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Abstract 
The objective of this present article is to describe the record of the ECG 12-lead examination in 

order to obtain the peaks of the P, Q, R, S and T from each cycle and also to present the Peak of the 
PQRST and the trajectory path of each cycle of the ECG 12- lead wave. The duration of the peak R to 
another is used as the period of each cycle, while the Phytagoras theorem is employed to count the 
trajectory path of the wave in each step. The Peak PQRST is utilized to diagnose the heart condition, and 
the trajectory path is the distance taken up by the impulses in the heart muscles. The discrete data from 
the MIT-BIH and the results of the measurement itself are employed as the data to obtain the values of the 
peak PQRST and the trajectory path of the wave of each cycle. 
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1. Introduction 

In the field, cardiologists generally merely pay observe the results of examination to the 
picture of the electrocardiogram and they must count the PQRST by themselves because they 
usually are not provided with the values of the peak PQRST. And it is very time consuming to 
count the peak. Therefore, the picture should be complemented with such values. Heart may 
function as the pump due to the contraction and relaxation of the heart muscles. The heart 
muscle may contract because they are passé by some impulses spreading from the pacemaker 
to the Purkinje fibre [1-3]. Some autonomic impulses from the SA node which are periodic cause  
some periodic cycles too [1-2]. Figure 1 shows the electrical system of the heart.  

The recording of some cycles is used to count the frequency, to value the rhythm, to 
recognize the types of rhytms, to determine the axis an also to know the wave morphology. The 
choice or the determination of one cycle from the result of the examination is utilized to know 
heart abnormalities such as hypertrophy, arrhythmia, conduction disturbance (electrical channel 
disturbance), coronary heart disease (ischemia, injury, infarct), preexistation (NSA conduction is 
more rapid/is passing  other channels) and the like (hypercalemia, hypocalemia, hipercalsemia, 
hipocalsemia due to metabolic disturbance, effects of medicine, and so on [4-5]. 

 

 
 

Figure 1. Electrical system of the Heart 
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The peak PQRST was studied by [6]. They studied the Heart rate monitoring and 
PQRST detection based on the graphical user interface with Matlab, using the GUI on matlab, 
but they did not present the peak value of the PQRST [7]. Studied the Electrocardiogram 
Feature Extraction and Pattern Recognition Using a Novel Windowing Algorithm but they did not 
show the peak value of PQRST, merely  counted the spesifity and sensitivity of the  peak 
PQRST. 

The results of the examination using the Electrocardiogram (ECG) generally are 
showed in the form of some cycles in the monitor or of some seconds in a piece of paper 
special for ECG. Figure 2 presents the results in the paper. The range of components in one 
cycle such as the peak PQRST, intervals and segments may be counted using the background  
of the boxes in the paper [8]. Figure 2 shows the result of the heart examination using the ECG 
12-lead. 

 
 

 
 

Figure 2. The result of the examination using the ECG 12-Lead 
 
 

In one cycle, there are some waves, a  P and  a QRS waves  as the depolarization of  
Atrium and  Ventricle, respectively  and a T wave as the repolarization of Ventricle [9]. The Peak 
P or R generally is employed as the guideline to count the duration or the period of one cycle 
[10]. Figure 3 shows the percentage of one cycle with its components.  

 
 

 
 

Figure 3. The representation of the Cycle ECG wave 
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The division of the wave periods consists of wave cycles at the heart for the lateral, 
inferior, septum and anterior sides [11]. Figure 4 shows leads appropriate with the examined 
heart sides. 

 
 

 
 

Figure 4. Lead-lead ECG Lead appropriate with the examined heart sides 
 
 

The trajectory path in one cycle is the distance taken up by impulses at the heart 
muscles [1]. The peak value and the trajectory path for each cycle will be easily obtained if the 
examination results are recorded in discrete data. Discrete signals are the sampling result of the 
analog signal with a certain sampler frequency. If a signal cycle is sampled with the frequency of 
250 Hz, it means that in one second there are 250 sampling data, namely the data are taken in 
each 4 ms (1 up to 250 data). Discrete data are meant as the digitalization process of the time 
function from the analog signal, while quantizing as the digitalization process of the amplitude 
from the analog signal [12]. If the two are applied to the analog signal, the signal will become 
the digital signal. 

The unavailability of the discrete data as the result of the ECG examination will make 
that the represented ECG parameter values may less dependable since the stated values are 
taken from the average values of all cycles or from one of the cycles. From the results of the 
ECG examination completed with the discrete data storage, ECG parameter values for each 
cycle will be obtained.  Any errors in the determination of the parameter values may be checked 
at the discrete database. The data store in the discrete form enables the ECG data to be printed  
at the sheet or represented at the screen. On the basis of the explanations above, this article 
intends to determine the peak of the PQRST for each cycle an also its length in each cycle. 
 
 
2. Research Method 

A quantitative approach was employed in this research. In this paper the data employed 
are discrete namely the results of the sampling data from the examination stored as the digital 
file. In this presented research the data are from the Physionet MIT-BIH and the those of 
researchers’ examination results are from the hardware PSL 12-BD. On the basis of the chosen 
file, the  determination of the peak PQRST and the trajectory of one cycle refers to the choice of 
one of the existing cycles. Lead II serves as the calculation reference.  
 
2.1. Determination of the Peak PQRST 

The determination of the Peak PQRST is based on the peak R  [5-6], [13-14]. If the 
peak R is known, the algorithm is as follows: 

1. The amplitude minimal value from 150 ms (38n)  to before and after the peak R is 
the peak Q  [15] 

2. The amplitude minimal value from the peak R and after 80 ms (20n) is the peak S 
[15].  

3. The maximal value from the start cycle (sc) to the peak Q is the peak P. 
4. The maximal value from the peak S to the end cycle (ec) is the  peak T. 
5. If the first cycle does not posses the P wave, the second cycle will be used as the 

first cycle. 
 

http://id.wikipedia.org/wiki/Berkas:Contiguous_leads.svg
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Referring to point 1, for the frequency of 250 Hz, 150/4=37.5 n  38 n is obtained, 
meaning 38 n  from before to after n peak R. For point 2,  80/4=20 n is gotten, meaning from the 
n peak R to after 20 n. Figure 5(a) presents the illustration from the algorithm and Figure 5(b) 
presents the determining one cycle [8]. 
 
 

 
 

 

Figure 5(a). Determining the peak PQRST Figure 5(b). Determining one cycle 
 

 
2.2. Determining the Trajectory of the 1 Cycle  

The trajectory of one cycle is determined based on the trajectory in the duration of 
chosen one cycle. The trajectory of each step in the duration of one cycle is summed up. The 
trajectory counted depends on the condition whether the trajectory is ascending, level, or 
descending. The method of counting trajectory of each step follows the following Phytagoras 
theorem: 

 

If  An<An+1 (ascending), then 
22 bac  . 

If An=An+1 (leveling) then c=a. 

If An>An+1 (descending), then 
22 cab 

.
 

(An=amplitude  at the point /step  n
th
 ; An+1=amplitude at the point /step n+1

th
) 

 
The method of counting the trajectory for each step is shown at Figure 6. 

 
 

 
a) Ascending trajectory 

 
b) Leveling trajectory 

 
c) Descending trajectory 

 
Figure 6. Ascending, Leveling and Descending trajectory 

 
 
3. Results and Analysis 

The findings of this present research are the peak value of the PQRST, the duration and 
also the length wave for each cycle. 
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The limited discrete data of the ECG 12-lead caused the writers to take the Physionet 
data file, namely Arrhythmia 102 Petersburg data, recorded in step 4 ms duration (frequency 
sampling of 20 Hz). The data files of results of the writers’ examination are masda-01 dan Srir-
01, with the same duration step (4 ms/frequency sampling of 250 Hz). Step 4 ms for 150 ms  
duration is equivalent with 38n while for 80 ms equals 20n.  

Figure 7 presents the original  data of the Arrhythmia Petersburg 102, masda-01 and 
Srir-01 lead I for 6 second-duration, while Table 1 shows the peak PQRST 3 cycle for 12-lead.  

 
 

 
Arrhythmia Petersburg 102 

 
Masda-01 

 
Srir-01 

 
Figure 7. Original data for 6 second-duration 

 
 

Table 1. Peak PQRST Data of Arrhythmia Petersburg 102, Masda-01 and Srir-01 
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The trajectory of 1 cycle wave for all leads is based on the lead I (the chosen lead) cycle 
and the duration/ the trajectory may be counted on the basis of the printer speed to print the 
waves at the ECG sheet (25mm/ second). Based on the calculation of L (ms)/40 ms, the 
trajectory of L(ms) for the data of Arrhythmia 102, Masda-01 and of Srir-01, the results are as 
show in Table 2 respectively. 

 
 

Table 2. the trajectory of L(ms) for the data of Arrhythmia 102, Masda-01 and of Srir-01 

 
 
 

Heart rate is the number of beats per minute. The heart beat is caused by the ventricle 
depolarization (peak R) in 1 minute.   
 
 
4. Conclusion 

The following conclusions may be made in this research: 
1. Peak PQRST and the trajectory  for each cycle may be counted based on the peak 

R to peak R 
2. If the first cycle does not posses  P wave, the second cycle may be chosen as the  

first cycle 
3. Peak PQRST and the trajectory at  each cycle have different values due to different 

cycle duration 
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