
  

 

 
168     International Journal for Modern Trends in Science and Technology 

 

 

As per UGC guidelines an electronic bar code is provided to seure your paper  

International Journal for Modern Trends in Science and Technology 
Volume 10, Issue 04, pages 168-187. 

ISSN: 2455-3778 online 

Available online at: http://www.ijmtst.com/vol10issue04.html 
DOI: https://doi.org/10.46501/IJMTST1004027 

 
  

 

Cost Effective Non-Invasive Diabetics Detection System 

 
Jayalakshmi1, K. A Sreelakshmi2, Emerson Solomon3 

 
1, 2 UG Scholar, Department of Biomedical Engineering, Bharath Institute of Higher Education and Research 
3 Professor, Department of Biomedical Engineering, Bharath Institute of Higher Education and Research 

 

To Cite this Article 

Jayalakshmi, K. A Sreelakshmi and Emerson Solomon, Cost Effective Non-Invasive Diabetics Detection System, 

International Journal for Modern Trends in Science and Technology, 2024, 10(04), pages. 168-187. 

https://doi.org/10.46501/IJMTST1004027 

 

Article Info 

Received: 20 March 2024; Accepted: 06 April 2024; Published: 09 April 2024. 

 

Copyright © Jayalakshmi et al; This is an open access article distributed under the Creative Commons Attribution 

License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work 

is properly cited. 
 

 
 

 This project presents a non-invasive diabetes monitoring system designed to track glucose levels using infrared (IR) sensors 

and display the detected values on an LCD screen. The system incorporates MATLAB and image processing techniques to identify 

individuals with diabetic retinopathy or glaucoma through machine learning algorithms, particularly Support Vector Machine 

(SVM). By integrating IR sensors, the system enables real- time glucose monitoring without the need for invasive blood sampling, 

enhancing patient comfort and compliance with monitoring routines. The LCD display provides instant feedback on glucose 

levels, aiding users in managing their condition effectively. Furthermore, the application of machine learning algorithms 

facilitates early detection of diabetic retinopathy and glaucoma, both common complications of diabetes, by analyzing retinal 

images processed through MATLAB. SVM algorithms offer robust classification capabilities, enhancing the system's accuracy in 

identifying individuals at risk. Overall, this integrated approach offers a comprehensive solution for diabetes management, 

providing both glucose monitoring and early detection of associated complications, thereby improving patient outcomes and 

quality of life. 
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1. INTRODUCTION 

Diabetes mellitus, a chronic metabolic disorder 

characterized by abnormal blood glucose levels, poses a 

significant global health challenge, affecting millions 

worldwide.  

Effective management of diabetes requires regular 

monitoring of blood glucose levels to prevent 

complications such as diabetic retinopathy and 

glaucoma, leading causes of blindness among diabetic 

individuals. Traditional methods of glucose monitoring 

involve invasive techniques like finger pricking, which 

can be discomforting and inconvenient, leading to poor 

compliance with monitoring regimens. To address these 

challenges, this project proposes a novel Non- Invasive 

Diabetes Monitoring System (NIDMS) that integrates 

infrared (IR) sensors, LCD display, and machine learning 

algorithms for the detection of retinopathy and 

glaucoma. The system aims to provide a user-friendly 

and non-invasive approach to glucose monitoring, 

enhancing patient adherence to monitoring routines 

while minimizing discomfort. 
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The core components of the proposed system include IR 

sensors for real-time glucose level monitoring, an LCD 

display for immediate feedback to users, and advanced 

image processing techniques coupled with machine 

learning algorithms, specifically Support Vector 

Machine (SVM), for early detection of diabetic 

retinopathy and glaucoma. By leveraging these 

technologies, the system offers a comprehensive solution 

for diabetes management, combining glucose 

monitoring with proactive screening for potential 

complications. 

This introduction sets the stage for the exploration of the 

NIDMS, highlighting its potential to revolutionize 

diabetes care by providing an integrated platform for 

monitoring and early detection, ultimately improving 

patient outcomes and enhancing quality of life. 

 

1.1 MOTIVATION: 

Managing diabetes effectively requires continuous 

monitoring of glucose levels and early detection of 

complications like retinopathy and glaucoma. However, 

current methods often involve invasive procedures and 

lack real-time feedback. Our motivation lies in 

developing a non-invasive monitoring system utilizing 

IR sensors and LCD display for instant glucose level 

feedback. Integrating machine learning algorithms 

enhances the system's capability to detect retinopathy 

and glaucoma from retinal images. By offering a 

user-friendly and efficient solution, our system aims to 

empower individuals with diabetes to proactively 

manage their condition, leading to improved health 

outcomes and enhanced quality of life. 

1.2 OVERVIEW: 

The Non-Invasive Diabetes Monitoring System integrates 

IR sensors and LCD display for real- time glucose 

tracking without blood sampling. Leveraging MATLAB 

and machine learning, particularly Support Vector 

Machine algorithms, it detects diabetic retinopathy and 

glaucoma through retinal image analysis. This 

comprehensive system offers convenient glucose 

monitoring and early detection of complications, 

enhancing patient care and management of 

diabetes-related health risks. 

1.3 SYSTEM MODULES: 

1. IR Sensor Interface: Captures glucose levels 

non-invasively. 

2. LCD Display Module: Presents real-time glucose 

readings for user convenience. 

3. Image Processing Module: Utilizes 

MATLAB for retinal image analysis. 

4. Machine Learning Module: Implements 

Support Vector Machine algorithms for diabetic 

retinopathy and glaucoma detection. 

5. Data Integration Module: Harmonizes sensor 

data and machine learning outputs for comprehensive 

monitoring. 

These modules collectively enable seamless non-invasive 

diabetes monitoring, offering glucose level tracking and 

early detection of associated complications. 

J Li et al (2021) projected "Noninvasive monitoring of 

three glucose ranges based on ECG By using 

DBSCAN-CNN". They proposed an Autonomic nervous 

system (ANS) can maintain homeostasis through the 

coordination of different organs including heart. The 

change of blood glucose (BG) level can stimulate the ANS, 

which will lead to the variation of Electrocardiogram 

(ECG). Considering that the monitoring of different BG 

ranges is significant for diabetes care, in this paper, an 

ECG-based technique was proposed to achieve 

non-invasive monitoring with three BG ranges: low 

glucose level, moderate glucose level, and high glucose 

level. For this purpose, multiple experiments that 

included fasting tests and oral glucose tolerance tests 

were conducted, and the ECG signals from 21 adults 

were recorded continuously. Furthermore, an approach 

of fusing density-based spatial clustering of applications 

with noise and convolution neural networks 

(DBSCAN-CNN) was presented for ECG preprocessing 

of outliers and classification of BG ranges based ECG. 

Also, ECG's important information, which was related to 

different BG ranges, was graphically visualized [1]. 

S A Siddiqui et al. (2018)"Pain-Free Blood Glucose 

Monitoring Using Wearable Sensors: Recent 

Advancements and Future Prospects" Keeping track of 

blood glucose levels non-invasively is now possible due 

to diverse breakthroughs in wearable sensors technology 

coupled with advanced biomedical signal processing. 

They categorize the noninvasive techniques into 

nonsample- and sample-based techniques, which we 

further grouped into optical, nonoptical, intermittent, 

and continuous. The devices manufactured or being 

manufactured for noninvasive monitoring are also 

compared in this paper. These techniques are then 

analyzed based on certain constraints, which include 
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time efficiency, comfort, cost, portability, power 

consumption, etc., a user might experience. 

Recalibration, time, and power efficiency are the biggest 

challenges that require further research in order to satisfy 

a large number of users. In order to solve these 

challenges, artificial intelligence (AI) has been employed 

by many researchers. AI- based estimation and decision 

models hold the future of noninvasive glucose 

monitoring in terms of accuracy, cost effectiveness, 

portability, efficiency, etc. The significance of this paper 

is twofold: first, to bridge the gap between IT and medical 

field; and second, to bridge the gap between end users 

and the solutions (hardware and software) [2]. 

Y. Tanaka et al. (2020) proposed" Differential Continuous 

Wave Photoacoustic Spectroscopy for Non-invasive 

Glucose Monitoring”. In vivo and in vitro studies of 

differential continuous wave Photoacoustic spectroscopy 

(DCW-PAS) for non-invasive blood glucose monitoring 

were performed. The DCW-PAS technique utilizes 

amplitude modulation of dual wavelengths of light to 

determine changes in glucose concentration. The study 

compared DCW-PAS measurements with results from 

invasive blood glucose sensor measurements during oral 

glucose tolerance tests (OGTTs) of healthy people. The 

trends in blood glucose levels (BGLs) obtained from 

invasive sensors and from the Photoacoustic signal have 

good agreement, with the standard error and correlation 

coefficient against BGLs of 48 mg/dl or less and 0.80, 

respectively. Our proposed Photoacoustic spectroscopy 

(PAS) method shows high potential for use in a non- 

invasive BGL sensor [3]. 

Y. Mahnashi et al. (2023) presented "Design and 

Experimental Validation of a Noninvasive Glucose 

Monitoring System Using RF Antenna-Based Biosensor" 

This article presents an end-to-end microwave- based 

system to detect the glucose level in aqueous solutions 

through a noninvasive scheme. A microwave signal is 

generated and transmitted through the sample under test 

(i.e., glucose-water solution). The received signal is then 

conditioned using a low-noise amplifier (LNA), a 

bandpass filter (BPF), and an RF detector. The change in 

the dc output voltage on the receiver side is used as a 

new way to detect the glucose level. The proposed 

glucose sensor is implemented using two RF microstrip 

patch antennas that resonate at 5.7 GHz and are 

fabricated using an FR-4 substrate. The design 

specifications of the sensing antennas are thoroughly 

studied and presented. The system is verified 

experimentally using glucose-water testing samples. The 

experimental results confirm the correlation between the 

glucose concentration and the dc output voltage for a 

concentration range of 0-5000 mg/dL. The effect of the 

transmitted power level on the system performance is 

also investigated. Finally, the proposed system is 

compared with the state-of-the-art systems reported in 

the literature [4]. 

A. E. Omer et al. (2020) Projected "Non- Invasive 

Real-Time Monitoring of Glucose Level Using Novel 

Microwave Biosensor Based on Triple-Pole CSRR" This 

paper develops and measures a novel microwave 

biosensor for non-invasive real-time monitoring of 

glucose level. The design comprises a rectangular 

plexiglass channel integrated on a triple-pole 

complementary split ring resonator (TP-CSRR). The 

proposed sensor operates in the centimeter- wave range 

1-6 GHz and is manufactured using PCB on top of an 

FR4 dielectric substrate. The sensor elements are excited 

via a coupled microstrip transmission-line etched on the 

bottom side of the substrate. The integrated CSRR-based 

sensor is used as a near-field probe to non-invasively 

monitor the glucose level changes in the blood 

mimicking solutions of clinically relevant concentrations 

to Type-2 normal diabetes (70-120 mg/dL), by recording 

the frequency response of the harmonic reflection and 

transmission resonances. This indicates the sensor's 

capability of detecting small variations in the dielectric 

properties of the blood samples that are responsive to 

the electromagnetic fields. The proposed sensor is 

verified through practical measurements of the 

fabricated design. Experimental results obtained using a 

Vector Network Analyzer (VNA) demonstrate a 

sensitivity performance of about 6.2 dB/(mg/ml) for the 

developed triple-pole sensor that significantly 

outperforms the conventional single-pole and other 

proposed sensors in the literature in terms of the 

resonance amplitude resolution[5]. 

G. Zhang et al.(2020)Subjected "A Noninvasive Blood 

Glucose Monitoring System Based on Smartphone PPG 

Signal Processing and Machine Learning" The main 

implementation processes of the proposed system 

include a novel algorithm for acquiring PPG signals 

using only smartphone camera videos; a fitting-based 

sliding window algorithm to remove varying degrees of 

baseline drifts and segment the signal into single 
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periods; extracting characteristic features from the 

Gaussian functions by comparing PPG signals at 

different blood glucose levels; categorizing the valid 

samples into three glucose levels by applying machine 

learning algorithms. The proposed system was 

evaluated on a data set of 80 subjects. Experimental 

results demonstrate that the system can separate valid 

signals from invalid ones at an accuracy of 97.54% and the 

overall accuracy of estimating the blood glucose levels 

reaches 81.49%. The proposed system provides a 

reference for the introduction of noninvasive blood 

glucose technology into daily or clinical applications. 

This article also indicates that smartphone-based PPG 

signals have great potential to assess an individual's 

blood glucose level [6]. 

M. C. Cebedio et al. (2020) proposed "Analysis and 

Design of a Microwave Coplanar Sensor for Non- 

Invasive Blood Glucose Measurements "In this paper a 

design for a microwave sensor for the non-invasive 

measurement of blood glucose concentrations is 

proposed. The sensor is intended for usage as part of a 

non- invasive glucose-quantifying device. With this aim, 

three different microwave resonator structures are 

analyzed as possible candidates, and strengths and 

weaknesses are highlighted in each case. The chosen 

resonator is an open structure in which a finger of the 

patient is placed, fulfilling the role of a sample to be 

characterized by the sensor. The shape and size of the 

finger thus condition those of the resonator. Variations in 

the concentration of blood glucose modify the dielectric 

properties of the tissue, which is part of the microwave 

resonator-finger system, and as such, the changes 

translate to the resonance frequency of the whole 

structure. Among the three studied topologies, it was 

found that a single resonator designed using a coplanar 

structure with a ground plane showed the best trade-off 

in frequency sensitivity, stability and repeatability of the 

measurements. A notable correlation, between the 

resonance frequency of the proposed sensor and the 

blood glucose levels measured with a traditional 

glucometer, was found. This highlights a potential 

interchangeability of both glucose measurement 

methods [7]. 

P. P. Pai et al. (2018) Highlighted "Cloud 

Computing-Based Non-Invasive Glucose Monitoring for 

Diabetic Care" The near infrared photoacoustic 

spectroscopy is utilized for the development of a 

continuous non-invasive glucose monitoring system for 

diabetics. A portable embedded system for taking 

photoacoustic measurements on tissues to estimate 

glucose concentration is implemented using field 

programmable gate array (FPGA). The back-end 

architecture for high-speed data acquisition and 

de-noising of photoacoustic measurements operates at 

274.823 MHz on a Xilinx Virtex-II Pro FPGA. The glucose 

measurement technique is verified in vitro on glucose 

solutions and in vivo on tissues, with photoacoustic 

signal amplitude varying linearly with sample glucose 

concentration. A kernel-based regression algorithm 

using multiple features of the photoacoustic signal is 

used to estimate glucose concentration from 

photoacoustic measurements. The calibration algorithm 

provides a superior performance over previous efforts 

with a mean absolute relative difference of 8.84% and 

Clarke Error Grid distribution of 92.86% and 7.14% over 

Zones A and B of the grid. A cloud computing platform 

for automated monitoring of blood glucose levels is 

proposed to enable individuals with diabetes to connect 

with doctors and caretakers. The developed system is 

connected to the cloud service using a mobile device, 

which facilitates implementation of computationally 

intensive calibration tasks and the storage and analysis of 

measurement data for treatment and monitoring [8]. 

Amit M. Joshi (2020) Analysed "iGLU 2.0: A New 

Wearable for Accurate Non-Invasive Continuous Serum 

Glucose Measurement in IoMT Framework" The Serum 

glucose is an accurate blood glucose measurement 

method in comparison to capillary glucose measurement. 

Presently, the serum glucose is measured through 

laboratory setup with an invasive approach. The 

invasive method is painful and is not suitable for 

continuous glucose measurement. In this paper, we 

propose a novel wearable non- invasive consumer device 

(called iGLU 2.0) which can be used by consumers for 

accurate continuous blood glucose monitoring. This 

device uses a novel short near infrared (NIR) 

spectroscopy developed by us. It is incorporated with 

Internet-of-Medical Things (IoMT) for smart healthcare 

where the healthcare data is stored on the cloud and is 

accessible to the users and caregivers. Analysis of the 

optimized regression model is performed and the system 

is calibrated and validated through healthy, prediabetic 

and diabetic patients. The robust regression models of 

serum glucose level is then deployed as the mechanism 
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for precise measurement in iGLU 2.0. The performance 

of iGLU 2.0 is validated with the prediction of capillary 

blood glucose using Average Error (AvgE) and Mean 

Absolute Relative Difference (mARD) which are 

calculated as 6.09% and 6.07%, respectively, whereas for 

serum glucose, AvgE and mARD are estimated as 4.88% 

and 4.86%, respectively [9]. 

Mai Anh Nguyen et al. (2022) Explained "Design of an 

Out-Folded Patch Antenna with a Zeroth-Order 

Resonance for Non-Invasive Continuous Glucose 

Monitoring" This paper proposes an out-folded patch 

antenna with a zeroth-order resonance that is robust to a 

high-dielectric condition of a human body for 

non-invasive continuous glucose monitoring. The 

proposed antenna has two faces of a tapered section and 

a rectangular patch separated by a gap, and those faces 

are connected through vias at two corners near the gap. 

Two identical antennas are fabricated on a flexible 

printed circuit board, and properties of the zeroth-order 

resonance are compared with those of the fundamental 

mode to demonstrate the feasibility. The zeroth-order 

resonance of the proposed antenna exhibits a negligible 

frequency shift, and its quality factor is 2.9 times higher 

than the fundamental mode, when attached to the skin. 

The evaluation is further extended to a human 

experiment using the two antennas for real- time 

estimation of coupling strength according to the change 

of glucose concentration. The trend of measured 

coupling strength well describes that of the glucose 

concentration obtained from a glucose meter with a 

mean absolute relative difference of 12.23%. The results 

demonstrates that the proposed concept has a great 

potential to improve the accuracy of the non-invasive 

estimation in microwave spectrum [10]. 

S. Kiani et al. (2021) presented "Dual- Frequency 

Microwave Resonant Sensor to Detect Noninvasive 

Glucose-Level Changes Through the Fingertip" In this 

article, which is a fundamental step in an underway 

research, a microwave resonant sensor at two resonance 

frequencies of 5.5 and 8.5 GHz (in order to increase the 

accuracy of the application) with a quality factor of 180 

and 106, for blood glucose level monitoring is designed, 

fabricated, and tested by users’ fingertips. In this study, 

11 volunteers were tested invasively (using a 

glucometer) and noninvasively (using the proposed 

glucose resonant sensor) with range of glucose-level 

changes from 89 to 262 mg/dL. For this range of 

glucose-level changes, the frequency detection 

resolution is 3.53 and 3.58 MHz/ (mg/dL), respectively. 

The results of the experiments are relatively well 

matched; so that compared to the glucometer device, the 

proposed sensor shows a maximum measurement error   

of   about   3%   to detect glucose levels [11]. 

A. E. Omer et al.(2021)Subjected" PCA- Assisted Blood 

Glucose Monitoring Using Metamaterial-Inspired 

Sensor" The proposed design exploits the inter-resonator 

coupling between adjacent cells to enlarge the sensing 

zone for more intensive interaction with the glucose 

tissue. The sensitivity performance for glucose detection 

is numerically analyzed at different geometrical 

parameters using a single-pole Debye model to 

approximate the dispersing behavior of the varying 

glucose on top of a skin layer. The resulting scattering 

responses to glucose variations are projected into a 

low-dimensional space using the principal component 

analysis algorithm to epitomize the data variances near 

resonance in fewer variables with a higher spatial 

resolution. The desired performance of the prototyped 

sensor is practically validated by measuring synthetic 

types of blood of 100– 300 mg/dL inside a 3-D printed ear 

phantom using a vector network analyzer with higher 

sensitivity (∼0.0125 dB/[mg/dL]) than that of a single-cell 

double split-ring type[12]. 

A. Hina et al.(2020) Highlighed "A Noninvasive Glucose 

Monitoring SoC Based On Single Wavelength 

Photoplethysmography" This article presents a wearable 

system for glucose monitoring based on a single 

wavelength near-infrared (NIR) Photoplethysmography 

(PPG) combined with machine-learning regression 

(MLR). The PPG readout circuit consists of a switched 

capacitor Transimpedance amplifier with 1 MΩ gain and 

a 10-Hz switched capacitor LPF. It allows a DC bias 

current rejection up to 20 μA with an input-referred 

current noise of 7.3 pA/√Hz. The proposed digital 

processor eliminates motion artifacts, and baseline drifts 

from PPG signal, extracts six distinct features and finally 

predicts the blood glucose level using Support Vector 

Regression with Fine Gaussian kernel (FGSVR) MLR. A 

novel piece-wise linear (PWL) approach for the 

exponential function is proposed to realize the FGSVR 

on-chip. The overall system is implemented using a 180 

nm CMOS process with a chip area of 4.0 mm 2 while 

consuming 1.62 mW. The glucose measurements are 

performed for 200 subjects with R 2 of 0.937. The 
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proposed system accurately predicts the sugar level with 

a mean absolute relative difference (mARD) of 7.62% 

[13]. 

S. Ghosal et al. (2021) Proposed "gluCam: Smartphone 

Based Blood Glucose Monitoring and Diabetic Sensing" 

The paper addresses these problems and proposes 

gluCam -a novel, autonomous, non-invasive, 

optical-based, smart-diabetic sensing model. It 

automatically segments blood vessels and calculates the 

tortuosity measure. Using the tortuosity measure and 

time from meal intake, a regression polynomial is 

developed for predicting the blood glucose level. 

Diabetes is diagnosed if the tortuosity measure is less 

than 1.15. For effortless smartphone implementation, 

gluCam incorporates image processing techniques to 

quantify blood glucose levels. Our model reports a 

sensitivity of 94.28%, specificity of 82.61%, mean absolute 

error of 10.7%, and an overall accuracy of 91.89% (for 81 

participants). The model remains unaffected by lighting 

conditions and independent to device platform. It 

thereby manifests itself as a definitive and appropriate 

substitution for the invasive laboratory blood glucose 

tests by buttressing   the   property   of   self- diagnosis of 

diabetes [14]. 

A. E. Omer et al. (2022) Projected "Non- Reciprocal 

Whispering-Gallery-Mode Resonator for Sensitive Blood 

Glucose Monitoring" In this article, a miniaturized 

low-cost microwave sensor of high sensitivity is proposed 

for noninvasive blood glucose monitoring. The traveling 

waves whispering gallery modes (WGM) are 

excited/launched on a ferrite-made ring resonator when 

placed nearby a microstrip line (MTL). The sensing 

structure is designed appropriately to support four 

distinct WGM modes with the desired coupling in the 

frequency range of 22–32 GHz. A disk of permanent 

magnet is incorporated beneath the MTL substrate to 

generate a bias magnetic field necessary to create a 

nonreciprocal effect in the resonator. This nonreciprocal 

behavior is demonstrated in the transmission responses 

$S{12}$ and $S_{21}$ , where the WGM resonances of 

similar modes are triggered at different frequencies over 

a narrowband. A magneto- static analysis is performed 

to approximate the internal biasing fields inside the FRR 

at multiple longitudinal layers. The complex 

components of the permeability tensor are computed 

accordingly for each layer, and then integrated into 

HFSS to simulate the sensor scattering responses. The EM 

simulations are validated when compared with practical 

measurements of a magnetized FRR. The latter fabricated 

prototype is tested in different setups for monitoring the 

glucose in synthetic blood of concentrations related to 

diabetes conditions [15]. 

M. Bteich et al. (2021) Presented "A Non- Invasive 

Flexible Glucose Monitoring Sensor Using a Broadband 

Reject Filter" In this paper, a novel, highly accurate, 

non-invasive glucose-monitoring sensor that is based on 

a flexible broadband reject filter is presented. The filter 

topology comprises a tapered feed line at a top layer that 

excites four modified log-periodic open loop resonators 

on the bottom layer, achieving a broadband reject 

response. Size reduction techniques are applied on the 

embedded resonators that are optimized to exhibit an 

enhanced sensitivity to track the variations of the 

glucose level across a frequency span from 1.25 GHz to 

2.65 GHz. The proposed flexible filter is tested 

pre-clinically and clinically, where a high correlation 

between its scattering parameters and the variations in 

glucose levels is attained. Regression models are also 

developed using experimental data obtained from 

healthy patients that are subjected to glucose tolerance 

tests. Results demonstrate less than 4% mean absolute 

relative difference between the reference and estimated 

glucose levels, and the predicted glucose levels lie 100% 

within the clinically acceptable zones as shown by the 

Clarke Error Grid analysis [16]. 

P. -L. Lee et al. (2023) Explained "A Noninvasive Blood 

Glucose Estimation System Using Dual-Channel PPGs 

and Pulse- Arrival Velocity" In this study they developed 

a noninvasive blood glucose estimation method using

 dual-channel 

photoplethysmography (PPG) combined with pulse 

arrival velocity (PAV). The dual- channel PPG was 

chosen based on the advantages of 530 nm PPG in blood 

flow measurement and 1550 nm infrared light in blood 

glucose concentration detection. In addition to testing 

various amplitude features in PPG at different fiducial 

points (systolic peak, dicrotic notch, and diastolic peak), 

we also examined the amplitude ratio between the two 

PPG channels (530 nm green-light PPG and 1550 nm 

infrared PPG), as well as PAV, for noninvasive blood 

glucose estimation. In this study, we recruited 18 healthy 

subjects (14 males and four females; aged 29.4 ± 7.87 

years old). The oral glucose tolerance test (OGTT) 

experiment was conducted on each participant to 
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manipulate the blood glucose level. Each parameter for 

blood glucose estimation was examined using partial 

${F}$ -test to assess its impact on blood glucose 

estimation. We found that combining the amplitude 

ratio of the dual- channel PPG with PAV resulted in the 

best blood glucose estimation results, with estimation 

results falling within Zone A in the Clarke error grid 

analysis (CEGA) with a 100% success rate, and the 

root-mean-square- error (RMSE) being 7.46 ± 2.43 

mg/dL[17]. 

K. Aurangzebetal. (2023) Highlighted "System atic 

Development of AI-Enabled Diagnostic Systems for 

Glaucoma and Diabetic Retinopathy" This paper focuses 

on the challenges involved in segmenting the retinal 

vessels from fundus images and presents a modified 

ColonSegNet model for retinal  vessel segmentation that 

includes efficient methods for locating the true vessels 

and applies data augmentation to overcome the issue of 

fewer graded images. The paper uses the optimal values 

for the contrast enhancement of retinal fundus images 

using intelligent evolution algorithms. The central vessel 

reflex, bifurcation, crossover, thin vessels, and lesion 

presence are highlighted as significant challenges in 

retinal vessel segmentation. The proposed method 

achieves high sensitivity, specificity, and accuracy, 

segmenting retinal vessels on DRIVE, CHASE_DB, and 

STARE. The work is crucial in developing automated 

systems for the early detection and treatment of eye 

diseases, thereby improving public health [18]. 

R.Sarki et al. (2020) Projected "Automatic Detection of 

Diabetic Eye Disease through Deep Learning Using 

Fundus Images: A Survey" This article presents a 

systematic survey of automated approaches to diabetic 

eye disease detection from several aspects, namely:

 available datasets, image 

preprocessing techniques, deep learning models and 

performance evaluation metrics. The survey provides a 

comprehensive synopsis of diabetic eye disease 

detection approaches, including state of the art field 

approaches, which aim to provide valuable insight into 

research communities, healthcare professionals and 

patients with diabetes. People suffering from diabetes 

are at high risk of developing various eye diseases over 

time. As a result of advances in machine learning 

techniques, early detection of diabetic eye disease using 

an automated system brings substantial benefits over 

manual detection [19]. 

M. H. Sarhan et al.(2020)Proposed "Machine Learning 

Techniques for Ophthalmic Data Processing: A Review" 

This article reviews machine learning approaches 

proposed for diagnosing ophthalmic diseases during the 

last four years. Three diseases are addressed in this 

survey, namely diabetic retinopathy, age-related 

macular degeneration, and glaucoma. The review covers 

over 60 publications and 25 public datasets and 

challenges related to the detection, grading, and lesion 

segmentation of the three considered diseases. Each 

section provides a summary of the public datasets and 

challenges related to each pathology and the current 

methods that have been applied to the problem. 

Furthermore, the recent machine learning approaches 

used for retinal vessels segmentation, and methods of 

retinal layers and fluid segmentation are reviewed. Two 

main imaging modalities are considered in this survey, 

namely color fundus imaging, and optical coherence 

tomography. Machine learning approaches that use eye 

measurements and visual field data for glaucoma      

detection      are      also included in the survey [20]. 

M. Nur-A-Alam et al. (2023) Subjected "A Faster RCNN 

Based Diabetic Retinopathy Detection Method Using 

Fused Features from Retina Images" The current study 

proposes an automatic and intelligent system to classify 

DR or normal condition from retina fundus images (FI). 

Firstly, the relevant FIs were pre- processed, followed by 

extracting discriminating features using histograms of 

oriented gradient (HOG), Shearlet transform, and 

Region-Based Convolutional Neural Network (RCNN) 

from FIs and merging them as one fused feature vector. 

By using the fused features, a machine learning (ML) 

based faster RCNN classifier was employed to identify 

the DR condition and DR lesions. An extended 

experiment was carried out by employing binary 

classification (normal and DR) from three publicly 

available datasets. With a testing accuracy of 98.58%, 

specificity of 97.12%, and sensitivity of 95.72%, this 

proposed faster RCNN deep learning technique with 

feature fusion ensured a satisfactory performance in 

identifying the DR compared to the relevant 

state-of-the-art works. By using a generalization 

validation strategy, this fusion-based method achieved a 

competitive   performance    with    a detection accuracy 

[21]. 

A. Krestanova et al. (2020) Proposed "Recent Techniques 

and Trends for Retinal Blood Vessel Extraction and 



  

 

 
175     International Journal for Modern Trends in Science and Technology 

 

 

Tortuosity Evaluation: A Comprehensive Review" This 

article presents a comprehensive overview of all 

segmentation techniques for retinal blood vessel 

extraction from images taken with a fundus camera in 

adults and older children or with a RetCam fundus 

camera in new-borns and younger children over the last 

10 years.  

An integral part of this review is a comprehensive 

overview with information on all available public and 

private databases with retinal images. The review 

includes an evaluation of segmentation techniques based 

on objectivization parameters, including information on 

all objectivization parameters used in this article. As 

already mentioned, the degree of curvature of retinal 

blood vessels is used to classify severity of blood vessels 

tortuosity. There is no uniform metric for determining 

tortuosity, but this review presents a comprehensive 

overview of all metrics and calculations used to 

determine the     n                      degree of tortuosity of 

retinal blood vessels [22]. 

F. Abdullah et al.(2021) presented "A Review on 

Glaucoma Disease Detection Using Computerized 

Techniques" This article aims to provide a 

comprehensive overview of various existing techniques 

that use machine learning to detect and diagnose 

glaucoma based on fundus images. Readers would be 

able to understand the challenges glaucoma presents 

from an image processing and machine learning 

stand-point and will be able to identify gaps in current 

research. Glaucoma is an incurable eye disease that leads 

to slow progressive degeneration of the retina. It cannot 

be fully cured, however, its progression can be 

controlled in case of early diagnosis. Unfortunately, due 

to the absence of clear symptoms during the early stages, 

early diagnosis are rare. Glaucoma must be detected at 

early stages since late diagnosis can lead to permanent 

vision loss. Glaucoma affects the retina by damaging the 

Optic Nerve Head (ONH)[23]. 

A. Albelaihietal. (2024) Explained "Deep Diabe tic: An 

Identification System of Diabetic Eye Diseases Using 

Deep Neural Networks" This research proposed a 

multi-classification deep learning model for diagnosing 

and identifying four different diabetic eye diseases: 

Diabetic Retinopathy (DR), Diabetic Macular Edema 

(DME), glaucoma, and cataract which we called the 

DeepDiabetic framework. The proposed models were 

assessed using 1228 images from six different available 

datasets (DIARETDB0,    DIARETDB1,    Messidor, 

HEI-MED, Ocular, and Retina). In addition to the original 

dataset, we measured the performance of the deep 

learning models according to two different geometric 

augmentation methods called online augmented and 

offline augmented. The present work considers five 

architectures’ performances: EfficientNetB0, VGG16, 

ResNet152V2, ResNet152V2 + Gated Recurrent Unit 

(GRU), and ResNet152V2 + Bidirectional GRU (Bi-GRU). 

A comprehensive analysis and evaluation of these deep 

learning architectures is provided using public fundus 

datasets with four classes (i.e., DR, DME, Glaucoma, and 

Cataract). To the best of our knowledge, no other deep 

learning models for choosing between these models for 

these specific diseases are found in the literature. From 

the results of the experiments, it was found that the 

EfficientNetB0 model outperforms the other four 

proposed models. The EfficientNetB0 model achieved 

0.9876 in accuracy, 0.9876 recall, 0.9876 precision, and 

0.9977 AUC based on fundus images. Our EfficientNetB0 

model achieves 98.76% accuracy, while the previous 

studies only achieved 88.33%, 89.54%, 97.23%, and 

80.33% accuracy, respectively. When compared to the 

previous studies as Fast-RCNN, RCNN-LSTM, and 

Inception ResNet, our EfficientNetB0 model achieves 

much higher accuracy, recall, precision, and AUC [24]. 

Huiqi Y Lu et al.(2023) "Digital Health and Machine 

Learning Technologies for Blood Glucose Monitoring 

and Management of Gestational Diabetes" This paper 

focuses on reviewing the digital health and machine 

learning technologies used in gestational diabetes – a 

subtype of diabetes that occurs during pregnancy. This 

paper reviews sensor technologies used in blood glucose 

monitoring devices, digital health innovations and 

machine learning models for gestational diabetes 

monitoring and management, in clinical and commercial 

settings, and discusses future directions. Despite one in 

six mothers having gestational diabetes, digital health 

applications were underdeveloped, especially the 

techniques that can be deployed in clinical practice. There 

is an urgent need to develop clinically interpretable 

machine learning methods for patients with gestational 

diabetes, assisting health professionals with treatment, 

monitoring, and risk stratification before, during and 

after their pregnancies; adapt and develop 

clinically-proven devices for patient self-management of 

health and well-being at home settings (“virtual ward” 
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and virtual consultation), thereby improving clinical 

outcomes by facilitating timely intervention; and ensure 

innovations are affordable and sustainable for all women 

with different socioeconomic backgrounds and clinical 

resources[25]. 

 

2. METHODOLOGY 

2.1 Existing methodology 

Existing methods for non-invasive diabetes monitoring 

systems predominantly rely on invasive techniques, 

such as finger-prick tests, for measuring blood glucose 

levels. These methods involve piercing the skin to draw 

a small amount of blood for analysis using handheld 

glucometers. While these traditional methods have been 

effective in providing glucose readings, they come with 

several drawbacks that limit their utility and 

convenience for patients. 

Firstly, one of the primary disadvantages of invasive 

glucose monitoring methods is the pain and discomfort 

associated with finger- prick tests. For individuals with 

diabetes, the need to regularly puncture their skin to 

obtain blood samples can be both physically and 

emotionally taxing. The repeated sensation of pain and 

discomfort can lead to reluctance in adhering to regular 

monitoring routines, ultimately affecting the 

management of the condition. Moreover, the invasive 

nature of traditional glucose monitoring methods poses 

a risk of infection, particularly when using shared or 

improperly sterilized lancets. Skin punctures create 

potential entry points for bacteria and other pathogens, 

increasing the likelihood of skin infections and other 

complications. This risk is particularly concerning for 

individuals with compromised immune systems or other 

underlying health conditions. 

Additionally, traditional glucometers may not offer 

real-time monitoring capabilities or advanced data 

analysis features. Most handheld glucometers provide 

single-point measurements of blood glucose levels at the 

time of testing, without the ability to continuously track 

fluctuations throughout the day. This limited 

functionality can make it challenging for individuals to 

identify patterns or trends in their glucose levels, 

hindering their ability to make informed decisions about 

diet, medication, and lifestyle adjustments. 

Furthermore, the reliance on manual blood sampling 

and testing processes can introduce variability and 

inaccuracies in glucose measurements. Factors such as 

improper technique, contamination of test strips, and 

environmental conditions can affect the reliability and 

consistency of results obtained from traditional 

glucometers. These inconsistencies may lead to 

erroneous interpretations of glucose levels, potentially 

compromising the effectiveness of diabetes management 

strategies. 

In response to these limitations, researchers and 

healthcare professionals have explored alternative 

approaches to non-invasive diabetes monitoring that 

minimize the need for blood sampling while providing 

accurate and reliable glucose measurements. One 

promising avenue of research involves the use of 

continuous glucose monitoring (CGM) systems, which 

employ sensor technology to measure glucose levels in 

interstitial fluid beneath the skin. 

CGM systems typically consist of a small sensor inserted 

subcutaneously, usually in the abdomen or upper 

arm,that continuously measures glucose levels in the 

interstitial fluid. The sensor is connected to a transmitter 

worn on the body, which wirelessly transmits glucose 

data to a receiver or smartphone app for real- time 

monitoring. Unlike traditional glucometers, CGM 

systems offer continuous glucose monitoring throughout 

the day and night, providing users with insights into 

glucose fluctuations and trends over time. 

Despite the advantages of CGM systems, they still 

require subcutaneous sensor insertion, which may cause 

discomfort and irritation at the insertion site. 

Additionally, CGM sensors need to be replaced every 

few days, adding to the overall cost and inconvenience 

of continuous monitoring. Furthermore, CGM systems 

are subject to inaccuracies and lag time compared to 

blood glucose measurements, as they measure glucose 

levels in interstitial fluid rather than directly in the 

bloodstream. 

In recent years, researchers have also explored 

non-invasive techniques for measuring blood glucose 

levels using optical, thermal, and electromagnetic 

technologies. These techniques leverage the principles of 

spectroscopy, polarimetry, and impedance spectroscopy 

to indirectly estimate glucose concentrations based on 

changes in tissue properties or physiological parameters. 

One such non-invasive approach involves the use of 

near-infrared (NIR) spectroscopy to measure glucose 

levels by analyzing the absorption and scattering of light 

in biological tissues. NIR spectroscopy exploits the 
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unique spectral properties of glucose molecules to 

quantify glucose concentrations in the bloodstream non- 

invasively. By illuminating the skin with NIR light and 

analyzing the resulting spectra, researchers can derive 

glucose measurements without the need for blood 

sampling. 

Similarly, thermal imaging techniques have been 

investigated for non-invasive glucose monitoring by 

measuring changes in skin temperature associated with 

variations in blood glucose levels. Thermal cameras 

capture infrared radiation emitted from the skin surface, 

which is correlated with skin temperature and blood 

flow dynamics. By analyzing thermal images of the skin, 

researchers can infer changes in glucose metabolism and 

vascular perfusion, providing indirect indicators of blood 

glucose levels. 

Electromagnetic methods, such as microwave 

spectroscopy and impedance spectroscopy, have also 

shown promise for non-invasive glucose monitoring by 

measuring the dielectric properties of biological tissues. 

These techniques exploit the fact that the electrical 

properties of tissues vary with glucose concentration, 

allowing for the estimation of glucose levels through 

impedance or electromagnetic wave propagation 

measurements. 

While non-invasive techniques hold great potential for 

revolutionizing diabetes monitoring, several challenges 

remain to be addressed before they can be widely 

adopted in clinical practice. One of the key challenges is 

achieving sufficient accuracy and reliability in glucose 

measurements, particularly in the presence of 

physiological and environmental factors that may affect 

measurement outcomes. 

Moreover, non-invasive glucose monitoring 

technologies must demonstrate compatibility with 

different skin types and ethnicities to ensure their 

effectiveness across diverse patient populations. 

Variations in skin pigmentation, thickness, and 

composition can influence the penetration depth and 

interaction of light or electromagnetic waves with 

biological tissues, affecting the accuracy and precision of 

glucose   measurements. 

Furthermore, the development of non-invasive glucose 

monitoring systems requires validation through rigorous 

clinical studies to assess their performance against 

established reference methods, such as laboratory-based 

blood glucose measurements. Clinical validation is 

essential for evaluating the accuracy, sensitivity, 

specificity, and reliability of non- invasive technologies 

under real-world conditions and for identifying 

potential sources of error or variability. 

In addition to glucose monitoring, there is a growing 

interest in integrating non-invasive techniques for 

detecting diabetes-related complications, such as 

diabetic retinopathy and neuropathy. Diabetic 

retinopathy is a leading cause of blindness among adults 

with diabetes, characterized by damage to the blood 

vessels in the retina due to prolonged exposure to high 

glucose levels. Early detection and timely intervention 

are critical for preventing vision loss and preserving 

ocular health in individuals with diabetes. 

Similarly, diabetic neuropathy is a common complication 

of diabetes that affects the nerves, leading to sensory loss, 

pain, and impaired motor function in the extremities. 

Non-invasive methods for detecting diabetic retinopathy 

and neuropathy typically involve imaging modalities, 

such as fundus photography, optical coherence 

tomography (OCT), and nerve conduction studies, 

which enable visualization and quantification of 

structural and functional changes in the eye and 

peripheral nerves. 

Recent advancements in artificial intelligence (AI) and 

machine learning have facilitated the development of 

automated algorithms for analyzing medical images and 

identifying characteristic features associated with 

diabetic retinopathy and neuropathy. Deep learning 

algorithms, in particular, have shown promising results in 

detecting early signs of retinal pathology and 

neuropathic changes from digital images with high 

sensitivity and specificity. 

By integrating non-invasive glucose monitoring with 

diagnostic imaging techniques and machine learning 

algorithms, researchers aim to create comprehensive 

systems for early detection and management of diabetes 

and its associated complications. These integrated 

approaches have the potential to revolutionize diabetes 

care by providing personalized, proactive, and 

patient-centered solutions that improve health outcomes 

and quality of life for individuals with diabetes. 

However, further research and development are needed 

to optimize the performance, usability, and affordability 

of non-invasive monitoring technologies and to validate 

their clinical utility in diverse patient populations. 
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LIMITATIONS 

1. Pain and Discomfort: The invasive nature of 

finger-prick tests can cause pain and discomfort for 

individuals, particularly when performed frequently. 

2. Risk of Infection: The repeated puncturing of the 

skin increases the risk of infection, especially if 

proper hygiene practices are not followed. 

3. Inconvenience: Traditional glucose monitoring 

methods may require carrying bulky equipment and 

consumables, making them inconvenient for daily 

use, especially when traveling or on the go. 

4. Limited Real-Time Monitoring: 

Conventional glucometers may provide single- point 

measurements rather than continuous real-time 

monitoring, limiting their ability to capture 

fluctuations in glucose levels. 

2.2 PROPOSED METHODOLOGY 

The proposed system integrates non-invasive sensor 

technology with advanced image processing techniques 

to monitor glucose levels and detect diabetic retinopathy 

or glaucoma. Key components of the system include IR 

sensors for glucose monitoring, an LCD display for 

real-time glucose value visualization, MATLAB for 

image processing, and machine learning algorithms, 

particularly Support Vector Machine (SVM), for 

retinopathy and glaucoma detection. By providing 

continuous glucose monitoring and early detection of 

ocular complications, the system aims to improve 

diabetes management and prevent vision loss in diabetic 

patients. 

Functionality of the Proposed System 

The system operates through integrated modules 

designed to monitor glucose levels and detect ocular 

complications associated with diabetes. The glucose 

monitoring module utilizes IR sensors to non-invasively 

measure glucose levels in the user's body. The measured 

values are displayed in real-time on the LCD display, 

allowing users to track their glucose levels conveniently. 

Simultaneously, the image processing module captures 

retinal images and processes them using MATLAB 

algorithms to detect signs of diabetic retinopathy or 

glaucoma. Machine learning algorithms, particularly 

SVM, are employed to analyze retinal features and 

classify images into normal or abnormal categories. 

KEY FEATURES 

1. Non-Invasive Glucose Monitoring: The system 

offers non-invasive glucose monitoring using IR sensors, 

eliminating the need for painful finger pricks. 

2. Real-Time Glucose Visualization: Users can 

monitor their glucose levels in real-time through the 

LCD display, facilitating timely interventions and 

adjustments in diabetes management. 

3. Ocular Complication Detection: The system 

employs image processing and machine learning 

techniques to detect diabetic retinopathy or glaucoma, 

enabling early intervention and prevention of vision 

loss. 

4. Personalized Intervention: Based on detected 

ocular complications, personalized intervention 

recommendations can be provided to users, promoting 

proactive management of diabetic eye diseases. 

5. Remote Monitoring: Healthcare 

professionals or caregivers can remotely monitor users' 

glucose levels and ocular health status, allowing for 

timely interventions and adjustments in treatment plans. 

IMPLEMENTATION 

The implementation of the proposed system involves the 

integration of hardware components (IR sensors, LCD 

display) with software modules (MATLAB, machine 

learning algorithms). The IR sensors are calibrated for 

accurate glucose measurement, and the image 

processing algorithms are trained using annotated retinal 

images to enable accurate detection of diabetic 

retinopathy and glaucoma. The system can be deployed 

in clinical settings, diabetic care centers, or used at home 

under the guidance of healthcare professionals. 

Potential Impact 

The proposed system has the potential to revolutionize 

diabetes management by offering non-invasive glucose 

monitoring and early detection of ocular complications. 

By providing real-time glucose visualization and 

personalized intervention recommendations, the system 

aims to improve diabetes control and prevent long-term 

complications. Moreover, early detection of diabetic 

retinopathy and glaucoma can help preserve vision and 

improve the quality of life for diabetic patients. Overall, 

the system has the potential to reduce healthcare costs 

associated with diabetes- related complications and 

improve patient outcomes. 

2.3 HARDWARE REQUIRED 

2.3.1 ARDUINO:- 

The Arduino Uno is a type of Arduino board that is 

provided as an open-source board that uses an 

ATmega328p microcontroller in the board. The Arduino 
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Uno contains a set of analog and digital pins that are 

input and output pins which are used to connect the 

board to other components. There are a total of fourteen 

I/O pins placed inboard in which six are analog input 

pins. The board has a USB connection that can be used to 

a power supply to the board. 

The board is used for electronics projects and used to 

design the circuit. It is a board-based microcontroller 

called the Arduino Uno. Six analogue inputs, fourteen 

digital input and output pins, a reset button, a power 

jack, an ICSP header, a USB port, and a 16 MHz ceramic 

resonator are all included. Simply put in a USB cable, an 

AC-to DC adapter, or a battery to start using it; it already 

includes everything required to support the 

microcontroller. The open- source Arduino platform is 

mostly used to develop electronic projects. UNO is the 

board that is used the most. 

ARDUINO UNO COMPONENTS 

The Arduino UNO board contains the following 

components and specifications: 

• ATmega328: This is the brain of the board in which 

the program is stored. 

• Ground Pin: there are several ground pins 

incorporated on the board. 

• PWM: the board contains 6 PWM pins. PWM 

stands for Pulse Width Modulation, using this 

process we can control the speed of the servo 

motor, DC motor, and brightness of the LED. 

• Digital I/O Pins: there are 14 digital (0-13) I/O pins 

available on the board that can be connected with 

external electronic components. 

• Analogue Pins: there are 6 analogue pins integrated 

on the board. These pins can read the analogue 

sensor and can convert it into a digital signal. 

• AREF: It is an Analog Reference Pin used to set an 

external reference voltage. 

• Reset Button: This button will reset the code loaded 

into the board. This button is useful when the board 

hangs up, pressing this button will take the entire 

board into an initial state. 

• USB Interface: This interface is used to connect the 

board with the computer and to upload the 

Arduino sketches (Arduino Program is called a 

Sketch) 

• DC Power Jack: This is used to power up the board 

with a power supply. 

• Power LED: This is a power LED that lights up 

when the board is connected with the power 

source. 

• Micro SD Card: The UNO board supports a micro 

SD card that allows the board to store more 

information. 

• 3.3V: This pin is used to supply 3.3V power to your 

projects. 

• 5V: This pin is used to supply 5V power to your 

projects. 

• VIN: It is the input voltage applied to the UNO 

board. 

• Voltage Regulator: The voltage regulator controls 

the voltage that goes into the board. 

• SPI: The SPI stands for Serial Peripheral Interface.

 Four Pins 10(SS), 11(MOSI), 12(MISO), 

13(SCK) are used for this communication. 

• TX/RX: Pins TX and RX are used for serial 

communication. The TX is a transmit pin used to 

transmit the serial data while RX is a receive pin 

used to receive serial data. 

Arduino UNO is easy to program and a person with 

little or no technical knowledge can get hands-on 

experience with this board. The Arduino UNO board is 

programmed using Arduino IDE software which is an 

official software introduced by Arduino.cc to program 

the board. The Arduino program is called a sketch which 

you need to unload into the board. The sketch is nothing 

but a set of instructions that allow the board to perform 

certain functions as per your requirements. 

Each Arduino sketch comes with two main parts: 

void setup() – this sets up the things that need to be done 

once and they don’t happen again in the running 

program. 

void loop() – this part comes with the instructions that 

get repeated again and again until the board is turned 

off. 

DIFFERENCE BETWEEN ARDUINO BOARD AND 

MICROCONTROLLER: 

Arduino boards can perform some functions that a 

single microcontroller is capable of doing. But hobbyists 

and experts still prefer the Arduino board over the 

microcontroller. Because Arduino boards are easy to use 

and you don’t require a lot of expertise to run these units. 

Simply plug the board into the computer and start 

playing with it. 

Moreover, while using Arduino boards, you don’t 

require extra peripherals and components to run the 
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boards. Arduino is the complete board that comes with 

GPIO pins, analogue pins, and a microcontroller as the 

heart of the board. A microcontroller, on the other hand, 

is a chip where all the necessary parts like 

microprocessor, ram, and flash memory are incorporated 

into a single chip. So we can say every Arduino board is 

a microcontroller but not every microcontroller is an 

Arduino board. Plus, Arduino is an open-source 

hardware and software platform which means it is free 

to use and anyone can modify the boards as per their 

requirements.  

Arduino UNO Applications. 

The Arduino boards can work as a stand-alone project 

and can be interfaced with other 

Arduino boards or Raspberry Pi boards. Arduino UNO 

board is used in the following applications. 

Weighing Machines 

Traffic Light Count Down Timer Parking Lot Counter 

Embedded systems Home Automation Industrial 

Automation Medical Instrument 

Emergency Light for Railways. 

 

 

Fig: Arduino 

2.3.2 LCD DISPLAY: 

Liquid crystal cell displays (LCDs) used to display of 

display of numeric and alphanumeric characters in dot 

matrix and segmental displays. They are all around us in 

laptop computers, digital clocks and watches, microwave, 

CD players and many other electronic devices. LCDs are 

common because they offer some real advantages over 

other display technologies. LCDs consume much less 

power than LED and gas-display displays because they 

work on the principle of blocking light rather than 

emitting it. An LCD is made with either a passive matrix 

or an active matrix display grid. An active matrix has a 

transistor located at each pixel intersection, requiring 

less current to control the luminance of a pixel. For this 

reason, the current in an active matrix display can be 

switched on and off more frequently, improving the 

screen refresh time. Passive matrix LCD's have dual 

scanning, meaning that they scan the grid twice with 

current in the same 

 
WORKING 

When sufficient voltage is applied to the electrodes the 

liquid crystal molecules would be aligned in a specific 

direction. The light rays passing through the LCD would 

be rotated by the polarizer, which would result in 

activating/highlighting the desired characters. The 

power supply should be of +5v, with maximum 

allowable transients of 10mv. To achieve a better/suitable 

contrast for the display the voltage at pin 3 should be 

adjusted properly. 

The ground terminal of the power supply must be 

isolated properly so that voltage is induced in it. The 

module should be isolated properly so that stray 

voltages are not induced, which could cause a flicking 

display. 

LCD is lightweight with only a few, millimeters thickness 

since the LCD consumes less power, they are compatible 

with low power electronic circuits, and can be powered 

for long durations. LCD does not generate light and so 

light is needed to read the display. By using 

backlighting, reading is possible in the dark. LCDs have 

http://computer.howstuffworks.com/laptop.htm
http://computer.howstuffworks.com/laptop.htm
http://electronics.howstuffworks.com/digital-clock.htm
http://electronics.howstuffworks.com/cd.htm
http://searchcio-midmarket.techtarget.com/definition/transistor
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long life and a wide operating temperature range. Before 

LCD is used for displaying proper initialization should 

be done. LCDs with a small number of segments, such as 

those used in digital watches and pocket calculators, 

have individual electrical contacts for each segment. An 

external dedicated circuit supplies an electric charge to 

control each segment. 

PIN 

NO 
SYMBOL FUNCTION 

1 Vss Ground terminal of Module 

2 Vdd 

Supply terminal of Module, 

+ 

5v 

3 Vo 
Power supply for liquid 

crystal drive 

4 RS 

Register select RS=0…Instruction 

register 

RS=1…Data register 

5 R/W 
Read/Write R/W=1…Read 

R/W=0…Write 

6 EN Enable 

7- 

14 
DB0-DB7 

Bi-directional Data Bus. 

Data Transfer is performed once 

,thru DB0-DB7,incase of interface 

data length is 8- bits;and twice, thru 

DB4- DB7 in the case of interface 

data length is 4-bits.Upper four bits 

first then lower four bits. 

15 
LAMP-(L

-) 

LED or EL lamp power supply 

terminals 

16 

LAMP+(L

+) 

(E2) 

Enable 

This display structure is unwieldy for more than a few 

display elements. Small monochrome displays such as 

those found in personal organizers, or older laptop 

screens. The pixels are addressed one at a time by row 

and column addresses. This type of display is called 

passive-matrix addressed because the pixel must retain 

its state between refreshes without the benefit of a steady 

electrical charge. As the number of pixels increases, this 

type of display becomes less feasible. Very slow response 

times and poor contrast are typical of passive matrix 

addressed LCDs. High-resolution color displays such as 

modern LCD computer monitors and televisions use an 

active matrix structure. A matrix of thin-film transistors 

(TFTs) is added to the polarizing and color filters. Each 

pixel has its own dedicated transistor, allowing each 

column line to access one pixel. When a row line is 

activated, all of the column lines are connected to a row 

of pixels and the correct voltage is driven onto all of the 

column lines. 

The row line is then deactivated and the next row line is 

activated. All of the row lines are activated in sequence 

during a refresh operation. Active-matrix addressed 

displays look "brighter" and "sharper" than passive- 

matrix addressed displays of the same size, and generally 

have quicker response times, producing much better 

images. A general purpose alphanumeric LCD, with two 

lines of 16 characters. So the type of LCD used in this 

project is16 characters * 2 lines with 5*7 dots with cursor, 

built in controller, +5v power supply, 1/16 duty cycle. 

PIN DESCRIPTION FOR LCD 

LCD INTERFACING WITH MICROCONTROLLER 

 

 

 
 

ADVANTAGES 

 Consume much lesser energy when compared to 

LEDs. 

 Utilizes the light available outside and no generation 

of light. 

 Since very thin layer of liquid crystal is used, more 

suitable to act as display elements. 

 Since reflectivity is highly sensitive to temperature, 

used as temperature measuring sensor. 

DISADVANTAGES 

 Angle of viewing is very limited. 

 External light is a must for display. 

 Since not generating its own light and makes use of 

external light for display, contrast is poor. 
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 Cannot be used under wide range of temperature. 

APPLICATIONS 

 Watches 

 Fax & Copy machines & Calculators. 

2.3.3 IR SENSOR: 

In the realm of healthcare technology, infrared sensors 

have emerged as a promising tool for monitoring blood 

glucose levels, revolutionizing the management of 

diabetes. These sensors operate on the principle of 

detecting infrared light emitted by molecules in the 

blood, particularly glucose molecules. The interaction 

between infrared light and glucose molecules produces a 

characteristic absorption spectrum, allowing for precise 

measurement of glucose concentration.  

One of the key advantages of using infrared sensors for 

blood glucose monitoring is their non-invasive nature. 

Unlike traditional finger- prick methods, which can be 

painful and inconvenient for patients, infrared sensors 

offer a pain-free alternative. This not only improves 

patient comfort but also promotes more frequent 

monitoring, leading to better disease management and 

outcomes. 

 
Moreover, infrared sensors provide real-time, 

continuous monitoring of blood glucose levels, offering a 

more comprehensive picture of an individual's glucose 

fluctuations throughout the day. This continuous 

monitoring enables timely intervention in cases of hypo- 

or hyperglycemia, helping to prevent potentially 

dangerous complications associated with poorly 

controlled blood sugar levels. 

Furthermore, infrared sensors are highly accurate and 

reliable, providing results comparable to 

laboratory-grade methods. This accuracy is essential for 

ensuring that patients receive precise information about 

their glucose levels, enabling them to make informed 

decisions regarding medication dosages, dietary choices, 

and lifestyle modifications. 

 

Additionally, the compact and portable nature of 

infrared sensor devices makes them ideal for use in 

various settings, including home care, hospitals, and 

ambulatory settings. Patients can easily carry these 

devices with them, allowing for seamless integration 

into their daily routines. 

 

Another advantage of infrared sensors is their potential 

for integration with digital health platforms and 

smartphone applications. By connecting infrared sensor 

devices to mobile apps, patients can conveniently track 

their glucose levels over time, receive personalized 

insights, and share data with healthcare providers for 

remote monitoring and telemedicine consultations. 
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Despite these advantages, challenges remain in the 

widespread adoption of infrared sensors for blood 

glucose monitoring. Issues such as cost, calibration 

requirements, and user interface design need to be 

addressed to ensure accessibility and usability for all 

patients, regardless of socioeconomic status or 

technological literacy. 

In conclusion, infrared sensors represent a promising 

technology for blood glucose monitoring, offering 

non-invasive, continuous, and accurate measurements. 

With further advancements and integration into 

healthcare systems, these sensors have the potential to 

significantly improve the management of diabetes and 

enhance the quality of life for millions of individuals 

worldwide. 

2.3.4 JUMPER WIRE 

A jump wire (also known as jumper, jumper wire, 

DuPont wire) is an electrical wire, or group of them in a 

cable, with a connector or pin at each end (or sometimes 

without them – simply "tinned"), which is normally used 

to interconnect the components of a breadboard or other 

prototype or test circuit, internally or with other 

equipment or components, without soldering. 

Individual jump wires are fitted by inserting their "end 

connectors" into the slots provided in a breadboard, the 

header connector of a circuit board, or a piece of test 

equipment. 

TYPES OF JUMPER WIRE 

• male-to-male 

• male-to-female 

• female-to-female 

 

 
Fig: Jumper Wire 

2.4 SOFTWARE REQUIRED 

• Matlab 

3 MATLAB: 

• MATLAB is a high-performance language for 

technical computing. It integrates computation, 

visualization, and programming in an easy-to- use 

environment where problems and solutions are 

expressed in familiar mathematical notation. Typical 

uses include: 

• Math and computation 

• Algorithm development 

• Modeling, simulation, and prototyping 

• Data analysis, exploration, and visualization 

• Scientific and engineering graphics 

• Application development, including Graphical User 

Interface building 

• MATLAB is an interactive system whose basic data 

element is an array that does not require 

dimensioning. This allows you to solve many 

technical computing problems, especially those with 

matrix and vector formulations, in a fraction of the 

time it would take to write a program in a scalar 

noninteractive language such as C or Fortran. 

• The name MATLAB stands for matrix laboratory. 

MATLAB was originally written to provide easy 

access to matrix software developed by the 

LINPACK and EISPACK projects, which together 

represent the state-of- the-art in software for matrix 

computation. 

• MATLAB has evolved over a period of years with 

input from many users. In university environments, 

it is the standard instructional tool for introductory 

and advanced courses in mathematics, engineering, 

and science. In industry, MATLAB is the tool of 

choice for high-productivity research, development, 

and analysis. 

• MATLAB features a family of application- specific 

solutions called toolboxes. Very important to most 

users of MATLAB, toolboxes allow you to learn and 

apply specialized technology. Toolboxes are 

comprehensive collections of MATLAB functions 

(M-files) that extend the MATLAB environment to 

solve particular classes of problems. Areas in which 

toolboxes are available include signal processing, 

control systems, neural networks, fuzzy logic, 

wavelets, simulation, and many others. 
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2.5 Working Principle 

1.  Infrared Transmission: The system emits infrared 

rays towards the fingertip of the user. 

2. Interaction with Glucose Molecules: The infrared 

rays penetrate the skin and interact with glucose 

molecules in the bloodstream. 

3. Reflection and Detection: The sensors capture the 

reflected infrared rays, which carry information 

about the glucose concentration. 

4. Data Analysis: The captured data are processed and 

analyzed to determine the glucose levels in real-time. 

5. Mobile Application Interface: The glucose readings 

are transmitted to a mobile application interface, 

where users can visualize their glucose levels and 

track changes over time. 

6. Machine Learning Prediction: Historical data stored 

in the system are utilized by machine learning 

algorithms, specifically SVM, to predict current and 

future glucose levels with high accuracy. 

• By integrating infrared sensing technology with 

machine learning algorithms, the proposed system 

offers a comprehensive solution for non-invasive 

glucose monitoring. This innovative approach aims 

to alleviate the discomfort associated with 

traditional methods while providing reliable and 

convenient glucose monitoring for individuals with 

diabetes. 
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3. RESEARCH AND DISCUSSION 

Diabetes mellitus, a chronic metabolic disorder 

characterized by elevated blood glucose levels, requires 

continuous monitoring to manage effectively. In this 

project, we present a non- invasive diabetes monitoring 

system that integrates IR sensors for glucose level 

measurement, LCD display for real-time output, and 

machine learning algorithms utilizing MATLAB and 

image processing techniques to detect potential 

complications such as diabetic retinopathy or glaucoma. 

Our aim is to provide a comprehensive solution for 

diabetic patients, offering both glucose monitoring and 

early detection of associated ocular complications. 

The non-invasive diabetes monitoring system consists of 

IR sensors capable of accurately measuring glucose 

levels through the skin without the need for blood 

sampling. These sensors utilize infrared light to detect 

glucose concentrations in interstitial fluid, providing a 

painless and convenient alternative to traditional 

finger-prick methods. The measured glucose values are 

then displayed in real-time on an LCD screen, allowing 

patients to monitor their levels continuously and adjust 

their treatment accordingly. 

In addition to glucose monitoring, our system 

incorporates machine learning algorithms to analyze 

retinal images captured through a digital fundus camera. 

Diabetic retinopathy and glaucoma are common ocular 

complications associated with diabetes, leading causes of 

blindness if left untreated. Early detection is crucial for 

effective management and prevention of vision loss. 
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Using MATLAB and image processing techniques, we 

developed algorithms based on support vector machine 

(SVM) classifiers to automatically identify signs of 

diabetic retinopathy or glaucoma in retinal images. 

The integration of machine learning algorithms enables 

our system to provide timely warnings to patients and 

healthcare providers regarding the presence of ocular 

complications, allowing for early intervention and 

treatment. By leveraging SVM classifiers trained on 

labeled datasets of retinal images, our system achieves 

high accuracy in detecting diabetic retinopathy and 

glaucoma, reducing the risk of vision loss and improving 

patient outcomes. 

Furthermore, our system offers predictive capabilities 

for glucose levels using machine learning algorithms. By 

analyzing historical glucose data and patient-specific 

variables such as diet, exercise, and medication 

adherence, our predictive model can forecast future 

glucose levels with a high degree of accuracy. This 

predictive functionality empowers patients to anticipate 

fluctuations in their glucose levels and proactively 

manage their condition, minimizing the risk of 

hyperglycemia or hypoglycemia episodes. 

Through a series of experimental evaluations and clinical 

trials, we validated the accuracy, reliability, and 

usability of our non-invasive diabetes monitoring 

system. Results demonstrate that our system provides 

consistent glucose measurements comparable to 

traditional blood sampling methods, with the added 

benefits of pain-free operation and real- time monitoring. 

Moreover, the integration of machine learning 

algorithms for ocular complication detection and glucose 

level prediction enhances the clinical utility of our 

system, improving patient care and outcomes. 

In conclusion, the non-invasive diabetes monitoring 

system presented in this project represents a significant 

advancement in the management of diabetes mellitus. 

By combining IR sensors for glucose monitoring, LCD 

display for real-time output, and machine learning 

algorithms for ocular complication detection and glucose 

level prediction, our system offers a comprehensive 

solution for diabetic patients. The integration of 

advanced technologies enables early detection of ocular 

complications and proactive management of glucose 

levels, ultimately leading to improved patient outcomes 

and quality of life. Further research and development 

efforts are warranted to enhance the scalability, 

accessibility, and affordability of our system, ensuring 

widespread adoption and impact in clinical practice. 

 

4. CONCLUSION 

In conclusion, the integration of non-invasive methods 

for diabetes monitoring, utilizing infrared (IR) sensors 

for glucose level detection, LCD displays for real-time 

data presentation, and advanced technologies such as 

MATLAB and image processing, presents a promising 

approach in the management of diabetes. By employing 

IR sensors, continuous glucose monitoring becomes more 

accessible and less intrusive, potentially improving 

patient compliance and overall quality of life. The 

utilization of LCD displays offers immediate feedback to 

individuals, enabling them to make timely decisions 

regarding their health. 

Moreover, the incorporation of MATLAB and image 

processing techniques enhances the capabilities of 

diabetes monitoring systems by providing additional 

functionalities such as the detection of diabetic 

retinopathy or glaucoma. 

Through machine learning algorithms, particularly 

support vector machine (SVM), these systems can 

analyze images of the retina to identify early signs of 

diabetic complications, facilitating prompt intervention 

and preventing irreversible vision loss. This 

demonstrates the potential of technology not only in 

glucose monitoring but also in the broader spectrum of 

diabetic care. 

Furthermore, the predictive capabilities of machine 

learning algorithms in estimating glucose values 

represent a significant advancement in diabetes 

management. By leveraging historical data and 

employing sophisticated algorithms, these systems can 

forecast glucose levels with reasonable accuracy, 

enabling individuals to proactively manage their 

condition and reduce the risk of hyperglycemic or 

hypoglycemic episodes. This predictive aspect not only 

empowers patients but also allows healthcare 

professionals to intervene more effectively, potentially 

preventing diabetic emergencies and improving 

long-term health outcomes. 

However, despite the promising advancements, there are 

certain challenges and considerations that must be 

addressed. The reliability and accuracy of non-invasive 

glucose monitoring systems, particularly when 

compared to traditional invasive methods, remain a topic 
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of ongoing research and development. Additionally, the 

integration of machine learning algorithms into these 

systems requires robust validation and continuous 

refinement to ensure accuracy and generalizability 

across diverse patient populations. 

Moreover, the accessibility and affordability of these 

technologies pose barriers to widespread adoption, 

particularly in resource-limited settings. Efforts must be 

made to address these disparities and ensure equitable 

access to innovative diabetes monitoring solutions for all 

individuals, irrespective of socioeconomic status or 

geographical location. 

In conclusion, the convergence of non-invasive glucose 

monitoring, advanced technologies such as MATLAB 

and image processing, and machine learning algorithms 

represents a paradigm shift in the management of 

diabetes. These integrated systems offer a holistic 

approach to diabetes care, combining real-time glucose 

monitoring, early detection of complications, and 

predictive analytics to empower individuals and 

healthcare providers in effectively managing this chronic 

condition. Moving forward, continued research, 

innovation, and collaboration are essential to further 

enhance the capabilities and accessibility of these 

technologies, ultimately improving the lives of millions 

affected by diabetes worldwide. 

 

4.1 FUTURE 

Future research and development efforts can focus on 

further refining the proposed system to enhance its 

accuracy, reliability, and usability. This includes 

exploring new sensor technologies, optimizing machine 

learning algorithms, and integrating additional features 

into the mobile application interface. Furthermore, 

expanding the scope of the system to incorporate other 

vital health parameters, such as blood pressure and heart 

rate, could provide a more holistic approach to chronic 

disease management. Additionally, efforts to make the 

system more accessible and affordable for individuals 

with diabetes from diverse socioeconomic backgrounds 

should be prioritized. 
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