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Abstract— Pervasiveness of continual diseases and outburst 

of infectious diseases are some of the major challenges for 

the present day world. Wearable Healthcare monitoring 

system is very important and necessary especially in remote 

areas because many primary healthcare clinics in rural areas 

do not have any healthcare electronic systems and continue 

to operate on paper based systems and patients have to keep 

their medical records by themselves. To overcome the 

unfulfilled healthcare needs, early prediction and treatment 

of diseases and acquisition, processing, transmission, 

storage and retrieval of physiological information has 

emerged as an active area of research. In this paper a smart 

wearable healthcare monitoring system for the remote 

patient is designed using an ultra-low power MSP430 

microcontroller. The proposed system aims to design a low 

power consuming, cost effective, light weight healthcare 

monitoring system. The simulation result of proposed 

system and comparison with existing system considering 

power consumption are discussed in the result section. 
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I. INTRODUCTION 

The technology of wearable healthcare monitoring devices 

has been very extraordinarily interesting and got positive 

response from health conscious society. With the diversity 

of advantages such as, real time physiological parameters 

monitoring of remote patient and proper treatment via 

internet by remote physician this technology has brought a 

revolution in the healthcare society [1]. Nowadays these 

devices come various functionalities such as fall detection 

devices containing sensor node of 3-axis accelerometer can 

be used to detect the falling of the person [2], body 

oxygenation level measuring device uses a sensor node of 

Heart rate sensor [3], the sleep monitoring device consists of 

a pressure sensor placed on bed and respiratory rate and 

movement is calculated. The most of the research on 

wearable healthcare monitoring systems are based on 

measuring bio-signals and physiological parameters and 

many research papers have been published. 

        In India, many primary healthcare clinics 

especially in rural areas do not have healthcare electronic 

devices to measure health parameters of patients and 

continuous to work on paper based system and patients have 

keep their medical record by themselves. Many times the 

physicians are not available and in serious cases, it may lead 

to death of the patient. Hence the wearable monitoring 

system is very important in rural areas. Patient medical 

privacy is also important and there is no privacy in medical 

database protection which prone to security attacks. System 

power consumption, Cost are main issues regarding any 

system. In existing systems power consumption is very high 

and due to increase in the healthcare prices and services, 

triggered the need of cost effective and minimum power 

consuming healthcare systems. 

      The proposed system in this paper aims at 

designing low power consuming, less complex and cost 

effective wearable healthcare monitoring system. The 

system is designed using an ultra-low power MSP430 

microcontroller having several low power modes, reduced 

instruction set and autonomous peripherals [4]. MSP430 

microcontroller have less power requirements than other 

microcontroller, hence it is very useful for reducing the 

systems power consumptions [5].  

       Various sensor such as pulse sensor, temperature 

senor, humidity sensor and acceleration sensor have been 

used to collect the physiological data of the patient and the 

data can be sent to remote physician via internet. ZIGBEE 

and Bluetooth are the low power wireless communication 

modules having greater range and minimum power 

requirement [6]. The physiological data from patient are sent 

via ZIGBEE / Bluetooth module to local server. Whole 

circuit with sensor, sensor interface and communication 

modules are integrated inside the jacket. 

       To achieve the objective i.e. to reduce the power 

consumption and the problem of sensor to write complicated 

and cumbersome data code  of  proposed  system, MSP430 

microcontroller is used which reduces the power 

consumption and the physiological data is sent via ZIGBEE 

/ Bluetooth communication modules. An efficient routing 

communication protocol is developed using Microsoft C#, C 

sharp using visual studio.        

        The related work about the previous research is 

explained in section II. Section III described details of 

proposed methodology. Section IV describes the system 

architecture showing the proposed model. Section V 

describes the results obtained by showing the snap-shot of 

hardware and visual studio simulation. VI describes the 

simulation results and analysis of proposed system by 

comparing it with other existing ones. Section VII describes 

the conclusion. 

II. RELATED WORK 

The approach proposed in this paper provides integrated 

solution to all aspects of healthcare monitoring systems such 

as power consumption, cost and complexity. Using it, the 

healthcare monitoring system with low power consumption, 

low cost can be design. Related work includes various 

techniques and work done related to healthcare monitoring 

systems.    

        In the literature, there are various works dealing 

with remote monitoring of patients. For example, in [9] a 

heterogeneous wireless access based remote patient 

monitoring system is presented in which multiple wireless 

technologies are used to monitor continuous physiological 

signals in presence of patient mobility. In [10]  author  

presents a methodological  review on the role of information 

technology and engineering  models in transforming 

healthcare and explains how they can  support the 

transformation in healthcare systems with the help  of 

computational models.   In [11] author proposed a hybrid 
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framework for monitoring patient health status by using a 

sensor cloud. Benefits of using sensor cloud architecture are 

demonstrated for patient health-status monitoring. Christian 

Bachmann et al. [12] presented a comparative analysis of 

potential radios for use in health monitoring systems.  

          In   [13] cognitive radio technology is proposed for 

body area networks using ultra wide bands. Also the 

physical and the MAC layer aspects are discussed. In [14] 

author proposed the design of remote health monitoring 

using OSGI model and TV integration. The system has 

some issues related to power consumption, cost and 

communication. 

          Most recent work is explained in [1][7] and [8]. In 

[1] Physiological measurement platform is proposed to 

monitor physiological parameters. The blood pressure 

module, ECG and oxygen saturation modules are used and 

data is communicated using ZIGBEE and Bluetooth 

modules. The system is bulkier, much expensive, modules 

used are not wearable and there is no provision to minimize 

power consumption. In [7] author aims at developing the 

healthcare monitoring system for the monitoring of the 

patients by combining clinical observations with data from 

wearable sensors. In this health monitoring system the 

wireless wearable sensor are used and hence the number of 

nodes increased and there is power consumption.   In [8]   

author presented   an overview on emerging unobtrusive and 

wearable technologies for pervasive health information 

acquisition.   Issues such as user reliability, low power 

consuming design, on node processing and distributed 

interference in wireless standard protocols still need to be 

addressed to enhance the usability and functions of these 

devices for practical use.   

         The works described in above papers have some 

issues related to power consumption, cost, user acceptance 

and gateway communication.   

III. METHODOLOGY 

The following healthcare monitoring system model to be 

constructed aims to minimize the power consumption. The 

model is divided into two  parts  i.e. hardware  part  and  

software  part  which shows  simulation  results  in visual 

studio software. The hardware part is divided into sensor 

interface circuit and receiver circuit. The circuit diagram  is  

designed  which  consist  of  Microcontroller 

(MSP430G2153), Pulse sensor  (SEN11574), Acceleration 

sensor (MMI 7231), temperature sensor (LM35) and 

Humidity sensor, ZIGBEE transceiver and Serial 

Communication  (RS232). All four sensors are interfaced 

microcontroller MSP430G2153.  

          The  second stage is of software part which is 

again divided into two parts  namely  collecting the 

physiological data from the com port where receiver circuit 

is connected and uploading that data to local host medical 

web server which  allow  the  physician or healthcare giver  

to  treat the patient by login in website. The flow chart of 

how the physiological data is transmitted and 

communication between the remote patient and the 

physician carried is shown below. The patient first has to 

wear the jacket and connect to the website and log in with 

patient ID. The physiological data is stored in the medical 

database on that patient ID. Then, physician has to visit the 

website, log in with ID and check the patient physiological 

parameters and give suitable prescription, chat with patient 

if necessary. In this way the process of online healthcare 

monitoring is carried out,  the  result  and  snapshot  of  

proposed  system  is  shown  in  further section. The flow is 

designed below which shows how the whole system works.  

 
Fig. 1: Flow Chart for Patient in Rural Area. 

 
Fig. 2: Flow Chart for Physician. 

IV. SYSTEM ARCHITECTURE 

The system consists of pulse sensor, acceleration sensor, 

temperature senor, humidity sensor, microcontroller 

(MSP430), ZIGBEE transceiver, RS232 (Serial 

Communication), PC. The circuit diagram is constructed as 

per the block diagram. Fig.3. shows the following circuit 

diagram of the system. Sensors are the devices which are 

used for converting the physical quantity into electrical 

signals. These  signals will  be  sensed  and  with  the  

property  of  the  data  captured  from  sensor  further  

processing  is  done.  In proposed system four sensors are 

used which are connected to microcontroller. All the sensors 

used in proposed  system which are optical sensor with low 

power consumption,  low  cost,  small  size  and  

performance  is  fine. 
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Fig. 3: System Block Diagram 

In proposed system, an ultra low power MSP430 

microcontroller is used which is a 16-bit microcontroller 

with power modes, reduced instruction sets, autonomous 

peripherals and instant wake up time. It has 16k Bytes Flash 

and 512K Bytes of EE-PROM. MSP430 achieves 

throughputs of 1 MIPS per MHz by executing instruction in 

single clock cycle. At the sensor interface the heart rate and 

humidity sensors are interfaced with port 2 and acceleration 

and temperature sensor are interfaced at port 1 of MSP430. 

The ZIGBEE transmitter is interfaced with port1 and it set 

as host AT and receiver ZIGBEE module at receiver circuit 

is set as Coordinator. ZIGBEE receiver is connected to 

MAX232.  For  serial  communication  between  the  

DTE(Data  Terminal Equipment) and DCE(Data 

Communication Equipment)  RS232 is used which act as a 

asynchronous serial communication  between  MAX232  IC 

and computer. Serial Communication does not directly 

communicate with computer rather first it sends signals via 

MAX232. For sending the signals for reading sensors values 

from computer to microcontroller, RS232 is used. It is for 

reading and writing data. 

 
Fig. 4: Sensor Interface Circuit Diagram 

 
Fig. 5: Reciever Circuit Diagram 

The  software  part  of  proposed  system  

composed  of Visual studio, ASP .NET and  C sharp  is  

used  for  website  purpose for uploading the physiological 

data to the sever. The data from the com port is first stored 

in file in c drive and then it is read by com port reader 

developed by using dot net framework. After connecting the 

hardware we have to run the solution file from visual studio 

then com port reader will automatically selects the com port 

number and the data is uploaded on the website. After 

signing in to website with patient ID the data will be saved 

to server on his name. The physician will sign in and can see 

the real time data on the website. The medical caregiver can 

also check previous physiological values from server where 

values will be stored and can give prescription by using chat 

window developed on the website. The  flow  how  the  

proposed  will  work  is  shown  below    and  the  results  

obtained  from  the  proposed is shown in the result section. 

Following are the steps for physiological parameters 

monitoring. 

1) Start.  

2) Switch on the circuit using battery supply.  

3) Select the solution file and run. 

4) Select the com port.  

5) Log in on website.  

6) Wait for prescription.  

7) Chat with doctor for queries 

8) Log out after getting prescription.  

9) END.  

V. RESULTS 

Proposed system consist of both hardware and software 

implementation.  Hardware  part  consist  of  Heart rate 

sensor, Temperature sensor, Humidity sensor, Acceleration 

senor,  MSP430 microcontroller, ZIGBEE transceiver  and  

RS232  for  serial communication as shown in figure 6 & 7. 

Software part consists of simulation in physiological data 

coming on com port by using in visual studio by using C 

sharp. The detail of how the physiological data is monitored 

via internet is shown below considering various snapshots. 
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Fig. 6: Hardware Implementation (Sensor Interface with 

MSP430G215 & ZIGBEE Integrated In Jacket) 

As shown Fig.8 patient has to select and run a .net 

solution file using visual studio10. After debugging a com 

port reader read values from the file and before selecting the 

com port patient has to set the configuration once as shown 

in fig. 9. After selecting the read button from the reader the 

data is uploaded on the server and on the website. The 

patient has to log in and wait for the prescription. The 

physician has to log in and wait for the data and after getting 

the data physician can communicate via chat window and 

give prescription. 

 
Fig. 7: Hardware Implementation 

(Receiver Circuit with ZIGBEE and MAX232) 

 
Fig. 8: Software Implementation In Visual Studio 10 

(Step 3 Select the Solution File and Run) 

 

 
Fig. 9: Software Implementation In Visual Studio 10 (Com 

Port Reader after Running Solution File and Configuration 

Setting) 

 
Fig. 10: Software Implementation In Visual Studio 10 

(Website For WHMS Showing Parameter Values Read 

From Com Port & Chat Window. The Person Is Falling) 

3-axis accelerometer is used to far fall detection 

whether the patient is stable or falling. As shown in fig. 10. 

when the values of x-axis and y-axis are greater than 500 

and less than 400 and the value of then the person is falling 

otherwise the person is stable as shown in fig. 11. 

 
Fig. 11: Software Implementation in Visual Studio 10 

(Website for WHMS Showing Person Is Stable) 
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VI. SIMULATION RESULTS 

Results obtained by the proposed system are discussed in 

this section. The proposed system indicates that the sensor 

used in this system is very efficient and useful for 

monitoring heart rate status.  

The values in the fig. 12 indicate that the system is 

very useful for the diagnosis of hypertension and 

hypotension. Pulse rate of 7 patients i.e. P1, P2, P3, P4, P5, 

P6, P7 are calculated shown in table I. The graphical 

presentation is shown in fig 12. 

PATIENTS HEART RATE 

P1 72 

P2 60 

P3 98 

P4 124 

P5 48 

P6 66 

P7 80 

Table 1: Values of Patients Heart Rates 

 
Fig. 12: Graphical Representation of Heart Rates of Patients. 

 
Fig. 13: Comparative Analysis of System Performance 

The Wearable healthcare monitoring system using 

MSP430 microcontroller is compared with existing system 

and it is found that system has lower power consumption in 

active and sleep modes. The graph is plotted regarding 

power consumption of the systems as shown in fig 13. 

VII. CONCLUSION 

A smart, low power consuming, cost effective, Wearable 

Healthcare Monitoring System is proposed by using 

MSP430 microcontroller. The proposed system consumes 

minimum power because of an ultra low power MSP430 

microcontroller and the system is cheaper and less complex 

than existing systems. Such type of consumer electronics 

devices are expected beneficial to those who live in remote 

areas. It also gives wearer the opportunity to receive early 

warning signs related to health status. 
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