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1  Basics of electrocardiography measurement 

 

1.1  Target jobs 
Through this laboratory exercise you will learn: 

 Measure and record the ECG and ECG artifacts understand  

 Identify important points on the ECG 

 Measuring ECG intervals 

 Measure and calculate the RR interval HR 

 evaluated using ECG software 

1.2  task 
1. Perform ECG and examining artifacts 

2. Identify the important points in the ECG 

3. Implement ECG intervals  

4. Measure RR interval calculation and HR 

1.3  Expected knowledge 
For this exercise requires preparation:  

 Chapter 4 electrocardiography [1] 

1.4  used equipment 
 

Equipment / Software Description Amount 

 g.USBamp Biosignal amplifier with 16 channels 1 

 power Medical AC power 1 

 USB cable  USB cable for PC connection g.USBamp 1 

 ECG cable  ECG cable with clip  11 

 ECG electrodes  Disposable ECG electrodes 50 

 High Speed Online 

 SW for processing in 

Simulink 

Biosignal program for collecting and 

processing data that runs in Simulink 

1 

 g.Bsanalyze Biosignal processing software that runs 

in MATLAB 

1 

 g.Recorder Software for the visualization of 

biomedical  

1 

 PC and printer  1 

 

1.5  theoretical analysis 

1.5.1  anatomy of the heart 

The heart consists of four main areas: the left atrium, right atrium, left ventricle and right 



ventricle. The left and right heart sections are separated by the interventricular septum. Between 

the atrium and ventricle are valves which allow the flow of blood from the atrium to the 

ventricles, but prevents backflow into the chamber. This means that prevents backflow of blood 

from the arteries into the ventricles after contraction of the heart. 

 

1.5.2  pumping function 

The right ventricle is responsible for pumping blood to the lungs, where the blood is 

oxygenated. From the lungs, the blood returns to the heart, the mouth and into the left atrium. 

With each heartbeat to pour the contents into the ventricles. Shortly after the contraction of the 

atria, the chamber closes. The blood from the left ventricle is pressed into the aorta and from 

there is delivered to different tissues of the body. From the body, the blood returns to the 

superior vena cava and inferior vena cava, which lead to the right atrium, which closes before 

each contraction to ventricular contraction and discharge of blood into the right ventricle. 

Phase of contraction of the heart is called systole, and relaxation followed by a period when the 

atrium and the chamber filled with blood. This phase is called diastole. 

 

1.5.3  Fields of application of automated ECG analysis 

Pathologies of the cardiovascular system are the leading cause of death in the developed world. 

Many methods for the diagnosis of these pathologies using normal surface ECG, ECG because 

it is a procedure that is completely non-invasive, inexpensive, widely available and well known. 

ECG can be identified lots of heart disease such as cardiac arrhythmia, ischemia, infarct or 

pathologies. 

ECG can be analyzed manually and automatically. Methods of automated ECG analysis 

They are particularly necessary in the case of long-term Holter ECG, because manual control 

of the long-term ECG is very time consuming. 

Standard automated processing ECG currently consists primarily of analyzing the heart rhythm. 

For this purpose it is necessary to QRS detector and equipment for analysis RR interval. Based 

QRS can be used several other methods for ECG. 

One of them is heart rate variability (HRV) in 1965, and Hon Lee [Hon 1965] published an 

article describing the clinical HRV. HRV is closely related to the autonomic nervous system. 

Currently, it is used for many different purposes, including the prediction of sudden cardiac 

death [Dougherty 1992 Goldberger 1988 Huikuri 1992 Karagounis 1995 Mäkikallio 1997 

Martin 1986; Myers 1986 Vybiral 1993] or difficulty measuring [Furlan 2000]. Review of 

methods and physiological correlates of the heart is given in [Task Force 1996]. 

Automated ECG processing is currently used to detect QRS and for 

measurement, such as ST segment (detection of myocardial infarction and ischemia) or 

measurement of the QT interval (cardiac risk). Even though it is a method implemented in many 

systems for collecting ECG, they are still not sufficiently reliable. 

 

1.5.4  origin ECG 

Unlike other human cells, cardiac cells are capable of downloading mechanically muscle cells 

as well as the behavior during excitation of nerve cells. Due to this peculiar characteristics 



irritation single cardiac cells results in excitation and contraction of the entire cardiac muscle. 

 

pacemakers 

Normal cardiac rhythm is the emergence of "sinus node" in the right atrium at the entry into the 

superior vena cava. The cells in the sinus node are spontaneously excited in a more or less 

regular rhythm of about 1-1,6 Hz (60 to 100 excitations per minute). 

Whenever the sinus node energized impulses propagate through myocardial cells halls and halls 

are contracted. Halls are electrically insulated from the ventricles small valves, except for a 

small area in the partition (space between the right and left atrium or chamber). This small area 

is called "atrioventricular node", abbreviated as "AV node". AV node consists of very slow 

conducting tissue. Slow conduction causes a break between excitation atrial and ventricular 

excitation, which provides that the court are completely shrunken, and the maximum amount 

of blood is pushed from the atria to the ventricles before closing chambers. 

Due to the sinusoidal node, AV node generates excitation spontaneously but its rhythm 

lower than in the sinus node. Even in a healthy heart, the AV node is excited by the excitation 

originating from the sinus node before spontaneous arousal and therefore AV nodal rhythm 

hidden in sinus rhythm. If no excitement from the sinus node to the AV node, the AV rhythm 

becomes visible. 

From the AV node, the excitation line at the tip rapidly across the conductive structure its beam 

arm shaped articles and Purkinje fibers, which are dispersed over the bottom of the chamber 

myocardium. Finally, the excitation propagates through the myocardium and the ventricular 

chambers are downloaded. 

Deflection on the ECG 

Whenever energized sufficiently large structure of the heart may be electrical signals measured 

on the body surface. Excitation propagating towards the electrode brings about a positive 

potential on the electrodes, excitation propagating from the electrode lead to negative potentials. 

Since the normal heart impulses extending in a predetermined manner, the development 

potential at the surface, exhibits time (ECG) common features (see Fig. Xxx). 

 

 



 

Picture 1 ECG Electrocardiogram - typical variations in heart rate and duration of the 

interval defined parameters 

Typical variations in the ECG are lettered. P wave is caused by deflection excitation halls. 

While excitation spreads slowly AV node can not be seen on the surface of any signal because 

the amount of AV node is too small for it to be possible differences visible. Excitation of cells 

is represented in the narrow portions of the signal and the QRS ventricular repolarization T 

wave corresponds. Atrial repolarization is hidden in the QRS complex. 

1.5.5  Standardized position of electrodes 

In this section, it is recommended not only to explain the position the electrodes standardized 

by Einthoven, Goldberger and Wilson, but also to show in detail that the input of the amplifier 

is connected to the electrode from the perspective of more hardware-oriented.  

Three main standard systems used in electrocardiography: 

 Einthoven 

 Goldberger 

 Wilson 

 

Einthoven three manifolds are illustrated in Figure XXX 

Leads measure the potential difference between the hands and the feet with an external electrode 

placed on the right leg. 

 



 

Picture 2 Einthoven standard lead I, II, III. 

 

If all leads Einthoven, Goldberger and Wilson made, it is a 12-channel ECG, which is often 

used in clinical practice. Goldberger and Wilson derivative are described in the lesson 6th 

1.5.6  Artifacts in ECG 

Artifacts while recording ECG can be divided into three groups: 

 Artifacts from the patient himself (eg. Muscle artifacts) 

 Artifacts from the ambient electromagnetic fields (e.g. 50 Hz noise) 

 Artifacts of the electrodes (e.g. polarization artifacts) 

Artifacts patient himself 

The human heart is the muscle that is normally approximately the size of a human fist. If when 

measuring ECG, the other muscles of similar or larger size withdrawn, similar to a normal ECG 

signals originating from these other muscles will be visible on the ECG. These muscle artifacts 

is technically very difficult to remove due to their similarity with the ECG. Can be reduced that 

the measurement will not relax and move, e.g. lies down on the bed. 

Artifacts from the surrounding electromagnetic fields 

These artifacts are very common, because currently there is almost no space without 

Power, and consequently without the 50 Hz or 60 Hz electromagnetic field. Other electro-

magnetic field is generated by mobile phones or other electronic devices. Interference from 

electromagnetic fields is supplied via cables or loop amplifier circuits on the one hand and by 

the patient himself on the other side. Power supply by cables can be avoided by limiting loops 

and shielded cables. In addition, devices that generate noise (eg. Transformers, mobile phones), 

it is necessary to keep away from the ECG recorders. 

Method for interference supplied by the patient's called. "Driven right leg." Driven right leg 

circuit uses an active instead of a passive ground electrode and uses an inverse noise signal. 

This allows the interruption e.g. artefacts interference power lines. 

Given that the electromagnetic interference is typically generated technical equipment features 

are often known and well defined. Therefore, if the interference characteristics are known, can 

often be reduced without interference significant loss of signal information. 50 Hz noise can be 

reduced using for example 50 Hz bandstop filter that is part of most ECG recorders. 



Artifacts of the electrodes 

Whenever you contact one of the electrodes on the body turns, the artifact is generated within 

the ECG. Contact may vary depending on the changes: 

 contact pressure 

 chemical and physical properties of the film between the electrode and the body (e.g. 

due to sweating, loss of electrode gel, etc.). 

 temperature 

 Position of the electrode (eg. if the wearable device) 

 etc. 

 

These artifacts can be prevented only by holding the electrode contact as the most stable.  

 

1.6  Preparation tasks - Measurement of ECG artefacts 
5. Biosignal g.USBamp connect an amplifier with a USB cable to the computer and connect 

the power supply to the amplifier. Then turn on the amplifier. The green light should 

illuminate. 

6.  

7. Attach one electrode (electric stick.) Above the heart and the reference electrode under 

the heart on the chest, as shown below. Connect GND electrode far enough away from 

the heart. 

 

8.  

Fig. 1.1Description inserted object, including the period after the sentence. Maximum 

per line. 

 

 

 



9. Connect the electrodes to the amplifier  

 

 

The red sockets are inputs for active electrodes biomedical data. Cap G(Inputs G) Are potentials 

for measurement and are usually located in places that can be considered as electrically calm 

compared to the signal being measured. When ECG measurementsgrounding electrodecan be 

placed eg. leg. Reference input R is the reference potential for the active electrodebiomedical 

data.  

 

Make the following connections:  

 

10. Admission to the amplifier 11. name electrodes 

12. 1 (red connector) 13. on Ch1 

14. G (yellow) 15. to GND 

16. R (blue connector) 17. REF 

 

Get a view ECG data 

Start g. Recorder from the Start menu in Windows menu g.tec/Recorder and click Selected 

Hardware in the Settings menu and open the following window. 

 

 

 

Select g.USBamp that is connected to your computer and press the OK button. 



 

Then click g.USBamp Settings window and select the sampling rate of 512 Hz Sampling 

Rate. Select only Channel 1 Channel 1 for recording biosignals and define the high pass 0.5 

Hz highpass and lowpass filter lowpass 200 Hz. 

 

 

 

Click OK to close the window. 

 

Finally, click the Start button Start viewing data Viewing Data for visualization of ECG data 

in g. Recorder. 

 

Fig. 1.2Description inserted object, including the period after the sentence. Maximum per 

line. 

 

Raw ECG data visualization is very important to ensure high quality recordings 

without artifacts and distortion. Set Scaling Scaling g.Recorderu to ± 2 mV and 10 seconds 

on the show page. 



 

1.7  entering Task 

1.7.1   Task 1 - ECG recording and examining artifacts 

1.7.1.1 Workflow 

Artifacts can contaminate the ECG leads enormously and therefore you should learn 

identify different sources. Record one channel ECG at the following conditions 

 30 seconds:  

 in a relaxed sitting position on a chair near power lines  

 in a relaxed sitting position on a chair near power lines and simultaneously touch the 

plug potential equalization 

 Shake the wires from the electrodes 

 sit down and stand up  

 Create a muscular tension.  

 

1.7.1.2 results 

18. (and) 19.  

20. (Ii) 21.  

22. (Iii) 23.  

24. (Iv) 25.  

26. (in) 27.  

1.7.1.3 control issues 

1. Check the monitor images from different signals, create screen-shots and discuss 

artifacts. 

 

1.7.2  Task 2 - Identification of important points on the ECG 

1.7.2.1 Workflow 

Record one channel ECG, as mentioned above and insert it into g.BSanalyze for off-line 

analysis. Select 5 consecutive ECG rhythms that are free of artifacts. Assign P, Q, 

R- and T-points to each of the rhythm. Then measure the amplitude of each point using a ruler 

g.BSanalyze. Calculate the mean value and standard deviation (SD). 

1.7.2.2 results 

Fill in the following table: 

 



 

 

1.7.2.3 control issues 

1. Which has the highest peak amplitude, and why? 

2. Which has the highest peak variation? 

 

1.7.3  Task 3 - ECG intervals 

1.7.3.1 Workflow 

Measure the following segments 5 strokes: 

(i) P duration,  

(ii) QRS duration 

(iii) QT interval 

(iv) PQ interval  

(v) ST interval 

1.7.3.2 results 

Calculate the mean and SD. Fill in the following table: 

 

 

1.7.3.3 control issues 

1. It chamber atrial contraction or longer? Why? 

2. Which interval / wavelength most different? 

 

1.7.4  Task 4 - RR interval measurement and calculation of HR 

1.7.4.1 Workflow 

1. Measure RR interval, calculate HR and fill in the following table: 



1.7.4.2 results 

 

 

1.8  References 
PENHAKER, Marek.Medical diagnostic equipment: textbooks. 1st ed. Ostrava: VSB - 
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2  QRS detection 

2.1  Target jobs 
Through this laboratory exercise you will learn: 

 Detect QRS complexes 

 Measure and record the ECG and ECG artifacts understand  

 Identify important points on the ECG 

 Measuring ECG intervals 

 Measure and calculate the RR interval HR 

 evaluated using ECG software 

 Implement Pan-Tompkins algorithm 

2.2  task 
1. EKG to measure all students 

2. Automatic detection of QRS complexes and HR 

3. Calculating the mean value and standard deviation 

4. The influence of gender on HR 

5. Effect of weight and body mass index on HR 

6. Effect of exercise on HR 

7. ECG at rest and during breathing 

8. Construction Pan-Tompkins algorithm for the detection of HR 

9. QRS frequency spectrum 

10. Bandpass filter for QRS 

11. Frequency and phase response 

12. Implementation of Pan-Tompkins algorithm 

13. selection threshold 

14. Tachogram and HR 

15. detection artifacts 

16.  

2.3  Expected knowledge 
For this exercise requires preparation:  

 Chapter 4 electrocardiography [1] 

 

2.4  used equipment 
 

Equipment / Software Description Amount 

 g.USBamp Biosignal amplifier with 16 channels 1 

 power Medical AC power 1 

 USB cable  USB cable for PC connection g.USBamp 1 

 ECG cable  ECG cable with clip  11 

 ECG electrodes  Disposable ECG electrodes 50 



 High Speed Online 

 SW for processing in 

Simulink 

Biosignal program for collecting and 

processing data that runs in Simulink 

1 

 g.Bsanalyze Biosignal processing software that runs 

in MATLAB 

1 

 g.Recorder Software for the visualization of 

biomedical  

1 

 PC and printer  1 

 

2.5  theoretical analysis 
The first step in nearly each process of ECG analysis is detection of QRS complexes. QRS 

complexes are most impulse across the ECG waveform relative to other signals can be detected 

easily. 

 

QRS complexes are generally characterized by: 

 high amplitude signals 

 high derivatives 

 

A simple threshold detector base QRS is led further. 

Examples of more sophisticated algorithms are given e.g. in [1985 Pan Sörnmo 2005]. 

 

More sensitive and specific parameter of the above two derivative. Therefore, the calculated 

first derivative signal. Due to the nature of ECG where R peak is greater and the peak S 

dominates, sometimes upward and sometimes decreasing portion of these peaks is narrower, 

both positive and negative extremes, the first derivative of the signal can be used to detect the 

QRS. And for this reason, the absolute value of the first derivative of the signal is often used 

for detection of the QRS complexes. 

The resultant signal may be summarized in the equation: 

sigdet = Abs (diff (filt (sigorg))) 

 

and an example is shown in Figure 1 

 

 

Figure 1 The absolute value of the first derivative of the filtered signal 115.hea 



PhysioNet on the MIT-BIH arrhythmia database 

 

The threshold value of the resulting signal may be used provided that the entire thresholds 

located in the QRS complex. 

This method threshold is a very simple type of detector QRS. Alternatively it could be used 

Pan-Tompkinsův algorithm. Let's start with the first sample. Contrast threshold sample. If it is 

less than the threshold, take another sample. When the amplitude of the sample is greater than 

the threshold, explains that as a QRS complex. 

For samples immediately after such a super-threshold sample uses the increased threshold 

value, which decreases exponentially to the initial threshold (refractory period). Take a sample 

after sample of super-threshold and compare it with the increased threshold. 

 

 

Figure 2 the absolute value of the first derivative of the filtered signal 115.hea PhysioNet 

on the MIT-BIH arrhythmia database. Values> 0.1 are indicated with a red asterisk 

 

Usually more than one sample during each QRS complex is a super-threshold, as shown in 

Figure 2. 

To obtain a single sample of the QRS complex, it can be used in the original filtered, 

underivated signal. Super-threshold samples that are close to 20 ms, can be grouped into super-

threshold region. Within each of these areas can be maximum 

of the original signal is interpreted as the R peak of the signal (see Figure 3 below). 

 

 

Figure 3 arrhythmia database with markers QRS 115.hea filtered signal from the MIT-



BIH PhysioNet. 

 

2.5.1  rhythm Analysis 

Once the QRS complexes available RR intervals on ECG simply compute the difference 

between the time slots in which the two successive detected R peaks. 

1i ii R RRR t t


  or ( )RRR diff t  

Figure 4 is an example of RR intervals recorded in numerical rhythm, this course is called 

Tachogram. 

 

Figure 4 Tachogram ie. RR-intervals depending on the time of signal 115.hea PhysioNet 

MIT-BIH arrhythmia database 

 

Note - this figure was created without manual correction results from the algorithm QRS 

detection and thus contains abrupt changes due to incorrect QRS complexes. 

 

Although these RR intervals vary from beat rhythm (heart rate variability HRV) 

Differences are usually very small (only a few percent). Therefore, it is possible to detect 

abnormalities in ventricular rhythm finding RR intervals that vary more than a few percent from 

the previous RR intervals, eg. More than 15 percent. 

 

Indicator abnormal beat = find (abs (difference (RR))> RR / 15) 

 

However, the QRS detection seldom operates with a 100% sensitivity and 100% of ability, 

usually some QRS complexes are omitted and some artifacts are interpreted as QRS 

complexes. Therefore, it may be a manual control of the detected QRS complex and manual 

correction carried out before the detection cycle according to the equation above. 

2.5.2  abnormalities 

Abnormalities originating chambers typically have an abnormal QRS morphology, because the 

conductivity of chambers extends by means other than a normal beat. 

Therefore, comparing the morphology of the abnormal beat RR interval with a normal rhythm, 

you can decide whether the origin of the abnormal rhythm in the ventricles (ventricular rhythm 

abnormality) or in the tissue before the chamber (abnormality supra-ventricular rhythm). 



When comparing the morphology of the normal rhythm, it is necessary to know the problems 

of morphology rhythm. One possibility for the calculation of the normal beat morphology are 

determined by the mean value of the morphology of heartbeats. As long as the majority of 

strokes within the ECG is normal and just a few beats is abnormal, it will match the diameter 

of the morphology normal beat. Better results will be achieved only when averaging beats with 

normal RR intervals, the result will be correct if the excitation beats most normal RR intervals 

will be spread over the chamber in the normal way. 

 

One way to verify the similarity between two heart rhythms is cross correlation. Cross 

correlation between the two signals can be calculated using the following equation: 

1 2( ) ( )* ( )
N

i N

cc n beat n beat n i


   

Where N is the number of samples during the beat. 

 

The value of n is between 1 -1.  

A value of 0 indicates that the signals of no relationship. 

The value -1 indicates the signals which are mirrored by the x axis. 

A value of 1 means that the signals are identical. 

 

CC (n) corresponds to the correlation between heartbeats, when the value of the replacement 

shock n2 is on the right. 

Therefore, CC (0) discloses the similarity between two heartbeats without changing the position 

along the time axis, and can be used for deciding on the similarity of the morphology of two 

hearts. 

The correlation factor between two similar pulses is typically greater than 0.95. 

 

Figure 5 shows a two-channel ECG with ventricular extrasystole. RR 

interval is reduced and the morphology differs from the QRS regular RR intervals. No P wave 

can not be seen. 

 

 

Figure 5 Signal 121 database arrhythmias ventricular extrasystoles 



in the middle of the picture. 
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2.6  Workflow 

2.6.1   The procedure to point no. 1 assignment - Measuring the ECG of all 

students in your group 

Measure gradually EKG each student in the group. Sit quietly in a chair. Place the electrodes 

on the left ankle, right foot and left foot. Connect to the amplifier person Biosignal and start 

collecting data. Record the ECG signal for 60 seconds. 

 

2.6.1.1 results 

17.  18. ECG 

19. student 

1 

20.  

21. student 

2 

22.  

23. student 

3 

24.  

25. ... 26.  

 

2.6.2  Procedure to point no. 2 specification - Automatic detection of QRS 

complexes and HR 

Perform automatic detection of the QRS complex detector toolbar ECG.  

Calculate the mean value of RR intervals, HRV HR function of the time domain. then use 

a second portion ECG toolbox for calculating various segments.  

2.6.2.1 results 

Fill in the following table: 

 



 

2.6.3  Procedure to point no. 3 award - Calculate the mean value and 

standard deviation of each parameter, 

 

Sort tops and intervals according to the amplitude and duration.  

2.6.3.1 results 

Which is closest to the peak of the QRS complex? 

 

2.6.4  The procedure to point no. 4 task - The influence of gender on HR 

Calculate the mean value rate for men and women.  

2.6.4.1 results 

Is there a difference? 

 

2.6.5  Procedure to point no. Assignment 5 - Effect of mass and body mass 

index in HR 

1. Determine the weight of each person.  

2. Create two equally large groups of people who are weight-below average and above 

average and calculate their average value.  

3. Is there a difference? Perform also test the accuracy of the results. 

4. Calculate Body Mass Index and re-create the two groups.  

5. Compare HR groups and check the correctness of the results. 

2.6.5.1 Control question 

1. HR is a difference regarding weight and BMI? 



2.6.5.2 results 

27.  28. m 29. BMI 30. HR 

31. student 1 32.  33.  34.  

35. student 2 36.  37.  38.  

39. student 3 40.  41.  42.  

43. ... 44.  45.  46.  

47.  48. The mean 

value 

49. BMI 50. HR 

51. Group 1 52.  53.  54.  

55. Group 2 56.  57.  58.  

 

2.6.6  The procedure to point no. 6 award - Effect of exercise on HR 

1. Find out how often a week practicing individual.  

2. Enter the frequency to the table.  

3. Split the group into two groups again and calculate the average parameters (mean value).  

4. Is there a difference? 

 

2.6.6.1 results 

59.  60. frequency 

of 

exercise 

61.  62.  63.  

64. student 1 65.  66.  67.  68.  

69. student 2 70.  71.  72.  73.  

74. student 3 75.  76.  77.  78.  

79. ... 80.  81.  82.  83.  

84.  85.  86.  87.  88.  

89. Group 1 90.  91.  92.  93.  

94. Group 2 95.  96.  97.  98.  

99.  100.  101.  102.  103.  

2.6.6.2 Control question 

Is there a difference? 

2.6.7  Procedure to point no. 7 task - ECG at rest and during breathing 

1. Choose one person to whom you place ECG electrodes on the chest. 

2. Carry Einthoven derivative.  

3. Instruct the selected person to casually sitting on a chair for 2 minutes.  

4. Then start recording when the person concerned is sitting idle, after 30 seconds, 5 times 

a deep breath and again to rest until it reaches the recording duration of 90 seconds.  

5. Then stop recording and insert the data into the file g.BSanalyze. 



6. Identify changes in ECG parameters when calculating the average pulse rate for each 

state: 

o before breathing 

o breathing 

o After breathing. 

2.6.7.1 results 

Fill in the following table: 

 

2.6.7.2 Control question 

Is there a difference between these three terms? 

2.6.8  Procedure to point no. 8 enter - Pan Tompkins construction 

algorithm for the detection of HR in MATLAB 

Pan-Tompkins algorithm to emphasize QRS complex, first band-filtered ECG signal. Bandpass 

filter absorbs noise and unimportant signal component of the ECG signal. To determine sharp 

changes are then calculated the first derivative of the filtered signal. Subsequently, the signal is 

smoothed into a sliding window. Finally, the detector threshold used for finding the QRS peaks. 

HR can be calculated from the resultant RR intervals .. 

 

2.6.9  The procedure to point no. 9 award - QRS frequency spectrum 

Based on the calculation of the power spectrum of the ECG signal to specify the frequency 

component of the QRS complex. Before calculating the spectrum remove the DC component. 

Plot the resulting power spectrum and describe the main frequency component of the spectrum. 

2.6.9.1 results 

2.6.9.2 control issues 

1. In which the frequency range of the QRS complex represented? 

2. QRS complex is easily distinguishable from the rest of the ECG signal in the frequency 

space? 

 

2.6.10  Process to the point no. 10 award - pass filter for QRS 

For the design of the bandpass filter to detect the QRS complexes of the ECG signal, use 



Butterworth filter (MATLAB command butter) sixth order. Design a filter for the following 

ranges: (i) 1-10, (ii) 5-20, (iii) and 20-40 (iv) 40-100 Hz. Filter ECG signal using different 

filters, and display the resulting time series. 

2.6.10.1 results 

2.6.10.2 control issues 

1. Which filter is the best solution for the detection of QRS complex? 

2. What we can observe the resulting amplitude? 

 

2.6.11  Procedure to point no. 11 to enter - Frequency and phase response 

Calculate the frequency response and phase response best, situated Butterworth filter and record 

the filter coefficients (Use MATLAB command freqz.m) 

2.6.11.1 results 

2.6.12  Procedure to point no. 12 to enter - Implementation Pan-Tompkins 

algorithm 

Implement Pan-Tompkins algorithm using the proposed bandpass filter. For the calculation of 

the first derivative use MATLAB diff command. 

2.6.12.1 results 

2.6.12.2 control issues 

1. What level of filter you chose? 

Plot time series after each performed step and explain why it has been used up. 

 

2.6.13  Process to the point no. 13 award - the choice of threshold 

Select the appropriate threshold for QRS complex detection and identify the most QRS 

complexes. For the solution, you can use the MATLAB findpeak to identify the rising and 

falling edges of the signal.  

2.6.13.1 results 

2.6.13.2 control issues 

1. How QRS complexes have correctly detected? 

2. How QRS complexes lacking? 

3. How many false positives complexes have you found? 

 

2.6.14  Process to the point no. 14 award - Calculate Tachogram and HR 

Calculate the RR - interval and HR ECG signal.  

Plot tachogram.  

Calculate HR average, minimum and maximum HR. 



2.6.14.1 results 

 

2.6.15  Process to the point no. 15 award - Detection artifacts 

Note the derivation of the ECG signal artifacts created and test it again with your algorithm.  

2.6.15.1 results 

2.6.15.2 control issues 

4. How QRS complexes have correctly detected? 

5. How QRS complexes lacking? 

6. How many false positives complexes have you found? 

 

2.7  References 
PENHAKER, Marek.Medical diagnostic equipment: textbooks. 1st ed. Ostrava: VSB - 

Technical University of Ostrava, 2004, 320 pp. ISBN 80-248-0751-3. 

 

 



3  Experiment inclined table 

3.1  Target jobs 
Through this laboratory exercise you will learn: 

 Understand the mechanical activity of the heart. 

 Identify important points on the ECG 

 Measuring ECG intervals 

 Measure and calculate the RR interval HR 

 Evaluate software EKGpomocí 

3.2  task 
104. QRS complex detection 

105. Tachogram and Histogram 

106. Comparison of RR interval and heart rate  

107. The amplitude and duration of the QRS complex 

3.3  Expected knowledge 
For this exercise requires preparation:  

Chapter 4 electrocardiography [1] 

3.4  used equipment 
 

Equipment / Software Description Amount 

 g.USBamp Biosignal amplifier with 16 channels 1 

 power Medical AC power 1 

 USB cable  USB cable for PC connection g.USBamp 1 

 ECG cable  ECG cable with clip  11 

 ECG electrodes  Disposable ECG electrodes 50 

 High Speed Online 

 SW for processing  

in Simulink 

Biosignal program for collecting and 

processing data that runs in Simulink 

1 

 g.Bsanalyze Biosignal processing software that runs 

in MATLAB 

1 

 g.Recorder Software for the visualization of 

biomedical  

1 

 PC and printer  1 

3.5  theoretical analysis 

3.5.1  Mechanics of the Heart - Frank-Starling mechanism 

Each cardiac cycle is divided into contraction, ejection phase (systole) and klidovéfáze 

(diastole). Frank-Starling mechanism describes the development of blood pressure as 



influenced by the volume of the blood pressure during the cardiac cycle and the parameters 

which affect it. 

3.5.2  heart valves 

In the heart, there are four flaps that flank the two chambers: the mitral valve atrikuspidální flap 

which separates the right komoruod right atrium. Valve allows blood to flow from the atrium 

to the ventricles. When the blood pressure in the chambers is higher than that in the atria, it will 

close, and therefore prevents the backflow of blood into the atrium. The aortic and pulmonary 

valve located between the chamber and arteries. These flaps allow blood flow from the 

ventricles into the body and into the lungs, but inhibits reverse flow from closing once the blood 

pressure in the arteries is higher than in the chamber. 

3.5.3  Passive filling curve 

If the actual heart is filled with blood, the blood pressure increases the volume krve.Tento effect 

is illustrated in Figure 1 below. 

 

Figure 1 Passive filling curve 

3.5.3.1 Isovolumetric maximum curve 

Isovolumetric maximum of the curve describes the closing of the heart muscle as blood enters 

or leaves the chamber. Its shape depends on the strength of the muscle. Each point of the curve 

can be achieved by contraction of the heart, kteráprobíhá from different angles, as shown in 

Figure second 



 

Figure 2 isovolumetric maximum slope 

3.5.3.2 Isotonic maximum curve 

Podobnějako isovolumic maxima in the curve is determined isotonic maximum - unlike 

isovolumetric myocardial curves, the flaps opened and the blood pressure is kept constant. In 

this case ventricular downloaded to different sizes, 

depending on blood tlaku.Izotonické maximum of the curve shown in Figure 3 below. 

 

 

Figure 3 Isotonic maximum slope 

 

3.5.3.3 The final systolic pressure curve dependent upon the blood volume 

(ESPVR) 

Contractility is the inner strength of the heart muscle. It is difficult to determine, since most 

clinically available measurements is strongly influenced by the initial tension (preload) and 

dotížením (afterload). The ratio of pressure and volume at the end of systole is the index that in 

experimental animals is not dependent on the load and exhibits a linear relationship with 

contractility. Although the correlation between the pressure ratio and contractility and end-

systolic volume is not the intact human vegetative nervous system exactly linear, yet serves as 

a model for analyzing the heart activity. The slope of the line and the pressure ratio of the 

volume at the end of systole (end- systolicpressure-volumerelationship - ESPVR) becomes 

steeper when increases contractility. If preloadafterload remains constant increases stroke 



volume. Myocardial depression causes a shift ratio of the volume and end-systolic pressure to 

the downward and rightward. 

 

Figure 4 curve ESPVR 

 

3.5.4  Isovolumetric contraction phase 

At the beginning of ventricular contraction is partially filled with blood (preload) and the blood 

pressure in the heart corresponds to the pressure for a given volume of blood, depending on the 

passive filling curve. 

Over time, the chamber is closed by contraction of the blood volume in the ventricles, and not 

the blood volume change only to a reduction in blood pressure (isovolumetric contraction). 

Krevzpůsobí increase pressure on the spot where the blood pressure becomes higher than the 

blood pressure in the arteries, which are located behind the flaps of the aortic 

pulmonálníchlopní. 

 

Figure 5 Isovolumetric contractile phase 

3.5.5  ejection phase 

Once the pressure in the heart higher than the peripheral arteries, the aortic valve and the 

pulmonary valve opens and the blood starts to flow from the ventricles into the arteries. 

Ventricular myocardium contraction continues and the pressure increases even more. 



Contractions are now neither isovolumetric nor isotonic, but something in between. The blood 

coming from the chambers into the arteries, while the contraction chamber drops and the 

pressure may be within the chamber. The volume of blood that remains inside the chamber is 

called so. Afterload. 

 

3.5.6  relaxation phase 

Once the pressure in the chambers is less than the inside arteries, aortic pulmonálníchlopně be 

closed again to prevent the blood flowing back from the arteries into the ventricles. Both 

chambers are relaxed atlak in the chambers decreases. During diastole, blood flows back into 

the chamber and fills her passive filling curve. Contraction of blood increases the tension. 

Finally, the whole cycle is repeated again, followed by contraction of the ventricles. 

 

3.5.7  The stroke volume and cardiac output 

The stroke volume is defined as the volume of blood pumped from the heart during one cardiac 

cycle. It can be seen from the Frank-Starling's schema as the difference between the volume in 

the isovolumetric contraction phase, and the volume, expressed in the relaxation phase. Cardiac 

output is determined by the amount of blood (and thus oxygen), which is pumped into the body. 

 

CO = SV * HRsC0 cardiac výdejSV ... ... ... objemHR stroke heart rate 

 

3.5.8  Experiment inclined table 

In this experiment, the examinee is fixed to an inclined table lying down. A person is more or 

less upright. This experiment simulates the process of getting up from a lying [Baron-Esquivias 

2003]. 

When the human body is in a position lying down or standing up, going here many processes. 

The gravitational force is concentrated blood in the legs. When the pressure drop and the 

amount of blood flowing back into the right atrium, the pressure decreases. Less blood flows 

back into the hall, and it also means that less blood is returned to the chambers. For this reason, 

the reduced bias of the chambers. In the Frank-Starling diagram this effect is represented by the 

movement from point 1 to the left. 



 

Figure 6 Changes in the Frank-Starling diagram during the experiment with inclined 

table 

In order to ensure blood circulation throughout the body, must be constant cardiac output. For 

this reason, when the stroke volume decreases heart rate must be higher. Increasing the heart 

rate derived from the activation of the sympathetic nervous system, and it is a result of detection 

of blood pressure loss due to the inclination of the table. 

Among other things, the slope table is used for diagnosing pathology 

NeurallyMediatedSyncopes which leads to activation of the sympathetic system - resulting in 

increased activity of the heart, blood pressure, frequency - may be exaggerated response to 

parasympathetic. In these patients may experience a physiological response in the experiment, 

causing pathology of the parasympathetic system and thus leads to a decrease in heart rate and 

vasodilation. This causes a lack of blood supply to the brain, which ultimately leads to 

mdlobě.Jakmile appear fainting, must tilt the table back to a horizontal position, and usually the 

person zotaví.Pacienti with orthostatic hypotension are able to customize your cardiovascular 

SystemV upright (standing). Vasovagal (neurokardiogenní) vyvolányhyperaktivním symptoms 

are vasomotor reflex. Diabetic autonomic neuropathy is shown e.g. podleabnormální heart rate 

control and orthostatic hypotension. Orthostatic hypotension can also be seen on the Shy-

Drager symptom. Specificity tilt table test is about 85-90%. This is why people may faint during 

the experiment. The overall risk of fainting when tilt is about experiment 

15%, about 10% are presyncopic symptoms. This risk is not related to the sex of the patients, 

but younger patients have a higher risk of fainting than older ones. For endurance sports men 

are more susceptible to fainting when tilted due to increased vagotomy. 

 

3.5.9  Changes in QRS complex caused experiment inclined table 

As described above, the movement from the lying to an upright position leads to an increase in 

heart rate, stroke volume decreases as the heart and can not maintain konstantní.Vzhledem that 

very much depends on physiological parameters of heart rate may occur many effects, eg .: 

 Frequency rate decreases with increased cardiac activity. 



 The duration of the depolarization of myocardial cells is shortened. 

 

These changes (particularly changes in conduction velocity) can also be seen on the ECG. 

3.5.10  Changes in the duration of the QRS complex 

Since less blood flows back into the chamber is reduced preload of the heart and the heart 

volume decreases. Due to the small amount, the distance required for excitement entire chamber 

is smaller after folding table than before. This effect limits the duration of the QRS komplexu.Z 

Therefore, the effects described can be partially interrupt one another - that is, the duration of 

the QRS complex may increase or decrease during testu.Navíc when looking at one cable ECG 

devices due to changes in position and orientation heart, length of the QRS complex may appear 

to be increased or decreased after folding stolu.Všechny myocardial cells become active in a 

shorter period, i.e. if the duration of the QRS is restricted, the cells are activated simultaneously. 

Therefore, more and more resources ECG occurs in time and amplitude ECG increases. 

Regarding the duration of the QRS, 

Reference  

G. Baron-Esquivias, A. Martinez-Rubio, Table Tilt Test: The State of the Art, Indian Pacing 

Electrophysiol J. 2003, 3 (4): 239-252. 

 



3.6  entering Task 

3.6.1  General guidelines for the measurement 

In this úlozebude used to measure slanted table, if available. Please note that the tilt table should 

be performed by a doctor, nurse, or someone called. Although the risk for the examined person 

is low, complications can occur. As an alternative, it is possible to perform ECG measurements 

during the movement from the supine to standing - no tilt table, although this experiment is not 

used to diagnose syncope usually experiment effects may occur (increased heart rate, reduced 

QT duration, extension of the QRS complex). 

 

3.6.2  Task 1 - ECG data during the first object tilt 

Record the ECG of one test person for a period of about 2 minutes in the supine position (rest 

period), a standing and after standing for 5 minutes (action interval). 

3.6.3  Task 2 - detection of the QRS complex 

Automatically detects QRS complexes from a data file and manually correct the wrongly 

assigned tags. Using a complex detector to search for QRS complexes QRS assign a tag. Then 

go through the data and find bad or unclassified značky.Použijte trim function for manual 

adjustment. 

3.6.3.1 results 

1. How complex was poorly situated? 2. How complex was missing? 3rd When the object to 

be measured in a standing position? 

 

3.6.4  Task 3 - Tachogram and Histogram 

Calculate Tachogram Histogram and the rest of the action interval. Both courses draw and 

compare. What Tachogram describes a Histogram? 

 

3.6.5  Task 4 - Comparison of RR interval and heart rate 

Calculate the HR and RR interval. 

3.6.5.1 results 

Fill in the following table: 

 

3.6.5.2 control issues 

How big are the changes in HR? 



 

3.6.6  Task 5 - The amplitude and duration of the QRS complex 

For calculating the amplitude of QRS and QRS duration it is necessary to find the beginning 

and end of the QRS complex. Unfortunately, the detection of onset and offset of the QRS 

complex is a relatively difficult task. It is often difficult to tell where the QRS complex ends 

where it begins and T wave - even for zkušenékardiology.Pro simple approach to finding the 

onset of QRS and QRS complex detection offset is possible to use the same method to detect 

what sepoužívá QRS lesson 2. lesson 2 is calculated the first derivative of the signal and the 

absolute value of the first derivative of the signal is often used for QRS detection. The resultant 

signal may be summarized in the equation: 

det ( ( ( )))orgsig abs diff filt sig  

 

 

Figure 7 The absolute value of the first derivative of the filtered signal 

The resultant signal is shown in Figure 7. The threshold value may be used provided that all 

supra-threshold value are located in the QRS complex. Regarding the detection of the QRS 

threshold super- points are summarized into regions and the outermost points may be inserted 

on the onset and offset of the QRS complex as shown in Figure eighth 



 

Figure 8 absolute value of the filtered signal values that are less than 0.1 are red  

QRS duration can be calculated using the following equation: 

duration offset onsetQRS QRS QRS   

and the amplitude of the QRS complex is defined as: 

max( ) min( )amplitude QRS QRSQRS signal signal   

wherein signálQRS is given from the beginning to dovyrovnání QRSkomplexu. 

Figure 9 shows the typical evolution of RR interval during the test tilted table. To reduce 

předpětítepový heart volume decreases when moving from a lying to a standing position. In an 

effort to maintain a constant heart rate, srdečnítep increases, and therefore reduce the RR 

intervals. 



 

Figure 9 RR interval during the test, an inclined table. The table was tilted at the time of 

630s. 

3.6.6.1 results 

Use DataEditor and Single Beat Editor to create a waveform BCI your data. 

3.6.6.2 control issues 

1. Generate changes in QRS complex across nahrávky.Jak changes the duration of the 

QRS complex? 

2. Plot the amplitude of QRS complexes the entire record. Explain changes. 

 



4  Detection of arrhythmias and conduction system 

abnormalities 

4.1  Target jobs 

Through this laboratory exercise you will learn: 

 Measure, record the ECG and EKG implement frequency filters. 

 Understand ECG pathology. 

 Determine the correlation analysis of the ECG. 

 Learn to classify average heartbeat. 

 Evaluate the ECG using the software. 

4.2  task 

1. Filter for ECG data. 

2. ECG pathology. 

3. Correlation analysis. 

4. Average heart rate and classification. 

4.3  Expected knowledge 

For this exercise requires preparation:  

 Chapter 4 electrocardiography [1] 

4.4  used equipment 
 

Equipment / Software Description Amount 

 g.USBamp Biosignal amplifier with 16 channels 1 

 power Medical AC power 1 

 USB cable  USB cable for PC connection g.USBamp 1 

 ECG cable  ECG cable with clip  11 

 ECG electrodes  Disposable ECG electrodes 50 

 High Speed Online 

 SW for processing in 

Simulink 

Biosignal program for collecting and 

processing data that runs in Simulink 

1 

 g.Bsanalyze Biosignal processing software that runs in 

MATLAB 

1 

 g.Recorder Software for the visualization of 

biomedical 

1 

 PC and printer  1 

4.5  theoretical analysis 

Detection of arrhythmias and conduction abnormalities heart is one of the main tasks of 

automatic analysis of ECG signal.  



Abnormalities can be categorized into the following groups: 

 atrial abnormalities including sinus node (e.g., atrial fibrillation) 

 abnormalities of the atrioventricular node (e.g. AV block) 

 conduction abnormalities (e.g. bundle branch block)  

 ventricular abnormalities eg. ventricular extra systole). 

All of these can lead to abnormal heart rhythms, or abnormal ECG morphology. 

4.5.1  atrial rhythm 

Fibrillation abnormalities (including sinus abnormalities) are seen in morphology or in the 

rhythm of the P wave. In normal sinus rhythm are always activated just before the atrium 

chambers. This means that the P wave is visible before each QRS complex. Since the excitation 

is delayed in the AV node between the P wave and the QRS complex is a delay of about 120-

200 ms. Sometimes pre-excitation based on the sinus node. Individual atrial ectopic atrial beats 

are excitations that are initiated in the sinus node. The ECG P waves are represented at different 

distances from the previous wave P is usually different than the normal morphology of P waves, 

because the stretch to wake hall. If the abnormal rhythm in atrial often the abnormalities are 

directed to the ventricles, resulting in abnormal heart rhythm. In this case, they can be seen the 

P waves, 

 

4.5.2  Abnormalities rhythm atrioventricular node 

Three different abnormalities of the AV node may be defined as follows: 

1) AV bloky2) By cesty3) Preliminary excitation 

 

AV block are graded as follows: 

 Block first degree: the speed of conduction through the AV node is reduced. This can 

be recorded as a prolongation of PQ interval in the ECG. 

 Block second degree: Some, but not all atrial impulses are not conducted nakomorách. 

A block may be present in the AV node. 

 

 Block third degree - there is no conduction from the atria to the ventricles. There is no 

synchronization between the atria and ventricles. 

4.5.3  Rhythm abnormalities conduction system 

Conversion system consists of Hisova bundle, bundle branch and Purkinje fiber. There are two 

types of abnormalities that may occur within each of the following structures: 



a) pre-excitation 

b) blocks parts of the cardiac conduction system. 

 

Preliminary excitation originating from the conduction system may be identified as the pre ECG 

QRS complexes with normal morphology, preceded vlna.Předběžné excitation P of the AV 

node as well as a transfer system is difficult to separate them. Blocks in the rapid conduction 

system cause the normally wider QRS complexes. 

 

4.5.3.1 Ventricular rhythm disturbances 

Rhythm Abnormalities ventricles are preliminary excitation coming from the ventricular 

myocardium. These abnormalities may be identified as wide QRS complexes without preceding 

P-wave on the ECG which occurs earlier than expected (reducing the RR interval). 

  

Reference 

Pathological ECG data are provided in the following locations: [NSR] Open database: MIT-

BIH normal sinus rhythm Database [database on the Internet]. Cambridge (MA) PhysioNet. 

[Cited 27 August 2006]. Available from: http: 

//www.physionet.org/physiobank/database/nsrdb/ [ARR] Open database: MIT: BiH. 

Arrhythmia Database [database on the Internet]. Cambridge (MA): PhysioNet. [Cited 27 

August 2006]. Available from: http: //www.physionet.org/physiobank/database/mitdb/ 

 

4.6  entering Task 

4.6.1  General guidelines for the measurement 

The objective of this task is for students to consolidate fundamental knowledge about what 

arrhythmias and conduction abnormalities can be seen from the ECG, and how these changes 

can be detected using automated ECG analysis techniques. 

4.6.2  Task 1 - Filter for ECG data 

Create a FFT filter to remove off-set for the data set: 115.dat. First load signal 115.dat in 

MATLAB and plot it (use g.BSanalyze import function). Manually check your signal 

morphology and compare it with a known, normal ECG morphology. To verify, use the import 

function. (See FIG. 1). 



 

Figure 1 The first five seconds of the signal 115.hea from MIT: BIH Physio.et 

arytmiedatabáze 

 

One of the options to filter the signal to calculate its Fourier transform, set all the frequency 

components outside the pass to zero and then calculate inverzníFourierovu transformation. The 

disadvantage of this method is that it can not be done in real time. To calculate the discrete 

Fourier transform X (k) uses the following relationships: 

( 1)( 1)
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Amplitude spectrum can be calculated according to the following relationship: 

( ) ( / 2* / ) 2* ( ( ))P f P fs k N abs X k   

where: 

fs is the sampling frequency 

N is the number of samples of the signal 



 

Figure 2 Frequency spectrum signal 115.hea 

Set all the values of X (k) for f <flow or f> f HIGH to zero (i.e., remove all frequencies 

outside the band pass window) as shown in Figure 3. 

 

Figure 3 Frequency spectrum of the signal 115.hea after removing frequency 

components outside the bandpass window. Zero values are plotted relative to the 

logarithmic scale. 

Then generate a time domain signal according to the relation inverse Fourier transform: 
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The resulting graph of the ECG signal in the time domain is shown in Figure 4 below. 

 



 

Figure 4 first five seconds of the filtered ECG signal 115.hea 

 

Create a script in MATLAB and perform the above operations. 

 

4.6.3  Task 2 - ECG pathology 

Find five attached ECG signals, some are normal sinus rhythm and show 

Pathology of cardiac conduction system. 

Datasets: 

115.dat122.dat100.dat111.datn01.dat121.dat 

That the signals are pathological, and describe the pathology that you found.  

Explain how you found and where exactly can be seen in the ECG (time during which the 

pathology is visible, measured from the beginning of the file). Draw the corresponding segment. 

 

4.6.4  Task 3 - Correlation Analysis 

Import data from 100.hea B.analyze and detect QRS complexes. Then perform correlation 

analysis. 

4.6.4.1 results 

Draw a normal rhythm. 

Plot pathological rhythm of different classes. 

Plot the ECG signal, which corresponds to different classes. 

How many different complexes you found? 

 



4.6.5  Task 4 - Average heart rate and classification 

Will detect characteristic points, and calculate the average heart rhythm of each class. 

Finally, make widespread classification in order to see the different paths that you can see 

different waveforms and associated pathology. 

4.6.5.1 results 

Plot the result of widespread classification. 

How much heart rhythms can be found? 

Correlation class that corresponds to the normal heart rhythm? 

Plot a graph of the ECG from BBB. 

At what time you found the BBB? 

 



5  fetal ECG 

5.1  Target jobs 

Through this laboratory exercise you will learn: 

 Measure and analyze fetal ECG. 

 Compare HR and HRV mother and child. 

5.2  task 

5. To record and analysis of fetal ECG. 

6. Comparison of HR and HRV mother and child. 

5.3  Expected knowledge 

For this exercise requires preparation:  

 Chapter 4 electrocardiography [1] 

5.4  used equipment 

 

Equipment / Software Description Amount 

 g.USBamp Biosignálůs 16 amplifier channels 1 

 power Medical AC power 1 

 USB cable  USB cable for PC connection g.USBamp 1 

 ECG cable  ECG cable with clip  11 

 ECG electrodes  Disposable ECG electrodes 50 

 High Speed Online 

 SW for processing in 

Simulink 

Biosignal program for collecting and 

processing data that runs in Simulink 

1 

 g.Bsanalyze Biosignal processing software that runs in 

MATLAB 

1 

 g.Recorder Software for the visualization of 

biomedical 

1 

 PC and printer  1 

5.5  theoretical analysis 
With modern devices and ECG signal processing, it is possible to measure the ECG of the fetus 

(fetal ECG). The current data set contains the role of fetal ECG and shows the steps to analyze 

this data. Data can also be recorded themselves unless we have the appropriate investigative 

person. 

5.6  entering Task 

5.6.1  Task 1 - record and analysis of fetal ECG 

Record 8 channels of ECG data from the mother in order to find the fetal ECG. To find the 

source of fetal ECG should be used method of Independent Component (ICA). 



5.6.2  results 

Perform the following steps: 

1. 8 Place the ECG electrode disposable on the mother's abdomen, where it is expected 

that the child's heart. Arrange 8 electrodes, as shown in the Montage Creator below: 

 

Figure 1 arrangement of electrodes 

The electrode gap should be about 4-5 cm. 

2. G.USBamp Connect to your laptop and start g.Recorder for data collection. Connect 8 

electrodes placed on MontageCreator to inputs 1-8 on the amplifier. 

 

 

Figure 2 Wiring g.USBamp 

3. Place the grounding electrode at the foot of the mother and the cable Ground electrode 

G of the amplifier. 



4. Connect the reference electrode to the lower right corner of MontageCreator and 

connect it to the input of the amplifier reference R- 

5. Turn g.Recorder and select the frequency of 256 Hz. Check the quality of ECG data 

channels and record about 90 seconds of data. Use a file name FetalECG.hdf5 

6. Load data set to g.BSanalyze. Generate a raw ECG signal for about 5 seconds. ECG 

signals are seeing? 

7. Open the window with the name of Geometry menu Header file See 8 chmontage.mat. 

 

Figure 3 Geometry window 

Load the x and y coordinates of the electrode to g.BSanalyze. This information is important 

for the calculation of the ICA in the next step. 



8. Open the Independent Component Analysis (ICA) from the Analyze menu and select 

higter order statistic (HOS) under the ICA algorithm. 

 

Figure 4 Independent Component Analysis 

Save the results and select the name icafilter.mat to store the results of your analysis. 

 

 

 

 

 

 

 

 



9. Open Spatial Filter from the Pre - Processing menu and load file icafilter.mat, which 

was calculated in the previous step. The filter has a dimension of 8x8, as calculated from 

8 channels of ECG. 

 

Figure 5 Spatial Filter 

10. Select Create and enter temporal pattern in the use filter (s) values [1:08] for all 8 ICA 

filters. 

11. Choose Replace all channels to erase the raw ECG data. 

 

12. Press Start to perform spatial filtering. Finally DataEditor ukázaže ICA components 8 

channels of ECG and ECG includes a mother and child. 



 

5.6.2.1 control issues 

1. Which channel ECG includes the child's mother? 

2. Which channel includes ECG child? 

3. As can be seen on channel 4 and on other channels? 

4. What are the amplitude of signals? 

 

5.6.3  Task 2 - Comparison of HR and HRV of mother and child 

Assign QRS ECG signs for mother and child. Calculate and compare the parameters of cardiac 

rhythm variability in the time domain. 

5.6.3.1 results 

 

Click to select DataEditor to create a new label. 

 

 



Figure 6 Creating a new brand 

1. Create a brand called FETALQRS and another indicator of názvemQRSmother. Close 

the window with OK. 

 

 

Figure 7 Edit markers and attributes 

2. Now look for the peaks of the QRS complex in the ECG mothers and assign a label to 

each vertex QRSmother manually. 

 

3. Similarly, assign a tag FETALQRS the third channel ECG. Brands are marked with red 

color. 

 

The results of the draw DataEditoru. 

Calculate the HRV parameters in time domain two feet ECG and Tachogram plot, histogram 

and determine the statistical parameters. Resample Tachogram and choose the scale bpm. 

 



5.6.3.2 control issues 

1. What is the scope of HR for the mother. What is the height of the peak in the histogram? 

2. What is the scope of HR for the child. What is the height of the peak in the histogram? 

3. Compare the heartbeat of mother and child. 



6  lead ECG 

6.1  Target jobs 
Through this laboratory exercise you will learn: 

 Measure and analyze 12-lead ECG 

6.2  task 
7. 12 lead ECG measurement. 

6.3  Expected knowledge 
For this exercise requires preparation:  

 Chapter 4 electrocardiography [1] 

6.4  used equipment 
 

Equipment / Software Description Amount 

 g.USBamp Biosignal amplifier with 16 channels 1 

 power Medical AC power 1 

 USB cable  USB cable for PC connection g.USBamp 1 

 ECG cable  ECG cable with clip  11 

 ECG electrodes  Disposable ECG electrodes 50 

 High Speed Online 

 SW for processing in 

Simulink 

Biosignal program for collecting and 

processing data that runs in Simulink 

1 

 g.Bsanalyze Biosignal processing software that runs 

in MATLAB 

1 

 g.Recorder Software for the visualization of 

biomedical 

1 

 PC and printer  1 

6.5  theoretical analysis 

In practice, the twelve lead ECG measurement uses four limb electrodes and six chest 

electrodes. Figure 1 illustrates the principle and Einthovenových Goldbergrových leads for 

ECG measurement. 

 



 

Figure 1 Eithovenovy Goldberg and downpipes 

 

Eithovenův hypothetical triangle is formed by the equivalent triangles. Pravánoha, left leg and 

left leg electrodes. Wilson Central Terminal (WCT) is nacházíve center of the triangle, there is 

envisaged the location of the heart. Goldberger aWilson comes from the fact that their 

downpipes are kept on the WCT. This particular arrangement of the electrodes allows to display 

activity of the heart from various perspectives in the frontal plane. Depolarization spreads 

toward leadership and causes upward deflection. Polarization, which spreads away from the 

electrodes causes a downward compression. 

 

Figure 2 Location of the electrodes 12 lead ECG 



Figure 2 shows the placement of the electrodes for 12-lead ECG. The right leg is used 

jakoreferenční electrode. Left arm, right arm and left leg are used proodvození Einthovenových 

Goldbergergových and downspouts. Derivative combined. WCT value can be calculated using 

the following equation: 

 

CT = (Right leg Left leg + + left leg) / 3 

 

Based on the WCT Goldberg temptations can be deduced by the following relationship: 

 

aVR = right arm - left arm WCTaVL = - = WCTaVF left leg - WCT 

 

The ECG terminology is used for Golbergovy manifolds Reinforced term temptations 

Einthoven temptations can be calculated based on the following equations: 

 

EI = Left arm - nohaEII Right Left arm = - = nohaEIII Right Left arm - Right leg 

Wilson electrodes are placed directly on the chest as shown in Figure 2. V1 and V2 are located 

at the fourth intercostal space. An electrode V4 is positioned on the 5th intercostal space at the 

left midclavicular line. Also note that the V3 electrode should be positioned midway between 

V2 and V4 electrodes and the electrodes V4, V5, and V6 must all be placed on the same level 

as V4. V5 electrode is located on the axillary line and V6 at the midclavicular line. V1 and V2 

show particular activity right heart, V3 and V4 indicate septal activity and V5 and V6 exhibit 

activity left. 

Please note that the 12-lead ECG, use 10 electrodes that are placed on the body in 12 leads.  

 

Reference: LeifSörnmo, Pablo Laguna. Bioelectrical signal processing in Caridac and 

neurologickýchAplikace, Elsevier, 2005 .Rangaraj M. Rangayyan. BiomedicalSignalAnalysis. 

Wiley Inter- science, 2002 .John R. Hampton. ECG in practice. Churchill Livingstone, 2005th 

 

6.6  entering Task 

6.6.1  Task 1 - 12 lead ECG measurements 

Connect ECG electrodes to the amplifier correctly biomedical and use g.Recorder to obtain the 

required ECG channels. Then write a script in MATLAB to calculate 

Einthovenových 3, 3 and 6 Goldberg Wilson leads. 

Plot 12 of the resultant leads. 

 



7  The deployment and installation of the system by 

electrodes 10/20 

7.1  Target jobs 
Through this laboratory exercise you will learn: 

 how to properly deploy the electrode of the international system 10/20.  

 how to properly attach electrodes to the EEG cap.  

7.2  task 
2. Rozměřit position of electrodes according to standard 10/20 and attached electrodes to 

cap g.EEGcap 

 

7.3  Expected knowledge 
For this exercise requires preparation: 

 Chapter 2: Biopotenciálové electrode [1] 

 Chapter 5: Electroencephalography in [1] 

 

 

Focus your attention on the following topics: 

 Measurement of contact resistance of electrodes 

 Materials for the manufacture of electrodes, electrodes. 

 Distribution system according to the system of electrodes 10/20 

 

7.4  used equipment 

 g.EEGcap 1 

 6x electrodes g.LADYbirdPASSIVE 

 Tape measure. 

 abrasive gel  

 conductive gel 

 Tape measure 

 

7.5  theoretical analysis 

7.5.1  theoretical analysis 

 

Internationally distribution system called electrodes 10-20 determines the exact position of each 

EEG electrodes on the patient's head. The system is called 10-20, since the electrodes are spaced 

at a ratio of 10% and 20%. Percentage is mainly because of the different sizes of skull test 

subjects. Individual electrodes are identified by their location in the brain area. (F - frontal area, 

T - temporal C- central, parietal and P O - occipital area). Additional number will allow to 

distinguish right (even: 2,4,6,8) and left hemisphere (odd: 1,3,5,7). Smaller figure indicates an 



electrode disposed closer to the center line. The letter "z" denotes the title of the electrode 

positioned at the central line. (En). Nasion (area of the root of the nose) and inion (small hole 

in the occipital region of the head) on the center line are taken as the two reference points. From 

these two points being the head girth distributed in transversal direction and the media. The 

distribution electrodes are then governed by dividing these sections at 10% and 20% intervals. 

To constant manual of measuring the circumference of the head, all commercially available 

EEG caps already predefined position just under that system. 

 

 

 

Fig. 7.1: Basic layout of electrodes according 10/20 

7.6  Workflow 
 

7.6.1  The procedure to point no. 1 assignment 

Select a test person who is willing to take measurements of EEG. Her back in a comfortable 

chair with a backrest. Position electrodes C3, C4, Fz and Pz FPZ by system 10/20. Measure the 

time how long you manage to correctly deploy the electrodes. 

1. Record the time, you started to work. tstart 

2. Measure the distance between the nasion and Inion DNI 

3. Calculate the midpoint between the nasion and Inion DNI50 

4. Measure the distance from the position DNI50 NASIONA to Inionu. Mark this point as 

Cz. 

5. Measure the distance between the ears. Find the tragus (ear lobe) and ask for the 

measured subject to open and close his mouth. You will feel a small hole. From this 

position, measure the value of Dear-ear which runs through the point Cz. 

6. Calculate a value of 20% Dear-ear. 

7. Mark the C3 position which will lie to the left at a distance from the location of D20% 

Cz. 

8. Mark the C3 position which will lie at the right distance from the location of D20% Cz. 



9. Mark the position Fz that will face toward the nasion distance D20% by placement Cz. 

10. Mark the position Pz that will face toward Inionu at a distance D20 from the position 

Cz% 

11. Mark FPZ position by measuring the distance D20% from Fz position toward 

NASIONA. 

12. Clean the skin around carefully selected electrodes using a cloth and abrasive gel 

13. Spread it with your finger corresponding holes in the cap g.EEGcap and pull them to 

the electrode. 

14. Fill the electrode conductive gel. 

15. Perform the same procedure for the involvement of the reference electrode in the right 

ear lobe. 

16. Write down the time for the assembly of electrodes. Ttotal 

 

7.7  results 
 

Tstart = ............... 

Day = ............ 

Dni50% = ...... .. 

Dear-ear = ...... .. 

D20% = ......... 

Ttotal = .......... 

 

7.8  control issues 
 

1. Describe the system 10/20.  

2. Explain what is meant in the letters indicate the location of the electrodes: FTCP and O.  

3. In what figures to denote the left and right hemisphere.  

4. At what point is placed ground electrode.  

5. At what point is placed reference electrode.  

 

7.9  References  
 

[1]   PENHAKER, Marek. Medical diagnostic equipment: textbooks. 1st ed. Ostrava: VSB 

- Technical University of Ostrava, 2004, 320 pp. ISBN 80-248-0751-3. 

 

 

 



8  Testing configuration biological signal amplifier 

8.1  Target jobs 
Through this laboratory exercise you will learn: 

 involve biological signal amplifier g.UBSamp 

 build a model for recording biological signals in Matlab - Simulink 

 test system setup for recording biological signals. 

 

8.2  task 
 

1. Setting the shooting strings and test the configuration of the amplifier biological signals 

g.UBSamp. 

 

8.3  Expected knowledge 
For this exercise requires preparation: 

 Chapter 2: Biopotenciálové electrode [1] 

 Chapter 5: Electroencephalography in [1] 

 

Focus your attention on the following topics: 

 Amplifier Design biosignal 

 

8.4  used equipment 

 g.USBamp 1 

 Source voltage to g.USBamp 

 USB cable to g.USBamp 

 SW High-speed On-line Processing for Simulink 

 

8.5  theoretical analysis 
 

g.USBampa 16-channel amplifier biological signals. It contains four separate ground and four 

reference inputs. For connection to a PC is used USB interface. Input voltage range is ± 250 

mV. The amplifier allows to measure simultaneously the four types of biological signals. It is 

primarily intended for measuring ECG, EEG, EOG and EMG. The amplifier allows the 

simultaneous synchronization with other devices of the same manufacturer. Software for 

recording, storing and processing of biological signals by means of a manufacturer's suggested 

in Matlab - Simulink. 

 

 

 

 



8.6  Workflow 
 

8.6.1  The procedure for entering point No.1 

 

1. Place the biological signal amplifier g.USBamp the proband's back so that you are able 

to connect easily to the electrode amplifier. Choose a location close to the measuring 

device. 

2. G.USBamp Connect the USB cable to the computer. Turn on the computer Matlab. 

(Matlab must be run with administrator privileges) 

 

 

Fig. 8.1: Connecting the measuring system g.USBamp 

 

3. Connect the power unit to biozesilovači. The connector is located on the right rear of 

the amp and turn it on. It should be lit green LED on the front panel. 

4. At the command prompt, run the command in Matlab gUSBampdemo1 model for EEG 

recording. 

5. Double click on the block g.USBamp open the configuration window. Then click the 

Load button and select the configuration file gUSBampdemo1.cfg of "MATLAB 

installation location \ gtec \ gUSBampHS \ Examples" Thus upload the required 

amplifier setting for this exercise. Now enter the serial number of amplifiers in the block 

serial number. The serial number is located on the top side of the meter. 

6. Switch section Mode to signal test. Now the amplifier is set in the test mode. Values set 

as follows: Analog output: sine, Amplitude: 200mV and frequency: 10Hz. 

 

 



 

Fig. 8.2: Model in Matlab Simulink to display a test signal 

 

 

 

Fig. 8.3: Configuration settings window measuring system g.USBamp 

 

7. Now click on OK to save the settings and close the window. 

8. Double click on the icon to open the Scope model visualization window and press Start 

simulation.  

9. Autoscale button is pressed (black binoculars) to view the full range sine wave.  



10. Save the image as displayed signal using PrintScreen.  

 

8.7  results  
 

1. Plot test signal.  

8.8  control issues 
 

1. What types of biosignals can be measured using a biological signal amplifier 

g.USBamp?  

2. What j maximum input voltage can be fed to the input terminals of the amplifier? 

3. What g.USBamp interface uses an amplifier for connection to a PC.  

 

8.9  References  
 

[2] PENHAKER, Marek. Medical diagnostic equipment: textbooks. 1st ed. Ostrava: VSB - 

Technical University of Ostrava, 2004, 320 pp. ISBN 80-248-0751-3. 



9  Calibration of the measurement system and measuring 

the contact resistance of the electrodes. 

9.1  Target jobs 
Through this laboratory exercise you will learn: 

 G.USBamp calibrate measuring system for measuring biological signals.   

 Measurement of contact resistance measuring electrodes.  

9.2  task 
1. Electrode assembly according to specification and calibration of the measuring system 

and measuring the contact resistance of the electrodes. 

9.3  Expected knowledge 
For this exercise requires preparation: 

 Chapter 2: Biological signals and their processing [1] 

 Chapter 5: Electroencephalography in [1] 

Focus your attention on the following topics: 

 Measurement of the transition resistance of the electrode 

 Construction electroencephalograph.  

9.4  used equipment 

 g.USBamp 1 

 Source voltage to g.USBamp 

 USB cable to g.USBamp 

 EEG electrodes - passive 6ks g.LadyBirdPassive 

 abrasive gel  

 conductive gel 

 SW High-speed On-line Processing for Simulink 

 

9.5  theoretical analysis 
 

Red connectors on the front of the amplifier is used as analog inputs. Yellow socket marked G 

is used to input grounding electrodes. The grounding electrode is usually placed in the low 

electrical activity. In our case it is the position FPZ. Red socket marked R are used to connect 

the reference electrode and is positioned either on the ear lobe or on the mastoid process. 

g.USBamp measures the impedance of each electrode separately, and values are displayed in 

kOhm. Color is the appropriate channel size transition resistance.   

Impedance is measured for 1 second for each channel separately with the 20 Hz signal. For 

optimum recording EEG signal is considered to be worth less than 5kΩ. If the value is greater 

than 10k perform the electrode again. 

 

 



9.5.1  Skin preparation before measurement 

Before placing electrodes on the skin, it is necessary to degrease the skin abrasive gel. This step 

ensures a small contact resistance electrodes. 

 

9.5.2   EEG electrode assembly 

EEG electrodes need to be before applying to the skin, or if their construction permits before 

starting the actual measurement filled with conductive gel, which enables EEG. Dirty electrodes 

or poor contact conductive gel and the electrode itself will result in poor quality of EEG 

recording. Too gel in turn can cause a short circuit between the electrodes. 

 

9.5.3  The procedure for entering point No.1 

1. Attach electrodes C3, C4, Fz and Pz FPZ g.EEGcap the cap. 

2. Clean the skin abrasive gel and then fill electrode conductive gel. 

3. These electrodes then connect by tab. 9.1the biological signal amplifier. Such 

engagement will measure the potential difference quaternion electrode against a 

reference electrode. 

 

Entry no. name electrodes 

1 red Fz 

2 red C3 

red 3 C4 

red pz 

G FPZ 

R Earlobe 

tab. 9.1: Connecting the electrodes to a measuring system for solving g.USBamp No.3 

 

4. Open the model in Simulink to measure electrode impedance. This step you make by 

typing in the command line gUSBampdemo4 Matlab. 

 



 

Fig. 9.1: Model in Matlab-Simulink for impedance measurement and calibration of the 

measuring system 

 

5. Double click to open the configuration block g.USBamp Load button and select the 

configuration file gUSBampdemo4.cfg. from "MATLAB installation folder \ gtec \ 

gUSBampHS \ examples" Thus upload the desired setting amplifier for the test. Now 

enter the serial number of amplifiers in the block serial number. The serial number is 

located on the top side of the meter. 

6. Now click on OK to save the settings and close the window. 

7. Double click the module Calibration and press Start. This starts calibration, adjusting 

the gain and offset of each channel. 

8. Click Save. This saves the information to the amplifier. 

 

Fig. 9.2: Model for the amplifier configuration biological signals g.USBamp 



  

 

 

Fig. 9.3: Calibration Module calibration of the measuring system 

 

9. Double click to open a block Impedance Check and press Start to start the 

measurement. g.USBamp measures the impedance of each electrode separately and 

shows its value. 

 

Fig. 9.4 : Impedance check module for measuring contact resistance of connected 

electrodes. 



    

 

Color. size impedance 

green  Impedance <5kΩ 

Yellow Impedance 5- 7kΩ 

red impedance 7-100kΩ  

blue The electrode is not 

connected 

tab. 9.2: Color-coded contact resistance values  

 

9.6  results 
 

In the following table, type values electrodes transition, you have achieved the individual 

electrodes. 

 

name electrodes Contact resistance value [k] 

  

  

  

  

  

tab. 9.3: Results achieved transition resistance 

9.7  control issues  
 

1. Why is it important transition resistance size? 

2. What happens if it ground electrode high-resistance?  

3. Why is the contact resistance measured by AC and DC voltage not? 

 

9.8  References 
[1]   PENHAKER, Marek. Medical diagnostic equipment: textbooks. 1st ed. Ostrava: VSB 

- Technical University of Ostrava, 2004, 320 pp. ISBN 80-248-0751-3. 

 

 



10  Artifacts in EEG records 

10.1  Target jobs 
Through this laboratory exercise you will learn: 

 how to properly deploy the electrode of the international system 10/20.  

 recognize individual artifacts from EEG 

10.2  task 
1. Elimination of artifacts during EEG measurement.    

 

10.3  Expected knowledge 
For this exercise requires preparation: 

 Chapter 2: Biological signals and their processing[1] 

 Chapter 5: Electroencephalography in[1] 

Focus your attention on the following topics: 

 Formation and elimination of the artifact. 

 Electroencephalography. 

10.4  used equipment 

 g.USBamp 1 

 Source voltage to g.USBamp 

 USB cable to g.USBamp 

 EEG electrodes - passive 6ks g ...... 

 abrasive gel 

 conductive gel 

 SW High-speed On-line Processing for Simulink 

 SW g.BSanalyze 

 Personal computer and printer  

 For task no. 8 must be part Statistic Matlab Toolbox.  

10.5  theoretical analysis 
Record the electrical activity of the brain is called electroencephalography. The first record of 

this kind carried out by German psychiatrist Dr. Hans Berger Hospital in Jena, the first rhythms 

that recorded during the experiment is repeated 10 times per second and therefore were called 

alpha waves. Electroencephalograph is recorded by means of electrodes (small metal discs of 

gold, silver or Argent-cloridu.) To which is applied a conductive gel. Thus, the potentials of the 

order recorded in the range of tens of microvolts, which must be reinforced, at least 10,000 

times .. There are two shooting modes bipolar and unipolar. In the unipolar mode, brain activity 

is measured between any electrode and the common reference terminal, which is usually placed 

at a site root nose, forehead or earlobe. The record may consist of 1 to 256 channels (sometimes 

more). Electrode placement is redefined internationally established system called EEG is used 

mainly in clinical neurology especially for the diagnosis of epilepsy, determine the sleep 



disorders and neurological diseases. In audiology EEG is used to determine the level of hearing. 

The neurosciences are mainly the study of psychological and psychiatric disorders or 

pharmacological studies. During operations, the EEG can be used to determine the depth of 

anesthesia as well as brain death patients. New methods and algorithms, however, the 

opportunity to exercise the brain computer interface that recognizes specific ideas for the reason 

of non-contact control device. In audiology EEG is used to determine the level of hearing. The 

neurosciences are mainly the study of psychological and psychiatric disorders or 

pharmacological studies. During operations, the EEG can be used to determine the depth of 

anesthesia as well as brain death patients. New methods and algorithms, however, the 

opportunity to exercise the brain computer interface that recognizes specific ideas for the reason 

of non-contact control device. In audiology EEG is used to determine the level of hearing. The 

neurosciences are mainly the study of psychological and psychiatric disorders or 

pharmacological studies. During operations, the EEG can be used to determine the depth of 

anesthesia as well as brain death patients. New methods and algorithms, however, the 

opportunity to exercise the brain computer interface that recognizes specific ideas for the reason 

of non-contact control device. 

 

10.5.1  The emergence of EEG   

 

EEG is the result of brain electrical assets. The human brain has about 1010 - 1012 neurons. 

Information processes at the neural level is through action potentials having an amplitude of 

about 70 mV, action potential can arise up to 1000 times per second. The resultant action 

potentials are called post synaptic potentials, which are divided into excitation (EMPA) and 

inhibitory post synaptic potentials (EMPA). EEG records the average of these potentials. 

 

10.5.2  Electroencephalogram 

 

EEG amplitude in the range of 50 - 100 microvolts. The amplitude depends primarily on the 

activity performed, as well as for system installation electrodes. EEG scanned using a bipolar 

electrode assembly has a smaller amplitude than the identical scanned using unipolar EEG 

assembly. EEG is ranked among the stochastic signals and therefore the analysis is performed 

in the frequency domain. Basic analyzed frequency range is in the range 0 to 40 Hz but in 

extreme cases, the EEG is analyzed with a maximum frequency of 80 Hz. 



 

Fig. 10.1: EEG rhythms 

10.5.3  Skin preparation before measurement 

Before placing electrodes on the skin must be degreased and skin abrasive gel. This step ensures 

a small contact resistance electrodes. 

 

10.5.4   EEG electrode assembly 

EEG electrodes need to be before applying to the skin or if their construction permits before 

starting the actual measurement filled with conductive gel, which enables EEG. Dirty electrodes 

or poor contact conductive gel and the electrode itself will result in poor quality of EEG 

recording. Too gel in turn can cause a short circuit between the electrodes. 

 

10.5.5  Artifacts in EEG records. 

Artifacts in EEG records are two main causes and biological and synthetic. For artifacts 

biological origin is considered eg. Blinking, eye movement, muscle activity. Artifacts come 

from external artificial man-made sources, such as noise from the public grid and so on.   



 

Fig. 10.2Interference artifact to record EEG 

 

10.6  Workflow 
 

10.6.1  The procedure for entering point No.1 

The task of measuring a four-channel EEG recording from electrodes Fz, C3, C4 and Pz during 

which you make several operations during which a proband: 

A.  sit quietly without any movement  

B.  blink his eyes several times  

C.  toppling eyes to the side  

D.  press teeth  

E.  Turn the neck muscles  

F. Ask someone from your neighborhood to touch sensing electrodes.  

G. Place the power supply voltage amplifier or near the measuring electrodes due Stray 

50Hz noise on the EEG recording. 

 

Recognition of artifact measurement is an important step for the correct execution of other 

experiments. 

1. Open the model in Simulink for measurement and visualization of EEG .. you 

perform this step by typing in command line gUSBampdemo2 Matlab. 

2. Double click to open the configuration block g.USBamp Load button and select the 

configuration file gUSBampdemo2.cfg. from "MATLAB installation folder \ gtec \ 

gUSBampHS \ examples" Thus upload the desired setting amplifier for the test. Now 

enter the serial number of amplifiers in the block serial number. The serial number 

is located on the top side of the meter. Select four channels for measurement by 

checking the appropriate checkbox. 

 



 

Fig. 10.3: Model in Matlab Simulink-measuring point assignment no. 4 

 

3. Assign values to the parameters None Bandpass and Notch pressing apply. During 

this test, no signal will not be filtered.   

4. Press OK. 

 

 

Fig. 10.4The module settings g.USBamp in Simulink. 



 

5. Change the number of channels in the block Demux and Scope to 4. Save the model 

under the name Task4.mdl. This model will be required for the implementation of 

other experiments. 

6. Double click on the To File block, open a module for storing data in a file. Enter a 

filename Task4.mat. In this file your data will be stored. 

7. Press Start, the EEG recording starts. Press Autoscale to display the entire range of 

data. Note that the record is not filtered EEG will therefore include an offset in the 

order of microvolts or mV and will also noticeable disturbances on the mains 

frequency of 50Hz. 

8. Make sure the record is displayed in its entirety and tested person should perform 

tasks that were given to the introduction of this task. Every act that should last at 

least 30 seconds. Altogether, the record was last of 210 s. When the proband 

complete all tasks, press the Stop button. 

9. Start system g.BSanalyze gbsanalyze by typing the command line Matlab. Record 

data from the File menu command Load. 

10. Set the sampling frequency to 256Hz. 

11. Remove offset using the Remove Drift Box Pre_preocessing. Set the exponential 

Moving to the length of 1000ms you enter into the Length box. Press the Start 

button. 

 

 

 

 

 

Fig. 10.5The block to eliminate drift in the program g.BSanalyze 

 

 



 

12. Remove channel No.1 trials using the Cut & Channel menu of Transform.  

13. Scaling opens from the View menu and enter 100 microvolts scale for channels 1 to 

4 

14. Enter the value into the box 30 Second bottom left of the graph.  

 

 

Fig. 10.6The block for display of selected channels 

 

15. The data analysis will be used functions Assaying and Ruler Tools that are included 

in the program g.BSanalyze. Press the Edit button, and mark an epoch in the Data 

Editor in the channel that you want to analyze. Then click Analyze to determine the 

spectral components selected epoch. 

 

 

 

Fig. 10.7: The selected signal part program g.BSanalyze 

 

 

 

 

Fig. 10.8The block for creating eras in the program g.BSanalyze 

 

16. Save the measured for each act of EEG in the time domain.   

 



10.7  results  
 

1.      Fill using the above functions, the following table. 

 

Act Frequency Range [Hz] The amplitude [mV] 

Peace   

winking   

Rolling eyes   

Chewing   

Turning the neck muscles   

touch electrodes   

Interference 50Hz   

 

2.  Fill in the table on which channel do best to recognize the following artifacts.   

 

Act Channel 

Peace  

winking  

Rolling eyes  

Chewing  

Turning the neck muscles  

touch electrodes  

Interference 50Hz  

   

10.8  control issues 
 

1. Explain the reason for the elimination of artifacts. 

2. What kinds of artifacts you know the origin.  

3. What is the frequency of network disturbances in the EU and what the USA.   

4. What system assembly electrode (unipolar or bipolar) is preferable to eliminate 

artifacts generated blinking.   

 

10.9  References  
 

[1] PENHAKER, Marek. Medical diagnostic equipment: textbooks. 1st ed. Ostrava: VSB - 

Technical University of Ostrava, 2004, 320 pp. ISBN 80-248-0751-3. 



11  Elimination of artifacts in EEG records 

 

11.1  Target jobs 
Through this laboratory exercise you will learn: 

 recognize individual artifacts from EEG recording 

 EEG eliminate artifacts. 

11.2  task 
1. Elimination of artifacts during EEG measurement.    

 

11.3  Expected knowledge 
For this exercise requires preparation: 

 Electroencephalography in [1] 

 Filtration [2] 

Focus your attention on the following topics: 

 electroencephalography 

 Filtration 

 spectral analysis 

11.4  used equipment 

 g.USBamp 1 

 Source voltage to g.USBamp 

 USB cable to g.USBamp 

 EEG electrodes - passive 6ks g ...... 

 abrasive gel  

 conductive gel 

 SW High-speed On-line Processing for Simulink 

 SW g.BSanalyze 

 Personal computer and printer  

.  

11.5  theoretical analysis 
Record the electrical activity of the brain is called electroencephalography. The first record of 

this kind carried out by German psychiatrist Dr. Hans Berger Hospital in Jena, the first rhythms 

that recorded during the experiment is repeated 10 times per second and therefore were called 

alpha waves. Electroencephalograph is recorded by means of electrodes (small metal discs of 

gold, silver or Argent-cloridu.) To which is applied a conductive gel. Thus, the potentials of the 

order recorded in the range of tens of microvolts, which must be reinforced, at least 10,000 

times .. There are two shooting modes bipolar and unipolar. In the unipolar mode, brain activity 

is measured between any electrode and the common reference terminal, which is usually placed 

at a site root nose, forehead or earlobe. The record may consist of 1 to 256 channels (sometimes 



more). Electrode placement is redefined internationally established system called EEG is used 

mainly in clinical neurology especially for the diagnosis of epilepsy, determine the sleep 

disorders and neurological diseases. In audiology EEG is used to determine the level of hearing. 

The neurosciences are mainly the study of psychological and psychiatric disorders or 

pharmacological studies. During operations, the EEG can be used to determine the depth of 

anesthesia as well as brain death patients. New methods and algorithms, however, the 

opportunity to exercise the brain computer interface that recognizes specific ideas for the reason 

of non-contact control device. In audiology EEG is used to determine the level of hearing. The 

neurosciences are mainly the study of psychological and psychiatric disorders or 

pharmacological studies. During operations, the EEG can be used to determine the depth of 

anesthesia as well as brain death patients. New methods and algorithms, however, the 

opportunity to exercise the brain computer interface that recognizes specific ideas for the reason 

of non-contact control device. In audiology EEG is used to determine the level of hearing. The 

neurosciences are mainly the study of psychological and psychiatric disorders or 

pharmacological studies. During operations, the EEG can be used to determine the depth of 

anesthesia as well as brain death patients. New methods and algorithms, however, the 

opportunity to exercise the brain computer interface that recognizes specific ideas for the reason 

of non-contact control device. 

 

11.5.1  The emergence of EEG   

 

EEG is the result of brain electrical assets. The human brain has about 1010 - 1012 neurons. 

Information processes at the neural level is through action potentials having an amplitude of 

about 70 mV, action potential can arise up to 1000 times per second. The resultant action 

potentials are called post synaptic potentials, which are divided into excitation (EMPA) and 

inhibitory post synaptic potentials (EMPA). EEG records the average of these potentials. 

 

11.5.2  Electroencephalogram 

 

EEG amplitude in the range of 50 - 100 microvolts. The amplitude depends primarily on the 

activity performed, as well as for system installation electrodes. EEG scanned using a bipolar 

electrode assembly has a smaller amplitude than the identical scanned using unipolar EEG 

assembly. EEG is ranked among the stochastic signals and therefore the analysis is performed 

in the frequency domain. Basic analyzed frequency range is in the range 0 to 40 Hz but in 

extreme cases, the EEG is analyzed with a maximum frequency of 80 Hz. 



 

Fig. 11.1: EEG rhythms 

11.5.3  Standardized distribution electrodes.  

Internationally distribution system called electrodes 10-20 determines the exact position of the 

individual electrodes on the head. The system is called 10-20% since the electrodes are spaced 

at a ratio of 10% and 20%. Percentage is mainly because of the different sizes of skull test 

subjects. Individual electrodes are identified by their location in the brain area. (F - frontal area, 

T - temporal C- central, parietal and P O - occipital area). Additional number will allow to 

distinguish right (even: 2,4,6,8) and left hemisphere (odd: 1,3,5,7). Smaller figure indicates an 

electrode disposed closer to the center line. stands for "Z" denotes the title of the electrode 

positioned at the central line. (En). Nasion (area of the root of the nose) and inion (small hole 

in the occipital region of the head) on the center line are taken as the two reference points. From 

these two points being the head girth distributed in transversal direction and the media. The 

distribution electrodes are then governed by dividing these sections at 10% and 20% intervals. 

To constant manual of measuring the circumference of the head are all commercially available 

EEG caps already predefined position just under that system. 

 



 

Fig. 11.2: Placement of the electrodes according to the system 10/20 

 

11.5.4  Skin preparation before measurement 

Before placing electrodes on the skin must be degreased and skin abrasive gel. This step ensures 

a small contact resistance electrodes. 

 

11.5.5   EEG electrode assembly 

EEG electrodes need to be before applying to the skin, or if their construction permits before 

starting the actual measurement filled with conductive gel, which enables EEG. Dirty electrodes 

or poor contact conductive gel and the electrode itself will result in poor quality of EEG 

recording. Too gel in turn can cause a short circuit between the electrodes. 

 

11.5.6  Artifacts in EEG records.  

Artifacts in EEG records are two main causes and biological and synthetic. For artifacts 

biological origin is considered eg. Blinking, eye movement, muscle activity. Artifacts come 

from external artificial man-made sources, such as noise from the public grid and so on. 

 

Fig. 11.3Interference artifact to record EEG 

 



 

11.6  Workflow 
 

11.6.1     The procedure for entering point No.5 

 

1. Open the model that you created earlier named Task4 by typing Task4 in MATLAB 

command line.   

2. Double click and select g.USBamp block for each channel ideal filter. Try to 

eliminate artifacts from EOG and EMG artifacts but selected filter can eliminate the 

signal. 

3. Activating Notch filter block g.USBamp eliminate noise arising from the public grid 

and record the EEG signal again. Compare the two records. 

4. Set in the block drainpipes g.USBamp bipolar between electrodes Fz-C3, C3-C4, 

C3-PZ 

5. View a graph which plots the signal spectrum, both while the NOTCH filter, and 

when it is switched off. 

6. How large is the drop in dB 50 Hz? 

7. Plot record for comparing bipolar and unipolar assembling electrodes during EEG 

measurement.  

 

 

 

 

 

 

 

 

 

 

 

11.7  results  

11.8  control issues 
 

1. Justify why you have selected the filter. 

2. How big is the suppression of interference from the public grid via Notch Filter.  

3. Answer that better suppresses electrode assembly EOG artifacts. Give reasons why. 

4. Answer that better suppresses electrode assembly EMG artifacts. Give reasons why. 

5. Bipolar electrode assembly is also resistant against network interference? Give 

reasons. 

6. How large is the drop 50 Hz interference in dB? 
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12  Alpha and beta rhythms in EEG records 

 

12.1  Target jobs 
Through this laboratory exercise you will learn: 

 To investigate the possible reduction of the alpha rhythm during the test.  

12.2  task 
1. Investigate size alpha and beta rhythms, depending on the open or closed eyes.  

 

12.3  Expected knowledge 
For this exercise requires preparation: 

 Chapter 2: Biological signals and their processing in [1] 

 Chapter 5: Electroencephalography in [2] 

Focus your attention on the following topics: 

 The alpha and beta bands of EEG activity in 

 electroencephalography 

12.4  used equipment 

 g.USBamp 1 

 Source voltage to g.USBamp 1 

 USB cable 1x g.USBamp 

 SW High-speed On-line Processing for Simulink 

 Electrodes 6 pieces g.EEGladybird 

 abrasive gel 

 conductive gel  

12.5  theoretical analysis 
Record the electrical activity of the brain is called electroencephalography. The first record of 

this kind carried out by German psychiatrist Dr. Hans Berger Hospital in Jena, the first rhythms 

that recorded during the experiment was repeated 10 times per second and therefore were called 

alpha waves. Electroencephalograph is recorded by means of electrodes (small metal discs of 

gold, silver or Argent-cloridu.) To which is applied a conductive gel. Such potentials are 

recorded in the order of tens of microvolts range to be reinforced at least 10,000 times. There 

are two shooting modes bipolar and unipolar. In the unipolar mode, brain activity is measured 

between any electrode and the common reference terminal, which is usually placed at a site root 

nose, forehead or earlobe. The record may consist of 1 to 256 channels (sometimes more). 

Electrode placement is redefined internationally established system called EEG is used mainly 

in clinical neurology especially for the diagnosis of epilepsy, determine the sleep disorders and 

neurological diseases. In audiology EEG is used to determine the level of hearing. The 

neurosciences are mainly the study of psychological and psychiatric disorders or 

pharmacological studies. During operations, the EEG can be used to determine the depth of 



anesthesia as well as brain death patients. New methods and algorithms, however, the 

opportunity to exercise the brain computer interface that recognizes specific ideas for the reason 

of non-contact control device. In audiology EEG is used to determine the level of hearing. The 

neurosciences are mainly the study of psychological and psychiatric disorders or 

pharmacological studies. During operations, the EEG can be used to determine the depth of 

anesthesia as well as brain death patients. New methods and algorithms, however, the 

opportunity to exercise the brain computer interface that recognizes specific ideas for the reason 

of non-contact control device. In audiology EEG is used to determine the level of hearing. The 

neurosciences are mainly the study of psychological and psychiatric disorders or 

pharmacological studies. During operations, the EEG can be used to determine the depth of 

anesthesia as well as brain death patients. New methods and algorithms, however, the 

opportunity to exercise the brain computer interface that recognizes specific ideas for the reason 

of non-contact control device. 

 

12.5.1  The emergence of EEG   

 

EEG is the result of brain electrical assets. The human brain has about 1010 - 1012 neurons. 

Information processes at the neural level is through action potentials having an amplitude of 

about 70 mV. Action potential can arise up to 1000 times per second. The resultant action 

potentials are called post synaptic potentials, which are divided into excitation (EMPA) and 

inhibitory post synaptic potentials (EMPA). EEG records the average of these potentials. 

 

12.5.2  Electroencephalogram 

 

EEG amplitude in the range of 50 - 100 microvolts. The amplitude depends primarily on the 

activity performed, as well as for system installation electrodes. EEG scanned using a bipolar 

electrode assembly has a smaller amplitude than the identical scanned using unipolar EEG 

assembly. EEG is ranked among the stochastic signals and therefore the analysis is performed 

in the frequency domain. Basic analyzed frequency range is in the range 0 to 40 Hz but in 

extreme cases, the EEG is analyzed with a maximum frequency of 80 Hz. 



 

Fig. 12.1: EEG rhythms 

 

 

 

12.5.3  Skin preparation before measurement 

Before placing electrodes on the skin must be degreased and skin abrasive gel. This step ensures 

a small contact resistance electrodes. 

 

12.5.4   EEG electrode assembly 

EEG electrodes need to be before applying to the skin, or if their construction permits before 

starting the actual measurement filled with conductive gel, which enables EEG. Dirty electrodes 

or poor contact conductive gel and the electrode itself will result in poor quality of EEG 

recording. Too gel in turn can cause a short circuit between the electrodes. 

 

 



12.6  The procedure to point no. 6 award 
Record a 30-second recording, which measured subject sitting still with closed eyes. Then open 

your eyes again and take a 30-second recording. Repeat this for three minutes. 

 

1. Open the model of task no. 4 Task4 by typing the command line MATLAB.  

2. Set the filter type bandpass filter in the range of 0.5-30 Hz for all 4 channels.  

3. Measuring body must sit still and his eyes closed. Rename the file where data will 

be stored on Task6.mat Start button and start the measurement. 

4. After 30 seconds ask the proband to open his eyes for the 30s. Repeat 3 times. 

5. After three minutes, stop recording data and upload the saved data file for offline 

analysis. 

6. Analyze using Epoch dominant frequency, as was done in the job 10.5.5  . Choose 

one and do any channeltab. 4 write the value of the frequency characteristics for 

each channel.  

7. To tab. 5 type in the alpha value of the amplitude for each frequency in dependence 

on the measured electrode.  

8. To tab. 6 write the calculated mean values obtained spectral values.  

9. To tab. 7 type values in the spectral characteristics of the beta band for each 

frequency based on the measured electrode. 

10. To tab. 8 write the calculated mean value of the spectral values obtained in the beta 

band. 

 

12.7  results  
 

Segment 1 2 3 4 5 6 

Alpha 1 (8-10 

Hz) [mV / Hz] 

      

Alpha2 (11-13 

Hz) [mV / Hz] 
      

1 beta (14-20 

Hz) [mV / Hz] 
      

Alpha 1 (21-32 

Hz) [mV / Hz] 
      

tab. 4: Spectral characteristics of the individual sub-bands for one selected channel 

EEG. 

 

 

 

 

 

 

Segment 1 2 3 4 5 6 

Fz       



C3       

C4       

pz       

tab. 5: Spectral alpha values in the range according to different positions of the 

measuring electrode. 

Alpha [μV2] 1 3 5 Mean 2 4 6 Mean 

Fz   

C3   

C4   

pz   

tab. 6: Mean values of the spectral characteristics in the band of alpha 

 

Segment 1 2 3 4 5 6 

Fz       

C3       

C4       

pz       

tab. 7: Spectral values in the beta band, depending on the different positions of the 

measurement electrode. 

 

Beta [μV2] 1 3 5 Mean 2 4 6 Mean 

Fz   

C3   

C4   

pz   

tab. 8: Mean values of the spectral characteristics in the beta band 

12.8  control issues  
   

1. Which components (alpha or beta) is visible in the segments 1, 3 and 5?   

2. Which component is visible in segments 2 4 ??  

3. Which electrode is the largest alpha activity over closed eyes.  

4. Which electrode is the greatest activity when the eyes are open.  

12.9  References  
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developed protocols 



QRS detection 

12.1  Target jobs 
Through this laboratory exercise you will learn: 

 Detect QRS complexes 

 Measure and record the ECG and ECG artifacts understand  

 Identify important points on the ECG 

 Measuring ECG intervals 

 Measure and calculate the RR interval HR 

 evaluated using ECG software 

 Implement Pan-Tomkins algorithm 

12.2  task 
8. EKG to measure all students 

9. Automatic detection of QRS complexes and HR 

10. Calculating the mean value and standard deviation 

11. The influence of gender on HR 

12. Effect of weight and body mass index on HR 

13. Effect of exercise on HR 

14. ECG at rest and during breathing 

15. Construction Pan-Tompkins algorithm for the detection of HR 

16. QRS frequency spectrum 

17. Bandpass filter for QRS 

18. Frequency and phase response 

19. Implementation of Pan-Tompkins algorithm 

20. selection threshold 

21. Tachogram and HR 

22. detection artifacts 

23.  

24.  

12.3  Expected knowledge 
For this exercise requires preparation:  

 Chapter 4 electrocardiography [1] 

12.4  used equipment 
 

Equipment / Software Description Amount 

 g.USBamp Biosignal amplifier with 16 channels 1 

 power Medical AC power 1 

 USB cable  USB cable for PC connection g.USBamp 1 

 ECG cable  ECG cable with clip  11 

 ECG electrodes  Disposable ECG electrodes 50 



 High Speed Online 

 SW for processing in 

Simulink 

Biosignal program for collecting and 

processing data that runs in Simulink 

1 

 g.Bsanalyze Biosignal processing software that runs 

in MATLAB 

1 

 g.Recorder Software for the visualization of 

biomedical  

1 

 PC and printer  1 

 

12.5  theoretical analysis 
The first step in nearly each process of ECG analysis is detection of QRS complexes. QRS 

complexes are most striking pulse across the ECG waveform relative to other signals can be 

detected easily. 

 

QRS complexes are generally characterized by: 

 high amplitude signals 

 high derivatives 

 

A simple threshold detector base QRS is led further. 

Examples of more sophisticated algorithms are given e.g. in [1985 Pan Sörnmo 2005]. 

 

More sensitive and specific parameter of the above two derivative. Therefore, the calculated 

first derivative signal. Due to the nature of ECG where R peak is greater and the peak S 

dominates, sometimes upward and sometimes decreasing portion of these peaks is narrower, 

both positive and negative extremes, the first derivative of the signal can be used to detect the 

QRS. And for this reason, the absolute value of the first derivative of the signal is often used 

for detection of the QRS complexes. 

 

The resultant signal can be summarized by the equation 

 

sigdet = Abs (diff (filt (sigorg))) 

 

 

 

 

 

 

 

 

 

 

 

 



 

and an example is shown in Figure 1 

 

 

Figure 1 The absolute value of the first derivative of the filtered signal 115.hea 

PhysioNet on the MIT-BIH arrhythmia database 

 

The threshold value of the resulting signal may be used provided that the entire thresholds 

located in the QRS complex. 

 

This method threshold is a very simple type of detector QRS. Alternatively it could be used 

Pan-Tompkinsnův algorithm. Let's start with the first sample. Contrast threshold sample. If it 

is less than the threshold, take another sample. When the amplitude of the sample is greater 

than the threshold, explains that as a QRS complex. 

For samples immediately after such a super-threshold sample uses the increased threshold 

value, which decreases exponentially to the initial threshold (refractory period). Take a sample 

after sample of super-threshold and compare it with the increased threshold. 

 

 

Figure 2 the absolute value of the first derivative of the filtered signal 115.hea PhysioNet 

on the MIT-BIH arrhythmia database. Values> 0.1 are indicated with a red asterisk 

 

Usually more than one sample during each QRS complex is a super-threshold, as shown in 

Figure 2. 

To obtain a single sample of the QRS complex, it can be used in the original filtered, 

underivated signal. Super-threshold samples that are close to 20 ms, can be grouped into super-



threshold region. Within each of these areas can be maximum 

of the original signal is interpreted as the R peak of the signal (see Figure 3 below). 

 

 

Figure 3 arrhythmia database with markers QRS 115.hea filtered signal from the MIT-

BIH PhysioNet. 

 

12.5.1  rhythm Analysis 

Once the QRS complexes available RR intervals on ECG simply compute the difference 

between the time slots in which the two successive detected R peaks. 

1i ii R RRR t t


  or ( )RRR diff t  

Figure 4 is an example of RR intervals recorded in numerical rhythm, this course is called 

Tachogram. 

 

 

Figure 4 Tachogram ie. RR-intervals depending on the time of signal 115.hea PhysioNet 

MIT-BIH arrhythmia database 

Note - this figure was created without manual correction results from the algorithm QRS 

detection and thus contains abrupt changes due to incorrect QRS complexes. 

 

Although these RR intervals is different from the beat rhythm (heart rate variability HRV) 

Differences are usually very small (only a few percent). Therefore, it is possible to detect 

abnormalities in ventricular rhythm finding RR intervals that vary more than a few percent from 



the previous RR intervals, eg. More than 15 percent. 

 

Indicator abnormal beat = find (abs (difference (RR))> RR / 15) 

 

However, the QRS detection seldom operates with a 100% sensitivity and 100% of ability, 

usually some QRS complexes are omitted and some artifacts are interpreted as QRS 

complexes. Therefore, it may be a manual control of the detected QRS complex and manual 

correction carried out before the detection cycle according to the equation above. 

12.5.2  abnormalities 

Abnormalities originating chambers typically have an abnormal QRS morphology, because the 

conductivity of chambers extends by means other than a normal beat. 

Therefore, comparing the morphology of the abnormal beat RR interval with a normal rhythm, 

you can decide whether the origin of the abnormal rhythm in the ventricles (ventricular rhythm 

abnormality) or in the tissue before the chamber (abnormality supra-ventricular rhythm). 

When comparing the morphology of the normal rhythm, it is necessary to know the problems 

of morphology rhythm. One possibility for the calculation of the normal morphology of the 

beat morphology determining the mean value of all heartbeats. As long as the majority of 

strokes within the ECG is normal and just a few beats is abnormal, it will match the diameter 

of the morphology normal beat. Better results will be achieved only when averaging beats with 

normal RR intervals, the result will be correct if the excitation beats most normal RR intervals 

will be spread over the chamber in the normal way. 

 

One way to verify the similarity between two heart rhythms is cross correlation. Cross 

correlation between the two signals can be calculated using the following equation: 

1 2( ) ( )* ( )
N

i N

cc n beat n beat n i


   

Where N is the number of samples during the beat. 

 

The value of n is between 1 -1.  

A value of 0 indicates that the signals of no relationship. 

The value -1 indicates the signals which are mirrored by the x axis. 

A value of 1 means that the signals are identical. 

 

CC (n) corresponds to the correlation between heartbeats, when the value of the replacement 

shock n2 is on the right. 

 

Therefore, CC (0) discloses the similarity between two heartbeats without changing the position 

along the time axis, and can be used for deciding on the similarity of the morphology of two 

hearts. 

The correlation factor between two similar pulses is typically greater than 0.95. 

 

Figure 5 shows a two-channel ECG with ventricular extrasystole. RR 

interval is reduced and the morphology differs from the QRS regular RR intervals. No P wave 



can not be seen. 

 

 

Figure 5 Signal 121 database arrhythmias ventricular extrasystoles 

in the middle of the picture. 
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12.6  Workflow 

12.6.1   The procedure to point no. 1 assignment - Measuring the ECG of all 

students in your group 

Measure gradually EKG each student in the group. Sit quietly in a chair. Place the electrodes 

on the left ankle, right foot and left foot. Connect to the amplifier person Biosignal and start 

collecting data. Record the ECG signal for 60 seconds. 

 

12.6.1.1 results 

25.  26. ECG 

27. student 

1 

28.  

29. student 

2 

30.  

31. student 

3 

32.  

33. ... 34.  

 



12.6.2  Procedure to point no. 2 specification - Automatic detection of QRS 

complexes and HR 

Perform automatic detection of the QRS complex detector toolbar ECG.  

Calculate the mean value of RR intervals, HRV HR function of the time domain. then use 

a second portion ECG toolbox for calculating various segments.  

12.6.2.1 results 

Record ECG data through g.Recorder as shown in the figure below, and load the data into 

g.BSanalyze. 

 

 
Figure 6 ECG data retrieved 

 

 

 

 

For automatic detection of QRS Complex Detector use of ECG menu. 

 

 
Figure 7 Detector Complex 

 

Select the input channel ECG that is loaded into DataEditor and click to start the search QRS 

complexes and assign a tag to each ECG complex. 



 

Data Editor will now show the assigned marks for each QRS complex. 

 

 
Figure 8 QRS complex symbols for every 

  

Important is the manual control of a complex assignment because the algorithm does not always 

work perfectly. The Data Editor can add or remove QRS brand. 

 

Now we can calculate HR with Time Domain. We will start from the ECG menu. 

 

 
Figure 9 HRV Time Domain 

 

The function searches for all brands of QRS complexes in the Data Editor and calculated 

parameters Tachogram and heart - rate and heart - rate variability. Change in Tachogramu unit 

bpm and click start. 

 

g.Result2D Tachogram opens a window Histogram differential parameters. 

 



 
Figure 10 Tachogram and Histogram 

 

 

Start the Single Beat Editor of ECG menu. ECG complexes will be automatically converted by 

this editor. 

 

 

 

 

Figure 11 Single Beat Editor 

 

Single Beat Editor It allows movement through analyzed ECG signal and measuring 

different points and intervals. 

 

Select the characteristic points detection of ECG menu in the Data Editor and run the 

algorithm for finding points and intervals. 

 



 
Figure 12 Characteristic Point Detection 

 

Then automatically opens Single Beat Editor and shows the characteristic points in this case. 

 

 
Figure 13 Single Beat Editor 

 

 

Fill in the following table: 

 



 

 

12.6.3  Procedure to point no. 3 award - Calculate the mean value and 

standard deviation of each parameter, 

Sort tops and intervals according to the amplitude and duration.  

12.6.3.1 results 

The mean and median are shown in the table above. 

 

intervals: 

QT interval> PQ interval> P wave duration> The duration of the QRS complex 

 

amplitude: 

QRS> T> P 

 

The amplitude of the T wave may be very similar to the QRS complex and can be a problem 

with automatic detection. 

 

12.6.4  The procedure to point no. 4 task - The influence of gender on HR 

Calculate the mean value rate for men and women.  

12.6.4.1 results 

Male: 59 bpm 

Female: 71.5 bpm 

 

12.6.5  Procedure to point no. Assignment 5 - Effect of mass and body mass 

index in HR 

1. Determine the weight of each person.  

2. Create two equally large groups of people who are weight-below average and above 



average and calculate their average value.  

3. Is there a difference? Perform also test the accuracy of the results. 

4. Calculate Body Mass Index and re-create the two groups.  

5. Compare HR groups and check the correctness of the results. 

 

HR heavier two people: 62.5 bpm 

HR lighter two people: 68 bpm 

 

Multiple objects may require the test of significance. 

BMI gives the same results as the weight for this group of objects. 

 

12.6.5.1 Control question 

1. HR is a difference regarding weight and BMI? 

12.6.5.2 results 

35.  36. m 37. BMI 38. HR 

39. student 1 40.  41.  42.  

43. student 2 44.  45.  46.  

47. student 3 48.  49.  50.  

51. ... 52.  53.  54.  

55.  56. The mean 

value 

57. BMI 58. HR 

59. Group 1 60.  61.  62.  

63. Group 2 64.  65.  66.  

 

12.6.6  The procedure to point no. 6 award - Effect of exercise on HR 

5. Find out how often a week practicing individual.  

6. Enter the frequency to the table.  

7. Split the group into two groups again and calculate the average parameters (mean value).  

8. Is there a difference? 

 

12.6.6.1 results 

Fitness Score 2: 59bp 

Fitness Score 1: 71.5 bpm 

 

67.  68. frequency 

of 

exercise 

69.  70.  71.  

72. student 1 73.  74.  75.  76.  

77. student 2 78.  79.  80.  81.  

82. student 3 83.  84.  85.  86.  



87. ... 88.  89.  90.  91.  

92.  93.  94.  95.  96.  

97. Group 1 98.  99.  100.  101.  

102. Group 2 103.  104.  105.  106.  

107.  108.  109.  110.  111.  

12.6.6.2 Control question 

1. Is there a difference? 

12.6.7  Procedure to point no. 7 task - ECG at rest and during breathing 

1. Choose one person to whom you place ECG electrodes on the chest. 

2. Carry Einthoven derivative.  

3. Instruct the selected person to casually sitting on a chair for 2 minutes.  

4. Then start recording when the person concerned is sitting idle, after 30 seconds, 5 times 

a deep breath and again to rest until it reaches the recording duration of 90 seconds.  

5. Then stop recording and insert the data into the file g.BSanalyze. 

6. Identify changes in ECG parameters when calculating the average pulse rate for each 

state: 

o before breathing 

o breathing 

o After breathing. 

12.6.7.1 results 

3 Connect ECG electrodes to biozesilovači and place ECG electrodes to measure the subject. 

Then do the ECG. 

 

Load data into g.Banalyze and use Complex QRS Detector for assigning tags. Ready data can 

be found in the folder: Lesson2 / T22 file T22ECG.mat. 

 

Open Cut Sample menu of Transform data and remove 10 to 30 seconds. Data store called 

before.mat. 

 

 



Figure 14 Cut Samples 

 

Select the detection of characteristic points of ECG menu and run the algorithm. Single Beat 

Editor starts automatically with the results. 

 

Select Time Domain HRV from ECG menu to calculate MeanHR and Mean RR intervals. 

g.Result2D is opened with the results. Paste the results into a spreadsheet. 

 

Fill in the following table: 

 

12.6.7.2 Control question 

Is there a difference between these three terms? 

12.6.8  Procedure to point no. 8 enter - Construction Algorithm Pan-

Tompkins HR detection in MATLAB 

Pan-Tompkins algorithm to emphasize QRS complex, first band-filtered ECG signal. Bandpass 

filter absorbs noise and unimportant signal component of the ECG signal. To determine sharp 

changes are then calculated the first derivative of the filtered signal. Subsequently, the signal is 

smoothed into a sliding window. Finally, the detector threshold used for finding the QRS peaks. 

HR can be calculated from the resultant RR intervals .. 

 

12.6.9  The procedure to point no. 9 award - QRS frequency spectrum 

Based on the calculation of the power spectrum of the ECG signal to specify the frequency 

component of the QRS complex. Before calculating the spectrum remove the DC component. 

Plot the resulting power spectrum and describe the main frequency component of the spectrum. 

12.6.9.1 results 

Retrieve ECG data - set ECG20sec.mat of Lesson2 / T23 to g.BSanalyze to display the signal. 

Data is sampled at 256 Hz. 

 

Remove the flared DC component using DC - Correction of Pre - Processing menu. 

 

Use the Epoching and select the first QRS complex and use the analysis to calculate the power 

spectrum. The frequency of the QRS complex is usually in the range: 5 to 20 Hz. Compare the 

results of several other QRS complexes. 

 



 
Figure 15 window analysis 

 

 

12.6.9.2 control issues 

3. In which the frequency range of the QRS complex represented? 

4. QRS complex is easily distinguishable from the rest of the ECG signal in the frequency 

space? 

 

 

12.6.10  Process to the point no. 10 award - pass filter for QRS 

For the design of the bandpass filter to detect the QRS complex of the ECG signal, use 

Butterworth filter (MATLAB command butter) sixth order. Design a filter for the following 

ranges: (i) 1-10, (ii) 5-20, (iii) and 20-40 (iv) 40-100 Hz. Filter ECG signal using different 

filters, and display the resulting time series. 

 

 

12.6.10.1 results 

Open the Filter function of the Pre - Processing menu design new filters. Subsequently, the 

filters are added to the list box. 

 



 
 

Figure 16 Filter Design 

 

Use four different filters. Retrieve ECG data to g.BSanalyze after each filtration. 

 

Results 4 bandpass filters are shown below: 

¨ 

 
 

 
 



 
 

 
 

12.6.10.2 control issues 

1. Which filter is the best solution for the detection of QRS complex? 

2. What we can observe the resulting amplitude? 

 

12.6.11  Procedure to point no. 11 to enter - Frequency and phase response 

Calculate the frequency response and phase response best, situated Butterworth filter and record 

the filter coefficients (Use MATLAB command freqz.m) 

12.6.11.1 results 

Filter design g.BSanalyze shows the frequency response of the filter. 

Butter fiction can be used to calculate the filter coefficients A, B, note that the Nyquist 

frequency is applied to the filter 5 to 20 Hz. 

 

[B, A] = butter (6 [5/128 20/128]); 

 

The following command renders filter characteristics for a 256 Hz sampling frequency. 

 

figure, FREQZ (B, A, 512256) 

 



 
 

Figure 17 The frequency characteristics of the filter 

 

 

 

12.6.12  Procedure to point no. 12 to enter - Implementation Pan-Tompkins 

algorithm 

Implement Pan-Tompkins algorithm using the proposed bandpass filter. For the calculation of 

the first derivative use MATLAB diff command. 

 

12.6.12.1 results 

For the calculation of the filter we use the following script from MATLAB: 

 

load ECGPAN % Of the data is Stored in a matrix Y 

figure 

subplot (511), plot (y) 

[B, A] = butter (6 [5/128 20/128]); 

Y = filtfilt (B, A, Y); 

subplot (512), plot (Y) 

 

Calculation of the first derivative: 

 

Y = diff (Y); 

subplot (513), plot (Y) 

Square the data 

Y = Y * Y; 

subplot (514), plot (Y) 

Apply a moving average filter 

a = 1; b = ones (4,1) / 4; 

Y = filter (b, a, Y); 

subplot (515), plot (Y) tribute he 



 

 
Figure 18 Output Filter 

 

12.6.12.2 control issues 

2. What level of filter you chose? 

Plot time series after each performed step and explain why it has been used up. 

 

12.6.13  Process to the point no. 13 award - the choice of threshold 

Select the appropriate threshold for QRS complex detection and identify the most QRS 

complexes. For the solution, you can use the MATLAB findpeak to identify the rising and 

falling edges of the signal.  

12.6.13.1 results 

Take advantage of minipeakheight and minipeakdistance to identify only QRS peak. 

 

[PKS loc] findpeaks = (Y'Minpeakheight', 300,'Minpeakdistance', 128) 

plot (loc, PKS,'*'); 



 
Figure 19 Output function findpeaks 

 

12.6.13.2 control issues 

7. How QRS complexes have correctly detected? 

8. How QRS complexes lacking? 

9. How many false positives complexes have you found? 

 

12.6.14  Process to the point no. 14 award - Calculate Tachogram and HR 

Calculate the RR - interval and HR ECG signal. Plot tachogram. Calculate the average HR, 

minimum and maximum HR. 

12.6.14.1 results 

RR = diff (loc) 

HR = (RR / 256) * 60 

figure, plot (HR) 

 

 



 
Figure 20 Calculated tachogram 

 

 

 

12.6.15  Process to the point no. 15 award - Detection artifacts 

Note the derivation of the ECG signal artifacts created and test it again with your algorithm.  

12.6.15.1 results 

12.6.15.2 control issues 

10. How QRS complexes have correctly detected? 

11. How QRS complexes lacking? 

12. How many false positives complexes have you found? 

 

 

12.7  References 
PENHAKER, Marek.Medical diagnostic equipment: textbooks. 1st ed. Ostrava: VSB - 

Technical University of Ostrava, 2004, 320 pp. ISBN 80-248-0751-3. 

 

 



Experiment inclined table 

12.8  Target jobs 
Through this laboratory exercise you will learn: 

 Understand the mechanical activity of the heart. 

 Identify important points on the ECG. 

 Measuring ECG intervals. 

 Measure RR interval and calculate HR. 

 Evaluate the ECG using the software. 

12.9  task 
1. QRS detection. 

2. Tachogram and Histogram. 

3. Comparison of RR interval and heart rate.  

4. The amplitude and duration of the QRS complex. 

12.10  Expected knowledge 
For this exercise requires preparation:  

 Chapter 4 electrocardiography [1] 

12.11  used equipment 
 

Equipment / Software Description Amount 

 g.USBamp Biosignal amplifier with 16 channels 1 

 power Medical AC power 1 

 USB cable  USB cable for PC connection g.USBamp 1 

 ECG cable  ECG cable with clip  11 

 ECG electrodes  Disposable ECG electrodes 50 

 High Speed Online 

 SW for processing  

in Simulink 

Biosignal program for collecting and 

processing data that runs in Simulink 

1 

 g.Bsanalyze Biosignal processing software that runs 

in MATLAB 

1 

 g.Recorder Software for the visualization of 

biomedical  

1 

 PC and printer  1 

12.12  theoretical analysis 

12.12.1  Mechanics of the Heart - Frank-Starling mechanism 

Each cardiac cycle is divided into contraction, ejection phase (systole) and klidovéfáze 

(diastole). Frank-Starling mechanism describes the development of blood pressure as 



influenced by the volume of the blood pressure during the cardiac cycle and the parameters 

which affect it. 

12.12.2  heart valves 

In the heart, there are four flaps that flank the two chambers: the mitral valve atrikuspidální 

valve that separates the right ventricle from the right atrium. Valve allows blood to flow from 

the atrium to the ventricles. When the blood pressure in the chambers is higher than that in the 

atria, it will close, and therefore prevents the backflow of blood into the atrium. The aortic and 

pulmonary valve located between the chamber and arteries. These flaps allow blood flow from 

the ventricles into the body and into the lungs, but inhibits reverse flow from closing once the 

blood pressure in the arteries is higher than in the chamber. 

12.12.3  Passive filling curve 

If the actual heart filled with blood, the blood pressure increases blood volume. This effect is 

illustrated in Figure 1 below. 

 

Figure 1 Passive filling curve 

12.12.3.1 Isovolumetric maximum curve 

Isovolumetric maximum of the curve describes the closing of the heart muscle as blood enters 

or leaves the chamber. Its shape depends on the strength of the muscle. Each point of the curve 

can be achieved by contraction of the heart, kteráprobíhá from different angles, as shown in 

Figure second 



 

Figure 2 isovolumetric maximum slope 

12.12.3.2 Isotonic maximum curve 

Like isovolumic maxima curve is determined isotonic maximum - unlike isovolumetric 

myocardial curves, the flaps opened and the blood pressure is kept constant. In this case 

ventricular downloaded to different sizes, 

depending on blood pressure. Isotonic maximum of the curve shown in Figure 3 below. 

 

 

Figure 3 Isotonic maximum slope 

 

12.12.3.3 The final systolic pressure curve dependent upon the blood 

volume (ESPVR) 

Contractility is the inner strength of the heart muscle. It is difficult to determine, since most 

clinically available measurements is strongly influenced by the initial tension (preload) and 

dotížením (afterload). The ratio of pressure and volume at the end of systole is the index that in 

experimental animals is not dependent on the load and exhibits a linear relationship with 

contractility. Although the correlation between the pressure ratio and contractility and end-

systolic volume is not the intact human vegetative nervous system exactly linear, yet serves as 

a model for analyzing the heart activity. The slope of the line and the pressure ratio of the 

volume at the end of systole (end- systolicpressure-volumerelationship - ESPVR) becomes 

steeper when increases contractility. If preloadafterload remains constant increases stroke 



volume. Myocardial depression causes a shift ratio of the volume and end-systolic pressure to 

the downward and rightward. 

 

Figure 4 curve ESPVR 

 

12.12.4  Isovolumetric contraction phase 

At the beginning of ventricular contraction is partially filled with blood (preload) and the blood 

pressure in the heart corresponds to the pressure for a given volume of blood, depending on the 

passive filling curve. 

Over time, the chamber is closed by contraction of the blood volume in the ventricles, and not 

the blood volume change only to a reduction in blood pressure (isovolumetric contraction). 

Krevzpůsobí increase pressure on the spot where the blood pressure becomes higher than the 

blood pressure in the arteries, which are located behind the flaps of the aortic 

pulmonálníchlopní. 

 

Figure 5 Isovolumetric contractile phase 

12.12.5  ejection phase 

Once the pressure in the heart higher than the peripheral arteries, the aortic valve and the 

pulmonary valve opens and the blood starts to flow from the ventricles into the arteries. 

Ventricular myocardium contraction continues and the pressure increases even more. 



Contractions are now neither isovolumetric nor isotonic, but something in between. The blood 

coming from the chambers into the arteries, while the contraction chamber drops and the 

pressure may be within the chamber. The volume of blood that remains inside the chamber is 

called so. Afterload. 

 

12.12.6  relaxation phase 

Once the pressure in the chambers is less than the inside of the arteries, the aortic and pulmonary 

valves are closed again to prevent the blood flowing back from the arteries into the ventricles. 

Both chambers are relaxed atlak in the chambers decreases. During diastole, blood flows back 

into the chamber and fills her passive filling curve. Contraction of blood increases the tension. 

Finally, the whole cycle is repeated again, followed by contraction of the ventricles. 

 

12.12.7  The stroke volume and cardiac output 

The stroke volume is defined as the volume of blood pumped from the heart during one cardiac 

cycle. It can be seen from the Frank-Starling's schema as the difference between the volume in 

the isovolumetric contraction phase, and the volume, expressed in the relaxation phase. Cardiac 

output is determined by the amount of blood (and thus oxygen), which is pumped into the body. 

 

CO = SV * HRsC0 cardiac výdejSV ... ... ... objemHR stroke heart rate 

 

12.12.8  Experiment inclined table 

In this experiment, the examinee is fixed to an inclined table lying down. A person is more or 

less upright. This experiment simulates the process of getting up from a lying [Baron-Esquivias 

2003]. 

When the human body is in a position lying down or standing up, going here many processes. 

The gravitational force is concentrated blood to the legs. When the pressure drop and the 

amount of blood flowing back into the right atrium, the pressure decreases. Less blood flows 

back into the hall, and it also means that less blood is returned to the chambers. For this reason, 

the reduced bias of the chambers. In the Frank-Starling diagram this effect is represented by the 

movement from point 1 to the left. 



 

Figure 6 Changes in the Frank-Starling diagram during the experiment with inclined 

table 

In order to ensure blood circulation throughout the body, must be constant cardiac output. For 

this reason, when the stroke volume decreases heart rate must be higher. Increasing the heart 

rate derived from the activation of the sympathetic nervous system, and it is a result of detection 

of blood pressure loss due to the inclination of the table. 

Among other things, the slope table is used for diagnosing pathology 

NeurallyMediatedSyncopes which leads to activation of the sympathetic system - resulting in 

increased activity of the heart, blood pressure, frequency - may be exaggerated response to 

parasympathetic. In these patients may experience a physiological response in the experiment, 

causing pathology of the parasympathetic system and thus leads to a decrease in heart rate and 

vasodilation. This causes a lack of blood supply to the brain, which ultimately leads to fainting. 

As soon as the fainting, the table is folded back into the horizontal position, and the person 

usually recovers. Patients with orthostatic hypotension are unable to adjust their cardiovascular 

SystemV upright (standing). Vasovagal (neurokardiogenní) vyvolányhyperaktivním symptoms 

are vasomotor reflex. Diabetic autonomic neuropathy is shown e.g. podleabnormální heart rate 

control and orthostatic hypotension. Orthostatic hypotension can also be seen on the Shy-

Drager symptom. Specificity tilt table test is about 85-90%. This is why people may faint during 

the experiment. The overall risk of fainting when tilt is about experiment 

15%, about 10% are presyncopic symptoms. This risk is not related to the sex of the patients, 

but younger patients have a higher risk of fainting than older ones. For endurance sports men 

are more susceptible to fainting when tilted due to increased vagotomy. 

12.12.9  Changes in QRS complex caused experiment inclined table 

As described above, the movement from the lying to an upright position leads to an increase in 

heart rate, stroke volume decreases as the heart and can not maintain konstantní.Vzhledem that 

very much depends on physiological parameters of heart rate may occur many effects, eg .: 

 Frequency rate decreases with increased cardiac activity. 



 The duration of the depolarization of myocardial cells is shortened. 

 

These changes (particularly changes in conduction velocity) can also be seen on the ECG. 

12.12.10  Changes in the duration of the QRS complex 

Since less blood flows back into the chamber is reduced preload of the heart and the heart 

volume decreases. Due to the small amount, the distance required for excitement entire chamber 

is smaller after folding table than before. This effect limits the duration of the QRS complex. 

For this reason, the described effects can partially cancel out each other - the duration of the 

QRS complex may increase or decrease during testu.Navíc when looking at one cable ECG 

devices due to changes in position and orientation of the heart, length of the QRS complex can 

be seem to be increased or decreased after folding stolu.Všechny myocardial cells become 

active in a shorter period, i.e. if the duration of the QRS is restricted, the cells are activated 

simultaneously. Therefore, more and more resources ECG occurs in time and amplitude ECG 

increases. Regarding the duration of the QRS, 

Reference  

G. Baron-Esquivias, A. Martinez-Rubio, Table Tilt Test: The State of the Art, Indian Pacing 

Electrophysiol J. 2003, 3 (4): 239-252. 

 

12.13  entering Task 

12.13.1  General guidelines for the measurement 

In this úlozebude used to measure slanted table, if available. Please note that the tilt table should 

be performed by a doctor, nurse, or someone called. Although the risk for the examined person 

is low, complications can occur. As an alternative, it is possible to perform ECG measurements 

during the movement from the supine to standing - no tilt table, although this experiment is not 

used to diagnose syncope usually experiment effects may occur (increased heart rate, reduced 

QT duration, extension of the QRS complex). 

 

12.13.2  Task 1 - ECG data during the first object tilt 

Record the ECG of one test person for a period of about 2 minutes in the supine position (rest 

period), a standing and after standing for 5 minutes (action interval). 



 

Figure 7 ECG 

12.13.3  Task 2 - detection of the QRS complex 

Automatically detects QRS complexes from a data file and manually correct the wrongly 

assigned tags. Using a complex detector to search for QRS complexes QRS assign a tag. Then 

go through the data and find bad or unclassified brand. Use trim function for manual adjustment. 

12.13.3.1 results 

1. How complex was poorly situated? 2. How complex was missing? 3rd When the object to 

be measured in a standing position? 

12.13.4  Task 3 - Tachogram and Histogram 

Calculate Tachogram Histogram and the rest of the action interval. Both courses draw and 

compare. What Tachogram describes a Histogram? 

 

Figure 8 Tachogram and Histogram - a lying position 

 



 

Figure 9 Tachogram and Histogram - standing position 

 

12.13.5  Task 4 - Comparison of RR interval and heart rate 

Calculate the HR and RR interval. 

12.13.5.1 results 

Fill in the following table: 

 

12.13.5.2 control issues 

How big are the changes in HR? 

 

 

12.13.6  Task 5 - The amplitude and duration of the QRS complex 

For calculating the amplitude of QRS and QRS duration it is necessary to find the beginning 

and end of the QRS complex. Unfortunately, the detection of onset and offset of the QRS 

complex is a relatively difficult task. It is often difficult to tell where the QRS complex ends 

where it begins and T wave - even for zkušenékardiology. For easy access to finding the onset 

of QRS and QRS complex detection offset it is possible to use the same method to detect what 

sepoužívá QRS lesson 2. Lesson 2 was calculated first derivative signal and an absolute value 

of the first derivative signal is often used for QRS detection. The resultant signal may be 

summarized in the equation: 

det ( ( ( )))orgsig abs diff filt sig  

 



 

Figure 10 The absolute value of the first derivative of the filtered signal 

The resultant signal is shown in Figure 7. The threshold value may be used provided that all 

supra-threshold value are located in the QRS complex. Regarding the detection of the QRS 

threshold super- points are summarized into regions and the outermost points may be inserted 

on the onset and offset of the QRS complex as shown in Figure eighth 

 

Figure 11 The absolute value of the filtered signal values that are less than 0.1 are red 

QRS duration can be calculated using the following equation: 

duration offset onsetQRS QRS QRS   

and the amplitude of the QRS complex is defined as: 

max( ) min( )amplitude QRS QRSQRS signal signal   

wherein signálQRS is given from the beginning to dovyrovnání QRSkomplexu. 

Figure 9 shows the typical evolution of RR interval during the test tilted table. To reduce 

předpětítepový heart volume decreases when moving from a lying to a standing position. In an 



effort to maintain a constant heart rate, srdečnítep increases, and therefore reduce the RR 

intervals. 

 

Figure 12 RR interval during the test, an inclined table. The table was tilted at the time 

of 630s. 

 

 

 

 

 

12.13.6.1 results 

Use DataEditor and Single Beat Editor to create a waveform BCI your data. 



 

Figure 13 Detection Complex 



 

Figure 14 Result 2D 

 

Figure 15 BEAT INTERVAL COUPLING 

 

 



 

Figure 16 window for visualization of the QRS complex 



 

Figure 17 QRS during the course of the tilt table 

12.13.6.2 control issues 

3. Generate changes in QRS complex of the entire recording. How is the duration of the 

QRS complex? 

4. Plot the amplitude of QRS complexes the entire record. Explain changes. 

 



Detection of arrhythmias and conduction system 

abnormalities 

12.14  Target jobs 

Through this laboratory exercise you will learn: 

 Measure, record the ECG and EKG implement frequency filters. 

 Understand ECG pathology. 

 Determine the correlation analysis of the ECG. 

 Learn to classify average heartbeat. 

 Evaluate the ECG using the software. 

12.15  task 

1. Filter for ECG data. 

2. ECG pathology. 

3. Correlation analysis. 

4. Average heart rate and classification. 

12.16  Expected knowledge 

For this exercise requires preparation:  

 Chapter 4 electrocardiography [1] 

12.17  used equipment 
 

Equipment / Software Description Amount 

 g.USBamp Biosignal amplifier with 16 channels 1 

 power Medical AC power 1 

 USB cable  USB cable for PC connection g.USBamp 1 

 ECG cable  ECG cable with clip  11 

 ECG electrodes  Disposable ECG electrodes 50 

 High Speed Online 

 SW for processing in 

Simulink 

Biosignal program for collecting and 

processing data that runs in Simulink 

1 

 g.Bsanalyze Biosignal processing software that runs in 

MATLAB 

1 

 g.Recorder Software for the visualization of 

biomedical 

1 

 PC and printer  1 

12.18  theoretical analysis 

Detection of arrhythmias and conduction abnormalities heart is one of the main tasks of 

automatic analysis of ECG signal.  



Abnormalities can be categorized into the following groups: 

 atrial abnormalities including sinus node (e.g., atrial fibrillation) 

 abnormalities of the atrioventricular node (e.g. AV block) 

 conduction abnormalities (e.g. bundle branch block)  

 ventricular abnormalities eg. ventricular extra systole). 

All of these can lead to abnormal heart rhythms, or abnormal ECG morphology. 

12.18.1  atrial rhythm 

Fibrillation abnormalities (including sinus abnormalities) are seen in morphology or in the 

rhythm of the P wave. In normal sinus rhythm are always activated just before the atrium 

chambers. This means that the P wave is visible before each QRS complex. Since the excitation 

is delayed in the AV node between the P wave and the QRS complex is a delay of about 120-

200 ms. Sometimes pre-excitation based on the sinus node. Individual atrial ectopic atrial beats 

are excitations that are initiated in the sinus node. The ECG P waves are represented at different 

distances from the previous wave P is usually different than the normal morphology of P waves, 

because the stretch to wake hall. If the abnormal rhythm in atrial often the abnormalities are 

directed to the ventricles, resulting in abnormal heart rhythm. In this case, they can be seen the 

P waves, 

 

12.18.2  Abnormalities rhythm atrioventricular node 

Three different abnormalities of the AV node may be defined as follows: 

1) AV bloky2) By cesty3) Preliminary excitation 

 

AV block are graded as follows: 

 Block first degree: the speed of conduction through the AV node is reduced. This can 

be recorded as a prolongation of PQ interval in the ECG. 

 Block second degree: Some, but not all atrial impulses are not conducted nakomorách. 

A block may be present in the AV node. 

 

 Block third degree - there is no conduction from the atria to the ventricles. There is no 

synchronization between the atria and ventricles. 

12.18.3  Rhythm abnormalities conduction system 

Conversion system consists of Hisova bundle, bundle branch and Purkinje fiber. There are two 

types of abnormalities that may occur within each of the following structures: 



a) Preliminary excitation 

b) blocks parts of the conduction system of the heart.  

 

Preliminary excitation originating from the conduction system may be identified as the pre ECG 

QRS complexes with normal morphology, preceded vlna.Předběžné excitation P of the AV 

node as well as a transfer system is difficult to separate them. Blocks in the rapid conduction 

system cause the normally wider QRS complexes. 

 

12.18.3.1 Ventricular rhythm disturbances 

Rhythm Abnormalities ventricles are preliminary excitation coming from the ventricular 

myocardium. These abnormalities may be identified as wide QRS complexes without preceding 

P-wave on the ECG which occurs earlier than expected (reducing the RR interval). 

  

Reference 

Pathological ECG data are provided in the following locations: [NSR] Open database: MIT-

BIH normal sinus rhythm Database [database on the Internet]. Cambridge (MA) PhysioNet. 

[Cited 27 August 2006]. Available from: http: 

//www.physionet.org/physiobank/database/nsrdb/ [ARR] Open database: MIT: BiH. 

Arrhythmia Database [database on the Internet]. Cambridge (MA): PhysioNet. [Cited 27 

August 2006]. Available from: http: //www.physionet.org/physiobank/database/mitdb/ 

 

12.19  entering Task 

12.19.1  General guidelines for the measurement 

The objective of this task is for students to consolidate fundamental knowledge about what 

arrhythmias and conduction abnormalities can be seen from the ECG, and how these changes 

can be detected using automated ECG analysis techniques. 

12.19.2  Task 1 - Filter for ECG data 

Create a FFT filter to remove off-set for the data set: 115.dat. First load signal 115.dat in 

MATLAB and plot it (use g.BSanalyze import function). Manually check your signal 

morphology and compare it with a known, normal ECG morphology. To verify, use the import 

function. (See FIG. 1). 

MATLAB script for the FFT filter: 

P_C = data; 

P_C = import (P_C, "MIT ',' 115.dat '); 

y = P_C.data; 

seq = y (:,:, 1); 

fs = get (P_C, 'SamplingFrequency'); 

figure; plot (seq); 

[Nsamp, nchan] = size (seq); 



N FFT = 2 ^ nextpow2 (nsamp); 

freq_seq = fft (seq, N FFT) / nsamp; 

f = fs / 2 * linspace (0.1, N FFT / 2 + 1); 

highpass = 0.1; % Highpass frequency 

lowpass = 10; % Lowpass frequency 

wrong_inds = find (f <highpass | f> lowpass); 

wrong_inds = wrong_inds (wrong_inds <nsamp = / 2); 

wrong_inds = [wrong_inds, nsamp - wrong_inds]; 

freq_seq (wrong_inds) = 0; 

filt_seq = Real (IFFT (freq_seq)) * nsamp; 

filt_seq = filt_seq (1: nsamp); 

hold on; 

plot (filt_seq, 'color', 'r'); 

hold off; 

 

Figure 1 The first five seconds of the signal 115.hea from MIT: BIH Physio.et 

arytmiedatabáze 

 

One of the options to filter the signal to calculate its Fourier transform, set all the frequency 

components outside the pass to zero and then calculate inverzníFourierovu transformation. The 

disadvantage of this method is that it can not be done in real time. To calculate the discrete 

Fourier transform X (k) uses the following relationships: 

( 1)( 1)
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Amplitude spectrum can be calculated according to the following relationship: 

( ) ( / 2* / ) 2* ( ( ))P f P fs k N abs X k   

where: 

fs is the sampling frequency 

N is the number of samples of the signal 

 

Figure 2 Frequency spectrum signal 115.hea 

Set all the values of X (k) for f <flow or f> f HIGH to zero (i.e., remove all frequencies 

outside the band pass window) as shown in Figure 3. 

 

Figure 3 Frequency spectrum of the signal 115.hea after removing frequency 

components outside the bandpass window. Zero values are plotted relative to the 

logarithmic scale. 

Then generate a time domain signal according to the relation inverse Fourier transform: 

( 1)( 1)
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The resulting graph of the ECG signal in the time domain is shown in Figure 4 below. 

 



 

Figure 4 first five seconds of the filtered ECG signal 115.hea 

 

Create a script in MATLAB and perform the above operations. 

 

12.19.3  Task 2 - ECG pathology 

Find five attached ECG signals, some are normal sinus rhythm and show 

Pathology of cardiac conduction system. 

Datasets: 

115.dat122.dat100.dat111.datn01.dat121.dat 

That the signals are pathological, and describe the pathology that you found.  

Explain how you found and where exactly can be seen in the ECG (time during which the 

pathology is visible, measured from the beginning of the file). Draw the corresponding segment. 

 

 



12.19.3.1 results 

 
Figure 5 Reading data 

 



 
Figure 6 Data - set 115.dat 

 



 

Figure 7 Data - set 115.dat 

 

 

Figure 8 Data - set 122.dat 

 

 

 



 

Figure 9 Calculation of the power spectrum 

 

 

Figure 10 Data - set 121.dat 

 

 

 

 

 

 

 

 

 



 

Figure 11 Data - set 121.dat 

 

 

Figure 12 Data - set 100.dat 

 

 

 

 

 



 

Figure 13 Data -set 111.dat 

 

 

Figure 14 Data - set n01.dat 

 

 

 

 

 

 

 

12.19.4  Task 3 - Correlation Analysis 

Import data from 100.hea B.analyze and detect QRS complexes. Then perform correlation 



analysis. 

 

 

Figure 15 Menu for generating correlation analysis 

 

12.19.4.1 results 

Draw a normal rhythm. 

Plot pathological rhythm of different classes. 

Plot the ECG signal, which corresponds to different classes. 

How many different complexes you found? 

 



 

Figure 16 Normal heart rhythm 

 

 

Figure 17 Visualization of Class 3 

 

 

 

 

 



 

Figure 18 jumper functions to visualize the different QRS complexes that correspond to 

the different classes of 

 

12.19.5  Task 4 - Average heart rate and classification 

Will detect characteristic points, and calculate the average heart rhythm of each class. 

Finally, make widespread classification in order to see the different paths that you can see 

different waveforms and associated pathology. 

 



 

Figure 19 window to generate characteristic points 

 



 

Figure 20 window for calculating the average heartbeat 

 

 

Figure 21 window to generate a varying curve 

 

 

 



12.19.5.1 results 

Plot the result of widespread classification. 

How much heart rhythms can be found? 

Correlation class that corresponds to the normal heart rhythm? 

Plot a graph of the ECG from BBB. 

At what time you found the BBB? 

 

 

Figure 22 outputs correlation analysis 

 

 

 

Figure 23 DataEditor - completion BBB 



fetal ECG 

12.20  Target jobs 

Through this laboratory exercise you will learn: 

 Measure and analyze fetal ECG. 

 Compare HR and HRV mother and child. 

12.21  task 

5. To record and analysis of fetal ECG. 

6. Comparison of HR and HRV mother and child. 

12.22  Expected knowledge 

For this exercise requires preparation:  

 Chapter 4 electrocardiography [1] 

12.23  used equipment 

 

Equipment / Software Description Amount 

 g.USBamp Biosignálůs 16 amplifier channels 1 

 power Medical AC power 1 

 USB cable  USB cable for PC connection g.USBamp 1 

 ECG cable  ECG cable with clip  11 

 ECG electrodes  Disposable ECG electrodes 50 

 High Speed Online 

 SW for processing in 

Simulink 

Biosignal program for collecting and 

processing data that runs in Simulink 

1 

 g.Bsanalyze Biosignal processing software that runs in 

MATLAB 

1 

 g.Recorder Software for the visualization of 

biomedical 

1 

 PC and printer  1 

12.24  theoretical analysis 
With modern devices and ECG signal processing, it is possible to measure the ECG of the fetus 

(fetal ECG). The current data set contains the role of fetal ECG and shows the steps to analyze 

this data. Data can also be recorded themselves unless we have the appropriate investigative 

person. 

12.25  entering Task 



12.25.1  Task 1 - record and analysis of fetal ECG 

Record 8 channels of ECG data from the mother in order to find the fetal ECG. To find the 

source of fetal ECG should be used method of Independent Component (ICA). 

 

Figure 1 Retrieve data ECGwithmarkers.mat 

 

 

Figure 2 Visualization ICA components 

12.25.1.1 results 

Perform the following steps: 



13. 8 Place the ECG electrode disposable on the mother's abdomen, where it is expected 

that the child's heart. Arrange 8 electrodes, as shown in MontageCreator below: 

 

Figure 3 electrode configuration 

The electrode gap should be about 4-5 cm. 

14. G.USBamp Connect to your laptop and start g.Recorder for data collection. Connect 8 

electrodes placed on MontageCreator to inputs 1-8 on the amplifier. 

 

 

Figure 4 Wiring g.USBamp 

15. Place the grounding electrode at the foot of the mother and the cable Ground electrode 

G of the amplifier. 

16. Connect the reference electrode to the lower right corner of MontageCreator and 

connect it to the input of the amplifier reference R- 

17. Turn g.Recorder and select the frequency of 256 Hz. Check the quality of ECG data 

channels and record about 90 seconds of data. Use a file name FetalECG.hdf5 



18. Load data set to g.BSanalyze. Generate a raw ECG signal for about 5 seconds. ECG 

signals are seeing? 

19. Open the window with the name of Geometry menu Header file See 8 chmontage.mat. 

 

Figure 5 Window Geometry 

Load the x and y coordinates of the electrode to g.BSanalyze. This information is important 

for the calculation of the ICA in the next step. 

20. Open the Independent Component Analysis (ICA) from the Analyze menu and select 

higter order statistic (HOS) under the ICA algorithm. 



 

Figure 6 Independent Component Analysis 

Save the results and select the name icafilter.mat to store the results of your analysis. 

21. Open Spatial Filter from the Pre - Processing menu and load file icafilter.mat, which 

was calculated in the previous step. The filter has a dimension of 8x8, as calculated from 

8 channels of ECG. 



 

Figure 7 Spatial Filter 

22. Select Create and enter temporal pattern in the use filter (s) values [1:08] for all 8 ICA 

filters. 

23. Choose Replace all channels to erase the raw ECG data. 

 

24. Press Start to perform spatial filtering. Finally DataEditor ukázaže ICA components 8 

channels of ECG and ECG includes a mother and child. 

 

12.25.1.2 control issues 

1. Which channel ECG includes the child's mother? 



2. Which channel includes ECG child? 

3. As can be seen on channel 4 and on other channels? 

4. What are the amplitude of signals? 

 

12.25.2  Task 2 - Comparison of HR and HRV of mother and child 

Assign QRS ECG signs for mother and child. Calculate and compare the parameters of cardiac 

rhythm variability in the time domain. 

 

Figure 8 manually assigned tags 



 

Figure 9 Window HRV time domain to calculate cardiac rhythm 



12.25.2.1 results 

4. Click to select DataEditor to create a new label. 

 

Figure 10 Creating a new brand 

5. Create a brand called FETALQRS and another indicator of názvemQRSmother. Close 

the window with OK. 

 

 

Figure 11 Edit markers and attributes 



6. Now look for the peaks of the QRS complex in the ECG mothers and assign a label to 

each vertex QRSmother manually. 

 

7. Similarly, assign a tag FETALQRS the third channel ECG. Brands are marked with red 

color. 

 

The results of the draw DataEditoru. 

Calculate the HRV parameters in time domain two feet ECG and Tachogram plot, histogram 

and determine the statistical parameters. Resample Tachogram and choose the scale bpm. 

 

12.25.2.2 control issues 

1. What is the scope of HR for the mother. What is the height of the peak in the histogram? 

2. What is the scope of HR for the child. What is the height of the peak in the histogram? 

3. Compare the heartbeat of mother and child. 

 

 

Figure 12 Tachogram and Histogram mother 

 

 

Figure 13 Tachogram and Histogram child  



lead ECG 

12.26  Target jobs 
Through this laboratory exercise you will learn: 

 Measure and analyze 12-lead ECG 

12.27  task 
7. 12 lead ECG measurement. 

12.28  Expected knowledge 
For this exercise requires preparation:  

 Chapter 4 electrocardiography [1] 

12.29  used equipment 
 

Equipment / Software Description Amount 

 g.USBamp Biosignal amplifier with 16 channels 1 

 power Medical AC power 1 

 USB cable  USB cable for PC connection g.USBamp 1 

 ECG cable  ECG cable with clip  11 

 ECG electrodes  Disposable ECG electrodes 50 

 High Speed Online 

 SW for processing in 

Simulink 

Biosignal program for collecting and 

processing data that runs in Simulink 

1 

 g.Bsanalyze Biosignal processing software that runs 

in MATLAB 

1 

 g.Recorder Software for the visualization of 

biomedical 

1 

 PC and printer  1 

 

12.30  theoretical analysis 

In practice, the twelve lead ECG measurement uses four limb electrodes and six chest 

electrodes. Figure 1 illustrates the principle and Einthovenových Goldbergrových leads for 

ECG measurement. 

 



 

Figure 1 Eithovenovy Goldberg and downpipes 

 

Eithovenův hypothetical triangle is formed by the equivalent triangles. Pravánoha, left leg and 

left leg electrodes. Wilson Central Terminal (WCT) is nacházíve center of the triangle, there is 

envisaged the location of the heart. Goldberger aWilson comes from the fact that their 

downpipes are kept on the WCT. This particular arrangement of the electrodes allows to display 

activity of the heart from various perspectives in the frontal plane. Depolarization spreads 

toward leadership and causes upward deflection. Polarization, which spreads away from the 

electrodes causes a downward compression. 

 

Figure 2 Location of the electrodes 12 lead ECG 



Figure 2 shows the placement of the electrodes for 12-lead ECG. The right leg is used 

jakoreferenční electrode. Left arm, right arm and left leg are used proodvození Einthovenových 

Goldbergergových and downspouts. Derivative combined. WCT value can be calculated using 

the following equation: 

 

CT = (+ Right leg Left leg Left leg +) / 3 

 

Based on the WCT Goldberg temptations can be deduced by the following relationship: 

 

aVR = right arm - left arm WCTaVL = - = WCTaVF left leg - WCT 

 

The ECG terminology is used for Golbergovy manifolds Reinforced term temptations 

Einthoven temptations can be calculated based on the following equations: 

 

EI = Left arm - nohaEII Right Left arm = - = nohaEIII Right Left arm - Right leg 

Wilson electrodes are placed directly on the chest as shown in Figure 2. V1 and V2 are located 

at the fourth intercostal space. An electrode V4 is positioned on the 5th intercostal space at the 

left midclavicular line. Also note that the V3 electrode should be positioned midway between 

V2 and V4 electrodes and the electrodes V4, V5, and V6 must all be placed on the same level 

as V4. V5 electrode is located on the axillary line and V6 at the midclavicular line. V1 and V2 

show particular activity right heart, V3 and V4 indicate septal activity and V5 and V6 exhibit 

activity left. 

Please note that the 12-lead ECG, use 10 electrodes that are placed on the body in 12 leads.  

 

References: 

LeifSörnmo, Pablo Laguna. Bioelectrical signal processing in Caridac and 

neurologickýchAplikace, Elsevier, 2005 .Rangaraj M. Rangayyan. BiomedicalSignalAnalysis. 

Wiley Inter- science, 2002 .John R. Hampton. ECG in practice. Churchill Livingstone, 2005th 

 

 

 

 

 

 

 

12.31  entering Task 

12.31.1  Task 1 - 12 lead ECG measurements 

Connect ECG electrodes to the amplifier correctly biomedical and use g.Recorder to obtain the 

required ECG channels. Then write a script in MATLAB to calculate 

Einthovenových 3, 3 and 6 Goldberg Wilson leads. 



Plot 12 of the resultant leads. 

 

Figure 3 Wiring biozesilovače 

Kanál1: Left arm 

Kanál2: Right arm 

Kanál3: Left Leg 

Kanál4: V1 

Kanál5: V2 

Kanál6: V3 

Kanál7: V4 

Kanál8: V5 

Kanál9: V6 

 

 

 

The reference electrode on the right leg.  

Turn g.Recorder and perform the following steps. 



 

Picture 4 g.USBamp 

Record 1 minute ECG recording. 

Retrieve data from g.BSanalyze Run the script with batch12leadsECG.mv MALTABu. 

Přehrejte data that can be found in the folder Lesson6 - 9channelECGrecord.mat. Select a 

sampling frequency of 512 Hz. 



 

Figure 5 The resulting ECG - Data Editor 

 



The deployment and installation of the system by 

electrodes 10/20 
 

12.32  used equipment 

 g.EEGcap 1 

 6x electrodes g.LADYbirdPASSIVE 

 Tape measure. 

 abrasive gel  

 conductive gel 

 Tape measure 

12.33  Description of measurement 

The main purpose of this task was to learn rozměřit electrode placement according to the 

international 10/20 system. They were then attached to the marked location EEG cap on 

which there were four electrodes g.LADYbirdPASSIVE 

12.34  Measurement results 

 

12.34.1  The terms of reference 1 

tstart 10:05 

day =39 cm 

Dni50 = 19.5% 

Dear-ear =36 cm 

D20% =7.2 cm 

Ttotal = 10.15 

 

12.35  Answers to questions 

1. The international system is 10/20 unites placement of electrodes for measuring EEG. 

10 represents 20 percent of the distance which is the individual electrodes from each 

other. 

2. Letters F - frontal electrode placement T - temporal placement of electrodes C - P 

paretlní central location of the electrode and O occipital electrode placement.  

3. The left hemisphere is denoted by even numbers and odd right hemisphere. 

4. Ground electrode is applied to the electrically active small space. E.g. nose or forehead. 

5. Rerferenční electrode is applied to the ear lobe or on the mastoid.  

12.36  Conclusion 

In this role has been tasked rozměřit basic position for placement of the electrodes according 

to the basic system 10/20. Subsequently, one of the challenges attached to an EEG cap several 

EEG electrodes.   

 



 

 

Testing configuration biological signal amplifier 

12.37  used equipment 

 g.USBamp 1 

 Source voltage to g.USBamp 

 USB cable to g.USBamp 

 SW High-speed On-line Processing for Simulink 

12.38  Description of measurement 

The sense of this main task was to learn rozměřit electrode placement according to the 

international 10/20 system. After being attached to the marked location EEG cap which   

12.39  Measurement results 

 

12.39.1  The terms of reference 1 

 

 
 

12.40  Answers to questions 

6. Biozesilovače can be measured using ECG, EEG, EOG and EMG. 



7. ± 250mV 

8. USB 

12.41  Conclusion 

In this task it was to compile a measuring system for measuring biological signals and the 

measuring system using the test signal test. 

 

 



Calibration of the measurement system and 

measuring the contact resistance of the electrodes 
 

12.42  used equipment 

 g.USBamp 1 

 Source voltage to g.USBamp 1 

 USB cable 1x g.USBamp 

 SW High-speed On-line Processing for Simulink 

 Electrodes 6 pieces g.EEGladybird 

 abrasive gel 

 conductive gel  

 

12.43  Description of measurement 

The main aim of the measurements was calibrated measuring chain g.USBamp and measure 

respective values of contact resistances.  

12.44  Measurement results 

 

12.44.1  The terms of reference 1 

 

Electrode Contact resistance value [k] 

Fz 2 

C3 3 

C4 1 

pz 2 

R 3 

 

12.45  Answers to questions 

9. Low transition reduces the voltage drop across the electrode and thus allow a better 

quality recording.  

10. The record will not have the desired quality.  

12.46  Conclusion 

In this task it was to compile a measuring system for measuring biological signals and the 

measuring system using the test signal test. 
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Artifacts in EEG records 

12.47  used equipment 

 g.USBamp 1 

 Source voltage to g.USBamp 1 

 USB cable 1x g.USBamp 

 SW High-speed On-line Processing for Simulink 

 Electrodes 6 pieces g.EEGladybird 

 abrasive gel 

 conductive gel  

 

12.48  Description of measurement 

The main objective of this task was to analyze the various types of interference both 

biological and technological factors.  

12.49  Measurement results 

 

12.49.1  The terms of reference 1 

 

Act Frequency Range [Hz] The amplitude [mV] 

Peace DC - 30 ± 25 

winking <6 ± 60 

Rolling eyes <6 ± 70 

Chewing complete range ± 60 

Turning the neck muscles complete range ± 25 

touch electrodes complete range ± 175 

Interference 50Hz  50 Hz ± 155 

 

Act Channel 

Peace Fz 

winking Fz 

Rolling eyes C3 C4 

Chewing C3 C4 

Turning the neck muscles Věechny 

touch electrodes All 

Interference 50Hz All 

 
 

 

 



 

12.50  Answers to questions 

11. Improving the quality of records and thus easier diagnosis.  

12. Biological artifacts and technical artifacts 

13. In the European Union, the artifact is dominant at the frequency of 50 Hz in the US and 

60 Hz.  

14. Bipolar mode. 

12.51  Conclusion 

In this task it was to compile a measuring system for measuring biological signals and the 

measuring system using the test signal test. 
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Elimination of artifacts in EEG records 
 

12.52  used equipment 

 g.USBamp 1 

 Source voltage to g.USBamp 1 

 USB cable 1x g.USBamp 

 SW High-speed On-line Processing for Simulink 

 Electrodes 6 pieces g.EEGladybird 

 abrasive gel 

 conductive gel  

 

12.53  Description of measurement 

The sense of this capital measure was to try various options of elimination of individual types 

of artifacts and calculated the decrease in the signal after the filter.  

12.54  Measurement results 

 

12.55  The answers to security questions 

 

1. Top suppresses EOG and EMG ertefakty filter in the range of 5-30 Hz. While the lower 

limit eliminates most interference EOG, the upper limit of the filter eliminates 

interference EMG signal 

2.    L = 20log (V2 / V1) = 20log (0.00010704 / 169.4588) = - 123.99 db 

3. Top EOG suppresses noise bipolar assembly. Since the EOG obouc interferes to 

channels at the same time about the same amplitude. When bipolar engage in both types 

of interference from each other odečnou. EMG is also suppressed but not so much. 

4. As in the previous case, the bipolar assembly. 

5. Bipolar assembly can completely eliminate interference from the public grid. See. 

Below. 

L = 20log (V2 / V1) = 20log (0.00010704 / 169.4588) = - 123.99 db 

 

 

 



 
Displaying the signal spectrum before and after the filter NOTCH.  

 

 



 

Bipolar assembly C3 FZ reduces interference EOG very little. EMG is strongly suppressed. 

 

 

 

Bipolar monráž C3 Pz filtered very well interference from EMG as well as interference from 

EOG.   



 

 

Bipolar assembly can remove interference from the public grid.  

 

 

 
 

L = 20log (V2 / V1) = (0.07362 / 290.4385) = - 71.92 db 

 

 

 

 



 

12.56  Conclusion 

In this task, we tried elimonvat various kinds of technical interference (50 Hz) with Notch 

filter. We also portray the spectra before and after the elimination of network interference.   
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Alpha and beta rhythms in EEG records 
 

12.57  used equipment 

 g.USBamp 1 

 Source voltage to g.USBamp 1 

 USB cable 1x g.USBamp 

 SW High-speed On-line Processing for Simulink 

 Electrodes 6 pieces g.EEGladybird 

 abrasive gel 

 conductive gel  

 

12.58  Measurement results 

Segment 1 2 3 4 5 6 

Alpha 1 (8-10 

Hz) [mV / Hz] 

31.8 8.4 33.5 6.9 22.7 8 

Alpha2 (11-13 

Hz) [mV / Hz] 
6.3 4.6 8.7 4.1 10.7 4.4 

1 beta (14-20 

Hz) [mV / Hz] 
15.9 7.5 14.8 6.4 14.5 7.3 

Alpha 1 (21-

32 Hz) [mV / 

Hz] 

3.2 3 3.4 3.1 3.1 3 

tab 1: Spectral characteristics of the individual sub-bands for one selected channel 

EEG. 

 

Alpha 1 2 3 4 5 6 

Fz 32.2 8.4 29.4 6.5 24.9 6.7 

C3 24.8 5.2 25.8 4.7 22 5.1 

C4 27.3 6.1 32.2 5 23.6 4.9 

pz 44.8 6.2 76.7 5.3 33.4 5.7 

tab 2: Spectral alpha value in zone depending on the different positions of the 

measurement electrode 

 

 

 

 

 

 

 

 

 



 

Alpha [μV2] 1 3 5 Mean 2 4 6 Mean 

Fz 28.8 7.2 

C3 24.2 5 

C4 27.7 5.3 

pz 51.6 5.7 

tab 3: Mean values of the spectral characteristics in the band of alpha 

 

Beta [μV2] 1 2 3 4 5 6 

Fz 14.4 7.5 9 6.6 14.2 6.1 

C3 15.9 6 9.9 5.7 14.6 6.1 

C4 15.4 5.8 10.3 4.9 16.3 6.5 

pz 23.3 6.2 15.6 5.8 19.9 6.2 

tab 4: Spectral values in the beta band, depending on the different positions of the 

measurement electrode .. 

 

Beta [μV2] 1 3 5 Mean 2 4 6 Mean 

Fz 12.5 6.7 

C3 16.5 5.9 

C4 14 5.7 

pz 19.6 6.1 

tab 5: Mean values of the spectral characteristics in the beta band 

 

12.59  The answers to security questions 

 

1.)  The most dominant component is alpha activity.  

2.)  Alpha is still dominant but increased beta activity 

3.) When the eyes are closed and the largest alpha activity at the electrode is Pz.  

4.) When the eyes are open most of alpha activity at the electrode Fz.  

 

12.60  Conclusion 

In this task, we tried an experiment that proved that during the closed eyes increases alpha 

activity.    
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