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INTRODUCTION

Diabetes mellitus is a type of metabolic disorder that causes blood sugar
to rise. In this type of disease, insulin is insufficient in the body or
insulin cannot function. The insulin hormone secretes by the beta cells in
the pancreas, which reduces the sugar. Diabetes mellitus has early-onset
complications such as diabetic ketoacidosis, hyperglycemic, hypoglycemic
and Hyperosmolar coma, and over time it causes cardiovascular disease,
nephropathy, retinopathy and neuropathy (1). Diabetes is divided into four
categories: type 1, type 2, pregnancy, and certain types of diabetes. In type 1
diabetes, insulin-producing cells are damaged by the immune system, which
means patients do not produce insulin in their bodies. Insulin is produced in
type 2 diabetes, but its amount is not enough or the body resists insulin. Type
1 diabetes can be detected using randomized blood sugar, fasting blood sugar
and oral glucose tolerance testing (2). The number of people with diabetes
will reach 438 million by 2030 (3). So measuring blood glucose in today’s
society is very important with this number of patients.

Blood glucose measurement methods are divided into invasive and non-
invasive methods. Invasive methods such as sampling a patients blood and a
glucometer device with a finger piercing. These methods are painful and can
cause infectious diseases. Therefore, non-invasively and continuously blood
glucose measurement methods were developed. Non-invasive methods such
as optical methods, microwave waves, epic health apps, freestyle libre patches,
body-sweats, teardrop and saliva measurements. Optical methods include:
Infrared spectroscopy, Raman spectroscopy, photoacoustic, fluorescence,
polarimetric, and so on.

Using an infrared LED, the wavelength radiates to the body close
to infrared range, and the reflected light from the body is absorbed by a
photodiode sensor, and the blood glucose level is determined which is based
on comparison of radiation intensity before and after interactions (4).

In Raman spectroscopy, a laser light source, an optical probe, a spectrometer
(5,6) and a computer are needed. The laser light radiates on the body, and
then the Raman Effect is generated, causing diffusing scattered and recessive
Raman light to the probe, then focuses on the fiber optic cable, and then the
light is sent to the spectrometer, that is divided to separated wavelengths and
appears on CCD (charge-coupled devices) camera. The basis of its work is the
elasticity of photon scattering (3).

In a photo-acoustic method, light is absorbed by the subject in terms of its
optical properties and stimulates subject’s molecules. The absorbed energy
is released in the form of heat, causing the sample volume to expand, which
causes to form a pressure wave that depends on the optical and physical
properties of the sample. The amount of glucose is determined through
stimulated wavelengths associated with glucose molecules. In general, the
basis of this method is the conversion of optical energy to acoustic energy (7).

The fluorescence method is based on the diffusion of light from molecules
in different states. This method is fast and does not require a reactive and it is
very sensitive. In another method, you can measure blood glucose using body
sweat. In this method, a paper biosensor has an enzymatic fuel cell. This

label is placed exactly on the skin and stores the sweat in a container and
then converts its chemical energy into electrical energy, which can be used to
control the blood sugar in the sweat (8,9).

One of the methods of non-invasive blood glucose measurement is the use
of microwave waves. A microwave reflector, which includes a voltage control
oscillator and two semiconductor interference couplers, with connectors and
detectors connected to a microcontroller. These microwave waves have been
attenuated to 1000 times to not have detrimental effects on people (10).

The freestyle libre patch has a very small sensor 0.2 inches (about a
thickness of a hair) that is embedded under the skin and connected to a
plastic patch that is resistant to water. By placing it on the arm, it starts
reading glucose amounts after an hour. By holding a touch-screen reader on
the front of the patch, glucose levels are displayed on the device at the same
time and a chart of blood glucose levels is plotted on the device over the last
eight hours (11,12).

In different methods, you should refer to the physician and show the
results to the physician in order to check the information and give the patient
the appropriate medication and diet for continuing the treatment. But this
method has a lot of problems. For example, in an emergency, the patient can
not immediately contact his doctor or when they receive insulin for constant
control of their blood sugar, they have to be admitted to the hospital, which
will take time and money and that the hospital is the place where various
diseases are transmitted to those who are admitted there.

In the future, in the relevant project, we plan to provide a non-invasive
measurement method that measures blood glucose levels continuously and,
in addition, measures and evaluates other parameters from the patient’s
body, and at the same time notifies the doctor and even the patient’s relatives
and the doctor’s instructions are sent as a message on the patient panel that
is on the mobile phone and a real-time two-way communication between the
patient and the doctor will be created, the block diagram of this method is
shown in (Figure 1).

First, we use an optical diode with near infrared radiation (NIR) to
measure blood glucose. The light is radiated to the finger, then the reflection
light collides with an optical sensor and converts it to a voltage through the
transducer and, based on this voltage, a signal will be created, and filtered and
amplified. It then converts to a digital and specific value by analog-to-digital
converter (A/D). These values are analyzed by microcontroller, and blood
glucose level is predicted, the block diagram of this device is shown in (Figure
2). After measuring blood glucose, the values are automatically transferred
through a Wi-Fi connection to the server and stored there and sent as an
alert for the doctor’s user panel. Doctor will send an online prescription
according to the blood glucose and meals, which will be displayed on the
patient’s panel. Here it is possible to communicate bilaterally and online
between patient and doctor.

Because this method measures blood glucose in a non-invasive method
does not transmit infectious and contagious diseases, and also does not
cause ulcers or pain in the patient’s body. It also facilitates communication
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Figure 2. The Block Diagram Of Device.

between the patient and the doctor, and the patient communicates with the
doctor remotely and his treatment is more quickly and accurately, saves the
time and expenses and makes the diabetic patient more relaxed.
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