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Abstract

This paper discusses the development of the Geospatial Building Information Infrastructure (GBII) for the developing Federal
Polytechnic in llaro, Nigeria. It demonstrates how participants in interdisciplinary building projects, such as surveyors, engineers,
and architects, can collaborate effectively using the same digital model. Model visualization and design coordination improve
when data from multiple sources are merged into a single model. This allows for more informed decisions about costs and
resource allocation. To obtain high-quality geospatial data, Global Navigation Satellite System (GNSS) surveying techniques
were combined with Unmanned Aerial Vehicle (UAV) data captured. Field surveys were first carried out to maximize the
effectiveness of the flight procedure and establish the best placement of GCPs. Preliminary satellite imagery analysis helped
design UAV flight paths and select the potential GCP location in the study area. Before data collection, the instrument's test was
done to ensure its good working condition. Spatial datasets were collected using a Tarsus Oscar GNSS device for the GCPs and
a DJI Phantom 4 Pro V2 UAV for the aerial photos. Digital surface model (DSM) and Digital terrain model (DTM) maps were
derived from the image processed using the software. The output maps reveal images of surfaces and the topography. All acquired
datasets were visualized using the ArcGIS 10.6 system for mapping and analysis. The incorporation of UAV data in GBII
improved data accuracy and visualization, and it has proven to be an efficient method.
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1. Introduction

The rapid advancement of digital technology geared to-
wards increasing efficiency, accuracy, and effective data man-
agement has led to a paradigm shift within the construction
and infrastructure sectors [1]. This technological evolution has
led to the adoption of innovative tools and methodologies that
enhance planning, design, construction, and facility manage-
ment processes [10]. Among these emerging technologies,
Unmanned Aerial Vehicles (UAVs) and Geospatial Building
Information Infrastructure (GBII) have gained considerable
recognition as effective tools for infrastructure development
and management. The demand for technology-driven integra-
tion is increasingly relevant owing to the limitations of con-
ventional construction practices, which often result in poor
site management and various construction-related problems
[17].

UAV-based imagery processing technology has proven to
be a very successful technology for creating three-dimen-
sional models of artificial objects and generating high-resolu-
tion orthophotography [13]. Geospatial building information
infrastructure has shown its potential to outperform the regular
ground-based surveys in terms of efficiency, simplicity, and
more advanced possibilities of constant surveillance. Moreo-
ver, geospatial building information infrastructure creates a
detailed digital representation of building functions and mate-
rials [15]. Geospatial building information infrastructure acts
as a common repository of information to make informed de-
cisions throughout the whole life cycle of the asset, starting
from its design and finishing with decommissioning [4]. It en-
sures the combination of multiple datasets into a single model
and encourages communication among parties involved in fa-
cility management, planning, design, and construction pro-
cesses. However, despite its capabilities, ongoing research
continues to explore innovative approaches for enhancing
GBIl through the integration of complementary geospatial
technologies and advanced data acquisition methods. [7].

Geographic Information Systems (GIS) Integration with
GBIl has recently received a lot of attention for its potential to
improve spatial analysis and decision-making processes. Ge-
ospatial intelligence improves GBII by enabling infrastructure
monitoring and environmental assessments [17]. Evidence in-
dicates that GBIl and GIS integration can be highly effective
using tools such as the Feature Manipulation Engine (FME)
[16]. The use of these technologies allows for easy data trans-
lation and workflow automation; the architecture created fa-
cilitates a deeper understanding of the environment and en-
sures dataset compatibility.

Advancements in geospatial data acquisition technologies
have further strengthened the capabilities of these digital plat-
forms. The Global Navigation Satellite System (GNSS),
which encompasses GPS, GLONASS, BeiDou, and Galileo,
provides highly accurate location, navigation, and timing ser-
vices [6]. At the same time, unmanned aerial vehicles (UAVS)
have become increasingly useful in collecting high-definition
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information used in carrying out aerial surveys. They are now
considered essential instruments in geospatial research and
construction due to their adaptability, affordability, rapid de-
ployment capabilities, and ability to collect near-real-time
data [8].

Despite these developments, infrastructure management re-
mains constrained by traditional methods in many developing
contexts. Federal Polytechnic llaro, Ogun State, Nigeria, is a
typical example of how Geospatial Building Information in-
frastructure is limited by inconsistent data systems, manual
and error-prone data collection methods, and the lack of real-
time information frameworks; these limitations lead to out-of-
date and inaccurate spatial datasets, impede integrated spatial
analysis, and ultimately lower the efficiency of planning,
maintenance, and decision-making processes [5, 11].

Furthermore, existing research has demonstrated the value
of combining GBIl and GIS technology with the use of un-
manned aerial vehicles (UAVSs) for infrastructure monitoring
[14]. However, there are still minimal studies that have exam-
ined the concept of establishing a drone-based infrastructure
system for educational facilities in the context of developing
nations, particularly Nigeria [12]. It is challenging to effi-
ciently monitor and plan for infrastructures since many insti-
tutions still depend on disconnected spatial records, analogue
maps, and conventional documentation systems for their facil-
ities.

To address these challenges, this study seeks to develop an
integrated Geospatial Building Information Infrastructure for
the West Campus of Federal Polytechnic Ilaro through the ap-
plication of UAV-based data acquisition and GIS technologies.
The proposed framework will facilitate the generation of high-
resolution orthomosaic imagery, Digital Terrain Models
(DTMs), and Digital Surface Models (DSMs), thereby provid-
ing an accurate and comprehensive geospatial database for
campus infrastructure management. The study is expected to
establish a foundation for improved spatial decision-making,
efficient infrastructure monitoring, and sustainable campus
asset management through the utilization of modern geospa-
tial technologies.

2. Study Area

Federal Polytechnic llaro, located in Ogun State, Nigeria, is
a reputable institution with significant educational and infra-
structural assets. Its geocoordinates are latitude 6.8873 N and
longitude 2.9875<E. As illustrated by Figure 1, the study area
comprises numerous academic, administrative, residential,
and utility facilities that support the institution's operations.
As this infrastructure expands, various issues related to infor-
mation system deficiencies, inadequate database architectures,
and ineffective management procedures, which complicate
matters concerning facility management [2]. As the institution
grows, the need to implement an efficient and comprehensive
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infrastructure management framework becomes inevitable.
Traditional methods of infrastructure documentation and man-
agement are often characterized by outdated records, limited
spatial integration, and difficulties in monitoring facility con-
ditions, thereby reducing the effectiveness of planning and
maintenance activities. Also, the integration of the Unmanned
Aerial Vehicle (UAV) with GBII offers a promising solution

to these challenges. The combination of these technologies
will enable improved spatial data integration, precise infor-
mation gathering, and improved decision-making processes
[4]. Hence, the adoption of such an approach has the potential
to significantly improve facility management practices within
Federal Polytechnic llaro.

Figure 1. Showing a Google Earth imagery of the study area.

3. Methodology

This study integrates UAVSs, GIS, and GBII technologies to
address contemporary building management concerns. These
concepts will result in accurate and up-to-date information, as
well as increased efficacy in infrastructure management. The
flow chart is seen in Figure 2 below.

3.1. Planning

The planning stage was undertaken to ensure efficient and

accurate geospatial data acquisition. Preliminary reconnais-
sance of the study area was conducted using Google Earth Pro
imagery to identify suitable locations for Ground Control
Points (GCPs) and to design the UAV flight path (Figure 3).
Before field operations, the institutional boundary data were
obtained from the Department of Surveying and Geoinformat-
ics, Federal Polytechnic llaro, while the Continuously Operat-
ing Reference Station (CORS) data were acquired from the
Office of the Surveyor-General, Ogun State. These datasets
provided the geodetic framework for establishing GCPs and
georeferencing the UAV imagery. Table 1 presents the CORS
information used for the survey.

Table 1. Ogun State CORS Information.

Mountpoint ID Easting (m)

Owode_RTCM 3.0 495150.736

Northing (m)

740741.102

15

Height (m) Location

77.663 Owode, Ogun state
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Figure 2. Methodology flow chart.

Additionally, a field reconnaissance survey was conducted
to assess potential obstacles that could affect UAV operations, 3.2. Instrumentation and Software
including power lines, tall trees, and other structures. Weather
conditions, particularly wind speed and direction, were also The study employed a DJI Phantom 4 Pro V2.0 UAV for
evaluated to ensure safe and efficient flight operations. Based ~ aerial image acquisition and a Tersus Oscar GNSS receiver for
on the assessment, suitable locations for UAV take-off and  ground control surveys. Data processing and analysis were
landing were selected. No significant obstructions were ob- carried out on an HP Workstation running Windows 11 using
served within the study area; therefore, the planned flight mis- ~ Google Earth Pro, DroneDeploy, Agisoft Metashape, and
sion was executed without modification. ArcGIS 10.5. As presented in Table 2.
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Figure 3. GCPs and Flight Planning in Google Earth.

Table 2. Hardware and Software Used in the Study.

Category Equipment/Software Purpose

UAV DJI Phantom 4 Pro V2.0 Acquisition of high-resolution aerial imagery

GNSS Receiver Tersus Oscar GNSS Receiver Establishment of Ground Control Points (GCPs) and georeferencing
Workstation HP Workstation (Windows 11) Data processing and analysis

Software Google Earth Pro Preliminary reconnaissance and flight planning

Software DroneDeploy UAYV mission planning and flight execution

Software Agisoft Metashape Photogrammetric processing, orthomosaic and DEM generation

Software ArcGIS 10.5 Spatial analysis, database development, and GIS integration

3.3. Pre-data Acquisition

The GCPs were set up in the field as specified in the GCP
design plan (see Figure 4 below). The initial step was to secure
the prefabricated flex marker at the designated location. Fix-
ing the flex markings made it easier to identify the GCPs from
the drone pictures. The Tersus Oscar GNSS (rover) was used
to provide precise GCP coordinate measurements. The coor-
dinates were taken from the inside corner of the flex marker,
making it easy to locate the GCP point throughout the image
analysis process. The precise location of the GCP allowed for
reliable geographic reference of the GCP coordinates, which
could be used to improve the quality of the orthophotos and
DEM.

17

Figure 4. GCP marker.
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3.4. UAV Data Acquisition

The UAV data collection procedure began with the creation
of a flight plan. The project's boundaries were established us-
ing Google Earth Pro software and satellite imagery. GCPs
were then chosen based on their accessibility, as well as their
proximity to areas of interest for adequate coverage. The pro-
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ject perimeter was divided into four flight missions (see Fig-
ure 5). Flight parameters were configured within Drone De-
ploy, including a flight altitude of 120 m, front overlap of 65%,
and side overlap of 55%. The UAV survey was subsequently
conducted following the predefined flight paths, and high-res-
olution aerial images were acquired for photogrammetric pro-
cessing.

Figure 5. Flight Planning in Drone Deploy.

3.5. Data Processing

UAYV imagery was processed in Agisoft Metashape through
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image alignment, GCP integration, dense point cloud genera-
tion, and the production of orthomosaics and Digital Elevation
Models (DEMs). RTK-derived GCP coordinates were incor-
porated to improve georeferencing accuracy. Figure 6 illus-
trates the dense point cloud generated from the aligned images.
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Figure 6. Point Clouds.
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4. Results map, and a geospatial database containing attribute infor-
mation for campus buildings and infrastructure. The DSM was

The major outputs of this study include a Digital Elevation  generated by processing the dense point cloud, which captured
Model (DEM), Digital Surface Model (DSM), Orthomosaic  all visible surface features, including vegetation and buildings.

Legend DIGITAL SURFACE MODEL N
*  Tank Part of

P _Boudery Federal Polytechnic llaro

—— Road

FPI DSM.tit

Value
s High : 105264

) - Low : 459674

- . — C—" eem— Meters Propared by
0 135 270 540 810 1,080 1,350 1620 1890 Alno Segun A H/SG22/10498

Figure 7. DSM.

The DSM shows information about natural and artificial enabled detailed visualization of the campus landscape and its
features of the landscape with their elevations, the landscapes’ topographic variations. such as ridges, furrows, rivers etc.
high and lowlands etc. The high spatial resolution of the DSM

Legend DIGITAL TERRAIN MODEL N
. Tank Part of
PPI_Boundary Federal Polytechnic llaro

W N — — N—— Meters Prepared by
0 135 270 540 810 1,080 1.350 1,620 1.890 Alno Sagun A HBG22/0408
Figure 8. DTM.
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The DTM shows the bare ground topography of the surface
of the study area, excluding all natural (vegetation, land forms,
etc.) and artificial (buildings, roads, etc.) features, which are
essential for terrain analysis. The DTM supports hydrological
modelling by showing water flow, watershed analysis, and
flood modelling. It is used for drainage network planning by
showing the movement of water across the terrain. It’s also
suitable for assessing terrain suitability for building and de-
velopment by town planners. A good understanding of the in-
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fluence of the terrain on natural hazards such as floods, land-
slides, and erosion can be effectively assessed.

A georeferenced orthomosaic map was generated by mosa-
icking the aligned UAYV images. The orthomosaic provides a
high-resolution and spatially accurate representation of the
study area, enabling detailed visualization and mapping of
campus infrastructure. The generated orthomosaic serves as a
reliable base map for infrastructure inventory, monitoring, and
spatial analysis.
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Figure 9. Image showing Orthomosaic.
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Figure 10. 3D Modelling.
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IMAGERY SHOWING BUILDINGS WITHIN WEST CAMPUS
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Figure 11. Integrated model of building information in campus overlayed on Orthophoto of the campus.

4.1. Attribute Data Organization

This involved organizing the characters of every building as a feature through shapefile creation to house all the data about
every building detail in the ArcGIS environment.

oo ox
G- - K&y 0P x

Building x
FID H Name Location Use Shape_1 Year
» 0 0 |ENV/STUDIO/COMPLEX |West Campus Studio Rectangle |<Nult»
1 85.527 |ENV/STUDIO/COMPLEX | West Campus Studio <Nult=
- 2 B86.058 |[ENV/STUDIO/COMPLEX |West Campus | Studio Rectangle |<Null>
L _85.527 |[ENV/STUDIO/COMPLEX |West Campus | Studio _ Rectangle | <Nul>_
4 85.708 West Campus | Work shop <Nult>
5 84652 West Campus Work shop Rectangle |<Null>
- 6 85 West Campus | Work shop Rectangle | <Nul»
7 84208 West Campus | Work shop <Nul>
8 84.092 West Campus | Work shop <Nult>
9 84211 West Campus | Work shop <Nui>
] ol 84301] [West Campus | Work shop_ Rectangle | <Nut>
1" 8421 West Campus | Work shop <Nult>
12 88.013 West Campus Administrative Complex 02/02/1986
- 13 84.181 West Campus | Administrative Rectangle | <Nul>
14 85024 West Campus H Shape | <Nul>
15 West Campus Studio Irregular
16 Acade
f—t— HE —

18 DEPT OFFICE West Campus_ Asbestos.

19 RESTROOM West Campus Toilet Rectangle | <Null> Asbestos

- 20 RESTROOM ‘West Campus Tollet Rectangle | <Nuli» Asbestos
21 AJ BLOCK West Campus | Academic H Shape | <Nul> Asbestos

2 AH BLOCK West Campus 1 <Nult> Asbestos

23 €T West Campus | Academic <Nuit> Asbestos

] 28 0 [FOODITECH West Campus | Laboratory ireguiar | <Nub> | Asbestos
S GEN HOUSE West Campus | Power House <Nut> Asbestos
26 GEN HOUSE West Campus Power House Rectangle |<Null> Asbestos

|} 27 West Campus <Nui» Asbestos
28 West Campus <Nub> Asbestos

29 West Campus. <Nult= Asbestos

30 West Campus <Null> |Asbestos

] 3R oism____ . West Campus | Administrative Square | <Nub» Auminksm
2 EXAM HOUSE West Campus <Nult» Asbestos

33 EXAM HOUSE West Campus Administrative Rectangle |<Null> Asbestos

- 34 SABU MAKANJUOLA | West Campus Administrative Square «Nub» Asbestos
38 ADMISSION OFFICE | West Campus sctangle | <Nulb>- Asbestos

38 ADMISSION OFFICE West Campus Administrative Rectangle |<Null> Asbestos

37 ADMISSION OFFICE West Campus <Nul> Asbestos

| | 38 ADMISSION OFFICE West Campus | Administrative Rectangle | <Nult» Asbestos

"o B9 | (1 out of 204 Selected)

Figure 12. Attribute data table of the buildings.
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All the collated attributes for the buildings were neatly or-
ganized using ArcGIS structured query language (SQL) with
their contents properly tagged with special codes. Figure 12

shows the query result of building within the west campus.
This query will help the management decision-making pro-
cess over buildings within the school.

Chart showing the classification of Each Building

30 O}

3

)

STUDIO ADMIN ACADEMICS LABORATRY LIBRARY

EVENT HALL

POWER
HOUSE

BAKERY CANTEEN TOILET WORKSHOP

Figure 13. Chart of the Building within the West Campus.

Figure 13 shows the number of buildings on the west cam-
pus of the institution. There are 5 studios, 26 Administrative
buildings, 19 Academic buildings, 8 workshops, a Library and
its extension, 2 laboratories, 6 Toilets, 3 power houses, 1 bak-
ery, 1 canteen, and an event hall.

4.2. Discussion

The results demonstrate the effectiveness of integrating
UAV-derived geospatial data with GIS and Geospatial Build-
ing Information Infrastructure (GBII) for infrastructure map-
ping and management, a total of 74 buildings were covered on
the west campus, the academic buildings covered about 38%,
and the administrative buildings about 26%. The generated
DSM, DTM, orthomosaic, and geospatial database collec-
tively provide a comprehensive framework for visualizing, an-
alyzing, and managing campus infrastructure.

The DSM and DTM successfully captured the surface and
terrain characteristics of the study area, respectively. While
the DSM facilitated the assessment of elevation variations and
the spatial relationship between infrastructure and surround-
ing terrain, the DTM provided a representation of the bare-
earth surface suitable for terrain characterization and environ-
mental assessment. These findings agree with previous studies
that identified terrain models as essential tools for infrastruc-
ture planning, drainage analysis, and hazard assessment [3, 9].

22

The orthomosaic provided a high-resolution and georefer-
enced representation of the campus environment, enabling ac-
curate identification and mapping of existing infrastructure.
Its spatial accuracy supports infrastructure inventory, moni-
toring, and change detection, thereby improving the quality of
spatial information available for campus planning and man-
agement. Similar studies have highlighted the usefulness of
UAV-derived orthomosaics for infrastructure monitoring and
spatial decision-making [9].

Furthermore, the integration of spatial and attribute data
within a GIS environment enhanced the management of cam-
pus infrastructure information. The developed geospatial da-
tabase enabled the organization to visualize and query build-
ing attributes, providing a structured framework for evidence-
based decision-making. The inventory analysis revealed a di-
verse distribution of educational, administrative, and utility
facilities across the campus, emphasizing the need for an inte-
grated information system capable of managing both spatial
and non-spatial datasets.

Overall, the findings confirm that the integration of UAV,
GIS, and GBI technologies provides an efficient approach for
infrastructure management. The developed framework im-
proves data accessibility, supports informed decision-making,
and offers a sustainable alternative to conventional infrastruc-
ture management practices within tertiary institutions.
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5. Limitations

Although the proposed UAV-GIS-GBII framework proved
effective for infrastructure mapping and management, the
study was limited to using static spatial datasets acquired dur-
ing a single survey campaign. Consequently, the developed
system does not support real-time monitoring or temporal
analysis of infrastructure changes. Future studies may incor-
porate multi-temporal UAV surveys and real-time data acqui-
sition technologies to enhance infrastructure monitoring and
decision-making capabilities.

6. Conclusion

This study developed an integrated Geospatial Building In-
formation Infrastructure (GBII) for the West Campus of Fed-
eral Polytechnic llaro using UAV and GIS technologies.
High-resolution geospatial products, including a Digital Sur-
face Model (DSM), Digital Terrain Model (DTM), orthomo-
saic imagery, and a geospatial database, were generated to
support infrastructure mapping and management. The integra-
tion of spatial and attribute data provided an effective frame-
work for infrastructure inventory, visualization, and decision-
making. The findings demonstrate the potential of UAV-GIS-
GBIl integration as a reliable and cost-effective approach for
enhancing infrastructure management in tertiary institutions.
Figure 13 depicts the details of this analysis.
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BIM Building Information Modelling

GBII Geospatial Building Information
Infrastructure

GIS Geographic Information System(s)

UAV Unmanned Aerial Vehicle(s) (Drone
Technology)

GNSS Global Navigation Satellite System

GPS Global Positioning System

GLONASS Global Navigation Satellite System (Russia)

BeiDou Beidou Navigation Satellite System (China)

Galileo European Global Navigation Satellite
System

DTM Digital Terrain Model

DSM Digital Surface Model

DEM Digital Elevation Model

FME Feature Manipulation Engine

LiDAR Light Detection and Ranging

3D Three-dimensional
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