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ABSTRACT 

The development in textile technology has led to electrodes and wearable measuring 
systems. For the implementation of wearable systems is necessary to characterize properly the 
electrodes and its influence in generating measurements. The validation of the performance of 
textiles electrodes must be made with real ECG measurements.  

 
To obtain this ECG with textiles electrodes, a system must be implemented. This system 

should integrate an ECG amplifier, an USB DAQ system, the obtained data is received by a 
Labview application which stored this data in an ASCII text file. This text file is used to 
subsequent study in a power analytical application, for example, Matlab. 
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CHAPTER 1.  

INTRODUCTION 

1.1. Introduction 
 

Nowadays, a rapid advance in medical technologies is occurred. In this wide field, textile 
technologies are one of them that is advanced quickly. New textiles electrodes or prototypes 
of electrodes are produced. Prototypes are needed to probe this characteristics and one of them 
is the Electrocardiogram.  

1.2. Motivation  
 

All the new textiles electrodes, polymers or prototypes electrodes need to probe, but one 
implemented system is needed to make probe in one step. Take the ECG trough ECG-Meter, 
acquire the signal by DAQ, preprocess ECG signal by software and storage in a device to 
analyze afterwards in a mathematical analysis software. 

 
This project is going to focus in the implementation of this system by a main application 

made in Labview, which is the cornerstone of the thesis work. 

1.3. Goal 
 

The main goal of this thesis work is an application in Labview to acquire and store the 
ECG signal to process in Matlab. The application should provide to user a visual interface to 
acquire and to show the stored signals.  

 
One Matlab script should develop to demonstrate that the stored signals can be open by 

Matlab to process it. 

1.4. Work done 
 

A system of functional characterization of electrodes for ECG has been implemented and 
inside this system a software tool has been developed using the graphical interface layout tool 
of Labview. The application is capable to read signals from NI DAQ and also its own stored 
signals.  

1.5. Structure of the Thesis Report 
 

The whole thesis report is organized in seven chapters, appendices and finally references. 
Chapter 1 is the introduction part of the thesis. Chapter 2 gives a brief background of 
biopotentials and, particularly about ECG signals, the main ideas of how is produced ECG, 
how capture this signal, and some outline about dry and textiles electrodes. Chapter 3 
describes materials and methods, principle of acquisition and storage data and their 
implementation in LabView. Chapter 4 describe GUI’s application on Labview, is a 
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functional explain. Chapter 5 contains a technical explain of Labview application; it includes 
the Matlab script. Chapter 6 includes results with ECG RW application. Then in the last 
Chapter it follows the discussion and proposed future work. 

1.6. Out of Scope 
 

It is not a goal of this Thesis work to analyze or post-process ECG signals or provide 
tools for this purpose. 
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CHAPTER 2.  

BACKGROUND 

Bioelectricity deals with the electrical phenomena that are created by the body’s endogen 
electrical activity. One example of bioelectricity is the electrical activity generated by 
contraction of the heart, which is a muscle, called ECG signal. The ECG signal is a 
biopotential signal that can be used to diagnose possible health problems related with the heart 
activity. 

 
Usually in order to capture biopotential signals electrodes are used, establishing a 

galvanic coupling with the tissue. Nowadays, other techniques are being studied in order to 
improve the capacity of portability of these biopotentials detection systems.  

2.1. Bioelectricity 
 

Bioelectricity is an area within the field of Bioelectromagnetism, which is the discipline 
that studies the electric, electromagnetism and magnetism phenomena arise from biological 
tissues. Bioelectromagnetism can be divided in different categories, according to two different 
principles: Maxwell or Reciprocity, see Fig 2.1 (Malmivuo and Plonsey, 1995) 
 

 
Fig 2.1 Subdivision of Biomagnetism (Malmivuo and Plonsey, 1995) 
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There are different kinds of living tissues and cells, according to these types of cells and 
tissue there are several different biopotential measurements to obtain. These kinds of 
measurements are listed in Table 2.I. 
  

TABLE 2.I TYPE OF BIOPOTENTIAL SIGNALS AND ORIGIN 

Electroencephalography (EEG) 
Electroneurography (ENG) Neural Cells 
Electroretinography (ERG) 
Electrocardiography (ECG) Muscle Cells Electromyography (EMG) 
Electro-oculography (ECG) Other Tissue Electronystagmography (ENG) 

 

2.1.1. Electrical properties of tissues 
 

Bioelectricity is produced in nerve and muscle tissues because they are composed by 
cells with excitable membrane. The cell membrane is composed by a lipid bi-layer and also 
other structures called channels and pumps, which make the cell excitable. Pumps and 
channels have selective properties. In other words, one channel or pump allows to specific 
kind of ions to cross it. A pump requires energy to transport ions, working against a 
concentration gradient or a voltage gradient if need it. Passing ions through the membrane 
produces a movement of electrical charges originating an electrical current causes a change of 
voltage across the cell membrane.  
 

 

 
Fig 2.2 Cell membrane composition 

 
Owing to this, cell membrane can be considered like a capacitor – resistor circuit. It is a 

resistor circuit because the membrane impedes the movement of charges across it. And 
capacitor circuit appears as a result of the thickness of lipid bilayer, which acts as a dielectric 
material, for this reason, if there are an accumulation of charges in one side, in the other side, 
opposite-charged particles are being moved to the membrane by electricity force. For this 
reason appears an electric potential, as a result of a difference in voltage between inside and 
outside the cell. This potential is called, membrane potential. 
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A. Resting Potential: 
 

When the cells are in the baseline state, the membrane potential is held in a relatively 
stable value. This value is called resting potential. 
 
To know or evaluate the resting potential are used two different equations, Nerst 
equation, equation 2.1.1 a, and Goldman-Hodgkins-Katz equation, equation 2.1.1 b. 
 

    Equation 2.1.1 a 

Where:  
   R = Universal Gas Constant 
   T = Absolut temperature in K 
   F = Faraday’s constant 
   n = Valence of ion 
   [K] = Concentration of ion 
 
The Nerst equation is used to find the electrical potential over a cell membrane 
permeable due only to a single ion in equilibrium. Nerst equation cannot be used when 
the membrane is permeable to more than one ion. In this case Goldman-Hodgkins-Katz 
equation is used: 

 
  Equation 2.1.1 b 

Where: 
   P = Permeability coefficient 

 

B. Action Potential: 
 

Opening and closing of ion channels cause a resting potential diversion. This diversion is 
called depolarization if inside of cell rise the voltage. If the depolarization is produced in 
a short time and significant value changing the polarity of the membrane potential, it is 
called action potential. This change can be initiated by a depolarizing electrical wave or 
neurotransmitters from the cellular environment. 

 
Fig 2.3 Schematic of an Action potential 
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2.1.2. ECG 
 
The electrocardiogram is a recording of the electric potential, generated by the electrical 
activity of the heart, on the surface of the thorax. (Malmivuo and Plonsey, 1995). ECG signal 
has a typical amplitude of 4 mV, and a frequency range between 0.01 and 30 Hz. 

A. Main ideas: 
The heart is composed of cardiac muscles, myocardium. It has four chambers, two atria 
and two ventricles, shown in figure 2.4. The heart has four valves one in each ventricle 
and atrium, between right atria and right ventricle is placed the tricuspid valve. Mitral 
valve is situated between left atria and left ventricle. Pulmonary valve is in right ventricle 
and aortic is in the left ventricle.  

 
Fig 2.4 Anatomy of the heart 

 
Located in the right atrium at the superior vena cava is the Sinus Node or SA node, is 
composed of specialized cells, which originate an action potential. Such action potential 
is propagated through the right atrium, but cannot propagate through the ventricles. For 
this reason, atrioventricular node (AV node) is situated between atria and ventricles. AV 
node propagates the potential through a specialized conduction system, called His 
bundle. And then, this bundle is divided in two branches. These are composed in the final 
part by a specials cells, called Purkinje cells.  
 
The electrical activation in myocardium cells is the same than in nerve cells, that is, 
Sodium ions are inflows across the cell membrane. But the duration of the impulse is, 
more or less, twice than in nerve cells. 
 
The ECG wave is composed of different intervals, as it is shown in figure 2.5. The first 
interval is P-R interval, which is cause of depolarization of right and left atria. First 
impulse starts in the SA node and then, the electrical wave active the AV node. QRS 
complex is generated by right and left ventricular depolarization. QRS complex start in 
the same moment that SA node is excited and this activation rapidly descends for His’ 
bundle and active the two muscles. And finally, ST-T wave is generated of the 
ventricular repolarization. The U wave it is usually positive, but up to date its origin is 
unknown. 
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Fig 2.5 ECG Wave 

 

B. Acquisition Techniques. 
 

The net activity of the heart can be modeled with a vector quantity, an electric dipole, this 
dipole is located at the electrical center of the heart and is called “the cardiac vector”. To 
measure this vector is necessary to describe standard positions to be able to evaluate in 
the same way all the clinical examinations. Therefore standardization is the reason 
behind the use of leads configurations. A lead is a pair of electrodes or combination of 
more electrodes through a resistive network that gives an equivalent pair. A vector that 
connects a lead electrode pair is known as lead vector. Thus if the cardiac vector is 
known, the voltage generated in a lead can be calculate (Malmivuo, 2004)  

 

 

 
 

B.1. Frontal Plane Bipolar Leads 
 

The standard position for ECG electrodes is based in the well-known Einthoven’s 
triangle, which has three electrodes, one in the right arm, RA, other in the left arm, LA, 
and finally one in the left leg, LL, which formed three leads, called I, II, III.  
 
The standard annotation of this limb leads are and the use for all the leads are explained 
and showed in the next figure. 
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Fig 2.6 Triangle Einthoven 

 
Number of lead Lead I Lead II Lead III 

Figure 

   
Axis 0º 60º 120º 

Use 

When an action potential 
starts and proceeds toward 
the left side, a positive 
inflection will be seen in 
lead I. This holds true for 
all leads. 

Lead II is used alone quite 
frequently.  

Normal rhythms present 
with a prominent P wave 

and a tall QRS 

 

 
 

B.2. Unipolar Measurements. Wilson central Terminal 
 

The Unipolar leads sense the total potential in a body point. Designed by F.N. Wilson in 
1934, he created a reference point by the average of three different electrical potentials 
that were connected through a 5KΩ resistance. Initially it was thought that such reference 
point was a point of zero potential, but it was wrong because the central point was not a 
true zero potential. This imaginary point of reference it is usually marked like V point. 
 
In fact, the Wilson central terminal is not independent of but, rather, is the average of the 
limb potentials. 

 

 
Equation 2.1.2 a 

 
 
 

So, in this distribution, three new leads are obtained, when the potentials are captured 
between each limb electrode and the Wilson Central Terminal. For example, the potential 
for the foot is: 



19 

 

 
Equation 2.1.2 b 

 
In 1942, Goldberger proved that these three signals can be increased if central terminal 
resistance is omitted. In this way, three new leads can be defined like augmented leads, 
called aVF, aVR and aVL. Like that, the new leads are augmented in a 50%. 

 
B.3. 12 Lead electrodes 

 
When an ECG is taken, there are several factors that might influence in the measurement, 
activity, breathing, sweating, etc. To increase the accuracy of the ECG measurement 
sometimes a 12 leads electrode distribution is chosen. In the 12 leads distribution the six 
aforementioned leads I, II, III, aVF, aVR and aVL are used together with six new leads, 
called from V1 to V6. The distribution is shown in figure fig 2.7a this distribution 
provides the possibility to compare the ECG field over more projections, some of them 
are shown in the figure 2.7b. 

 

 
 

Fig 2.7a 12 leads distribution Fig. 2.7b Different projection 
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2.2. Dry and Textile electrodes  
 

Nowadays, personal healthcare monitoring is an important concern for society, for this 
reason there have been a lot of studies about the integration of textile and measurement 
technology for physiological measurements in the last years. One point of view about this 
integration, it is try to make personal cardiovascular monitoring systems. One of the most 
important elements for personal monitoring systems is the sensor to acquire the physiological 
signals and in the case of cardiovascular monitoring the surface electrodes.(Marquez et al., 
2009)  
 

Usually, when an ECG measurement is taken, convectional electrodes are used. These 
electrodes are stuck on to the skin and are not very no useful for long term or multi-use, in 
case of personal monitoring systems. Especially when a portable or wearable method is 
sought. For that reason, dry and textile electrodes have been investigated improving by 
different research workgroups.(Marquez et al., 2010) 

 
“One alternative of conventional gel electrodes are the ‘Textrodes’. The advantage of the 

Textrodes is their non-irritating character (in contrast to the conventional gel electrodes, 
which may cause skin irritation or allergic reactions) and the possibility of integration in a 
shirt or a suit. The major drawback however of the Textrodes is their inherent high skin–
electrode impedance.” (Langenhove, 2007) 

 
But several studies talk about solutions of this. One of them, it is try to put the textronic 

inside an adjustable belt for the chest, made it with lycra.  
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CHAPTER 3.  

MATERIALS & METHODS 

3.1. Introduction. 
 

In this chapter, all materials and methods needed to realise this thesis work will be 
explained in separate sections. The materials used in this work are ECG-Meter, electrodes, 
textrodes, Polymeric electrodes, DAQ NI-USB 6218 acquisition board, Labview and Matlab. 
Method is mainly the process to acquire the ECG signals and export the ECG data to others 
software applications like Matlab for further analysis. 
 

3.2. ECG-Meter. 
 

ECG-Meter used in thesis work was developed by Stiftelsen Medicin & Teknik at 
Chalmers University in Gothenburg. ECG-Meter is a device to obtain ECG voltage by means 
of electrodes or textiles. The power supply input is 5V DC.  
 
 

 

 
 

Fig 3.1b Front Panel 
 

 
 

Fig 3.1c Back Panel 
Fig 3.1a ECG Meter Aerial  

  





 

23 

 
TABLE 3.I ECG METER MAIN CHARACTERISTICS 

 
Gain 50 - 5000 
Bandwidth 0,1 Hz – 125 Hz 
Output Range +- 10 V. 
Distorsion Max. 0,2 % 
Isolation linearity 0,01% 
 

This ECG-meter is a single lead measurement system with the possibility to implement a 
Right-leg Driven noise reduction circuit. Therefore it has two measurements leads, the Red 
and Green, and the feedback right leg lead, the black lead. As it is indicated in the following 
figure the black lead is not connected to the right leg but it makes the same noise reduction 
function. 
 

 
Fig. 3.2 Electrode Placement 

 
Since the ECG signal measured at the surface of the chest is not very large, it must be 

amplified before been recorded and therefore the main function of ECG-Meter is to amplified 
the input signal. For this reason, “Gain” is one of the most outstanding characteristic that you 
could see above in Table 3.I. 
 

 
Fig. 3.3 Crocodile clips 
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3.3. NI USB-6218. 
 

The NI USB-6218 is a data acquisition device (DAQ) develop by National instruments, it 
offers 32 analog inputs, 250 kS/s single channel sampling rate, two analogs output eight 
digital input/output lines. For improved accuracy and safety, 60V cat.1 galvanic isolation is 
provided (Instruments, 2010). 

 
The NI USB-6218 is designed specifically for mobile applications, like the main 

application of thesis work. Plug and play installation minimizes configuration time. It is 
powered from USB, so we can discard external power supplies. 
 
 

 
Figure 3.4 DAQ NI USB6218 

3.4. 3M Red Dot Repositionable Electrodes. 
 

These Red Dot electrodes are repositionable electrodes manufactured by 3M. These 
electrodes have a larger conductive area, which reduces the skin-electrode interface 
impedance and the adhesive contains a conductive hydrogel that also contribute to lower skin-
electrode impedance. For this reason, we choose these electrodes to probe the application. 
 

 
Fig. 3.5 Red Dot Electrodes 
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3.5. Polymer Film Electrodes. 
 

The Polymer research group at the School of Engineering of Högskolan i Borås has 
developed the polymer films used in thesis work. Three kinds of polymer films have been 
used, although two of them are the same were based in the same polymer that was 
compounded at different temperatures.  

 
These polymer films were used to test its capacity to sense the ECG activity, with 

previous ECG-Meter. 
 

   
Fig 3.6a CP-1317 Fig 3.6b PP-1386 by 200ºC Fig. 3.6c PP-1386 by 210ºC 

3.6. LabView 2009. 
 

Labview is a platform and development environment for a visual language, called “G”, 
which was develop by National Instruments to create interfaces between computer systems 
and measurement Instrumentation. The application that is developed in Labview is called 
Virtual Instrument, in short VI. If a given VI is used in a future application to create another 
VI the second VI is known subVI. 

 
National Instruments also has created the NI-USB 6218, therefore Labview was chosen 

to implement the main application of acquisition and visualization ECG signal. Labview was 
chosen also due to the facility that provides to implement acquisition data applications 
through an easy interface and intuitive language. 

3.7. Matlab. 
 

The most important reason to choose Matlab was because it is a powerful mathematical 
application, which is use in many applications. Matlab developed by MathWorks.  

  
Fig 3.7a Labview logo Fig 3.7b MatLab logo 
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3.8. Methods. 
The goal of this thesis is the acquisition of ECG measurements and its data storage as 

well as export to others application for subsequent analysis. In the next schema the process of 
all the thesis work is explained graphically.  

 

 
Fig 3.8 Graphic diagram 

3.8.1. Acquisition process. 
 

The ECG signal is acquired through a three points in the chest. This disposition is shown 
on Fig. 3.2. In these three points, at the beginning, three electrodes had been located to probe 
the Labview application. Then, different polymer films had been located. 

 
The ECG signal with each of the electrodes and polymer films was taken with three 

different modes. First mode consist in put the polymer film directly on the skin, and tape was 
used to stuck in the properly point. Second way, ECG signal was obtained when the skin was 
wet by water. And finally, ECG signal was taken when skin was wet by electro-hydrogel. 

 
The output signal from ECG-Meter is an analog signal and for its storage it is necessary, 

to use a PC or a storage device. Prior to the any data storage the ECG signal must be 
converted to digital. For this reason the DAQ device of National instrument was used to 
digitalize. 

3.8.2. Storage process. 
 

On the ECG signal is in digital format it can then be displayed and stored. To make this, 
Labview Language and Development Tools were used. The signal is stored in real time, the 
system, then, provides an interface to show the stored signal at any time. In addition, different 
comparatives can be performed between several ECG signals previously stored. 

 
The ECG signal is stored in a common format to facilitate further data analysis 

applications. The file is a text file and has the following field format:  
 
The first line contains a series of headers, “Electrode:”, “Subject” or “Start Time:”. The 

second line contains title and units about the measurement above the column. The 
measurements information is divided in two columns, “Time (s)”, “Volts (v)”, decimal 
separator is a point, and the column separator is a tabulator, shown in figure 4.10. 
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CHAPTER 4.  

GRAPHICAL USER INTERFACE 

4.1 Introduction 
 

A Graphical User Interface (GUI) is a user interface that unlike other user interfaces, it 
uses icons, buttons and panels, which allow people to interact with programs in more ways 
than typing code or commands.  

 
Labview use two different panels as long the user interface as the programing by blocks. 

In this chapter user interface will be explain. Labview programmers usually use Front Panel to 
describe the GUI. Figure 4.1 shows the functional Flow diagram of the software application. 
 

 
Fig 4.1 Flux diagram of software 

 

4.2 GUI  
First of all, the application shows the Front panel, which included two tabs. One tab is 

called “Measurements” and other one is called “Read”. “Measurements Tab” is used when an 
ECG signal is acquired. “Read Tab” is used to read signals previously storage. In addition, 
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there is one Run-Time Menu in the front panel. Run-Time menu is formed with three different 
items: “Start”, “Write Menu” and “About”. 

 
When the user starts the application, it is in a “waiting status”. This status can be changed 

with the “Start” item of the Run-Time menu. “Start” item has three sub-items to choose, 
shown in figure 4.3.While “Quit” item is to close the application the “write a measurement” 
and “read a measurement” are for acquiring and reading a measurement respectively. In either 
case both will be explained in the next sections. 
 
 

 
Fig 4.3 Run Time Menu 

 

 
Fig 4.4 Measurements Tab 

 

4.2.1. Measurement Tab. 
 
“Measurements Tab” is used when an ECG signal is acquire. To acquire a measurement, 
“Write a measurement” on Run-Time menu have to be clicked and then a dialog box 
appears. The dialog box is used to configure the characteristics of measurement acquisition 
and to set a folder where the signal will be storage. 
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In the Dialog box there are two kinds of parameters. The first three characteristics are for 
creating a folder and a name for the measurement file that will be created. The folder is the 
name of the user, and the name is created between “Subject” and “Electrodes”. The two last 
parameters, “Rate” and “Number of samples” set how acquire the signal. 

 

 
Fig 4.5 Write Measurements Initial Dialog Box 

 
The initial dialog box has to be filled it completely; otherwise a pop-up message appears to 
indicate how to fill the form. 

 

 
Fig 4.6 Pop-up message 

 
Once the dialog box is fill properly, the application start to take samples and store them. At 
the same time, samples are shown in two different panels, called scoped. The first scope is 
the “Filtering Signal” where the signal is shown with a relation between “number of 
samples” and “Rate”. For example, if the selected “rate” is 1000 and “number of samples” is 
1000 in “Filtering signal” is shown one second of signal. Here is the relation: 
 

 
 
In the other scope, called “Historical Signal”, the whole acquired signal is shown. 
 
 
Once the ECG measurements are taken then the ECG signal can be stored. Then only “Write 
Menu” will be enabled. Inside “write menu” the option “Save” is located. When “Save” is 
clicked on, boxes in front panel are filled, and a new box is added, “Start Time” is called, 
such information will be added like header in the measurement file. 

 

 
Fig 4.7 Boxes in Front Panel 
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At the same time, in the bottom side of front panel, two leds warn us that an ECG Signal is 
being recorded and one timer shows duration of recording. One new button appears “Add 
comment / Finish Comment”as well. In this moment, comment event starts to work. This 
event incorporates “Add Comment” option, and this new button is the way to write comment 
for ECG signal. 

 

 
Fig 4.8 Change when “Save” is pushing. 

 
When “Add Comment” is already pushed, one dialog box appears with the two options, if 
“Insert a comment” is pushed, another dialog box with a text panel appears and the 
comment can be written. Comments are storage in a separate file from measurement file. 
This file has the same name that measurement file but different extension. All the files 
generated by ECG RW are allocated in: 
 

C:\Documents and Settings\ECGRW Data\name of user\ 
 

To finish to storing signals, comment event has to be stopped. The way to stop comment 
event is by means of the second option “Finish capturing comments” button. Once comment 
event is finish, in “Write Menu” is enable “Stop Write”. When “Stop Write” is clicked the 
measurements files is available to read it.  

 

 
 

Fig 4.9aInsert/Finish Comments Fig 4.9b Comments Dialog Box 
 
Measurements files have a special structure. At the beginning, it has two rows of header. In 
headers are included user, electrode, subject and start time. In the second line, it has a plot 
legend, which explains what the two columns below are. Time and value column are 
separated between a tab space. Decimal separator is a point. This is a common way to make 
measurements. In this way, measurement files can be shared with others application easier.  
 

 
Fig 4.10 Measurement File 
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Comment file, has a structure based in lines. Each line has a four elements, three about the 
time of the comment, minute, second, millisecond and finally comment following of the 
comment that the user wrote. 
 

 
Fig 4.11 Comment File 

 

 
Fig 4.12 Read Tab 

 

4.2.2. Read Tab. 
 
When “Read a measurement” is pushed all the action happen in the “Read Tab”. First at all, 
dialog box appear asking what the user want to do. Two options can be selected, “Only one” 
or “Make a comparative”.  

 

 
Fig 4.13 Read Options 
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“Only one” option has to be chosen if user wants to watch a simple signal and its comments. 
However, if user wants to watch different signals at the same time, “make a comparative” is 
the right option, but in this case, comments cannot be shown. “Make a comparative” has a 
maximum limit in order to not insert in the screen high number of signals.  
 
Once chosen, one dialog box appears to select the signal or signals that will be shown. If it is 
only one, and it has comment, one led on the front panel warn about it and other panel 
appears below the signal screen with all comments that the signal has. 

 

  
Fig 4.14a Comment LED Fig 4.14b Comments Panel 

 
If “make a comparative” was selected in the left top corner of signals screen appears a 
legend to know which color correspond to each signal. A numeric index can be changed 
between the numbers of signals shown. 
 
Both “Make a comparative” and “Only one”, the signal panel has tools to zoom in-out or 
move the signal with one graph palette that appear in the left bottom corner. This palette is 
truly useful to observe signals in the proper way. 

 

 
Fig 4.15 Graph Palette 

 

 
Fig 4.16 Comparative Panel 
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4.4 Software installation. 
 

One installer was built to make easier for users the way of use this application. This 
installer is attached in one DVD, it is situated in a folder called “ECG RW by Isaac\Volume”. 
This folder contains an executable file called “setup.exe”. “Setup.exe” must be clicked twice 
to start the installation. Once clicked, the installer starts requesting for destination folder as 
well others options. Run-time engine of LabView 2009 is included in this installer, therefore it 
is not necessary install Labview 2009 in order to run this application. 
 

  
Fig 4.2a Destination folder Fig 4.2b Success Installation 

 
After the software is installed, the application can be found in Program Files, as ECG 

R&W. In order to finish the installation, it is needed to install DAQmx drivers. These drivers 
are included in the DVD of this project. 
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CHAPTER 5.  

DIAGRAM BLOCK & MATLAB SCRIPT 

 

5.1 Overview. 
 
The engine, or core, of this application is the Run-Time Menu, in other words, the Run-

Time Menu is the control center of the application and depending of the selection done over 
the Run-Time menu, different panels or menus are enable or disable. In this way, the 
application cooperates in a sequential manner. The flow diagram of the complete application 
is shown in Figure 5.14 at the end of this chapter. 
 

5.2 Open Case. 
 

When “Write a Measurement” is selected , the tag of Run-Time Menu “Open” is input of 
the Main case structure. So, case structure selects “Open Case”. The first step, in Open Case 
is a dialog box, which is shown on figure 4.4.1b. To check that the user fills properly all the 
boxes, dialog boxes and Boolean properties are used. If one box was left blank or wrongly 
filled, the Boolean circuit sends to the case structure a false variable, and in this case one 
dialog box are shown. (Fig 4.4.1c), and application continues in the loop not leaving until the 
boxes are properly filled. 
 

 
Fig 5.1 Text Box Loop 

 
In this operation loop, input is only “Error In” and outputs are User, Electrodes, Subject, 

Rate and Number of sample. User, Electrodes; Subject will be used to produce the path and 
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headers for the storaged datafile, in the next step. And Rate and Number will be used like 
characteristics in the DAQ box. 

 
The next two steps consists in create the Measurements File Path, if it doesn’t exist, it 

will be created. Also, application writes in it headers.  
 

 
Fig 5.2 Path & Headers Construction 

 
The last step in “Open Case”, is the core of this sequence structure, because DAQ and 

storage take place inside. The Main VI’s are inside a loop to storage signals continuously. 
Loop is stopped when the user clicks on the Run-Time Menu “Stop (Save)”, which is enable, 
once “Stop comment” is pressed. Signal is taken by the “DAQ assistant” and then ECG signal 
is filtered by three different Notch filters of 50, 100 and 200 Hz. Shown in figure 5.3a. Once 
ECG signal is filtered, this is shown in two different panel, “Historical Signal” and 
“Sample/Rate signal” and is stored by “Write Labview Measurement File” as shown in figure 
5.3b.  
 

  
Fig 5.3a Acquisition and filtering Fig 5.3b Storage and displayed 

 
In this last step of “Open Case”, there are three switch-case loops also. These loops are 

to make this application friendly and to keep in a sequential way through all the open case. 
Two Switch-Case loops depend on Run-Time item selected. These loops are called “Save 
Continuously” and “Stop Write”. Last loop is connected with the two first loops by means of 
a variable called “Enable”. 



36 

 
If “Write Menu →Save” is selected “Save Continuously” loop starts. This little case is 

only to begin storage process and enabled and disabled different items on Run-Time Menu. 
The storaging process is started through the variable “Enable” which is directly connected 
with “Write a Measurement” VI. 
 

  
Fig 5.4a “Save Continuously” Loop Fig 5.4b “Stop (Write)” Loop 

 
“Stop Write” loop starts when “Write Menu →Stop (Save)” item in Run-Time Menu is 

selected. In the same way that “Save Continuously” loop it enabled and disabled items and 
variable, but in this case timers of the last loop are initialized also. 

 
Last case, called “Timers loop” shown in Fig 5.5, is the most important to have a friendly 

interface. This loop provides frontal panel with a timers. Thus users are enabled to know how 
many time of ECG recording signal is stored. Timers are used to sort user comments by time 
and written in the comment file also.  
 

 
Fig 5.5 Timers loop 

 

5.2.1. Comment Event. 
One important element in “Open Case” is comment event. This event allows users to write 
comments when the ECG signal is acquired. Event is an action inside the application that 
causes a change in the sequential flow, this action could be a mouse click or a double click, 
etc. In this case, event is started when “Save Continuously” case is started. The “Comment 
event” is inside a loop, as recommended by NI. 
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Fig 5.6 Comment Event 

 
Once event starts, minutes, seconds and milliseconds are acquired and stored in variables 
called “Comment Min”, “Comment Sec”, and “Comment Millisec”. After acquiring the 
comment time, a dialog box is shown with two options. Two options are possible, “Write a 
comment” or “Finish capturing”, first option correspond to true output value. 

 

 
Fig 5.7 First event step 

 
The Boolean output of first step is the input in a switch case, which is the second step inside 
this event, and it is also the event loop condition. Like it was said it, if the Boolean value is 
true, means that the user wants to write a comment. To make this, a “Sequence Case” is 
building. The “Sequence case” has three parts. The first part, consist in a dialog box to write 
the comment. The second part is to sort the comment and time in the right way, and the last 
part is to create the comment file, write and save it. If the boolean input is false, this 
condition breaks the loop condition and finish comment event, like the user wants. 

 

 
Fig 5.8 True case  
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5.3 Read Case. 
 

When “Read a Measurement” is selected, the tag of Run-Time Menu “Read” is input to 
the Main case Structure. So, case structure selects “Read Case”. First at all, dialog box 
appears to select between read one signal or more. According to the answer, different cases 
are called. 
 

 
Fig 5.9 Read Case Dialog Box 

 
If “Only one” is selected true value is the output of the dialog box, so the selected case is 

true. Inside true case, file path is requested by another dialog box. This dialog box is inside a 
loop to check selected path and file are right.  
 

 
Fig 5.10 File Path Dialog 

 
After this verification, the selected file is opened, read and shown in the waveform 

indicator in the read tab of front panel. The name of the file is put it on the legend with a color 
to make easier the reading for the users. At the same time, the selected path is checked to find 
a comment file. If the comment file exists, comment indicator is filled with all the comments 
inside the file, and the green led indicator is turned on to notice that.  
 

 
Fig 5.11 Reading File and Comments 

If “Make a comparative” is clicked, it is basically the same process than in “Only one”. 
First step is another dialog box to ask about number of signals to read. Dialog output is 
checked to make sure that selected number is not out of the range. If it is out of the range one 
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dialog notice that to user. After knowing the number of signals, the name and path is 
requested by a path dialog as often as the number of signals but with a really important 
different, comment file is not checked. 
 

 
Fig 5.12 Signals Number Dialog 

 
When all the names of the signals are obtained, all of them are linked, to put them on the 

waveform indicator. This process is made by “Merge Signal” function, which merges two or 
more signal in only one output. This VI enables to put two or more signals in only one 
display, thus making easier any signal comparison. 
 

 
Fig 5.13 Make a comparative core (Two signals case) 
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5.4. Matlab Script. 
 

This Matlab script was developed with only one goal, to show that the output signal files 
of this application can be used by other applications to process this signals offline. The script 
was developed to Matlab because it is one of the most important software to processing 
signal. The main function of this script is to plot the signal in ECG Files, making also 
comparatives.  
 
 

 

clear all 
close all 
signal_num =input('Number of signals: ','s'); 
n=str2num(signal_num); 

 
for i=1:n   
file=input('file: ','s'); 
leg{i}= file; 
file_handle =fopen(file,'r'); 
temp_data=textscan(file_handle,'%f %f','HeaderLines',2); 
fclose(file_handle); 
t=temp_data{1}; 
EKG=temp_data{2}; 
plot(t,EKG,'Color',[rand rand rand]); 
grid on; 
hold on; 
xlabel('time (s)'); 
ylabel('volt (v)'); 

 
end 
legend(leg); 

Code Box 5.1 Matlab script for importing measurement data 
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CHAPTER 6.  

VALIDATION & RESULTS 

6.1 Testing polymer films 
 

The contents of this chapter show the results obtained with the developed software tool. 
For testing the ECG W&R application ECG recordings with several different types of 
electrodes were performed. 3M Ag/AgCl electrodes were tested (shown in Fig. 6.1). Once 
tested, three different polymer films (CP1317, PP1386 200º and PP1386 210º) were used to 
obtain results with the new application. The analysis of the obtained signals nor the 
performance of the electrodes is not the goal this work, but it is really interesting for a real 
validation exercise to test different prototypes of polymer films to obtain different ECG 
signals. 

 

 
Fig 6.1 3M Red Dot results 

 
The way to test all the polymer films takes two different measurements. In the first 

measurement, the polymer was situated directly on the skin, i.e. dry electrode. In the second 
measurement, an electrolytic gel was allocated between skin and polymer. In both 
measurements, a scheme of movements and standings was used. This schema is shown in 
table 6.I 
 

Table 6.I Scheme of ECG Measurements 
Stand 1 20’’ 
Move 1 5’’ 
Stand 2 10’’ 
Move 2 5’’ 
Stand 3 120’’ 
Move 3 5’’ 
Stand 4 10’’ 

Move Final 5’’ 
Stand Final 10’’ 
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6.1.1. CP1317. 
 

 
Fig 6.2 CP1317 Natural whole signal 

 

 
Fig 6.3 CP1317 Natural zoom signal 

 

 
Fig 6.4 CP1317 Gel whole signal 
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Fig 6.5 CP1317 Gel Zoom signal 

 

6.1.2. PP1386 by 200ºC 
 

 
Fig 6.6 PP1386 by 200ºC Natural whole signal 

 

 
Fig 6.7 PP1386 by 200ºC Natural zoom signal 
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Fig 6.8 PP1386 by 200ºC Gel whole signal 

 

 
Fig 6.9 PP1386 by 200º C Gel zoom signal 

 

6.1.3. PP1386 by 210ºC. 
 

 
Fig 6.10 PP1386 by 210º C Natural Whole signal 
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Fig 6.10 PP1386 by 210º C Natural Zoom signal 

 

 
Fig 6.10 PP1386 by 210º C Gel Whole signal 

 

 
Fig 6.10 PP1386 by 210º C Gel Zoom signal 
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6.2. Final test 
To test new textiles electrodes (FOV2, FOV8, FOV32) woven by FOV Fabrics and to 

test also a new protocol to take measurements the develop ECG W/R application was used. 
These new textile electrodes were tested first without water or gel between them and the skin, 
and thereafter with water between electrodes and the skin. Measurements were taken with a 
belt around the chest with two parts of these new textiles electrodes. The following figures are 
a zoom in the stable zone of the ECG signals. In this final test, the comparison mode was also 
tested and last figures are a comparison between the same textile electrode without and with 
water.  

6.2.1. FOV2. 
 

 
Fig 6.11 Belt of FOV2 

 

 
Fig 6.12 Belt of FOV2 with water 
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Fig 6.13 Comparison of FOV2 

 

6.2.2. FOV8. 
 

 
Fig 6.13 Belt of FOV8 

 

 
Fig 6.14 Belt of FOV8 with water 
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Fig 6.15 Comparison of FOV8 

 

6.2.3. FOV32. 
 

 
Fig 6.16 Belt of FOV32 

 

 
Fig 6.17 Belt of FOV32 with water 
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Fig 6.18 Comparison of FOV32 
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CHAPTER 7.  

DISCUSSION & FUTURE WORK 

7.1 Discussion 
 

As mentioned in previous chapters, the main goal of this thesis work was to give an 
application to test electrodes, textiles electrodes and polymers or other kinds of materials, 
which are appropriate for biopotential measurements but this is only the first step. Next step 
will be exposed in chapter 7.2 as future work.  
 

This application was develop with National Instrument Labview software, because is one 
of the most used tools to data acquisition but also because it is a graphical language easy to 
learn by new programmers. In the other hand, Labview is not easy to extensible by others 
programmers who don’t develop the application. Extensibility is the capacity of a system or 
an application to improve its characteristics or to add services by others programmers or 
developers. 
 

The application was developed keeping in mind easy usage. The user of the application 
does not need a wide knowledge in Labview or in DAQ instruments to use it. One of this 
point of the design is shown in the DAQ device that was chosen. This device was The USB 
DAQ because USB communication allows to use the DAQ instrument board like a plug&play 
device.  
 

Electrical noise was the greatest impediment that occurred during the development of the 
project. The ECG-Meter used for the test exhibited certain interferences from the power 
supply. In order to remove the 50 Hz extensive work was dedicated to implement filters. To 
fix this problem one solution is suggested in future work. Eventually, in addition to the 
implemented filter, an external battery, called Battery Type M during was used during the test 
to avoid the 50 Hz noise.  
 

7.2. Future work 

7.2.1. Custom ECG-Meter. 
 

As mentioned in section 7.1 50 Hz noise interfered with the measurement signals because 
the ECG-Meter used. To fix this inconvenient permanently is advised to use a battery-driven 
ECG-Meter. One proposal to make a specific ECG-Meter with power supply by battery button 
cells. 
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7.2.2. Heart Rate Detection. 
 

The next step to continue with the work done this thesis work could be the signal analysis 
and processing of the obtained ECG signals. For this reason, it could be interesting if the 
application can also analyze the obtained signals in Labview. One of the most important 
values to analyze from ECG signals is Hearth Rate. 
 

7.2.3. Electrodes Prototypes Data Base. 
 

Another proposal to follow with this work is to create a standard database with for 
example MySQL, to sort all of the measurements for each of the prototypes of electrodes. 
This database is filled from Labview program and also it can be open from Labview. Likewise 
a Matlab script or toolkit could be developed to take signals from the database to Matlab 
program to analyze the ECG signal.  
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APPENDIX A  

SOURCE CODE LABVIEW 
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