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Abstract— Sweat-based sensing is a recently developing non-
invasive technology for constant health monitoring, especially for
the measurement of the levels of hydration and electrolytes. In this
paper, the design and implementation of a low-cost IoT- based
system for the measurement of the levels of electrolytes in human
sweat using pH and conductivity sensors is discussed. In the
proposed system, a web-based analytics tool is developed, which
works in conjunction with the NodeMCU-based embedded system.
The proposed system is designed for the periodic acquisition of the
sensor data and the transmission of the data to the PHP-based
server for processing using the lightweight analytical model. In the
proposed system, the risk score, severity index, and descriptions are
provided to the users. In the proposed system, the live dashboard is
developed for the display of the live data, trends, and
recommendations to the users. In the proposed system, the closed-
loop alert mechanism is developed, which activates the buzzer of the
device for alerting the users. In the proposed system, the
architecture is simple, intuitive, and easy to understand. In the
proposed system, the experiment is conducted for the effectiveness
of the proposed system. In the proposed system, the experiment is
conducted for the effectiveness of the proposed system. In the
proposed system, the experiment is conducted for the effectiveness
of'the proposed system.

Keywords—Sweat  analysis, electrolyte  monitoring,
wearable sensors, real-time health monitoring, embedded
systems, electrical conductivity, pH sensing, dehydration
detection, and Internet of Things (lIoT) are some of the
keywords.

1. INTRODUCTION

The development in the field of wearable healthcare devices
has identified the major advancement in the field of health
care, which plays an important role in the digital health
infrastructure of the present world for the non-invasive, real-
time measurement of physiological parameters [1], [2].
Among all the body fluids, sweat has identified the promising
potential for health assessment due to the presence of various
electrolytes, metabolites, and biomarkers in the composition
of sweat, which correlate with the internal status of the human
body [3], [4]. Recent advancements in the field of flexible
electronics, microfluidics, and smart materials have
identified the promising potential for the development of
wearable sweat sensors for health assessment and sports

analytics[6],[7],[8].

Electrolyte imbalance and dehydration are one of the major
concerns related to human health due to the presence of
extensive physical activities, high-temperature conditions,
and outdoor work activities. The conventional methods for
the health assessment of electrolyte imbalance and
dehydration have been identified as mostly reactive, invasive,
or the analysis of the body fluids, which cannot be applicable
for the health assessment purpose. In order to overcome the
limitations of the conventional methods for the health
assessment purpose, the development in the field of wearable
sweat sensors has identified the potential for the analysis of
various parameters for the convenience of the health
assessment purpose [12], [13], [19].

In this context, it is worth mentioning that the integration of
Al and IoT has led to the conversion of raw data into useful
health information [9]. The current technology has focused
on acquisition, processing, trends, and recommendations.
The current technology has improved the usability of
wearable technology. However, the current technology has
limitations with respect to cost-effectiveness. Additionally,
the current technology does not have real-time processing and
explainability. These limitations have affected the usability
of the current technology. It is important to resolve the
challenges identified in the current technology. This paper
has proposed a sweat-based electrolyte monitoring system.
The proposed system has incorporated sensing technology,
IoT, and analysis using the web. The proposed system has
estimated the level of hydration and level of electrolytes
using pH and conductivity sensors, respectively. The
proposed system has used NodeMCU for transmitting
information to the server. The analysis model is lightweight.
The proposed analysis model has provided explainability.
The proposed analysis model has provided results in the form
of an interactive dashboard. The proposed system has
provided real-time alerts. This has provided the user with
immediate results. The proposed system has provided cost-
effectiveness. Furthermore, the proposed system has
provided scalability. The proposed system has provided
continuous health monitoring. The proposed system has been
applicable in the wellness domain, academia, and
prototyping. The proposed system has extended the domain
of wearable technology. The proposed system has used
analysis, interaction, and sensing technologies. The proposed
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system has contributed to the expansion of the domain of
wearable technology.

II. LITERATURE SURVEY

The domain of wearable health devices has witnessed
significant innovations in the last few years with the
increased need for health monitoring. It has been researched
that there is a need to design health devices from simple
devices to sophisticated devices with the integration of
flexible technologies and smart connectivity features [1], [2].
In this context, it has been identified that sweat has the
potential to be a biofluid for developing the next generation
of digital biomarkers, considering the availability and
potential for representing physiological states with respect to
electrolytes and metabolites [3], [4]
Significant research has been carried out for the development
of wearable sweat sensors using flexible electronics and
microfluidic devices. Recently, the application of the
multimodal sensing approach for the sensing of different
parameters, such as pH levels, ion concentrations, and sweat
rates, has been demonstrated. Such sensing approaches are
expected to enhance the overall accuracy of the health
monitoring system. In addition, the use of textile sensors is
also expected to enhance the overall comfort of the system.
Microfluidic devices have contributed significantly to the
overall development of the system. Recently, the application
of microfluidic devices for the monitoring of pH levels in the
sweat using autonomous fluid flow-based sensing has been
demonstrated. In addition, the use of electrochemical sensing
approaches for the sensing of sodium concentrations and ion
concentrations in the sweat has been widely accepted. Such
sensing approaches are expected to provide valuable
information regarding the overall health of the individual.
Significant advancements have been made in the application
of material science for the overall development of the system.
The use of fabric-based sensors and polymer-based sensors
for the overall development of the system has been widely
accepted.

The overall development of the system is expected to provide
valuable information to the users. The overall development
of the system is expected to enhance the overall quality of the
health monitoring system. In addition, the overall
development of the system is expected to provide valuable

information to the users.
Apart from the sensing technology, the integration of
artificial intelligence technology and data analysis

technology has also contributed significantly to the
improvement of the functionality of the wearable devices. For
instance, the use of artificial intelligence-based
electrochemical sensors has been proposed for the
improvement of the interpretation of signals and the provision
of predictive health monitoring. In addition, the development
of IoT-based technology has also contributed significantly to
the provision of data transmission, remote monitoring, and
the development of user-friendly visualization platforms.
Despite the presence of certain benefits associated with the

existing system, there are also certain limitations associated
with the existing system. In most cases, the development of
high-performance wearable devices has been restricted by the
complexity of the fabrication process and the cost of the
materials. In addition, the absence of user-friendly interfaces
and the provision of easily interpretable results has also
restricted the functionality of the existing system.
In order to improve the functionality of the existing system
and address the limitations of the existing system, the present
work focuses on the development of a cost-effective and [oT-
based system for the measurement of the level of the
electrolyte using sweat. In the proposed system, the
development of a user-friendly and easily interpretable
system is expected to enhance the functionality of the system.
Apart from this, research has also been conducted in the
recent past in order to assess the applicability of the concept
of sweat metabolomics in the context of determining various
states of physiology, such as fatigue, stress, and other states,
in relation to athletes who need to be trained in high-intensity
training sessions. This has further enhanced the importance
of the role of sweat in the measurement of health states in real
time, at the same time validating the dynamic change in the
composition of sweat in relation to the intensity of physical
activities. Apart from this, the research conducted in the
context of electrodermal activity and sweat rates has also led
to further knowledge in the context of determining various
physiological states in humans, at the same time facilitating a
holistic approach to health and wellness states in humans. The
incorporation of microfluidics and smart materials in the
context of sweat sensors has also been a prominent feature in
the context of sweat sensors, especially in the context of
facilitating the sampling of sweat. The recent developments
in the context of microfluidics in the context of sweat sensors
have also included passive fluid transport and evaporation,
which facilitates measurement in the context of sweat
sensors. This has further enhanced the reliability and
reproducibility of the measurements in the context of sweat
sensors in relation to various environmental and
physiological states. Apart from this, recent developments in
the context of sweat sensors have also facilitated the
development of a platform where the integration of the sensor
is possible within clothing materials, along with the
enhancement of wearability within the context of sweat
sensors. Various research has been conducted to explore the
application of the concept of utilizing sweat sensors within
the context of utilizing conductive fabrics and polymer
materials within the context of developing flexible,
stretchable, and light sweat sensors.

In recent times, there has been an increase in terms of
conducting research related to the utilization of autonomous
and self-powered wearable systems. In some cases, it has also
been noted that there is an emphasis on utilizing energy-
efficient designs and power-saving communication protocols
in terms of their application. This may also be useful in terms
of the increased utilization of wearable systems in terms of
their application in the near future.
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In this case, it has also been noted that there are various gaps
in terms of conducting research related to their application. In
some cases, it has also been noted that the wearable systems
developed in recent times and utilized in terms of wearable
systems may also be related to the utilization of single-
parameter sensing, data analytics, and real-time alerts. In
addition to this, it may also be noted that due to the
complexities related to recent advancements in terms of
fabrication technology and materials utilized in terms of their
application, it may also act as a barrier in terms of their
application.

Considering all these aspects, it is also important to consider
how the system can differentiate itself in relation to the recent
and existing innovations in this regard. This can be done
through an integrated approach in relation to multi-parameter
sensing, [oT communication, data analytics, and real-time
alerts. This not only enhances the usability of the proposed
system, it also bridges the gap in relation to the recent and
existing innovations.

1. METHODOLOGY

The proposed system is designed to work on a sweat-based
system of electrolyte monitoring. The proposed system is
designed to be integrated with data acquisition, IoT
communication, and data analysis. The proposed
methodology is designed to have four major stages of data
sensing, transmission, processing, and interaction.

1. Sensor Data Acquisition

The proposed system is designed to use pH sensors and
conductivity sensors to acquire the data from the sweat of a
person. Such data from the sweat of a person is considered to
be reliable data for the health monitoring of a person. Such
data is correlated to the health of a person based on the
presence of electrolytes in the sweat of a person [3], [4]. Such
a sensing mechanism is previously used for the development
of a biosensor for the real-time health monitoring of a person
[12], [19]. Such data is acquired through a microcontroller.
2. Embedded System and Data Transmission

The proposed system is designed to use a NodeMCU
(ESP8266) microcontroller for the data acquisition and
transmission. Such a system is previously used for the

development of a wearable loT-based system for the real-
time health monitoring of a person. loT-based wearable
systems are highly accepted for the health monitoring of a
person due to the presence of the ability to transfer the data
from a remote location [1], [8].

3. Data Processing and Analytical Model

The received data will be processed by the web server
through a light-weighted analytical model. The state of
hydration and electrolytes will be determined through the
analysis of the pH and conductivity levels. The significance
of artificial intelligence and data analytics in transforming the
sensor data into useful health-related information is discussed
in previous literature as well [9].

4. Web-Based Visualization and User Interface

The proposed system aims to develop a system which will
enable the user to visualize the received and processed data.
The proposed system will provide the user with valuable
information through the visualization of the web-based
interface. The significance of user interface is also proved
while developing an effective healthcare system through
wearable technology [2], [6].

5. Alert and Feedback Mechanism

In order to ensure timely responses to the user, the proposed
system will be designed to develop an alert system. This will
be done by sending a signal to the NodeMCU through the
server if the risk level is high. The buzzer will be activated
through the signal to alert the user. This will ensure the safety
of the user. This concept of alerting the user in real-time is
similar to the concept of proactive health monitoring through
wearable technology [7].

6. System Integration and Validation

The proposed system will be designed to integrate the entire
system as a whole. The proposed system will work effectively
as proved through the experimental results. The proposed
system will be cost-effective and applicable in various fields.

A. Block Diagram

The proposed block diagram for the electrolyte monitoring
system using a sweat sensor is explained below. The proposed
electrolyte monitoring system using a sweat sensor is designed
as a system architecture. In this system, various blocks have
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been included. All the blocks included in this system have
been designed to perform a particular function, thereby
ensuring the health of a particular individual.
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Figure 1: Block diagram of Hardware

1. Sweat Sensing Unit: This unit is designed to acquire the
required data from the human body using a sweat sensor. This
unit includes a pH sensor and an electrical conductivity
sensor. The pH sensor is used to acquire the pH level of the
sweat, which indicates the metabolic activity and hydration
level of the human body. The pH sensor is used to acquire the
level of electrolytes present in the sweat according to the ionic
content. This is very useful for understanding the level of
dehydration and electrolytes present in the human body.

2. Signal Conditioning Unit: The signals acquired from the
sensor are not sufficient for the required operation. Therefore,
a signal conditioning unit is included in this system, which
will condition the signals acquired from the sensor for the
required operation.

3. Node MCU (ESP8266) — Data Acquisition and
Processing Unit: This microcontroller is a microcontroller-
based unit designed for acquiring and processing the required
data. This microcontroller is designed for acquiring the
required data from the sensor in the form of an analog signal
and converting it into a digital signal using the in-built analog-
to-digital converter present in this microcontroller.

4. Wi-Fi Communication (IoT Layer): The processed
information received from the sensor is sent to the remote web
server using a wireless medium via Node MCU. This is an
example of [oT communication, where the information is sent
remotely. The information is sent in a periodic manner, and
there is no significant time gap.

5. Web Server (PHP + Database): The web server is the
major entity in the proposed system. In the proposed system,
the server is used to receive information from Node MCU. The
information received from Node MCU is stored in the
database. The server is used to implement the scalability of the
proposed system. The proposed system is able to serve
multiple users at a time.

6. Data Analytics Module: The information stored in the
proposed system is processed using a simple analytical model.
This module processes the information and provides the
expected results. Using the proposed system, the risk level of

dehydration is calculated. The proposed system is simple, and
the user understands the logic used in the result.

7. Web Dashboard (User Interface): The result is obtained
using the data analytics module. The result obtained using the
data analytics module is provided to the user using the web
interface. Using the proposed system, a simple web interface
is used. Using the proposed system, the user is able to view
the result. The result provided to the user using the proposed
system is in the form of a web interface, where the user is able
to view the information in real time.

8. Alert System (Buzzer / Notification): The proposed
system is developed in such a way that it includes a feature
called the real-time notification system. In the proposed
system, the calculation of the risk level is incorporated. The
system will send a notification if the calculated risk level is
greater than the threshold level.

9. Feedback Loop to Node MCU: The proposed system is
developed in such a way that it includes an important feature.
The server sends a signal to the Node MCU if the condition is
critical. The buzzer is connected to the Node MCU, and it will
send a notification to the user at an early stage.

IV. RESULT AND DISCUSION

System Implementation and Interface

It is pertinent to mention that the sweat-based electrolyte
monitoring system implemented in the proposed system is
implemented in an integrated IoT and web-based system that
facilitates the monitoring of health-related parameters in real
time. The implementation of such an integrated system is in
line with the recent advancements in the development of
smart health-related systems [1], [2]. The interface of the
proposed system is clean and simple, as depicted in the
dashboard of the proposed system.

It is pertinent to mention that the dashboard of the proposed
system clearly depicts the title of the system, which is ‘Sweat
Electrolyte Monitoring,” and the subtitle of the system that
clearly depicts the functionality of the system in monitoring
the health of the user continuously and the risks of
dehydration that can be posed to the user of the system. The
interface of the proposed system is in line with the recent
trends in implementing the wearable devices in the
development of health-related systems, keeping in view the
simplicity and ease of use of the system by the user of the
system [6], [8].

The other important feature of the system is the real-time alert
system. This is indicated in the interface by the ‘Alert Active’
icon. The alert is generated in real time and takes into
consideration if the user is at any risk of dehydration based
on the pH level of the sweat and the conductivity level. The
factors are well recognized in the scientific community and
are important in maintaining the balance of the body’s
electrolytes [3], [4], [12].

The interface also provides the user with the ability to view
the data over a period of time. This provides the user with the
ability to view the data over a period of time. This is
important in that it provides the user with the ability to view
the trends. The ability to view the trends is important in the
wearable health devices. This provides the user with better
information in comparison to the ability to view the data at
any particular instance of time [7], [9].
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The data that is collected by the system includes the sensor
data, the classification of the data, and the recommendation
of the data. This provides the user with the ability to view all
the data that is collected by the system.
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Figure 2.1: System Dashboard Showing Patient Data,
Readings, and Risk Analysis

The developed system is implemented in such a way that it
utilizes the NodeMCU device to collect the data. The data is
then sent to the PHP-based web application. The application
analyzes the data and provides the result in real time. This is
in line with the current research in the area. The research
indicates the utilization of IoT and intelligent analytics in
developing such systems [9].

The interface developed in this project indicates the usability
of the proposed system. The implementation of the system
indicates the possibility of developing an affordable wearable
health monitoring system. This is important in the
development of wearable health technologies [1], [6].

B. HARDWARE DESIGN

The hardware part of the proposed system that relates to the
sweat-based electrolyte monitoring system is designed in
such a way that the most efficient data acquisition and
processing are enabled. The hardware part of the system
comprises sensing units, the microcontroller unit,
communication interfaces, and the alert system.

The most important part of the system is the microcontroller
unit. The microcontroller unit is implemented in the system
with the NodeMCU ESP8266 module. The NodeMCU
ESP8266 module is the brain of the system. The data
processing and communication of the system are done with
the NodeMCU ESP8266 module. The module is small in size
and has low power consumption. However, the most

important feature of the module is the availability of the
wireless communication feature. The module can be utilized

Figure 2.2: Hardware Setup of the Proposed System

in the development of various loT-related applications with
the wearable device.

The sensing unit of the system comprises pH sensor probe
and conductivity measurement circuitry. The pH sensor
probe is utilized in the system to measure the acidity or
alkalinity of the sweat. The pH value of the sweat indicates
the physiological state of the user. The sensor part of the
system that relates to the conductivity is implemented with
the electrode probes. The electrode probe is utilized in the
system to measure the concentration of the ions in the sweat.
The concentration of the ions in the sweat is directly
proportional to the concentration of the electrolytes. The
Rain/Moisture sensor module is integrated into the system.
The reception of the analog signal from these sensors is
further conditioned and then processed in the
microcontroller. The interface circuit is designed in such a
manner that components are added which include the signal
conditioning components and the relay module. The relay
module is used for maintaining the reliability of the system.
The power supply of the system is also provided through a
compact battery source. This makes the system even more
portable, and this is further beneficial for the purpose of
continuous monitoring.

For the purpose of sending notifications, another module is
also added in the system, which is known as the buzzer
module. This buzzer module is further used for sending real-
time notifications whenever it is found that the parameters are
crossing their defined limits, which further indicates
dehydration and electrolyte imbalance in the body. This is
also an efficient way of designing a system in which
monitoring and sending notifications are carried out in
parallel.

The components of the system are placed on a prototype PCB
board. This makes the system even more compact, and this is
further beneficial for efficient connectivity. The design of the
system is also efficient, and this makes it even more suitable.
C.GRAPHICAL ANALYSIS

The system has been tested using a real-time data acquisition
and visualization system using a web interface. It is designed
to acquire real-time data and trends on different parameters
like the pH level and electrical conductivity in order to
monitor the level of hydration in a continuous manner for the
user. It is evident from the results obtained using the above
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system that the efficiency of the system is high in monitoring
physiological changes and acquiring valuable health
information.

Risk Probability

Figure 2.3: Sweat Electrolyte Monitoring Dashboard with
Trends and Alerts

From the trend graph on the level of electrical conductivity,
it is evident that different changes in the level of electrolytes
in the human body can be identified. It is evident from the
interface that the level of electrical conductivity is varying
with different values, showing a sudden spike in the level. It
is evident that the level is low; thus, the unstable level of
electrolytes in the human body is shown in the interface.
Moreover, the recent level recorded is near the minimum
level, showing the deficiency in this particular aspect. It is
significant in determining the level of dehydrations in the
user, as it is directly proportional to the level of electrolytes
in the sweat [3], [4].

In the case of the level of pH in the body, it is evident from
the interface that different values are shown in a varying
manner. It is evident from the interface that a sudden spike is
shown in the level of pH in the body; thus, the level is high
in this case. It is significant in determining the level of
dehydrations in the user as well; however, in this case, it is
inversely proportional to the level of electrolytes in the sweat.

V.  CONCULSION

Based on the proposed system for monitoring sweat-based
electrolytes, it is clear that it is effective in developing a
system for human health monitoring. This is due to its ability

to integrate all the concepts that have been discussed in the
paper. The fact that it is able to leverage the levels of pH and
conductivity in order to assess hydration levels is effective in
converting sensed data into valuable information. Based on
the implementation, it is clear that it is possible to develop an
electrolyte monitoring system at a lower cost in real time
using NodeMCU and PHP. The fact that it is able to leverage
all the features is effective in enhancing system usability,
which is likely to improve response. The approach is also
effective in enhancing users' understanding of their health
status, which is likely to bridge the gap that often exists
between sensed data and users' understanding. Although it is
not effective in clinical diagnosis, it is effective in developing
a system that is comprehensive in order to enhance further
development. Therefore, it is effective in developing a system
that is likely to be effective in contributing to the
advancement of wearable and IoT-based healthcare solutions
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