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Abstract: Wireless sensor networks are growing to be 

very attractive for monitoring and control related 

applications with smart sensor nodes. ZigBee is an 

emerging wireless communication protocols that offers 

flexible, secured and an inexpensive communication 

link.  In this work  a network mobility based ZigBee 

mobile router architecture and applications for 

supporting network mobility of ZigBee network are 

proposed. All the nodes in the ZigBee network  are 

organized with an ZigBee mobile router. Moreover  the 

mobile router used as an  access point by which the 

biomedical signals from sensor nodes can be transferred 

over mobile communication network to the hospital 

network. Also design and implementation of ZigBee 

mobile router are presented for health care system. The 

architecture is particularly useful to manage the patient’s 

mobility where each patient is equipped with ZigBee 

sensor nodes.  Also the GSM mobile network is 

introduced to communication at critical situation when 

the signal rate from the sensor nodes exceeds   the set 

value. The signals from the sensor nodes are updated 

frequently in healthcare web page through internetwork. 

 

Keywords: Pulse Transit Time(PTT), Wearable Health 

Monitoring Systems (WHMS), Electro 

Encephalogram(EEG), Cardio Vascular Disease(CVD). 

 

1. Introduction 

 
To provide sufficient patient data for analysis or 

diagnosis of patient’s conditions by health professionals. 

A device that has an accurate component to detect the 

human vital signs, known as sensors, may provide 

benefits to the medical professionals to obtain accurate 

and stable data from patients thus leads to efficient 

method of treatment. Hence the design of continuous 

wireless body device with temperature and heart rate 

sensor for patients to be monitored remotely by medical 

professionals in terms of flexibility, reliability, power, 

cost, speed and quality. The vital signs or bio-potential 

signals from the patients is sensed by using sensors such 

as temperature sensor, heart beat sensor and 

MEMS[1,2,3]. This signals are processed by 

microcontroller and then transmitted through zigbee 

transmitter and the transmitted signals are received by 

zigbee in destination system. This is expected to enable 

an effective patient monitoring method for medical 

professional[4,5,6]. 

 

2. Proposed Method 
 

Global healthcare system to struggling with aging 

population, prevalence of chronic diseases, and the 

accompanying rising costs. In response to this 

challenges,  researchers have been actively seeking for 

innovative solutions and new technologies that could 

improve the quality of patients care meanwhile reducing 

the cost of care through early detection and more 

effective disease management. Normally a person 

temperature gets changed when there is any 

abnormalities in the body. So it is important to detect or 

monitor the temperature of a person to find his health 

condition. Hence monitoring of temperature plays an 

important role in detection of health condition of a 

person. Cardio Vascular Disease (CVD) remains the 

number one cause of death worldwide. CVD caused 17 

million globally, accounting for nearly one- third of all 

deaths and the number is estimated to reach upto 23.3 

million by 2030. Blood pressure is one of the most 

important risk factor for predicting CVD events. The 

present BP measurement devices are mainly cuff based, 

which may cause discomfort due to the inflation of cuff 

during measurement, and are thus unsuitable for long-

term BP monitoring. An armband-based wearable 

monitoring device was developed for ECG and PPG 

measurement using electrodes. Elderly patients and the 

persons who are unable to behave for themselves may 

subject to fall at certain conditions. Those persons 

cannot be monitored regularly by nurse. So some kind of 

wearable devices can be used to monitor such condition 

of a patient. Although physiological measurement 

devices have been widely used in clinical setting for 

many years, some unique features of unobtrusive and 

wearable devices due to the recent advances in sensing, 

networking and data fusion have transformed the way 

that they were used in. First, with their wireless 

International Journal of Pure and Applied Mathematics
Volume 115 No. 8 2017, 595-601
ISSN: 1311-8080 (printed version); ISSN: 1314-3395 (on-line version)
url: http://www.ijpam.eu
Special Issue ijpam.eu

595



 

connectivity together with the widely available internet 

infrastructure, the devices can provide real-time 

information and facilitate timely remote intervention to 

acute events such as stroke, heart attack particularly in 

rural or otherwise underserved areas where expert 

treatment may be unavailable.                                                                                               

Wireless technology has been evolving vast 

throughout the years and some technologies known now 

are possibly at the age of depletion. Current known 

wireless technology used for monitoring and tracking 

devices is Radio Frequency Identification (RFID), as 

advantages and is useful in tracking items but it provides 

limitations in terms of transmission range, power 

consumption and increment of cost. With this 

limitations,  the device will be unable to capture 

sufficient data from patients to be kept and diagnosed by 

the medical professionals. This is also a disadvantage in 

terms of inefficiency and ineffectiveness of treatment 

that can be supplied by the medical professionals.

 To overcome the limitation in RF transmission, 

Zigbee   transmission which has features of low 

complexity, low cost, low power consumption, high 

reliability and capability of ad hoc network can be used. 

This network is able to operate in Industrial Scientific 

and Medical (ISM) unlicensed radio frequency band. A 

design of continuous wireless body wearable device 

with temperature and heartbeat sensor can be used in 

monitoring the patients. Sensors can be weaved or 

integrated into clothing, accessories and the living 

environment. The health information of the patients can 

be processed, transmitted, and stored and it can be 

retrieved by the doctor at any period of time to provide 

better treatment to the patients. Hence monitoring 

system can provide early and better treatment to the 

patients by the medical professionals.  

 
Figure 1. Transmitter Section of Healthcare Monitoring                                  

                   

 

 

 

 

 

 

                          

Figure 2. Receiver Section 

Healthcare monitoring system shown in Fig.1 and Fig.2 

is used to detect and monitor the health condition of a 

patients. Sensors are used to detect the human vital signs 

of the patients in which temperature sensor, heartbeat 

sensors and MEMS are used to find any abnormal 

condition present in the patients. Sensors are interfaced 

with the microcontroller to  process the input signal. The 

analog signal (i.e) the human vital signs get converted 

into digital signal by using  Analog  to Digital converter. 

This digitized signal gets processed by the PIC 

microcontroller and the output is transmitted using 

zigbee module. Since the output from the 

microcontroller is in form of TTL logic and hence it 

must be converted to RS232 standard by using MAX232 

to interface the output with the PC. Then the output is 

received by the PC using Zigbee receiver and it gets 

stored in the doctors database. Hence the doctor will 

monitor the patients condition regularly to provide better 

and early treatment to the patients and can save the life 

before reaching critical condition. 

 

Temperature Sensor 
LM35 temperature sensor shown in Fig. 3. is an 

integrated circuit sensor that can be used to measure 

temperature with electrical output proportional to the 

temperature. LM35 generates a higher output voltage 

than thermocouples and may not require that the output 

voltage be amplified. It draws only 60 micro amps from 

its supply and process a low self heating capability 

which causes less then 0.1°C temperature rise in still air. 

 

 

 

 

                Figure 3. Temperature sensor LM35 

Heart Beat Sensor 
A heart rate monitor is a personal monitoring device that 

allows one to measure one's heart rate in real time or 

record the heart rate. Heart beat is sensed by using a 

high intensity type LED and LDR. As shown in Fig. 

4.the finger is placed between the LED and LDR. A 

photo diode or a photo transistor can be used as a sensor. 

The skin may be illuminated with visible light for 

detection using transmitted or reflected light. The very 

small changes in reflectance or in transmittance caused 

by the variation in the blood content of human tissue are 

almost invisible. The noise sources might produce 

disturbing signals with amplitudes equal or even higher 

compared to the amplitude of the pulse signal. Valid 

pulse measurement therefore requires pre-processing of 

the raw signal extensively. 

The new signal processing approach presented 

here combines analog and digital signal processing such 
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that both parts can be kept easy but when combined are 

very effective in suppressing disturbance signals. The 

setup described here uses a red LED for illumination of 

transmitted light and a LDR is used as a detector. With 

slight changes in the preamplifier circuit the same 

hardware and software could be used with other 

illumination and detection concepts. The photo current 

of the detector (AC Part) is changed to voltage and 

amplified by an op-amp (LM358).  Output is given to 

another non-inverting input of the LM358. The second 

amplification is done here. The value is a preset value in 

the inverting input the amplified value is compared with 

preset value if any abnormal condition occurs it will 

generate an interrupt to the controller. 

 
 

 

 

 

 

 

                  Figure 4. Heart beat sensor (LM358) 

MEMS (or) Accelerometer 
An accelerometer is a sensor that measures the physical 

acceleration experienced by an object due to inertial 

forces or due to mechanical excitation. Modern 

accelerometers shown in Fig. 5 are often small micro 

electro-mechanical systems (MEMS),  consisting of 

little more than a cantilever beam whose proof-mass 

(also called as seismic-mass) fabricated in single crystal 

silicon using surface micromachining or bulk 

micromachining processes. The sensor shall have a 

bandwidth (± 3dB) of >100 Hz and the sensor shall have 

less than 1msec as the response time and it may perform 

over a -20 to 80ºC temperature range. MEMS can detect 

motions such as acceleration, gravity, angular motion, 

magnetic field and pressure etc. A typical MEMS is SIP 

IC consisting of two ICs. First IC senses the desired 

parameter and converts it into equivalent capacitance. 

Second IC converts the capacitance into equivalent 

voltage.  

 

 
                                    Figure 5: MEMS 

Power Supply 

 

The KA78XX/KA78XXA series of three-terminal 

positive regulator are available in the TO-220/D-PAK 

package and with a number of fixed output voltages, 

making them valuable in a wide range of applications. 

Each type employs internal current limiting, thermal shut 

down and safe operating area protection, making it 

essentially indestructible. If heat sinking is provided 

adequately, it can deliver over 1A output current. 

Although designed primarily as fixed voltage regulators, 

these devices can be used with external components to 

obtain adjustable voltages and currents. 

              Figure 6. Block diagram of power supply 

The ac voltage, typically 220V rms, is connected to a 

transformer as shown in Fig.6, which steps down the ac 

voltage to the level of the desired dc output. A diode 

rectifier then provides a full-wave rectified voltage that 

is initially filtered by a simple capacitor filter that 

produces a dc voltage. The resulting dc voltage has 

some ripple or ac voltage variation. A regulator 

circuit removes the ripples and also remains the same dc 

value even if there is a variation in the input dc voltage, 

or a change in the load connected to the output dc 

voltage. This voltage regulation is usually obtained 

using one of the popular voltage regulator IC units. The 

potential transformer steps down the supply voltage 

from (0-230V) to (0-6V) level. Then the secondary of 

the potential transformer will be connected to the 

precision rectifier, which is constructed using op–amp. 

The precision rectifier will give peak voltage output as 

DC, rest of the circuits will give only RMS output. 

PIC Microcontroller 

PIC stands for Peripheral interface controller. It has 40 

pins with many internal peripherals. There is no 

distinction between memory   space and register space 

because the RAM serves the job both memory and 

registers, and the RAM is usually just referred to as the 

registers. The instructions and data come from separate 

sources- simplifies timing and microcircuit design 

greatly, and this benefits clocks speed, price and power 

consumption. The addressability of   memory varies 

depending on device series, and all PIC device have 

some banking mechanism to extend addressing to 

additional memory. There are three memory blocks in 

each of the PIC16F87XA microcontrollers. The program 

memory and data memory have separate buses so that 

concurrent access can occur and is detailed in this 

section. The PIC16F87XA microcontrollers have a 13-

bit program counter which is capable of addressing an 

8K word x 14 bit program memory space. The 

PIC16F876A/877A devices have 8K words x 14 bits of 

Flash program memory, while PIC16F873A/874A 

devices have 4K words x 14 bits. Accessing a location 

above the physically implemented address will cause a 

wraparound.    The Reset vector is at 0000h and the 

interrupt vector is at 0004h.PIC microcontrollers are 

based on advanced RISC architecture. In this 

architecture, the instruction set of hardware gets reduced 

which increases the execution rate (speed) of system. 
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PIC microcontrollers follow Harvard architecture for 

internal data transfer. At present PIC microcontrollers 

are widely used for industrial purpose due to its high 

performance capability even at low power consumption. 

It is also very famous among hobbyists due to moderate 

cost and easy availability of its supporting software and 

hardware tools like compilers, simulators, debuggers etc.  

LCD: LCD (Liquid Crystal Display) screen shown in 

Fig.7  is an electronic display module and find a wide 

range of applications.  A 16x2 LCD display is very basic 

module. It is very commonly used in various circuits. 

These modules are preferred over seven segment 

displays and other LEDs. The reasons being: LCDs are 

economical; easily programmable; have no limitation of 

displaying special &custom characters, animations and 

so on. A 16x2 LCD means it can display 16 characters 

per line and there are 2 such lines. In this LCD each 

character is displayed in 5x7 matrix of pixels. This LCD 

has two registers, such as, Command and Data. The 

command register stores the command instructions 

given to the LCD. A command is an instruction given to 

LCD to do a predefined task like initialization, clearing 

of its screen,  setting the cursor position, display control 

etc. The data register stores the data to be displayed on 

the LCD. The data is the ASCII value of the character to 

be displayed on the LCD.  

 

 

 

 

  

                                
Figure 7. LCD display 

Zigbee Module: Zigbee module shown in Fig.8 is used 

for transmission of information over wireless network. 

Zigbee is a wireless technology developed as an open 

global standard to address the unique needs of low-cost, 

low-power wireless networks. The Zigbee standard 

operates on the IEEE 802.15.4 physical radio 

specification and operates in unlicensed bands including 

2.4 GHz, 900 MHz and 868 MHz. Support for multiple 

network topologies such as point-to-point, point-to-

multipoint and mesh networks and Low duty cycle – 

provides long battery life 

 

 

 

 

 

 

 
Figure 8: Zigbee module 

RS232 

  
          Figure 9. RS232 serial port 

Communication as defined in the RS232 standard is an 

asynchronous serial communication method as shown in  

Fig.9. The word serial means, that the information is 

sent one bit at a time. Asynchronous means that the 

information is not sent in predefined time spaces. Data 

transfer can start at any given time and the receiver has 

the responsibility to detect when a message starts and 

ends. Asynchronous communication has some merits 

and demerits which are both discussed below. 

 
RS232 Bit Streams: The RS232 standard describes a 

method of communication where information is sent bit 

after bit on a communication channel. The information 

must be split up in data words. The data word length is 

variable. On PC's a length between 5 and 8 bits can be 

selected. This length is the net information length of 

each word. For proper transfers synchronization and 

error checking bits are added. It is important, that 

number of bits used by the transmitter and receiver is the 

same. Otherwise, the data word may be misinterpreted, 

or not recognized at all. With synchronous 

communication, a clock or trigger signal must be present 

which indicates start of each transfer. makes an 

asynchronous communication channel will become 

cheaper to operate in the absence of a clock signal.  Less 

lines are necessary in the cable. A disadvantage is, that 

the receiver can start receiving the information at the 

wrong moment. Resynchronization is then needed which 

costs time. All data received in the resynchronization 

period is lost. Another disadvantage is that extra bits are 

needed to indicate the start and end of useful 

information. These extra bits take up bandwidth. Data 

bits are sent with a predefined frequency called the baud 

rate. Both the transmitter and receiver must be 

programmed to the same baud rate. After the first bit is 

received, the receiver calculates at which time the other 

data bits will get received. It checks level of the line 

voltages at those moments. With RS232, the line voltage 

level can have two states. The on state is also known as 

mark, the off state is also known as space. None of the 

other line states are possible. When the line is idle, it is 

kept in the mark state. RS232 defines an asynchronous 

type of communication. This means, that sending  a data 

word can start at every moment. If starting at each 

moment is possible, it can create some problems for the 

receiver to know which is the first bit to receive. To 

solve this problem, each of the data words is started with 
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an attention bit. This attention bit, also referred to as 

start bit,  identified by the space line level. Because the 

line is in mark state when idle, the start bit is easily 

recognized by the receiver.  

MAX232: The MAX232 is an IC that converts signals 

from RS-232 serial port to signals suitable for TTL 

digital logic circuits. The MAX232 is a dual 

driver/receiver and typically converts the receive, 

transmit, CTS and RTS signals. The drivers provide RS-

232 voltage outputs from a single + 5 V supply through 

on-chip charge pumps and external capacitors. This 

makes it useful for implementing RS-232 in devices that 

otherwise do not need any voltages other than the 0 V to 

+ 5 V range, since the power supply design does not 

need to be made more complicated just for driving the 

RS-232 in this case. The receivers reduce RS-232 

inputs, to standard 5 V TTL levels. These receivers have 

a typical threshold of 1.3 V, and a typical hysteresis of 

0.5 V. The later MAX232A is backwards compatible 

with the original MAX232 but it can operate at higher 

baud rates and it can use smaller external capacitors in 

place of the 1.0 µF capacitors used with the original 

device. The newer MAX3232 is compatible backwardly, 

but it can operate at a bigger voltage range, from 3 to 

5.5V.  

Voltage Levels: It is helpful to understand what occurs 

to the voltage levels. When a MAX232 IC gets a TTL 

level for conversion, it changes a TTL Logic 0 into 

voltage between +3 and +15V, and changes TTL Logic 

1 to between -3 to -15V, and vice versa for converting 

from RS232 to TTL.  

 

3. Experimental Result 

 

 

 

 

 

 

 
        Figure 10: Snapshot of transmitter 

 

 

 

 

 

 

 

 
      Figure 11:  Circuit diagram of transmitter 

                           of health care system                                                                                          

          

 

 

 

Figure 12: Snapshot of receiver 

 

 

 

 

 

 

 

 

 

 
Figure 13: Circuit diagram of receiver of healthcare 

section 

Transmitter: In the transmitter section, as shown in 

Fig. 10 and Fig. 11 the vital signs from the patient’s 

body is in analog form which should be converted into 

digital signals using analog to digital converter. This 

digital signals are processed by the PIC microcontroller. 

This PIC microcontroller process only in the TTL logic 

levels (0-5V). The regulated power supply is used to 

convert the 12V supply voltage into 5V since 

microcontroller works in 5V supply. The crystal 

oscillator is used to stabilize the frequency. The output 

signals from the PIC microcontroller is in the form of 

TTL logic but computer can accept only RS232 

standard, hence MAX232 is used to convert the TTL 

logic into RS232 standard. This signals are transmitted 

using  Zigbee transmitter. 

  

Receiver: The transmitted signals by the Zigbee 

transmitter is received by Zigbee receiver. In the 

receiver section, as shown in Fig 12 and Fig. 13 the 

voltage regulator is used to convert the 9V supply onto 

5V supply. In any abnormal conditions the patient’s 

parameters(Temperature, heartbeat and fall detection) 

are displayed in the computer, Since the receiver is 

connected to the Personal Computer. 

 

              

 

 

 

 

 
Figure 14: Snapshot temperature of the patient 

 

 

 

 

 

 

 

 

Figure 15: Snapshot of heartbeat of the patient 
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From the Fig.14, LCD display shows the normal 

temperature of the patient. The normal temperature of 

the human is 37oC, if the temperature rises above 

threshold value ,then the increase in temperature range is 

transmitted through Zigbee and is indicated in the 

doctor’s database as High temperature. The above 

Fig.15 shows LCD which display the heartbeat of the 

patient. The finger is placed between LED and LDR 

which is in the form of clip. The normal heartbeat rate of 

the human beings is 72beats/minute. If heartbeat lowers 

below 60bpm or exceeds above 80bpm, the information 

is transmitted through Zigbee and indicated in doctor’s 

database as abnormal condition which enables him to 

provide better treatment. 

  Figure 16: Snapshot of Fall detection of the patient 

 

 

 

 

 

 

 

Figure 17: Final output displayed 

The above Fig 16. Shows the fall detection of the 

patient. The fall is detected by using MEMS or 

accelerometer. Using MEMS the fall can be detected in 

three directions X, Y and Z direction from fixed 

direction. The MEMS is fixed in one direction near the 

patients if the patient get fall in any direction then the 

fall message is sent to the doctors Personal Computer. 

The above Fig.17. Shows the output which is displayed 

on the doctor’s personal computer which enables him to 

provide early and better treatment to the patients before 

the patient reaches the worse condition. 

 

Conclusion 
 

Diabetes and the design and implementation of a 

Remote Patient Monitoring system based on wireless 

technology conclude that the system able to transmit the 

data which is sensed from remote patient to the doctor’s 

PC by using wireless transmission technology, Zigbee. 

Using Zigbee at receiver the data is received and 

displayed on the PC. All sensors should be calibrated 

properly for precise measurement of parameters and in 

order to facilitate immediate action by the doctor to 

provide proper medication and treatment to the patient 

in case of any emergency situation. The system helps to 

reduced the time required to check the patients .This 

indeed is an easy, practical, inexpensive and yet very 

effective way for transmitting vital information to the 

healthcare staff and healthcare providers. Health 

monitoring application is mainly proposed to provide 

alerts for medical health monitoring staff for the patients 

when needed. The real-time monitoring system for 

cardiac patient physical states is based on wireless 

sensor network technology. It can be taken by patient 

and keep the patient movement intact because it is 

miniature and portable. The system can monitor and 

record the physical states and movement parameters 

real-time, and then provide an auxiliary means for the 

correct diagnosis of doctor. With the intelligent 

diagnosis software, the sign of acute disease for patient 

can be found early, and then the patient can be helped in 

time, the sudden death of patients can be avoided. The 

system is also able to store physiological data of patients 

for 24 hours a day and seven days a week. In future the 

proposed system can be extended to include more 

sensors that can measure more parameters like blood 

pressure.  
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