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Abstract— The development and integration of Internet of Things technology in healthcare systems
have opened up new possibilities for monitoring and managing the health and well-being of
individuals outside of traditional medical institutions (Y* e al- 2016) " Thjg technology has been
particularly advantageous for patients with chronic diseases and the elderly, as it allows for remote
health monitoring and real-time clinical feedback. By leveraging loT-enabled smart devices,
healthcare providers can collect real-time patient data and transfer it for assessment or self-
management. One specific area where IoT technology has shown promising potential is in the
monitoring of hemoglobin levels. Hemoglobin is an important protein in the blood that carries oxygen
to different parts of the body. Accurate monitoring of hemoglobin levels is crucial for diagnosing and
managing various medical conditions, such as anemia and certain types of cancer.
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1. INTRODUCTION

Anemia is a common condition that affects over 30% of the global population. It is characterized by
a decrease in the number of red blood cells or hemoglobin, which leads to a decrease in the oxygen-
carrying capacity of the blood. Anemia can be caused by various factors, such as iron deficiency,
chronic diseases, or genetic disorders. Monitoring hemoglobin levels is crucial for the diagnosis and
management of anemia. Traditionally, this has been done through blood tests, which are invasive,
time-consuming, and require frequent visits to the doctor. This can be a challenge for patients,
especially those who live in remote areas or have limited access to healthcare facilities.

The IoT hemoglobin monitoring system is a network of interconnected devices and sensors that can
measure and transmit hemoglobin levels to a central database. The system consists of three main
components: the wearable device, the gateway, and the cloud server.

The wearable device is a small, non-invasive sensor that can be attached to the patient's finger or
earlobe. It uses photoplethysmography (PPG) technology to measure the changes in blood volume
and calculate the hemoglobin level. PPG is a simple and reliable method that uses light to measure
the blood flow in the capillaries. The device also has a wireless module that allows it to connect to the
gateway.

The gateway is a small device that acts as a bridge between the wearable device and the cloud server.
It uses Bluetooth or Wi-Fi to connect to the wearable device and transmit the collected data to the

2564



European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 10 Issue 02, 2023

cloud server. The gateway also has a display that shows the real-time hemoglobin level and alerts the
user if it falls below a certain threshold.

The cloud server is the central component of the system. It receives the data from the gateway and
stores it in a database. The server also has a user interface that allows healthcare professionals to
access the data and monitor the patient's hemoglobin levels remotely. The server can also send
notifications to the patient and their doctor if the hemoglobin level is abnormal.

The IoT hemoglobin monitoring system can be implemented in three phases: hardware development,
software development, and integration.

Currently, the most common method for measuring hemoglobin levels is through a blood test, which
involves drawing a blood sample and sending it to a laboratory for analysis. However, this method is
invasive, time-consuming, and requires skilled personnel to perform the test. As a result, there has
been a growing interest in developing non-invasive and real-time hemoglobin monitoring technology.
One of the current developments in this field is the use of pulse oximetry to measure hemoglobin
levels. Pulse oximetry is a non-invasive method that measures the oxygen saturation in the blood by
using a sensor placed on the fingertip. This technology has been widely used in hospitals and has been
shown to be accurate in measuring hemoglobin levels. However, it is limited to measuring only the
oxygen-carrying capacity of hemoglobin and not the actual hemoglobin levels.

Another emerging technology  for hemoglobin monitoring is the use of near-
infrared spectroscopy (NIRS). NIRS uses light in the near-infrared range to penetrate the skin and
measure the absorption of light by hemoglobin. This method has been shown to accurately measure
hemoglobin levels and has the potential for real-time monitoring. However, the technology is still in
its early stages, and further research is needed to improve its accuracy and reliability.

A] Challenges in Hemoglobin Monitoring Technology

Despite the advancements in hemoglobin monitoring technology, there are still some challenges that
need to be addressed. One of the main challenges is the accuracy of the measurements. Non-invasive
methods, such as pulse oximetry and NIRS, are prone to errors due to factors such as skin
pigmentation, motion artifacts, and ambient light interference. Therefore, further research is needed
to improve the accuracy and reliability of these methods.

Another challenge is the cost of these technologies. Current non-invasive hemoglobin monitoring
devices are expensive, making them inaccessible to many healthcare facilities, especially in
developing countries. There is a need for more affordable devices that can be used in resource-limited
settings.

B] Hardware Development

The first step in implementing the system is to develop the hardware components. This includes
designing and manufacturing the wearable device and the gateway. The wearable device should be
small, lightweight, and comfortable to wear. It should also have a long battery life to ensure continuous
monitoring. The gateway should be compact and easy to use, with a display screen and wireless
connectivity. Inthis research the ESP32 is used as the main controller to get the data from the sensor.
The sensor used here is MAX30100 which is pulse oximeter sensor.

Wearable \ Internet Cloud
Body Area Gatewa —>  Server Data
Sensors Y Analysis
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Fig 1 Architecture

As shown in Figure 1, the architecture of the loWT and its connections consists of three elements: the
WBAN, the gateway connected to the Internet, and the cloud. The WBAN is a front-end component
of loWT that wraps around the body to collect health-related data unnoticed. The WBAN collects data
from sensors in direct contact with the body or from sensors in the environment that can collect
indirect data about a person’s behaviour. The WBAN can either analyze the data or transmit them for
remote analysis. In addition, mobile computing devices such as smartphones, tablets, and laptops must
be connected to the Internet to send data to powerful computing resources.

The ESP32 microcontroller has been widely used in various medical applications, including vital sign

monitoring, remote patient monitoring, and telehealth. Its low-cost and low-power consumption make

it suitable for developing portable and wearable devices for hemoglobin monitoring. Some potential
applications of ESP32 in hemoglobin monitoring include:

1. Wearable devices: With the increasing popularity of wearable devices, there is a potential for
developing a wearable device that can continuously monitor hemoglobin levels. The device could
be worn on the fingertip or earlobe, similar to a pulse oximeter, and transmit real-time data to a
smartphone or a cloud platform.

2. Point-of-care testing: The ESP32 microcontroller can be integrated into handheld devices for point-
of-care testing. These devices could be used in remote areas or in emergency situations where
access to laboratory facilities is limited.

3. Smart bandages: ESP32 can be used to develop smart bandages that can detect changes in
hemoglobin levels in wounds. This technology can be useful in monitoring wound healing in
patients with chronic wounds, such as diabetic foot ulcers.

C] Literature Survey

1 Non-Invasive Hemoglobin Monitoring Device

This paper deals with a non- invasive hemoglobin monitoring device that measures hemoglobin
concentration of a person without utilizing a drop of blood. The method

proposed in this paper uses the principle of photoplethysmography and Beer Lambert law to measure
the hemoglobin levels in blood. Two PPG signals are obtained by shining lights corresponding to Red
and IR wavelengths on the fingertip of a person and absorbance levels are computed. Path length
traveled by the light is determined using the refractive index of hemoglobin and the physical distance
between source and detector. Using the two measured values with the known extinction coefficients,
a relationship is derived to determine the hemoglobin concentration removing the need for any
calibration. Discrete Kalman filter is designed to remove artifacts from the signal. The Arduino
microcontroller board is used for signal acquisition and data is transferred via serial communication
to PC for further analysis.

FINGER PHOTODIODE
SIGNAL
PROCESSING

SWITCHING CONTROL PPG
LOGIC

RED & IR LED

I MICROCONTROLLER l
USHE SERIAL
COMMUNICATION
CALCULATIONS USING MATLAB
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Fig 2 System diagram

2 HemoSmart: A Non-invasive, Machine Learning Based Device and Mobile App for Anemia
Detection

This paper presents a non-invasive method to detect Anemia (a low level of Hemoglobin)easily. The
Hemoglobin concentration in human blood is an important substance to health condition
determination. With the results which are obtained from the Hemoglobin test, a condition which is
called Anemia can be revealed. Traditionally the Hemoglobin test is done using blood samples which
are taken using needles. The non-invasive Hemoglobin measurement system, discussed in this paper,
describes a better idea about the hemoglobin concentration in the human blood. The images of the
finger- tip of the different hemoglobin level patients which are taken using a camera are used to
develop the neural network-based algorithm. The pre-mentioned algorithm is used in the developed
non invasive device to display the Hemoglobin level. Before doing the above procedure, an account
is created in the cloud server and a questionnaire is given to answer by the patient. Finally, both the
results which are obtained from the mobile app and the device are run through a machine learning
algorithm to get the final output. According to the result, the patient would be able to detect anemia
at an early stage.

3 A Novel Non-invasive Hemoglobin Sensing Device for Anemia Screening

In this paper, we present the architecture and development of such a device. Using a specific
arrangement of light emitting diodes and fiber optics, we have created a novel multiwavelength
spectrophotometric sensing platform to detect anemia. A mechanical lever operated fiber optics based
sensor eliminates the problems associated with conventional noninvasive finger probe, aiding in the
detection of hemoglobin levels as low as 1.6 g/dL.

This study also proposes a method wherein incident light intensity can be measured along with
attenuated light intensity to support hemoglobin estimation. The device could detect the light signals
as low as 0.001% of the incident light intensity. Performance of the proposed platform was validated
in conjunction with an algorithm to estimate hemoglobin. The device was able to estimate hemoglobin
with an RMSE of 1.47 + 0.042 g/DI and a correlation of 0.79 + 0.03 between the predicted and actual
value of Hb.

4A Novel Real-Time Non-Invasive Hemoglobin Level Detection Using Video. Images from
Smartphone Camera

In this paper, we present a smartphone-based non-invasive hemoglobin detection method.It uses the
video images collected from the fingertip of a person. We hypothesized that there is a significant
relation between the fingertip mini-video images and the hemoglobin

level by laboratory” gold standard.”

5 Non-invasiveHemoglobin Measurement for ~ Anemia
Diagnosis
-Hemoglobin is an important part of the red blood cell to transport oxygen and carbon dioxide.
Hemoglobin concentration in the blood can be used as a physical condition parameter. A low
hemoglobin level is
called anemia and high hemoglobin level is called polycythemia. WHO has determined the anemia
cut off level of hemoglobin concentration based on age, sex, and condition (pregnant or not).Currently,
accurate and reliable hemoglobin concentration measurement uses invasive methods such as
cyanmethemoglobin and automated hematology analyzer. But these methods are expensive, not real
time, high infection risk, and need special techniques. Non-invasive methods offer a better alternative
because it has low infection risk, instant result, and portable in size. This work developed a non-
invasive hemoglobin measurement for anemia diagnosis based on optical spectroscopy. The system
utilized LED and photodiode as optical sensor placed on the fingertip. Photodiode just could obtain
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DC component, so the signal conditioning circuit which consisted of HPF, LPF and amplifier was
used to obtain the AC component of the signal. This system used a microcontroller to control the
operation of the hardware and to calculate the hemoglobin concentration.

The IoT hemoglobin monitoring system offers several benefits compared to traditional methods of
monitoring hemoglobin levels. First and foremost, it is non-invasive, making it more comfortable for
patients, especially children and the elderly. It also eliminates the need for frequent visits to the doctor,
as the system can continuously monitor the hemoglobin levels and alert the patient and their doctor if
there is any abnormality. This can save time and reduce healthcare costs for patients. Moreover, the
system can be used in remote areas where access to healthcare facilities is limited, improving the
quality of healthcare for underserved populations.

D] Block Diagram for the system
As per the research study the the below block diagram the ESP32 the wifi based controller and
having and which the

includes

temperature MAX31011 sensor display

Hemoglobin level on OLED as well as the data of the sensor

send to the cloud server my sql database where the parameters

will show in the form of graph.

OLED
MAX31011 f
Optical Sensor .
Temperature | 4 ESP32 —— Cloud Server
Sensor -
— N
Fig 3 Block Diagram

Pulse oximetry is based on the principle that the amount of RED and IR light absorbed varies
depending on the amount of oxygen in your blood. The following graph is the absorption-spectrum
of oxygenated hemoglobin (HbO2) and deoxygenated hemoglobin (Hb).deoxygenated blood absorbs
more RED light (660nm), while oxygenated blood absorbs more IR light (880nm)

Blood vessel ;
(Artery) Hemoglobin

Fig 4 Blood flow detector
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E] Hardware of Healthcare Monitoring System

In this research is based on the Non invasive method for detecting Hemoglobin level Here the
Oxymeter sensor is used that works on the principle of IR rays and IR detector.The oxygenated
hemoglobin (HbO2) in the arterial blood has the characteristic of absorbing IR light. The redder the
blood (the higher the hemoglobin), the more IR light is absorbed.As the blood is pumped through the
finger with each heartbeat, the amount of reflected light changes, creating a changing waveform at
the output of the photodetector. This sensed data willsend on the cloud server database to monitor data
online

i3z U‘:'E;z Vinj20—
i & e

Li-lon Battery 3

ESP32 Module
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Fig 5 Circuit Diagram

Here the main controller is ESP32 and for the detection of the parameters MAX30100 sensor is used.
The data will display on OLED and same will send to the cloud server for the analysis

F] Cloud server

Cloud storage is a model of computer data storage in which the digital data is stored in logical pools.
The physical storage spans multiple servers (sometimes in multiple locations), and the physical
environment is typically owned and managed by a hosting company. These cloud storage providers
are responsible for keeping the data available and accessible, and the physical environment protected
and running. People and organizations buy or lease storage capacity from the providers to store user,
organization, or application data.

Cloud storage services may be accessed through a colocated cloud computing service, a web service
application programming interface (API) or by applications that utilize the API, such as cloud desktop
storage, a cloud storage gateway or Web-based content management systems.

Cloud storage is based on highly virtualized infrastructure and is like broader cloud computing in
terms of accessible interfaces, near-instant elasticity and scalability, multi-tenancy, and metered
resources. Cloud storage services can be utilized from an off-premises service (Amazon S3) or
deployed on-premises (ViION Capacity Services).

Cloud storage typically refers to a hosted object storage service, but the term has broadened to include
other types of data storage that are now available as a service, like block storage.

Object storage services like Amazon S3, Oracle Cloud Storage and Microsoft Azure Storage, object
storage software like Openstack Swift, object storage systems like EMC Atmos, EMC ECS and
Hitachi Content Platform, and distributed storage research projects like OceanStore and VISION
Cloud are all examples of storage that can be hosted and deployed with cloud

storage characteristics

For our project we use 000webhost.com as free web cloud server
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5. Conclusion

In conclusion, the design and implementation of an IoT hemoglobin monitoring system have the
potential to transform the way anemia is managed. The system offers a non-invasive and convenient
way to monitor hemoglobin levels, improving the quality of life for patients. It also allows for remote
monitoring and early detection of abnormalities, which can lead to better healthcare outcomes.
However, further research and development are needed to refine the system and make it more
accessible and affordable for patients. The ESP32 microcontroller has the potential to revolutionize
this field with its low-cost and low-power consumption. Current developments, such as pulse
oximetry and NIRS, have shown promising results, but further research is needed to improve their
accuracy and reliability. Addressing the challenges, such as cost and accuracy, can lead to the
development of more accessible and accurate devices for hemoglobin monitoring. With the potential
applications of ESP32 in this field, the future of hemoglobin monitoring technology looks promising,
and it has the potential to improve the diagnosis and management of various medical conditions.
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