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 Abstract - 

             Floods are among the most destructive natural 

disasters, causing severe loss of life, large-scale property 

damage, and disruption to agriculture, transport, and 

public infrastructure in many regions of the world. Many 

flood-prone areas, especially rural and developing regions, 

lack affordable and reliable systems that can continuously 

monitor rising water levels and intense rainfall in real time. 

This paper presents Innovative Flood Guard, a low-cost, 

embedded, standalone flood early-detection system that 

continuously monitors water level and rainfall using an 

ESP32-based microcontroller, a waterproof ultrasonic 

sensor, and a resistive rain sensor. Real-time sensor 

readings are filtered, compared against predefined safe, 

warning, and danger thresholds, and mapped to a three-

level alert logic that drives local visual and audible alarms 

through LEDs, a buzzer, and an optional high-decibel siren.  

    The system is powered by a solar-assisted battery supply 

and enclosed in a weather-proof housing for long-term 

outdoor deployment. Experimental testing under controlled 

conditions demonstrates that the prototype measures water 

level with good accuracy, distinguishes between light and 

heavy rainfall, and triggers alerts almost instantaneously 

once thresholds are crossed, making it suitable for 

localized, real-time flood monitoring in resource-

constrained environments. The modular design also allows 

future integration with IoT services such as cloud 

dashboards and messaging applications for remote 

notifications and long-term data logging, while keeping the 

core unit fully functional in offline mode. 
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  1.   INTRODUCTION 

   Floods continue to be one of the most serious natural 

disasters globally, causing widespread destruction to human 

life, property, agriculture, and critical infrastructure. In 

many flood-prone regions, especially in rural and 

developing areas, there is a lack of efficient and affordable 

early-warning systems capable of continuously monitoring 

rising water levels and heavy rainfall in real time. Existing 

monitoring solutions are often large-scale, expensive, and 

dependent on centralized stations or manual observations, 

which do not provide localized, real-time data for 

vulnerable locations such as village riverbanks, urban 

drainage channels, or agricultural fields.  

   With the rapid advancement of embedded systems and 

Internet of Things (IoT) technologies, it has become feasible 

to design compact, low-cost, automated units that can 

operate continuously at multiple locations and provide early 

information about changing environmental conditions.  

 

                                              Fig no: 1 protype setup 
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  The Innovative Flood Guard project is motivated by the 

need for a reliable, autonomous solution that can detect 

dangerous flood-related conditions at an early stage and 

generate immediate on-site alerts to reduce the impact on 

people and property.  

2. PROBLEM IDENTIFICATION 

    Many flood-prone locations still depend on manual 

observation, periodic reporting, or largescale measuring 

stations that are geographically sparse, leading to delays in 

warning when local water levels rise rapidly due to intense 

rainfall, river overflow, or drainage failure. Existing 

automated solutions are often expensive, require 

sophisticated infrastructure, or are limited to single-point 

measurement without providing a comprehensive view of 

localized risk. As a result, communities frequently receive 

alerts too late to organize safe evacuation, protect assets, or 

implement temporary mitigation measures. 

   In addition, stand-alone systems that provide only local 

indication on a small display or via LEDs become 

inaccessible precisely when floodwaters make the 

measurement site too dangerous to approach. Single-sensor 

designs, especially those based only on non waterproof 

ultrasonic probes or simple float switches, are vulnerable to 

environmental effects such as debris, turbulence, humidity, 

and corrosion, leading to false positives, missed events, or 

frequent maintenance. 

   Therefore, there is a clear need for a compact, low-cost, 

and robust embedded solution that can continuously 

monitor water level and rainfall intensity, perform real-time 

local classification, and provide clear on-site alarms, while 

remaining extensible towards cloud-based monitoring when 

connectivity is available 

3. LITERATURE REVIEW 

   Research on flood early warning systems spans simple 

GSM-based alert devices, stand-alone microcontroller 

projects, and advanced cloud-based prediction platforms 

using hydrological and meteorological data. Early 

prototypes primarily targeted community-level 

deployment with minimal hardware cost, whereas more 

recent work explores dense sensing networks, IoT 

protocols, and machine learning models for predictive 

analytics. This section highlights representative 

contributions and their limitations from the perspective of 

localized, embedded flood monitoring. 

3.2 GSM-Based Flood Warning Systems 

Simatupang proposed a flood early warning detection 

prototype using an Arduino, ultrasonic water-level sensor, 

and SIM900 GSM module to send SMS alerts when water 

level thresholds are exceeded, demonstrating a low-cost 

solution for regions lacking internet connectivity. The 

design emphasizes simplicity and single-node 

deployment, with fixed thresholds stored in the controller 

and SMS-based notifications to preconfigured mobile 

numbers. However, dependency on GSM-only 

communication makes the system vulnerable to network 

congestion or outages during extreme weather, and the 

absence of local intelligence beyond threshold comparison 

limits adaptability. 

   Kumar et al. developed a GSM-based water level 

monitoring system in which a microcontroller generates 

SMS alerts once the water level reaches a critical 

threshold, eliminating the need for continuous manual 

supervision at the monitoring site. Their work shows that 

2G networks can still serve as robust backbones for basic 

binary alerts in developing regions with limited high-

speed connectivity. Nevertheless, the approach lacks 

temporal resolution, as alerts are only sent during 

emergencies, providing no information on rate-of-rise or 

historical trends, and does not incorporate networked data 

logging for analytics or multi-stakeholder access. 

3.2 Ultrasonic Sensor-Based Water Level Systems 

   Gupta and Sharma implemented a smart water-level 

monitoring system using the HC-SR04 ultrasonic sensor 

with an Arduino Uno, achieving millimeter-level 

measurement accuracy and demonstrating the advantages 

of non-contact sensing over mechanical float switches. 

Their design uses time-of-flight of ultrasonic pulses to 

estimate water height and display results locally on a 16×2 

LCD, making it suitable for small bridges or drainage 

monitoring where low cost is critical. However, the 

system remains stand-alone, without wireless 

connectivity, and does not address environmental effects 

such as humidity and temperature variations on ultrasonic 

speed, nor the need for remote visualization and multi-

node integration. 

3.3 Cloud- and IoT-Based Flood Platforms 

   Later works explored cloud computing and IoT for   

flood prediction and real-time urban water management, 

integrating distributed sensors with web dashboards and 

mobile applications to provide richer situational 

awareness. These systems support continuous telemetry, 

historical data storage, and advanced analytics, including 

machine learning models that consider upstream 

conditions and rainfall forecasts. While such platforms 

offer powerful features, they often assume reliable grid 

power and stable high-speed connectivity, which may not 

be available in remote or rural flood-prone areas where 

basic early warning is still missing. 

3.4 Research Gap 

   Across these studies, several gaps are evident: many 

designs rely on a single communication medium such as 

GSM or Wi-Fi, lack redundancy, or depend on centralized 

infrastructure that may fail during disasters. Single-point 

sensing without rainfall context can misinterpret transient 

water level changes, and lack of on-board intelligence 
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restricts systems to simple threshold alerts without 

nuanced classification or local safety logic. There is thus 

a need for an embedded solution that combines robust, 

waterproof ultrasonic sensing, rainfall detection, on-site 

alerting, and the option for IoT telemetry, while being 

simple enough to deploy in low-resource environments. 

4. EXISTING SYSTEM 

   Earlier flood monitoring systems in many regions 

involve manual reading of water gauges, ad hoc visual 

inspection during heavy rainfall, or dependence on 

centralized hydrological stations that publish warnings 

after processing data from a limited number of locations. 

These approaches are labor-intensive, slow, and often 

incapable of capturing sudden local surges in water level 

due to intense rainfall or upstream release, especially in 

smaller tributaries, urban drains, or irrigation channels. 

    The literature also highlights stand-alone 

microcontroller systems using ultrasonic sensors and GSM 

modules that issue SMS alerts based on discrete threshold 

crossings, as well as projects that display water level only 

on local LCDs without any communication channel. While 

these systems represent significant improvements over 

purely manual monitoring, they suffer from lack of 

redundancy in communication, limited historical data, and 

vulnerability to environmental effects on single sensors. In 

addition, most do not integrate rainfall sensing, 

atmospheric context, or structured classification of safe, 

warning, and critical states at the local unit level. 

5. SYSTEM ARCHITECTURE AND DESIGN 

    5.1 Overall Architecture 

   The Innovative Flood Guard is organized as a three-layer 

embedded architecture comprising a Sensing Layer, a 

Processing Layer, and a Local Alerting Layer.  

 

Fig no : 4  Architecture 

   The Sensing Layer gathers environmental inputs such as 

water level and rainfall. The Processing Layer, implemented 

on an ESP32 microcontroller, filters and interprets sensor 

data and executes the decision logic. The Local Alerting 

Layer provides human-perceptible feedback using LEDs, a 

buzzer, and an optional relay-driven siren. All electronics 

are powered by a solar-based supply and installed in a 

weather-resistant enclosure. 

    The proposed system is designed as an integrated 

embedded solution that combines continuous water-level 

monitoring, rainfall detection, and on-site alert generation 

within a single ESP32-based platform.  Environmental 

inputs from the HC-SR04 ultrasonic sensor (water level) 

and a resistive rain sensor (precipitation) are acquired by the 

ESP32, which executes decision logic to classify the current 

state and trigger the appropriate alert outputs. A 16×2 LCD 

provides textual information such as mode (safe, warning, 

critical) and live readings, while a buzzer generates audible 

alarms when danger thresholds are exceeded. 

   The architecture is layered into sensing, processing, 

alerting, and power subsystems, with the ESP32 serving as 

the central controller that manages sensor acquisition, 

threshold comparison, display updates, and buzzer control. 

The design supports future connectivity via the ESP32’s 

built-in Wi-Fi interface for cloud telemetry, but in its base 

configuration all essential functions, including 

classification and alerting, operate locally without 

dependence on external communication. 

 

5.2 Operating Principle 

 

   During normal operation, the ESP32 periodically triggers 

the ultrasonic sensor to emit pulses and measures the echo 

time to compute the distance to the water surface, from 

which water level is derived, while simultaneously 

sampling the rain sensor output to determine whether 

rainfall is present or intense. If the water level and rainfall 

measurements remain below the warning thresholds, the 

system indicates a safe state on the LCD and keeps the 

buzzer silent. 

    When the water level exceeds the warning threshold or 

when heavy rainfall is detected in combination with rising 

water, the system transitions to a warning state, updating the 

LCD message and generating intermittent buzzer tones to 

alert nearby people that conditions are deteriorating. If the 

water level crosses the critical threshold, the system enters 

a critical state, displaying "Flood Alert" or similar messages 

and activating a continuous or highfrequency alarm to 

prompt immediate response. 
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5.3 Block Diagram 

    

Fig no : 5.3 Block Diagram 

  

6. EXPERIMENTAL SETUP AND RESULTS 

 

6.1 Experimental Results 

 

    Experimental validation was carried out under controlled 

conditions where each subsystem was first tested 

independently and then integrated into the complete setup. 

For water-level testing, the ultrasonic sensor was fixed at a 

known height above a water container, and the water level 

was increased step by step while manual measurements 

were taken with a scale for reference. For rainfall testing, 

different amounts of water were applied to the rain sensor 

plate to emulate light and heavy rainfall scenarios.  

 

 

6.2 Water Level Measurement Results 

 

    During experiments, distance values displayed on the 

LCD (or internal serial monitor) closely matched the 

manually measured distances, with small differences 

remaining within an acceptable error range for practical 

flood-monitoring use. This confirmed that the time-of- 

flight calculation and distance-to-water-level conversion 

implemented in the ESP32 firmware were functioning 

correctly and that the non-contact measurement approach 

provided sufficient accuracy. 

 

 

Fig no: 6.2 Water level results 

 

6.3 Rainfall Detection Results 

 

   The rain sensor tests showed that small amounts of water 

droplets caused slight changes in sensor output, which the 

ESP32 correctly interpreted as light rainfall, whereas larger 

quantities of water produced higher readings that crossed 

the heavy-rain thresholds. Calibration of sensitivity ensured 

that normal moisture, condensation, or minor splashes did 

not trigger false rain detections, improving the robustness of 

the rainfall channel. 

 

 

Fig no :6.3 Rain Detection Results 

   6.4 Discussion 

The experimental results indicate that non-contact 

ultrasonic sensing is effective for localized flood 

monitoring. By avoiding direct exposure of sensing 

elements to water, the system reduces the risk of corrosion, 

mechanical wear, and jamming by debris, which is 

important for long-term outdoor deployment. The close 

match between calculated and measured water levels 

suggests that the ultrasonic time-of-flight method is well-

suited to practical installations near rivers, canals, and 

drainage channels. 
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   Combining water-level and rainfall data enables more 

context-aware decision making than single-parameter 

systems. A modest rise in water level under dry conditions 

may not be serious, whereas a rapid rise accompanied by 

heavy rainfall is a strong indication of imminent flooding. 

The threshold logic used in Innovative Flood Guard 

supports such combined assessments and helps reduce both 

missed detections and false alarms. 

   The local alert mechanism using LEDs and a buzzer is 

simple but powerful for communities near the monitoring 

point. As soon as unsafe conditions arise, the audible alarm 

attracts attention, while the visual indicators provide clear 

status information. This makes the system suitable for 

village riverbanks, urban drains, and farm channels where 

quick local awareness is more important than complex user 

interfaces. 

   At the same time, practical limitations must be considered. 

Ultrasonic readings can be affected by strong wind, highly 

turbulent surfaces, or floating objects, leading to small 

variations or occasional outliers. The rain sensor’s exposed 

traces can give incorrect readings if the plate becomes dirty, 

rusty, or affected by condensation, so periodic cleaning and 

proper housing are necessary. Each unit also covers only a 

limited physical area, so larger regions require deployment 

and maintenance of multiple nodes. 

 

6.5 Future Scope 

 

   The Innovative Flood Guard system can be significantly 

enhanced as sensor technology, IoT infrastructure, and data 

analytics evolve. One promising direction is the integration 

of artificial intelligence and machine learning techniques to 

transition from reactive threshold-based alerts to predictive 

flood modelling. By analyzing historical data on water 

levels, rainfall, and environmental parameters, machine 

learning algorithms could predict flood occurrences more 

accurately, including flash floods and upstream surges, 

providing more advanced warnings. 

   Another important direction is the expansion into large-

scale IoT-based networks. Multiple units installed across 

cities or regions could transmit data to centralized cloud 

platforms, enabling authorities to monitor vast areas 

through dashboards with analytics, heat maps, and 

predictive alerts. Integration with emergency services could 

automate response measures such as deploying flood 

barriers or notifying evacuation teams in real time 

   Hardware improvements may include more energy-

efficient components, advanced solar charging systems, and 

more rugged enclosures for harsh outdoor environments. 

Long-range wireless communication modules such as LoRa 

could provide connectivity in rural or remote areas where 

conventional networks are weak. Additional sensors for soil 

moisture, wind speed, or river current velocity could offer 

richer environmental context and support more 

sophisticated decision strategies. 

 

 

 

 

7 CONCLUSION 

 

   The Innovative Flood Guard and Flood Early Detection 

System offers a practical, intelligent, and scalable approach 

to real-time flood monitoring and early warning in resource-

constrained environments. By integrating a waterproof 

ultrasonic water-level sensor, a rain sensor, and an ESP32 

microcontroller, the system continuously monitors key 

environmental parameters, processes data locally, and 

generates timely alerts via LEDs, buzzer, and optional 

external sirens. Experimental testing confirms that the 

prototype provides accurate measurements, fast response, 

and reliable operation under test conditions, making it 

suitable for deployment along riverbanks, in urban drainage 

networks, and in agricultural settings 

   The system’s modular architecture, low power 

consumption, and cost-effectiveness support widespread 

deployment, while the provision for future IoT and AI 

integration opens pathways toward more advanced, 

predictive, and city-scale flood management solutions. 

Although limitations remain—such as sensor maintenance 

requirements and the need for multiple units to cover large 

areas—these challenges can be mitigated through proper 

installation, regular upkeep, and targeted enhancements. 

Overall, the Innovative Flood Guard represents a significant 

step toward more resilient communities and more effective 

flood risk mitigation in vulnerable regions 
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