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ABSTRACT: 
Diabetes is a severe disorder, which is becoming increasingly more common throughout the world. As it has 

become necessary to ensure that the amount of glucose in the blood is always within the prescribed range, 

continuous and non-invasive measurement of glucose is essential. Various attempts are being made to develop a 

non-invasive measurement of glucose concentration in blood. Here, we employ IR transceiver to measure and 
monitor the blood glucose level. Using IR sensor continuous monitoring of glucose is also possible. The 

presence of C=O bond in glucose (C6H12O6) makes the glucose absorb the infrared radiation. Hence, while 

infrared radiation is passed through the blood, the absorption coefficient of glucose changes with the change in 

concentration of glucose in the blood. This principle is utilized in the present study to detect the various 

concentration of glucose in glucose-water solution using IR transceiver setup and NI-cDAQ. The work can be 

further extended for real time glucose measurement in tissues.   

 

KEYWORDS:Blood, Glucose, IR sensor, Concentration measurement, Refractive index. 
 

INTRODUCTION: 

 
Diabetes is a condition at which the pancreas in our body is unable to produce enough insulin, or it is unable to use 

the produced insulin, which would build up glucose in the blood. Diabetes mellitus is a metabolic disorder that leads 

to several serious diseases. Diabetes can tremendously increase the risk of cardiovascular diseases like angina, heart 

attack, stroke, and atherosclerosis. The walls of tiny blood vessels (especially in legs) can be injured by excess 

sugar, which would lead to the damage of nerves. Diabetes could damage the glomeruli of kidney thus affecting the 

filtering system. Diabetes can harm the blood vessels of the retina, leading to blindness and can also increase the risk 

of cataract and glaucoma.Diabetes is distinguished into three main types such as type-I, type-II diabetes and 

gestational diabetes. All the diabetes are incurable and require immense care to maintain the sugar level in blood. 

Thus for monitoring the glucose amount in blood, various techniques are used. Measurement of glucose is also 

essential to assess the insulin dosage to be taken. 
 

Diabetes Mellitus was recognized first by Egyptian physicians in 1552 BC1. Insulin and Non-insulin diabetes are 

referred to as Type-I and Type-II diabetes these days2.However, around the same time during 1500 BC, Sushruta 

and Charaka3 mentioned Diabetes as Madhumeha and classified it into two types. Madhumeha is described as the 

condition in which the patient exhibits sweetness in urine, sweat, and blood. In Sushrutha Samhita the methods to 

diagnose Madhumeha, by pulse diagnosis method, were explained4. Later, in first century AD, the Greek described 

Diabetes as „melting down of bones and limbs into urine‟5. For more than thousands of years there were no 

diagnostic tools to identify the glucose in the blood. Only in early 1800 chemical method for measurement of the 

presence of sugar in urine was developed. 

 

Jules Maumene6 developed a first reagent strip in 1850 to detect the presence of sugar in the blood and tested in 

urine. In 1883, George Oliver6 detected sugar using the reduction of alkaline indigo caramine. At the end of 19th-
century quantitative blood sugar method using copper reduction and gravimetric measurement was published. In 

1965, Ernie Adams6 developed the first test strip (Dextrostix) using glucose oxidase. Previously Clark and Ann 

Lyons7 developed first blood glucose enzyme electrode in 1962. This sensor used oxygen electrode coated with 

glucose oxidase. Later, test strips (Dextrostix) with reflectance photometry were used by Anton Clemens8 in 1970. 

Then in 1974, Boehringer Mannheim6 modified and produced a reflectance meter that used a modified reagent strip. 

The first digital dextrometer was launched in 19819. Between 1981 and 1990 small, portable glucose meter with 

memory elements was developed. Laboratory methods for the measurement of glucose content in blood are done by 

the following three methods of approaches: reducing method, condensation method, enzymatic method. However, 

all these methods require the extraction of blood from the finger using a small needle. These methods are employed 

only when the glucose measurements are not to be frequently done. For frequent monitoring of glucose, say five 

times per day, the invasive method becomes difficult. Therefore, non- invasive detection has become essential for 
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the universal healthcare monitoring system. Continuous glucose measurements are also made by placing sensors on 

the arms10.  

 

The optical property of blood glucose made it possible to use various new technologies for non-invasive blood 

glucose measurement
11,12,13

. Numerous technologies such as ultrasonic, electromagnetic, thermal transdermal 

permeation, dielectric, fluorescence, iontophoresis, polarimetry, thermograph based14,15,16, tomography or 
spectroscopy-based techniques are used for non-invasive measurements. Out of all the available methods, NIR LED 

emitting radiation in the range between 1450nm and 1930nm is found to be more auspicious17,18,19. An IR LED 

emitting radiation in near-infrared region penetrates human tissue without damaging the tissue and also it is 

economical. The objective of this paper is to device a non-invasive, cost-effective, harmless (to human skin) and 

efficient non-invasive glucometer. A solution containing commercially available glucose and water, which is 

equivalent to the blood glucose, is taken and the absorption pattern is studied with IR radiation passing through 

various concentration of the glucose solution. The work need to be further extended for blood flow in tissues.   

 

 

EXPERIMENTAL SETUP AND OPERATION 
 

The experimental setup consists of a source IR LED (IR333A), a detector (PD333), glass tube to pass the sample, 

syringe pump, DAQ module (NI 9203) and PC with LabVIEW software. IR LED is a 5mm GaAlAs infrared light 

emitting diode which emits the IR radiation of wavelength 980 nm which comes under near-infrared spectrum. The 

sensor is excited by a 1.5V battery. The glucose comprising ketone absorbs specific wavelengths of IR and NIR 

efficiently. The IR detector (PD333) that detects a particular wavelength of 980 nm is used. It is a 5 mm silicon PIN 

Photodiode. PIN stands for p-type semiconductor, intrinsic and n-type semiconductor respectively.  The detector is 

also excited by a 1.5 V battery source. The output of the detector is in mV. This detector is spectrally matched to the 

infrared emitting diode. The block diagram of the experimental setup is as shown in (Fig.1). 

 

 
Fig.1 Block diagram of non-invasive infrared glucometer. 

 

The IR LED, and the IR detector is soldered to a strip such that they are positioned opposite to each other and 

connected to a battery supply. The series connections are made between battery, sensor and the detector. So there is 

a current variation in mA range. A borosilicate glass tube of 2.5 mm internal diameter and 0.3 mm thickness is 
placed between the IR source and the detector. The transceiver is placed at an angle of 90° concerning the test 

section. The ESpin sp101 model syringe pump with 0.4 nl/min-13.6 ml/min flow rate and force of 9 Kgf is used to 

pass the sample through the glass tube. 

 

NI 9203 data acquisition system is used to acquire the mA (current) output data from the sensor. NI9203 has 533 

MHz Freescale MPC8347 real-time processor and 2GB non-volatile memory. The output is being recorded using 

LabVIEW softwar. Real-time systems can be interfaced with LabVIEW using NI DAQmx drivers and DAQ 

assistant. A filter VI is used to remove the noise. The write measurement file VI is used to store the acquired and 

processed data in the excel sheet. 
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The working phenomena is based on the principle of absorption, transmittance and refractive index. 1.5V battery 

source powers the source and the detector. The IR radiation emitted from the source is passed through the glass tube 

containing different samples. The sample is injected into the tube using syringe pump. First, the IR radiation passes 

through the only air in the test section and only water in the test section. The output current of the water is increased 

compared to the output current obtained from the air sample. The reason is due to the curved shape of the test 
section and view angle of IR photons emitted from the LED source. Hence the IR rays are more focused into the 

detector for the sample of water than that of the air sample. Then the glucose mixed with water is passed through the 

test section. Glucose solutions of 2 different concentrations are taken. The output current is decreased as the 

concentration of the glucose is increased. DAQ receives the mA signal from transceiver setup and it interfaces the 

setup with the computer. Using the LabVIEW software, the output signal is filtered, recorded and the graph is 

plotted with the data obtained. 

 

RESULT AND DISCUSSIONS 
 
The experiment is performed for air, water and two varyingglucose concentration. The graph is plotted between time 

and mA current using LabVIEW software. It has been reported in literature that that the glucose absorbs the infrared 

radiation due to the presence of ketone (C=O) bond.   It is also observed the current output is higher for water than 

that of air. The air sample absorbs more amount of IR radiation when compared with the water sample. The 

absorbance is inversely proportional to the transmittance. The output current produced by the DAQ is proportional 

to the amount of IR radiation detected and transmitted by the photodiode. Therefore there is higher output current 

for water than that of air sample.Two different concentration of5 g & 13 g of glucose mixed in 50 ml of distilled 

water for lower and higher concentrationglucose are taken as sample. The current – time plot of measured IR sensor 

values for various glucose concentrations in water is shown in (Fig. 2). 

 
Fig. 2: Current-time plot for IR current measured for various concentration of glucose 

 

The output current is higher for lower concentration of glucose when compared with the output current obtained for 
higher concentration of glucose. So, it is inferred that, as the glucose concentration increases the output current 

decreases and so the transmittance and refractive index. 

 

It is observed that the infrared radiation produced from an IR LED is not only absorbed by glucose but also by the 

other components in the blood. To avoid this, or to minimize the amount of absorption by other components, other 

than glucose present in the blood, an IR LED emitting infrared radiation between the wavelength 1450 and 1930 nm 

can be used as a future work. This is because the ketone group present in the glucose is more sensitive to the IR 

radiation having that specified wavelength. 
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CONCLUSION 
 

The result shows that the device is able to detect the change in concentration of glucose. A graph relating the 

concentration of glucose and current output from DAQ shows that the relation is linear; the output current decreases 
as the concentration of glucose increases. The non-invasive glucose measurement using IR333-A is thus proved to 

an efficient method for glucose measurement. This device consists of simple source and detector arrangement that 

makes it portable and economical. The work needs to be further extended for concentration measurement in tissues 

during blood flow.  
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