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ABSTRACT 

This paper, presents a Wireless Sensor Network (WSN) for monitoring patient’s physiological conditions continuously 

using Zigbee. Here the physiological conditions of the patients are monitored by sensors and the output of these sensors 

is transmitted via Zigbee and the same has to be sent to the remote wireless monitor for acquiring the observed patient’s 

physiological signal. The remote wireless monitor is constructed of Zigbee and Personal Computer (PC). The measured 

signal has to be sent to the PC, which can be data collection. Although Bluetooth is better than Zigbee for transmission 

rate, Zigbee has lower power consumption. The first procedure of the system is that the wireless sensors are used to 

measure Heart rate, temperature and fall monitoring from human body using Zigbee. The measured signal is sent to the 

PC via the RS-232 serial port communication interface. Selected vital signs of patients are acquired using sensor nodes 

and readings are transmitted wirelessly using devices that utilize the ZigBee communications protocols. The design and 

development of a ZigBee based smart noninvasive wearable health monitoring system with effective communication has 

been developed and reported in this paper which includes GSM technology. Health care plays an important role in 

human’s life. 
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1. INTRODUCTION 
The present patient monitor systems in hospitals 
allow continuous monitoring of patient vital 
signs, which require the sensors to be hardwired 
to nearby, bedside monitors or PCs, and 
essentially confine the patient to his hospital 
bed. Even after connecting these systems to a 
particular patient, a paramedical assistant need 
to continuously monitor and note down all the 
vital parameters of a given patient by keeping 
track of all of his/her records manually. Adopting 
such a method is error prone and may lead to 
disaster in the case of a human error. In the 
current proposed system, the patient health is 
continuously monitored by the Mobile multi 
patient monitoring system and the acquired data 
is transmitted to a centralized ARM server using 
Wireless Sensor Networks. A ZigBee node is 
connected to every patient monitor system that 
consumes very low power and is extremely 
small in size. These are specifically designed for 
low power consumption, with minimal circuit 
components intended for small packet, long 
distance range applications and typically consist 

of a low power processor with minimal resources 
and interface capabilities. They also have a 
conservative transceiver that is capable of 
transmitting 8 bytes of data at a time and has a 
moderate transmitting range of about 130 m. 
Therefore, WPANs seem to be a perfect fit for 
remote patient monitoring. Compared to 
Bluetooth, ZigBee provides higher network 
flexibility and a larger number of nodes, and a 
better transmission range with low power 
consumption. Recently, ZigBee-based wireless 
networks were tested in various applications. 
The authors investigate the use of ZigBee and 
mobile phones in monitoring elderly patients with 
diabetes mellitus or heart diseases. A ZigBee 
WiMAX nursery system for patient monitoring 
was proposed. An interesting application of 
ZigBee-based wireless sensor nodes in the real-
time monitoring of fruit logistics. Health is the 
level of functional or metabolic efficiency of a 
living organism. In humans, it is the general 
condition of a person's mind and body, usually 
meaning to be free from illness, injury or pain (as 
in "good health" or "healthy"). The World Health 
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Organization (WHO) defined health in its 
broader sense in 1946 as "a state of complete 
physical, mental, and social well-being and not 
merely the absence of disease or infirmity." 
Health care is delivered by practitioners in allied 

health, dentistry, medicine, nursing, optometry, 
pharmacy and other care providers. It refers to 
the work done in providing primary care, 
secondary care, and tertiary care, as well as in 
public health. 

 
 
 
 2. ZIGBEE: 
 

 
 
 
ZigBee is a specification for a suite of high level 
communication protocols used to create 
personal area networks built from small, low 
power digital radios. Zig-bee is used in 
applications that require a low data rate, long 
battery life and secure networking. The 
technology defined by the ZigBee specification is 
intended to be simpler and less expensive than 
other WPAN, such as Bluetooth. ZigBee is 
targeted at radio-frequency (RF) applications 
that require a low data rate, long battery life, and 
secure networking. ZigBee has a defined rate of 
250 Kbit/s best suited for periodic or intermittent 
data or a single signal transmission from a 
sensor or input device. 
 The IEEE 802.15.4-2003 standard defines the 
two lower layers: the physical (PHY) layer and 
the medium access control (MAC) sub-layer. 
The ZigBee Alliance builds on this foundation by 
providing the network (NWK) layer and the 
framework for the application layer. The 
application layer framework consists of the 

application support sub-layer (APS) and the 
ZigBee device objects (ZDO). Manufacturer-
defined application objects use the framework 
and share APS and security services with the 
ZDO. 
Application profiles are agreements for 
messages, message formats, and processing 
actions that enable developers to create an 
interoperable, distributed application employing 
application entities that reside on separate 
devices. These application profiles enable 
applications to send commands, request data, 
and process commands and requests. The 
ZigBee device objects (ZDO), represent a base 
class of functionality that provides an interface 
between the application objects, the device 
profile, and the APS. The ZDO is located 
between the application framework and the 
application support sub-layer. It satisfies 
common requirements of all applications 
operating in a ZigBee protocol stack. The ZDO is 
responsible for the following: 
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ZIGBEE PROTOCOL STACK 

 
3. HARDWARE AND SOFTWARE 
DESCRIPTION:  
The system has been designed to take several 
inputs to measure physiological parameters of 
human such as temperature, heart rate, 
detection of any fall and the saline level. The 
inputs from the sensors are integrated and 
processed. The results are sent through the 

Zigbee Module to a host computer, which stores 
the data into an Access Database. The values 
can then be displayed on the Graphical User 
Interface (GUI) running on a computer. If it is 
inferred that the person is medically distressed, 
an alarm may be generated. The program is a 
user interface, allowing a report on the current 
status of the individual. 
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(a)HEART BEAT SENSOR: 
The system consists of an infrared (IR) LED as 
transmitter and an IR photo-transistor as a 
receiver that acts as a fingertip sensor. The 
sensor consists of a super bright red LED and 
light detector. The LED needs to be super bright 
as the maximum light must pass spread in finger 
and detected by detector. Now, when the heart 

pumps a pulse of blood through the blood 
vessels, the finger becomes slightly more 
opaque and so less light reached the detector. 
With each heart pulse, the detector signal varies. 
This variation is converted to electrical pulse. 
This signal is amplified through an amplifier 
which outputs analog voltage between 0 to 5V 
logic level signal. 

 
 
 

HEART BEAT SENSOR 
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(b) TEMPERATURE SENSOR: 
The LM35 series are precision integrated circuit 
temperature sensors, with an output voltage 
linearly proportional to the Centigrade 
temperature. Thus, the LM35 has an advantage 
over linear temperature sensors calibrated in ° 
Kelvin, as the user is not required to subtract a 
large constant voltage from the output to obtain 
convenient Centigrade scaling. The LM35 is 
rated to operate over a −55°C to +150°C 
temperature range. 
 
(c)MEMS (Microelectromechanical systems) 
Sensor:  
The MMA7260QT low cost capacitive micro 
machined accelerometer features signal 
conditioning; this provides two-axis response, 
measuring accelerations up to +/- 2g. This was 
fitted into the wrist strap. This device provided a 
digital voltage, the amplitude of which was 
directly proportional to acceleration. The 
acceleration can be determined by measuring 
the length of the positive pulse width (t1) and the 
period (t2) 
 
(d)GSM TECHNOLOGY:  
GSM/GPRS RS232 Modem from rhydoLABZ is 
built with SIMCOM Make SIM900 Quadband 
GSM/GPRS engine, works on frequencies 850 
MHz, 900 MHz, 1800 MHz and 1900 MHz It is 
very compact in size and easy to use as plug in 
GSM Modem. The Modem is designed with 
RS232 Level converter circuitry, which allows 
you to directly interface PC Serial port. The baud 
rate can be configurable from 9600-115200 
through AT command. Initially Modem is in 
Autobaud mode. This GSM/GPRS RS232 
Modem is having internal TCP/IP stack to enable 
you to connect with internet via GPRS. It is 
suitable for SMS as well as DATA transfer 
application in M2M interface. 
 
FEATURES:  

 High Quality Product (Not hobby grade)    

 Quad-Band GSM/GPRS 850/ 900/ 1800/ 
1900 MHz   

 Built in RS232 Level Converter 
(MAX3232) 

 Configurable baud rate 

 SMA connector with GSM L Type 
Antenna. 

 Built in SIM Card holder.  

 Built in Network Status LED 

 Inbuilt Powerful TCP/IP protocol stack 
for internet data transfer over GPRS.  

 Audio interface Connector 

 Most Status & Controlling Pins are 
available at Connector  

 Normal operation temperature: -20 °C to 
+55 °C          

 
(e)MICROCONTROLLER INTERFACING                               
The LPC2141/2/4/6/8 microcontrollers are based 
on a 32/16-bit ARM7TDMI-S CPU with real-time 
emulation and embedded trace support, that 
combines the microcontroller with embedded 
high-speed flash memory ranging from 32 kB to 
512 kB. A 128-bit wide memory interface and a 
unique accelerator architecture enable 32-bit 
code execution at the maximum clock rate. For 
critical code size applications, the alternative 16-
bit Thumb mode reduces code by more than 30 
% with minimal performance penalty.  
16/32-bit ARM7TDMI-S microcontroller in a tiny 
LQFP64 package. 8 to 40 kB of on-chip static 
RAM and 32 to 512 kB of on-chip flash program 
memory. 128 bit wide interface/accelerator 
enables high speed 60 MHz operation. In-
System/In-Application Programming (ISP/IAP) 
via on-chip boot-loader software. Single flash 
sector or full chip erase in 400 ms and 
programming of 256 bytes in 1 ms. 
EmbeddedICE RT and Embedded Trace 
interfaces offer real-time debugging with the on-
chip RealMonitor software and high-speed 
tracing of instruction execution. USB 2.0 Full 
Speed Compliant Device Controller with 2 kB of 
endpoint RAM. In addition, the LPC2146/8 
provides 8 kB of on-chip RAM accessible to USB 
by DMA. One or two (LPC2141/2 vs. 
LPC2144/6/8) 10-bit A/D converters provide a 
total of 6/14 analog inputs, with conversion times 
as low as 2.44 s per channel. Single 10-bit D/A 
converter provide variable analog output. 
The ARM7TDMI-S is a general purpose 32-bit 
microprocessor, which offers high performance 
and very low power consumption. The ARM 
architecture is based on Reduced Instruction Set 
Computer (RISC) principles, and the instruction 
set and related decode mechanism are much 
simpler than those of microprogrammed 
Complex Instruction Set Computers. This 
simplicity results in a high instruction throughput 
and impressive real-time interrupt response from 
a small and cost-effective processor core. 
Pipeline techniques are employed so that all 
parts of the processing and memory systems 
can operate continuously. Typically, while one 
instruction is being executed, its successor is 
being decoded, and a third instruction is being 
fetched from memory. The ARM7TDMI-S 
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processor also employs a unique architectural 
strategy known as THUMB, which makes it 
ideally suited to high-volume applications with 
memory restrictions, or applications where code 
density is an issue. The key idea behind THUMB 
is that of a super-reduced instruction set. 
Essentially, the ARM7TDMI-S processor has two 
instruction sets:            
• The standard 32-bit ARM instruction set. 
• A 16-bit THUMB instruction set. 

The THUMB set’s 16-bit instruction length allows 
it to approach twice the density of standard ARM 
code while retaining most of the ARM’s 
performance advantage over a traditional 16-bit 
processor using 16-bit registers. This is possible 
because THUMB code operates on the same 
32-bit register set as ARM code. THUMB code is 
able to provide up to 65% of the code size of 
ARM, and 160% of the performance of an 
equivalent ARM processor connected to a 16-bit 
memory system. 

  
 
 
ZigBee Applications 
 
                    

 
 
 
 
 
4.RESULTS AND DISCUSSION 
The RF transmission using Zigbee has been 
tested to operate successfully at 30 meters 
range through obstacles such as concrete walls. 

When in operation, the wrist unit consumes 20 
mA of current at 3.3 V power supply. The 
microcontroller is powered by 9 V battery.
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                                                       Fig. PROTOTYPE HARDWARE 
 
 
5. CONCLUSION 
The paper discusses the implementation of a 
monitoring system targeting patients on a 
hospital floor. The system consists of end units 
carried by patients that collect sensed data 
(health sign readings) and transmit it to a 
coordinator unit at the hands of the floor nurse. 
This is implemented using a ZigBee-based 
network. Such wireless environments provide 
patients with the ability to move around and feel 
confident when in the mood to stride for a walk 
or a stretch within a pre-defined vicinity. They 
can also contribute to cost reduction efforts in 
health care. We monitor the physiological 
parameters of patients both in medical center as 
well as home which provides a sustainable and 
high-quality service in health monitoring. This 
technology has potential to offer a wide range of 
benefits to patients, medical personnel, and 
society through continuous monitoring in the 
ambulatory setting, early detection of abnormal 
conditions, supervised rehabilitation, and 
potential knowledge discovery through data 
mining of all gathered information. We have 
described ZigBee and GSM architecture. 
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