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Abstract - Effective drowning detection methods are essential 
for the safety of swimmers. In this paper, a novel type of 
drowning detection method addressing many limitations of 
prevailing drowning detectors is proposed. The proposed method 
ensures detection of drowning and reporting at the earlier stages. 
The proposed drowning detection method is also a generic 
solution that suites different water bodies from pools to oceans, 
and an economically viable method useful for both low and 
middle income countries. The prototype of the drowning 
detection method is developed and demonstrated and model of 
the system is simulated in Proteus design suite. The results of the 
simulation and hardware experimentation are also reported.   
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I.  INTRODUCTION  

 Safety in water has been a concern for many centuries for 
the survival of human lives. The latest technology 
advancements have enabled to come up with effective 
drowning detection methods (DDM). A recent report from 
World Health Organizations (WHO) gives us some insight into 
the drowning incidents globally. The number of reported 
drowning deaths globally is 37200. The highest numbers of 
deaths are in low and middle-income countries. The survey 
also points that children have the largest death ratio compared 
to adults. Majority of the drowning deaths are reported from 
open water bodies likes lakes and sea, and not in pools. In the 
report WHO has recommended various drowning prevention 
techniques like constructing fences across the lakes, to prevent 
accidental fall to teaching school age children swimming as a 
part of their curriculum in schools.[1] 

According to Jeff Ellis and Associates, an International Aquatic 
Safety and Risk Management Consulting firm, drowning is 
divided into five stages [2]. 

Stage 1 - Shocking surprise: This initial stage is characterized 
by the shock of drowning and difficulty in breathing. The 
person starts to show a higher level of distress and attempts to 
reach the surface of the water, but in the vertical direction. 

Stage 2 - Involuntary Breath Holding: In this stage attempt to 
come to surface of water stops. He starts involuntary breath 
holding. Water has entered the mouth, causes the epiglottis to 
close. The victims gradually become unconsciousness, as 
breath is stopped. 

Stage 3- Unconsciousness: The victim becomes unconscious, 
and the body starts to sink to the bottom of the water. Unless 
breathing is re-established, the victim remains unconscious. 

Stage 4- Hypoxic Convulsions: The oxygen level in the brain 
reduces drastically. The victim’s skin turns blue, especially in 
the lips and fingernail beds. 

Stage 5- Clinical Death: Death is the final stage of drowning  

Any prediction of drowning during the early stages always 
reduces risks during the rescue operations. 

Drowning is classified into two, active drowning and passive 
drowning. In the active drowning, the victim express distress 
that is noticeable to others. In passive drowning, there is no 
distress exhibited by the victim. The passive drowning happens 
due to medical reasons like stroke; heart attack etc. or it could 
be that the person has become unconscious. Passive drowning 
victims generally have their face down underwater and in some 
cases will be floating below the surface. All these 
characteristics make the detection of drowning difficult for 
even professional lifeguards [3]. With the advancement in 
technology, various drowning detection methods are available. 
Some detectors are wearable like Kingii [4].  Another proposed 
wearable solution is a wearable life jacket which communicates 
with the life guard and also gets inflated during danger. [5] 
However many of these wearable systems are designed with a 
specific use case scenarios. A solution developed for pool 
might not be effective in the ocean. Another type of detectors is 
non-wearable. E.g. Video surveillance based systems that focus 
on taking images of the swimmer and water. The video 
surveillance comes with few design limitations like unable to 
work in darkness, prediction depends on the quality of the 
image, and need of high power computing devices. Various 
enhancements are provided to the video surveillance methods. 
[6- 9] 
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Many DDM designed today have limited scope of usage. DDM 
developed for pools requires lots of customisation work to 
make it work for the ocean. E.g. A video surveillance method 
used in the pool may not be useful to detect drowning in oceans 
with high waves. The paper address few of the points 
mentioned in the WHO report, like ease of use to children, 
economically viable solutions. The children playful nature 
makes them curious to water and less cautious about the 
dangers. A wearable DDM should not be impacting his fun 
while swimming. This will be the most important deciding 
factor that enables children to use the DDM. To address the 
above needs, we are proposing a DDM that can be attached to 
the swimming goggle. During drowning detection, the alarms 
are transmitted through water and picked up by the 
receivers/hydrophone placed at different locations in the water 
body. This is further processed and transmitted to the lifeguard 
for the rescue operation. 

The organisation of paper includes the design of swimming 
goggles. A system for drowning detection is reported in section 
II. Section III discusses the block diagram and flowchart 
representation.  The simulation and experimentation is reported 
in section IV. Section V discusses results. The conclusion and 
future scope is presented in section VI. 

II. SWIMMING GOGGLES BASED DROWNING DETECTION 

METHOD 

 Drowning detectors detect the drowning by analysing the 
various readings exhibited during drowning distress, by the 
victim. This could be like monitoring the waves generated due 
to panic to monitoring the irregular pressure variations from the 
gadget, used by the victim. In the method described in this 
paper, we try a novel method which could predict the 
drowning. It is obvious that the distress starts as soon as the 
person reaches the mental barrier point of his breath holding 
capacity. Maximum breath holding time varies from person to 
person. An average person can hold breath for 1 to 2 minutes 
while a 4 year old kid could hold very less duration [10].  

If we can develop a system that can trigger alarm in case both 
mouth and nose are under the water, beyond the breath holding 
time, we can predict the drowning.  

The swimmers, especially children get easily disturbed by 
placing any sensors very closer to the mouth and nose. They 
may also try to remove it because of the disturbance. The 
regular touching on the sensors can also break the unit. Having 
tried out many alternatives, we have found out swimming 
goggles are the best place to fit the DDM. This makes the 
solution acceptable to all age group and does not disturb the 
swimming pleasure. On the negative side, since water sensor is 
not placed very close to the nose and mouth, the accuracy of 
the detection has to depend on redundant water detecting 
sensors.  

Alarm Transmitter 
unit

Drowning 
Detecting 
sensor 1

Drowning 
Detecting 
sensor 2

 

Fig.  1  Drowning detection enabled swimming goggles. 

Figure 1 shows the parts of the drowning detection system 
attached to the goggles. Two drowning detection sensors are 
placed on the side elastic of the goggles. A simple resistive 
based circuit interfaced with the microcontroller is used. The 
two Input Output lines of the microcontroller form the resistive 
circuit. When in air, due the high resistance of air between 
these wires, the circuit remains open. When immersed in water, 
the circuit gets completed with the water. The two detectors 
represent that both sides of the nose and mouth are closed.  The 
Alarm transmission module is used to send the alarms when the 
drowning is detected. Alarm transmission modules are 
triggered by drowning detection unit. The Alarms are 
transmitted using the underwater communication [11]. 

III. SYSTEM DESCRIPTION AND FLOWCHART  

Figure 2 represents the system diagram of the drowning 
detection unit. The entire system consists of drowning 
detection enabled goggles and an alarm receiver. The alarms 
from goggles are transmitted under water through existing 
under water communication technology like acoustic waves, 
infrared etc. The selection of communication technology is 
crucial from the range perspective [12]. The bottom portion of 
the alarm receiver is immersed underwater and top portion 
faces outside water. The bottom portion receivers picks the 
alarms transmitted from the victims goggles. These alarms are 
further processed and transmitted to life guard or concerned 
authority wired or wireless, depending on the need. 
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Fig. 2 System block diagram 
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Fig. 3. Software Modules in goggles 

Figure 3 shows the various software modules in the goggles. 
The input from both drowning sensors reaches the core unit. 
The core unit has a timer & SW logic module, Timer is started 
when both the drowning detectors are detected underwater the 
alarm unit will be triggered after the expiry of the timer. The 
time out values are software configurable and are saved in the 
Configuration settings. This timeout value is set by the user 
based on his breath holding capacity. The timer is reset if at 
least one of the sensors is out of the water. Once the timer is 
expired the alarm module is triggered.  Underwater Alarm 
Transmitter unit will be triggered by the Core unit, if drowning 
is detected. The transmitter antennas starts transmitting the 
alarms that will be received by the receivers placed at various 
part of the lake/pool or ocean. This is diagrammatically 
explained in the below flowchart. 

 

Fig.  4 Flow chart of Alarm trigger 

IV.SIMULATION AND EXPERIMENTATION 

Transmitter simulation circuit consists of the drowning 
detection sensor circuit, Arduino UNO board and alarm 
transmitter. The Ardunio UNO board is using a microcontroller 
ATMega328P, which has 10bit resolution. The drowning 
detection circuit has two probes, one ground probe and the 
other sensing probe. Water presence has been simulated by 
using a switch. The BC547 NPN transistor turns ON the 
Arduino when the water presence simulation switch is turned 
ON. A counter also starts ticking at the presence of water. Once 
timed out the pin 13 goes high and acoustic transmitter starts 
transmitting. Figure 5 depicts the Transmitter Circuit glowing 
Green LED indicates that the person is inside water. The 
yellow LED indicates that transmitter is transmitting  the 
signal.  
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Fig.  5. Transmitter circuit simulation 

The receiver part consists of a hydrophone, and an oscilloscope 
to record the output from the hydrophone. Hydrophone 
receives the signal from the transmitter, which triggers the 
buzzer by which we can identify the person drowning.  The 
receiver circuit simulation is shown in figure 6 below. 

 

 

Fig. 6.  Receiver circuit simulation 

The experimentation setup consists of 3 units such as 

a) Drowning detection sensor:  Sensor consists of a simple 
circuit to detect the presence of water. Output goes HIGH when 
water is detected and LOW in the presence of no water.  

 b) Transmitter: Signals or information obtained from the 
detection sensor is transmitted for further process by 
Transmitter.  

c) Receiver: Ultrasonic waves of 40 kHz are received and 
convert the signal into useable form. 

The drowning detection sensor and the Ultrasonic transmitters 
are both connected to the Arduino board. The board is 
programmed with a timer that simulates the user configurable 
breath holding time. When the drowning detection sensor 
comes in contact with the water, the timer is started. Another 
Arduino board is connected with the ultrasonic receiver. As the 
timer gets expired the ultrasonic transmitter transmits the signal 
to receiver. The ultrasonic communication was used for the 
experiment mainly because the miniature circuit will enable 
easy interfacing. This is also less prone to interference and 
noise.  The ultrasonic module used was HC-SR04[13]. The 
Yellow LED in the Receiver board gets ON upon receiving of 
the signals. A audio siren is also programmed in the second 

Arduino board to simulate drowning. The experimentation 
setup is shown in Figure 7. 

 

Fig.7. Prototype unit of proposed DDM 

 

V. RESULTS AND DISCUSSION 

Figure 8 shows the output of the oscilloscope from the 
hydrophone. Waveform in yellow color is the output waveform 
received from the buzzer.  

 

Fig. 8. Output of the prototype seen in Oscilloscope  

The model was simulated using Proteus design suite to check 
its working before the actual physical prototype is constructed. 
The waveform in yellow colour is the output waveform 
received from the buzzer. The buzzer is triggered by receiving 
ultrasonic waves. The system is tested successfully, and the 
alert siren has been blown to alert the lifeguards. The drowning 
detection system will be ready to be used underwater when 
replaced it with the underwater module. According to statistics, 
the average time a child of age between 5-10 years can hold 
their breath for 10 sec underwater. We estimated the 
probability of danger based on the time for which the child is in 
water and plotted a graph between time and probability of 
danger. The probability of danger denotes threshold time. The 
same has been done for an adult, and the graph is plotted. We 
can infer two scenarios from this which are:  

Scenario 1: Person comes out of water before the threshold 
time. In this case, the threshold time, i.e. time to withstand is 
10 seconds. If the person comes out on or before 10 seconds, 
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the danger associated with him is zero, entire setup gets reset 
once he comes out of the water. From the graph, the time a 
person stays inside water is shown by an increasing slope, as 
soon as the person comes out the graph drops abruptly and 
comes to 0 probability of danger and remains the same until the 
person is above water. 

  The whole system is reset automatically when the person 
comes out of the water.  

 

 

Fig. 9. Scenario 1 and Scenario 2 

Scenario 2: Person doesn’t come out of water before threshold 
time In this case, if a person stays inside water for more than 
his threshold time, it indicates danger, this is shown in the 
graph using red color. An increasing slope shows the time a 
person stays inside water. If the person stays in water even 
after the threshold time, the value of probability of danger 
reaches 1 and remains constant thus indicating that the person 
is drowning. The whole system is reset automatically when the 
person is saved and brought out of water.   Both the scenarios 
are depicted in Figure 9. 

VI. CONCLUSION 

Life safety in water has been a concern for many centuries. 
Latest technology advancements has enabled us to come up 
with effective drowning detection systems. However many of 
those solutions are costly and limited to few. Survey reports 
show us that highest numbers of deaths are reported in low and 
middle income countries. The survey report also mentions the 
children have the largest death ratio compared to adults. Also 
the deaths reported in these incidents are more from open water 
bodies than closed water bodies like swimming pools. 

The solution described above will be able to address these 
issues. The swimming goggles with drowning detection unit 
can be economically viable solution. The range of the alarms 
transmission can be improved by using underwater acoustics. 
Any age groups will be comfortable wearing the goggles, 
without hampering the recreational joy while swimming. The 
goggles can be useful even in sea. The alarm receivers can be 
placed at different locations in the water bodies which is 
having high chance of drowning. Another major advantage of 
this approach unlike other approach is the ease of use in all 
atmospheric conditions, like rain or wind to day or night. This 
solution is also a reliable solution where the life guards have 
difficulty to monitor the swimmers like a highly crowded sea. 

This is one of the biggest challenges the lifeguards face. Many 
of the training to life guards includes how to monitor drowning 
in a large crowd like in beeches. 

The future research plans include improving the underwater 
communication range by using various other technologies. This 
will enable to use this system in seas also. The alarm receivers 
can be easily connected to the buoy. With the help of 
establishing a standard communication protocol, we will be 
able to communicate more information to the lifeguards, as the 
name of the victim etc. This will help the lifeguard to search 
for his previous medical records as does the patient had any 
heart or lungs diseases etc. This information will provide an 
additional advantage while doing the rescue operation and 
while doing first aid. We also have plans to integrate a Global 
Positioning System (GPS) and pressure sensor. As pressure 
increases with the depth, the pressure reading will let the 
lifeguard know the depth at which victim is located. The GPS 
reading will be saved whenever the signal is available. If the 
system can tell the last previous GPS reading that was stored, it 
will enable the lifeguard to know what the approximate 
location of the victim. This feature will be very timesaving for 
lifeguards reducing their search time to near locations 
especially in case of lakes and oceans. However, this feature 
should be valid only if the GPS connectivity was alive with a 
minimum of 10 minutes before the drowning, as a very old 
GPS value will give a wrong location itself. 
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