeiDou. These systems are essential for determining
precise location coordinates anywhere on Earth, which is crucial for a wide range
of applications, from everyday navigation in smartphones to advanced geospatial
analyses. Satellites transmit signals that are received by GNSS devices, allowing
for the calculation of accurate positioning data through triangulation methods.
This satellite-based navigation is indispensable for UAV operations, where precise
location data is necessary for tasks such as mapping, surveying, and monitoring.
The integration of GNSS with UAVs enhances their ability to perform high-pre-
cision geospatial tasks, enabling drones to capture detailed imagery and create ac-
curate maps and 3D models. For example, when UAVs are used to locate and
document buildings, the positional accuracy provided by GNSS ensures that the
data collected is reliable and precise, which is crucial for urban planning, con-
struction monitoring, and infrastructure inspection [9]. Moreover, GNSS-enabled
UAVs can operate in various environments, including remote and inaccessible
areas, providing critical data for environmental monitoring and disaster manage-
ment. This synergy between satellite navigation and UAV technology underscores
the transformative impact of GNSS on geospatial science, facilitating a multitude
of applications that rely on accurate and timely geospatial data [10].

Building on the foundational role of GNSS in UAV applications, our experi-
ment sought to evaluate the accuracy of various satellite systems in geospatial

localization tasks using a high-precision GNSS receiver integrated with a UAV.
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The experiment involved systematically testing different GNSS constellations—
specifically GPS-only, GLONASS-only, Galileo-only, SBAS-only, and BeiDou-
only—to determine their respective accuracies in pinpointing the location of a
specific building. This was achieved by connecting the GNSS receiver to a
smartphone via Bluetooth, which in turn controlled the UAV’s navigation and
data collection processes. The methodology entailed flying the UAV over the
targeted building, with each flight dedicated to a single satellite system. During
each flight, the GNSS receiver collected latitude and longitude coordinates of
the building’s location. These coordinates were then compared against a refer-
ence dataset obtained from a specialized Geographic Information System (GIS),
known for its high accuracy and reliability. This comparative analysis aimed to
identify which satellite system provided the most precise localization data under
identical conditions.

Initial results indicated notable differences in the accuracy of the coordinates
derived from each GNSS constellation. For instance, GPS-only data generally pro-
vided robust accuracy, aligning closely with the GIS reference points. Similarly,
Galileo-only and BeiDou-only systems also demonstrated high levels of precision,
albeit with minor variations influenced by satellite geometry and signal quality at
the time of data capture. On the other hand, GLONASS-only and SBAS-only sys-
tems exhibited slightly lower accuracy, highlighting the variability inherent in dif-
ferent GNSS technologies.

These findings underscore the novelty of this study, which lies in its compre-
hensive comparative analysis of different GNSS constellations for UAV-based ge-
ospatial applications. By systematically evaluating the performance of each con-
stellation, this research provides crucial insights into the optimal selection of
GNSS systems based on specific operational requirements. The primary aim of
this work is to enhance the precision and reliability of UAV operations in various
fields such as urban planning, construction monitoring, and environmental sur-
veying. These findings have significant implications for the deployment of UAVs
in geospatial applications. The experiment underscores the importance of select-
ing the appropriate GNSS constellation based on the specific requirements of the
task at hand, whether it be urban planning, construction monitoring, or environ-
mental surveying. By leveraging the most accurate satellite systems, UAV opera-
tions can achieve higher precision in data collection, leading to better-informed
decision-making processes in various fields. Furthermore, the integration of high-
precision GNSS receivers with UAVs, coupled with the ability to switch between
different satellite systems, provides a versatile platform for geospatial profession-
als. This flexibility enhances the capability of UAVs to operate in diverse environ-
ments and conditions, ensuring reliable and accurate geospatial data acquisition.
As UAV technology continues to evolve, incorporating advancements in GNSS
and other navigational aids, their applications in GIS and related domains are
poised to expand, driving innovation and efficiency in geospatial sciences [11]
[12].
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2. Materials and Methods
2.1. SinoGNSS Z30 GNSS Receiver

The SinoGNSS Z30 GNSS receiver is a cutting-edge, high-precision device devel-
oped by ComNav Technology Ltd. It is designed for robust performance in a va-
riety of demanding environments and applications. The Z30 is engineered to track
full GNSS constellations, including GPS, GLONASS, Galileo, and BeiDou, provid-
ing users with reliable and highly accurate positioning data from sub-meter to
centimeter level. This advanced receiver supports multi-frequency signals, which
significantly enhance its positioning accuracy and reliability in challenging con-
ditions such as urban canyons and dense foliage [13]. Table 1 below shows the

signals tracked by this receiver:

Table 1. Signals tracked by the receiver.

Satellites Channels
GPS L1 C/A, L1G, L2C, L2P, L5
BeiDou B1], B2l, B3], B1C, B2a, B2b
GLONASS GI1, G2, G3
GALILEO El, E5a, E5b, E6¢, E5 AItBOC
QZSS L1C/A, L2C, L5, L1C
IRNSS L5
SBAS WAAS, EGNOS, MSAS, GAGAN,SDCM,BDSBAS

The Z30 receiver is equipped with a multi-frequency OEM board that allows it
to access multiple satellite signals concurrently. This capability not only improves
positioning accuracy but also ensures greater resilience against signal obstructions
and multipath effects, which are common challenges in GNSS applications. By
leveraging a broad spectrum of frequencies and satellite constellations, the Z30
can deliver precise and stable positioning data essential for various high-precision
applications. One of the standout features of the Z30 is its user-friendly interface
and connectivity options. The receiver integrates seamlessly with smartphones
and other devices via Bluetooth, enabling easy configuration and data manage-
ment. This integration is particularly beneficial for field operations where mobil-
ity and ease of use are critical. Additionally, the Z30 supports 4G connectivity,
which facilitates real-time data transmission and remote monitoring through plat-
forms like NaviCloud [14]. This capability is invaluable for applications that re-
quire constant data updates and remote access, such as real-time asset tracking
and monitoring. The Z30 also features an intuitive LED indicator system on its
front panel, which provides users with immediate visual feedback on the receiver’s
operational status, including power levels, satellite tracking, and data transmission
status. The inclusion of both power and SOS buttons ensures that the device can

be easily managed and operated even in emergency situations, enhancing its
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reliability in critical applications. Durability and ease of use are core aspects of the
Z30’s design. The receiver is built to withstand the rigors of fieldwork, featuring a
robust housing that protects its high-precision electronics from environmental
hazards such as moisture and vibration. Despite its rugged design, the Z30 main-
tains a compact and lightweight form factor, making it an ideal choice for appli-
cations that require both portability and durability [15]. The power supply flexi-
bility of the Z30 is another significant advantage. It supports both internal batter-
ies and external power banks, ensuring uninterrupted operation during extended
field sessions. This versatility in power options allows users to adapt the device to
various operational scenarios, reducing downtime and increasing efficiency. The
SinoGNSS Z30 is not only a tool for high-precision GNSS applications but also a
versatile device suitable for a wide range of uses. Its high-precision positioning
capabilities make it ideal for geospatial applications such as land surveying, map-
ping, and construction. In these fields, the Z30 provides accurate and reliable data
that is crucial for planning, monitoring, and executing projects. Furthermore, its
ability to deliver real-time data makes it a valuable asset for dynamic applications
like unmanned aerial vehicle (UAV) operations, where precise positioning is es-
sential for navigation and data collection [16].

In summary, the SinoGNSS Z30 GNSS receiver is a sophisticated and reliable
tool designed to meet the needs of high-precision GNSS applications. Its ability to
track multiple satellite constellations and frequencies, coupled with its robust de-
sign and user-friendly features, makes it an indispensable device for professionals
in fields such as surveying, construction, and UAV operations. The Z30’s ad-
vanced capabilities and versatile design ensure that it can provide the accurate and
reliable positioning data needed to support a wide range of technical and indus-

trial applications.

2.2. Navigating Master Application

The Navigate Master software is an essential tool for managing the SinoGNSS Z30
receiver, offering a comprehensive suite of features tailored to optimize the re-
ceiver’s functionality. This software is primarily used for the configuration and
management of GNSS receivers via Bluetooth, ensuring efficient and precise data
handling. One of the core functionalities is its ability to facilitate the initial setup
and ongoing management of GNSS data transmission, which is crucial for appli-
cations requiring high-precision positioning. Upon establishing a Bluetooth con-
nection between the Z30 receiver and a mobile device, users can configure various
settings, including the activation of the mobile network and input of the Access
Point Name (APN) to enable 4G connectivity. This connectivity is vital for real-
time data transmission to cloud-based platforms such as NaviCloud or custom
TCP/IP servers. The software allows users to input the specific address of the Nav-
iCloud platform, ensuring that real-time positional data can be effectively man-
aged and monitored remotely [17]. Moreover, the software supports the configu-

ration of Ntrip Clients, enabling the Z30 receiver to receive correction services
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from local Continuously Operating Reference Stations (CORS) or a dedicated base
station. This feature significantly enhances the accuracy of the positional data,
achieving centimeter-level precision which is essential for applications in geospa-
tial mapping, surveying, and UAV navigation.

The sofware also offers robust data management capabilities, including the abil-
ity to upload tracking data to the NaviCloud platform. This functionality is crucial
for continuous monitoring and historical data analysis, providing users with the
ability to track the receiver’s movements and operational status over time. The
software also supports electronic fence setups, which can trigger alerts when the
receiver moves outside a predefined area, enhancing security and operational
oversight. In addition, the SDK allows developers to use the ComNav command
set through the SerialOutput feature which enables communication with the Z30

receiver. Figure 1 below shows the SerialOutput Feature:
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Figure 1. SerialOutput in navigate master software.
The ComNav Command Set is a comprehensive collection of commands de-

signed to control and configure ComNav OEM GNSS boards. These commands
facilitate a wide range of functionalities, from basic configuration to advanced
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GNSS data manipulation and control. The command set is meticulously struc-
tured to cater to various needs of GNSS applications, ensuring robust performance
and flexibility.

The ComNav Command Set is categorized into several groups based on func-

tionality [18]:

e System Configuration Commands: These commands are used to set up the
basic parameters of the GNSS system. Commands like SAVECONFIG, LOAD-
CONFIG, and FACTORYRESET allow users to save, load, and reset config-
urations, respectively, ensuring the GNSS board operates under the desired
settings.

e DPositioning and Navigation Commands: This category includes commands
that control the positioning and navigation outputs. For instance, the LOG
command enables logging of various GNSS data types, while the INTERFAC-
EMODE command sets the communication interface parameters.

e GNSS Data Commands: Commands such as GPSEPHEM, BD2EPHEM, and
GALFNAVRAWPAGE are used to retrieve satellite ephemeris data, which is
crucial for precise positioning. These commands ensure that the GNSS re-
ceiver has the most up-to-date orbital information for satellites.

e Real-Time Kinematic (RTK) Commands: RTK is a high-precision GNSS
technique, and the ComNav Command Set includes several commands to
facilitate RTK operations. Commands like RTKSOURCE, RTKQUALITY,
and RTKFIXHOLDTIME allow users to configure the RTK settings, ensuring
accurate and reliable positioning.

o Satellite Configuration Commands: Commands such as SBASCONTROL and
HEADING?2 provide control over satellite-based augmentation systems (SBAS)
and heading determination, enhancing the GNSS receiver’s accuracy and reli-
ability.

e Logging and Output Commands: The LOG command is pivotal for data log-
ging, allowing users to specify which data types to log and at what intervals.
The MARKPOS and MARKTIME commands are used to log precise event po-
sitions and times, critical for applications requiring timestamped location data.

The ComNav Command Set provided a powerful and flexible interface that was
instrumental in this research, allowing precise control and configuration of the

GNSS receiver used in the study. Utilizing its extensive range of commands, the

GNSS system was tailored to meet the specific requirements of the UAV-based

building localization mission. Specifically, satellite configuration commands were

employed to isolate and engage individual GNSS constellations such as GPS,

GLONASS, Galileo, SBAS, and BeiDou. This enabled a detailed comparative anal-

ysis of their positional accuracy. The flexibility ensured that the GNSS receiver

was optimally configured for each satellite system, enhancing the reliability and
precision of the collected data. The continuous updates and additions to the com-
mand set, reflecting ComNav’s commitment to innovation and performance in

GNSS technology, provided a robust framework for conducting high-precision
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geospatial measurements critical to the research objectives. The commands below

were used in this research:

e The LOCKOUTSYSTEM command is a feature of the Z30 GNSS receiver that
allows users to exclude entire satellite systems from being utilized in positional
computations. This command can be particularly useful in scenarios where
certain satellite systems may not be reliable or where interference might affect
the accuracy of positioning data. For example, if a particular GNSS system,
such as BeiDou, is experiencing issues or providing unreliable data, the LOCK-
OUTSYSTEM command can be used to prevent the receiver from using satel-
lites from that system.

e The UNLOCKOUTSYSTEM command in the Z30 GNSS receiver’s command
set is used to reinstate a previously locked out GNSS system, allowing it to be
included again in the solution computation. This command is essential when
there is a need to re-enable the usage of a particular GNSS system that had
been excluded due to issues such as interference or signal quality concerns. By
executing the UNLOCKOUTSYSTEM command followed by the specific sys-
tem name, users can quickly restore the functionality of the GNSS system with-
out needing to reset the entire receiver configuration. For example, the com-
mand UNLOCKOUTSYSTEM BD2 would allow the BeiDou system to be re-
integrated into the positional computations. This flexibility is crucial for en-
suring that the GNSS receiver can adapt to changing conditions and optimize
performance by leveraging the available satellite systems.

Navigate Master is a versatile and powerful tool that enhances the operational
efficiency of the SinoGNSS Z30 receiver. Its comprehensive features for configu-
ration, data transmission, and management make it indispensable for profession-
als requiring high-precision GNSS data for applications such as UAV navigation,
geospatial mapping, and surveying. The integration of real-time data transmission
and robust configuration options ensures that users can achieve optimal perfor-

mance and reliability from their GNSS systems.

2.3. UAV-Based Building Localization Mission

A UAV-based building localization mission involves using unmanned aerial ve-
hicles (UAVs) equipped with advanced positioning systems to determine the pre-
cise geographical location of buildings. This methodology leverages the precision
of high-end GNSS receivers, combined with sophisticated software tools, to cap-
ture detailed spatial data crucial for urban planning, construction, disaster man-
agement, and geospatial mapping.

In this research, the UAV used was the DJI Mini 3 Pro, a compact yet powerful
drone known for its high-resolution imaging and robust flight capabilities shown
in Figure 2 below.

The DJI Mini 3 Pro was managed using Dronelink software installed on an
Android device. Dronelink is a versatile and advanced platform that provides

precise location data and remote control capabilities for the UAV. It allows operators
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Figure 2. DJI mini 3 pro.

to plan, execute, and monitor flights with high accuracy through its comprehen-
sive suite of tools, which includes mission planning, automated flight controls,
and real-time telemetry feedback [19]. The Dronelink software offers a highly cus-
tomizable mission planning interface, enabling users to design complex flight
paths that ensure comprehensive coverage of the target area. Features such as way-
point navigation, automated image capture, and dynamic flight adjustments en-
hance the efficiency and precision of the data collection process. Additionally,
Dronelink’s ability to integrate with various GNSS receivers ensures that the UAV
operates with optimal navigational accuracy. The Android device running
Dronelink was connected to a high-precision GNSS receiver, the SinoGNSS Z30,
which supplied the accurate navigational information essential for the mission.
This integration ensures that the positional data collected is of the highest accu-
racy, which is crucial for detailed geospatial mapping and building localization
tasks. Using the DJI Mini 3 Pro in conjunction with Dronelink software and the
SinoGNSS Z30 receiver, the mission was able to achieve precise localization of
buildings. The high-resolution imagery captured by the UAV, combined with the
accurate GNSS data, provided a robust dataset for creating detailed maps and
models of the target area.

UAV-based building localization missions offer several advantages over tradi-
tional ground-based surveying methods. UAV's can cover large areas quickly and
efficiently, significantly reducing the time and labor costs associated with manual
surveys. The ability to capture high-resolution imagery and GNSS data in a single
flight session enhances the overall efficiency of the localization process [20]. The
aerial perspective provided by UAVs ensures comprehensive area coverage, allow-
ing for the detection and mapping of features that may be difficult to observe from
the ground. This capability is particularly beneficial in densely built urban envi-
ronments where ground-based visibility is limited [21]. UAV-based localization
is highly adaptable and can be deployed in various environments, including re-
mote or hazardous areas where ground access is limited or unsafe. This flexibility
makes UAVs an invaluable tool for a wide range of geospatial and engineering
applications, from urban planning to environmental monitoring [22]. The use of

high-precision GNSS receivers like the SinoGNSS Z30 ensures that the positional
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data collected is of the highest accuracy. This precision is crucial for applications
that require detailed and reliable spatial information, such as construction man-
agement and disaster response planning [23]. Furthermore, UAV-based localiza-
tion provides urban planners with detailed, accurate maps of building locations
and other infrastructure. These maps are essential for making informed decisions
about zoning, development, and resource allocation. The ability to quickly update
maps as new buildings are constructed ensures that planners always have cur-
rent information [24]. In construction, UAVs are used to monitor the progress
of building projects. Accurate localization data allows project managers to verify
that structures are being built according to plan and within specified tolerances.
This can help identify potential issues early, reducing the risk of costly delays
and rework.

After a natural disaster, UAVs can quickly survey affected areas to assess dam-
age and locate buildings that may be unsafe. This information is vital for coordi-
nating emergency response efforts and planning recovery operations. High-pre-
cision localization helps ensure that rescue teams can navigate efficiently and
reach those in need as quickly as possible [25]. UAV-based building localization
is also used to create detailed geospatial maps for various applications. These maps
can be used for environmental monitoring, infrastructure management, and land
use planning. The high resolution and accuracy of the data collected by UAV's
make them an ideal tool for creating detailed, reliable maps [26].

UAV-based building localization missions leverage the advanced capabilities of
UAVs and high-precision GNSS technology, such as the SinoGNSS Z30, to accu-
rately determine the geographical location of buildings. The integration of Dronelink
software for UAV control and precise GNSS data collection offers significant ad-
vantages in terms of efficiency, accuracy, and adaptability. These missions are es-
sential for modern geospatial analysis and urban planning, providing reliable,

high-precision data that can be used for a wide range of applications.

2.4. Kuwait Finder GIS Application

Kuwait Finder is a comprehensive GIS application developed by the Public Au-
thority for Civil Information (PACI) in Kuwait, utilizing ESRI’s advanced GIS
technology. ESRI (Environmental Systems Research Institute), which is renowned
for its sophisticated GIS software, which provides powerful tools for mapping,
spatial analysis, and data integration. Kuwait Finder leverages ESRI’s ArcGIS plat-
form, which enhances its capabilities in terms of data accuracy, real-time updates,
and user-friendly interfaces.

ESRI is a global leader in location services, powering its industry-leading map-
ping and spatial analytics products used by thousands of organizations worldwide.
Recently, ESRI introduced the ArcGIS Platform, a location-focused platform-as-
a-service (PaaS) offering that provides developers with direct access to ESRI’s ro-
bust location services [27]. ArcGIS Platform enables developers to build powerful

solutions with a comprehensive set of high-quality location services, allowing
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them to go to market faster using either ArcGIS APIs or open-source third-party

APIs. It supports a cost-effective, developer-friendly business model where users

can sign up for free and only pay for additional services used. This flexibility al-

lows developers to create applications for web, mobile devices, desktops, and sys-

tem-to-system integrations, usable both online and offline for indoor and outdoor

purposes [28]. A detailed breakdown of ArcGIS Platform Services is listed below:

Basemaps: ArcGIS Platform offers a global collection of ready-to-use, author-
itative maps that can be integrated into applications with just a few lines of
code [29]. These basemaps provide realistic depictions of the earth at multiple
scales using authoritative data sources. The platform includes a vast library of
pre-styled basemaps, ranging from neutral backgrounds to rich foreground
maps emphasizing human geography, like streets, or physical geography, like
topography. Users can even find basemaps with blended elevation data for en-
hanced decision-making. Additionally, a custom style-editor allows for the
complete customization of basemaps, enabling users to select colors, patterns,
and labels that meet their unique needs.

Data Hosting: ArcGIS Platform allows users to host their data in the ArcGIS
cloud, offering more than simple file hosting [30]. Users can create services
based on their data that can be visualized, edited, and analyzed. Data hosting
supports multiple file formats, including spreadsheets, shapefiles, and plain
text files, and provides flexibility to access data as features, vectors, images, or
GeoJSON. ESRI prioritizes data privacy, ensuring users retain ownership of
their data without any telemetry information collection.

Data Visualization: ArcGIS Platform provides advanced data visualization ca-
pabilities, allowing users to create unique, data-driven maps in 2D and 3D
[31]. Users can incorporate thousands of features and visualizations based on
multiple variables, style their maps with intelligent defaults tailored to their
data, and use smart-mapping capabilities to eliminate guesswork in setting
map properties. These features enable the creation of interactive, real-world
3D models of buildings, landscapes, and cities, enhancing the visual context
and analytical depth of geospatial data.

Geocoding and Search: The geocoding and search service in ArcGIS Platform
enables users to search addresses and place names globally and display the re-
sults on a map [32]. The service supports single and batch address searches,
providing textual descriptions such as nearest address, intersection, or place-
name for map coordinates. Enhanced by an autosuggest feature, the service
offers multiple address candidates as users type, ensuring quick and accurate
location searches. ESRI’s geocoding service is powered by authoritative refer-
ence data from commercial data providers, government agencies, and global
partners, ensuring precise and reliable search results.

Routing and Directions: The routing and directions service helps solve com-
plex routing problems, widely used by major logistical companies to maximize

efficiency and minimize costs. Users can find routes, generate turn-by-turn
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directions, and perform intelligent network analysis, applying real-world con-
straints like traffic, U-turns, road barriers, and vehicle height limits. The ser-
vice offers global coverage with localized directions, supports multi-vehicle
routing, and helps optimize routes for cost-effective operations [33]. Addition-
ally, users can perform network analysis to find optimal business locations,
identify closest facilities, generate service areas, and create origin-destination
cost matrices.

e Maps and Data: ArcGIS Platform provides access to an extensive library of
maps and data, including demographic, statistical, and psychographic data
[34]. The GeoEnrichment service allows users to analyze study areas and sites
globally, adding context with data on people, places, and businesses. ArcGIS
Living Atlas of the World offers curated maps and data layers, real-time live
feeds on traffic, weather, and events, and high-resolution imagery from multi-
ple providers. These resources enable users to visualize changes over time and
conduct comprehensive geospatial analyses.

e Spatial Analytics: ArcGIS Platform offers a comprehensive set of tools for spa-
tial analytics, revealing patterns and relationships in data [35]. These tools op-
erate client-side for interactive experiences and server-side for scaling large
data sets. The platform supports big data analytics, real-time analytics, ad-
vanced spatial tools, machine learning, and deep learning capabilities. By lev-
eraging device resources and server-side analytics, users can build highly in-
teractive applications and conduct in-depth spatial analyses.

ESRI’s ArcGIS Platform empowers developers to create impactful geospatial
applications with a comprehensive suite of location services, robust data hosting,
and advanced spatial analytics. Its intuitive developer experience, cost-effective
business model, and extensive geospatial resources make it an invaluable tool for
building innovative solutions in the geospatial domain. One such application built
on this powerful platform is Kuwait Finder, which offers detailed maps, address
search capabilities, turn-by-turn navigation, and integrates various geospatial data
layers, including satellite imagery, street maps, and land use information. The ap-
plication provides high-resolution maps, real-time traffic updates, and infor-
mation on public services, making it an essential tool for navigation and location-
based services. ESRI’s GIS technology allows Kuwait Finder to deliver high-preci-
sion geospatial data, supporting features such as dynamic mapping, spatial ana-
lytics, and comprehensive data visualization. Figure 3 below shows screens from
Kuwait Finder GIS application.

In the context of a UAV-based building localization mission, Kuwait Finder
will be used to validate the accuracy of positional data obtained from the Sino-
GNSS Z30 receiver mounted on a DJI Mini 3 Pro UAV. The application’s detailed
geographic information, powered by ESRI’s ArcGIS, serves as a reliable reference
for comparing the GNSS data collected by the UAV. This integration ensures that
the positional data is accurate and reliable, critical for applications such as

urban planning, construction, and disaster management. By cross-referencing
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Figure 3. Kuwait finder application.

UAV-captured coordinates with Kuwait Finder’s data, researchers can assess the
precision of their GNSS data, enhancing the credibility of their geospatial analysis.
The high accuracy, comprehensive coverage, and ease of use of Kuwait Finder,
backed by ESRI’s robust GIS technology, make it an invaluable tool for validating
GNSS data and supporting a wide range of geospatial applications.

3. Results
3.1. Connecting to Single Satellites System

In this subsection, we detail the process of connecting the GNSS receiver to in-
dividual satellite systems and the subsequent data collection. The SinoGNSS
Z30 GNSS receiver was employed to track signals from different GNSS constel-
lations separately, including GPS, GLONASS, Galileo, SBAS, and BeiDou. This
was achieved by configuring the receiver to connect to one satellite system at a
time, enabling a detailed comparison of the positional accuracy provided by each
constellation.
1) GPS-only Configuration

The first experiment involved connecting the GNSS receiver exclusively to the
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GPS satellite system. The receiver was configured to track only GPS satellites, and
data was collected for the latitude and longitude coordinates of the target building.
This process was repeated multiple times to ensure the reliability and accuracy of
the data. The following command allows the GPS system, which was previously
locked out to be reinstated into the solution computation:

UNLOCKOUTSYSTEM GPS

2) GLONASS-only Configuration

Next, the receiver was configured to track only GLONASS satellites. Similar to
the GPS configuration, multiple readings were taken to ensure data consistency.
The GLONASS-only data provided an alternative set of coordinates, which were
then compared to the GPS results to evaluate differences in positional accuracy.
The following command enables the reactivation of GLONASS system that was
previously excluded from the solution computation:

UNLOCKOUTSYSTEM GLONASS

3) Galileo-only Configuration

For the Galileo configuration, the receiver was set to track only Galileo satel-
lites. Data was collected under the same conditions as the previous configurations,
with multiple readings taken to ensure precision. The Galileo-only data was com-
pared to both GPS and GLONASS results, contributing to a comprehensive anal-
ysis of the different satellite systems. The following command allows the Galileo
system, previously excluded from the solution computation, to be reactivated:

UNLOCKOUTSYSTEM GALILEO

4) SBAS-only Configuration

The receiver was then configured to connect exclusively to SBAS satellites. SBAS
provides augmentation services to enhance the accuracy and integrity of GNSS
signals. The data collected under the SBAS-only configuration was compared to
the previous systems to determine the effectiveness of SBAS in improving posi-
tional accuracy. The following command permits the reactivation of the SBAS sys-
tem, which was previously excluded from the solution computation:

UNLOCKOUTSYSTEM SBAS

5) BeiDou-only Configuration

Finally, the receiver was set to track only BeiDou satellites. The data collection
process was identical to the other configurations, with multiple readings taken to
ensure accuracy. The BeiDou-only data was analyzed in conjunction with the
other satellite systems to provide a comprehensive comparison of positional ac-
curacy across different GNSS constellations. The following command reinstates
the Galileo system, which had been previously excluded from the solution com-
putation:

UNLOCKOUTSYSTEM BD3

3.2. Building Location Identification Using Kuwait Finder GIS
Application

In this subsection, we present the results obtained from using drones equipped
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with the SinoGNSS Z30 GNSS receiver to identify the precise location of a build-
ing. The drone employed in this study was the DJI Mini 3 Pro, managed using the
Dronelink software installed on an Android device. This setup allowed for high-
precision data collection during multiple flights over the target building.

The primary objective was to capture accurate latitude and longitude coordi-
nates of the building using various satellite systems configured individually. The
results from these flights demonstrated the efficacy of the drone-GNSS integration
in providing precise geospatial data. Table 2 below shows the latitude and longi-
tude coordinates of the building, obtained using drones and various individually

configured satellite systems.

Table 2. Latitude and Longitude coordinates of the Building Obtained using Drones*.

Satellite System Longitude Latitude Number of Satellites
All Enabled 47.802023 29.298486 22
GPS-Only 47.802040 29.298478 11
GLONASS-Only 47.802009 29.298492 14
Galileo-Only 47.802036 29.298433 10
SBAS-Only 47.802062 29.298369 7
BeiDou-Only 47.802015 29.298482 12

*To obtain robust and reliable data for each category under investigation, a series of exper-
iments were conducted, with each Satellite being performed 10 times, and the average re-
sults were subsequently calculated and systematically compiled in a tabular format.

The data reveals significant variation in the number of satellites engaged by
each system. When all satellite systems are enabled, the highest number of satel-
lites, 22, is used, ensuring the most accurate location data. In contrast, when indi-
vidual systems are used, the number of satellites decreases. GPS-Only utilizes 11
satellites, GLONASS-Only employs 14 satellites, Galileo-Only uses 10 satellites,
SBAS-Only operates with 7 satellites, and BeiDou-Only engages 12 satellites. This
variation highlights the differences in satellite availability and coverage among the
different systems.

Appendix A includes detailed images from both DroneLink and Master Cloud
software, illustrating the results discussed above. These images provide compre-
hensive visual documentation of the latitude and longitude coordinates, as well as

the number of satellites engaged by each satellite system configuration.

3.3. Building Location Identification Using Kuwait Finder GIS
Application

In this subsection, we utilize the Kuwait Finder GIS application to identify and
verify the location of the building. The Kuwait Finder GIS application offers pre-
cise and reliable geospatial data, aiding in accurate building location identifica-

tion. By leveraging this application, we can cross-reference the coordinates
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obtained from the various satellite systems and drone data to ensure consistency
and accuracy. A screenshot from the Kuwait Finder GIS application is shown in
Figure 4 below, illustrating the exact location of the building, corroborating the
previously discussed results.
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Figure 4. Location using Kuwait finder application.

In geospatial terms, a datum is a reference point used for measuring locations
on the Earth’s surface [36]. In this study, the datum is defined as the precise geo-
spatial reference point located at the center of the area of the plan view of the
building. This central datum provides a consistent and accurate reference point
for all measurements, ensuring that any positional deviations can be precisely as-
sessed. From the above figure, it is shown that the location of the building is ac-
curately pinpointed by a longitude of 29.298327 and a latitude of 47.801942.

4. Discussion

The accuracy of the results obtained from each single satellite system configuration
was meticulously calculated and compared with the coordinates provided by the Ku-

wait Finder GIS application. This comparison aimed to determine the closeness of
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the GNSS-derived measurements to the true value, highlighting the precision and
reliability of each satellite system in UAV-based building localization missions. The
accuracy percentage is a statistical measure used to indicate how close a guess or pre-
diction is to the actual value in percentage terms. It is essentially the complement of
the percentage error, providing a positive metric for evaluating the correctness of a
guess [37]. Table 3 below shows the accuracy percentage of locations obtained from
drone compared to the location obtained from Kuwait Finder GIS Application. De-
tails of Accuracy percentage equation can be found in Appendix B.

Figure 5 below shows the scatter diagram presentation of the above results.

Table 3. Accuracy percentage of locations obtained from drone compared to the location
obtained from Kuwait Finder GIS Application*.

Accuracy percentage  Accuracy percentage
Satellite System Longitude Latitude uracyp & uracy p g

of Longitude of Latitude

All Enabled 47.802023 29.298486 0.000169449 0.000542693
GPS-Only 47.802040 29.298478 0.000205013 0.000515388
GLONASS-Only 47.802009 29.298492 0.000140162 0.000563172
Galileo-Only ~ 47.802036 29.298433 0.000196645 0.000361795
SBAS-Only 47.802062 29.298369 0.000251036 0.000143353
BeiDou-Only  47.802015 29.298482 0.000152713 0.000529040

*To obtain robust and reliable data for each category under investigation, a series of exper-
iments were conducted, with each Satellite being performed 10 times, and the average re-
sults were subsequently calculated and systematically compiled in a tabular format.

Locations obtained from drone compared to the location obtained
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Figure 5. Kuwait finder application.
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The results obtained from the UAV-based building localization mission indi-
cate that the SBAS (Satellite-Based Augmentation System) configuration provided
the highest accuracy, surpassing both Galileo and GPS. This outcome underscores
the significant advantages of utilizing augmentation systems in geospatial appli-
cations. SBAS enhances the GNSS signals by providing correction data, which
mitigates errors caused by atmospheric disturbances, satellite orbit inaccuracies,
and other factors that typically degrade GNSS accuracy. The superior perfor-
mance of SBAS in this study aligns with its designed purpose of improving the
precision, integrity, and reliability of standard GNSS signals.

When configured to use only SBAS, the SinoGNSS Z30 receiver consistently
produced positional data with minimal deviation from the true coordinates of the
target building. The deviations were the smallest among all tested configurations,
demonstrating SBAS’s capability to deliver centimeter-level accuracy even in chal-
lenging environments where signal obstructions and multipath effects are preva-
lent. This level of precision is critical for applications requiring exact geospatial
measurements, such as urban planning, precision agriculture, infrastructure mon-
itoring, and disaster management.

In comparison, the Galileo-only configuration also exhibited high accuracy, but
with slightly larger deviations than SBAS. Galileo, being a relatively newer GNSS
constellation, has been designed with advanced technology and higher precision
capabilities. The data collected using Galileo showed substantial reliability and
minimal deviations, which are consistent with its known benefits, such as better
signal quality and improved performance in urban environments. These charac-
teristics make Galileo a strong contender for high-precision applications, though
it still fell short of the augmented accuracy provided by SBAS in this study.

GPS, the most widely used GNSS system, also delivered reliable and precise po-
sitional data, albeit with slightly larger deviations compared to SBAS and Galileo.
The GPS-only configuration demonstrated consistent accuracy, reinforcing its
status as a robust and dependable system for various geospatial tasks. However,
the data indicated that GPS’s accuracy was not as enhanced as SBAS, highlighting
the intrinsic limitations of using un-augmented GNSS signals in high-precision
contexts. GPS’s larger deviations can be attributed to its susceptibility to common
GNSS errors, which SBAS effectively corrects.

The findings from this research underscore the critical importance of augmen-
tation systems, such as SBAS, in enhancing the accuracy of GNSS data. SBAS’s
capability to provide real-time corrections significantly mitigates errors, thereby
yielding more precise and reliable geospatial information. This heightened accu-
racy is particularly advantageous in fields that demand rigorous precision, such as
surveying, construction, and UAV operations. The superior performance of SBAS
in this study suggests that integrating augmentation systems with standard GNSS
receivers is a highly effective strategy for achieving the highest levels of positional
accuracy.

However, it is important to acknowledge that this study was conducted at a
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single building location, which may limit the generalizability of the results to other
environments with varying signal conditions. The outcomes observed in this
study might differ in areas characterized by different environmental factors, such
as multipath effects, signal obstructions, or adverse atmospheric conditions. To
address this limitation, future research should investigate the performance of
SBAS and other GNSS configurations across a broader range of settings. Such stud-
ies would enhance the understanding of how these systems perform under diverse
environmental conditions, thereby improving the generalizability and applicabil-
ity of the findings.

Moreover, the results of this study suggest a hierarchical approach to selecting
GNSS configurations based on the specific requirements of the application. While
GPS and Galileo provide substantial accuracy for a wide array of tasks, SBAS
should be prioritized in missions where precision is of paramount importance.
The use of SBAS is particularly beneficial in challenging environments, where its
corrective capabilities can significantly improve data quality.

The broader implications of these findings indicate that future geospatial tech-
nologies and applications should consider the integration of SBAS or similar aug-
mentation systems to enhance accuracy. This study highlights the necessity of se-
lecting the most appropriate GNSS configuration tailored to the specific demands
of the task, ensuring optimal performance and reliability. By adopting this hierar-
chical approach to GNSS utilization, the geospatial field can achieve more efficient

and precise practices, thereby advancing the discipline and its diverse applications.

5. Conclusions

This study aimed to evaluate the accuracy of different GNSS configurations in
UAV-based building localization by comparing the positional data obtained from
each satellite system with the known coordinates from the Kuwait Finder GIS ap-
plication. Using the DJI Mini 3 Pro drone equipped with the SinoGNSS Z30 GNSS
receiver, we conducted a series of flights to collect data under various configura-
tions, including GPS-only, GLONASS-only, Galileo-only, SBAS-only, and Bei-
Dou-only. The results demonstrated that the SBAS configuration provided the
highest level of accuracy, with minimal deviation from the true coordinates of the
building. This superior performance highlights the effectiveness of SBAS in en-
hancing GNSS accuracy through real-time corrections, making it an ideal choice
for applications requiring the highest precision, such as urban planning, precision
agriculture, and disaster management. Galileo and GPS configurations also exhib-
ited high accuracy, though slightly less precise than SBAS. Galileo’s advanced tech-
nology and design contributed to its reliable performance, while GPS’s widespread
use and robustness were reaffirmed through consistent data accuracy. GLONASS
and BeiDou configurations provided reliable data as well, though with slightly
larger deviations, indicating their suitability as complementary systems in multi-
GNSS solutions. The comparative analysis of these GNSS configurations under-

scores the critical role of selecting the appropriate system based on specific
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application requirements. While GPS and Galileo offer useful accuracy for a wide
range of tasks, SBAS should be prioritized for missions where precision is para-
mount. The integration of high-precision GNSS data with reliable reference stand-
ards, such as Kuwait Finder, ensures robust and valid geospatial analyses, support-
ing diverse applications in urban planning, construction monitoring, and beyond.
Future research should focus on optimizing multi-GNSS solutions, exploring the
potential of emerging technologies like real-time kinematic (RTK) positioning and
precise point positioning (PPP), and investigating the impact of environmental fac-
tors on GNSS accuracy. Advanced algorithms and machine learning techniques
could further enhance the precision and reliability of geospatial measurements.

In conclusion, the study validates the effectiveness of using drones equipped
with advanced GNSS technology for high-precision building localization. The find-
ings highlight the strengths of SBAS, GPS, Galileo, and BeiDou, offering a com-
prehensive understanding of the current state of GNSS technology and its appli-
cations in geospatial science. The integration of augmentation systems like SBAS
with traditional GNSS receivers provides a robust framework for achieving the
highest levels of positional accuracy, ensuring reliable and accurate geospatial data

collection across various professional fields.
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Appendix A

The details of locations obtained from drones capturing the building location for

each satellites system can be found in Figure A1 below:
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Figure Al. Capturing Location Building using Drones for Single Satellites System. (a) All Enabled, (b) GPS-Only, (c) Gloanass-
Only, (d) Galiloe-Only, (e) SBAS-Only, (f) BeiDou-Only.
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Appendix B

Percentage Accuracy: A percentage accuracy is a measure of how close a measure-
ment or test is to the true or theoretical value of that measurement or test. This is
a ratio of the difference between true and measured divided by the true value.

The Percentage Accuracy formula:
A =100 - [(Tv - Ov)/Tv * 100]

where:
A: The percentage Accuracy.
Tv: is the true or theoretical value.

Ov: is the observed or measured value.
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