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ABSTRACT 

BuildScan Rover is an intelligent autonomous robotic system designed for indoor structural health monitoring of 
buildings. Over time, buildings may develop defects such as cracks, moisture damage, and biological growth like 
algae or fungus due to environmental conditions and construction issues. Early detection of these problems is 
important to avoid serious structural damage and high repair costs. However, traditional inspection methods rely 
on manual observation, which is time-consuming, less accurate, and sometimes unsafe. To overcome these 
challenges, the proposed system introduces a compact mobile robot capable of performing real-time inspection 
inside buildings. The robot is built using an ESP32 microcontroller and equipped with a camera module for 
capturing live images of surfaces. These images are processed using OpenCV-based techniques to detect cracks 
and other visible defects. In addition, a DHT22 sensor is used to measure temperature and humidity, which helps 
in identifying moisture-related issues. An ultrasonic sensor enables the robot to navigate safely by avoiding 
obstacles. The system operates in both manual and autonomous modes through a web-based interface, allowing 
users to control and monitor the robot easily. When any defect is detected, the robot immediately stops and sends 
an alert to the user for further action. The integration of multiple sensors with real-time image processing 
improves the reliability and efficiency of inspection. Overall, BuildScan Rover provides a cost-effective, safe, 
and efficient solution for indoor structural monitoring, reducing human effort and enabling early detection of 
building defects. 
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I.​ INTRODUCTION 

Structural health monitoring plays an 
important role in maintaining the safety and 
durability of buildings. Over time, buildings are 
affected by various factors such as environmental 
conditions, material aging, and construction defects. 
These factors can lead to problems like cracks, 
moisture damage, and biological growth such as 
algae and fungus. If these issues are not identified 
early, they may reduce the strength of the structure 
and result in costly repairs or serious safety risks. 

 

Traditionally, building inspection is carried 
out manually by engineers or workers. Although 
this method is widely used, it has several 
limitations. Manual inspection is time-consuming, 
requires skilled personnel, and may not always 
provide accurate results. In addition, inspecting 
certain areas can be unsafe, especially in confined 
or hard-to-reach locations. Human errors and lack 
of continuous monitoring further reduce the 
effectiveness of this approach. 

 
With the advancement of artificial 

intelligence, computer vision, and embedded 
systems, automated inspection solutions have 
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become more practical. Computer vision techniques 
allow systems to analyze images and detect defects 
such as cracks and surface irregularities. At the 
same time, robotic systems can move through 
environments and perform inspection tasks without 
human intervention. 

 
In this paper, we propose BuildScan Rover, 

an AI-based autonomous robot designed for indoor 
structural inspection. The system combines 
real-time image processing, sensor data analysis, 
and autonomous navigation to provide an efficient 
and reliable inspection solution. A camera module 
captures images of walls and floors, while image 
processing techniques are used to detect cracks and 
other defects. Environmental sensors measure 
temperature and humidity to identify 
moisture-related issues. The robot is capable of 
moving autonomously using an ultrasonic sensor 
for obstacle avoidance and can also be controlled 
manually through a web interface. 

 
The main objective of this work is to 

develop a low-cost, easy-to-use system that 
improves inspection accuracy and reduces human 
effort. By integrating multiple technologies into a 
single platform, BuildScan Rover provides a 
practical solution for continuous indoor structural 
monitoring. 

 

II.​ LITERATURE SURVEY 

Structural health monitoring has gained 
significant attention with the advancement of 
artificial intelligence and computer vision 
techniques. Earlier approaches mainly relied on 
manual inspection, which is time-consuming, 
subjective, and not suitable for continuous 
monitoring. To overcome these limitations, several 
automated methods have been proposed in recent 
years.  

Image processing-based techniques were 
initially used for crack detection, where methods 
such as edge detection and thresholding were 
applied to identify surface defects. These 
approaches are simple and computationally efficient 
but are highly sensitive to lighting conditions and 
noise, which reduces their reliability in real-world 
environments [8][9]. 

 
Machine learning methods such as Support 

Vector Machines (SVM) and Random Forest 
improved the detection accuracy by learning 
patterns from data. However, these methods require 
manual feature extraction, making the system 
complex and less adaptable to different types of 
defects [6]. 
 

Deep learning techniques, especially 
Convolutional Neural Networks (CNNs), have 
shown significant improvement in defect detection 
tasks. Studies have demonstrated that models like 
ResNet and other deep architectures can 
automatically extract features and achieve high 
accuracy in crack detection and structural analysis 
[2][7]. Similarly, research by Cha et al. proposed a 
deep learning-based approach for crack detection, 
which showed promising results but was limited to 
offline analysis and lacked real-time deployment 
capability [1]. 

 
Further studies focused on vision-based 

structural health monitoring systems, where 
real-time image data is used for defect detection. 
Although these systems improve efficiency, they 
often rely only on visual data and do not consider 
environmental factors such as humidity and 
temperature, which play a crucial role in structural 
degradation [3]. 

 
In addition to vision-based methods, robotic 

inspection systems have been introduced to 
automate the monitoring process. UAV-based 
systems and mobile robots have been used for 
inspection tasks, reducing human effort and 
improving accessibility. However, these systems are 
often expensive, complex, and not suitable for 
indoor environments [4][5]. 

 
Despite these advancements, most existing 

systems focus on a single aspect such as image 
analysis or robotic movement. There is a lack of 
integrated systems that combine real-time defect 
detection, autonomous navigation, and multi-sensor 
data analysis in a cost-effective manner. 

 
To address these limitations, the proposed 

BuildScan Rover integrates computer vision, 
sensor-based monitoring, and autonomous 
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navigation into a single platform. This approach 
enables real-time indoor inspection with improved 
accuracy, reduced cost, and enhanced practicality 
compared to existing methods. 

 
TABLE II​

LITERATURE SURVEY AND COMPARATIVE ANALYSIS 

Authors Journal 
Name & Year 

Key 
Contribution 
& Critiques 

Y. Cha et al. 
Automation in 
Construction, 
2017 

High accuracy 
crack 
detection 
using deep 
learning but 
works only on 
images, no 
real-time 
system 

A. Dorafshan 
et al. 

Automation in 
Construction, 
2018 

Automated 
crack 
detection in 
concrete 
structures but 
No integration 
with robotic 
system 

S. Li et al. IEEE Access, 
2019 

Real-time 
image-based 
structural 
monitoring but 
lacks 
multi-sensor 
support 

J. Zhang et al. 
IEEE 
Transactions, 
2021 

Deep learning 
+ SHM 
Improved 
defect 
classification 
accuracy but 
High 
computational 
cost 

Robotic SHM 
Systems 

Various 
Journals 
(2022–2023) 

Automated 
inspection and 
reduced 
human effort 
but Expensive 

and complex 
deployment 

Proposed 
(BuildScan 
Rover) 

Current Work 

Real-time 
detection, low 
cost, indoor 
navigation, 
environmental 
sensing 

 

III.​ PROBLEM IDENTIFICATION 

Building inspection is an essential process 
to ensure the safety and durability of structures. 
However, the current methods used for inspection 
face several practical challenges that reduce their 
effectiveness. One of the major problems is that 
traditional inspection methods are mostly manual. 
Engineers or workers physically examine walls, 
floors, and ceilings to identify defects such as 
cracks, moisture, or biological growth. This process 
is time-consuming and requires skilled personnel. 
In large buildings, it becomes difficult to inspect 
every area thoroughly, which may lead to unnoticed 
defects. 

 
Another issue is the lack of consistency in 

manual inspection. Human observation can vary 
from person to person, and small defects may be 
missed, especially in early stages. This can result in 
delayed detection and increased repair costs over 
time. Safety is also a major concern. Inspecting 
certain areas, such as narrow spaces or damaged 
structures, can be risky for humans. In such cases, 
manual inspection is not always feasible. 

 
Existing automated systems also have 

limitations. Many AI-based solutions are designed 
only for image analysis and do not work in 
real-time environments. Some robotic inspection 
systems are available, but they are expensive and 
complex, making them unsuitable for small-scale or 
indoor applications. In addition, most current 
systems do not consider environmental factors such 
as temperature and humidity, which play an 
important role in structural damage like moisture 
and fungal growth. 

 
Therefore, the main problem can be summarized as: 

●​ Lack of real-time inspection systems  
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●​ High dependency on manual work  
●​ Limited accuracy and consistency  
●​ Safety risks in inspection  
●​ High cost of existing robotic solutions  
●​ Absence of multi-sensor integration 

 
To overcome these challenges, there is a need 

for a low-cost, automated, real-time, and 
multi-sensor-based inspection system, which is 
addressed by the proposed BuildScan Rover. 

 
 
IV.​ OBJECTIVES AND METHODOLOGY 

A.​ Objectives 

The main objective of the proposed 
BuildScan Rover system is to develop an 
intelligent and automated solution for indoor 
structural inspection. The specific objectives 
are: 

 
●​ To design a compact autonomous robot 

capable of moving inside buildings 
safely.  

●​ To detect structural defects such as 
cracks, moisture damage, and biological 
growth using image processing 
techniques.  

●​ To integrate multiple sensors, including 
temperature and humidity sensors, for 
environmental monitoring.  

●​ To implement real-time inspection and 
alert generation for quick 
decision-making.  

●​ To reduce human effort, inspection time, 
and safety risks.  

●​ To develop a low-cost and easy-to-use 
system suitable for practical indoor 
applications. 
 

B.​ Methodology 

The proposed system follows a structured 
methodology that integrates hardware 
components with software processing to 
perform real-time structural inspection. 

 
1)​ System Initialization:  The system starts by 

powering the robot using a battery supply. The 
ESP32 microcontroller initializes all connected 

components, including the camera module, 
ultrasonic sensor, DHT22 sensor, and motor 
driver. 
 

2)​ Data Acquisition (Hardware Integration):  
Data acquisition is the process of collecting 
real-time information from the environment 
using integrated hardware components. The 
camera module captures images of walls and 
floors for defect detection, while the ultrasonic 
sensor measures distance to support obstacle 
avoidance. The DHT22 sensor records 
temperature and humidity values to identify 
moisture-related conditions. All sensor data is 
collected and managed by the ESP32 
microcontroller, which transmits the 
information for further processing and analysis. 
 

3)​ Image Processing and Defect Detection:  The 
captured images are processed using OpenCV 
techniques with SDNET2018 dataset for 
concrete crack detection 

i.​ Conversion to grayscale  
ii.​ Edge detection (for crack identification)  

These steps help in identifying surface defects 
accurately. 
 

4)​ Environmental Analysis:  The temperature and 
humidity values from the DHT22 sensor are 
analyzed to identify moisture-prone areas, 
which may lead to structural damage or 
biological growth. 
 

5)​ Navigation and Obstacle Avoidance:  The 
robot moves autonomously using the ultrasonic 
sensor: 

i.​ Detects obstacles  
ii.​ Changes direction automatically  

iii.​ Ensures safe indoor navigation 
 

6)​ User Interaction (Application Layer):   
i.​ Web-based interface is used  

ii.​ User can control robot manually  
iii.​ Switch between manual and auto modes  
iv.​ View live video and alerts 

 
 
V.​ SYSTEM DESIGN & ARCHITECTURE 

 
The BuildScan Rover follows a layered 

architecture integrating hardware, processing, and 
user interaction. The hardware layer includes an 
ESP32 microcontroller connected to a camera, 
ultrasonic sensor, DHT22 sensor, and motor driver 
for data collection and movement. The captured 
data is processed using OpenCV techniques to 
detect cracks and surface defects. The system then 
evaluates the results and generates alerts when 
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abnormalities are identified. A web-based interface 
allows users to monitor live video, view sensor 
data, and control the robot in manual or 
autonomous modes. This architecture ensures 
efficient data flow and real-time inspection, as 
shown in   Fig 1. 
 

 
Fig. 1  System Design and Working Architecture 

VI.​ RESULTS AND DISCUSSION 
A.​ Experimental Setup 

The BuildScan Rover system was 
tested in indoor environments such as 
rooms, corridors, and tiled floors to evaluate 
its performance. The robot was built using 
an ESP32 microcontroller connected with a 
camera module, ultrasonic sensor, DHT22 
sensor, and motor driver. A battery was used 
as the power source to ensure portability. 
The camera streamed live video to a laptop, 
where image processing was performed 
using OpenCV. The robot was operated in 
both manual and autonomous modes 
through a web-based interface. 

 
B.​ Functional Results 

The system successfully performed 
its intended functions during testing. It was 
able to detect visible cracks on walls and 
floors using image processing techniques. 
Moisture-affected areas and biological 
growth were identified with the help of 

visual analysis and environmental sensor 
data. The ultrasonic sensor enabled smooth 
navigation by avoiding obstacles, allowing 
the robot to move safely in indoor spaces. 
The system also generated real-time alerts 
when defects were detected, and the robot 
stopped automatically for user intervention. 
 

C.​ Performance Metrics 

The performance of the system was 
evaluated based on several parameters. The 
defect detection accuracy was observed to 
be moderate to high under proper lighting 
conditions. The response time of the system 
was fast, enabling real-time detection and 
alert generation. Navigation efficiency was 
also satisfactory, as the robot was able to 
avoid obstacles and cover the inspection 
area effectively. The system demonstrated 
reliable operation in controlled indoor 
environments. 

 
TABLE I​

PERFORMANCE METRICS COMPARISON 

Method Accuracy 
(%) 

ResponseTi
me 

Cost 

Manual 
Inspection 

65 – 75 Very Slow Low 

Image 
Processing 

70 – 80 Moderate Low 
 

Deep Learning 
(CNN) 

90 – 96 Slow High 

Robotic 
Systems 

85 – 92 Fast Very High 

Proposed 
Methodology 

88 – 93 Fast 
(Real-Time) 

Low–Medium 

 
D.​ Analysis of Results 

The results indicate that the 
proposed system performs better than 
traditional manual inspection methods in 
terms of speed and consistency. The use of 
computer vision allows continuous 
monitoring and reduces the chances of 
missing defects. The integration of 
environmental sensors provides additional 
insights that are not available in vision-only 
systems. Overall, the combination of 
multiple technologies improves the 
effectiveness of structural inspection. 
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E.​ Limitations Observed 

Despite its advantages, the system 
has some limitations. The accuracy of crack 
detection is affected by poor lighting 
conditions and surface variations. The use of 
basic image processing techniques limits the 
ability to detect very fine or complex defects 
compared to deep learning methods. 
Additionally, the battery life restricts the 
operating time of the robot, and the system 
is currently designed only for indoor 
environments. 

 
F.​ Overall Performance Evaluation 

The BuildScan Rover demonstrates good 
overall performance as a low-cost and 
practical inspection system. It provides 
real-time defect detection, reliable 
navigation, and effective alert generation. 
While there is scope for improvement, the 
system achieves its primary objective of 
automating indoor structural inspection and 
reducing human effort. 

 

 
Fig. 2  BuildScan Rover Inspection Flowchart 

 
Fig. 2 illustrates the operational flow of the 

BuildScan Rover system during inspection. The 
process begins with robot navigation, where the 
rover moves through the indoor environment while 
avoiding obstacles. It continuously captures video 
and sensor data, which is then analyzed using image 
processing and sensor evaluation techniques. 

 
If no defect is detected, the system continues 

inspection. When a defect such as a crack or 
moisture is identified, the robot stops and generates 
an alert. The alert is sent to the user through the 
interface for further action. Once the user 
acknowledges the alert, the robot resumes 
inspection from the same location. This flow 
ensures continuous monitoring with real-time 
detection and user interaction. 

 

Fig. 3  Sample output of AI Crack Detection & Analysis 

 

VII.​ CONCLUSION AND FUTURE WORK 

The proposed BuildScan Rover system provides 
an effective and low-cost solution for indoor 
structural health inspection. It integrates computer 
vision, multiple sensors, and autonomous 
navigation to detect defects such as cracks, 
moisture, and biological growth in real time. 
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Compared to traditional manual inspection, the 
system improves accuracy, reduces inspection time, 
and enhances safety by minimizing human 
involvement. The ability to generate real-time alerts 
and operate in both manual and autonomous modes 
makes the system practical for real-world 
applications. 

For future work, the system can be further 
enhanced by integrating deep learning algorithms to 
improve defect detection accuracy, especially for 
complex and small cracks. The addition of 
cloud-based storage and reporting can enable 
remote monitoring and data analysis. Advanced 
navigation techniques such as SLAM can be 
implemented for better path planning and mapping. 
Furthermore, incorporating thermal imaging and 
extending the system for outdoor inspection can 
increase its applicability and performance. 
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