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Abstract—Structural inspection in construction is tradition-
ally manual, time-consuming, and prone to human error. This
paper presents a scalable drone-assisted inspection system that
automates crack detection, measurement, and reporting using
computer vision techniques and a cloud-based web platform.
Images captured via drone or manual upload are processed
using image segmentation and morphological operations to detect
structural cracks. The system computes crack length, estimates
depth, classifies severity, and generates automated inspection
reports. A multi-user dashboard enables real-time monitoring,
historical analysis, and decision support. Experimental evaluation
demonstrates reliable crack detection with efficient processing
time, making the system suitable for real-world deployment in
construction monitoring and infrastructure maintenance.

Index Terms—Drone Inspection, Crack Detection, Com-
puter Vision, Structural Health Monitoring, Image Processing,
OpenCYV, Web Dashboard

I. INTRODUCTION

Structural health monitoring plays a critical role in ensuring
the safety, durability, and longevity of buildings and infras-
tructure. Conventional inspection methods primarily rely on
manual visual assessment, which is time-consuming, labor-
intensive, and prone to human error. These limitations often
result in delayed detection of structural defects such as cracks,
leading to increased maintenance costs and potential safety
risks.

With recent advancements in unmanned aerial vehicles
(UAVs), commonly referred to as drones, and computer vision
technologies, automated inspection systems have emerged as
a practical alternative. Drones enable rapid image acquisition
from hard-to-reach or hazardous areas, while image processing
techniques facilitate efficient analysis of structural conditions.

This paper presents a scalable system for construction and
inspection that integrates image acquisition, crack detection,
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measurement, and reporting within a unified web-based plat-
form. The system allows users to upload inspection images,
automatically detect cracks using image processing techniques,
and generate detailed reports for further analysis.

Unlike purely research-driven approaches that focus on
algorithmic performance, the proposed system emphasizes
practical deployment, usability, and integration of multiple
components including data storage, visualization, and monitor-
ing. The objective is to provide a cost-effective and accessible
solution for real-world structural inspection scenarios.

II. RELATED WORK

The application of unmanned aerial vehicles (UAVs) in con-
struction and infrastructure inspection has gained significant
attention in recent years. Li and Liu [1] explored the use
of multirotor drones for construction monitoring, highlighting
their ability to improve data collection efficiency and site
accessibility. Similarly, Fan and Saadeghvaziri [2| discussed
the role of drones in infrastructure inspection, emphasizing
their potential in reducing human risk and operational costs.

In parallel, image-based crack detection has been exten-
sively studied using both traditional image processing and deep
learning techniques. Early approaches relied on edge detection
and thresholding methods to identify crack patterns in concrete
structures [8]]. These methods are computationally efficient but
may be sensitive to variations in lighting and noise.

Recent advancements have focused on deep learning models
such as convolutional neural networks (CNNs), which have
demonstrated improved accuracy in crack detection tasks [6].
Comparative studies, such as the work by Dorafshan et al. [4],
have analyzed the performance differences between classical
edge detection techniques and deep learning models.



Despite these advancements, many existing solutions focus
primarily on detection accuracy and lack integration with end-
to-end systems for reporting, monitoring, and user interaction.
The proposed work addresses this gap by combining image
processing techniques with a web-based platform that supports
automated reporting and long-term inspection management.

III. SYSTEM ARCHITECTURE

The proposed system is designed as an end-to-end pipeline
that integrates image acquisition, processing, analysis, and
reporting within a unified framework. The architecture ensures
modularity, scalability, and ease of deployment in real-world
inspection scenarios.

The overall workflow of the system is illustrated in Fig. [T}
The system consists of multiple interconnected modules, each
responsible for a specific stage in the inspection process.
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Fig. 1. Proposed System Architecture

A. Image Acquisition

The system supports image acquisition through drone-
mounted cameras or manual image uploads. Drones enable
capturing high-resolution images of structures from multiple
angles, including areas that are difficult or unsafe to access
through conventional inspection methods.

B. Image Upload and Storage

Captured images are uploaded to the system via the web
interface. The images are then stored in a structured database,
along with metadata such as timestamp and inspection identi-
fiers. This enables efficient retrieval and long-term monitoring
of structural conditions.

C. Crack Detection Engine

The crack detection module processes the uploaded images
using image processing techniques. Initially, the input image
is converted to grayscale, followed by thresholding to isolate
crack regions. Morphological operations are applied to refine
the detected regions and remove noise. The processed output
highlights potential crack areas for further analysis.

D. Measurement and Analysis

Once crack regions are identified, the system computes key
parameters such as crack length and estimated depth. Contour-
based methods are used to determine the extent of crack
regions, while pixel intensity variations assist in estimating
depth characteristics. These measurements provide quantitative
insights into structural damage.

E. Report Generation

The system automatically generates inspection reports based
on the analyzed data. The reports include crack measurements,
severity classification, and visual representations of detected
cracks. These reports can be accessed in different formats (e.g.,
weekly, monthly, yearly) to support decision-making.

F. User Dashboard and Monitoring

A web-based dashboard provides an interface for users to
upload images, view processed results, and access historical
inspection data. The system supports continuous monitoring
by maintaining records of previous inspections, enabling users
to track changes in structural conditions over time.

Overall, the architecture integrates data acquisition, process-
ing, and visualization into a cohesive system, making it suit-
able for practical deployment in construction and infrastructure
inspection.

IV. METHODOLOGY

The proposed system employs a sequence of image process-
ing techniques to detect and analyze structural cracks from
input images. The methodology is designed to be compu-
tationally efficient, interpretable, and suitable for real-time
deployment within a web-based inspection platform.

A. Overview of Processing Pipeline

The crack detection process consists of the following stages:
o Image preprocessing

o Crack region extraction

o Noise reduction

o Feature extraction

o Measurement and severity estimation

Each stage is described in detail below.



B. Image Preprocessing

The input image is first converted from RGB color space
to grayscale to simplify processing and reduce computational
complexity. Grayscale conversion preserves intensity informa-
tion while removing redundant color channels.

Iyray = 0.299R + 0.587G + 0.114B (1)

This transformation ensures that variations in brightness
corresponding to cracks are emphasized.

C. Crack Region Extraction

Cracks typically appear as darker regions in structural
surfaces. To isolate these regions, a thresholding operation is
applied to the grayscale image.

T(x?y) = {(1)7

where 6 represents the threshold value. Pixels with in-
tensity lower than the threshold are classified as potential
crack regions. This step produces a binary image highlighting
candidate crack areas.

if I(z,y) <6
otherwise
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D. Noise Reduction and Morphological Processing

The binary image may contain noise due to lighting varia-
tions or surface irregularities. To address this, morphological
operations such as closing are applied.

Morphological closing is defined as:

Iclosed = (I 5] K) e K (3)

where K represents the structuring element. This operation
helps in:

« Filling small gaps in detected cracks

« Removing isolated noise pixels

o Improving continuity of crack regions

E. Feature Extraction

After noise reduction, the system identifies connected crack
regions using contour detection. Each contour represents a
potential crack segment.

The following features are extracted:

e Crack length

o Crack area (pixel count)

o Spatial distribution of crack segments

F. Crack Length Estimation

The total crack length is computed by summing the dis-
tances between consecutive points along detected contours:

L= En: d; 4)
=1

where d; represents the distance between adjacent contour
points.

G. Crack Density

Crack density provides a measure of the extent of damage
in the image and is defined as:

Number of crack pixels

®)

Higher density values indicate more severe structural degra-
dation.

~ Total number of pixels

H. Severity Classification

The severity of cracks is determined based on thresholds
applied to crack length and density. Cracks are categorized
into levels such as low, medium, and high severity.

This classification assists in prioritizing maintenance and
repair decisions.

1. System Integration

All processing steps are integrated into the web-based
platform. Once an image is uploaded, the system automatically
executes the detection pipeline and stores the results in the
database. The processed outputs, including measurements and
visual overlays, are then presented to the user through the
dashboard interface.

The methodology ensures a balance between computational
efficiency and practical usability, making it suitable for de-
ployment in real-world inspection workflows.

V. IMPLEMENTATION

The proposed system is implemented as a web-based
platform that integrates image processing, data storage, and
user interaction into a unified interface. The implementation
focuses on usability, automation, and real-time analysis of
structural inspection data.

A. System Overview

The system consists of a backend processing engine and a
frontend user interface. The backend is responsible for execut-
ing crack detection algorithms and managing data, while the
frontend provides interactive access to system functionalities
such as image upload, visualization, and report generation.

B. Technology Stack

The system is developed using the following technologies:
e Python with OpenCV for image processing and crack
detection
o Flask framework for backend API and server-side logic
« HTML, CSS, and JavaScript for frontend development
« SQLite database for storing inspection data and reports
This combination ensures a lightweight, efficient, and easily
deployable solution.

C. User Dashboard

The system provides a web-based dashboard that serves
as the primary interface for users. Through the dashboard,
users can upload inspection images, view processed results,
and access historical inspection data.

The dashboard enables centralized management of inspec-
tion activities and provides quick access to generated reports.
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Fig. 2. User Dashboard Interface

D. Image Upload and Processing

Users can upload images captured via drones or other
imaging devices. Once an image is uploaded, it is sent to the
backend server, where preprocessing and crack detection are
performed automatically.

Fig. 3. Image Upload Interface

The system ensures that uploaded images are processed in
real time, providing immediate feedback to the user.
E. Crack Detection Output

After processing, the system highlights detected crack re-
gions and computes relevant measurements such as crack
length, depth, and severity classification.

Fig. 4. Detected Crack with Measurement Output

The visual output enhances interpretability and allows users
to validate detection results.

F. Report Generation and Storage

The system automatically generates inspection reports based
on the processed data. These reports include crack measure-
ments, severity levels, and visual evidence of detected cracks.

Reports are stored in the database and can be accessed
in different formats such as weekly, monthly, and yearly
summaries. This enables long-term monitoring of structural
conditions.

G. System Workflow

The overall workflow of the system can be summarized as
follows:

1) Capture structural images using drones or upload exist-
ing images

2) Upload images through the web interface

3) Process images using crack detection algorithms

4) Extract crack measurements and classify severity

5) Store results and generate reports

6) Display outputs on the dashboard for user analysis

The implementation demonstrates the practical integration
of computer vision techniques with a user-friendly interface,
enabling efficient and scalable structural inspection.

VI. EXPERIMENTAL RESULTS

The proposed system was evaluated using structural images
processed through the developed web-based platform. Instead
of relying on synthetic or benchmark datasets, the results
presented here are obtained directly from the system’s real-
time processing outputs.

A. Sample Input and Detection Output

Fig. 5] shows a sample input image used for inspection,
while Fig. [6]illustrates the corresponding crack detection result
generated by the system.
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Fig. 5. Sample Input Image

The system processes the input image by identifying crack
regions and generating a visual overlay that highlights detected
structures. This output allows users to visually verify the
detection performance.
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Fig. 6. Crack Detection Output

B. Measured Parameters

For the selected sample, the system computes key crack
characteristics including length, depth, and severity classifica-
tion. The measured values are summarized in Table [

TABLE I
MEASURED CRACK PARAMETERS FOR SAMPLE IMAGE

Parameter Value
Crack Length (mm) | 8812.5
Crack Depth (mm) 154

Severity Level high

These values are generated directly by the system based on
contour analysis and pixel-based measurements.

C. Observations

The system successfully identifies crack regions and pro-
vides quantitative measurements that can assist in structural
assessment. The visual overlay enhances interpretability, while
the computed parameters enable objective evaluation of crack
severity.

The results demonstrate the practical capability of the
system to process inspection images and generate meaningful
outputs in real time. This makes the system suitable for inte-
gration into construction monitoring workflows and periodic
inspection routines.

VII. DISCUSSION

The proposed system demonstrates the feasibility of inte-
grating image processing techniques with a web-based plat-
form for structural crack inspection. The results obtained from
the sample input indicate that the system can successfully
detect crack regions and generate corresponding measurements
such as length, depth, and severity classification.

One of the key strengths of the system lies in its practical de-
ployment capability. Unlike purely theoretical approaches, the
system provides an end-to-end workflow that includes image
acquisition, processing, visualization, and report generation.
The inclusion of a user dashboard further enhances usability
by enabling storage, retrieval, and analysis of inspection data
over time.

The visual overlay generated by the system allows users to
interpret results easily, while the numerical outputs provide
quantitative support for decision-making. This combination of
visual and analytical outputs is particularly useful in construc-
tion and infrastructure monitoring applications.

However, certain limitations are observed. The detection
performance is influenced by image quality, lighting con-
ditions, and surface texture variations. Since the system is
based on classical image processing techniques, it may not
perform optimally in highly complex or noisy environments.
Additionally, the depth estimation is derived from pixel-based
analysis and may require further calibration for precise real-
world measurements.

Despite these limitations, the system provides a reliable
and efficient solution for preliminary structural inspection and
monitoring.

VIII. CONCLUSION

This paper presented a drone-assisted inspection system that
integrates crack detection, measurement, visualization, and
report generation within a web-based platform. Experimental
results demonstrate the system’s ability to identify structural
cracks and generate meaningful inspection outputs. The pro-
posed approach provides a practical and cost-effective solution
for structural monitoring and maintenance planning.

A. Future Work

Future enhancements of the system may include the in-
tegration of deep learning models for improved detection
accuracy, real-time video processing from drone feeds, and
advanced calibration techniques for more precise depth esti-
mation. Expanding the system to support larger datasets and
diverse structural conditions can further improve robustness
and applicability.
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