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Abstract 
The development of patient monitoring system is of great importance in today’s stressed and busy world where people even don’t have 

time to visit doctors again and again. The need of instant medical help is also increasing day by day and can be achieved with 

wireless technology thereby motivating for wireless patient monitoring system. Also among all the diseases Cardiovascular is one that 

accounts for high mortality rate across the globe. So, the proposed system uses the key concept of wireless sensor network and focuses 

on ECG signal. This system relies on 3 lead ECG clamp to capture real time ECG of the patient and GSM/GPRS SIM300 module for 

real time wireless transmission. . Since, we are dealing with an important parameter that is ECG data integrity is must and is 

accomplished using TCP protocol. The main processing element used is ARM7 and ECG signal is efficiently received on PC in 

MATLAB at doctor workstation.  
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-----------------------------------------------------------------------***------------------------------------------------------------------- 

1. INTRODUCTION 

In many cases, Patient requires continuous monitoring and 

essentially needs lengthy stay in hospitals which is again 

becoming costly now days. 

 

Traditional monitoring system allows continuous monitoring 

of vital parameters which require the sensors to be connected 

to bedside machines or PCs, and patient is essentially confined 

to bed. However, today’s busy world and increase in sudden 

death events motivates for a monitoring system that 

continuously monitors remotely located patient.  

 

Depending on this factor many researchers have developed 

patient monitoring system. 

 

 ECG Holter monitoring is the most widely used technique for 

providing ambulatory cardiac monitoring for capturing rhythm 

disturbances. A traditional Holter monitor can record up to 24 

hours of ECG signals and the recorded data is subsequently 

retrieved and analyzed by a clinician.  Due to the short 

duration involved and the unknown context within which  

 

ECG signal is captured; reliable interpretation of the recorded 

data is always a challenge [1]. 

 

Telemetry is another way of monitoring remotely located 

patient. In such systems small distance transmission is 

achieved using coaxial cable, telephonic lines etc. Also for 

long distance communication, wireless telemetry using RF 

transmission technique is developed and M.Srinagesh, P. 

Sarala, K.Durga Aparna proposed a system to improve quality 

of ECG signal in wireless telemetry [2][3].  

 

However, current biomedical devices lack in the ability to 

provide large-scale analysis, simulations and computations at 

the patient’s location. Wireless Sensor Network is becoming a 

promising technology for various applications. One of its 

potential deployments is in the form of Wireless Biomedical 

Sensor Network (WBSN) for measuring physiological signals. 

Many ECG monitoring system are developed based on WSN 

technology. Taking communication media into account many 

systems are developed that transmit ECG signal with wireless 

technologies like GSM and Zigbee efficiently. A system was 

developed to demonstrate efficient transmission of ECG signal 

to doctor workstation and no real time ECG signal was used 

[4]. 

 

Bluetooth has a wide variety of applications in the medical 

field. Scatternet is a technique used for transmission of ECG 

signal [5]. Real time ECG data can be transferred to the central 

location or to the mobile phones by compressing and using 

Bluetooth wireless technology [6]. Real time patient 

monitoring system using android smart phones is developed 

that it can be used to analyze the data and send alert messages 

to the patient if necessary [7][8]. Liang Kai, Xu Zhang, Yuan 

Wang, Huang Suibiao, Guan Ning, proposed a system where 

the ECG signals are captured using dry skin electrodes and 

then these signals extracted from the electrodes are amplified, 

filtered using band pass filter and then are transmitted using 

Bluetooth wireless technology [9].  
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Real time monitoring of remotely located patient is possible 

using wireless Zigbee technology [10][11]. Also when 

continuously monitoring a patient, streaming is one of the 

issue and is handled by using Linux OS [12]. With the use 

efficient wireless technology it is possible to transmit different 

data like temperature, pulse rate, ECG signal of different 

patients and also give warning signal with the help of GSM 

modem. Thus, multiple patients can be monitored with aid of 

technology [13][14][15][16][17]. However with this technique 

range is the main concern since Zigbee is having 100m range. 

Also, another patient monitoring system was developed in 

which the remotely located patients are monitored 

continuously and meaningful data like heart beat, air flow etc 

are sent to the smart phones using GSM technology[18][19].  

A new system based on cloud computing technology was 

developed. In this local server is used where patient’s data is 

collected and is then transmitted to the doctor workstation 

with the help of Internet. Also to get the data from patient 

Zigbee wireless technology is used [20].  

 

2. PROPOSED SYSTEM 

In this proposed system, ARM7 with 3 lead ECG clamp and 

SIM300 module act as one sensor node. Figure 1 represents 

sensor node of the system. 

 

 
 

Fig1. Sensor node incorporating 3 lead ECG clamp, ARM7 

and SIM300. 

 

ECG signal is then captured using this 3 lead ECG clamp, 

signal is required to be processed so that it can be analyzed 

properly. Hence this signal is then given as input to the 

amplifier section consisting instrumentation amplifier and 

operational amplifier. 

 

Once this signal is properly amplified then it is further 

processed using ADC of core processor ARM7 (LPC2148) 

and then the signal is transmitted with help of GPRS module 

SIM300 and TCP protocol. Finally at the doctor workstation 

signal is observed in MATLAB software with help of Internet 

 

3. HARDWARE IMPLEMENTATION 

In Amplifier and filter design, Output of left and right Arm 

clamps is fed as input to Instrumentation amplifier and the 

third clamp is grounded and is connected to right leg. Output 

of Instrumentation amplifier is then given to high pass filter 

which is set to 0.5Hz in order to filter baseline noise. This 

filtered ECG acts as input to Notch filter that is set to 50Hz, 

implemented to eliminate powerline noise and finally the 

signal is fed to low pass filter that is set to 150Hz since ECG 

data between 0.05Hz-150Hz is sufficient for proper 

diagnostics. 

 

 
 

Fig 2 Amplifier and Filter design 

 

3.1 Hardware at Patient Side 

As can be seen from figure 4, hardware at patient side include, 

3 lead ECG clamp, ECG front end system(amplification and 

processing circuit), ARM7, SIM300 and laptop to verify 

acquired signal and IP address. 

 

 
 

Fig 3 Hardware at Patient side 
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3.2 Hardware at Doctor Workstation 

The only requirement of hardware at doctor workstation is of a 

single PC or laptop having MATLAB 2013a installed and 

Internet connection. 

 

 
 

Fig 4 Hardware at Doctor Workstation 

 

4. SOFTWARE IMPLEMENTATION 

The ECG signal captured from 3 Lead ECG clamp is to be 

transmitted to the doctor workstation. For this the ECG signal 

is to be first digitized then should be sent to GPRS module 

through UART. Hence once the signal is captured ADC of 

ARM7 is initialized which is reference voltage 3.3V. This 

digitized signal is then given to UART0 of ARM7 Also, LCD 

is used to display word ECG. All this that is initialization of 

ADC, UART0 and LCD is done in Embedded C using Kiel 

µvision4 (Snapshot shown in figure 4).  

 

 After getting the signal at UART0 the GPRS module 

transmits the signal to the doctor workstation. GPRS module is 

used in TCP mode and the same initialized using AT 

commands. 

 

 
 

Fig 5 Snapshot of code and debugging of the same 

Once the SIM 300 module is properly initialized using AT 

commands, it provides necessary IP address. That IP address 

is then put into MATLAB code (Figure 6) for TCP/IP. If this 

is properly done then, SIM300 detects remote IP address and 

provides message that connection is established properly and 

starts sending ECG signal continuously. This data is then 

observed in MATLAB 2013a. 

 

 
 

Fig 6 Snapshot of MATLAB code to observe ECG signal at 

doctor workstation 

 

5. RESULTS 

 ECG signals vary from micro to milli volt range. In order 

to properly interpret the obtained data the signals 

acquired from the electrodes must be amplified. 

 In this system the gain is adjusted to 10 that is the signal 

must be amplified at least 10 times the original signal. 

 To verify the results that is whether the designed system 

provides amplified signal or not, DSO is used. 

 This DSO will provide the necessary amplitude and 

frequency of the signal from the output of the acquisition 

system (Figure7). 

 Further once the signal is properly amplified it is 

observed on PC. 

 The output in that case is seen in the Terminal software 

(Figure8). 

 Once the signal is satisfactorily observed at patient side 

it is transmitted to doctor workstation and is observed in 

MATLAB software (Figure 9). 
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Fig 7 ECG signal captured on DSO 

 

 
 

Fig 8 Snapshot of Real time ECG observed at patients side. 

 

 
 

Fig 9 Snapshot of real time ECG observed at doctor 

workstation. 

 

6. CONCLUSIONS 

Real time ECG monitoring system for remotely located patient 

using ARM7 LPC2148 as core processor and MATLAB 

2013a software at doctor workstation is developed. However 

since real time ECG is wirelessly transmitted there is high 

possibility of transmission noise or errors. But as we are 

observing signal in MATLAB, further processing of signal can 

be easily done in MATLAB Simulink and best signal can be 

achieved. 
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