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Abstract: A remote monitoring technique that can accurately track human physiological indicators has applications in virtual
reality, sports science, medicine, rehabilitation, and surveillance. The majority of systems now in use for tracking bodily
parameters in humans need wiring that limits natural movement. In order to get over this restriction, a wearable wireless sensor
network that monitors physiological human body characteristics has been built using an accelerometer, a pulse oximeter, a
heart-rate sensor, a temperature sensor, and a galvanic skin response sensor. The individual is being tracked wirelessly using his
own location. It would be simple to modify this system to watch athletes and young children. Unlike a tethered monitoring
equipment, the wireless feature allows the human body to move freely, making the system genuinely portable, quick, and
dependable. The portable and the designed sensor node's small size makes it simple to attach to the body.

Keywords: Wireless Sensor, Internet of Things, Pulse Oximeter Heart Rate, Galvanic Skin Response Sensor, Temperature,
Thingers.io, Accelerometer.

L. INTRODUCTION

Due to its numerous applications in fields including sports science, medical science, rehabilitation, and surveillance, tracking human
body parameters has garnered a lot of attention recently. Additionally, the scientific and technological community has recently
developed a keen interest in wireless sensors and sensor networks. Even while sensor networks have been around for a while, a
whole new range of sensor applications has been made possible by the wireless domain. Due to their differences from both
conventional wireless networks and computer networks, wireless sensors and sensor networks provide additional problems to be
solved, such as limited energy and limited lifespan. The idea is to let the subject be observed in a natural setting. A wearable system
must be able to record data in addition to displaying parameters for monitoring outside of the lab. The suggested method makes use
of the wireless sensor network idea, in which every sensor node communicates with the coordinator wirelessly using Wi-Fi network
protocol. The coordinator serves as a router, enabling internet communication between sensor nodes and end devices, which could
be mobile or computers. Accelerometer, temperature, pulse oximeter (SpO2), heart rate, and galvanic skin reaction sensors are
possible additions to any sensor node. The sensor nodes are fully untethered and affixed to the human body. Batteries power them.
The sensor nodes' lightweight design and compact size make it simple to attach them to the body.

1. LITERATURE REVIEW

Wireless sensor networks are a key element of ubiquitous healthcare (WSN). WSNs are a new technology that has the potential to
revolutionize healthcare. By greatly enhancing and expanding the quality of care across a wide range of settings and demographic
segments, the WSNs aim to improve people's quality of life. An overview of wireless sensor network applications in healthcare is
given in this publication [1]. This document lists the frequency, range standard, and other details of the major wireless technologies,
including WLAN, WPAN, WIMAX, and WBAN, that are utilized in medical applications. To improve the efficacy and efficiency
of the monitoring system, these wireless technologies are contrasted according to variables including energy usage, security, and
routing protocols [2]. In addition to WSNs, the concept of the internet of things, or 10T, was developed; according to this definition,
loT refers to the interconnection of recognizable items connected to the internet for the purpose of sensing and monitoring [3]. Elder
Health Parameter Measurement and Device Designs for Ongoing Surveillance The younger generation bears the responsibility of
enhancing the quality of life and providing appropriate care for senior individuals at the appropriate time. An electronic device that
is compact, easy to use, and simple to monitor elder health parameters continuously is imperative. The threat of deteriorating health
and the possibility of skin-related issues, bed sores, etc. are growing more serious every day for patients who are bedridden. This
essay examines the conditions associated with aging and the factors that be kept an eye on [4]. The temperature and heart rate of a
human subject can be tracked using a Zigbee-Based Wearable Physiological Parameters Monitoring System. An at-risk individual
wears an electronic device around their wrist and finger as part of the system. The individual is electronically monitored in his own
house using many sensors to measure various vital indicators. To identify falls, an impact sensor has been employed. When the
device determines that a person is in medical crisis, it transmits an alarm to a computer-connected reception unit.
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This sounds an alarm, enabling assistance to be given to the user [5]. Modern technology that is widely used .1t leverages the power
line lines that are already accessible, a technique known as power line communication, to save the cost of electrical wiring. The goal
of this project is to use a PLC system to transmit biological parameters such as body temperature, respiration rate, and heart rate. [6]
A few of the elder care systems listed in [7] keep an eye on the elderly people's activities at home. They incorporate a video system
inside senior citizens' homes and keep a close eye on their daily activities there. Nevertheless, none of the old patient's critical
parameters are measured by this device. Vital parameter measurement is a must if the elderly person has heart problems of any kind,
which are prevalent in people over 60 [8]. In portable devices that are capable of measuring vital indicators like blood pressure,
pulse, ECG, movement, and fall detection, such as Calyx (Complete Ambient Assisted Living Experiment). In order to monitor any
cases of bedsore in patients who are bedridden, our design can monitor vital parameters, fall detection, and tilt monitoring. Certain
devices, like the one in [9], exclusively keep track of fall detection for senior patients based on sensor readings from microphones
and accelerometers that are affixed to their bodies. For patients, the system suggested in [10] is appropriate. Elderly people for fall
detection and activity tracking, as well as sports athletes for measuring and analyzing workout patterns. [11] This study describes
the development of a wearable wireless sensor network that uses accelerometers to measure arm motion in the sagittal plane. The
technology makes movements easier and is more user-friendly. The designed sensor node's small size and light weight facilitate a
simple connection to the limb. When compared to a goniometer, experimental results demonstrate that the system has good accuracy
and response rate.
I1l.  ANALYSIS OF PROBLEM

Generally speaking, a range of physiological body parameters—which are typically interdependent—define the condition of human
health. Not all of them are as significant and instructive as the others. Furthermore, not all of those factors could be simply and
precisely managed because measuring them calls for specialized settings, pricy medical supplies, and equipment. In the process of
creating the entire monitoring system, it is necessary to evaluate not only the significance of the monitored parameters but also the
measuring techniques and the practicality of their integration into the system. Studies in medicine have demonstrated that the
parameters that describe the function of the heart and lungs are the most significant. They accurately depict the state of human
health. Furthermore, vital signs such as body temperature, blood oxygen saturation, skin resistance, posture, and mobility are crucial
factors in enhancing human performance in domains including sports, virtual reality, rehabilitation, and medicine.

IV.  SYSTEM DESIGN & IMPLEMENTATION
A. System Design Architecture

INTERNET

!

Setisor Wi-Fi Connection Smson

Node ‘ Node

Sensor Sensor

Node Node

Fig. 1 General Configuration of the System
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The system configuration is displayed in Fig. 1. The system is seen to be made up of several sensor nodes that connect wirelessly in
a star network architecture to a central coordinator. A promising subject called wireless sensor networks combines wireless
communication, embedded systems, and sensor technologies to create compact, dependable systems that can monitor particular
occurrences at a cheap cost and power. The wireless protocol suite was chosen for this system due of its end-to-end connection. The
coordinator serves as a router, enabling internet communication between sensor nodes and end devices, which could be mobile or
computers. An accelerometer, temperature sensor, pulse oximeter (SpO2), heart-rate sensor, and galvanic skin response sensor may
be installed on each sensor node. The sensor nodes are fully untethered and affixed to the human body. Batteries power them.

B. Functional Block Diagram Of System Design
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Fig. 2 Functional Block Diagram of System

The system's functional block diagram is displayed in Fig.2. The system is intended to receive multiple inputs from sensors that
measure physiological parameters of the human body, such as a temperature sensor to measure body temperature, an accelerometer
to detect body position, muscle movement, and motion, a SPO2 sensor to monitor blood oxygen level and heart rate, and a galvanic
skin response sensor to measure skin response. The microcontroller integrates and processes the sensor inputs before sending the
processed data to a Wi-Fi 10T device. With the assistance of an internet coordinator, the 10T device forwards data received from the
microcontroller to the end device, which is a computer. At this point, we are able to monitor all the parameters on the IOT platform
that is operating on the end device. The coordinator, which might be a modem or Wi-Fi mobile, serves as a router. Data on the loT
platform (Thinger.io) is automatically updated as the sensor node is linked to the host computer. Because of the modular design,
adding more sensors to measure and track different characteristics is a fairly simple and straightforward process.

V. PARAMETERS TO BE MONITORED
The system monitor numbers of body parameters at a time matters a lot while designing it.

A. Body Temperature

One fundamental parameter that every person needs to be aware of is their body temperature. The primary coordinator receives the
temperature reading from a body temperature sensor that is positioned at a specific spot on the body. In addition to being one of the
most crucial physiological markers during exercise, body temperature can also be utilized to identify the warning indications of heat
exhaustion and heat stroke. Exercise requires careful monitoring of body temperature because heat stroke can happen if it rises
above 40 °C.
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B. Body Postural Movements

Tracking the human body's movements is crucial for a number of applications, such as sports, physical education, and medical. For
the purpose of assessing and treating balance and gait disorders in rehabilitation, physical therapists must be able to detect motion
using inertial sensors, which requires constant monitoring of activity and movement. Fall detection is one of the major issues
pertaining to the elderly. Falls are frequently linked to substantial morbidity and can be indicators of ill health and deteriorating
function. Falls are the cause of more than 90% of hip fractures, and people over the age of 70 account for the majority of these
fractures. So, keeping an eye on elderly people who are bedridden becomes extremely important for preserving their health.

C. Heart Rate and Blood Oxygen

Another fundamentally significant human characteristic is the hart rate. Hypertension, or high blood pressure, is frequently
associated with illnesses including heart attacks and strokes.Professional trainers, club athletes, and fans of cardiovascular sports
like cycling, swimming, and running have all made extensive use of heart-rate monitors in sports to enhance athletic performance.
Healthcare practitioners frequently utilize blood oxygen saturation as a tool to screen for disorders including anemia or cardiac
problems. A heart that pumps inadequately is a big problem in the senior society. Since all of the arteries and nerves get weaker, the
heart's overall activity decreases. Over 65-year-olds account for over 83% of heart disease deaths. Therefore, it is necessary to
incorporate the heart rate monitoring.

D. Galvanic Skin Response

The skin resistance (G) is determined by the thickness of the stratum corneum, chemicals, vasoconstriction and relaxation, skin
humidity, and the GSR sensor, which detects changes in the skin's surface resistance by discharging a current into the body.
Therefore, the skin resistance value drops when someone is uncomfortable or has a change in mood. As a result, the rate of change
in GSR can be used as a heat stroke evaluation index.

VI. SYSTEM DESIGN CONFIGURATION
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Fig. 3 Configuration of the system (Circuit Configuration of Sensor Node)
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According to the system configuration depicted in Figure 4.4, the system is made up of several sensors, including an accelerometer
(ADXL 345) for measuring postural and motion of the body in terms of tilt angle of up to three axes, a SPO2 MAX30100 for
measuring heart rate and blood oxygen level, a 10K thermistor for temperature detection, and a GSR for measuring skin resistance.
These sensors all use two to four wire connections to communicate with the Arduino Nano board. The accelerometer ADXL345 and
the SPO2 MAX 30100 sensor module are digital sensors, and as such, they communicate with the microcontroller via Inter-
Integrated Circuit (12C: SCL, SDA) logic. The Arduino Nano Board module has an ATmega328 microcontroller. Thermistor and
GSR sensors, on the other hand, are analog sensors, therefore they connect with the microcontroller via the analog input lines (AQ
and Al). With the aid of the Tx & Rx line, the microcontroller AT mega 328 interprets the data it receives from the various sensors
and sends the processed data serially to the Node MCU ESP8266 Wi-Fi Module. The Node MCU's Wi-Fi connectivity capability
enables connections to be formed with a mobile phone or Wi-Fi modem, which is the system's coordinator device. Finally,
Thinger.io, an 10T platform, enables the monitoring of human body parameters from various sensor nodes on the end device, i.e.,
computer or mobile, with the assistance of coordinator node McUESP8266, which helps deliver all the data to the end device via
internet. The 5-V rechargeable alkaline battery may be utilized by the sensor node.

A. About Arduino Nano

Based on the ATmega328 microprocessor, the Arduino Nano is a compact, feature-rich, and breadboard-friendly board (Arduino
Nano 3.0). With a different packaging, it offers nearly the same capabilities as the Arduino Duemilanove. It only loses a DC power
jack and uses a Mini-B USB cable rather than a regular one. Gravitech is the company that invented and manufactures the Nano.

Fig. 4 Arduino Nano V3.0 Board

The Mini-B USB port, the 6-20V unregulated external power source (pin 30), or the 5V regulated external power supply (pin 27)
can all be used to power the Arduino Nano. The greatest voltage source is automatically chosen as the power supply. There are
several ways that the Arduino Nano can communicate with other microcontrollers, computers, or other Arduinos. Digital pins 0
(RX) and 1 (TX) of the ATmega328 provide UART TTL (5V) serial connection capabilities. The Arduino software (download) can
be used to program the Arduino Nano. Depending on the microcontroller on our board, choose "Arduino Diecimila, Duemilanove,
or Nano ATmega328" from the Tools > Board menu.

B. Details of Node MCU ESP8266 ESP-12E WIFI BOARD
An open source 10T platform is called NodeMCU. It consists of hardware built around the ESP-12 module and firmware running on
Espressif Systems' ESP8266 Wi-Fi SoC. By default, the firmware is referred to as "NodeMCU" instead of the Devkit.

Fig.5 Node MCU ESP8266 ESP-12E Wi-Fi Development Board

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 3260




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 12 Issue IV Apr 2024- Available at www.ijraset.com

ESP8266EX, sometimes known as ESP8266, is a system-on-a-chip (SoC) that condenses a 32-bit Tensilica microprocessor together
with filters, power management modules, antenna switches, RF baluns, standard digital peripheral interfaces, power amplifiers, and
low noise receive amplifiers into a compact package. Wi-Fi (802.11 b/g/n, supporting WPA/WPAZ2) at 2.4 GHz, 16 GPIO general-
purpose input/output, Inter-Integrated Circuit (12C), 10-bit analog-to-digital conversion, ESP8266.net — the Internet of Things with
ESP8266 UART (on dedicated pins, plus a transmit-only UART can be enabled on GP102), and pulse-width modulation (PWM) are
among its features. The CPU core, dubbed "L106" by Espressif, operates at 80 MHz (or can be overclocked to 160 MHz) and is
based on Tensilica's Diamond Standard 106 Micro 32-bit processor controller core.

C. Details Of Sensing Devices

Four sensors make up the present version of the system: a temperature sensor, a galvanic skin response sensor, a pulse oximeter

(SpO2 and heart rate sensor), and an accelerometer. The ADC (Analog-to-Digital) inputs of the microcontroller receive analog

voltage generated by the circuitry employed in the design of the temperature and GSR sensors, which are analog sensors. The

accelerometer and SpO2 sensor are digital sensors. Different rates of sampling and time-multiplexing are applied to the ADC input.

Below is a description of each unique sensor.

1) Accelerometer ADXL345 Module: A low-power, three-axis MEMS accelerometer module with 12C and SPI interfaces is called
the ADXL345. These modules' Sunrom Breakout boards have on-board 3.3v voltage regulation and level shifting, which
enables integrating them with 5v microcontrollers like the Arduino easy. The sensor includes three measurement axes (X, Y,
and Z) and digital interface pins that can be used for SPI or 12C. The sensitivity level can be adjusted to +-2g, +-4g, +-8g, or +-
16g. While the higher range is useful for tracking at rapid speeds, the lower range provides more resolution for sluggish
movements. The newest and finest from Analog Devices, a brand recogmzed for its superb MEMS devices, is the ADXL345.

5
=

Zwsn 0gs

«I

A

ﬁDXL345 .

Fig 6. Accelerometer ADXL345 Module

2) MAX30100 Pulse Oximeter SpO2 and Heart-Rate Sensor Module: An integrated sensor system for heart rate monitoring and
pulse oximetry is the MAX30100. To detect pulse oximetry and heart-rate signals, it includes two LEDs, a photo detector,
improved optics, and low-noise analog signal processing. The 1.8V and 5.5V power supplies are used to power the MAX30100
breakout. It can be turned down using software that uses very little standby current, allowing the power supply to stay
connected at all times.
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Fig 7. SPO2 & Hart rate Sensor Module

The MAX30100 is a comprehensive system of heart-rate and pulse oximetry sensors made to meet the rigorous specifications of
wearable technology. The optical and electrical performance of the MAX30100 is not compromised, despite its extremely compact
overall solution size. The integration of hardware into a wearable device requires few external components. Light emitting diodes
inside the Sp02 sensor shine red and infrared light through the tissue. The majority of sensors are used on appendages like fingers,
toes, or ears. Most of the light is absorbed by the bone, tissue, and blood at the application site.
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NTC Thermistor 10k: An electrical component called a thermocouple is used to measure temperature. This particular kind of
resistor changes resistance in response to temperature changes. These NTC thermistors have a negative electrical resistance
versus temperature (R/T) relationship because they are composed of a mixture of metal oxides that have undergone sintering. A
tiny change in temperature results in a significant change in electrical resistance because of the steep negative slope.

Fig 8. Thermistor 10K

Galvanic Skin Response (GSR): The galvanic skin response is a technique for assessing the electrical conductivity of the skin.
People who are nervous often perspire because their sympathetic nervous system is firing. This is not your average perspiration,
and it's especially noticeable on your feet and palms. Sweating lowers the resistance of the skin, which changes the conductivity
of the skin. As a result, it's employed as a gauge for worry, which is then applied to the identification of lies. Under the general
heading of electro dermal activity, or EDA, GSR describes alterations in sweat gland activity that are indicative of our
emotional arousal, or how strongly we are feeling our emotions. Our emotional arousal varies depending on the situation we
find ourselves in; for example, whether we encounter anything frightening, exhilarating, happy, or emotionally significant, our
emotional response changes and our echini sweat gland activity increases accordingly.

Y A1

ARef

GRND
Finger 1 Finger 2

Fig 9. GSR Sensor

D. Thinger.lo — An Open-Source Internet of Things

This documentation relates to the Thinger.io platform's Arduino client library version. Nearly any Arduino board can be connected
with this library via Ethernet, Wi-Fi, GSM, or other compatible boards like ESP8266, NodeMCU, and Tl CC3200. Your loT
devices can be connected to the Thinger.io cloud platform via the client library. With the help of this library, which was created
especially for the Arduino IDE, you can connect and program your devices in a matter of minutes.

It

is compatible with a wide range of network interfaces and boards, including GSM, Ethernet, and Wi-Fi shields. Other boards such

as the Adafruit CC3000 board, Texas Instruments CC3200 Launchpad, and ESP8266 (also known as NodeMCU) are also
supported. A current version of the Arduino IDE, 1.6.3 or higher, is needed.

thingevr.io |

Sign in to your account

& healthme2019

Forgot password?

Do not have an account?

Create an account

THINGER.IO © 2024

Fig 10. Thinger.lo Login Page
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VII. SOFTWARE DEVELOPMENT
The language used to write the software is "C." Using the Arduino integrated development environment, it is compiled and can be
programmed (uploaded) into the target device or board (IDE). The Arduino IDE is a Java-programmed cross-platform tool that runs
on Windows, macOS, and Linux. It is used to write and upload programs to boards that are compatible with Arduino, as well as
other vendor development boards when third-party cores are utilized. Two source codes, or sketches, for Arduino are needed in our
system design software: one for the main microcontroller unit, the Arduino nano board, and the other for the Wi-Fi module, known
as Node McU.

Initialization of .‘-\ccelerbmeter, Pluse Oximter,
SpO2 and Heart-Rate Sensor Modules

R |

Initialization of I2C Co;llmunicaﬁon protocol
for Digital Sensors (Accellerometer. & SpO2)

................................ l

Initialize ADC for Analog Sensors
(Temperature & GSR))
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1

Acquire data from Accelerometer /’
flowed by SpO?2 sensor >

e — "
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Temperature and GSR sensor

!

A/D Conversion of data from
analog sensors

Processing of data from sensors

__ | S .

Serially send processed data from
sensors to the NodeMclJ,

i

END

S

Fig 11. Program Flow chart for Arduino Nano (ATmega328)
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VIII. RESULTS AND DISCUSSION
It is now finally time to view the results of our project from the sensor nodes, which are the ESP8266Sensor Nodes 1 and 2. These
nodes monitor various human physiological characteristics, including temperature, skin resistance, blood oxygen level, Hart rate,
and body posture. These are several screenshots of the outcome that show body parameters as text values and graphical
representations.
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TEMPRATURE & @  TEMPRATURE Z @
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a8 °
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Xaxis Oz a Yaxis Z @
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Fig 13. Widget for Parameters Recorded by Sensors

Figure 15 displays One type of virtual storage where time series data can be stored over time is a data bucket. Dashboards can be
created with this data, or it can be exported in various forms for offline processing.
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® Date Value

4/15/2024, 11:20:42 AM BPM= 0 SPO2= 0% T=91.32F X=274.06 Y=77.65 GSR=1%
4/15/2024, 11:19:42 AM BPM= 0 SPO2= 0% T=92.29F X=274.51 Y=76.45 GSR=0%
4/15/2024, 11:18:43 AM BPM= 87 SPO2= 94% T=93.65F X=90.34 Y=91.69 GSR=1%
4/15/2024, 11:17:41 AM BPM= 104 SPO2= 96% T=95.03F X=92.08 Y=119.48 GSR=25%
4/15/2024, 11:16:41 AM BPM= 97 SPO2= 94% T=90.94F X=96.91 Y=117.42 GSR=23%
4/10/2024, 4:01:13 PM BPM= 0 SPO2= 0% T=85.64F X=185.07 Y=185.49 GSR=0%
4/10/2024, 4:00:13 PM BPM= 0 SPO2= 0% T=85.64F X=126.95 Y=188.76 GSR=0%
4/10/2024, 3:59:13 PM BPM= 0 SPO2= 0% T=85.64F X=358.42 Y=32.38 GSR=2%
4/10/2024, 3:58:14 PM BPM= 100 SPO2= 95% T=87.14F X=79.81 Y=42.19 GSR=0%
4/10/2024, 3:57:13 PM BPM= 114 SPO2= 95% T=92.68F X=87.97 Y=86.10 GSR=16%
4/10/2024, 3:56:13 PM BPM= 96 SPO2= 95% T=92.29F X=79.42 Y=55.36 GSR=0%
4/10/2024, 3:55:13 PM BPM= 127 SPO2= 98% T=91.71F X=80.74 Y=57.27 GSR=1%
4/10/2024, 3:54:13 PM BPM= 115 SPO2= 97% T=90.17F X=81.80 Y=25.43 GSR=0%
4/10/2024, 3:53:13 PM BPM= 89 SPO2= 95% T=86.01F X=81.94 Y=58.66 GSR=1%
4/10/2024, 3:52:13 PM BPM= 0 SPO2= 0% T=85.26F X=5.18 Y=28.52 GSR=0%
4/10/2024, 3:51:13 PM BPM= 0 SPO2= 0% T=83.96F X=5.63 Y=27.95 GSR=0%
4/10/2004 2:50-12 PM RDM-— N SPN2— N% T-R2 A7E X=5 21 V=28 2A GSR-N%

Fig 14. Data Bucket

IX.  APPLICATIONS
A. Medical science
Patient observation while receiving physical treatment and patient monitoring.

B. Sports science
For the examination of sports rehabilitation drills. Acknowledging physical activity and their levels of intensity.

C. For Military
With this project, we can monitor soldiers to learn about their daily activities and use a database to improve soldiers' health and
overall military performance.

X. FUTURE SCOPE
Miniaturization was a key component of the design in order to make the system as unobtrusive as possible for the wearer. In our
project, "Monitoring of Human Body Parameters using Wearable Wireless Sensor Network," the hardware portion of the system
design is the sensor node, which includes digital and analog sensors, an Arduino nano board, and node McU Wi-Fi modules. This
was accomplished by utilizing nano boards with ultra low power operating devices and wearable sensor modules, which extend the
wearable sensor node's battery life.

XIl.  CONCLUSION
Based on a wearable wireless sensor network, a novel method for remote measurement and monitoring of human body parameters
has been introduced. All of the human body's parameters can be efficiently measured and tracked by the suggested system.
Wearable sensors and the Wi-Fi standard wireless communication protocol are used by the system to convey data between the
coordinator and sensor node. Effective monitoring of all human body characteristics on an loT platform is made possible by the
coordinator, which permits data transfer from sensor nodes to the 10T cloud environment.
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