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Abstract—An integrated dam automation and safety
monitoring system is proposed, one that eliminates the
drawbacks of conventional, manual operation. This
article introduces the Techno Dam system, a holistic
solution that utilizes a suite of Internet of Things (IoT)
technologies and deep learning to offer holistic, real-
time information and automated control. For structural
integrity, a deep learning model based on the YOLOV5
algorithm is used to automatically identify and classify
cracks and leaks from high- resolution images, which
surpasses limitations of complex visual backgrounds.
Meanwhile, an ESP32 microcontroller gathers real-time
information from a series of sensors for water level,
water quality (pH and turbidity), and rainfall. This
sensor input powers an autonomous dam gate control
system that allows proactive flood prevention and
maximum resource utilization. In addition, the system
has an emergency alert function that sends SMS or email
notifications to responsible people when it detects critical
conditions using data obtained through a Telegram
application. By minimizing dependence on human
intervention and facilitating data-driven decision-
making, the Techno Dam system greatly increases the
safety, efficiency, and resilience of water infrastructure.

I. INTRODUCTION

Dams form the backbone of contemporary
infrastructure, delivering primary functions like water
management, flood control, and hydroelectric power
generation. The structural stability and operational
safety of such facilities must always be ensured to
avoid worst-case failures, whose effects can be
environmentally and economically crippling. Current
conventional methods of monitoring dams are,
however, usually constrained by manual inspection
and rudimentary automated systems that do not
provide real-time data as well as wide-ranging
monitoring functionality. These traditional methods
may result in late identification of urgent problems
such as structural fissures and anomalous water levels,
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calling for a more sophisticated and reactive system.
The built-in  shortcomings of modern systems
emphasize a critical urgency for an overhaul of dam
monitoring practice in order to have constant,
trustworthy, and smart surveillance

The solution to these deficiencies lies in the Techno
Dam system, a cutting-edge system that utilizes new
technologies to revolutionize dam management. This
project combines the Internet of Things (loT) and
deep learning to facilitate a multi-dimensional
approach to dam safety. Our system is capable of real-
time structural health monitoring using an image
processing module based on deep learning that
automatically identifies cracks and leaks. It further
tracks water quality using pH and turbidity sensors and
controls water levels automatically based on inputs
from rain and water level sensors. The system's
centerpiece is an ESP32 microcontroller, which
handles data processing and manages automated gates,
with the added system of an emergency alert scheme
for timely alerts to concerned departments. The
integrated system seeks to improve overall dam safety
and operating efficiency through a transition from a
reactive to a proactive and automated management
paradigm.

Il. LITERATURE SURVEY

A new instance segmentation model, Cracklnst, was
created to enhance the accuracy and computational
speed of underwater dam crack detection. The model
leverages CSPLiteNet as an efficient backbone for
multiscale feature extraction and a LiteC3 module to
integrate heterogeneous feature representations, which
attained an AP50 score of 51.4% for crack detection.
This method can be integrated into the image
processing pipeline of the Techno Dam system to
facilitate real-time, automatic crack detection and
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localization, thus upgrading structural safety and
responsiveness [1]. This research investigates the
integration of several loT platforms to increase dam
monitoring and flood alert systems, particularly in
rural areas. It employs LoRaWAN for long-range
communication, with platforms like The Things
Network for data collection, Data Cake for control
through downlink, IFTTT for automated alerting, and
ThingSpeak for data visualization. This solution
provides a low-power scalable communication
solution for fusing sensor measurements with cloud-
based monitoring and control. Integration of this
platform stack can enhance remote access, provide
real-time visualization of environmental conditions,
and automate emergency notifications, thereby
improving both operating efficiency and safety in dam
operation [2]. An insightful dam control system that
combines Machine Learning (ML) and 10T to improve
dam safety and efficiency of operation was introduced.
The system utilizes LightGBM for predicting water
demand and automating sluice gate operations,
implements a pre-release strategy for flood prevention,
and uses Convolutional Neural Networks (CNNs) for
accurate detection of cracks in dam structures. These
techniques can be directly applied to the Techno Dam
project by incorporating ML models to optimize gate
control decisions based on real-time water level and
rainfall data [3].

A low-power edge-based machine learning (ML)
Internet of Things (10T) device for detecting real-time
water leakage through audio signal processing and
low-power hardware was proposed. A piezoelectric
contact microphone is utilized for capturing the audio
related to leakage, and an efficient compact ML model
quantized and pruned to merely 11 KB is implemented
on an embedded node equipped with radio
communication. This method can be modified to the
Techno Dam project to identify structural leakages in
vital sections through the use of similar edge devices
with acoustic sensors [4]. This research focuses on the
application of loT-based sensor networks to upgrade
conventional dams to smart infrastructure for real-time
monitoring and adaptive response. It suggests an
integrated information system in which multiple
sensors gather vital information to aid in prompt
decision-making and minimize the need for manual
intervention. This realization is in direct support of the
goals of the Techno Dam project, where one can
employ real-time sensor data of water level, pH,

IJIRT 199347

turbidity, and rain in continuous monitoring and
anticipatory responses to threats through automation
and alert systems [5]. A dam monitoring and control
system based on 10T was created to improve disaster
prevention and operational responsiveness. It gathers
real-time environmental information like temperature,
water level, and rainfall to facilitate a tiered alert
system (blue, orange, red) that can be accessed
through a mobile app. This method facilitates the
integration of multi-parameter sensor data and real-
time risk assessment within the Techno Dam project.
The color-coded alert system can be integrated into the
project's alarm system, and the dual-mode gate control
logic is consistent with the aim for automated but
operator-overridable dam operation [6]. A crack
detection technique in concrete dam’s non-contact in
nature with the use of image processing methodology,
especially with emphasis on underwater systems, was
investigated. The method includes calibration of the
images through MATLAB, followed by grayscale,
noise removal, and segmentation for crack
identification and width measurement. The image
processing pipeline is generalizable for above-water
surfaces of dams in the suggested project and
introduction of similar preprocessing techniques can
help improve precision in crack identification for the
deep learning-based crack recognition module [7]. An
ultrasonic water level sensor-based 10T system for
preventing dam overflows through real-time sluice
gate monitoring and control was introduced. The
system utilizes ultrasonic sensors for water level
sensing and is controlled by an ESP32
microcontroller and web server for remote control.
This configuration is in line with the methodology of
the Techno Dam project, in that the use of similar
hardware parts can accomplish accurate, real-time
water level readings and automatic floodgate control
[8]. A multimodal vertical shaft defect detection
system for hydropower stations was proposed using
unmanned airships with panoramic CCD cameras, 3D
laser scanners, and other sensors. By combining image
and sensor data, the system identifies structural faults
with high precision at a reported detection rate of
90.90%. The idea of integrating diverse sensing
modalities and sophisticated feature fusion methods
presents valuable insights for surface-level dam
monitoring. Although the aerial inspection approach is
not directly transferable, the multimodal data fusion
idea can be used to improve detection algorithm
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robustness when multiple sensors are integrated [9].
An loT-enabled Dam Water Management (loT-
DWM) system solving both flood prevention and the
optimization of agricultural water supply was
proposed. The system employs a wireless sensor
network (WSN) to constantly observe dam states and
pipelines and send the data to a cloud platform for real-
time analysis. The adaptive water release with respect
to usage context, for example, crop requirements, may
be further extended in the Techno Dam project to
maximize dam output for various stakeholders by
enhancing both water saving and operational
smartness [10]. A Multi-task Enhanced Faster R-CNN
(ME-Faster R-CNN) model for enhanced dam crack
detection was proposed. The model employs a
ResNet-50 backbone for strong feature extraction and
multi-tasked improved Region Proposal Network
(RPN) to adjust candidate regions with enhanced
precision and localization. The framework can be used
to improve the crack detection module in the Techno
Dam project, particularly in detecting fine, initial
cracks on the surface of the dam [11]. An loT-based
framework for dam automation was introduced,
highlighting the need for continuous monitoring to
evaluate the dynamic structural and environmental
conditions of dams. The framework converges remote
sensing techniques and wireless sensor networks
(WSNs) to provide real-time alarms whenever the
parameters of dams move beyond their normal limits.
This framework can assist in the incorporation of real-
time environmental and structural data into the Techno
Dam project to initiate emergency alarms and inform
preventive maintenance [12].

I11. SYSTEM ARCHITECTURE AND DESIGN

The envisioned Techno Dam system is a holistic
integrated platform for smart dam monitoring and
automation that would address the shortcomings of
manual inspection and response. The system is
developed as a network of interdependent subsystems,
beginning with data gathering from sensors
strategically located throughout the dam for cracks
detection, water quality, leakage, water levels, and
rainfall. This information is fed into an ESP32
microcontroller, used as the processing unit, collecting
and analyzing the data in real time. One of the most
important parts is the laptop software that analyzes
images from a camera to identify crack and leakage.
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The pictures are examined through deep learning
algorithms and image processing to determine
structural defects, a process effective in detecting
small and intricate surface flaws. The vision data plays
a key role in the early detection of possible
weaknesses, a feature conventional system does not
possess. According to set thresholds and algorithm,
ESP32 devices regulate the water pumping system,
dam gate operation, and notify the system in case of
any deviations. For water quality, turbidity and pH
sensors constantly measure the chemical and physical
properties of the water. Additionally, a rain sensor is
integrated for preventive flood control and gate
operation. The interconnected nature of the system
guarantees that all the subsystems operate in unison to
ensure automatic  response to environmental
variations and potential threats, ensuring overall dam
safety, operation resilience, and sustainable water
management. An integrated emergency alarm system
immediately informs operators and authorities of
major anomalies or water levels through SMS, app
messages, or other loT-based messaging. This real-
time notification system is crucial in providing instant
and coordinated response in cases of emergencies.

1.HarOdware System Block Diagram
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Figure 1. Block Diagram of Techno Dam

2.Core Hardware Components

e ESP32 is the core microcontroller, aggregating data
from all the sensors and managing actuators to
facilitate real-time monitoring, gate automation, and
loT-based communication for dam safety

o Water Level Sensor constantly measures dam water
levels, which are used to automatically control
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motor gates to avoid overflow or drought.

¢ Rain Sensor senses precipitation levels, enabling
the system to predict flood threats and take
anticipatory action on gate management to avoid
disasters.

e pH Sensor tracks the chemical makeup of the water
to verify that it is safe for agricultural purposes and
environmental protection.

o Turbidity Sensor tracks the clarity of the water to
detect sedimentation or contamination to ensure
water quality and safety.

o Water Pump is controlled according to sensor
readings to manage the distribution of water
effectively for irrigation or emergency drainage.

o Relay serves as an electronic switch, allowing the
ESP32 to regulate high-voltage equipment such as
water pumps and motorized gates for use in
automated dam operation.

o LCD Display indicates real-time environmental and
structural information on-site, helping operators
make rapid evaluations of dam conditions without
logging in to the backend system.

e Buzzer is an audible warning mechanism that
triggers under critical conditions like high water,
structural abnormalities, or an approaching storm.

e Motor Gates are self-controlled or controlled
manually to control the flow of water according to
sensor information, providing timely release of
water and mitigating flood hazards.

3. Software Environment

e Arduino IDE:

This integrated development environment is
employed to write the control logic for the ESP32
microcontroller. It enables sensor integration,
actuator control, and makes the system responsive by
processing all the real-time, safety-critical data on
the microcontroller itself.

¢ Python:

It is the foundation for image processing and deep
learning modules. It drives the models that identify
cracks and structural faults from the camera feed, a
central feature of the project's predictive maintenance
features.

e Embedded C:
Employed in the ESP32 firmware for low-level and
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efficient programming. It is necessary for handling
real- time sensor data and actuator control, which are
safety and operationally critical.

The software design is made to perform both on-site,
low-level control and high-level, advanced data
analysis. The Embedded C software on the ESP32
gives the basic functionality of reading the sensors,
running the control algorithm for the dam gate and
water pump, and giving on-site alerts through the
buzzer and LCD. This makes the system response
instantaneous to real-time changes independent of
network connectivity. For more advanced functions
such as crack detection, a Python- based program is
utilized. This program utilizes powerful deep learning
frameworks to process images taken by the cameras.
This dual strategy of applying a lightweight,
embedded language to main control and a more
adaptable language for advanced processing enables
the system to be both highly responsive and smart. The
interaction between the different software modules is
controlled by the ESP32, which serves as a gateway
between the physical sensors, automatic actuators, and
remote monitoring cloud platform.

IV. METHODOLOGY
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Figure 2. Flowchart of the Proposed Techno Dam

1. Structural Monitoring by Image Processing:

The system starts with a camera installation, a fixed
camera —placed to take distinct, regular images of the
dam surface. The images go to an image processing
module that employs deep learning algorithms for
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crack detection. This module utilizes convolutional
neural networks (CNNs), which are powerful in
detecting both small and intricate surface flaws. The
outputs from this module are passed on to the
structural health monitoring system, which checks if
the dam is structurally sound or shows initial signs of
damage. This process provides continuous, automated
structure evaluation without any manual inspection.

2. Water Leakage and Quality Monitoring:

For maintaining internal safety and environmental
quality in the dam system, several sensors are used.
Moisture sensors are put in place to identify any
leakage of water from the dam structure. In case there
is leakage, this may mean weaknesses or damage. At
the same time, pH and turbidity sensors track the
chemical and physical properties of the water in the
reservoir. This is used to decide whether the water is
good enough for use downstream, like agriculture or
household consumption. These sensors provide
continuous data, which is critical for maintaining
water quality and early fault detection.

3. Water Level and Rainfall Sensing:

Managing water levels efficiently is vital for dam
safety and water conservation. A water level sensor is
placed inside the reservoir to measure the height of the
stored water in real time. Alongside it, a rainfall sensor
records precipitation levels around the dam. These
two data points are crucial in anticipating possible
overflows and water discharge planning. For example,
during persistent heavy rain, the system can foresee
increasing water levels and pre-emptively respond by
letting water out in a controlled fashion.

4. Central Control with ESP32 Microcontroller:

The ESP32 microcontroller acts as the central
decision-making device of the system. It receives and
processes live data from all attached sensors and the
crack detection module. According to predefined
conditions, thresholds, and logic, the ESP32 decides
whether or not to initiate alerts, open gates, or record
data for later analysis. It acts as the primary
communication hub between hardware (sensors and
actuators) and cloud platforms, providing smooth
passage of information and command execution. Due
to its high-speed processing and Wi-Fi functionality, it
becomes perfectly suited for real- time operations and
remote access.
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5. Automated Dam Gate Control

Gate operation is completely automated with data
inputs from the ESP32. When the water level hits safe
limits or when heavy rain is sensed, the ESP32 takes
instructions to the automated gate control system. The
system drives mechanical actuators that are attached to
the dam gates. Depending on the circumstances, the
gates are partially or fully opened to release excess
water in a controlled manner. This process not only
avoids overflow and flood but also aids in the efficient
distribution of water for downstream purposes without
any human input.

6. Emergency Alerts and Notifications:

In any situation where critical problems are
identified—Iike high water levels, structural faults, or
contaminated water—the system is designed to issue
immediate alerts. The ESP32 initiates the emergency
alert module, which sends messages by SMS or email
to dam operators and relevant authorities. The alerts
facilitate prompt human intervention when called for
and add situational awareness even in cases where
operators are away from the site.

7.Cloud Storage and Remote Monitoring:

The whole system is connected to an loT cloud
platform. All sensor data, alerts, and system logs are
pushed in real time. Remote access to dam data can be
provided through a secure web portal or mobile app.
The users can view important parameters such as
water level, rainfall, leakage, and structural health
from anywhere.

V.PERFORMANCE ANALYSIS AND RESULTS

Hardware model:
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Figure 3. Hardware Model Implementation

Crack Detection in Real Time:

The Deep Learning Module's real-time functioning is
confirmed by the visual output below, which shows
successful crack detection (Figure 3).

Figure 4. Real Time Crack Detection

The functioning of the system's Visual Intelligence
Path is successfully demonstrated, affirming the
central capability of automated structural health
monitoring. The base Deep Learning model, utilizing
the YOLOV5 algorithm as defined, resulted in a
conclusive outcome, effectively localizing and
classifying a crack on the simulated dam surface. This
process is executed in close to real-time, where the
command line interface records the fast frame
processing time, which reduces the latency period
between crack development and critical alert
generation. The visualization window indicates the
defect with a bounding box inscribed "Crack™ and
shows a confidence score, offering a quantifiable
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measure of the model's confidence necessary for
accurate structural evaluation. The log also monitors
the status of each frame that has been processed,
clearly reporting either detection of a crack or "(no
detections)", providing a resilient audit trail and
confirming the system's ability to deliver Early
Detection of Structural Issues and move maintenance
towards proactive failure prediction.

Automated Monitoring and Control:

Figure 5: Automated Dam Gate Control

The main automation goal of the system is achieved
by continuously monitoring the reservoir and having
tightly controlled dam gate management. The control
logic is automated by the central ESP32
Microcontroller, which operates low-latency firmware
to enact a proactive, multi-level discharge strategy.
This embedded system imposes proportional logic:
gate opening ramps from one gate at the 50% level,
to two gates at the 80% level, and peaks with all gates
opening at the High-Water threshold for maximum,
emergency discharge. This multi-level control allows
for the prompt and automatic management of the Dam
Gates Actuators, removing the dependence on manual
control and greatly improving flood safety and
operating efficiency.

Water Quality and Environmental Monitoring:

The completely deployed multi-sensor network
verifies the system's reliability for continuous and
sound environmental and water quality monitoring by
sending real-time data to the ESP32 Microcontroller.
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We also verified the operational status of all major
sensors—such as the Water Level, Rainfall, pH,
Turbidity, and Water Leakage sensors—by checking
their stable and correct data flows for an extended
period of testing to ensure data integrity and minimal
latency throughout the network. This constant stream
of data is absolutely essential since it directly and in
real-time feeds the Automated Gate Control logic for
ensuring prompt response capability. For example, the
timely acquisition of rainfall data confirms the
system's exclusive capability to practice proactive
flood mitigation through initiating discharge ahead of
the water level physically reaching its peak. In
addition, water quality sensors (Turbidity and pH)
enforce regulatory compliance through ongoing
monitoring of the water's chemical and physical
parameters, initiating instant and targeted alarms
whenever critical levels, e.g., excessive sediment or
harmful pH levels, are reached. This stringent, unified
validation of the Environmental Sensing Path verifies
the operational resilience and safety assurance
demanded to manage critical infrastructure.

Continuous, Real-Time Monitoring:

< ‘ p;m automation

October 28

Dam Monitoring..

WATER LEVEL 80% RELEASING WATER

WATER LEVEL 50% RELEASING WATER

WATER LEVEL HIGH RELEASING WATER

Crack Detected..

Crack Detected..

Figure 6: Real Time Notification

Validating the Emergency Notification System of the
system successfully is well illustrated by the real- time
message stream, proving that operators are
provided with instantaneous, actionable intelligence in
the remote setting. The communications channel
delivers instantaneous  disaster alerting and
monitoring, meeting an integral project requirement.
Messages, handled by the ESP32 Microcontroller,
validate automatic alerting on priority occurrences,
such as proportional alerts for the Automated
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Discharge Reporting (e.g., "50% RELEASING
WATER") and the most critical Critical Emergency
Alert ("WATER LEVEL HIGH RELEASING
WATER"). Importantly, the system also alerts
structural defects identified by the Visual Intelligence
Path with the "Crack Detected." message to get the
maintenance crew moving as soon as possible. This
dependable, non-real-time communication
demonstrates the effectiveness of the system in
providing remote situational  awareness and
considerably minimizing human reaction time in
emergency situations.

VI. CONCLUSION AND FUTURE SCOPE

The Techno Dam system effectively proves the
capability of combining enhanced Artificial
Intelligence (Al) and the Internet of Things (I0T) to
sustainably attain resilient and proactive dam control.
The project entirely built a powerful foundation that
transcends conventional reactive controls,
characterized by the successful implementation of the
Visual Intelligence Path (utilizing YOLOV5 for crack
detection) and the Autonomous Control Path (utilizing
ESP32 for multi-level gate control). The full
implementation verifies its capability to optimize
operation efficiency, optimize public safety, and
protect key infrastructure. Future work should be
driven by expanding toward including Reinforcement
Learning (RL) in order to provide truly predictive
discharge from forecasts, applying Multimodal Sensor
Fusion for improved structural analysis, and porting
the Deep Learning module to a specialized Edge Al
processor to improve system resilience.
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