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Abstract

World is moving towards intelligence and automation in every field including pharmaceuticals.
Wellbeing care systems as well as further surgeries operations are experiencing within the
exploratory stages. These biomedical inserts are in testing stage with coordinate contact of skin to
think about inconsistencies of any kind. Biomedical inserts field is revolutionizing the restorative
science. Tests are being carried from a decade to adjust these innovation as before long as

conceivable.

This proposition's main goal is to consider a real-time understanding observation framework. Our
main goal is to think about biomedical sensors that can measure our vital signs, provide emergency
alerts, and administer medications when they are needed. I started by thinking about the crucial
variables that must be tracked in the patients, such blood oxygen, glucose level, and temperature.
Then I looked at several sensors that may be used and a simulation of such a system that is described
in the Proteus documentation. Understanding how these sensors function and how prepared they are
to coordinate different types of sensors with one another is the main goal of this simulation. In
addition, as we continue on this path, we also reach out to emerging and unique businesses in order

to deeply examine and create a few test beds as the cornerstone of an acceptable strategy.

The idea of telemedicine and telemonitoring of persistent at-home patients to minimize physical
contact as much as possible is supported by the recent COVID-19 event. Furthermore, the use of
biosensors isn't only limited to the therapeutic sector anymore; it has expanded to include our daily

routines as well.
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Chapter #1: Introduction:

1.1 Background:

The first biosensors were created in 1906 when M. Cremer [1] showed that the electric potential that
develops between fluid components that are on opposing sides of a glass membrane is proportional
to the concentration of an acid in a liquid. However, Sren Peder Lauritz Srensen didn't present the
idea of pH (hydrogen ion concentration) until 1909, and W.S. Hughes didn't develop an electrode for
pH measurements until 1922 [2]. Griffin and Nelson [3] were the first to show that the enzyme
invertase could be immobilized on aluminum hydroxide and charcoal between 1909 and 1922.
Leland C. Clark Jr. created the first "true" biosensor for oxygen sensing in 1956. He is referred to as

the "father of biosensors," and he is credited with creating the oxygen electrode.: ‘Clark electrode’

[4]

Microelectromechanical systems (MEMS) technology-based biosensors and chemical sensors have
been created to replace pricey and difficult analytical instruments used in healthcare with small,
widely-accepted sensors designed for healthcare applications [5]. It is crucial for the advancement of
healthcare and medical monitoring to integrate biosensors into the internet-of-things (IoT) system in
order to enhance quality of life (QoL). Devices that use optical, piezoelectric, and electrochemical
transducers to detect analytes have advanced dramatically during the last 50 years [6]. Due to their
great performance, mobility, simplicity, and cheap cost, electrochemical sensors are starting to be
employed in a range of analytical, medical diagnostic, and screening applications. Along with
advancements in biosensors, metabolites and electrolytes may now be detected using portable

analyzers.

However, since blood must be drawn in order to take the readings, the majority of these traditional

sensors are intrusive. As a result, the patient is under a lot of stress and has a significant risk of
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infection and other issues. For patients who are old or babies, this is extremely difficult.
Furthermore, continual measurement in biometry is crucial in many different disciplines. For
instance, frequent blood glucose monitoring is required for the best management of diabetes [7].
Real-time detection of viruses and pathogens in the body may also signal the beginning of a disease.
The effects of medications should also be regularly observed. In the aforementioned scenarios, it is
problematic to continually measure the necessary sample media (blood, urine, serum, etc.), making
the use of invasive biosensors difficult. The chemical components that are present within and on the
surface of the human body may be measured in situ using biosensors for biomedical measurements.
Compared to traditional instrumental analysis approaches, this is a potent tool for quickly and easily
quantifying ecological information [8]. Blood, sweat, saliva, tears, interstitial fluid, breath, and
human volatiles are just a few of the biological fluids that may now be detected analytically thanks to

the invention of biosensors (Fig.1). [9]
breath sensor contact lens mouthguard

(a)r_\g (b

pacifier sensor

tooth sensor

skin gas sensor

(@)

colorimetric
sweat sensor

Figure 1: 1.1.1.biosensors and chemical sensors for human information

Over the last two decades, research on wearable sensors has expanded at a remarkable rate. As

MEMS technology and biosensors have advanced, they have shrunk and gotten more complex.
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These portable, non-invasive sensors have been used to track patients' exercise activities as well as
continually monitor patients [10]. Wearable sensors may make it possible to switch from hospital
intensive care to individual management at home, which is advantageous for cutting medical
expenses and securing hospital beds. Wearable biosensors, in our opinion, will be extremely helpful

in the ongoing care of COVID-19, and we anticipate that further research will be done in the future

[11].

1.2 Statistical analysis of heart and blood vessel conditions.

According to "Heart Disease and Stroke Statistics - 2015 Update: A Report from American Heart

Association", the heart disease and stroke statistics are as follows:

remains the leading cause of mortality worldwide, accounting for 17.3 million deaths year and

estimated to reach 23.6 million by 2030 [12]. This data was gathered from over 190 nations.

According to the same data, stroke is still the second-leading cause of death. According to the
American Heart Association research, between 1990 and 2010, the number of deaths from stroke per
100,000 persons decreased. However, the number of individuals having their first and subsequent

strokes each year increased, reaching 33 million in 2010 [12].

National Center for Health Statistics, World Health Organization, and National Heart, Lung, and Blood

Institute
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Highest Cardiovascular Disease Death Rates

Here's a look at the top 10 countries with the highest death rates for heart disease,
stroke and high blood pressure per 100,000 men and women, ages 35 to 74.

Russian Federation 1,173 Russian Federation 466 =
Ukraine 1,067 Ukraine 454
Romania 657 Romania 312
Hungary 524 Hungary 218
Cuba 359 Cuba 209
Brazil 347 Brazil 205
Czech Republic 347 Czech Republic 142
Argentina 305 Argentina 139
Mexico 261 Mexica 137
United States 235 United States 117

Sowces: World Heafth Crganization, National Ceniar for Health Stetistics and National Heart, Lung, and Biood Insituts

Figure 2:1.2.1.mortality rates from cardio vascular disease

1.3 Respiratory Disease.

The blood's oxygen saturation also plays a role in respiratory issues. According to a 1996 study, red

blood cells function as biosensors that can fine-tune themselves.

To optimize the blood flow so that the organs and tissues receive the right amount of oxygen. S-
nitrosothiol (SNO), coupled with oxygen, is carried in the bloodstream by blood cells. By altering
the structure of the blood cells and releasing SNO, the blood flow can be controlled. When the
blood's oxygen content is high, hemoglobin contains too much oxygen and NO, which decreases
blood flow. NO is released to dilate blood vessels and enhance blood flow when the blood's oxygen
content is low. As a result, SNO is fully depleted in blood cells that have experienced extended

oxygen deprivation (hypoxia), which causes asthma and other breathing disorders.

Additionally, cardiac problems and organ failure may result from this [14].
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1.4: Congenital Heart Defects.

Congenital heart disease is the term used to describe structural flaws in the heart that exist at birth.
Congenital cardiac disease comes in a wide variety of forms. At this point, the heart's inside walls, its
internal valves, or the arteries and veins nearby or surrounding the heart, which transport blood
throughout the body, may all have problems. These flaws interfere with the heart's ability to pump
blood normally. Defect levels ranged from minimal to high. Some newborns or individuals with

these problems require ongoing cardiac care for a continuing diagnosis and course of treatment.

Because of the aforementioned factors, the suggested strategy is advantageous and practical for the

populace [15].
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Chapter # 2: Literature Review and MainLine.

Around the world, numerous research teams are presently developing wireless health monitoring
devices. One of the most crucial aspects of life in the modern world is health care. In our rapidly

changing environment, real-time patient monitoring from a distance is required for patient care.

2.1 Health Monitoring system:

ECG, Pulse Rate, SpO2, Blood Pressure, and other measurements make up a health monitoring
system. For hospital installations, this equipment is already readily available on the open market, and

numerous studies are constantly being conducted to increase its effectiveness and accuracy.

These enormous pieces of equipment can only be used in hospitals and clinics; patients outside of
hospitals cannot use them. Because of a number of factors, the production cost is considerable,
making it also pricey. We began developing a portable, cheap health monitoring device for patients

to use outside of hospitals due to the aforementioned reasons.

2.1.1 Wireless technology implemented on Health Monitoring system:

The wireless technology was introduced in an effort to improve patient accessibility. This wireless
technology paved the way for new technology to go past the majority of its preexisting drawbacks.
Even though wireless technology was used, the size was still too large for patients to make it

portable, and the price was still high.

2.1.2 Wearable technology implemented on Health Monitoring system:

Several research teams are currently working on wearable and wireless technology that is integrated
into a health monitoring system for the convenience of the patients. A daily wearable would have the
monitoring unit implanted. By doing this, the size of the monitoring system and the cost of

manufacturing can both be decreased.
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2.1.3 Commercially available technology:

Wearable health monitoring systems for fitness purposes are commercially available. Companies like
Fitbit, Garmin, and others have already introduced their fitness-related gadgets, which keep track of
a person's daily activities. There are products that use a single, straightforward led as a sensor to

detect heart rate solely for fitness purposes.

2.2 Briefing on Biosensors:

Traditional infectious disease diagnosis needs a centralized network of labs, takes longer, and
employs more personnel. We must change the existing system into one that is rapid, quick with first
treatment, and less about utilizing large lab equipment in order to establish a more complete public
health system. With recent developments, the area of biosensors is prepared to provide point-of-care
services that are more accurate, efficient, and affordable, as well as quick diagnostic services. Based
on how well they take use of the transducing effect via optical, electrical, and mechanical sensing,
biosensors are typically characterized as labeled or unlabeled [16]. In order to develop biosensors, a
technical aid in nanofabrication is required. The bulk of biosensors are still only functional in
research laboratories despite all of these advancements. The usual approach is to gather samples,
deliver them to the lab for examination, and then hold off on making a diagnosis until the test
findings are made available. In contrast, a biosensor converts the molecular recognition of the target
into a measurable signal using a transducer. A simple example is a glucose sensor, which performs

best when its electrodes are temporarily exposed to a patient's blood..

As was already noted, biosensors cannot be implanted within the bodies due to problems, hence they
are now being tested on animals. Sweat contains a variety of salts, and in some mysterious way, it
also gives a reading of temperature that is close to ideal. So, for the experimental phase of this first
phase, we wanted to use such a form of customized embedded system. Our goal is to research and

attempt to create a circuit of certain sensors that can be mounted on a bone and then release an initial



Page | 14

dose of medication when necessary or when a doctor controls it remotely. We have been searching
for and reaching out to industry professionals that have experience in this field and can assist us in

creating a prototype for our own original fundamental concept.

2.3 Attributes of Biological sensors:

The optimization of the products is determined by characteristics and behavior. Similar to static and
dynamic features, biosensors also specify their optimization and degree of dependability and reflect

their performance. Below [17] is a list of a handful of them.

2.3.1 Dependability:

To determine the reliability of the sensors, several experiments are run. We can observe that the
value changes somewhat with each iteration. To determine whether it is producing the same results
every time, the biosensor underwent a setup of repeated experiments. Two key characteristics that
describe a biosensor's reproducibility are precision and accuracy. Accuracy is defined as how much
the mean results are closer to the true value. Precision is defined as the identical results that a sensor
receives everytime a duplicate experiment is performed. Greater accuracy results from smaller
differences, and vice versa. This determines how much we may trust the results of the biosensor in

terms of reliability. Robustness's primary building block is reliability.

2.3.2 Consistent Linearity:

In mathematics, linearity is essentially the same concept. We measure the difference between the
results and a straight line representing the genuine values. This shows how accurate the biosensor is.

In mathematics, the straight line is described by the equation
Y=mc.
The following parameters are defined by this equation.

e Y denotes the signal's output.
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e The intensity of the analyte in the sample is represented by the letter "c."

e The biosensor's sensitivity is represented by the number m. (To be covered later)

Resolution and linearity are related. The lowest variation in analyte intensity necessary to cause a
change in the biosensor's response is referred to as resolution. The majority of the time, the objective
is to quantify both the specific analyte and its concentration. Resolution is therefore crucial in this
regard. A biosensor that has a high resolution factor can identify even the tiniest changes. "Linear
Range" is a different phrase related to linearity. It basically explains how much variation a biosensor

can withstand while still maintaining its linear behavior.

2.3.3 Sensitivity:

The limit of detection is another name for sensitivity. This is, as the name suggests, the smallest
quantity of the sample that a biosensor can detect in a fluid combination. It is one of the most crucial
characteristics of the biosensor. A sensor must be able to detect a substrate in various medical
samples at concentrations as low as ng/ml and even lower. In other words, sometimes there are only
very little amounts of the analyte in the sample, and the sensor must find those very small amounts.
The majority of sensors struggle to balance sensitivity and accuracy. As a result, these parameters

can be traded off to get results that are optimum.

2.3.4 Stability:

The extra component is present in the sample together with the target one when a biosensor is
exposed to it. As a result, the outcome may contain anomalies due to these additional factors. The
ability of a biosensor to withstand these kinds of environmental changes is referred to as stability.
This is the most important characteristic since it determines whether the biosensor can make a live
guess. The sensor's electronics and their tuning are responsible for stability. To keep the sensor
reliable, properly tuned electronics components are essential. The credibility of the bioreceptor over

time may also be a contributing factor. Thus, stability may eventually be jeopardized.
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2.3.5 Specificity:

It is a biosensor's capacity to accurately detect the analyte that we want to analyze. It is one of the

essential traits. The biosensor need to be capable of picking out a particular analyte from a mixture.

2.4 Basic Idea:

Different methods can be used to represent the system's circuits. Depending on the needs, many

sensor types and communication channels may be used. As a result, the circuit modeling shown in

figure 3 follows our criteria

Temperature
Sensor
analog to
signal digital
Pulse Rate 8 M U X
processing f| converter
Glucose Sensor

Figure 3:2.4.1.Transmitter side

The signal processing unit is aligned with a variety of sensors. This unit analyzes electrical signals
coming from sensors and feeds the signal responses to the microcontroller, which then makes the
necessary calculations. This information is then delivered to the receiving end, where it is watched

over and recorded for later use. Figure 4 displays the receiver side operations.

Ei
- caem- 7

Figure 4:2.4.2.Receiver side
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The data is sent into the microcontroller, where it is decoded as necessary before being transferred to

the PC so it may be recorded and saved as a patient history. In simple terms, we may say that:
1) The transmitter electronics' associated sensors.
2) The computer's receiver

3) Simple SW to gather this data on a computer.

2.5 Sensing devices and their catagories:

Sensors are tools that track environmental changes and translate them into a corresponding analogue
electrical signal. The environment that sensors are exposed to determines changes. They can be
dynamic like a shift in frequency or light, or mechanical like stress, warmth, vibrations, etc. Then,
bits representing the matching analog electrical signal are transferred. Before the transmission, the
requisite analogue to digital conversion process was completed. Biosensors can be categorized into

the following types [17] depending on the transducer's kind and activity.

Biosensors with thermal,

Optical biosensors,

electrochemical, and ion sensitivity biosensors.

Piezoelectric biosensors

Here are a few different kinds of biosensors. The biosensors can serve a variety of purposes, such as
those connected to tissue and enzymes, as already mentioned in the criteria for the types. The sensors

that are researched and some of which are used in simulation are listed below.
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2.5.1 Ph sensor:

Ph is just a scale that measures how acidic and basic a solution is. It has a sensor and a glass
electrode in the shape of a rod of glass. The relative Ph units tended to change when hydrogen ions

moved between the electrodes [18] .

f " Lead to meter
. Electrode head

B — Filler opening
Reference electrolyte
Internal buffer

-~ Reference electrode

Intermnal reference electrode

Diaphragm (separator)

U __— Glass membrane

Figure 5:2.5.1.1.pH sensor

2.5.2 Oxygen saturation (SpO2) and pulse oximetry:

SpO2 is a measurement of the blood's oxygen content. The blood contains both oxygenated and

deoxygenated types of hemoglobin. The following formula is used to determine the results:
Sp02=100*C(HbO2)/C(HbO2) + C(RbO2)

¢ Oxygenated hemoglobin (HbO2)

e Deoxygenated RhO2 Hemoglobin

The change in transmission modulation and light sensor absorption in arterial blood are what allow

for the measurement of pulse rate [19].

Figure 6:2.5.2.1.MAX32664D
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2.5.3 Thermal Sensor:

One of the vital signs that shows numerous anomalies in the area where it rises or falls is
temperature. A rise in temperature typically makes the affected region visible. There are various
kinds of temperature sensing devices, including those that use infrared light and others that employ
diodes, where the voltage across the diode grows as the temperature rises. In the simulation, |

utilized the LM35, which operates on the rise in voltage across the diode principle [20].

o
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Figure 7:2.5.3.1.LM35

2.6 Selectivity and Sensitivity of Biosensors:

Every technology that has been created over time has flaws and restrictions. A few significant topics

pertaining to biosensors are covered here [21].

2.6.1 Precision:

One of the primary elements regarded as having a connection to technology is this. Because a
variation of a few percentage points in the concentration of salt or another substance that is intended
to be measured might have significant effects, biosensor precision should be high. Because of the

field, inadequate calibration might potentially impair precision.
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2.6.2 Sensing Time:

The sensor should be capable enough to identify and measure the strength of objects that are exposed
to it quickly. It could be tissues, enzymes, or proteins. Reduced detection times shouldn't come at the

expense of sensitivity.

2.6.3 Detection Threshold:

The smallest quantity of an analyte concentration that can be detected and distinguished from zero is
known as the detection limit. During a biochemical reaction, the sensor's capabilities should be

sufficient to identify the target that is present in the mixture.

2.6.4 Peculiarity:

As stated in the definition, the sensor must be sophisticated enough to distinguish between biological
entities that are targets and those that are not. It significantly affects sensitivity as well. It is regarded

as the sensor's most crucial feature.

2.7 Nanomaterials and biological sensing:

Without a discussion of nanotechnology, a biosensor is not complete. The revolution in the larger-
scale practical application of biosensors has been greatly aided by nanotechnology. Nanotechnology
deserves all the credit for the reduction in biosensor size while retaining quality and communication
elements like signal to noise ratio. It assists us in advancing to the micro- and nanoscale, which has

the impact of lowering costs and raising performance.

Nanomaterials are the cornerstone of nano biosensors. The mechanical and electrical properties of
these materials are used to enhance the sensors' biological signaling and transducing capabilities.
There is an increase in improved detection and higher sensitivity due to the very practical electron
movements in these materials. One the one hand, we may argue that nanotechnology-based

biosensors reflect the confluence of molecular engineering, material science, and biology. On the
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other hand, it shows an increase in sensitivity and specificity in the identification of the analyte in a
range of sectors, including clinical research, illness detection, food and environmental monitoring,

and environmental monitoring. [22].

2.8 Nanomaterials Framework- Keyv constituents in Bio-analytical

Devices:

Standard materials were employed in the creation of common electronics components. These
materials cannot be used in the construction of nanotechnology. Due to the fact that materials'
sensitivity is a property that varies with their size. For instance, a given material's surface area is not
as effective at smaller sizes as it is at nanoscales. We can more precisely and at a smaller volume
increase the bioreceptor's low level immobility thanks to nanomaterials. The properties of gold
nanoparticles, carbon monotubes, quantum dots, and nanodiamonds are excellent, and these

materials are in high demand as study subjects. The list of some of them is shown below [23].

2.8.1 Gold Nanomaterials:

The high biocompatibility of gold nanoparticles makes them compatible with live tissue. When
introduced to the body, they have no negative effects. They also have electrical and optical features
in addition to biocompatibility. Redox enzymes biosensing is mostly the theory employed when gold
particles are present. Redox is a combination of the terms "oxidation" and "reduction." The first one
shows when oxygen is added, and the later one shows when oxygen is removed when detecting
reactions occur. This method's disadvantage is that only a small number of the ions make it to the
solution; the most are absorbed in the electrodes. Depending on the type of application, the size

typically ranges from 1nm to 100nm.
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2.8.2 Quantum Nanoparticles:

A particular group of substances known as luminous semiconducting nano crystals includes quantum
dots. Quantum dots made of cadmium have a broad absorption window and a constrained emission
window. Because these are nanocrystals, the crystal lattice can occasionally get broken, which can
lead to the trapping of exiting electrons. These electrons don't emit any energy as they transition to

their relaxed state. The optical qualities may be compromised as a result.

2.8.3 Carbonaceous Nanoparticles:

Covalent bonds play a major role in the formation of carbon in nature. When formulating a strategy
for immobilization, the covalent characteristics are taken advantage of. These structures are both
biocompatible and have good electrical characteristics. The fundamental component of field effect

transistor-based biosensors is the carbon nanotube.

One of the most difficult aspects of creating the biosensor is immobilizing enzymes on the
transducer's surface. There are various methods for immobilization, including trapping, covalent
bonding, cross-linking, and traditional adsorption. Adsorption simply entails mixing the analyte and
chemical to create a slurry that will be placed to the sensor's surface and allowed to settle for a
predetermined amount of time. The easiest example for us to understand is determining the proper
blood group. Covalent immobilization is the most widely used technique because it creates a solid

link between the enzyme and the support matrix, which stops enzyme leakage.

2.9 Bio-Monitoring system and Cyber protection:

The internet of things is a concept that includes biosensor systems on chips, and because of their
intricate architecture, they are vulnerable to security risks. For safeguarding the IOT domain,
numerous risk assessment frameworks have been created throughout time. NIST, OCTAVE, TARA,
and a long list of other frameworks are only a few examples. The advancement in this area also

raises the danger of malware, phishing, and incorrectly designed databases. The task's real-time
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monitoring of medical equipment introduces a possible security risk that could tamper with
electronic health records and harm the device's circuitry. Furthermore, telemedicine and remote

surgery must be sufficiently secure so as not to jeopardize patient security and privacy.

In light of the device's potential for producing the worst-case result for a patient, a risk management
system has been suggested. Microsoft has created a stride model that can evaluate threats [24]. The
NIST offers the most popular risk management framework, which operates in the manner described

below:

* Identify
* Protect

* Detect

* Respond
* Respond
* Recover

The main goal of this framework is not to provide a checklist of things to do, but rather to inform us
of potential cybersecurity consequences that will assist the stakeholder in managing the issue. The

following four components make up core [25]:

2.9.1 Purposes:

They typically proceed in the order outlined above, maintaining the highest priority level. They
support the organization's efforts to solve the issue by gathering and classifying data, enabling risk

management decisions, and drawing lessons from past experiences.
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2.9.2 Classes:

The categories into which the functions are further separated are primarily related to programmatic
needs and specific actions. The administration of assets, the detection process, and access control are

primarily included.

2.9.3 SubClasses:

These are how the categories are further divided. To support the outcomes of each category, they
present a collection of findings. It mostly entails cataloging external information, evaluating

notification from the system, and safeguarding static data.

2.9.4 Information Repository:

These are the rules and specifications that specify a complicated process to produce the results

relevant to each category.

2.10 Implications of Biosensors:

From a commercial and scientific viewpoint, biosensors are undeniably interesting due to the amount
of literature linked with them.. The effects of biosensing are not just seen in the medical field; they
are also becoming more significant in safety requirements for water quality, environmental

monitoring, and food nutrition regulation.
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Biosensors have given humans autonomy and enabled them to analyze and manage situations
according to their conditions. The best example is the glucometer. The 3D printed prosthetic devices

have also made it possible for everyone to work hard in a variety of spheres of life.
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Chapter # 3: Modelling And Simulation.

3.1: Test Environment:

A simple schematic is created in Proteus to help explain how biosensors function. Labcenter
Electronics Ltd. created the Proteus design suite, which enables the design and simulation of
electrical circuits. It is essentially a collection of real-world electrical objects. a variety of
microcontrollers, starting with a set of resistors. Additionally, it permits the creation of a printed
circuit board (PCB) layout that can be quickly applied to physically realize the following design. We
can also flash the microcontrollers thanks to it. In order to save the findings, I've utilized a data

logging device, a temperature sensor, and a heartbeat sensor in this scheme.

3.2: HeartBeat Sensor.

One such sensor, the heart rate pulse sensor amp, is primarily used to measure heartbeat frequency.
Normally, it is really challenging to determine an accurate heartbeat rate, but with the aid of this
pulse sensor amplified, it has been much simpler. If we are talking about the heartbeat, then the
heartbeat is a periodic signal that is generated by any hardware or software system in order to
provide information about the typical operation of any system. Many other sensors are now being
used in the market to measure this periodic information stream, but we will just discuss pulse sensor
amplified in this article. This heartbeat sensor is just plug-and-play, and makers, athletes, game
developers, and students have used it in hardware projects. It is freely accessible in stores and

online. Figure 8 displays a simple heartbeat pulse sensor.
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Figure 8:3.2.1.Simple heart beat sensor

Figure 9:3.2.2.Pin Configurations

There are three pins on each heart rate sensor. The first one is the ground pin, which is linked to the
source ground pin and is utilized to deliver ground to this sensor.The second one is the VCC pin,
which is linked to the source VCC pin and is utilized to power this heart rate sensor. Nearly 3.3V to
5V dc voltages are used to power this sensor. Similar to the previous one, the last one is A0 pin, an

analog pin that receives analog signals. Figure 9 depicts the pin layout of this heart rate sensor.

Figure 9 shows that this sensor also has a center LED. This LED facilitates the sensor's ability to
measure heart rate. Another circuitry, known as noise removal circuitry, is located underneath the
LED in addition to this one. This circuitry is used to reduce noise that affects how the heart rate pulse
sensor reads. You place your finger on the sensor's front, which has the heart logo. Additionally,
you'll see a little circular aperture where the Kingbright's green LED with reverse mounting shines.
A tiny ambient light photo sensor, the APDS-9008 from Avago, is located just below the circular
hole. This sensor works similarly to those found in laptops, tablets, and mobile devices in that it
adjusts the screen's brightness in accordance with the ambient illumination. The R/C filter network is
made up of a Microchip MCP6001 Op-Amp, a few resistors, and capacitors, and is located on the
rear of the module. In case the power lines are mistakenly reversed, there is also a reverse protection

diode to guard against harm. [26]
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3.2.1: LM35.

The LM35 temperature sensor is reasonably accurate, never breaks down, operates in a variety of
climatic situations, and doesn't need any additional parts to function. Additionally, the LM35 sensor
doesn't need to be calibrated and has a typical accuracy of 0.5°C at ambient temperature and 1°C

across the whole temperature range of 55°C to +155°C.

The sensor may be supplied by a 4V to 30V power source and has extremely low self-heating (less

than 0.08°C in still air), using less than 60A during active temperature conversions. [27]
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Figure 10:3.2.1.1.LM35connected with microcontroller
As you can see in the above image, I have connected an LM35 sensor with Arduino UNO.
The VCC pin of LM35 is connected to +5V of the Arduino board.

Since LM35 generates an analog value at its output pin that's why I have connected this pin to the

'A0' pin of the Arduino board.
This pin of Arduino board is used to receive analog data from an external source.

And the last pin is connected to the GND pin of the Arduino board.
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3.2.2: Display segment.

There is also a display portion where you may observe the reading of a real-time clock. The outputs
that are flowing through the microcontroller in real time are checked using a real time clock. After a
certain amount of time, the microcontroller transmits the reading, and the RTC monitor displays the
reading at the end of each delay period. A liquid crystal display that shows the measurement over

time is also attached to the RTC.
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Figure 11:3.2.2.1.display segment

3.3: Microcontroller.

The Arduino ATmega328P is a microcontroller board based on the ATmega328P microcontroller
chip. It's one of the most popular microcontrollers used in the Arduino ecosystem, and it forms the
heart of many Arduino boards like the Arduino Uno and Arduino Nano. Let's delve into some details

and the working principle of the ATmega328P microcontroller:
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Figure 12:3.3.1.Microcontroller ATMEGA328p
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3.3.1.Details about ATmega328P:

Microcontroller Model: ATmega328P

Architecture: 8-bit RISC

Clock Speed: 16 MHz (can be configured for lower frequencies)
Flash Memory: 32KB

SRAM: 2KB

EEPROM: 1KB

I/O Pins: 23 (including 6 analog inputs)

Operating Voltage: 5V (compatible with 3.3V logic)
Communication Interfaces: UART, SPI, 12C

Power Supply: Typically powered via USB or an external power supply
3.3.2.Working Principle:

The ATmega328P is at the heart of many Arduino boards, and it operates based on a few key
principles:

e C(Clock and Timing: The ATmega328P relies on an external 16 MHz crystal oscillator or an
internal oscillator for its timing. This clock signal regulates the execution of instructions and
the operation of various peripherals.

e Memory: It has 32KB of Flash memory for program storage, 2KB of SRAM for data storage,
and 1KB of EEPROM for non-volatile data storage.

e Input/Output (I/O): The ATmega328P has a variety of digital and analog I/O pins that can be
configured as inputs or outputs. These pins can be used to interface with sensors, actuators,
and other devices.

e Communication Interfaces: It supports UART (Serial), SPI (Serial Peripheral Interface), and
12C (Inter-Integrated Circuit) communication protocols, allowing it to communicate with

other microcontrollers, sensors, and modules.
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e Program Execution: Programs are written in the Arduino IDE using a simplified C/C++
programming language. The Arduino bootloader and programming circuitry make it easy to
upload sketches (code) to the ATmega328P via a USB connection.

e Peripherals: The ATmega328P has built-in timers, PWM (Pulse Width Modulation)
controllers, analog-to-digital converters (ADCs), and other peripherals, making it versatile for
various applications.

e Power Management: It supports various power-saving modes to optimize power

consumption, which is crucial for battery-powered and energy-efficient applications. [29]

3.4 ESP8266-01 module:

A common Wi-Fi module used in several Internet of Things (IoT) applications is the ESP8266-01
module. It may not, however, be immediately accessible in the Proteus simulation program. So we
simply import the library for this module to accessible on Proteus. Here are some specifics of the

ESP8266-01 module's operation's theory: [30]
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Figure 13:3.4.1.ESP8266-ESP-01 module for wifi connectivity

3.4.1 Details of ESP8266-01.
The ESP8266-01 is not a microcontroller itself but a module that integrates the ESP8266 Wi-Fi chip.
The ESP8266 chip has its own microcontroller.It provides IEEE 802.11 b/g/n Wi-Fi

connectivity. Typically operates at 3.3V, so level shifting might be required for interfacing with 5V

logic devices. UART (Serial), GPIO pins.Usually comes with IMB of flash memory.Often has an
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onboard ceramic antenna.Varies depending on usage but can be relatively low when in deep sleep
mode.we can program the ESP8266 module with custom firmware or use popular firmware like

NodeMCU or Arduino's ESP8266 core.
3.4.2 Working Principle.

¢ Initialization: When powered on, the ESP8266 module initializes its Wi-Fi hardware and
establishes a connection to a Wi-Fi network, which can be a home network, hotspot, or an
access point.

e AT Commands: The ESP8266 module can be controlled and configured using AT commands
sent over a serial interface (UART). These AT commands allow you to set up the Wi-Fi
parameters, connect to networks, and perform various networking tasks.

e Data Transfer: Once connected to a Wi-Fi network, the module can send and receive data
over the internet using protocols like HTTP, MQTT, or other custom protocols. It can act as a
web server, client, or perform other network-related tasks.

e GPIO Control: The module often has GPIO pins that can be used to interface with sensors,
actuators, and other devices. You can control these GPIO pins via AT commands or by
uploading custom firmware.

e Power Management: To optimize power consumption, the ESP8266 module can enter deep
sleep modes when not actively transmitting or receiving data, making it suitable for battery-

powered applications.

3.5: Simulation and Results.

By connecting the components and microcontroller, the testbed is set up. As soon as the simulation
began, the serial monitor began updating itself with the most recent data. The following image shows

the whole configuration.
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Figure 15:3.5.2.LCD unit

Since there is no actual source that we can use in the simulation to get the pulse rate, we have built
up an oscilloscope across the heartbeat sensor for the virtual ECG, which displays a fictitious

reading. The oscilloscope result is shown below.
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Channel C

Figure 16:3.5.3.Digital Oscilloscope

Also we can share data on cloud plat-form . In this case I used Thingspeak 10T analytics platform
service that allows us to aggregate , visualize, and analyze live data stream in the cloud with the help

of ESP8266 Wi-Fi module.

Field 1 Chart Z o ¢ x Field 2 Chart G o ¢ x

Body temperature measurement hcms

1000
g g 500
E g
: :
d ’
: -500

20:40 15:40 15:50 16:00
Time Date
Figure 18:3.5.4.Temperature graph Figure 17:3.5.5.Heart rate graph

This simulation is being used to better understand how things operate. the manner in which each

sensor was incorporated. how much of the voltage is used in the divider circuit.
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3.6 Experimentation:

After finishing the simulation, I also conducted several tests in real time. I utilized a commercially

available circuit on chip device that is already configured for biosensing for this purpose.

3.6.1 Ph Sensor:

In my research, I am using Ion-selective electrodes approach to find a pH values for different liquids.
ISEs are the electrochemical ion sensor that convert the activity of target ion into an electrical

potential as the measureable signal.
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Figure 19:3.6.1.1.How Electrodes work

An indication and a reference electrode are shown in the (a) schematic of a potentiometric cell. (b)
Calibration curves for an interfering cation (red) and a primary cation (blue) with the same charge.
The selectivity is measured by the emf shift between the two curves. A change of 178 mV, for
instance, indicates that the analyte ion prefers the interference by three orders of magnitude. The
lowest potential (horizontal green dotted line) that may be measured in these circumstances is
defined by the background activity of interfering ions, aj (BG). In the presence of the background,
this potential indicates the principal ion's (DL) best practicable detection limit. Transmembrane ion

fluxes make it common in practice to miss this detection limit. [31]
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3.6.2 Basics:

Potentiometric sensors are basically passive electrochemical devices that measure variations in the
electromotive force (emf) at almost zero current levels. In so-called direct potentiometry, the optimal way to
analyze the emf in the presence of other ions is to make it a function of the activity of only one specific
sample ion. The primary goal of research in this area has long been to achieve sufficient selectivity to detect
one ion in the presence of others [32]. The fundamental idea is likely best shown by ISEs with polymeric
membranes, which are presupposed to behave as very viscous organic liquids. This category of sensors is now

the most established and multifunctional. [33].

3.6.3 Product description.

The pH sensors from Zimmer and Peacock may be used in discrete mode with samples delivered to the
electrode region or in continuous monitoring applications in a flowing liquid. The solid state pH sensors of the
ZP are reliable. These pH sensors are composed of inorganic materials that don't contain liquids, therefore

they endure a very long time even when not well stored.. [34]

Range 2<10pH
24.4 mm
= i’ Resolution 60 mi/pH
y i Accuracy 15 mY
el -
Temperature 18-25°C
Thickness = 0.625 mm
Figure 20:3.6.3.1.Mechanical drawing Theoretical B PMPEC
Temperature
coefficient
Dimensions Tx24 4»0.625 mm
Weight 0414 g +/-2mg

Figure 21:3.6.3.2.Specification of pH sensor

In the chart below taken the raw data from the experiment and plotted the signal (milliVolts, mV)

versus the pH. From that we have calculated sensitivity of 51 mV/pH/
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Figure 22:3.6.3.3.signal milivolts vs pH [20]

The results for a ZP pH sensor operating continuously for 27 minutes are shown in the image below.
In order to observe the sensor reacting (y axis mV), the scientist altered the pH over the course of 27
minutes by adding acid and base. According to the data, the pH sensor may be employed as a
discrete measuring device, such as to detect a drop of blood and then discard it, or as a continuous

sensor in a liquid that is flowing, etc.
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Figure 23:3.6.3.4.27 minutes testing results graph [20]

The solid state pH sensors from the ZP are stunning in their durability. These pH sensors are
composed of inorganic materials that don't contain any liquids, thus they may be stored carelessly

and still function for a very long time.
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Figure 24:3.6.3.5.pH sensor after few days storage at room temperature [20]

3.6.4 GFET ADUCM355 BOARD.

The ADuCM355 is an on-chip system that controls and measures electrochemical sensors and
biosensors. The ADuCM355 is an ultralow power, mixed-signal microcontroller based on the
Arm® Cortex"-M3 processor. The device features current, voltage, and impedance measurement
capability. The ADuCM355 operates from a 2.8 V to 3.6 V supply and is specified over a

temperature range of —40°C to +85°C.

Figure 25:3.6.4.1.GFET module
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3.7 Procedure.

1. Attach the ZP pH sensor to the GFET connection.

2. Attach the GFET to the PC using a micro USB cord.

3. To see the data from GFET, I utilized the freeware TeraTerm. The required baudrate is 57600bps.

4. The pH measurement data in volts are presented in the user interface after the instrument is

connected. The data may then be processed and visualized using Python script or Microsoft Excel.

Conversion Formula:

After taking a results in volts use this formula to convert in pH value for each liquid

pH=7-millivolts/57.14

0 pH +400mV
1 pH +342. .86 mV
2 pH +285.71 mV
3 pH +228.57 mV
4 pH +171.43 mV
5 pH +114.20 mV
6 pH +57.14 mv
7 pH zero mv

8 pH 57.14 mvV
o pH -114.29 mV
10 pH -171.43 mVv
11 pH 228.57 mV
12 pH 285.71 mv
13 pH -342.86 mV

14 pH -400 mv

Figure 26:3.7.1.results of pH values
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Chapter# 4

Conclusion:

The creation of biosensors is a subject that interests many people, and during the last several years,
significant progress has been achieved in this field of study. A relatively small number of biosensors
have been globalized at the retail level despite all of this growth. There are a few causes for this. One
of them is the challenge of turning academic research into an industrially viable prototype. Making a
biosensor requires more than just one hand. The departments of material engineering, biomedical
engineering, biochemistry, embedded systems, and communication engineering, among others, each
play a part in transforming a research model into a prototype that can be used in the marketplace.
The manufacturing process should put out the same level of effort and research funds as the
academic research. As a biosensor, it is necessary to first recognize the analyte molecule before
immobilizing it to the sensor surface. Device design, including elements from several disciplines
while satisfying biological facts and statistics. The testing of thousands of prototypes leads to the
final product. Along with this, there are several other aspects, including cost, manufacturing process

simplicity, and stability.

As of now, in vitro biosensors have a significant ability to digitize medical care. They have a
significant influence on many facets of our lives, including telemedicine, health monitoring, and the
regulation of food and water purity. Many factors contributed to this field's quick growth, but the

following are the most significant ones:

* The identification of appropriate biorecognition entities.

* Technological advancements in the area of nanofabrication

* Nanomaterials and the creation of goods with nanostructures.

* Improved communication between engineers and medical scientists.
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It is more probable that we will develop a system on chip that can draw and handle the raw samples
directly in this decade, even if the work that has been done up to this point has enabled us to
undertake in vitro biological diagnostics. By expanding the number of samples that can be handled
by a single chip system, the search to reap the most advantages may now be carried out. In a word,
we may claim that by conquering nanopore technology, the goal of a $100 personal genome can be

achieved in this decade.

The current COVID-19 epidemic highlights the need for us to comprehend the critical function of
biosensing and alter our strategy for managing the medical crisis in a more efficient and secure
manner. The nations employing a biosensing technique have managed the issue far better, according

to data analysis on the pandemic's fatality rate.
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