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 This project investigates the development of a non-invasive blood glucose 

monitoring system utilizing the TCRT5000 infrared (IR) sensor module. 

Traditional blood glucose measurement techniques rely on invasive 

methods that require blood samples, causing discomfort and increasing the 

risk of infection. To address these issues, this system aims to estimate blood 

glucose levels by analysing the infrared light absorption properties of blood 

through the skin. The TCRT5000 module, comprising an IR emitter and a 

phototransistor, is employed to project infrared light into the fingertip and 

measure the intensity of the reflected light. Variations in blood glucose 

levels alter the optical characteristics of blood, thereby affecting the 

absorption and reflection of infrared light. By calibrating the sensor 

outputs with readings from a standard glucometer, a correlation model is 

created to estimate glucose concentrations. The system is connected to a 

microcontroller for data acquisition, processing, and display. Though still 

in the prototype stage, this approach shows promise for creating a cost-

effective, portable, and painless method for continuous glucose 

monitoring, especially suitable for diabetic patients. Further research is 

required to enhance accuracy and compensate for factors such as skin 

thickness, ambient light, and tissue composition. 
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INTRODUCTION 

Diabetes mellitus is a widespread metabolic condition 

that affects a significant portion of the global 

population. It is marked by elevated blood sugar 

levels resulting from insufficient insulin production 

or the body's inability to utilize insulin effectively. To 

manage this condition and prevent serious 

complications such as cardiovascular disease, 

neuropathy, renal failure, and vision impairment, 

regular monitoring of blood glucose is essential. 

However, current standard monitoring techniques 

typically involve pricking the skin to collect blood 

samples, which can be painful, inconvenient, and 

potentially lead to infections with frequent use. 

In response to these drawbacks, there is a growing 

interest in non-invasive alternatives that allow 

glucose monitoring without skin penetration. Optical 

sensing, particularly through infrared (IR) techniques, 

has shown potential in this area. A method based on 

photoplethysmography (PPG) is often used, where 

light is transmitted into the skin, and the reflected or 

absorbed light is analysed. Blood glucose levels 

influence how IR light is absorbed or reflected by 

tissues and blood, providing a basis for glucose 

estimation. 

The TCRT5000 IR sensor is a small module that 

combines an infrared LED with a phototransistor. 

Traditionally used in proximity sensing, this module 

can also detect the intensity of IR light reflected from 

the skin. When placed on a fingertip, the IR LED 

emits light that passes through the layers of the skin. 

The reflected light is then captured by the 

phototransistor. Changes in glucose concentration 

alter the optical characteristics of the blood, thereby 

affecting the strength of the reflected signal. 

This project focuses on creating a prototype that 

leverages the TCRT5000 sensor to measure blood 

glucose levels without the need for blood samples. A 

microcontroller processes the reflected IR signal from 

the sensor and correlates it with known glucose levels 

obtained from a traditional glucometer. This 

correlation enables the creation of a calibration model 

to predict glucose concentrations from sensor 

readings. 

The use of the TCRT5000 offers numerous benefits, 

including affordability, low power consumption, and 

ease of integration into compact or wearable devices. 

Despite these advantages, certain challenges need to 

be addressed to enhance measurement accuracy. 

Factors such as skin colour, tissue thickness, 

environmental lighting, and sensor alignment can all 

influence the sensor's performance. As a result, signal 

conditioning, ambient light filtering, and careful 

calibration are critical for achieving reliable results. 

This project investigates the feasibility of using the 

TCRT5000 infrared sensor for non-invasive blood 

glucose monitoring. Although still in the 

development phase, the approach holds promise for 

providing a cost-effective, user-friendly, and pain-free 

solution for diabetes management. With further 

testing and refinement, this technology could offer a 

practical alternative to traditional blood-based 

monitoring and improve the daily lives of diabetic 

patients. 

 

METHODS AND MATERIAL  

METHODS: 

This project employs the TCRT5000 infrared (IR) 

sensor to estimate blood glucose levels non-invasively 

by analysing fluctuations in reflected IR light from 

the fingertip. The method relies on the concept that 

glucose concentrations influence the optical 

behaviour of blood and tissue, thus altering the 

reflection of infrared light. These variations are 

captured and then compared to standard glucometer 

readings to build a calibration model for glucose 

prediction. 

 
Fig 1: Methodology 
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1. Sensor Configuration and Placement: 

The TCRT5000 was chosen due to its affordability, 

integrated IR LED and phototransistor, and ease of 

integration. To achieve optimal results, the sensor is 

positioned in direct contact with the fingertip.This 

location is ideal due to its rich vascularity and 

minimal tissue thickness, which enhances IR light 

penetration and reflection. 

2. Data Collection Setup: 

The Analog signal from the TCRT5000’s 

phototransistor is fed into a microcontroller's Analog 

input (e.g., Arduino Uno). The sensor emits IR light at 

roughly 950 nm, which enters the skin, interacts with 

internal tissues and blood, and reflects back. The 

microcontroller records the corresponding voltage 

variations that represent the reflected light intensity. 

3. Signal Conditioning: 

To ensure data reliability, raw signals are filtered to 

remove distortions from ambient light, hand 

movement, or improper sensor alignment. A 

software-based moving average filter is applied to 

smooth the signal. Data is sampled at fixed intervals 

typically every 100 milliseconds and stored for later 

processing. 

4. Calibration and Modeling: 

Sensor readings are collected alongside known 

glucose values measured with a commercial 

glucometer. These paired data points form the 

calibration dataset. A regression analysis linear or 

using machine learning algorithms such as neural 

networks or decision trees is applied to model the 

relationship between reflected IR light intensity and 

blood glucose level. 

5. Glucose Estimation and Display: 

Once the model is trained, the system can interpret 

real-time sensor outputs to estimate blood glucose 

levels. These values can be displayed on an LCD 

screen or transmitted wirelessly to external devices 

like smartphones or PCs. For extended functionality, 

a user interface can visualize trends and historical 

data. 

6. Performance Evaluation: 

The system is tested under various conditions to assess 

its accuracy and consistency. Readings are taken 

across a range of glucose levels and compared with 

actual glucometer values. The performance is 

analysed using error metrics like Mean Absolute Error 

(MAE) and Root Mean Square Error (RMSE) to 

validate the model’s effectiveness. 

 

EXISTING METHODOLOGY: 

Non-invasive blood glucose monitoring is gaining 

widespread interest due to the drawbacks of 

traditional invasive techniques, such as pain, infection 

risk, and frequent blood sampling. A variety of non-

invasive approaches have been researched, including 

optical, thermal, electromagnetic, and enzymatic 

methods. Among these, optical sensing particularly 

using infrared (IR) and near-infrared (NIR) light has 

demonstrated strong potential. Low-cost IR sensors 

like the TCRT5000 are now being explored for their 

applicability in creating affordable and wearable 

glucose monitoring systems. 

The TCRT5000 sensor, which consists of an infrared 

light-emitting diode and a phototransistor, is 

primarily designed for proximity and reflection-based 

sensing.In the context of glucose monitoring, it’s 

adapted to detect variations in light reflectance caused 

by changes in the optical characteristics of blood and 

tissue due to differing glucose levels. The IR LED 

emits light around 950 nm  that penetrates the skin 

and reflects off internal tissue and blood vessels. The 

phototransistor detects the intensity of this reflected 

light, which varies with glucose concentration and 

other physiological factors. 

Studies typically place the sensor on the fingertip, 

leveraging its dense network of capillaries and 

relatively thin skin layer to enhance signal clarity. 

The Analog signal from the phototransistor is sent to 

a microcontroller like an Arduino or ESP32, which 

records and processes the data. 
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Because the raw output may be influenced by various 

factors—such as ambient light, user movement, skin 

tone, and sensor pressure signal processing is crucial. 

Common techniques include digital filtering (like 

moving average or Gaussian filters) and noise 

reduction algorithms to ensure stable readings. Some 

systems also apply baseline correction to adjust for 

user-to-user variability and environmental conditions. 

Calibration is another key aspect. Typically, the 

system is trained using paired data sets that include 

readings from the IR sensor along with reference 

glucose levels from a standard glucometer. Linear 

regression or more advanced machine learning 

methods such as support vector machines or neural 

networks are then used to model the relationship 

between light reflection intensity and glucose 

concentration. 

In terms of output, basic systems display estimated 

glucose levels on an LCD, while more sophisticated 

models may transmit the data to mobile devices or 

cloud servers for monitoring and historical tracking. 

Despite the advantages such as being non-invasive, 

cost-effective, and compact these methods face 

challenges. Accuracy can be affected by factors like 

skin colour, hydration, lighting conditions, and rapid 

glucose fluctuations. As a result, current research is 

aimed at refining calibration techniques, improving 

sensor design, and enhancing signal processing 

methods to increase system precision and consistency. 

 
Fig 2: Existing Methodology 

 

PROPOSED METHODOLOGY: 

This project presents a non-invasive method for 

measuring blood glucose levels using the TCRT5000 

infrared (IR) sensor, based on Near-Infrared (NIR) 

Spectroscopy.The process involves the following steps: 

1. Sensor Integration and Configuration: 

The TCRT5000 IR sensor is selected due to its ability 

to emit and detect IR light that reflects off the skin. 

It is strategically positioned (e.g., on a fingertip or 

earlobe) to ensure accurate and repeatable 

measurements. 

2. Data Collection: 

The sensor emits near-infrared (NIR) light and 

measures the intensity of the signal reflected from the 

skin's surface. 

Continuous data acquisition helps detect variations in 

reflectance linked to glucose levels in the bloodstream. 

3. Signal Processing: 

Collected signals are processed to reduce noise and 

correct environmental distortions. 

Techniques like baseline adjustment and 

normalization are applied to prepare the data for 

further analysis. 

4. Feature Analysis: 

Key features of the signal are extracted, including 

intensity peaks, signal shape, and variations. 

These features reflect changes in glucose 

concentration. 

5. Result Display and Monitoring: 

The final glucose reading is displayed through an 

intuitive user interface. 

Additional features, such as alerts and data logging, 

facilitate continuous monitoring. 

 
Fig 3: Proposed Methodology 

 

COMPONENTS REQUIRED: 

1. Arduino 

2. 9v Battery 

3. 16*2 LCD Display 

4. TCRT5000 IR Sensor 
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COMPONENT DESCRIPTION: 

1. Arduino: 

An Arduino-based system utilizing the TCRT5000 IR 

sensor enables non-invasive blood glucose monitoring 

by capturing and processing sensor data to estimate 

glucose levels, offering an affordable and adaptable 

solution despite requiring careful calibration and 

signal processing refinement. 

2. 9v Battery: 

The 9V battery serves as a power source for a portable 

non-invasive blood glucose monitoring system that 

utilizes the TCRT5000 IR sensor and 

an Arduino board.        

3. 16*2 LCD Display: 

A 16*2 LCD display can be used in a non-invasive 

blood glucose monitoring system with the TCRT5000 

IR sensor to display the estimated blood glucose levels, 

providing a  and clear visual feedback for users to 

monitor glucose levels in real time.             

4. TCRT5000 IR Sensor: 

The TCRT5000 IR sensor is used in non-invasive 

blood glucose monitoring to detect changes in blood 

glucose levels by emitting infrared light and 

measuring the reflected light, which varies based on 

glucose concentrations in the blood. This sensor data 

is then processed to estimate blood glucose levels. 

 

CODING INTERFACE: 

 
Fig 4: Coding Interface 

 

 

 

 

               III.RESULTS AND DISCUSSION  

 

PATIENT 

NAME 

TIME ESTIMATED 

GLUCOSE 

LEVEL(mg/dL) 

ACTUAL 

GLUCOSE 

LEVEL(mg/dL) 

Subject 1 08:00 95 98 

Subject 2 10:00 105 108 

Subject 3 13:30 155 160 

Subject 4 17:00 165 172 

 

Research on non-invasive blood glucose monitoring 

using the TCRT5000 IR sensor shows promise in 

replacing traditional finger-pricking methods. Key 

findings indicate that this sensor can be used to 

develop a non-invasive glucose meter, leveraging 

near-infrared spectroscopy to measure glucose levels 

through the fingertip with results comparable to 

conventional methods. Technically, the sensor 

operates by emitting infrared radiation and measuring 

glucose molecule absorption or reflection, often 

paired with microcontrollers for signal processing and 

IoT connectivity for remote monitoring. The benefits 

include a pain-free, non-invasive approach suitable 

for frequent monitoring and real-time tracking. 

However, challenges remain in improving accuracy, 

calibration, and clinical validation, highlighting the 

need for further research to fully realize this 

technology's potential. 
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Fig 5: Output Image 

 

CONCLUSION 

The use of TCRT5000 IR sensors for non-invasive 

blood glucose monitoring holds great promise, 

potentially transforming diabetes care with its pain-

free and continuous monitoring capabilities. However, 

additional research is required to overcome hurdles 

related to accuracy, calibration, and clinical validation. 

With further advancements, this technology could 

significantly enhance patient experience and 

health outcomes. 
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