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Abstract— A large portion of the Indian population is diabetic 

and prone to cardiac arrests. Diabetes is a metabolic disorder 

in which blood glucose fluctuates from its normal range. Under 

some pathological failure, body is not able to produce insulin or 

body cells become unable to use insulin. Another condition that 

India ranks high with is Cardiac arrests. A virtual self-health 

monitoring system that uses Near Infrared Spectroscopy [NIR] 

and utilizes ANN algorithm to acquire accurate human pulse 

and blood glucose level is proposed. The signals acquired from 

analog front-end are sent through a Bluetooth module to an 

android mobile application after being processed by an arduino 

board. This interfacing is done in order to provide for virtual 

self-monitoring by the user. GPS is utilized to locate patient 

with abnormal heart and glucose conditions. IOT functionality 

is deployed to intimate the status of patient along with the 

location to a hospital at close proximity. In addition to this an 

insulin injector is devised that uses DC gear motor to inject the 

necessary amount of insulin into the patient’s body. 

 
Keywords: Pulse, Blood glucose level, Internet of Things (IoT), 

Artificial Neural Network (ANN). 

 

I. INTRODUCTION 

 

Human health is facing various threats nowadays. A large 

group of population suffers from heart attacks and diabetics. 

Heart health and blood glucose level are important 

parameters for a human being. This condition requires 

continuous monitoring for heart patients and diabetics 

patients. From this observation we have devised a wearable 

health monitoring device which regularly monitors one’s 

pulse rate and glucose level. The pulse rate sensor used in 

the system acquires the analog signals and transmit it 

through Bluetooth to the smart phone device. The high speed 

processor and applications in android devices such as blue 

term plus are very useful for signal processing and analysis. 

 
 

The smart phone devices have been widely used for 

biomedical applications for signal processing and analysis. 

Pulse rate abnormalities are determined by the sensor and an 

alert message stored in the microcontroller is sent through 

GSM to the authorized person. The location of the patient is 

also sent by acquiring signal from the GPS module. For 

optimal management of diabetes, continuous monitoring of 

glucose level and insulin injection is necessary. The current 

method of puncturing the fingertip and taking the blood 

sample to measure glucose level is painful and unpleasant. 

Thus a Non-invasive glucose monitoring method using 

multiple spectroscopies is used in this research work. Even 

though there are many non-invasive blood glucose level 

estimation devices, they all face the challenge of overcoming 

the noises caused in clinical environment. To enhance 

glucose estimation accuracy, the proposed multi-modal 

spectroscopy IC contains two independent glucose 

estimation circuits, an impedance spectroscopy (IMPS) 

circuit and a multi-wavelength near-infrared spectroscopy 

(mNIRS) circuit.  

 

These multi-modal spectroscopy techniques are based on 

different basic principles, electrical and optical 

characteristics. While IMPS uses electrical property change 

of tissue indirectly affected by blood glucose level, mNIRS 

uses optical scattering characteristics of blood glucose itself. 

The measured glucose levels from two independent 

spectroscopy techniques are combined by an artificial neural 

network (ANN) algorithm in a digital signal processor 

(DSP) for highly accurate glucose level estimation. The 

ultimate contribution is to fabricate a wearable device to 

measure the pulse rate and blood glucose level non-

invasively. The rest of this paper is organized as follows. 
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II. METHODOLOGY 

A. PROPOSED SYSTEM 

Human body comprises of vital organs which has to be 

monitored periodically, however monitoring various 

parameters of a human body continuously and non-

invasively is a challenge. Heart condition of a human needs 

special attention for survival and Diabetes is a metabolic 

pathological condition of concern which affects vital organs 

of body if not diagnosed and treated on time. In this research 

work, we propose a wearable device which monitors health 

parameters such as pulse rate and blood glucose level. The 

Pulse rate sensor used in the system acquires the live pulse 

signal of the user using the analog front end and sends it 

through a Bluetooth module to an android mobile device. An 

Android application is used to process the raw data using 

data analysis algorithms to convert it into user 

understandable information. When the system detects 

abnormalities an alert message is sent to the authorized 

person via GSM module. The attractive feature of the system 

is that, it also specifies the location of the patient by 

acquiring signal from the GPS module. The concept of 

expanding it to IOT was acquired from [2]. The glucose 

sensor used in this system could accurately measure the 

blood glucose level non-invasively. The radiation technology 

used, determines the modified proportionate concentration of 

glucose in the blood. A multi-modal spectroscopy IC  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Proposed System 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

combining the impedance spectroscopy (IMPS) and the 

multi-wavelength near-infrared spectroscopy (mNIRS) is 

used for high precision and high resolution. The output 

voltage swing is stabilized by an adaptive gain control 

(AGC). The measurement results of the IMPS and mNIRS 

are combined by an artificial neural network (ANN) in 

external smart device so that mean absolute relative 

difference (mARD) is enhanced. Thus an accurate blood 

glucose measurement is obtained. An automatic insulin  

injector which runs on a servo motor injects the insulin 

required by the patient automatically. Figure 1 depicts the 

design of the proposed system. 

 

B. GLUCOSE SENSOR 

 It contains both an IMPS circuit and a mNIRS circuit for 

highly accurate glucose estimation which is explained in 

[3]. For the IMPS operation, a frequency sweep current 

injector provides sinusoidal current through an off-chip 

series inductor with bipolar electrode .the RLC resonance 

is found out using a voltage sensor , the IMPS determines 

the electrical properties . The mNIRS circuit contains 

three near-infrared (NI) LED drivers, they emit near 

infrared light into the skin. The trans- impedance 

amplifier (TIA) detects the reflected light from the photo 

diode. The mNIRS determines the optical characteristics 

of the parameters. The measurement results of the IMPS 

and the mNIRS are digitized using A/D converter .Then; 

they are transmitted to the external DSP. The external 

DSP combines the IMPS and mNIRS data to estimate the 

blood glucose level using the ANN algorithm explained in 

[4]. The automatic insulin injector runs on a servo motor 

and injects the insulin automatically depending on the 

requirement of the patient. The experimental setup of the 

proposed system is shown in figure 2. The user holds the 

glucose sensor as shown in the figure, the NIR rays pass 

through the finger and get reflected back. Ultimately the 

optical characteristics of the NIR and the electrical 

characteristics of the impedance spectroscopy are 

combined using the ANN algorithm whose structure is 

depicted in figure 3. The ANN algorithm utilized in this 

system calculates the mean absolute reflective difference 

using the following formula.[8, 9] 
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            m ARD = 

 

 
                    

        
  

    X 100 

 

 It combines both the spectroscopy results to determine 

the accurate blood glucose level. The above mentioned 

formula has BGL(est) which is the estimated blood 

glucose level and BGL(ref), the reference blood glucose 

level. Thus ANN combines both outputs and calculates 

the accurate blood glucose levels.[8, 9] 
 

 

 

 

Figure 2: Glucose level measurement 

 

 

 
 

 

Figure 3: ANN Structure (Artificial Neural Network) 
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Figure 4: Blood glucose determination algorithm flow 

C. PULSE RATE SENSOR 
In this work we are using Abnormalities in the pulse rate are 

caused by the heart's electrical conduction system disorders. 

Abnormalities of pulse rate can be a serious problem if not 

treated immediately; sometimes it can even cause harm and even 

death. A heart patient requires continuous monitoring of heart 

conditions to maintain a healthy heart. The pulse rate sensor 

does the analysis of the QRS peak. The amplitude of the QRS 

peaks is used to determine the pulse rate. The physical quantity 

is transmitted through Bluetooth technology to the android 

device where the signal processing is done. Raw digital signal is 

sent via Bluetooth Bee module from sensor device to the smart 

phone. The digital data is sent serially by the microcontroller to 

the Bluetooth Bee module at 9600 bps data rate. By Bluetooth 

Bee, the data is sent using a Bluetooth protocol to communicate 

with the smart phone. The android application concept has been 

elaborated in [5] .The analog front end gets the physical quantity 

and applications such as blue term plus could be used to view 

the acquired data in human understandable form. So the success 

of this procedure is determining the accurate QRS complex. The 

experimental setup of the pulse rate sensor is shown in figure 5. 

The finger of the patient is placed in between the LED and the 

photodiode as shown in the figure. The IR rays pass through the 

finger and the amount of IR rays collected by the photodiode 

determines the pulse of the user. The added advantage is that 

when the abnormality is detected, an alert message which is 

programmed in the microcontroller is sent to the authorized 

person via GSM. The geographical position of the patient is also 

sent in the message using GPS. Figure 6 explains the complete 

flow of the process. 

 

 

 

 
Figure 5: Pulse Rate Monitor

 

 

               Figure 6: Pulse Rate Monitor flow chart 

 

D. INSULIN INJECTOR 

The proposed insulin injector comprises a DC gear motor 

that forces the plunger of the syringe to inject stored 

insulin in case of high glucose level. During fasting the 

quantity of blood glucose should remain below a 

threshold of 120mg/dL. For every unit drop of insulin 

injected 50mg/dL of glucose level in the blood decreases. 

This concept is utilized to calculate the amount of insulin 

injected into the patient’s body. The DC gear motor 

components that are made use of to construct the insulin 

injector are shown in figure 7. The laser cut insulin 

injector designed is shown in figure 8. 
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        Figure 7: Construction of injector 

 
 

Figure 8: Insulin Injector 

 

 

III. RESULTS AND DISCUSSIONS 

 

In this project, a pulse rate sensor based on Bluetooth and 

android as well as a non-invasive blood glucose estimator 

has been successfully realized and implemented. The 

system can also detect abnormalities in pulse rate and 

send an alert message via GSM indicating the current 

position of the patient. Applications can detect the QRS 

complex of ECG signal, with success rate 98.4% for the 

signal which generated .This application can be applied to 

all Android-based smart phones. 

A multi-modal spectroscopy IC, which contains an 

impedance spectroscopy (IMPS) circuit and a multi-

wavelength near-infrared spectroscopy (mNIRS) circuit 

together, is designed for highly accurate non-invasive 

glucose estimation. The IMPS and mNIRS gives electrical 

and optical characteristics ANN algorithm to produce 

accurate results. For the IMPS operation, a two-step IMPS 

circuit is implemented to find an accurate RLC resonant 

frequency .Thus we have successfully devised an IOT 

based non-invasive health parameter acquisition system 

which measures pulse rate and blood glucose level. The 

new insulin injector we have devised automatically injects 

insulin into the user’s body according to the needs. 

 

Testing of blood glucose level using strip and the devised 

system was done with three samples. The results have 

been tabulated in table 1. It clearly depicts that the 

devised system provides almost as accurate results as the 

traditional blood glucose determination strip. Thus we 

have successfully devised an accurate blood glucose 

determination system. The graphical representation is 

given in figure 9. 

Lab Results Strip test 
Non-Invasive 

testing 

230 225 226 

95 100 103 

110 97 99 

   Table 1: Comparison between strip and non-invasive 

testing of blood glucose level (results given in mg/dl) 

 
     

   Figure 9: Graphical depiction of test results  

 

The proposed system also has an added advantage of 

sending an alert message when the patient is in critical 

state. The implementation the devised system will be a 

great advantage to heart patients and diabetic patients. 

The figure 10 shows the hike in the blood glucose level of 

the patient and the alert message which will be sent to the 

doctor during critical condition. The unique feature of the 

research work is that the alert message contains the 

geographical coordinates of the position of the patient. 

Figure 11 shows the alert message with the position of the 

patient which will be sent to the doctor. The work 

continues to improve the alerting system in a way that it 

could show the name of the exact position of the patient.    

 

The experimental set up has a power supply of 12v; it is 

connected to the full wave rectifier which converts the ac 

voltage to dc voltage. The ardinuo is programmed using 

ardinuo.in software .the GSM is connected to the supply. 

The GSM and GPS is in the user’s module, the sim card 

of the user is inserted into the GSM module which will 

send the alert message to the doctor. GPS tracks the 

location of the patient the pulse rate sensor used in here 

measures the pulse rate of the patient by the amount of IR 

rays passed through the finger of the patient. When the 

patient measures the pulse rate and blood glucose level 

the bluetooth bee module transfers it into the android 

module. The oxymetric sensor used here has two 

spectroscopies, near infrared and impedance spectroscopy 
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to measure the blood glucose of the user non-invasively. 

The mobile phone of the doctor will receive the alert 

message automatically.  

 

 
 

Figure10: Hike in the blood glucose level 
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Figure11: Alert message with the position and status of 
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