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is quite complex, so that many researchers have dissected into a set 

defined mechanisms. Science is always present to understand the interactions 

existing between its functions. This allows highlighting cardiac abnormalities. Since the 

sixteenth century, the heart organ has an electrical activity associated with its functioning. 

on is of ionic origin; it is resulted of a depolarization of electrical 

of its temporal evolution at the level of the organ. This 

led electrocardiograms (ECG).It is one of the most widely used in the medical 

invasive nature signals, the simplicity of its acquisition process and its 

the ECG signal consist of three important waves P, QRS and T 

to electrical phenomena included on the heart’s surface, i.e.; the wave P 

related to the atrial depolarization, QRS complex reflects ventricular depolarization, and 

wave T is the electrical control of ventricular repolarization[2].  In the recent 

have been recently proposed in the literature. The 

the performance of the detection of QRS, We will 
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briefly describe some approaches from several literatures that have been collected in a 

comparative study of detection algorithms of QRS [3]. Mallat and Hwangin the work [4] 

inspired all other researcher who has worked with WT (wavelet transform) [2][5][6], to 

detect the R-wave of signal ECG this method used the local maxima of the WT 

coefficients. The relevant information characterizing the slop of QRS has inspired many 

researchers to detect it using High-pass filters as differentiators [7] [8] [9] [10], Ahlstrom 

and Tompkins [7] propose to add the absolute value of the second derivative to the absolute 

value of the first derivative. Blada [8] adduce a linear combination of the magnitude of the 

first and second derivative. Fraden and Neuman [9] propose an approach based on the first 

derivative. D. Ebenezer in [9] proposes a wave digital filter (WDMF) for ECG and [10] 

offers MOBD algorithm (multiplying the difference backwards).Like other methods used 

artificial neural networks [11] [12] [13], and another genetic algorithm [14]. In recent years, 

a new algorithms are developed quotes us the artificial neural networks [11][12][13], the 

genetic algorithm [14][15] and the support vector machine [16][17][18].The Pan and 

Tompkins algorithm [19] remains the most used because of its simplicity, efficiency and 

the possibility of its implementation, therefore the necessity of an algorithm that does not 

only run on the software, to realize an embedded system directs us towards the 

implementation Of PT method under FPGA such us [20] which exploits the PT algorithm 

and implement it using VHDL. Mimouni in [1] and Meddah in [10] implement the TP 

method under FPGA using the xilinx system generator as a tool with a new method of QRS 

detection, Zairi in [21] implemented it on FPGA using the Fdatool of matlab to synthesize 

and realize the filter bank in VHDL. 

The aim of this work is to realize an embedded system for the cardiac arrhythmia detection, 

we opted for speed and low cost implementation due to the characteristics of the FPGA 

circuits, and the large number of multipliers compared to the DSP. The rest of this paper is 

organized as follows. After the introduction, the materials, theory and basics of the 

proposed method has been explained in details in section.2. Section.3 represents design, 

verification and validation by XSG: This step is to test our algorithm with Xilinx System 

Generator, the implementation and the design of the proposed architecture on FPGA are 

represented with the results obtained. Finally, we discuss and conclude our work in the 

section.4. 

2. MATERIALS AND METHOD 

The proposed detection system is based on the Pan and Tompkins (PT) algorithm. It is 

consist of the analysis of the slope, the amplitude and the width of the QRS. It includes five 

sequential steps of filtering starting with a band pass filter followed by a derivative filter, 

then a nonlinear transformation arriving at the integration filter and finally an adaptive 

thresholding. 

A. Band Pass Filter 

In order to extract the QRS and as we know that is located between band ranges of [5-

15 Hz]. A recursive filter RII of order 4 is used, its transfer function is: 
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B. Differentiator Filter 

 The derivative of the ECG signal in the range corresponding to the complex QRS 

provides maximum values. Knowing that the QRS complex of the ECG signal 

range is between 0.02 and 0.2 seconds, and it has high amplitude. A differentiator 

is used in this case, which is presented by the following equation: 
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C. Nonlinear Transformation 

The nonlinear transformation is applied, in order to assure the symmetry between 

the R wave and the RS. It ‘is defined as the following: 
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D. Integrator Filter 

By applyinga moving window integrator on the result obtained from the previous 

step, we getone maximum for each QRS complex. This filter is calculated from: 
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E. Low Pass Filter 

After the integration, the results passed into low-pass filter, its transfer function is 

written as follows: 
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F. The Peak Detection 

 

After the five processing stages, the results obtained will processes to the QRS 

peak detection stage, which is divided into three steps: 

1. The derivative centered 

To indicate the peak existence, we have used the derivative centered. 

2. The peaks counting 

In this step, we counted the peaks after each peak validation, to calculate 

the heart rate. 

3. Calculation and display of heart rate  

By multiplying the number of peak detected in each 10-second with 6. 

We obtain the number of beats per minute (heart rate). The obtained 

number has been displayed on the LCD of the FPGA board. 
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3. IMPLIMENTATION AND RESULTS 

Our purpose is to provide a new real-time architecture of QRS complex arrhythmia 

detection. The best choice to realize this architecture is the FPGA, where this later combine 

between the high performances of ASIC’s and the flexibility of DSPs. The implementation 

has been designed Using Xilinx system generator and the Vertix 5 evaluation Kit. Where 

the XSG is a high-level tool that allows moving from Matlab / Simulink to FPGA with a 

quickly and easily way. It provides a better environment for hardware design. The XSG 

Contains a library of Simulink blocks such as the arithmetic and logic circuits and there is 

also a distributed block and memory. In additions of this entire system, the Xilinx system 

generator includes a code generator that automatically generates a synthesized VHDL code 

from the created model, which can be implemented in the Xilinx. In this work, the 

suggested model consists of six main stages: A pass-band of 5-15 Hz, a differentiator filter, 

a non-linear transformation which has been optimized by an absolute value, an integrator 

filter, a low-pass filter and finally the QRS detection method. Each stage is represented by 

the label on correspond block as shown in Fig 1. 

Figure1: Final diagram of system on Xilinx system generator. 

After the simulation and validation of our method on simulink/matlab, a hardware 

implementation is realized on FPGA chip using the xilinx generator JTAG system, we note 

that we use the virtex 5 board. Figure 2 shows the top-level diagram of QRS detection 

system. To evaluate our system, the MIT-BIH arrhythmia database has been used [22], 

these database has been converted to an analog signal through the ANALOG DISCOVERY 

device. An instrumentation amplifier has been used to reduce the noise. The results 

obtained from these later passed through an analogical/digital converter PmodAD1 to 

digitalize the signal. In the final steps the digital signal will proceeded in FPGA board and 

the result will displayed on the LCD display 
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Figure 2: Block diagram of the hardware implementation 

To visualize the result of each step of treatment we connect the outputs of each step to 

scope, the first signal in fig 3 show an ECG signal from MIT-BIH arrhythmia database of 1 

hour and digitized at 360 Hz [22], the second one is the result of band-pass filter of 5-15 

Hz, the third is the nonlinear transformation, it justifies the choice of absolute value, the 

forth step is the windows integrator adapted to our implementation and finally the low-pass 

filter. 

4. CONCLUSIONS 

In this paper, a new real-time implementation of ECG arrhythmia detection system is 

proposed and successfully implemented on Vertix 5 FPGA board. Using same basis of PT 

algorithm we have realized an imbedded system that can automatically detects cardiac 

abnormalities such as arrhythmias, but the difference here resides in our contribution, we 

have adapt to the hardware implementation in FPGA. This algorithm based on the slope, 

amplitude, and the information of the width of the QRS. We have developed the Pan and 

Tompkins algorithm in the way that can best detect the complex QRS, in three main phases 

the first reside in the modification of the non-linear transform of the algorithm, by replacing 

it with the absolute value. The second in the integration was achieved by summing 5 

elements of a moving window and finally the third derive, validate, and count the number 

of peaks to finally make the decision as to the diagnosis. To evaluate the performance of 

our system, we have used the MIT BIH database available. The performance of the 

proposed methodology gives an accuracy rate of 96% that reveal a good performance. As a 

perceptive, we focused know increase the sampling rate through the Pmod. This will give 

us a possibility to approximately frequency range on 1 MHz. 
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Figure 3: Results of each step of the proposed method. 
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