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Abstract- There is an enormous need for advanced technology in 

Sri Lanka, with the need to raise an alert immediately to the 

lifeguards and swimmers nearby in case a person crosses into 

dangerous deep-water zones. This paper presents the development 

of a novel sensor-based system capable of detecting and warning 

lifeguards whenever a person enters unsafe zones in the water. It 

detects objects on the water surface by use of ultrasonic sensors 

and passive infrared sensors that help tell if the detected object is 

a living being or not by checking on the heat signature. It runs on 

a rechargeable battery and a solar panel, making it efficient and 

self-sustaining. Testing detected that during the day, the maximum 

range of system detection was 3.5 meters, while at night it was 4 

meters with rates of 79% and 86%, respectively. These results 

indicate that this sensor-based system would increase water safety 

through real-time alerts, hence reducing drowning-related 

fatalities, and probable future improvements with better sensors in 

order to enhance the accuracy and detection range of the system. 

 

Index Terms-  

I. INTRODUCTION 

ater sports feature centrally in the leisure and cultural lives 

of Sri Lanka, a country of breathtaking coastlines, 

numerous rivers, and picturesque lakes. These water bodies are 

also used as tourist activity centers, central for other functions for 

the local communities that rely on these facilities as spaces for 

fishing and for transport, providing access to clean water, and 

spiritually by being the sites of many religious activities. The 

intrinsic beauty and value of these bodies of water are also 

accompanied by a very real and constant threat: drowning. Indeed, 

it is estimated that annually, between 850 to 1,200 persons in Sri 

Lanka die from drowning, which comes out to be three deaths per 

day. That is an alarming statistic, making Sri Lanka one of the 

countries with the highest rates of water-related fatalities in the 

world and therefore underscores the imperative for effective water 

safety measures [1]. 

As if the unpredictability of a water environment were not enough, 

the population, generally, is not adequately skilled for swimming, 

while lifeguards are absent in most areas. Even though some areas 

have demarcated life-saving zones with the presence of lifeguards, 

accidents occur due to a host of factors, such as loss of vigilance 

and delayed reaction time [2]. Further, it also includes inadequate 

communication about hazards. Especially in rural areas, one of the 

strong challenges is true when natural water bodies are often used 

for recreation without any formal safety measures. This is further 

compounded by the fact that there is no advanced technology to 

aid such effort of the lifeguards in keeping tabs on and responding 

to impending dangers, thereby leading to unnecessary loss of life 

[3]. 

Realizing the need to innovate, this study is, therefore, designed to 

develop a sensor-based system for improved safety of people 

involved in water activities. Hence, the proposed system is aimed 

at bridging the gaps in the practice of water safety through real-

time detection and informing when any person enters into the risky 

zones of water. The system will work on the combination of 

ultrasonic and PIR sensors in order to detect objects on the water 

surface and classify them as either a living or non-living thing 

through their heat signatures [4]. The ability to detect human 

presence with a high level of accuracy under very difficult 

environmental conditions could be achieved by this dual-sensor 

approach. 

The system shall thus be developed on the basis of results obtained 

from a pilot survey among lifeguards and water safety 

professionals in Sri Lanka, which had shown that the most 

important need in this field was some form of mechanism for 

effectively warning lifeguards of impending dangers before they 

escalate into life-threatening situations [5]. Responses to the 

questionnaire were overwhelmingly in favor of the sensor-based 

detection system, as this technology could very easily trim down 

response times and thereby save lives. 

Apart from the practical applications, this study also contributes 

to the broad discourse on technology for water safety. With a 

number of systems and devices being developed in different parts 

of the world to monitor and ensure water safety, the peculiar needs 

and challenges of the Sri Lankan setup warrant an approach that is 

uniquely relevant to them [6]. The research not only solves the 

special challenges but also provides the basis for further 

innovations in the domain of water safety. 

W 
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This, in turn, has caused the introduction of a sensor-based person 

indicating system—the giant leap toward the effort at reducing 

incidents of drowning in Sri Lanka. The system seamlessly 

combines state-of-the-art sensor technology with everyday safety 

measures, potentially saving lives and bringing peace of mind to 

those living, working, and playing near water bodies around the 

nation. Further development and fine-tuning will make this 

innovation an integral tool in the fight to make Sri Lanka's waters 

safer for all. 

II. RELATED STUDIES 

It's the foremost preliminary step for proceeding with any research 

work writing. While doing this go through a complete thought 

process of your Journal subject and research for it's viability by 

following means: 

A. Ultrasonic and PIR Sensor-Based Detection Systems 

Research: Ultrasonic and PIR Sensor-Based Monitoring Systems 

for Improved Security [7]. 

The paper presents the implementation of ultrasonic and passive 

infrared sensors in the field of security systems regarding the 

human presence and his movement detection. It is documented 

that fusion of the data provided by the two classes of sensors can 

highly improve the accuracy regarding the detection under all 

circumstances, even outdoor. The findings may also be used 

during the development of water safety systems since detection in 

this case should be accurate. 

B. Human Detection in Aquatic Surrounding 

Research: Human Detection and Tracking in Aquatic 

Environments Using Sensor and Fusion [8]. 

This study seeks to investigate the detection and tracking of 

humans in the presence of water, by combining cameras and other 

types of sensors, such as ultrasonic equipment and thermal 

imaging. This fusion will help alleviate the faults of each single 

sensor, especially when the reflections from water keep changing 

and the lighting conditions alternately change hence the 

importance of the insights that the study on sensor fusion provides 

for the broad robustness of water safety. 

C. Water Safety and Drowning Prevention Technologies 

Research: Technological Innovations: Smart Devices for 

Drowning Prevention [9]. 

The article reports on a review of various technological advances 

that may be used in the prevention of drowning, including 

wearable devices, smart buoys, and automated alert devices. Most 

of the attention is given to the real-time detection and alert systems 

relating to the prevention of fatalities. This paper gives quite a 

good overview for a beneficial design of sensor-based water safety 

systems with all the available technologies. 

D. Applications of Passive Infrared Sensors in Public Safety 

and Security 

In this paper, the researchers discuss the implementation of PIR 

sensors in public safety [10], involving surveillance and 

monitoring. The research further outlines the extent to which PIR 

sensors can be successfully integrated into human detection by 

thermal signatures, and particularly so for situations that prove 

challenging regarding visibility. The results, therefore, would 

favor investigating the role of PIR sensors in water safety, where 

water conditions could prove challenging in terms of visibility. 

E. Efficiency of Lifeguard and Technological Aid 

Research: Improved Lifeguard Efficiency through Advanced 

Monitoring Technologies [11]. 

This paper discusses ways to improve the efficiency of lifeguards 

as first responders by using advanced monitoring technologies like 

sensor-based systems. It explains how technology may improve 

human capacity regarding monitoring vast areas effectively and 

realizing efficient responses in cases of emergencies. From this 

study, one would conclude that there is a need to integrate sensor-

based systems into water safety to support lifeguards. 

F. Challenges in Water-Based Human Detection 

Research: Challenges and Solutions in Water-Based Human 

Detection Systems [12]. 

This paper elaborates the technical and environmental challenges 

in detecting the presence of a human in water, such as signal 

distorting and signaling on reflection. The study shows that taking 

the comparison among different techniques of sensing, including 

ultrasonic and infrared sensor techniques, the environment can be 

detected with better accuracy. The study is of invaluable 

importance since it provides all the technical considerations in 

designing an effective water safety system.  

G. Sensor-Based Systems for Accident Prevention 

Research: Preventing Accidents in Hazardous Environments 

Using Sensor-Based Systems [13]. 

This report will demonstrate sensors and their application to stop 

accidents occurring within various hazardous environments, such 

as construction and industries. Therefore, emphasis will be placed 

on the way these devices help in identifying probable hazards and 

sounding an alarm that prevents the occurrence of an accident. The 

principles contained in this research work can be utilized in the 

development of water safety systems against drowning; they've 

applied sensors to detect and alert the lifeguards of possible danger  

H. Implementation of Solar-based Sensors for Remote 

Monitoring 

Research: Solar-based Sensor Networks for Remote 

Environmental Monitoring [14]. 

This study delves into the application of solar-powered sensor 

networks for monitoring environmental conditions in remote 

areas. It covers the use of solar power for sensor power in places 

where other means of power are not available. This is highly 

relevant in relation to the configuration of water safety systems 

that, by their nature, would require operational setups in remote or 

off-grid locations.  

I. Real-Time Monitoring and Alert Systems 

Research: Real-Time Monitoring and Alert Systems for 

Enhancing Public Safety [15]. 

This paper delves into the real-time monitoring and alert systems 

in the public safety sector, particularly where a flood detection and 

emergency response system has been developed. This research 

paper shall highlight the need to be able to process large quantities 

of data quickly and interface them with real-time alerts in order to 

be able to communicate through a reliable channel. All these, as 
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concepts, become an integral part of the processes of designing a 

healthy system for the safety of water with respect to the 

automated alert system for the lifeguards to signal fast potential 

risks. 

  

III. RESEARCH METHODOLOGY AND MATERIALS 

A. Problem Specification 

In this approach combine all your researched information in form 

The principal challenge addressed in this research is the lack of 

appropriate technological solutions in Sri Lanka for detection and 

alerting, within a very short time, on entry of people into deep-

water zones that involve a high risk of drowning. Even with the 

existence of lifesavers in certain spots, numerous mischances have 

happened due to late recognition of risks and inadequate 

continuous monitoring in real time. The present research work 

tries to design a sensor-based system that is capable of effectively 

detecting human presence in danger zones of water and alerting 

the lifeguards present nearby to avoid possible drowning 

situations. 

B. Data Collection Method 

In this research, both qualitative and quantitative methods will be 

combined to collect data, which includes:  

 Pilot Survey: This pilot survey targeted professional 

lifeguards, swim instructors, and athletes to understand 

the current characteristics, needs, and gaps of the practice 

of water safety. The results from this survey therefore 

drove the design of the sensor-based system on the most 

important requirement: timely hazard detection and 

notification. 

 Testing in different environments: The accuracy of the 

system developed was tested in various environmental 

conditions, during the day and at night, to prove that it is 

efficient in the detection of a human presence in the 

water. Testing involved several trials for reliability and 

validity. 

C. Data Analysis 

Data obtained from testing for the accuracy of the device were 

analyzed using Minitab 17 software. The statistical analysis was 

done on the mean detection distance, accuracy rates, and 

effectiveness of the system in various conditions. The analysis also 

compared performance with existing measures on safety in respect 

to assessing its potential impact. 

 D. Data Presentation 

The data were presented using plots and statistical tables designed 

with Microsoft Office 2010 package. These plots will give clear 

illustration for distances of detection, accuracy rates, and other 

critical metrics of the developed system. 

E. Methodology 

The methodology that will be followed in the development of the 

sensor-based person indicating system for deep water activities 

will be as follows: 

 

 

 Selection of Appropriate Sensors: 

Basically, the system has used two different types of sensors: 

Passive Infrared sensors and Ultrasonic sensors. The PIR sensors 

detect the heat signature and thus help in discriminating between 

a living being and a non-living entity. Ultrasonic sensors detect 

objects on the water surface and measure the distance from the 

sensor to the detected object. 

 System Design: 

It consists of a solar panel power supply and rechargeable battery, 

all mounted on a floating platform. The different sensors are 

interfaced to the Arduino Mega 2560 microcontroller board, 

which processes the sensor data and generates various alarms. The 

system is mounted on a floating platform powered by a solar panel 

and a rechargeable battery. 
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Fig. 1. Overall System Diagram.  

 

 Overview of Features: 

Upon entering the range of the Ultrasonic sensor, it will measure 

the distance of the object from the sensor. Should the distance be 

within the predefined danger zone, then using a PIR sensor, check 

whether there is a heat signature from the object, common to all 

living beings. If both conditions are met, an alarm will trigger, 

alerting the lifeguards in the vicinity. 

 System Testing: 

Experiments were conducted in the day and night to test the 

system's range of detection and its accuracy. A number of trials 

were performed, with results recorded for further analysis. 

F. Materials 

The development of the sensor-based system used the following 

materials: 

 Arduino Mega 2560 R3 

This is the microcontroller board used in controlling the sensors 

and processing the data [16]. 

 

Fig. 2. Arduino Mega 2560 R3.  

 PIR Sensor (ZRD-09) 

A PIR sensor, dependent on passive infrared, is used to detect 

living beings' heat signatures [17]. 

 

Fig. 3. PIR Sensor.  

 Ultrasonic Sensor (HC-SR04) 

An ultrasonic sensor module was used to measure the distance of 

objects from the sensor on the water surface [18]. 

 

Fig. 4. Ultrasonic Sensor.  

 Solar Panel: 

A solar panel that generates power for our system from solar at 

daytime by converting the solar energy into electrical energy [19]. 

 

Fig. 5. Ultrasonic Sensor.  

 9V Rechargeable Sealed Lead-Acid Battery: 

9V Rechargeable battery that stores energy and supplies power 

allows the system to function during the hours that have dark low 

light levels [20]. 

 

Fig. 6. 9V Rechargeable sealed lead-acid battery.  

 LED Indicators: 
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Light Emitting Diode used as alert indicator devices that alert with 

visual importance of Caution and Risk [21]. 

 

Fig. 7. LED Indicators.  

 Jumper Wires 

Wires, which would be used to join the different parts of the 

system [22]. 

 

Fig. 8. Jumper Wires.  

 Buzzer 

A buzzer would be used to produce a sound alert if a risk of 

drowning were detected by the system [23]. 

 

Fig. 9. Buzzer.  

 Fiberglass and Polystyrene 

This would be used to construct the floatable platform that would 

contain the sensors and the electronics. 

IV. RESULTS AND DISCUSSION 

A. Study Results 

In this research, there is a primary intention of coming up with a 

sensor-based system and evaluating it in regard to its ability to 

detect and alert individuals who get into dangerous deep-water 

spots. Under different conditions, the effectiveness, accuracy, and 

reliability of the system were put to test, and these are the major 

results that were reaped from the testing phase: 

 Range of detection: 

Testing under day and night conditions helped establish the 

maximum detection range of the sensors. In the case of the 

ultrasonic sensor, the maximum range was 3.5 meters during the 

day and 4.0 meters at night. This may be caused by light conditions 

and water surface reflection during these times. 

 

Fig. 10. Detection Distance of Model (Day vs. Night).  

 Detection Accuracy: 

In essence, the detection accuracy of the system was obtained by 

considering the number of objects successfully detected within the 

designated danger zone. From this, the system's detection 

accuracy was recorded at 79% during the day and 86% at night. 

Probably due to reduced light interference, which would impact 

sensor performance, the readings at night have a higher accuracy.  

 Response Time: 

Response time was calculated as the duration from object 

detection to alert triggering. The average response time stands at 

about 0.5 seconds which is good enough for real-time monitoring 

and quick intervention by the lifesaver. 

 System Reliability: 

The system went through several trials to determine its reliability 

and consistency in various environmental conditions. The results 

showed that the system was very reliable since no major failures 

or false alarms were experienced during the testing period. 

B. Discussion 

This research develops a sensor-based system that can detect a 

person's entry into a deep-water area with a high degree of 

accuracy, in a manner that ensures timely notification to the 

lifeguard. The fact that this system could work both during the day 

and at night, with high detection accuracy and fast response time, 

opens up new avenues toward improving water safety. 

 Comparison to state-of-the-art: 

Compared to traditional water safety technologies, including 

manual observation and conventional buoy systems, the developed 

system has a number of advantages in terms of automation, 

accuracy, and reliability. Traditional approaches are normally 

reliant upon human vigilance, which is prone to flaws and delays. 

In contrast, the sensor-based system provides continuity, real-time 

monitoring, and minimizes the risk of human failure. 

 Environmental Factors on System Performance: 
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The difference in range and accuracy between day and night 

conditions underlines how environmental factors might impact 

sensor performance. The tendency for the greater accuracy of the 

system at night may suggest that it is more efficient under poor 

lighting conditions. Where human observation becomes difficult, 

more optimization of the system may be able to adjust the 

performance in the day by dampening the effects of ambient light. 

 Implications for Lifeguard Operations: 

Quick timing responsiveness by the system is critical to lifeguard 

operations in order to respond promptly to a situation that may 

require action on the potential drowning situation. In this line, real-

time alerts issued by the system make the response efforts of the 

lifeguards to emergencies easier, hence potentially reducing cases 

of drowning. 

 Limitations and Future Improvements: 

While it worked satisfactorily during testing, there are many 

avenues for improving the system. This includes increasing the 

detection distance by integrating more sophisticated sensors or 

sensor modalities. Further, machine learning algorithms can be 

integrated to enhance accuracy in detection and reduce false 

positives in complex scenarios. 

 Potential of Wider Application: 

Besides swimming pools and beaches, the sensor-based system 

would be usefully applicable to all other water environments like 

lakes, rivers, and reservoirs. This system has a versatile nature and 

adaptability in a wide range of applications related to water safety. 

In this paper, a developed sensor-based person indicating system 

that shows bright prospects for improving the safety of water and 

preventing drowning incidents is presented. This is a very 

effective and reliable system with fast response times, and so it 

can become a very useful complement to the existing safety 

measures on the water. Further research should be aimed at 

optimizing this system in respect of different environmental 

conditions and searching for possibilities of applying it in various 

water settings. 

V. FUTURE DIRECTIONS 

Future work on this developed sensor-based person indication 

system will involve integration with advanced sensor 

technologies, like thermal imaging, LiDAR, and radar, for more 

hardy detection capabilities in difficult environments. Besides, 

with the help of machine learning algorithms, it would also learn 

and update itself on its environment from time to time, thereby 

improving the accuracy of detection and reducing the false-

positive rates over time. 

 

Another important line of further development in the future would 

be increased system adaptability to different environment 

conditions and wider applications concerning water safety. Its 

effectiveness could be enhanced in different aquatic 

environments—from public beaches to remote lakes—by 

adjusting the system for the dynamic adjustment according to 

light, weather, and water conditions. In addition, investigation of 

the scalability of this system for larger coverage and networking 

of multiple units will have comprehensive safety coverage in 

larger or more complex water bodies. 

 

Finally, improvement of power management and sustainability 

features will be very critical to the system's longevity. This can 

also be further developed by investigating more efficient power 

sources, such as advanced solar cells or energy-harvesting 

technologies, in order to extend the system's lifetime and 

reliability of operation, all the more in off-grid or low-

maintenance applications. More intuitive user interface and multi-

channel alert systems will ensure that lifeguards and other 

operators find ease of use and full operational potential in this 

technology. 

VI. CONCLUSION 

This paper has therefore developed, and tested, an integrated 

sensor-based person indication system that displayed improved 

potential in water safety, more so in the detection of people 

entering hazardous, deep-water zones. On tests, the system has 

shown accuracies of 79% during the day and 86% at night for 

person detection at ranges of up to 3.5 m during daylight and 4.0 

m at night. Furthermore, it is designed to send the signals only 

when it detects any hazardous situation, and an alert is sent, on an 

average, within 0.5 seconds from detection, rising the chances of 

its prevention manifold. The reliability of the system was also 

further substantiated by the fact that it did similarly in the repeat 

trials with very minimal false alarms to persist, which was proved 

in real-time water safety monitoring. 

 

This indeed makes the findings in this study positive and 

promising. Further developments will include the integration of 

greater advance sensors, including thermal imaging and LIDAR, 

to further add on to the capability of detection range and accuracy 

in varied environmental conditions. In addition, machine learning 

can refine the discrimination capability between human and non-

human objects to mutually exclude false positives. All in all, this 

sensor-based system has much potential to make a new statement 

in the field of water safety technology, and eventually, this will be 

an integral feature in the aquatic settings, contributing to the 

reduction of drowning cases.  
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