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Abstract— In the field of health care systems like ECG 

detection, the system requires high accuracy and low data 

losses. But in achieving both of these goal, the system gets 

much complicate. This paper presents the design of web 

based embedded programmable ECG monitoring system 

and detection of ECG characteristic points using joint QRS 

detection and data compression technique implemented 

using ARM 7 processor. The system also detects and 

monitors the other important parameters related to the 

human body, such as blood pressure and body temperature 

and displays it on the LCD screen. This detected ECG 

waveform and other body parameters are transmitted to 

local host and then to internet server using web based 

system by which anyone could monitor the patient's health 

condition wirelessly. This system is expected to work more 

conveniently and accurately for the doctor to monitor the 

patient’s condition sitting in his own office without being 

physically present near to the patient’s bed. A low-voltage 

and high performance analog signal conditioning circuit is 

built to insure high signal quality. A joint approach for QRS 

detection and lossless data compression (JQDC) would 

result in lower overall system complexity. By sharing the 

computational load among multiple essential signal-

processing tasks, the average complexity per task can be 

kept at low level. An adaptive linear data prediction scheme 

based algorithm is used for joint QRS detection and lossless 

data compression, which achieves high sensitivity and 

positive prediction (+P). Lower system complexity and 

better performance will make this algorithm suitable for 

portable ECG application. The web based wireless 

transmission technique is used so that the detected human 

body parameters can be transmitted to the doctor remotely. 

The system is built using ARM 7 processor which ensures 

high accuracy performance and consistent result in the 

timing operation of the system. 
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I. INTRODUCTION 

With the increasing use of ambulatory monitoring system, 

not only low-power consumption and continuous signal 

collection, but also smartness with robust operation under 

the patients’ daily routine is required. The quality of life can 

be improved by focusing on prevention and early detection 

of diseases. This can be achieved by long-term monitoring 

of individual’s cardiovascular health using low-cost and low 

power, wearable electrocardiogram (ECG) sensor devices 

(e.g. [1], [2]). The target is emerging to enable 

configurability for different applications, ranging from 

simple heart rate calculation towards more complex medical 

diagnostics under ambulatory conditions, with low 

complexity and high accuracy. Especially, one of the major 

problems in ECG monitoring system is the detection QRS 

complex, due to poor signal quality, and lossless 

transmitting of the detected signal [2]. 

A great deal of clinical information can be derived 

from the QRS complex, the peak of which is specified as R-

peak. The time interval between two consecutive R peaks is 

the RR interval, which can be used to detect irregularities in 

the heart normal operation, called arrhythmia [5]. 

Identification of this feature in an ECG is known as QRS 

detection, and it is a vital task in automated ECG analysis, 

portable arrhythmia monitoring, and many other 

applications. Over a few decades, many QRS detection 

algorithms were proposed. A comprehensive review of some 

existing approaches can be found in [4]. However, most of 

the approaches mainly works on the complex signal-

processing techniques to increase the accuracy of detection. 

Most of these algorithms need complex computations that 

restrict their use. Due to predominantly focus on high 

accuracy most of the detection techniques, get too 

complicated in terms of the algorithms used [3] [6] [7]. 

Lossy compression techniques is can be used for achieving 

higher data compression ratios (CR), but there is the 

possibility of losing the information while compressing the 

data. The lossless compression technique is used so as to 

prevent the possibility of losing any patient information for 

potential diagnostic value. Most of the existing techniques 

on lossless ECG compression, concentrate on achieving 

higher compression ratios (CR), and energy and memory 

savings [10]. 

II. SYSTEM DISCRIPTION 

This system is designed to detect and monitor the ECG 

signal as well as other body parameters like blood pressure 

and body temperature, and to transmit this data to doctor or 

patient's relatives wirelessly using web based technology. 

An electrocardiogram, ECG, records the electrical activity 

of the heart through the detection of electrodes attached to 

the skin. An ECG signal is the difference voltage between 

the electrode pair. The signal conditioning circuit contains 

the low power instrumentation amplifier which amplifies 

difference voltage. ECG electrodes are attached to the body 

while the patient lies flat on a bed or table. The output of 

these electrodes are in millivolts and contains noise signal. 

So further processing is required to get an accurate ECG 

signal to detect the R peak and QSR complex. The 

advantage of using an instrumentation amplifier is, it has 

very high input impendence and high CMRR. Thus, after 

signal conditioning the ESG signal is transferred to the 

processor for feature extraction. This system also measures 

blood pressure and body temperature of the patient under 

observation. The SPO2 sensor is used to measure the blood 

pressure followed by signal conditioning circuit. To measure 

the body temperature LM35 sensor is used because it gives 

best result in its class. These detected parameters are 

transferred to the ARM 7 processor, LPC 2138 for further 
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processing. The basic block diagram of the system is 

illustrated in Fig. 1. 

These detected healthcare data is transmitted over 

web server using GPRS based system. The total database of 

patient's health condition is transmitted and store on web 

server which can be access by anyone from anywhere over 

the globe. A web server is a system which hosts websites 

and provides services for any requesting clients. A web 

server can be used to provide remote access to the web page 

from a web browser. GPRS combines mobile access with 

Internet protocol (IP)-based services, using packet data 

transmission that makes highly efficient use of radio 

spectrum and enables high data speeds. It gives users 

increased bandwidth, making it possible and cost-effective 

to remain constantly connected, as well as to send and 

receive data as text, graphics and video.  

 
Fig. 1: Basic block diagram of the system 

Web pages are formatted using HTML elements. 

Appearances and text layout formatted using HTML. 

JavaScript performs all background operations and functions 

such as login checking, data validation, and paging function. 

NetBean IDE 8.0 is used to design and develop the web 

server. NetBeans is an Integrated Development 

Environment (IDE) for developing primarily with Java, but 

also with other languages, in particular PHP, C/C++, 

and HTML. 

III. DESCRIPTION OF JQDC ALGORITHM 

In this system, Joint QRS detection compression (JQDC) 

technique is used for detection of QRS complex from ECG 

signal and to compress the data to transmit over the web [1] 

[2]. The detected ECG signal and other detected parameters 

are displayed locally on the LCD screen and also transmitted 

to a web server so that doctor can analysis this data related 

to patients' health remotely. The low-frequency portions of 

the ECG signal are predicted using the short-term linear 

predictor, while most of the high-frequency signal content 

and noise remain in the instantaneous prediction error. The 

transfer function of this filter can be given as eq. (1).  

E(z) = (  ∑   
    

     )                         eq. (1) 

The redundancy reduction between neighbouring 

signal samples, mostly linear predictive coding is used [11]. 

So the main part of lossless data compression techniques is 

the linear predictive coding. This motivates to develop a 

scheme that jointly performs QRS detection and lossless 

compression (JQDC) [1] as shown in Fig. 2. Because of this, 

the computational load of the linear predictive coding can be 

shared between QRS detection and data compression. 

 
Fig. 2: JQDC scheme: General block diagram. 

In the JQDC scheme, a linear predictor is used to 

estimate the current samples based on previous m samples. 

By subtracting estimated valve from the actual sample, the 

instantaneous prediction error is calculated. The 

instantaneous prediction error, after further processing, is 

used for identifying the location of the QRS complex. Also 

the prediction error is encoded and packaged so as to obtain 

a compressed lossless representation of the original data 

which can be used for wireless transmission or local storage. 

A. QRS Detection: 

To locate the QRS complex from the ECG signal, the 

instantaneous prediction error, e(n), from the adaptive 

SSLMS predictor is used. This is because the error 

corresponding to QRS segment is relatively higher than that 

of P, T wave and baseline variations. The high frequency 

impulse noise of prediction error has to be filtered out so as 

to easily locate the QRS complex. Moving average filters 

are effective in removing impulse noises and smoothening 

of such signals. However, in doing so, the shape and the 

height of the error peaks corresponding to the QRS complex 

also gets smoothens and distorted. It is important to 

maintain the integrity of the signal content corresponding to 

QRS complex, while smoothening the high-frequency and 

impulse noise that corresponds to the other regions of ECG. 

To tackle this, a Savtizky–Golay(SG) filter is used to 

remove the high-frequency impulse noise from the 

prediction error. After removing the impulse noise, the 

signal is further enhanced by using a squaring and moving 

sum operation for adaptive thresholding and false peak 

detection. The peak detection starts when the filtered signal 

eno(n) exceeds the threshold value. It first finds the 

continually rising edge and then a continuously falling edge 

within a specific period of time. The occurrence of false 

peak detections due to variation in signal amplitude is 

prevented by using the adaptive threshold update 

mechanism. The rising edge is identified by a continuous 

increase in the signal, once a rising edge is located, the 

algorithm looks for a falling edge within a search window 

Ts of 100 ms. If within search window Ts, another rising 

edge is located, the previously detected rising edge is 

discarded, and the timer Ts is restarted at the new edge. In 

the detection, the maximum signal amplitude within this 

search window is considered as the new threshold, Tamp. A 

falling edge is determined by a continuous decrease in the 

signal amplitude. 

B. Data Compression: 

The dynamic range of the prediction error signal e(n) is low 

and zero around centeres for the segment corresponding to 

the QRS complex. To preserve the data without any loss, we 

need (M + 2) bits to fully represent e(n), where M is the bit-

http://en.wikipedia.org/wiki/Integrated_development_environment
http://en.wikipedia.org/wiki/Integrated_development_environment
http://en.wikipedia.org/wiki/Java_(programming_language)
http://en.wikipedia.org/wiki/PHP
http://en.wikipedia.org/wiki/C_(programming_language)
http://en.wikipedia.org/wiki/C%2B%2B
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width of x(n). Different coding scheme can be used to 

reduce the bit-width of e(n) without incurring any data loss.  

Only the coded data have to be stored or transmitted instead 

of transmitting the whole sample resulting in power/memory 

savings. For coding e(n), variable length coding schemes 

like Huffman and Arithmetic coding [11] can be used, 

which produce prefix free codes. The JQDC scheme is 

compatible with any of these existing coding schemes. 

Further packaging is required to make it practical fixed-

length packets that can be stored in fixed word length 

SRAM/Flash or interfaced through a standard I/O like SPI. 

In this JQDC scheme, a simple bit packaging scheme which 

can pack data samples of varying bit widths dynamically to 

produce a fixed-length data output of 16 bits. Each 

individual data packet will be marked with a unique header 

so as to easily identify and decode the data while 

decompressing. The dynamic data packaging scheme uses a 

simple priority encoding technique to frame fixed-length 

data from samples of multiple bit widths. By using this 

prediction error coding and dynamic data packaging, the 

ECG signal is compressed with minimum data loss. 

IV. PERFORMANCE CALCULATIONS 

To evaluate the performance of QRS detection, false 

positive (FP) and false negative (FN) detections are used. FP 

indicates the declaration of a QRS peak when there is 

actually no beat present and FN indicates that the algorithm 

failed to detect an actual beat. By using FP and FN, the 

sensitivity (Se) and positive prediction (+P) are calculated 

using the following equations:     

       
  

     
                 eq. (7) 

       
  

     
                 eq. (8) 

Here, TP stands for True Positive, i.e., the number 

of QRS peak correctly detected. 

To evaluate the performance of data compression 

technique used in this system, the bit compression ratio 

(BCR) is computed by using bit widths of compressed and 

uncompressed samples.  

      
                                     

                                 
  eq. (9) 

Where        and          refers to the bit 

widths of compressed and uncompressed samples, 

respectively. 

The joint coding-packaging scheme gives fixed-

length frames, which are compatible with Memory/SPI, etc., 

at a very low complexity compared to [2] and [11]. 

Compression and QRS detection are the two functions which 

are implemented in used joint approach, both of which are 

essential for wearable applications and share the 

computational complexity. Only one of the functions are 

implemented in all other approaches stated till date. 

V. SIMULATION RESULTS 

The hardware implementation and simulation results of the 

system are shown below (Fig. 3 to Fig. 6).  The web 

application contains the Registration Page, Login Page, Live 

data of patient under observation and patient’s total 

database. 

 
Fig. 3: Home page of web server 

 
Fig. 4: Registration and Login page 

 
Fig. 5: Live ECG waveform and patient's database 

 
Fig. 6: Hardware implementation of the system 

VI. CONCLUSION 

This paper has presented a novel scheme for implementing 

the joint QRS detection and lossless data compression 

(JQDC) technique aimed at web based high accuracy ECG 

detection application. The processor used, provides 

configurability in a wide range of application and advanced 

functionality like accurate R peak detection algorithm and 

arrhythmia classification. The JQDC QRS detection 

algorithm achieves a high sensitivity and positive prediction. 

This algorithm enables the sharing of computational load 

among multiple critical functions needed in a wearable 
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sensor. By the use of web technology this system is brought 

under network which can be widely used for the doctor to 

monitor the patient's condition sitting in his own office 

without being physically present near to the patient's bed. 
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