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ABSTRACT

Inspection and maintenance of thermal power plant structures are critical for ensuring safety and
operational reliability. Conventional inspection practices often require manual access via scaffolding or
rope-based systems, which pose safety risks, incur high costs, and provide limited spatial coverage. In this
study, an unmanned aerial vehicle (UAV) equipped with a mapping-grade camera was deployed to acquire
image datasets of representative plant components. The imagery was processed using Bentley iTwin
Capture Modeler, following a structure-from-motion (SfM) and multi-view stereo (MVS) workflow, to
generate high-fidelity point clouds, meshes, and textured 3D models. Three case studies were examined:
(1) reconstruction of a reinforced concrete water tank and a steel storage tank, (ii) reconstruction of a
tall reinforced concrete chimney, and (ii1) reconstruction of a steel conveyor gallery with trestles. These
examples demonstrate the applicability of UAV photogrammetry for diverse typologies ranging from
compact tanks to tall slender towers and extended truss-type structures. The results show that UAV-based
3D reconstructions provide comprehensive visual documentation, non-contact inspection of inaccessible
regions, and digital baselines for temporal monitoring. Furthermore, the generated models can be exported
to finite element or other computational platforms for performance assessment, supporting both current
condition evaluation and scenario-based structural analysis. By enabling integration with digital twin
environments, Al-powered vision-based surface defect detection models and predictive maintenance
frameworks, this approach enhances the ability to track deterioration, forecast potential failures, and plan
timely interventions, thereby improving the safety, efficiency, and sustainability of thermal power plant
infrastructure management.

1. INTRODUCTION enable rapid and flexible data acquisition from otherwise
inaccessible viewpoints while minimising operational
disruptions [1-2]. The collected imagery can be processed
using photogrammetric techniques to generate accurate
3D reconstructions, orthophotos, and dense point clouds
that support visual inspection, geometric measurement,
and long-term monitoring. Compared with traditional
methods, UAV-assisted photogrammetry significantly
improves coverage and documentation while reducing
inspection risks and costs [3-4].

Thermal power plants comprise a diverse range of
structural systems such as storage tanks, chimneys,
and conveyor galleries, all of which demand regular
inspection and maintenance to ensure safe and reliable
operation. Conventional inspection practices—including
scaffolding, rope access, or suspended platforms—are
labour-intensive, costly, and often expose personnel to
hazardous environments at elevated heights or within
confined spaces. These challenges highlight the need
for safer, faster, and more cost-effective alternatives for ~Photogrammetry, the process of extracting physical
structural condition assessment. measurements from two-dimensional images, has
emerged as a valuable approach for preserving
information about civil infrastructures. Through the
use of overlapping terrestrial or aerial photographs,

Unmanned aerial vehicles (UAVs) equipped with
advanced imaging technologies have emerged as a
promising solution for infrastructure inspection. UAVs
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specialised software can reconstruct highly accurate
three-dimensional models of buildings/bridges/critical
structures. Compared with many conventional surveying
techniques, photogrammetry provides superior precision
in documenting fine architectural details. The method
is generally categorised into terrestrial and aerial
applications. Terrestrial photogrammetry is particularly
effective for close-range surveys, achieving reliable
accuracy at distances of up to about 200 meters, while
acrial photogrammetry is well-suited for broader site
coverage. The outputs of these processes—such as digital
clevation models (DEMs) and ortho-rectified imagery—
serve as scalable and precise records of cultural sites.
Beyond their value as visual documentation, these digital
products enable non-invasive assessment of structural
conditions and act as reference archives for conservation
planning. Importantly, they ensure that if a monument
or structure undergoes deterioration or destruction, its
form and design remain digitally preserved for future
restoration efforts.

High-resolution UAV imagery has been used to capture
bridge decks, piers, retaining walls, and building
facades, enabling both damage detection and digital twin
development. Jeong et al. [5], for example, employed
DJI Phantom 4 and Matrice 210 UAVs to detect
deterioration in concrete columns and cross-laminated
timber beams. Similarly, Perry et al. [6] utilized multiple
UAV platforms—including the DJI Matrice 600 Pro and
Phantom 4 Pro—to generate dense point clouds and
photorealistic models of bridge superstructures. Other
studies have demonstrated UAV-based photogrammetry
for monitoring masonry heritage sites | 7], dams [8], and
tall chimneys [9], underscoring its versatility across
structural typologies.

Recent years have also seen growing interest in UAV
inspection for broader industrial applications. UAV
photogrammetry has been successfully adopted
for monitoring wind turbines [10], hydropower
infrastructure [8], and power transmission lines [11-
12], where non-contact surveys provide both safety and
efficiency benefits. These examples highlight UAVs’
ability to carry out large-scale and vertical inspections
without necessitating downtime or direct human
exposure to risk.

Beyond visual documentation, UAV-derived datasets
are increasingly being integrated with computational
and digital twin frameworks. Dense point clouds and
textured meshes from photogrammetry have been used

for dimensional measurements, deviation analysis, and
deformation tracking [3]. Fernandez-Hernandez et al.
[13] emphasised UAV photogrammetry as a key enabler
of “as-is” digital baselines linked to Building Information
Modelling (BIM), supporting asset management
workflows. In addition, reconstructed geometries can
be coupled with finite element simulations to assess
structural performance under operational or extreme
loading conditions [ 14].

Parallel advances in artificial intelligence (AI) and
computer vision have enhanced the diagnostic
potential of UAV-assisted inspection. Cha et al. [15]
demonstrated deep learning for crack detection in UAV-
collected bridge imagery, while Zhang etal. [16] applied
convolutional neural networks for detecting corrosion in
steel components. More recently, general-purpose vision
models such as the Segment Anything Model (SAM)
have been adapted to automate pixel-level segmentation
of cracks, spalling, and corrosion [17]. The combination
of UAV-based 3D capture with Al-powered defect
detection thus offers actionable insights, paving the way
for predictive maintenance and continuous monitoring
of industrial infrastructure.

Detailed documentation is essential for engineers,
contractors, municipal authorities, and heritage
committees at the city level, as it supports maintenance,
repair, reconstruction, modification, cost estimation,
preliminary planning, and informed decision-making.
The objective of this study is to evaluate UAV-
assisted photogrammetry for the inspection and 3D
reconstruction of thermal power plant structures, with a
focus on tanks, chimneys, and conveyor galleries. Data
were collected using a DJI Matrice 350 UAV equipped
with both a mapping camera and a Zenmuse LiDAR
system, and processed using Bentley iTwin Capture
to generate high-fidelity 3D models. The methodology
integrates open-source tools and Bentley iTwin Capture
Modeler within an SfM-MVS workflow, applying
Structure-from-Motion and Iterative Closest Point
algorithms to produce high-resolution point clouds,
meshes, and textured 3D models. Three case studies
are presented to demonstrate the workflow, assess
reconstruction quality, and explore the integration of
Al-based anomaly detection for structural condition
cvaluation. The methodology employs open-source
tools for image processing, point cloud generation, and
registration using structure from motion and iterative
closest point algorithms.
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The remainder of this paper is organised as follows.
Section2 describes the data acquisition process, including
UAV flight planning and imaging parameters and the
data processing workflow in Bentley iTwin Capture.
Section 3 presents three case studies on representative
thermal power plant structures—tanks, chimneys, and
conveyor galleries—highlighting reconstruction quality
and Al-based anomaly detection. Section 4 discusses
the results, practical implications, and limitations of
the proposed 3D reconstruction system for non-contact
inspection and monitoring.

2. METHODOLOGY

UAV-based inspection approach follows a systematic
photogrammetric workflow comprising (i) careful
flight planning for optimal image acquisition, (ii) data
capture using a UAV-mounted mapping camera, and
(ii1) subsequent reconstruction within iTwin Capture

UAV Details and Flight Planning: In this study, imagery
was acquired using the DJI Matrice 350 RTK platform
equipped with the Zenmuse L2 sensor, which integrates
a20-megapixel RGB mapping camera with a fixed 12.66
mm focal length lens (35 mm equivalent ~ 24 mm) and a
17.93 mm sensor diagonal. The wide field of view (~84°)
of the lens facilitates efficient coverage of survey areas
at relatively low altitudes while maintaining a ground
sampling distance (GSD) suitable for detailed modelling.
Missions were designed to ensure high image overlap
(typically 75-80% along-track and 60—70% cross-track)
and sufficient coverage of structural geometries. Circular
and linear flight paths were adopted for cylindrical and
clongated structures. Each point has been seen in at least
three photos. The maximum boresight angle difference
is set as 15-20 °. The aircraft’s RTK positioning system
provided centimetre-level georeferencing during image
capture, reducing the need for extensive ground control
points (GCPs) while still enabling validation and error
assessment. The large dynamic range of the Zenmuse
L2 camera allowed consistent radiometric quality across
varying surface textures, while the mechanical shutter
climinated rolling shutter artefacts.

Data acquisition: Imagery was collected under clear
weather conditions to minimise motion blur and shadow
occlusions. Care was taken to maintain safe distances in
proximity to operating equipment. The DJI Matrice 350
RTK is designed for stable operations in challenging
environments and can withstand wind speeds up to 12
m/s. The three-axis gimbal stabilisation of the Zenmuse

L2 mapping camera effectively compensated for pitch,
roll, and yaw disturbances induced by wind turbulence,
resulting in sharp, blur-free imagery suitable for 3D
reconstruction.

The dataset consisted of several hundred high-resolution
images for each case study. The present study considers
four case studies Concrete and steel tanks were captured
using low-altitude two perpendicular straight orbits. The
chimney required vertical orbit sequences to achieve
complete surface coverage. The conveyor gallery and
trestles were inspected using linear passes parallel to the
structure, supplemented with cross-pass views for truss
elements. All images were geotagged based on UAV
GPS metadata to facilitate alignment during processing.

Data processing and reconstruction:

To construct a three-dimensional dense point cloud
(DPC) model, a collection of high-overlap aerial images
was processed using a photogrammetric workflow that
integrates Structure from Motion (SfM) and Multi-View
Stereo (MVS) algorithms. In the first stage, STM employs
the input image set for photo alignment, during which it
estimates the camera orientations, intrinsic and extrinsic
parameters, and generates an initial sparse point cloud.
Ground Control Points (GCPs) are then incorporated
to provide georeferencing and improve the positional
accuracy of the reconstructed scene. Subsequently, the
MVS algorithm refines this output by projecting pixels
from overlapping images into three-dimensional space,
enabling the reconstruction of detailed surface geometry.
This step results in the generation of dense point clouds,
along with derivative products such as orthophotos and
digital surface models (DSMs).

Image datasets were processed using Bentley iTwin
Capture, which follows a structure-from-motion (SfM)
and multi-view stereo (MVS) pipeline. The main
processing steps in Bentley iTwin Capture Modeler for
photogrammetric reconstruction typically follow the
step-by-step procedure below

1. Project and Data Import: Create a new project and
import the raw image datasets. As the images are
taken by a mapping camera, it has geo-tagged data
info; if not, import Ground Control Points (GCP)
and associated georeferencing metadata can be
incorporated.

2. Aecro triangulation (Image Alignment): Automated
feature detection and keypoint extraction were
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performed across the overlapping images. Tie-
points were established to compute the relative
camera positions and orientations, resulting in a
sparse point cloud representation of the scene.

3. Area of Interest and dense reconstruction (multi-
view stereo): Following alignment, a dense point
cloud was generated using multi-view stereo
techniques. An area of interest could be defined for
processing to optimize computation, either across
the entire dataset or within a selected polygonal
boundary.

4. Production: The densified point cloud was further
processed to generate textured meshes, scaled 3D
models, orthophotos, and digital surface models
(DSMs), depending on project requirements.

The resulting outputs were subsequently evaluated in
terms of completeness of reconstruction, geometric
accuracy, and suitability for structural inspection
applications.

Software packages such as Agisoft Metashape,
Pix4Dmapper, WebODM and Bentley iTwin Capture
apply Structure-from-Motion (SfM) and Multi-View
Stereo (MVS) techniques to derive three-dimensional
models from two-dimensional imagery [18]. These
platforms facilitate key tasks—including image
alignment, dense point cloud generation, and mesh
reconstruction—that serve as the basis for point cloud
registration and integration workflows [19]. Metashape
delivers consistent and reproducible results, with Agisoft
continually enhancing the software by incorporating
features such as georeferencing and control points.

Advantages of Bentley iTwin Capture

iTwin Capture Modeler is a desktop application
designed for generating high-fidelity ‘reality data’ that
can serve as the digital context for design, engineering,
construction, and asset management workflows. The
software enables the creation of detailed reality meshes
from photographs or LiDAR point clouds, producing
accurate 3D representations across a wide range of
scales. Two versions are available: iTwin Capture
Modeler, suited for standard projects, and iTwin Capture
Modeler Center, which supports the processing of very
large datasets, including city-scale models through
clustered computing. The main features of iTwin
Capture Modeler include:

1. Reality mesh generation — conversion of image
or LiDAR datasets into dense point clouds and
textured 3D meshes.

2. Support for multiple data types — capability to
handle both photogrammetric imagery and LiDAR
inputs, either individually or in combination.

3. High-resolution outputs — emphasis on producing
models with fine detail and geometric accuracy
suitable for inspection and analysis.

4. Workflow integration — flexibility to support diverse
use cases in engineering, design, and construction
management.

5. Offline functionality — ability to operate at the

workstation level without continuous server
connectivity, ensuring productivity in restricted
environments

6. Integration of Al capabilities —Artificial intelligence
can be employed to automatically identify and
annotate objects within the dataset, as well as
classify distinct components of the generated reality
mesh.

3. CASE STUDIES

To demonstrate the applicability of UAV-assisted
photogrammetry in thermal power plant infrastructure,
three representative structural typologies were
selected: (i) storage tanks, (ii) tall chimneys, and (iii)
conveyor galleries. These structures were chosen
because they exhibit distinct geometric characteristics,
operational environments, and inspection challenges.
By reconstructing and analysing these assets, the study
highlights both the capabilities and limitations of the
proposed approach across different use cases.

Case Study 1: Concrete and Steel Tanks

The first case study focuses on the reconstruction of
a concrete tank with an approximate height of 35-40
meters and an array of steel tanks. First detailed
discussions on the concrete tank are presented, followed
by the array of steel tanks. Reconstructions were carried
out using RGB data, LiDAR data, and a combination
of both, to evaluate their relative effectiveness. Various
flight path strategies, including both automated and
manual modes, were examined. The resulting 3D model
was validated through measurement checks and further
enhanced by integrating computer vision—based deep
learning models for anomaly detection and semantic
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segmentation, enabling detailed mapping of structural
damage within the reconstructed model.

Figures 1 and 2 illustrate the reconstruction carried
out using only RGB and LiDAR data, with both the
flight path and control performed manually. The initial
reconstruction, based on 239 images and a limited
number of 3D point clouds, resulted in an incomplete
and poorly rendered model. LiDAR data is better
for geometry, and RGB is better for surface textures
(cracks, rust). RGB-only reconstructions sometimes
lacked depth continuity, while LIDAR contributed more
accurate surface geometry. A combined dataset offered
the best balance of detail and geometric accuracy. The
reconstruction without and with tiling of the target took
around 8 hours 37 minutes and 2 hours 44 minutes,
respectively.

The quality of the reconstructed 3D model was found
to be strongly dependent on the UAV flight path
and control strategy. Observations showed that pre-
programmed, automated flight missions consistently
yielded more reliable and higher-quality results than
manually controlled flights. The automated flight
path, approximately inferred from camera positions
during aero triangulation, is presented in Figure 3. The
automated flight paths ensured uniform coverage and
reduced gaps, producing a significantly more complete
model.

Figure 4 presents the reconstruction using 438 images
and more cloud points with the automated flight protocol.
Automated flight missions provided systematic image
acquisition from all required viewpoints, enabling
thorough structural coverage. This structured approach
proved essential for producing complete and accurate
3D models that can serve as a dependable foundation
for structural assessment and analysis. Automated flight
paths yielded reconstructions with greater completeness
and fewer artefacts compared to manual flights.

Bentley iTwin Capture generated a high-quality 3D
model of the water tank, accurately representing
structural details. The platform also provides a walk-
through visualization that supports inspection and
defect detection. Figure 5 presents the corresponding
wireframe model, which can be exported as a mesh
for further analysis. The meshing process transforms
the dense point cloud into a continuous surface
representation, enabling smoother visualization and
compatibility with structural analysis platforms. Such

meshes can be refined to capture finer geometric details
or simplified for efficient integration with finite element
models, making them highly valuable for subsequent
structural assessment and digital twin applications.

Fig. 1: 3D reconstruction of a water tank from RGB images
using iTwin Capture

Fig. 2: 3D reconstruction of a water tank from LiDAR data
using iTwin Capture
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Fig. 3: Camera Positions — Image Alignment during aero triangulation
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Fig. 4: 3D reconstruction of a water tank using an automated flight protocol
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Fig. 6: Measurement of the height of the water tank

Fig. 7: Measurement of manhole cover distance

Bentley iTwin Capture provides advanced measurement
functionalities, enabling the extraction of parameters
such as location, distance, area, and volume. When
combined with high-quality 3D models, these tools
facilitate rapid and safe inspection as well as damage
detection. To demonstrate their application, a series of
measurements were carried out on the reconstructed
bridge model, as illustrated in Figs. 6 and 7.

Incorporating artificial intelligence (Al) within Bentley
iTwin Capture marks a significant advancement in digital
infrastructure management. The use of trained Al models
enables automation of data interpretation, enhancing
feature recognition and improving the efficiency and
accuracy of defect detection during inspections. In

this study, Al techniques were applied to the water
tank case study to identify clusters corresponding to
edges, shadows, and rust, following the procedures
recommended in the iTwin Context Capture manual.
Figs. 7(a) and 7(b) illustrate the model outputs before
and after applying the detection algorithm. The software
utilised pretrained weights from the Segment Anything
Model (SAM) to perform semantic segmentation for
anomaly detection. Semantic segmentation, which
assigns a class label to each pixel in the image, enabled
precise localisation and classification of anomalies.
As demonstrated in Fig. 7, this pixel-level detection
achieved high accuracy and provided a comprehensive
assessment of the water tank condition.
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Fig. 9: 3D reconstruction of fuel oil storage tank
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Fig. 11: 3D reconstruction of 270m high chimney with drone at shorter distance
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