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Abstract
One of the medical devices we found when we visit a hospital 
care unit such device is ‘patient monitoring system’. This 
device (patient monitoring system) informs doctors and nurses 
about the patient’s physiological signals. However, this device 
(patient monitoring system) does not have a remote monitoring 
capability, which is necessitates constant onsite attendance by 
support personnel (doctors and nurses). Thus, we have developed 
a Remote Wireless Patient Monitoring System using some 
biomedical sensors and Android OS, which is a portable patient 
monitoring. This device(Remote Wireless Patient Monitoring 
System) monitors the biomedical signals of patients in real time 
and sends them to remote stations (doctors and nurse’s android 
Smartphone and web) for display and with alerts when necessary. 
Wireless Patient Monitoring System different from conventional 
device (Patient Monitoring system) in two aspects: first its wireless 
communication capability allows physiological signals to be 
monitored remotely and second, it is portable so patients can move 
while there biomedical signals are being monitor. Wireless Patient 
Monitoring is also notable because of its implementation.
We are integrated four sensors such as pulse oximeter (SPO2), 
thermometer, respiration, Blood Pressure (BP), heart rate and 
electrocardiogram (ECG) in this device (Wireless Patient 
Monitoring System) and Monitoring and communication 
applications are implemented on the Android OS using threads, 
which facilitate the stable and timely manipulation of signals 
and the appropriate sharing of resources. The biomedical data 
will be display on android smart phone as well as on web Using 
web server and database system we can share these physiological 
signals with  remote place medical personnel’s or with any where 
in the world medical personnel’s. We verified that the multitasking 
implementation used in the system was suitable for patient 
monitoring and for other Healthcare applications.
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I. Introduction
One of the first medical devices we found when we visit a hospital 
care unit is the patient monitoring system. It informs doctors 
and nurses are about the patient’s physiological signals so they 
can provide timely and appropriate treatment. The four most 
important physiological signals are the pulse rate, oxygen level, 
body temperature, and electrocardiogram (ECG) activity[1,2] 
which are provided by most Patient Monitoring in the market. 
The measurement of physiological signals should involve 
minimal intervention by the patient while providing accurate 
and stable data at the same time[3]. The Patient Monitoring 
also needs to detect emergencies and inform medical personnel 
when they occur. Conventional Patient Monitoring monitors the 
physiological signals constantly but they are not provided to the 
medical personnel in real-time. This can be a serious problem 

during emergencies because the patient’s life may be in danger 
if immediate attention is not provided. Another problem with 
conventional Patient Monitoring is that most are bulky standalone 
machines. Some models are connected to networks but they are 
usually hard-wired. If small Patient Monitoring could be connected 
to a network wirelessly, patients would be able to move freely 
while there physiological signals are monitor. Thus, medical 
personnel could be informed about a patient’s critical condition 
regardless of there whereabouts and they could be treated promptly 
if an emergency occurs. Furthermore, portable devices can be 
integrated into the Healthcare environment and used to develop 
novel applications [4-5] Thus, we developed a portable embedded 
device that can monitor the condition of patients in real time using 
four biomedical sensor network such sensor is pulse oximeter 
(SPO2), thermometer, respiration, blood pressure (BP), heart rate 
and electrocardiogram (ECG) and provide various physiological 
signals via wireless communication so that the physiological 
signals may be monitored remotely. We call our device a Remote 
Wireless Patient Monitoring System (RWPMS). The data 
are delivered to medical personnel in real time so appropriate 
actions can be taken if necessary. The physical dimensions of 
Wireless Patient Monitoring System are small and we ported an 
embedded operating system (Android OS) [6] into the module. A 
pulse oximeter (SPO2), thermometer, respiration, blood pressure 
(BP), heart rate and electrocardiogram (ECG) reader are integrated 
into the system via serial communication ports. The monitoring 
and communication modules are implemented on the OS using 
threads, which facilitates stable and timely responses to external 
events and the appropriate sharing of resources. we verified that 
the multitasking implementation of our system was suitable for the 
Patient Monitoring and various other Healthcare applications.
This paper is organized as follows. In Section 1, we provide 
the rationale behind the development of RWPMS. In Section 
II, we briefly explain Problem statement Section III describes 
the proposed system In Section IV, we describe the Background 
Information Related to the Development of RWPMS hardware 
and software. In Section V Results, In Section VI Conclusions.

II. Problem Statement
In the Patient Monitoring also needs to detect emergencies and 
inform medical personnel when they occur. Conventional Patient 
Monitoring monitors the physiological signals constantly but they 
are not provided to the medical personnel in real-time and In some 
hospital patient monitoring system not use, The problem found 
in such hospitals is that continuous monitoring of physiological 
parameters is done for ICU patients, but the monitors are local 
to the room in which the patient is admitted. Physician has to 
frequently visit the patient and asses his/her condition by analyzing 
the measured parameter such as temperature, blood pressure, pulse 
oximeter, E.C.G. and heart rate. In case of emergencies, the nurse 
intimates the Doctor through some means of communication 
like mobile phone. A growing selection of innovative electronic 
monitoring devices is available, but meaningful communication 
and decision supports are also needed for both patients and 
clinicians. There has to be a mechanism by which the physician 
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can remotely measure the physiological parameters himself at any 
instant of time and update himself of patient’s health status and 
also take control action remotely if he desires. This can be a serious 
problem during emergencies because the patient’s life may be in 
danger if immediate attention is not provided. Another problem 
with conventional Patient Monitoring is that most are bulky 
standalone machines. Some models are connected to networks 
but they are usually hard-wired.

III. Proposed System
If small Patient Monitoring could be connected to a network 
wirelessly, patients would be able to move around freely while 
their physiological signals are monitored. Thus, medical personnel 
could be informed about a patient’s critical condition regardless
of their whereabouts and they could be treated promptly if 
an emergency occurs. Furthermore, portable devices can be 
integrated into the Healthcare environment and used to develop 
novel applications. Thus, we developed a portable embedded 
device that can monitor the condition of patients in real time using 
four biomedical sensor network such sensor is pulse oximeter 
(SPO2), thermometer, respiration, blood pressure (BP), heart rate 
and electrocardiogram (ECG) and provide various physiological 
signals via wireless communication so that the physiological 
signals may be monitored remotely Based on the graphic display  
(android Smartphone) and web, using Web Server and Database 
subsystem we can take physiological signals data any where in the 
word at any time and this device detect emergencies and inform 
medical personnel when they occur. Thus, medical personnel 
could be informed about a patient’s critical condition regardless 
of their whereabouts and they could be treated promptly if an 
emergency occurs.

IV. Background Information Related to the Development 
of RWPMS

Fig. 1(a): Block Diagram of Proposed System (Transmitter)

Fig. 1(b): Block Diagram of Proposed System (Receiver)

A. Hardware

1. ARM Cortex-M3
The STM32F103RCT6 [7] medium-density performance line 
family incorporates the high performance ARM Corte-M3 32-bit 
RISC core operating at a 72 MHz frequency, high speed embedded 
memories (Flash memory up to 128 Kbytes and SRAM up to 20 
Kbytes), and an extensive range of enhanced I/Os and peripherals 
connected to two APB buses. All devices offer two 12-bit ADCs, 
three general purpose 16-bit timers plus one PWM timer, as well 
as standard and advanced communication interfaces: up to two 
I2Cs and SPIs, three USARTs, an USB and a CAN. The devices 
operate from a 2.0 to 3.6 V power supply. They are available in 
both the –40 to +85 °C temperature range and the –40 to +105 
°C extended temperature range. A comprehensive set of power-
saving mode allows the design of lowpower applications. The 
STM32F103R mediumdensity performance line family includes 
devices in six different package types: from 36 pins to 100 pins. 
Depending on the device chosen, different sets of peripherals are 
included the description below gives an overview of the complete 
range of peripherals proposed in this family.

2. Oxygen Saturation (SPO2)
Oxygen saturation is a term referring to the concentration of 
oxygen in the blood. The human body requires and regulates a 
very precise and specific balance of oxygen in the blood. Normal 
blood oxygen levels in humans are considered 95-100 percent. 
If the level is below 90 percent, it is considered low resulting 
in hypoxemia [8]. Blood oxygen levels below 80 percent may 
compromise organ function, such as the brain and heart, and should 
be promptly addressed. Continued low oxygen levels may lead to 
respiratory or cardiac arrest. Oxygen therapy may be used to assist 
in raising blood oxygen levels. Oxygenation occurs when oxygen 
molecules (O2) enter the tissues of the body. Pulse oximetry is a 
method used to measure the concentration of oxygen in the blood. 
A small device that clips to the body (typically a finger but may 
be other areas), called a pulse oximeter, uses infrared light to 
estimate the amount of oxygen in the blood. The clip attaches to 
a reading meter by a wire to collect the data. Oxygen levels may 
also be checked through an arterial blood gas test (ABG), where 
blood taken from an artery is analyzed for oxygen level, carbon 
dioxide level and acidity [9] Oxygen saturation taken with a pulse 
oxymeter is often designated SpO2[10]. 
In our device we use IC AFE4490for Oxygen saturation (spo2) 
[11]. The AFE4490 is a fully-integrated analog front-end (AFE) 
that is ideally suited for pulse-oximeter applications. The device 
consists of a low-noise receiver channel with a 22-bit analog-to-
digital converter (ADC), an LED transmit section, and diagnostics 
for sensor and LED fault detection. The AFE4490 is a very 
configurable timing controller. This flexibility enables the user 
to have complete control of the device timing characteristics. 
To ease clocking requirements and provide a low-jitter clock 
to the AFE4490, an oscillator is also integrated that functions 
from an external crystal. The device communicates to an external 
microcontroller or host processor using an SPI interface.
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3. Electrocardiography (ECG)
ECG is the recording of the electrical activity of the heart. 
Traditionally this is in the form of a transthoracic (across the 
thorax or chest) interpretation of the electrical activity of the heart 
over a period of time, as detected by electrodes attached to the 
surface of the skin and recorded or displayed by a device external 
to the body [11] The recording produced by this noninvasive 
procedure is termed an electrocardiogram. It is possible to record 
ECGs invasively using an implantable loop recorder. An ECG is 
used to measure the heart’s electrical conduction system [12]. It 
picks up electrical impulses generated by the polarization and 
depolarization of cardiac tissue and translates into a waveform. 
The waveform is then used to measure the rate and regularity of 
heartbeats, as well as the size and position of the chambers, the
presence of any damage to the heart.
In our device we use ADS1298 [13]for ECG. The ADS1298 
are a family of multichannel, simultaneous sampling, 24-bit, 
deltasigma (ΔΣ) analog-to-digital converters (ADCs) with built-
in programmable gain amplifiers (PGAs), internal reference, and 
an onboard oscillator. The ADS1298 incorporate all of the features 
that are commonly required in medical electrocardiogram (ECG) 
and electroencephalogram (EEG) applications. With its high levels 
of integration and exceptional performance, the ADS1298 family 
enables the development of scalable medical instrumentation 
systems at significantly reduced size, power, and overall cost.

4. Respiration
Respiration is defined as the transport of oxygen from the outside 
air to the cells within tissues, and the transport of carbon dioxide 
in the opposite direction.
In our device we use IC ADS1298 [13] for Respiration. The 
ADS1298 are a family of multichannel, simultaneous sampling, 
24- bit, delta-sigma (ΔΣ) analog-to-digital converters (ADCs) with 
built-in programmable gain amplifiers (PGAs), internal reference, 
and an onboard oscillator.With its high levels of integration 
and exceptional performance, the ADS1298 family enables the 
development of scalable medical instrumentation systems at 
significantly reduced size, power, and overall cost.

5. Temperature
Temperature sensor output voltage is linearly proportional to 
the Celsius (Centigrade) temperature. It 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. It does not require any 
external calibration or trimming to provide typical accuracies of 
±0.01.0.04°C at room temperature and ±0.03.0.04°C over a full 
-55 to +150°C temperature range. It has 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 0.001°C in still air.

6. Heart Rate
We are measure heart rate with help of spo2 and the ECG so 
in our device we have not required any sensor for measure the 
heart rate.

7. Bluetooth Model
Bluetooth is a wireless technology standard for exchanging data 
over short distances (using shortwavelength UHF radio waves 

in the ISM band from 2.4 to 2.485 GHz)[14] from fixed and 
mobile devices, and building personal area networks (PANs). 
Bluetooth was standardized as IEEE 802.15.1. This is in the 
globally unlicensed (but not unregulated) Industrial, Scientific 
and Medical (ISM) 2.4 GHz short-range radio frequency band.
Bluetooth uses a radio technology called frequency-hopping 
spread spectrum. The transmitted data are divided into packets and 
each packet is transmitted on one of the 79 designated Bluetooth 
channels. Each channel has a bandwidth of 1 MHz. The first 
channel starts at 2402 MHz and continues up to 2480 MHz in 
1 MHz steps. It usually performs 1600 hops per second, with 
Adaptive Frequency-Hopping (AFH) enabled[15] Originally, 
Gaussian frequency-shift keying (GFSK) modulation was the only 
modulation scheme available; subsequently, since the introduction 
of Bluetooth 2.0+EDR, ð/4-DQPSK and 8DPSK modulation may 
also be used between compatible devices. Devices functioning 
with GFSK are said to be operating in basic rate (BR) mode 
where an instantaneous data rate of 1 Mbit/s is possible. The term 
Enhanced Data Rate (EDR) is used to describe ð/4-DPSK and 
8DPSK schemes, each giving 2 and 3 Mbit/s respectively. The 
combination of these (BR and EDR) modes in Bluetooth radio 
technology is classified as a "BR/EDR radio".
Bluetooth is a packetbased protocol with a master-slave structure. 
One master may communicate with up to seven slaves in a piconet; 
all devices share the master's clock. Packet exchange is based 
on the basic clock, defined by the master, which ticks at 312.5 
μs intervals. Two clock ticks make up a slot of 625 μs; two slots 
make up a slot pair of 1250 μs. In the simple case of single-slot 
packets the master transmits in even slots and receives in odd 
slots; the slave, conversely, receives in even slots and transmits 
in odd slots. Packets may be 1, 3 or 5 slots long, but in all cases 
the master transmit will begin in even slots and the slave transmit 
in odd slots.

8. Universal Serial Bus (USB)
USB was designed to standardize the connection of computer 
peripherals to personal computers, both to communicate and 
to supply electric power. It has become commonplace on other 
devices, such as smartphones, PDAs. USB has effectively replaced 
a variety of earlier interfaces, such as serial and parallel ports, 
as well as separate power chargers for portable devices. In our 
device we use USB 2.0 adding a higher maximum signaling rate 
of 480 Mbit/s called High Speed, in addition to the USB 1.x Full 
Speed signaling rate of 12 Mbit/s. Due to bus access constraints, 
the effective throughput of the High Speed signaling rate is limited 
to 35 MB/s or 280 Mbit/s. [16]. Further modifications to the USB 
specification have been made via Engineering Change Notices 
(ECN).

B. Implementation of RWPMS in the Android OS
RWPMS comprise three major HW/SW modules [17] as shown 
in fig. 2. The first module comprises the biomedical sensors, 
which collect data from a patient and relay them to the main logic 
implemented on the embedded board, using standard USB The 
second module is the control logic implemented in the Android 
OS. The logic monitors the sensor inputs attached to the board 
and responds to events immediately. Appropriate concurrency 
control is achieved by the underlying OS. We implemented the 
monitoring logic of each sensor using Android NDK and Java 
threads. The data are parsed and biomedical figures are extracted 
from the messages received. A  wireless LAN module is integrated 
into RWPMS and  the parsed data are sent to the remote machine 
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using this module. The received data are displayed on the graphical 
terminal of the remote station, which is the third major module in 
RWPMS. In this section, we describe the detailed implementation 
of the three major modules in RWPMS.

Fig. 2: The Three Major Components of RWPMS and Their 
Role

V. Result

Fig. 3(a): Doctor-Informative Page

Fig. 3(b): Doctor-Informative Page

Fig. 3(a): Doctor-ECG Graph Page
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VI. Conclusion
RWPMS is a patient monitoring system. It collects the physiological 
signals of patients using biomedical sensors network and processes 
them so they can be interpreted easily by medical personnel. Unlike 
conventional patient monitoring, RWPMS is small, portable, 
batteryoperated, and based on wireless communication. Thus, 
our device could be useful in a Healthcare environment where 
the remote monitoring of patients is essential.
We produced a prototype of RWPMS and its performance was 
satisfactory compared with conventional systems. Real-time vital 
signs were displayed smoothly without errors. The immediate 
transfer of data occurred when the patient pushed a button.
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