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ABSTRACT –  
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 humans life. Health care monitoring involves care and regular updates about the 
diseased. The ageing population will lead to increased healthcare cost as care for the elderly is much more 
expensive than that of other age groups. The physiological parameters are monitored using different sensors like 
temperature sensor, impact sensor, heart rate sensor. These sensors are used to measure the vital signs in human 
body. LM35 series are precision integrated-circuit temperature sensors, whose output voltage is linearly 
proportional to the Celsius (Centigrade) temperature. LM35 is suitable for remote applications and low cost due 
to water-level trimming. An accelerometer measures acceleration forces, these forces may be static, like the 
constant force of gravity pulling at our feet, or they could be dynamic, caused by moving or vibrating the 
accelerometer. Heart rate sensor consist of an infrared led transmitter and an infrared photo transistor receiver 
which is connected to microcontroller and then to LCD. ZigBee which is reliable supports large number of 
nodes, with very long battery life and low cost of this device will help to lower the cost of health monitoring 
both in home and hospital. 
 
Index Terms - Health monitoring, aged people, wireless sensors, ZigBee, GSM 
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1. INDRODUCTION 
    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 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." Systematic activities to 
prevent or cure health problems and promote good health in humans are undertaken by health 
care providers. In addition to health care interventions and a person's surroundings, a number 
of other factors are known to influence the health status of individuals, including their 
background, lifestyle, and economic and social conditions; these are referred to as 
"determinants of health." Studies have shown that high levels of stress can affect our health. 
Generally, the context in which an individual lives is of great importance for both his health 
status and quality of life. It is increasingly recognized that health is maintained and improved 
not only through the advancement and application of health science, but also through the 
efforts and intelligent lifestyle choices of the individual and society. According to the World 
Health Organization, the main determinants of health include the social and economic 
environment, the physical environment, and the person's individual characteristics and 
behaviors. Health care (or healthcare) is the diagnosis, treatment, and prevention of disease, 
illness, injury, and other physical and mental impairments in humans. 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. SYSTEM OVERVIEW 

                                 Fig. 1 Functional block diagram of system hardware 
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Fig. 1 shows the functional block diagram of the system hardware. The system has been 
designed to take several inputs to measure the different body conditions like temperature 
using the temperature sensor, heart beat using the heart rate sensor, fall detection using the 
impact sensor. GSM technology is introduced for emergency cases. The inputs from the 
sensors are integrated and processed. The results from the inputs are then sent to a 
microcontroller where ZigBee and GSM technology plays an important role in 
communication.  

3. DETAILS OF SENSING SYSTEM 

A sensor is a converter that measures a physical quantity and converts it into a signal which 
can be read by an observer or by an (today mostly electronic) instrument. Sensors are used in 
everyday objects such as touch-sensitive elevator buttons (tactile sensor) and lamps which 
dim or brighten by touching the base. There are also innumerable applications for sensors of 
which most people are never aware. Applications include cars, machines, aerospace, 
medicine, manufacturing and robotics. A sensor is a device, which responds to an input 
quantity by generating a functionally related output usually in the form of an electrical or 
optical signal. A sensor's sensitivity indicates how much the sensor's output changes when the 
measured quantity changes. This system consists of three sensors: a temperature sensor, heart 
rate sensor, and a fall detection sensor. The description of all the three sensors are as follows.  

3.1. TEMPERATURE SENSOR 

                       The LM35 series are precision integrated-circuit temperature sensors, whose 

output voltage is linearly proportional to the Celsius (Centigrade) temperature. The LM35 

thus has an advantage over linear temperature sensors calibrated in ° Kelvin, as the user is not 

required to subtract a large constant voltage from its output to obtain convenient Centigrade 

scaling. The LM35 does not require any external calibration or trimming to provide typical 

accuracies of ±1⁄4°C at room temperature and ±3⁄4°C over a full −55 to +150°C temperature 

range. Low cost is assured by trimming and calibration at the wafer level. The LM35’s low 

output impedance, linear output, and precise inherent calibration make interfacing to readout 

or control circuitry especially easy. It can be used with single power supplies, or with plus 

and minus supplies. As it draws only 60 μA from its supply, it has very low self-heating, less 

than 0.1°C in still air. The LM35 is rated to operate over a −55° to +150°C temperature 

range, while the LM35C is rated for a −40° to +110°C range (−10° with improved accuracy). 

The LM35 series is available packaged in hermetic TO-46 transistor packages, while the 

LM35C, LM35CA, and LM35D are also available in the plastic TO-92 transistor package. 

The LM35D is also available in an 8-lead surface mount small outline package and a plastic 

TO-220 package. 
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To minimize this problem, be sure that the wiring to the LM35, as it leaves the device, is held 

at the same temperature as the surface of interest. The easiest way to do this is to cover up 

these wires with a bead of epoxy which will insure that the leads and wires are all at the same 

temperature as the surface, and that the LM35 die’s temperature will not be affected by the 

air temperature. 

                          

    Minimum Supply Voltage vs. Temperature  
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3.2. HEART RATE SENSOR 

             A heart rate monitor is a personal monitoring device which allows one to measure his 

or her heart rate in real time or record the heart rate. A custom heart rate sensor was designed 

to read the patient’s beats per minute (bpm). The designed sensor is very small and 

inexpensive. The technique used to measure the heart rate is based on near-infrared 
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spectroscopy (NIR). NIR involves using light in the wavelength of 700–900 nm to measure 

blood volume. At these wavelengths most tissues do not absorb light – other than 

haemoglobin. This allowed for designing a non-invasive and low cost method of measuring 

the pulse. A silicon phototransistor, moulded into a flat side-facing package, and a GaAs 

Infrared Emitting Diode were used in the sensor. 

 

 

Figure.4 Functional block diagram of the heart rate sensor 

 

 

                Figure.5 The comparison of heart rate measurement 

3.3 FALL DETECTION SENSOR  

                       MEMS accelerometers are one of the simplest but also most applicable micro-
electromechanical systems. They became indispensable in automobile industry, computer and 
audio-video technology. An accelerometer is an electromechanical device that measures 
acceleration forces. These forces may be static, like the constant force of gravity pulling at 
our feet, or they could be dynamic - caused by moving or vibrating the accelerometer. There 
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are many types of accelerometers developed and reported in the literature. The vast majority 
is based on piezoelectric crystals, but they are too big and to clumsy. People tried to develop 
something smaller, that could increase applicability and started searching in the field of 
microelectronics. They developed MEMS (micro electromechanical systems) accelerometers. 
 
Micro machined accelerometers are a highly enabling technology with a huge commercial 
potential. They provide lower power, compact and robust sensing. Multiple sensors are often 
combined to provide multi-axis sensing and more accurate data. The development of a 
MEMS component has a cost that should not be misevaluated and the technology has the 
possibility to bring unique benefits. They have excellent sensitivity and the transduction 
mechanism is intrinsically insensitive to temperature. 
 
Every sensor has a lot of capacitor sets. All upper capacitors are wired parallel for an overall 
capacitance C1 and likewise all lower ones for overall capacitance C2, otherwise capacitance 
difference would be negligible to detect. Equation 5 now doesn’t hold true just for one pair of 
capacitors, but for all system. Let’s see now how does a simplified electric circuit, that 
measures capacitance change, an Analog Devices accelerometer ADXL05 that has 46 pairs of 
capacitors. Sensor’s fixed plates are driven by 1MHz square waves with voltage amplitude V0 
coming out of oscillator. Phases of the square waves that drives upper and lower fixed plates 
differs for 180_. One can picture to himself this whole system as a simple voltage divider 
whose output goes forward through buffer and demodulator. 

 
Figure.7 a) Electric circuit that measures acceleration through capacitor changes 
              b) If acceleration is zero, voltage output is also zero. 
              c), d), e) When acceleration isn’t zero, we get with the voltage follower square wave 
with the  right amplitude and after demodulator voltage output Vout with the right amplitude  
and the right sign 
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Figure. 8 a) 3D accelerometer structure. It has three different sensors for x-/y-/z-axis 
acceleration and three different electronic circuitry for each axis 
b) 3D accelerometer structure without electronics. All three sensors are linked with the same 
proof mass. 
 
4. COMMUNICATION SYSTEM  
 
Communication plays an important role in health monitoring. Communication between the 
sensors and the receiving unit is wireless. There are two types of communication protocol 
used in this system; they are ZigBee and GSM technology.  The activity of 
conveying information through the exchange of thoughts, messages, or information, as by 
speech, visuals, signals, writing, or behavior. It is the meaningful exchange of information 
between two or more living creatures.  
 
 
4.1. 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. 
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The ZigBee stack architecture includes a number of layered components including the IEEE 
802.15.4-2003 Medium Access Control (MAC) layer, Physical (PHY) layer, and the ZigBee 
Network (NWK) layer. Each component provides an application with its own set of services 
and capabilities. Although this chapter may refer to other components within the ZigBee 
stack architecture, its primary purpose is to describe the component labeled Application 
(APL) Layer. The ZigBee application layer consists of the APS sublayer, the ZDO 
(containing the ZDO management plane), and the manufacturerdefined application objects. 
 
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: 
 

 
 
                                               Fig.9  ZIGBEE PROTOCOL STACK 
 
 
This is long range high speed serial wireless communication module which can give range of 
30 meters indoor or 100 meters outdoor. This module is ideal for robot to robots or robots to 
PC communication. This ZigBee wireless device can be directly connected to the serial port 
(at 3.3V level) of your microcontroller. By using a logic level translator it can also be 
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interfaced to 5V logic (TTL) devices having serial interface. This module supports data rates 
of up to 115kbps. It has indoor range of 30 meters and outdoor RF line-of-sight range of up to 
100 meters. 

 

Fig.10  A ZIGBEE MODULE 

4.1.1 GSM TECHNOLOGY  

GSM/GPRS RS232 Modem from rhydoLABZ is built with SIMCOM Make SIM900 Quad-
band 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 
  Input Voltage: 5V-12V DC 

 
 Modem will automatically go into SLEEP mode if DTR is set to high level and there 
is no on air and no hardware interrupt (such as data on serial port). In this case, the current 
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consumption of GSM Modem will reduce to the minimal Level. In SLEEP mode, the Modem 
can still receive paging message and SMS from the system normally. Software is active. 
Modem has registered to the GSM network, and the modem is ready to send and receive. 
Connection between two subscribers is in progress. In this case, the power consumption 
depends on network settings such as DTX off/on, FR/EFR/HR, hopping sequences, antenna. 
 
5. 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 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. 
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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. 
 

6. CONCLUSION  

In this paper, demonstrates the use of Wearable Wireless Body Area Networks as a key 
infrastructure enabling unobtrusive, continual, ambulatory health monitoring. 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. We have addressed several 
key technical issues such as sensor node hardware architecture, software architecture, 
network time synchronization, and energy conservation. Further efforts are necessary to 
improve QoS of wireless communication, reliability of sensor nodes, security, and 
standardization of interfaces and interoperability. In addition, further studies of different 
medical conditions in clinical and ambulatory settings are necessary to determine specific 
limitations and possible new applications of this technology. 
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