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Abstract— Using infrared (IR) spectroscopy, this 
study introduces a noninvasive approach for tracking 
blood glucose levels by taking advantage of glucose's 
special absorption properties in the near infrared (NIR) 
spectrum. Traditional glucose monitoring techniques 
include invasive finger prick tests that are painful and 
unsuitable for regular usage, particularly in people with 
diabetes. To overcome this limitation, our system uses a 
continuous, non-invasive monitoring method that 
analyzes the interaction between infrared light and 
glucose molecules in the interstitial fluid beneath the skin. 
Utilizing a photodiode sensor and an NIR LED, the device 
measures light absorption patterns associated with 
glucose levels. The microcontroller (Arduino) processes 
data in real time, and machine learning algorithms 
improve accuracy by linking optical signals to glucose 
levels. By reducing interference from other blood 
components, this method increases reliability. The device 
has an LED display for fast readings and supports 
wireless data transmission (Bluetooth) to a companion 
mobile app for the convenience of the user. This 
technology, which integrates optical sensing, embedded 
systems, and predictive analytics, offers a patient-
friendly, scalable alternative to traditional invasive 
procedures. Users may track glucose trends with ease, 
gaining real-time insights without the hassle of regular 
blood draws. Future initiatives focused on clinical 
validation and miniaturization for wearable applications 
will result in more improvements in accessible diabetes 
management. 
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INTRODUCTION 

Traditional blood glucose monitoring continues to rely on 
invasive finger prick procedures, even though diabetes 
treatment has made significant strides. Not only are these 
approaches painful and unpleasant, but they also discourage 
regular testing, which is necessary for managing diabetes 
effectively. Routine finger pricking may be uncomfortable 
for patients, which may lower their compliance and, in turn, 
have an impact on their long-term health. The need for 
painless, user-friendly monitoring systems that offer real-
time feedback while maintaining clinical reliability is 
becoming more and more critical as the number of diabetes 
cases worldwide keeps increasing. 
By employing a noninvasive blood glucose monitoring 
system that uses near-infrared (NIR) spectroscopy, this 

initiative meets that demand. NIR technology analyzes the 
way light is absorbed by the skin's capillary beds, allowing 
for the detection of glucose levels without the need for blood 
samples. The device makes use of a TCRT1000 sensor that 
measures changes in reflected light at a wavelength of 950 
nm, which correspond to the glucose concentration under the 
skin. 
 
The reflected light intensity is captured by a phototransistor, 
which converts it into an analog signal that is then processed 
by an Arduino Uno microcontroller. The predicted glucose 
levels, expressed in mg/dL, are shown on an I2C LCD for 
local viewing. Furthermore, using Bluetooth (HC05), the data 
is wirelessly sent to a mobile application like Serial Bluetooth 
Terminal, enabling remote monitoring. 
This method offers a low-cost, easy-to-use strategy that 
prioritizes simplicity and scalability. By integrating optical 
sensing with embedded electronics, this system offers a 
sustainable, portable, and noninvasive method of glucose 
monitoring that has the potential to revolutionize diabetes 
treatment for millions of people around the world. 

I. LITERATURE SURVEY 

Glucose monitoring is still necessary for diabetes 
management, even though it is now intrusive and unpleasant. 
Near infrared (NIR) spectroscopy provides a painless option 
by assessing glucose and light absorption through the skin. 
The system employs a TCRT1000 NIR sensor (950 nm) to 
identify glucose-dependent light reflection, which is based on 
NIR principles. This allows for continuous, real-time 
monitoring, addressing significant challenges in the 
management of diabetes. By addressing issues in existing 
glucose monitoring methods, it places a high priority on 
patient comfort without sacrificing functionality. [1] 

The system uses an Arduino Uno to process the 
phototransistor's output to estimate blood glucose levels by 
measuring glucosedependent light absorption in skin tissue. 
The results are shown on an LCD and sent wirelessly via 
Bluetooth. This cost-effective, portable solution builds on 
Malin's 2008 study, which demonstrated the potential of NIR 
spectroscopy for glucose monitoring. By doing away with 
finger pricking while maintaining accuracy, the system 
addresses significant issues in diabetes treatment. Malin's 
ideas are integrated into a user-friendly device for daily 
monitoring in this application. [2].  

Explored the possibility of combining wearable optical 
glucose sensors with microcontrollers for use in mobile 
healthcare. The research showed that reflective NIR sensors, 
like the TCRT1000, may be used to noninvasively measure 
blood glucose, allowing for continuous wireless data 
transmission for remote health monitoring [3]. 

Using Arduino and the Blynk program, I created an IoT-based 
glucose monitoring system that allows for wireless, real-time 

Technische Sicherheit ISSN NO: 1434-9728/2191-0073

Volume 25, Issue 9, 2025 PAGE NO: 338



 

 

data tracking. The system recorded analog signals from 
sensors and sent glucose readings over WiFi, allowing for 
remote health monitoring. It showed a cost-effective, portable 
solution for continuous glucose management, lessening 
dependence on traditional clinical methods [4]. 

The non invasive glucose monitoring system, which uses 
optical sensors to estimate glucose levels without blood 
sampling, was designed and simulated. The system employs 
the ESP8266 for wireless data transfer. The study 
demonstrated the device's effectiveness through simulation 
findings, providing a low-cost, mobile, and connected 
healthcare solution for continuous glucose monitoring via 
WiFibased IoT integration. [5] 

II. .PROBLEM STATEMENT 

The majority of traditional blood glucose monitoring 
systems require finger pricking to obtain capillary blood, 
which makes them invasive. The possibility of illness, 
physical pain, and emotional aversion—particularly when 
these methods are used to address chronic diabetes—often 
discourage their usage. Additionally, the reliance on 
disposables such test strips and lancets results in ongoing 
expenses and operational bottlenecks. It is difficult to 
encourage routine blood glucose monitoring without a 
consistent, painless therapy. This emphasizes the necessity of 
a monitoring system that is non-invasive, real-time, and cost-
effective and that ensures clinical legitimacy and user 
compliance while overcoming logistical and physiological 
obstacles.. 

III. IMPLEMENTATION AND DESIGN 

The goal of this project is to create a noninvasive method for 
monitoring blood glucose levels using near infrared (NIR) 
spectroscopy. The theory is based on the fact that glucose 
molecules in the bloodstream absorb particular wavelengths 
of light in the near-infrared (NIR) spectrum. It is possible to 
assess glucose levels without the need for blood pricks or 
invasive sampling by monitoring how much light is reflected 
from the skin. The entire system is composed of two main 
parts, hardware and software, which collaborate to provide a 
real-time, practical, and user-friendly solution.. 

Hardware Design 

Fig. 1. The TCRT1000 reflective infrared sensor was selected 
for the hardware configuration because of its small size, low 
cost, and high sensitivity in the 950 nm near-infrared region. 
An infrared emitter and a phototransistor are integrated into 
the same package in the sensor. Infrared light is emitted by the 
emitter onto the skin's surface, often the fingertip, while the 
phototransistor measures the intensity of the light that is 
reflected back. Changes in the reflected light can be used as 
an indirect measure of blood glucose concentration because 
glucose levels influence how much light is absorbed and 
reflected by the blood beneath the skin. 

Fig. 2. An Arduino Uno microcontroller receives the signal 
from the phototransistor, which is an analog voltage. This 
analog signal is read by the Arduino, which serves as the 
system's brain, which then uses its integrated analog-to-digital 
converter (ADC) to turn it into a digital value. The glucose 

concentration in milligrams per deciliter (mg/dL) is estimated 
by applying a calibration formula. 

Fig. 3. An I2C LCD is linked to the Arduino to provide 
glucose readings immediately, allowing users to monitor their 
levels without any lag. In addition, the system has a Bluetooth 
module (HC05) for distant health monitoring. 

Users or healthcare practitioners may monitor and record the 
glucose data in real time using a mobile application like Serial 
Bluetooth Terminal thanks to these wireless modules. 

Software Implementation 

The Arduino IDE was used to create the system's software 
component. The program constantly reads and analyzes data 
from the sensor, then uses a calibration curve that was 
developed by comparing sensor values to known glucose 
concentrations throughout the testing period. The measured 
values of light intensity are transformed into valuable glucose 
level readings using this curve. 

The program calculates the glucose level and shows it in 
mg/dL on the I2C LCD. Additionally, it regulates data transfer 
via Bluetooth, making sure that the data is transmitted 
wirelessly to the connected mobile app. Using platforms such 
as Serial Bluetooth Terminal, Bluetooth manages local 
communication with connected devices. 

The program is made to constantly collect, analyze, and 
display new data in order to increase its accuracy and 
reactivity. Additional code capabilities such signal filtering 
and error handling are integrated to reduce noise, maintain 
stable readings, and assure consistent performance during use. 

System Integration 

This initiative provides a small and easy-to-use solution for 
noninvasive glucose monitoring. It combines wireless 
communication, electronics, and optical technology on a 
simple setup. The design is cost-effective and accessible, 
eliminating finger pricks and complex equipment, and meets 
the growing need for smart healthcare.

 

Fig.1. Block Diagram 
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Analog to Glucose Conversion 

The analog value obtained from the sensor ranges between 0 
to 1023, corresponding to the voltage range of 0 to 5V. Based 
on initial testing and simulated glucose conditions, a linear 
regression model was developed to relate the analog sensor 
values (X) to estimated blood glucose concentrations (Y) in 
mg/dL. 

The general form of the linear regression equation is: 

Y=mX+CY = mX + CY=mX+C  

Where: 

 Y = Estimated glucose concentration (mg/dL) 

 X = Sensor analog value (0–1023) 

 m = Slope of the regression line 

 C = Intercept of the regression line 

Example Calibration Equation 

From the calibration process, an example equation was 
derived: 

Glucose (mg/dL)=(−0.3×Sensor Value)+325) 

This formula is programmed into the Arduino IDE to 
automatically convert each sensor reading into an estimated 
glucose concentration in real-time. 

Clamping to Valid Ranges 

To maintain clinical relevance and safety, the estimated 
glucose values are constrained within a realistic range: 

 Minimum: 50 mg/dL 

 Maximum: 250 mg/dL 

Any value falling outside this range is clamped to these limits 
for display and transmission purposes. 

Real-Time Display and Wireless Transmission 

The HC05 Bluetooth module sends the last calculated 
glucose level to a mobile app via a 16x2 I2C LCD, enabling 
ongoing, non-invasive glucose monitoring without the need 
for blood specimens. 

It has many benefits: This project provides a simple, 
inexpensive, and portable method for tracking blood glucose 
levels continuously. It allows for wireless monitoring via 
mobile apps, provides real-time health information, and 
reduces reliance on intrusive fingerprick tests. Its 
straightforward, user-friendly layout makes it ideal for home 
care, novices, and remote health management applications. 

 

 

IV. RESULTS AND OUTPUT 

Using a TCRT1000 NIR sensor coupled with an Arduino Uno 
microcontroller, the noninvasive blood glucose monitoring 
system was effectively implemented. Changes in the intensity 
of infrared light reflected off the user's skin, which varied 
with different glucose levels in the blood, could be detected 
by the system. The Arduino software's calibration formula 
successfully transformed these reflected light values into 
matching glucose level predictions. 

The gadget continuously showed real-time glucose levels on 
the I2C LCD display throughout testing. When various 
simulated glucose conditions or finger placements were 
tested, the sensor values changed as expected. The LCD 
updates occurred frequently, usually every two seconds, 
demonstrating the system's consistent reactivity. Users were 
able to quickly and easily get their glucose readings without 
the pain of finger pricks because of this. 

A Bluetooth module (HC05) and the Serial Bluetooth 
Terminal mobile app were used to verify the wireless 
communication capability. Within the module's operational 
range, the system sent data flawlessly to the linked mobile 
device. With this, glucose levels could be remotely monitored 
in real time, giving the user more freedom and convenience. 
The measured glucose values as well as the raw sensor values 
were displayed on the mobile interface, providing a clear and 
user-friendly data representation. 

Overall, the initiative effectively demonstrated a working 
model for glucose monitoring that is both painless and 
continuous. Due to its simplicity, affordability, and ease of 
use for novices, the system is a fantastic idea for healthcare 
solutions in the home. Its trustworthy performance, along 
with wireless data transmission, has a lot of promise for 
personal health monitoring and potential IoT healthcare 
applications in the future.

 

Fig.2. Implementation of  Non-Invasive Blood Glucose 
Monitoring Using Infrared Spectroscopy  
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V. CONCLUSION 

Finally, the created non-invasive blood glucose monitoring 
system effectively showed a simple, low-cost, and pain-free 
approach for predicting blood glucose levels using near-
infrared spectroscopy. Real-time glucose measurements were 
made possible by the integration of a TCRT1000 NIR sensor 
with an Arduino Uno, with readings displayed on an LCD and 
sent wirelessly via Bluetooth. Because of its user-friendly 
interface and continuous monitoring capabilities, the system 
is well-suited for at-home use and personal healthcare. This 
prototype demonstrates the possibility of increasing 
noninvasive health monitoring equipment, which would help 
make diabetes management and remote patient care solutions 
in the future more safe and accessible. Additionally, it would 
open the door for IoT healthcare apps and personal health 
monitoring.. 
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