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Obesity is a global epidemic, often considered an impending disaster for
the world’s population. Healthcare organizations and professionals repeatedly
emphasize the negative impacts on obesity in the development of
cardiovascular diseases, hypertension and diabetes. The continuous
monitoring of physiological parameters; namely SpO2, blood pressure, body
temperature and pulse rate are imperative for obese adult patients. 10T is
a dynamic field, used extensively in all fields: agriculture, automobile,
manufacturing and retail industry primarily for automated remote real-
time monitoring. This paper focuses on the implementation of IoT in
the healthcare industry for monitoring and evaluating health conditions of
obese adults, along with emphasis on the importance of medical data storage.
Furthermore, a device is developed with a novel design and system, which not
only allows real-time monitoring but also the storage of medical records for
multiple patients simultaneously. The device facilitates measurements of these
parameters using an Arduino environment and then transmits the data onto an

loT dashboard using a Wi-fi module for remote monitoring for healthcare
professionals. The main aim is to provide a suitable device recommended by
doctors for patients suffering from obesity, such that doctors can examine
patient’s health trends over a period from the stored data for monitoring any
changes that could be a symptom of an underlying unnoticed health condition.
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1. INTRODUCTION

World Health Organization (WHO) stated in 2016, 650 million adults worldwide were obese.
In 2016 in US 37.9% of men and 41.9% of women of their population were stated to be obese. Obesity is
defined as a chronic disease due to abnormal amount and excessive distribution of body fats; it is diagnosed
when the patient has a BMI (Body Mass Index) higher than 30kg/m? (mass in kilograms and height in meters).
Obesity is caused due to various factors; lifestyle and dietary choices made by a patient. Obesity is prevalent
in all age groups; however, the negative effects take a significant toll for obese patients over the age of 40
stated by the International Journal of Obesity [1]. Obesity mainly leads to a reduction of life expectancy due
to the development of sudden heart stroke, and type 11 diabetes. These conditions and diseases can be directly
linked to hypertension, stress and high blood pressure. Therefore, it is imperative for an obese patient over
the age of 40 to go for regular check-ups and constantly measure their vital parameters; heart rate, blood
pressure, SpO2 and temperature. They need to take daily measurements for analysis of their health parameters
for symptoms that could potentially lead to a further complication of a stroke. Thus, the proposed device allows
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obese patients to check and record their health parameters while at home and then doctors to remotely monitor
these patients [2, 3].

Internet of thing (10T) provides a communication platform for all standard Internet enabled devices
and non-internet-enabled devices through wireless or cable connections to sense, connect and share data.
It consists of embedded systems; sensors, integrated circuits and microcontrollers, which create and assemble
data, which is then shared and reciprocated to networking interfaces. This allows to data to quickly proliferate
to a number of devices, accessed by a number of users with minimum human intervention. 10T simply makes
devices smarter and users more informed [4]. IHS (Information Handling Services) Markit believes the number
of connected 10T devices will increase 12% annually to reach 125 billion in 2030. 10T is used in healthcare
monitoring, as it is fast, reliable and flexible, and that it provides a key aspect of data storage through cloud
computing. Data storage and management in healthcare provides healthcare professionals a more holistic view
of patient’s treatment, and helps to monitor the patient’s condition over a period [5].

Traditionally, vital health parameters were measured physically by a healthcare professional and
mentioned in the patients report, which were stored in a hardcopy of the reports. This was further improved by
health monitoring kiosks at hospitals and clinics; which allowed patients to independently measure vital
parameters. Advances in technologies eliminated the requirement for patients to visit the nearest kiosk,
with the introduction of portable health machines/systems for each parameter. These machines were bulky and
only suitable for patient care at home. This shortcoming has been ruled out by introduction of health watches
and smartphones. Health watches such as Fit Bit and smartphones with Infrared Rays (IR) sensors, allow
patients to constantly monitor certain health parameters as per their convenience and ease [6].

The measurement of health parameters is advancing rapidly, and there are certain features that require
more focus. The data generated from healthcare services is voluminous in size and quantity and is generated at
a rapid velocity, therefore has to be efficiently managed and stored. Conventional methods of data storage:
hardcopy of documents in hospital archives or storage in portable devices: SD Card, CD and USB are
redundant, and are preceded by cloud storage. Cloud storage not only is cost effective, but also allows long-
term storage. Along with cloud storage, a decentralized platform is required, where data obtained from several
sources is available in a single platform and with increased accessibility [7].

Fit Bits and smartphones (with health trackers) are expensive and only allow measurement of pulse
rate and SpO2 [8]. Therefore, a more economical method, along with the measurement of other crucial
parameters is required. These devices are suitable only for a single person, as irrespective of the number of
patients that measure and use them; the data will be stored all together in a single folder in Cloud. Hence, there
should be a device, which allows multiple patients to measure and store their data in their unique folder,
independent of others. The cloud storage allows relatives and doctors access the patients’ records in real time
from any remote location, providing more accessibility. Finally, if these problems are overcome, it will benefit
obese patients, as they have to regularly check their vitals. The disease obesity normally runs in the family,
thus a single device measuring all the patients’ vitals and storing the data uniquely, will be an optimal solution.

The previous studies conducted, have performed extensive research field of 10T implementation in
healthcare and data storage. A basic patient monitoring system was designed to detect pulse rate and
temperature and when these values are above the maximum threshold value, an SMS is sent via Wi-Fi to
the caretaker [9, 10]. In addition to pulse rate and temperature as the vital parameters, blood pressure and SpO2
were integrated into the device [11]. This patient monitoring device was further enhanced by the usage of
advanced communication technologies such as RFID (Radio frequency identification), Raspberry Pi, Bluetooth
and Wi-Fi [12]. Furthermore, the complete function of this integrated system was applied to monitor patients
remotely in the ICU (Intensive care unit) [13]. Techniques and tools that enable management of health through
Electronic Health Records (EHR), analyzes the data generated from measurement of parameters using medical
instrumentation [14]. Literature studies conducted establish the vital parameters to be measured as: pulse rate,
Sp02, blood pressure and temperature. These four parameters are fundamental for diagnosis; therefore, through
the application of 10T, a device has been designed for measurement of these parameters, along with usage of
the dashboard iotgecko.com. The data is stored on the cloud permanently for a given period.

In order to make this device more efficient and effective for obese patients, certain features have been
optimized. It is designed to be lightweight and portable. This device is economical, and allows multiple people
to measure their data and store it uniquely. The data measured from each person is stored in his or her separate
folder. It employs real time tracking, along with alerts and a buzzer sound alarming both the doctor and
the patient. This device adds certain personalization as the doctor can enter the threshold values shown in
the Figure 1 with respect to the obese patient being monitored, as obese patients have a higher blood pressure
and pulse rate.
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Figure 1. The web browser shows the parameters set by the doctor as per the patient condition

The system, which has been proposed for daily monitoring of adult obese patients, is shown in
Figure 2. The integration of multiple sensors connected to the microcontroller, Atmega 328. These sensors are
LM35 as the temperature sensor, MAX30100 as the SpO2 sensor and a wrist blood pressure and pulse rate
monitor. The wristband is elastic band suitable for an obese patient. In addition to these sensors, a keypad and
LCD (liquid crystal display) are also integrated into the microcontroller. The keypad allows the patient to
navigate through the device and LCD screen, which allows the patient to view the instructions provided to
ensure accurate measurements. Thus, this device is portable and cost effective.
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Figure 2. Block diagram of the monitoring system

The device is user friendly, and directly leads to a reduction in manpower in terms of hosiptal staff as
the device is easy and simple to use. Once the system is switched ON and connected to a 12V power supply,
the following procedure begins initially with the option of SpO2 measurement, then blood pressure and pulse
rate measured simultaneously and finally body temperature. The parameters can be measured or skipped as per
patient’s requirement. Finally, the patients select the unique folder assigned to them for storage of their medical
data. Therefore these steps involve gathering and sensing of information and can be collectively termed as Data
Acquisition Step. After this step, all the information is received by the Wi-Fi module (ESP8266) and
transmitted to the 10T gecko cloud server. [15,16]. The procedure displayed on the LCD screen can be seen in
Figure 3. The patient can navigate through the device by the options displayed on the screen, which allows
the patient to perform the desired measurements or skip the measurements.
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Figure 3. Menu preferences on LCD screen

Finally, it is crucial that the data collected is compared with the threshold values preset by
the healthcare professional. This step is essential as threshold values of vital parameters vary among obese
patients. This refers to the data processing as shown in Figure 4. Data processing refers to the device
functioning and programming, for collection of data from the different parameters and transfer of data to
the dashboard [17].
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Figure 4. Data processing

Figure 5 the health monitoring devices are shown; namely:

Temperature sensor

Heartbeat and blood pressure sensor
SpO2 sensor

Arduino Atmega 328 microcontroller
Wi-Fi Module

LCD Display

Finally, the patient
decides whether to
measure their body

temperature or skip the
measurement.

Figure 5. Health monitoring device
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The hardware components, which are all non-invasive techniques:

Temperature Sensor: Figure 6 displays the LM35 sensor is a precision integrated-circuit temperature
instrument, with an output voltage linearly proportional to the Centigrade temperature. The sensor has a major
advantage over linear temperature sensor, which provides the corresponding voltage in Kelvin, and therefore
it is not required to subtract a large constant voltage from the output to obtain convenient Centigrade scaling.
The LM35 device does not require any external calibration or trimming to provide typical accuracies of +%°C
at room temperature and £%°C over a full —=55°C to 150°C temperature range [18]. The LM35 sensor is easy
to use and can be used by slightly pinching the sensor

Heart Beat/Pulse Rate and Blood Pressure Sensor: The sensor used is an easy to use and flexible,
as it can be worn around the wrist, shown in Figure 7 It is suitable for thick wrists in case of obese patients.
It measures upper blood pressure, lower blood pressure and pulse rate. Heart rate varies depending on
a person’s age, fitness and genetics [19]. Heart rate is measured by measuring the pulse rate: the amount of
blood flowing through the arteries due to contractions in the ventricles of the heart. Pulse rate is traditionally
measured by placing a finger over a superficial artery on the neck or wrist pulse rate, in beats per minute (bpm).
In this study, the pulse rate sensor is integrated with the blood pressure sensor worn on the wrist. Therefore,
the sensor measures pulse rate by measuring the beats per minute. It doesn’t require any pumping,
like the traditional sphygmomanometer and displays the values on the LED screen provided on this wrist sensor
and also on the main screen of the health monitoring sensor. It provides reading in mm of Hg [20, 21].

Figure 6. LM35 sensor Figure 7. Blood pressure and pulse rate sensor

SpO2 sensor: the MAX30100 sensor is used to measure pulse oximetry; Oxygen saturation in
the blood. It is very sensitive, and can effectively measure how oxygen is carried to the ends of the body,
arms and legs. It measures the amount of oxygen saturation in the blood. It employs an IR sensor and
a photodetector, which measures the amount of oxygen bound to haemoglobin It works on the principle that
oxygenated haemoglobin (oxy Hb) and deoxygenated haemoglobin (deoxy Hb) absorb light at different
wavelengths. Such that oxy Hb absorbs red light (650nm) and allows IR (950nm) says to pass, whereas deoxy
Hb absorbs IR rays and allows red to pass. In the MAX30100 sensor, a finger is placed on the sensor, source
of light and below there is a photodetector which produces a voltage proportional to the light absorbed by both
Oxy Hb and deoxy Hb. A ratio is obtained for red light to IR light and then converted to a percentage of
the available haemoglobin that carries oxygen [22].

Arduino Atmega 328 Microcontroller: This is an open-source prototyping platform, the Atmel
ATmega328P is a 32K 8-bit microcontroller based on the AVR architecture. The ATMEGA328-PU is a PDIP
28 pin package and is used on 28 pins AVR Development Board. It is executed in a single clock cycle at 20
MIPS at 20MHz and 131. Instructions most of which are executed in a single clock cycle. It has a memory of
32KB of programmable FLASH, 1KB of EEPROM and 2KB SRAM. It allows data retention for 20 years at
85°C and 100 years at 25°C. ATmega32 has 32 pins (4portsx8pins) configurable as Digital 1/0 pins. It has 3
Inbuilt timer/counters, two 8 bit (timer0, timer2) and one 16 bit (timerl). It has one successive approximation
type ADC in which total 8 single channels are selectable and on-chip analog comparator is available. Arduino
boards are relatively inexpensive compared to other microcontroller platforms.

Wi-Fi module: ESP8266 is used as a Wi-Fi modem, allowing the data to be stored with the loT
interface. It is a low-cost Arduino compatible modem, with full TCP/IP coverage and also has MUC
Integration, to control 1/0 pins. Its specifications are 32-bit RISC CPU. A 64 KiB of instruction RAM, 96 KiB
of data RAM and WEP or WPA/WPA2 authentication, or open networks [23].

LCD Display: An LCD Display is provided which is connected to the Arduino with pins, it displays
the data after each measurement is taken, allows the patient to skip parameters and allows the patient to
successfully store the data for the patient as per the folder.
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The software components include:

Arduino IDE programming: Most microcontroller systems are limited to Windows but Arduino
Software (IDE) runs on Windows, Macintosh OSX, and Linux operating systems. Arduino Software (IDE)
provides easy programming software, which is open source and extensible [24]. The language can be expanded
through C++ libraries. The programs developed are installed in the Arduino Atmega 328 Microcontroller
through digital and analog pins provided.

loT system: The software is stored on the Cloud and is accessed by web browser iotgecko.com,
on which all the data is stored for both patients. The web browser can be acceded from anywhere and provides
necessary alerts. The web browser also allows the doctor to set the threshold values as per the obese patients’
conditions [25].

2. RESULTS AND DISCUSSION

The previous studies concluded with the measurement of several parameters for a patient in
the Intensive Care Unit (ICU) through a device, monitored through a mobile application, allowing the doctor
to remotely monitor the patient [26]. In this device however, storage wasn’t developed as, constant analysis in
real- time and alerts were the fundamental focus. The other approaches focused primarily on monitoring
the vital four parameters and sending SMS to the doctors for alerts, using Raspberry Pi and Zigbee technology
for close range short distances [27, 28]. Therefore, by understanding previous studies, this device allows
monitoring of vital parameters for obese patients and storage of data for medical analysis for multiple patients.
The sensors operate when the device is connected to a Wi-Fi router. Figure 8 shows the processing that takes
place after measurements are taken, then sent to the loT dashboard.

In the Figure 9, the dashboard is displayed after the readings have been taken. When the measured
values are higher or lower than the pre-determined threshold value, an alert with a buzzer noise is set off.
In this scenario, as the lower blood pressure threshold value is set as 70, and the measured value is 67,
an alert with buzzer sound has been set off. Therefore, this feature allows the doctor and the patient to be
alarmed in abnormal situations for all measured parameters.

In case the patient skips a measurement, then the value displayed on the 10T interface is zero,
shown in Figure 10. The doctor selects the patient’s folder and can view all the previous measurements and
the most recent, which is denoted by the first Serial ID. In this figure, values for two separate patients are
observed: Person 1 and Person 2, and the most recent readings out of the monthly readings stored are displayed.
Thus, the values get stored onto a Cloud platform, for a long-term examination. The stored values are
fundamental to this device, it allows data analysis and provides statistical reasoning.

The graph shown in the Figure 11 indicates a monthly trend for two parameters: blood pressure and
heart rate for an obese patient. This patient has been regular with checkups with their doctor, and faces
headaches and sweating on a weekly basis. The obese patient’s parameters were measured daily using this
device, and their values were subsequently stored on the Cloud platform. The doctor through the analysis of
his parameters can get a better understanding of the medical condition and potential medical threats that
the patient might face. The values for a given month (Jan 2019) were integrated together and a graph indicating
the patient’s health trend was developed, to provide a statistical analysis. Finally, the doctor/healthcare
professional can continuously remotely monitor obese patients for any disturbance in their health conditions,
to prevent a potential catastrophe.

The patient/ doctor can
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Figure 8. Software processing of measurements
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Figure 9. Real-time monitoring: display of web browser including alert shown on the web browser
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Figure 10. Readings for multiple patients on the dashboard
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Figure 11. Monthly trend for an obese patient

3. CONCLUSION

The study provides a suitable device for daily analysis of health parameters for obese patients.
This research paper establishes the requirement for obese patients over the age of forty for constant monitoring
as their body physiological state varies from the normal. The prototype is a fully functioning device, to measure
the body parameters and store these medical records. This device is efficient, portable and user friendly.
Therefore, this device is of a suitable use for regular tracking of body’s conditions and also allows the doctor
to be notified for development of any severe health condition. The patient and the doctor can analyze their
historical medical data on the IoT server, which will help them keep track of their body’s physiological
condition on a daily basis.

Integrated healthcare monitoring device for obese adults using internet of things (1oT) (Dev Gupta)



1246 O ISSN: 2088-8708

REFERENCES

[1] Aiello, M, Ambron, E, Situlin, R, Foroni, F, Biolo, G, and Rumiati, R., "Body weight and its association with
impulsivity in middle and old age individuals," Brain and Cognition, pp. 103-109, 2018.

[2] Kim,J., “A wearable device for managing abdominal obesity. Third International Conference on Big Data and Smart
Computing (BigComp2016),” Data & Knowledge Engineering, 2017.

[3] Chinchole, S., & Patel, S. (2017). “Cloud and sensors based obesity monitoring system,” 2017 International
Conference on Intelligent Sustainable Systems (ICISS).

[4] Baker, S, Xiang, W, and Atkinson, I., "Internet of Things for Smart Healthcare: Technologies, Challenges, and
Opportunities," IEEE Access, vol. 5, pp. 26521-26544, 2017.

[5] Noemi Scarpato, Alessandra Pieroni, Luca Di Nunzio, Francesca Fallucchi, “E-health-loT Universe: A Review,”
International Journal on Advanced Science, Engineering and Information Technology, Vol. 7, No. 6, 2017.

[6] Diaz, K, Krupka, D, Chang, M, Peacock, J, Ma, Y, Goldsmith, J, Schwartz, J, and Davidson, K., "Fitbit®: An accurate
and reliable device for wireless physical activity tracking," International Journal of Cardiology, vol. 185,
pp. 138-140, 2015.

[7] Abawajy,Jand Hassan, M., "Federated Internet of Things and Cloud Computing Pervasive Patient Health Monitoring
System," IEEE Communications Magazine, vol. 55(1), pp. 48-53, 2017.

[8] Wang,J. B., Cadmus-Bertram, L. A., Natarajan, L., White, M. M., Madanat, H., Nichols, J. F.,Pierce, J. P. “Wearable
Sensor/Device (Fitbit One) and SMS Text-Messaging Prompts to Increase Physical Activity in Overweight and Obese
Adults: A Randomized Controlled Trial,” Telemedicine and E-Health, Vol 21, No.10, pp 782-792

[9] Poojitha, M., "IOT based Advanced Smart Healthcare Monitoring System," International Journal for Research in
Applied Science and Engineering Technology, vol. 6(3), pp. 2473-2476, 2018.

[10] Senthilkumar, S, Brindha, K, Charanya, R, and Kumar, A., "Patients Health Monitoring System Using IOT," Indian
Journal of Public Health Research & Development, vol. 10(4), pp. 252, 2019.

[11] Naresh Bees, A, Shekar Pawar, N, Lalit Kothari, P, and Namdeo Bhor, H., "Heart Rate-ECG-Temperature-SpO2
Monitoring &amp; Alerting System," SSRN Electronic Journal, 2019.

[12] Swaroop, K, Chandu, K, Gorrepotu, R, and Deb, S., "A health monitoring system for vital signs using 10T," Internet
of Things, pp. 116-129, 2019.

[13] Byoung-Chan Jeon, Da-Hyun Kang, Lee Sang Jeong and Jung-Hyen Cho, "Design and Implementation of IoT based
Real-time Monitoring Platform for ICU," Journal of Knowledge Information Technology and Systems,
vol. 13(4), pp. 475-485, 2018.

[14] Achampong, E., "Readiness of Electronic Health Records for the Cloud Network," Journal of Health & Medical
Informatics, vol. 05(05), 2014.

[15] Neagu, G., Preda, S., Stanciu, A., & Florian, V. (2017). “A Cloud-IoT based sensing service for health monitoring.”
2017 E-Health and Bioengineering Conference (EHB).

[16] Hassanalieragh, M., Page, A., Soyata, T., Sharma, G., Aktas, M., Mateos, G., Andreescu, S. “Health Monitoring and
Management Using Internet-of-Things (IoT) Sensing with Cloud-Based Processing: Opportunities and Challenges,”
2015 IEEE International Conference on Services Computing.

[17] Kunnavil, R., "Healthcare Data Utilization for the Betterment of Mankind - An Overview of Big Data Concept in
Healthcare," International Journal of Healthcare Education & Medical Informatics, vol. 05(02), pp. 14-17, 2018.

[18] Tarigq, M, Niaz, M, Tahzeeb, M, Kamran, S, and Wasim, M., "Wireless Sensor Network to Monitoring the Patient
Health System Internet of things (loT) based using ZigBee," International Journal of Computer Applications,
vol. 182(20), pp.17-22, 2018.

[19] Yadav, R, Yadav, P, Yadav, L, Agrawal, K, Sah, S, and Islam, M., "Association between obesity and heart rate
variability indices: an intuition toward cardiac autonomic alteration &ndash; a risk of CVD. Diabetes," Metabolic
Syndrome and Obesity: Targets and Therapy, vol. 10, pp. 57-64, 2017.

[20] Apiwong-ngam, N, Yarin, S, Ngamjarurojana, A, and Choopun, S., "Construction of Blood Pressure Monitor Using
Photoplethysmography Calibrating with Upper-arm Blood Pressure Monitor," Journal of Physics: Conference Series
1144, 2018.

[21] Vippalapalli, V., & Ananthula, S. “Internet of things (10T) based smart health care system,” 2016 International
Conference on Signal Processing, Communication, Power and Embedded System (SCOPES), 2016.

[22] Adiputra, R, Hadiyoso, S, and Hariyani, Y., "Internet of Things: Low Cost and Wearable SpO2 Device for Health
Monitoring," International Journal of Electrical and Computer Engineering (IJECE), vol. 8(2), pp. 939, 2018.

[23] Mesquita, J., Guimaraes, D., Pereira, C., Santos, F., & Almeida, L. “Assessing the ESP8266 WiFi module for
the Internet of Things,” 2018 IEEE 23rd International Conference on Emerging Technologies and Factory
Automation (ETFA), 2018.

[24] Shanmugam, M and Singh, M. "Arduino Based 10T Platform for Remote Monitoring of Heart Attacks and Patients
Falls," Journal of Computer Science, vol. 14(4), pp. 574-584, 2018.

[25] Tabassum, K., "Intelligent Health Monitoring Using Internet of Things," Annals of Biostatistics & Biometric
Applications, vol. 1(1), 2018.

[26] S., G., M., P and Prakash A."loT based Heart Attack Detection, Heart Rate and Temperature Monitor," International
Journal of Computer Applications, vol. 170(5), pp. 26-30, 2017.

[27] Aarthi, R., "An loT Based Wireless Body Area Network for Healthcare Applications using Raspberry Pi,"
International Journal for Research in Applied Science and Engineering Technology, vol. 6(4), pp. 3076-3083, 2018.

Int J Elec & Comp Eng, Vol. 10, No. 1, February 2020 : 1239 - 1247



Int J Elec & Comp Eng ISSN: 2088-8708 O 1247

[28] Saha,J., Saha, A. K., Chatterjee, A., Agrawal, S., Saha, A., Kar, A., & Saha, H. N. “Advanced 10T based combined
remote health monitoring, home automation and alarm system.” 2018 IEEE 8th Annual Computing and
Communication Workshop and Conference (CCWC).

BIOGRAPHIES OF AUTHORS

Dev Gupta is currently pursuing Bachelor of Engineering with Honors in Electrical and
Electronics Engineering in Bits Pilani Dubai Campus. His area of interest is Medical
Instrumentation

Akanksha Parikh is currently pursuing Bachelor of Engineering with Honors in Biotechnology
in Bits Pilani Dubai Campus. Her area of interest is Medical Instrumentation.

Dr. R. Swarnalatha did her BE in Instrumentation & Control Engineering from Satyabhama
Engineering College, Chennai and M.E in Instrumentation Engineering from Madras Institute of
Technology, Anna University, Chennai. She received her PhD degree in Biomedical
Instrumentation from Birla Institute of Technology and Science (BITS), Pilani, India. She has 20
years of teaching experience. She is working with BITS Pilani, Dubai Campus for past 14
years. She has guided many projects and taught various courses for undergraduate and
postgraduate students. Her research interest includes biomedical instrumentation, process control
& Instrumentation, neural network & fuzzy logic.

Integrated healthcare monitoring device for obese adults using internet of things (1oT) (Dev Gupta)



