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ABSTRACT 

 
Electrical Bioimpedance measurement has been used in clinical practice for several 

years for non-invasive monitoring. In recent years new applications of electrical 
bioimpedance measurements based in the spectral analysis has been validated.  

 
This fact have encouraged the use of spectral analysis on Electrical Bioimpedance 

measurements and it is a wide spread idea that spectral analysis of electrical bioimpedance 
data is going to open the door for new indicators for health assessment. 

The intended goal of this project is to develop a software tool, based in Matlab, that 
allows researchers to perform, both spectral and time signal analysis on the measurements 
performed Electrical Bioimpedance Spectrometers. This tool must incorporate the necessary 
display capabilities to allow quick visual inspection and visualization of the analysis results. 

 
Once this tool has been implemented, spectral analysis and validation of classification 

features will be possible in an easy way accelerating the process of test and analysis of 
experimental data analysis. This task is always critical in any research or clinical study. 

 
To facilitate the spectral analysis of electrical bioimpedance data will contribute to the 

developing of novel methods of non-invasive diagnosis and monitoring.
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CHAPTER 1 
 

INTRODUCTION 
 
 
 

1.1. Introduction 

Electrical Bioimpedance (EBI) is the opposition that a biological material like human 
body, animal tissue, etc. offers to the flow of electrical charges. EBI measurements are 
being used as support tool for the diagnosis of some diseases. 

The electrical properties of tissue depends on its structure and composition and changes 
produced by pathophysiological processes modifies the electrical properties of tissue. Such 
changes can be detected by measurements of Electrical Bioimpedance  

In the last years there has been a shift in the approach used to apply EBI shifting from 
single frequency measurements to spectroscopy. This shift allows us to not only perform 
time-base analysis but also spectral signal analysis. 

1.2.Motivation 

New methods are constantly required in medicine. Investigations indicate that with the 
proper signal analysis methods EBI measurements could be used as brain monitoring, skin 
or breath cancer detection and in other applications.  

Tools for EBI data analysis are needed by researchers to examine the EBI data coming 
from the medical measurements and experiments.  

The decision of implementing a software tool to analyze EBI Spectroscopy Analysis 
was taken basically focusing on these two statements. 

1.3. Goal 

The main goal of this thesis is to implement a Software Tool for Electrical 
Bioimpedance Spectroscopy Analysis. This tool should provide temporal and spectral 
analysis and Cole fitting.  

A secondary aim is the implementation of functions to carry out signal analysis and 
make comparisons between different spectral resulting from the signal analysis. 

1.4. Work done 

The main task of this thesis has been the development of a Software Tool for Electrical 
Bioimpedance Spectroscopy Analysis. The application has implemented using the graphical 
user interface layout tool GUIDE of Matlab. The implemented functionalities are:  
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 Getting information from source files. 

 Loading files. 

 Implementation of temporal and spectral analysis. 

 Implementation of Cole equation. The fitted theoretical curve and the original 

impedance data have been represented on the same graph. 

 Implementation of functions to perform spectral analysis. 

 Implementation of a tool to make comparisons using the spectral features that 

performed the spectral analysis. 

1.5. Structure of the thesis report 

This thesis report is organised in nine chapters and the references. Chapter 1 is the 
introduction part of the performed thesis work. Chapter 2 gives a brief background of 
bioimpedance, focusing in its frequency dependency and its current clinical application. 
Chapter 3 describes the EDF format and the BioImp Impedimed software. Chapter 4 
introduces the Graphical User Interface layout tool provided by Matlab, GUIDE. Chapter 5 
explains the developed software, including all the functions related with the reading and 
storing of data, temporal and spectral analysis as well as Cole fitting. Chapter 6 details the 
spectral features implemented in the software for signal analysis. Chapter 7 shows the 
results obtained with the signal analysis functions. Then in the last Chapter it follows the 
conclusion and proposed future work. 

1.6. Out of Scope 

The following points have been decided to left the out of this thesis work.   
 To implement Bioelectrical Impedance Vector Analysis, BIVA, is out of scope 

because there is another parallel project to this one, which is precisely 

implementing an application for EBI measurement signal analysis based on 

BIVA. 

 The application offers a section for signal analysis. Using results from signal 

analysis is possible to classify signals but the implementation of Pattern 

classification engines is out of scope in this project. 

 Cole fitting is implemented but the implementation of function for Cole-based 

analysis is out of the scope of this project.  
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CHAPTER 2 
 

INTRODUCTION TO ELECTRICAL BIOIMPEDANCE 
 
 
 

Electrical Impedance is the opposition that a material offers to the flow of electrical 
charges. When the origin of the material is biological, like human body, animal tissue, etc, 
then such opposition is called Electrical Bioimpedance (EBI). 

EBI technology has been used as a diagnosis and monitoring tool in medicine for 
several year in numerous applications, like in Body Composition, Respiration Rate, 
Impedance Cardiography etc. 

2.1.- Electrical properties of human tissue 

The dielectric properties of biological tissues differ depending on their structures and 
composition. Human tissue is an aggregation of cells and fluids forming tissues and organs. 
Each cell is surrounded by a membrane that separates the extracellular fluid from the 
intracellular medium. The pericellular medium, cell and the extracellular space, contains 
water, and electrolytes that provides tissue with ionic conductance capabilities. In the other 
hand, the cell membrane (constituted by a thin lipid bilayer) has capacitive properties that 
provides it with polarization capabilities (Guo 2003).  

Impedance, denoted by Z, is an electrical quantity that is described by complex 
numbers: the resistance R and the reactance X. So electrical impedance of human tissue can 
be described by a cartesian representation as follows: 

 

[ ]Z R jX= + Ω  Equation (2.1) 

 
Impedance can be also expressed in polar coordinates using magnitude and phase: 

 

 Equation (2.2) 

                                                                

Where Z is impedance, R is resistance, X is reactance and ( )
1
2( 1) 1j = − = − . 

2 2

an( / )

jZ Z e

Z R X

θ=

= +
arct X Rθ =

A resistance obeys Ohm’s law. Thus the only relation between voltage and current is a 
magnitudes’ relation. 

         Equation (2.3) { }Re VZ Z R
I

= = =
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For a capacitance, the current is proportional to the time derivative of voltage, so 
Ohm’s law is no valid. The impedance of a capacitance is purely reactive and it is known as 
a reactance (phase 90º) and depends on frequency as equation 1.4 shows. 

         
1

2
Z j

fCπ
⎛ ⎞

= − ⎜ ⎟
⎝ ⎠

 Equation (2.4) 

 

To explain it frequencial dependence, it can be said that a capacitance behaves as a 

resistance with a value of 1
2 fCπ

. For very low frequencies it represents an open-circuit and 

a short-circuit for high frequencies. That means, that low frequency currents are blocked 
and high frequency currents flow freely. Figure 2.1 shows impedance behaviour of a 
capacitor against frequency. 

 

 

 

 

 

 

 

Figure 2.1. Bode plot of the impedance of a capacitor (impedance against  frequency). 

 

As mentioned previously, electrical properties of tissue are given by its constituents 
and the electrical behaviour can be represented with models, or an equivalent circuit just 
formed by resistances and capacitors (Figure 2.2). 
 

 

 

 

 

 

          Figure 2.2. Equivalent circuit of a cell (Fricke model, 1924) 
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Attending to the equivalent circuit obtained, we can easily get the equivalent 

impedance (Martínez 2007/2008). 

   
                                             Equation (2.5)                

R (1 )
1 ( )

e i

i e

jR CZ + ω
=

jC R Rω+ +
 
As it was mentioned before, at low frequencies current does not flow through the cells, 

because the cell membrane acts as a capacitor. In this case, the impedance is reduced to eR . 
This blocking effect decreases with increasing frequency. So, at high frequencies, the 
capacitance decreases and current flows through the cell. At very high, the impedance 
becomes the parallel of eR  and iR . 

  00 eZ Rω → ⇒ =                                 Equation (2.6) 

                                                                                                Equation (2.7) 

 
The validity of this model for tissues and blood was checked by Kanai in 1983, but it 

was just correct for blood because it contains one dominant cell species (Jaffrin 1997). This 
equivalent circuit proposed by Fricke was not adequate to simulate tissue in a global way. 
Human tissue contains different types of cells and on this way, the Cole model is more 
realistic. It generalizes Fricke model being valid for tissue containing different types of cell 
species. 

2.2.- Representing Electrical Bioimpedance 

The Cole model is defined as a method for showing the behaviour of electrical 
impedance of biological tissue. This electrical behaviour is a dispersive behaviour, meaning 
that the time constant of the system is not frequency independent, it is spread over the 
frequency. 

The Cole equation that represents aims to approximate the electrical bioimpedance 
measured in tissue and it is expressed by equation 1.8 (Cole, 1940). 
 

Equation (2.8) 

 

Where : 
R0 : Resistance at 0 frequency  
R∞ : Resistance when frequency tends to ∞ 
τ :   Time constant (RC) 
α :  1 in a typical RC circuit 
As it was said before,  

0
e i

e i

R RZ
R R

ω →∞⇒ =
+

0( )
(1 ( ) )

R RZ Z
j αωτ

∞
∞

−
= +

+
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            Figure 2.3.  Tissue model 

 
Identifying with the nomenclature used in the equation 1.8, 0 1 2R R R+ 1, R R∞= =  and 

2R Cτ = .  
In the Cole plot, the Real value of the impedance (R) is plotted versus the imaginary 

component (X) with the frequency as a parameter. The Cole plot is a semicircle with 
approximated radius (R0 - R∞)/2 which crosses the real axis at R0 and R∞. The centre of the 
semicircle is not necessarily in the real axis, but beneath it. See Figure 2.4.  

 
 
 

 

 

 

                               

 

 

 

 

        Figure 2.4. Cole plot 

2.3- Frequency dependency (dispersion) 

Dielectric properties of tissue, both permittivity and conductivity, are frequency 
dependant. As the frequency increases from a few hertz to gigahertz, the dielectric constant 
decreases from several millions to only a few units; In the other hand, the conductivity 
increases from a few millimhos per centimetre to nearly a thousand. The observed 
frequency dependency of the dielectric constant is called dispersion (HP. 1957) .There are 
four dispersions for the dielectric properties of biological materials: α, β, δ and γ . Figure 
2.5 shows four dispersions produced in brain tissue, concretely grey matter measurements 
of conductivity and permittivity.  

 10
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         Figure 2.5. Frequency dispersions  

The origin of the α-dispersion is presently the least clarified. Intracellular structures, 
such as Endoplasmic Reticulum and the tubular apparatus in muscle cells, which connect 
the intracellular space with the outer cell membranes could be responsible for the α-
dispersion. Relaxation of counter-ions on the charged cellular surface is another mechanism 
that produces this dispersion. Last but not least, relaxational behaviour of membranes per 
se, such as reported for the giant squid axon membrane, can account for the α-dispersion 
(Takashima, Schwan 1974).  α-dispersion happens at low frequencies,10 Hz - 10 kHz. 

 β-dispersion is due to the low conductivity and capacitive properties of the plasma 
membrane and other internal membrane structures and their interactions with the extra and 
intra-cellular electrolytes. It ranges from approximately 10 kHz to 100 kHz (Ivorra 2003). 

γ-dispersion is due solely to water contained in tissue, intracellular and extracellular. 
and its relaxation frequency is nearly about 20 GHz. 

δ–dispersion is a minor additional relaxation between β and γ, it is caused in part by 
rotation of amino acids, partial rotation of charge side groups of proteins, and relaxation of 
protein-bound water that occurs somewhere between 300 and 2000 MHz (HP. Schwan 
1957). 

The main and more interesting dispersions in medical applications are α- and β-
dispersions. In these range is where most changes between pathological and normal tissue 
occur (Blad B. 1996 Nov). 

The table below shows the elements that contribute to the different kind of dispersions 
which have been mentioned above. 
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         Figure 2.6. Table contents from H.P. Schawn (1994) 

TABLE I: ELECTRICAL DISPERSIONS OF BIOLOGICAL MATTERS 

 

2.4.Potential Clinical Use of EBI  

2.4.1 Perinatal Asphyxia 

Etymologically, asphyxia means lack of breathing and consequently it is link with the term 

hypoxia, that means lack of oxygen. Perinatal asphyxia is caused by the inadequate intake 

of oxygen before, during, or just after birth. 

Asphyxia affects every organ and systems in the body in different grade of damage 

depending of its intensity and duration. It is in the Central System where the most relevant 

injury is produced due to its consequences related with mortality and the after-effects.  

Hypoxia/ischemia is the most common cause of brain damage in newborns, with a 

prevalence up to four cases per one thousand and a mortality of 50% in severe cases. Most 

of the newborns who survive have important neurological problems. According to the 

World Health Organization, perinatal asphyxia is one of the leading causes of newborn 

deaths in developing countries, in which 4 to 9 million cases of newborn asphyxia occur 

each year, accounting for about 20 percent of the infant mortality rate. 
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It exists a potential therapy that is under clinical trials: Hypothermia, that is just effective if 

applied in the first hours after birth. Finding early diagnosis methods is exactly the goal 

that researchers are pursuing. The development of these methods is vital to apply 

Hypothermia correctly.  

In the other hand, EBI measurements can be used as indicators of the state of tissue and 

organs, the brain in this particular case. A completely confirmed hypothesis is that EBI 

measurements can detect hypoxia, lack of oxygen, and from now, all the efforts are 

focused on finding spectral indicators that allow detecting the hypoxic-ischemic cellular 

damage mechanism which appears in Perinatal Asphyxia cases. 

That means that EBI measurements could be used as a hypoxia/ischemia detector. 

2.4.2 Breast Cancer 

Breast cancer is the second most common type of cancer after lung cancer (taking in count 

both sexes) and the fifth most common cause of cancer death (Organization February 

2006). However, between women, breast cancer is the most common cause of malignant 

cancer, both in incidence and as cause of death (Society 2007).  

The most used method for breast cancer detection is X-ray mammography. Nevertheless, it 

is known that it has limitations in patients with dense breast tissue. That is why it is 

necessary a biopsy for a definitive diagnosis. Biopsy provides a decision of benignant or 

malignant cancer, but up to 80% of biopsies of breast lesions detected by X-ray 

mammography result to be negative for malignancy. That means that a new detection 

system should be used to avoid the patient suffers from physical and emotional trauma.  

An alternative method used to breast cancer detection is electrical impedance. Differences 

in capacitance between breast tumours and normal tissues were founded in 1920s by Frick 

and Morse. Lately, more evidences has been discovered proving that there are significant 

differences between malignant and normal breast tissue. The impedivity of malignant 

breast tumours is lower than normal tissues and the conductivity typically is higher than 

normal tissue (Andrzej J. Surowiec 1988). These and other changes produced in electrical 

properties of breast tissue are assigned to the increase of water and salt in the membrane, 

modifying the membrane permeability, to variations produced on packing density and in 
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the orientation of cells (B. Scholz 2000). This is exactly the ground in which these 

methods are based on. 

2.5. Motivation for development 

New methods are constantly required in medicine. Bioimpedance models have been 
approved and checked like an adequate tool to support the diagnosis in some diseases. 
Bioimpedance could be used as brain monitoring, skin or breath cancer detection and in 
other applications that were not taken into account in this thesis.  

Bioimpedance technology it is harmless for the patient, and very affordable. It also has 
the potential of becoming an important aid to asses on diseases detection. 

To get from potential to clinical, analysis tools are needed by researcher to examine the 
EBI data coming from the medical measurements and experiments. 
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CHAPTER 3 
 

EDF FILES AND IMPEDIMED BIOIMP 
 
 
 

3.1. European Data Format 

EDF is the acronym for European Data Format, EDF is a simple and flexible standard 
format for exchange and storage signals with biological and biophysical information. The 
first version of EDF was released in 1992 in Electroencephalography and Clinical 
Neurophysiology 82, and its principal feature is that it support multi-channel data storage at 
different samples rates for each signal. 

In 2003, EDF+ was released. This new more advanced and it is specified with more 
detail. EDF+ is completely compatible with EDF, in the sense that every EDF viewer can 
process EDF+ files. The novelty is that an EDF+ file may contain interrupted recordings, 
annotations, stimuli and events. It can store EMG, Electroneurography, ECG, Evoked 
potentials and many more types of measurements.  

EDF files are characterized for starting with the same header always and then the data 
to be analyzed. EDF header can be defined as follows. 
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                    Figure 3.1. EDF Header 

The software tool developed in this work has been specifically implemented to support 
EDF files. 

3.2. Impedimed BioImp Software 

3.2.1 General Overview 

ImpediMed BioImp is a software tool which analyses and displays multi-frequency 

bioimpedance data from the ImpediMed Imp SFB7, especially targeting whole body 

composition analysis. 

ImpediMed Imp SFB7 is a portable battery-powered spectrometer. It can be used for single 

shot measurements or in long-term patient monitoring. It is clinically validated but it is 

also suitable for research practice. The Impedimed BioImp Software targets specifically 

data from the Imp SFB7, but it also supports other types of files from other sources like 

ASCII text files containing multi-frequency impedance data. 

 16
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BioImp offers different options for bioimpedance analysis. It is possible to display the 

measurements as function of the frequency or as impedance parametric plots, that is 

resistance vs. reactance. Cole fitting is also among the software functionalities allowing the 

visualization of Cole plot. 

3.2.2. Impedimed BioImp features 

The application’s appearance is showed in figure 3.2. 

 

 

 

 

 

 

 

 

 

 

 

 

        Figure 3.2. Impedimed BioImp Main panel  

The most often use of this application is as a whole body bioimpedance data analyzer. 

Bioimpedance data are displayed in charts showing resistance and the reactance plotted 

against frequency. In the centre of the panel the estimated curve of the Cole plot is 

displayed. The Cole plot contains the model fitted by the data analysis. 

The analysis of multiple source files is supported by mean of a rapid sequential analysis 

function. A batch processing functionality is also provided, this way  the results of the data 

analysis can be viewed across several source files, allowing a longitudinal analysis. 

All data and most of the system settings can be saved to files. On this way, both types of 

data, pre-processed and post-processed, can be retrieved in easy manner. The results from 
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the data analysis can be also exported to several common standards like Excel spreadsheet 

files, *.CSV or as ASCII text files. 

The application also allows the storing of figures and charts obtained from the data 

analysis. The supported formats are , concretely in bitmap or metafile format. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 shows an example of how BioImp represent the data and how it   works. 

On the left side of Figure 3.3 reactance and resistance are plotted versus frequency and  the 

main chart placed in the middle contains, the impedance parametric plot and the estimated 

Cole plot. For the data analysis there are functions not only for discarding frequencies but 

also for delay compensation. The original representation is fitted with a certain Time delay 

(Td) correction value. The function can be tuned, allowing the change of the rejection 

limits and the frequency limits. Once one of these changes is produced, the system 

recalculates the equivalent Cole function and the new Cole plot is drawn.
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CHAPTER 4 
 

GUI: GRAPHICAL USER INTERFACE 
 
 
 

4.1. Introduction 

The aim of implementing graphical user interface (GUI) is to make software programs 
easier to use by means of  visual elements with associated actions to control and display like 
sliders, pushbuttons, menus, graphs, etc. GUIs work in a predictable manner, which means 
that the GUI starts an action in agreement to the label of the control used. 

Matlab, short for “matrix laboratory”, offers the option of creating GUIs to increase the 
usuability of Matlab-based programmes. Matlab Guide is a visual programming 
environment provided by Matlab to realize and execute simulation programs on a relatively 
easy manner. It has all the same basic features than every visual programming environment 
like Visual Basic, Visual C++ or Labview.  

4.2. How a Graphical User Interface works 

A graphical user interface provides the user an environment to interoperate with. In an 
efficient GUI, all the elements contained in the environment should be familiar to the user, 
so that he/she does not have to think about the using of the application program while 
operating it. It is the complete different situation of the programmer. 

The GUI must be ready for mouse clicks and possible keyboard inputs at any time. 
These inputs are known as events, and a program that responds to an event is called event 
driven.  

To create a Graphical User Interface in Matlab there are three main elements to take 
into account: 
• Components: Each item is a graphical component. Pushbuttons, list or edit boxes, 

sliders, menus, etc. are an example of components. There are different types of 

components: 

o Graphical controls (pushbuttons, sliders, etc.), created by uicontrol function. 

o Static elements, (frames and text strings) also created by uicontrol function. 

o Menus, implemented by uimenu or uicontextmenu. 

o Axes, created by axes function and used to display graphical data. 

• Figures: They are windows on the computer screen where components are placed. The 

own GUIDE is set up in a figure. A figure can display from data in graphs to different 

combinations of components, etc. 
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• Callbacks: It is the way to perform an action when the user clicks the mouse, or push an 

specific button. These processes are both events, and the GUI responds to them. When a 

button is pressed, the code that implements the function associated to is executed. The 

executed code is known as a callback. Every graphical component needs a callback to 

implement the associated functions.  

Every GUI is always formed by two files, the executable .m and the   graphical .fig. 
Both are joined by callback subroutines. 

 An .m file consists of a header where the function is defined and the corresponding 
subroutines code. For instance, in an easy application with two  

pushbuttons and a text edition button, the .m file will have a structure as follows: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C
om

m
entary (it can be erased)

function varargout = MainGuide(varargin)  
% MAINGUIDE M-file for MainGuide.fig                
%      MAINGUIDE, by itself, creates a new MAINGUIDE or raises the existing              
%      singleton*. 
% 
%      H = MAINGUIDE returns the handle to a new MAINGUIDE or the handle to 
%      the existing singleton*. 
% 
%      MAINGUIDE('CALLBACK',hObject,eventData,handles,...) calls the local 
%      function named CALLBACK in MAINGUIDE.M with the given input 
%     arguments. 
%      MAINGUIDE('Property','Value',...) creates a new MAINGUIDE or raises the 
%      existing singleton*.  Starting from the left, property value pairs are 
%      applied to the GUI before MainGuide_OpeningFunction gets called.  An 
%      unrecognized property name or invalid value makes property application 
%      stop.  All inputs are passed to MainGuide_OpeningFcn via varargin. 
% 
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one 
%      instance to run (singleton)". 
% 
% See also: GUIDE, GUIDATA, GUIHANDLES 
% Copyright 2002-2003 The MathWorks, Inc. 
% Edit the above text to modify the response to help MainGuide 
% Last Modified by GUIDE v2.5 04-Mar-2008 19:10:07 

Header
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% Begin initialization code - DO NOT EDIT 
gui_Singleton = 1; 
gui_State = struct('gui_Name',       mfilename, ... 
                   'gui_Singleton',  gui_Singleton, ... 
                   'gui_OpeningFcn', @MainGuide_OpeningFcn, ... 
                   'gui_OutputFcn',  @MainGuide_OutputFcn, ... 
                   'gui_LayoutFcn',  [] , ... 
                   'gui_Callback',   []); 
if nargin && ischar(varargin{1}) 
    gui_State.gui_Callback = str2func(varargin{1});                                                           
end 
 
if nargout 
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 
else 
    gui_mainfcn(gui_State, varargin{:}); 
end 
 
% End initialization code - DO NOT EDIT 
%------------------------------------------------------------------------ 

 
 

%------------------------------------------------------------------------ 
function varargout = pushbutton1_Callback(hObject, eventdata, handles) 
%Stub for Callback of the uicontrol handles.pushbutton1 
fprintf(‘pushbutton 1 Callback not implemented yet’)   
 
%------------------------------------------------------------------------    
%------------------------------------------------------------------------ 
 
function varargout = pushbutton2_Callback(hObject, eventdata, handles) 
%Stub for Callback of the uicontrol handles .pushbutton2 
fprintf(‘pushbutton 2 Callback not implemented yet’)   
 
%------------------------------------------------------------------------ 
 
 
%------------------------------------------------------------------------ 
 
function varargout = edit1_Callback(hObject, eventdata, handles) 
%Stub for Callback of the uicontrol handles.pushbutton1 
 

  Initialization code

Subroutine

Subroutine

Subroutine Edit
Text 

Button 

Figure 4.1.  Example of .m file in a guide with two pushbuttons and one edit text button. 
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Figure 4.2 presents a .fig file corresponding to the code above.  

 

 

 

 

 

 

 

 

 

 

 

 

       

    Fig 4.2.  Guide belonging to m. file of figure 4.1 

4.3. Creating and displaying a Graphical User Interface 

GUIs in Matlab are created using a tool called GUIDE, the GUI Development 
Environment. GUIDE allows to layout the GUI, selecting and placing the desired 
components. Every component is also featured with different properties like name, size, 
colour, text to display, etc. 

When GUIDE is executed, a large grey area is shown. It is the layout area; where GUI 
can be laid out. As figure 4.3 shows on the left side, it appears all the components that can 
be used to implement the guide. At the top of the window, a toolbar allows to modify 
properties of the components, add menus and control other features of the GUI. 
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          Figure 4.3. Layout GUI panel 

Once the GUI is done and saved, the corresponding .m and .fig files are generated 

including the skeleton functions needed. The code of the functions can be modified by the 

programmer to implement the desired operation of the GUI. 

4.4. User Interface Controls 

This section summarizes the main controls or components available to build GUI in 
Matlab.  

 Pushbutton is a component to be clicked on to trigger a specific action. It generates a 

callback when a mouse clicks on it. 

 Slider accepts as input numerical data between a specific data range by moving a bar 

with the mouse. The value of the slider is always between a minimum and a maximum 

value depending on the position of the slider. 

 Toggle Button is either “on” or “off” and it changes the state every time that the 

mouse clicks on it. Checkboxes and Radio Buttons are both toggle buttons but they 

have with different shapes. Checkboxes are usually used to display on/off options, 

meanwhile groups of radio buttons are normally used as a tool for selecting among 

several and exclusive options. 

 23



 Edit text allows to user insert a text string as input. It is possible to write numerical 

and/or matrix values as a string using the same component. To convert this string to 

numerical values the matlab function str2num is used. 

 Static text shows symbols, messages or numerical values on a static manner. It creates 

a label at a point on the figure. 

 Pop-up menu displays a list of text string as a response to a mouse click. When the 

menu is not clicked on, it shows the currently chosen string.  

It is also possible to use other components like axes, panels, buttons groups, etc. The 
explanation of those components is out of scope of this report because they were not used in 
the developed GUI. For more information please check the online help of Matlab at 
Mathworks.
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CHAPTER 5 
 

SOFTWARE DEVELOPED 
 

 
 

5.1. General Overview 

The usage of spectroscopy measurements for medical applications has increased 
gradually together with the acceptance of spectral assessment of biomedical data as a tool to 
support diagnosis in some diseases. 

As it was demonstrated in previous chapters, bioimpedance measurements have the 
ability to distinguish between intracellular and extra-cellular fluid volumes (ICV and ECV 
respectively). Bioimpedance spectroscopy (BIS) determines directly ECV (M Kraemer 
2006), which expansion produces hypertension. Excess of fluid in dialysis patients is 
confirmed to the ECV (Fisch BJ 1996). So, increase of Total Body water and ECV are 
directly related with  hypertension. 

The application developed in this project is a Software tool for Electrical 
Bioimpedance Spectroscopy analysis. It provides spectral and temporal analysis, Cole 
fitting allowing the visualization of the Cole plot and analysis of spectral features for signal 
classification.  

The application has been developed in Matlab, a powerful mathematical software 
environment based on matrix operations. It offers the chance to create user interfaces using 
the Graphical User Interface tool GUIDE, introduced in the previous chapter. 

The application is made up of three different panels. 

USER
MAIN PANEL

SIGNAL ANALYSIS

PANEL

COMPARISON PANEL

 

 
 
 
 

 
 
 
 
 
 
 
    Figure 5.1. Scheme of the application. 

The main panel appears when the user runs the application. It is focused on plotting 
reactance and resistance versus frequency, parametric impedance plots and even Cole plots.  

The second panel is focus with signal analysis. Using several spectral features, it 
enables a detailed analysis of the spectrum of the bioimpedance measurement data.  
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Finally, the third panel enables the comparison  between the results obtained from the 
performed signal analysis through the different spectral features in the previous panel. 

5.2. Main Panel 

Main Panel is the first panel that appears when the program is executed. From here, the 
user can manage the whole application and access to all the different available options. The 
user can access to the application typing MainGuide on Matlab window.  

Figure 5.2 represents the flowchart of the main panel. This first panel allows the user to 
load data that have previously been saved in a .mat1 file, or get directly data from source 
files (.sfx). This software tool analyses and displays multi-frequency bioimpedance data and 
also process trend of samples along time. A parametric plot and a Cole fitted plot are also 
provided by this first panel. Two more buttons appear on the screen, one of them for 
accessing to the signal classification guide and the other just to exit of the application. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
 
 
 
 
 
 
 
 
 

 
Load Data

Get Data From 

Source

Temporal Analysis

Spectral Analysis

Main Guide

Parametric Plot

Cole Plot

1 Format used in Matlab workspace files 

Signal Classification

Guide

Close?

Next Guide

Panel

yes
EXIT PROGRAM

no

Figure 5.2. Main Panel Flowchart 
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Figure 5.3 shows the main panel .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Figure 5.3. Main program panel 

 
5.2.1 Get Source Data function implementation  

This function reads data from source .sfx files, extracts the needed information and stores 

it for being processed later. 

The Source files have six columns and 248 rows. The first column corresponds to the 

frequency value, the second one to module, third to phase, fourth to resistance, fifth 

reactance and sixth to status, as shown in Figure 5.4. There are 248 different rows, each 

one corresponding to each different frequency, going from 4 kHz to 1001.30 kHz. 
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              Figure 5.4. Source Data File 

The five first columns of each row, corresponding to numerical values, will be stored in an 

structure called DataArray. 

DataArray is a three-dimensional structure which contains all the numerical fields of the 

different measurements taken. It is structured as the source data files mentioned before, so 

it will store frequencies from 4 kHz to 1001.30 kHz and the respective module, phase, 

resistance and reactance data. The only field that is not stored is status, since another 

variable, StatusOK is used for this purpose. DataArray is defined in figure 5.5, where N is 

the number of files processed.  

 

 
 
 
 
 
 
 
 
 

  

 

 

                        Figure 5.5. DataArray structure 
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StatusOK is an array with the same length than DataArray, 248, which contains the status 

field of every file. This status field is used for the Cole fitting the Cole plot representation. 

If its value is one, the data will be consider for the fitting and in the mentioned plot, 

otherwise it will be ruled out.  

Figure 5.6 shows the code used in the application to extract and store all the information. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
DataArray=zeros(Flimit,5,EndArray); 
    for i=1:1:EndArray 
        CharacterNumber = num2str(Array(i)); 
        x = strcat(AnalysisCharacter1,CharacterNumber,'.sfx'); 
        fid = fopen(x,'rt');                                   %Open selected array 
        for k=1:Flimit                                          %Starts the loop to read all the data . 
              j=1;                                                  %Variable to store data in different columns. 

  tx = fread(fid,13,'4*uint8=>char',0)';  %Read bit data and save it in a char array 
              f(k,j)=str2num(tx);                              %Convert char array into number matrix. 
              DataArray(k,j,i)=f(k,j);                        %Save data in a tri-dimensional matrix. 
              j=j+1;                                                    %Increase the meter. 
              tx = fread(fid,12,'4*uint8=>char',0)'; 
              f(k,j)=str2num(tx);                       
              DataArray(k,j,i)=f(k,j); 
              j =j+1;                                    
             tx = fread(fid,12,'4*uint8=>char',0)'; 
             f(k,j)=str2num(tx);                      
             DataArray(k,j,i)=f(k,j); 
             j=j+1;                                    
             tx = fread(fid,12,'4*uint8=>char',0)'; 
             f(k,j)=str2num(tx);                       
             DataArray(k,j,i)=f(k,j); 
             j=j+1;                                    
             tx = fread(fid,12,'4*uint8=>char',0)'; 
             f(k,j)=str2num(tx);                       
             DataArray(k,j,i)=f(k,j); 
             j=j+1;                                    
             Stat = fread(fid,12,'*char',0)'; 
             pss=double(Stat); 
             if (pss(2)== 73) 
                statusOK(k)=0;  %Status == I 
            else 
                statusOK(k)=1;  %status ==OK 
            end 
      end 
      fclose(fid); 
  end 
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fid=fopen(TimeArray,'rt'); 
W=zeros(EndArray,2); 
for k=1:EndArray                                     %Starts the loop to read all the data . 
       j=1;                                                    %Variable to store data in different columns. 
       tx = fread(fid,5,'4*uint8=>char',0)';  %Read bit data and save it in a char array 
       W(k,j)=str2num(tx);                          %Convert char array into number matrix. 
        j=j+1;                                                %Increase the meter. 
        tx = fread(fid,5,'4*uint8=>char',0)'; 
        W(k,j)=str2num(tx);     
 
end 
fclose(fid);    
DataStructure=struct('DataAndTime',W,'DataArray',DataArray) 
uisave 

Figure  5.6. Getting Source Data code 

First of all, the user selects a file to be opened. fopen function is used for opening files. 

fid=fopen(filename, mode) 

fopen receives as input parameters the name of the file to be opened and the specified 

opening mode. In this particular case, mode has been selected like ‘rt’, r because it is just 

necessary to read the file, no writings are needed, and t because it is a text file. Using ‘rt’ 

on a read operation, whenever Matlab finds a carriage return followed by a new line 

character, it removes the carriage return from the input. That is the reason why the reading 

process is done in this way.  

When the file is open and ready to read from it, the reading and storing data processes 

start. All the operations are carried out on a main loop with as many iterations as the file 

length. fread function is used for reading from files. One reading is necessary for each data 

saved. That means that six readings will be done (frequency, module, phase, resistance, 

reactance and status).  

Matlab has a function for reading files, fread.  

A = fread(fid, count, precision, skip) 

It reads data in binary format from a file specified by fid and it stores into matrix A. It 

reads the number of elements specified by the input parameter count according to the 
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format established by the input parameter precision. It also provides an optional input 

parameter skip, that will not be used in our code. 

Attending to the code implemented, fread is used as follows: 

tx = fread(fid,12,'4*uint8=>char',0)'; 

Every row in source data files has 73 spaces and six different lectures are done, so count 

value will be 12 in five of six cases and in the sixth one it will be 13. On this way, 5 times 

12 equals 60, and 60 plus 13 equals 73, thus every space in each row is analyzed. Using 

this reading process, no data will be ignored. Precision value is used for reading four 

unsigned 8-bit integers and save them into a char string. As the format used to save is char, 

a conversion from char string to number will be done in next step. Skip option is not used 

in this case, so a 0 value is written in the corresponding position. Frequency, module, 

phase, resistance and reactance values are read in this manner, because they are integers. 

The sixth value, corresponding to status field, is not a number but a char, so instead of 

using the precision before, simply '*char' is used.  

After every integer value is read and stored into a temporal variable called tx, a conversion 

from char to number is realized. Matlab provides a function called str2num(‘str’) that 

converts the string str (tx in our case), an ASCII (American Standard Code for Information 

Interchange) character representation of a numeric value, to a numeric representation. 

After this procedure, data is definitely stored in DataArray. After every reading, an index 

is increased pointing to next position in the structure. 

Status reading stores directly a char string. Status value can be either OK or I. OK 

corresponds to ASCII code 73, this way making a comparison with an if-else structure, 

StatusOK value becomes 1, if OK is read, or 0 otherwise. See figure below. 

 
Stat = fread(fid,12,'*char',0)';               
pss=double(Stat); 
if (pss(2)== 73) 
      statusOK(k)=0;  %Status == I 
else 
      statusOK(k)=1;  %status ==OK 
end 

 

 

 

 

 

                                Figure 5.7. Reading status field  
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Every time this process is done, the file is closed and it starts again from the beginning 

with the rest of files in the specified analysis folder. 

Next action is to open another file, which is directly associated with the previous one. It 

contains the exactly time when samples in every file were taken. It is just an array as 

follows: 

TemporalArray= [1 1200; 2 1205; 3 1210; …] 

That means, file number one whose samples were taken at 12 o’clock, file number 2 at five 

past twelve and so forth.   

Data reading is done in the same way that in the case explained before. These data are 

stored in a bi-dimensional array, called W, and it is formed by the number of the file 

analyzed and the time when the samples were taken. 

Finally, another structure is created which stores DataArray and W, that means, every file, 

with the time when the samples were realized and with the value of every sample. All 

these data are also saved in a file whose name is selected by user. 

After reading and saving all the data ,the application will ask the user if he/she wants to 

choose another file to analyze or if not. At the end all the variables and structures created 

are saved in a .mat file which name will be selected by the user. 

5.2.2 Load data function  

Load data function basically loads data from a selected .mat file. Matlab provides with a 

function to select files, uigetfile, that displays a modal dialog window like the one showed 

in figure 5.8 that lists files in the current directory. 

 

 

 

 

 

 

 
                           
                                         Figure 5.8. Select file to load. 
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[Fname,Pname]=uigetfile('*.mat', 'Select the file to load'); 

Fname and Pname contain the name of the file selected and the name of the path selected 

respectively. This function allows to name the dialog box and choose the format of files 

displayed, *.mat in this case. 

5.2.3 Analysis functions 

Analysis functions include routines to implement both temporal and spectrum analysis. 

5.2.3.1 Temporal Analysis 

The temporal analysis functionality allows to show how bioimpedance data vary along 

the time at a certain frequency chosen by the user. On this way it is possible to study 

the time evolution of data at each frequency with time. 

Through the GUI, the user has to introduce the frequency he/she wants to analyze along 

the time where samples were taken. The user does not know exactly the frequency 

values of every sample taken in the analysis, or at least he/she does not need to know . 

The user has only to look after the approximated frequency desired to the analysis, 

because the program will approximate to the nearest frequency founded in the data file. 

The function which realizes this operation is called choosefreq, and it receives as input 

parameter the frequency value introduced by the user, AnalysisFreq. The code is as 

follows, see figure 5.9. 

 
function choosefreq(AnalysisFreq,hObject,handles) 
load('matlab.mat'); 
NearestFrequency=10;  
%Looking for the correct frequency value.   
for i=1:1:248    
    FrequencyValue= abs(AnalysisFreq - DataArray(i)); 
    if (FrequencyValue < NearestFrequency) 
        NearestFrequency=FrequencyValue; 
        FinalValue=DataArray(i); 
           Pointer=i; 
    end 

 

 

 

 

 

 

 
end 
handles.AnalysisFreq=Pointer; 
set(handles.text4,'String',FinalValue); 
guidata(hObject,handles) 

 

 

 
      Figure 5.9. Choosefreq code 
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First action done in the code is loading the current workspace where all the variables 

have been previously stored. NearestFrequency variable is initialized with an early 

value. This value is an initialization value and it will change immediately in the loop as 

it is being executed. At the end, this variable will store the desired frequency value. 

DataArray variable, where all the frequency values were previously saved, is scanned 

in the loop looking for the required frequency. At each iteration, a subtraction between 

the frequency value selected by the user and the correspondent value in DataArray is 

done and partially stored in FrequencyValue variable. The absolute value of 

FrequencyValue is compared with NearestFrequency. If this value is less than the one 

partially stored as nearest frequency, then it will be stored in this variable. After the 

whole loop is executed the exact value of the frequency is saved in the variable 

commented before. The value saved using handles. Handles is the way used in GUIs to 

save data and share them between different functions. Finally, this value is shown in 

the main panel of the application. 

Once the analysis frequency is chosen, next step is selecting which type of temporal 

analysis to do. The user can select module, phase, resistance or reactance 

representations. After this picking, the application automatically plots it in the main 

panel and in another external window figure as well, just in case a deeper analysis is 

needed. Figure 5.10 shows part of the code. 

if (Value) 
   for i=1:1:length(Array) 
      ImageT(i,1)=W(i,2); 
      ImageT(i,2)=DataArray(handles.AnalysisFreq,Value,i); 
   end  
 switch (Value) 
        case 2            %Module values 
            plot(Time,ImageT(:,2)) 
            title('Time Analysis(Module)'); 
            grid on; 
            zoom on; 
            h=figure; 
            plot(Time,ImageT(:,2)) 
            title('Time Analysis(Module)'); 
            xlabel('Time'); 
            Ylabel('Resistance, Rc ohms'); 
end 

 

 

 

 

 

 

 

 

 
             Figure 5.10. Plot Time Analysis code 
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As the previous figure shows, the implemented code is based on one main loop. Each 

file is scanned in this loop and the data related with the frequency value selected by the 

choosefreq function is stored in ImageT. After that, the program plots the selected data. 

5.2.3.2 Frequency Analysis 

Frequency analysis is the other analysis functionality that has been implemented in this 

software. It allows to perform spectrum analysis of a sample measurement (a file) 

chosen by the user.  

The user selects the sample to process just typing in the corresponding blank space and 

then, as in the function before, the user selects module, phase, resistance or reactance 

depending on the kind of analysis desired. The main difference with the function 

explained before is that in this case, only one file is analyzed (from initial to final 

frequency), and in the other case, more files were analyzed and just one value in each 

file was important (the one related with the analysis frequency selected). 

 

for i=1:1:248 
       ImageF(i,1)=DataArray(i); 
       ImageF(i,2)=DataArray(i,Value,handles.ValueToVisualize); 
 end 
    switch (Value) 
        case 2   %Module values 
            plot(Time,ImageF(:,2)) 
            grid on; 
            zoom on; 
            title('Spectrum Analysis(Module)'); 
            h=figure; 
            h=plot(Time,ImageF(:,2)); 
            title('Spectrum Analysis(Module)'); 
            xlabel('kHz'); 
            Ylabel('Module'); 
            grid on; 
            ... 
            ... 
    end 

 

 

  

 

 

 

 

 

 

 

 

 

        Figure 5.11. Frequency analysis function code 

The loop scan the whole file and both, frequency data and the value corresponding to 

module, phase, resistance or reactance, are stored in ImageF. Value variable indicates 

which data have to be saved. Handles.ValueToVisualize contains the number of the file 
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chosen to be analyzed. Finally, ‘i’ is just a pointer to scan the whole file which is 

incremented each time the loop is executed. 

5.2.4 Parametric Impedance plot and Cole function 

5.2.4.1 Parametric Impedance plot 

A parametric plot is a plot among functions of a parameter. The function implemented 

is a parametric plot of the impedance that consists on plotting resistance versus 

reactance in the same graph, through the frequency as parameter. 

The function implemented receives as input parameter handles.Analysis, which 

contains the sample, a file, chosen by the user to be plotted. Using this data, resistance 

and reactance values are saved and then plotted. StatusOK, previously defined (see 

section 5.2.1), informs about when a data value has to be plotted. If StatusOK is equal 

to 1, this value will be saved and plotted later. Otherwise, it is supposed to have no 

importance. This process is based on the same procedure that BioImp software uses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

function PlotParametricImpedance(hObject,handles) 
k=0; 
for i=1:1:248 
    if(statusOK(i)==1) 
        k=k+1; 
            ImageTR(k,1)=DataArray(i); 
            ImageTR(k,2)=DataArray(i,4,handles.Analysis); 
            handles.ImageTR(i,2)=DataArray(i,4,handles.Analysis); 
            ImageTX(k,1)=DataArray(i); 
            handles.ImageTX(i,1)=DataArray(i); 
            ImageTX(k,2)=DataArray(i,5,handles.Analysis); 
            handles.ImageTX(i,2)=DataArray(i,5,handles.Analysis); 
    end 
end   
handles.ImageTX=ImageTX; 
guidata(hObject,handles); 
%%Plotting in the same window than the Main Guide. 
plot(ImageTR(:,2),ImageTX(:,2),'.') 
title('Parametric Impedance'); 
xlabel('Resistance, R ohms'); 
ylabel('Reactance, Xc ohms'); 
grid on; 

Figure 5.12. Parametric Plot code 
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The implemented code saves resistance and reactance in each frequency instant in two 

different variables, ImageTR and ImageTX respectively. Afterwards, resistance is 

plotted in x axis, and reactance in y axis.  

5.2.4.2. Cole plot 

The Cole function plots a fitted theoretical curve and the original impedance data on 

the same graph. It is known from literature that total-body impedance spectra deviates 

from the impedance fitted by the Cole function (Wouter D van Marken Lichtenbelt 

1994). Transmission line effects and stray capacitances provide pathways for leakage 

currents and this produces that measured imaginary part becomes higher than the 

predicted  by theoretical Cole equation. Multiplying the original Cole equation (see 

equation 1.8) by a phase factor dj Te ω− , makes data to fit much better (De Lorenzo A 

1997). The phase shift applied adjusts the magnitude of data, so that the distribution of 

frequencies around the Cole semicircle most closely its that predicted by the Cole 

model. The phase factor is a manner to compensate for eventual stray capacitances and 

other existing systematic delays.  

From the main panel, the user selects the sample or file to analyze but also the final 

frequency. The analysis will start in 4 kHz and it will finish in the frequency chosen by 

the user. It is advised to choose 1000 kHz to make a complete analysis. This two input 

parameters, sample to analyze and final frequency, are mandatory in order to do any 

plotting.  

The Cole function code is shown in figure below and it was kindly provided by PhD 

Ramón Bragós from the department of electronic engineering at Polytechnic University 

of Catalonia.   
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function [ro,ri,alf,fc,ecm2]=colez2(hObject,handles,r,i,freq,r2,i2) 
 

% Centre and angle calculation of the approximated circumference. 
 
global mesn kk1 kk2 
f=freq;             

        n=length(f); 
for ii=1:4 
 for j=1:4 
      m(ii,j)=mean(r.^(ii-1).* i.^(j-1)); 
 end 
end



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sigmx2=m(3,1)-m(2,1)^2; 
sigmxy=m(2,2)-m(1,2)*m(2,1); 
sigmy2=m(1,3)-m(1,2)^2; 
t1=(-m(4,1)+m(2,1)*m(3,1)-m(2,3)+m(2,1)*m(1,3)); 
t2=(-m(1,4)+m(1,2)*m(1,3)-m(3,2)+m(1,2)*m(3,1)); 
t3=sigmx2*sigmy2-sigmxy^2; 
a=-0.5*(sigmy2*t1-sigmxy*t2)/t3; 
b=-0.5*(sigmx2*t2-sigmxy*t1)/t3; 
radius=mean(sqrt((r-a).^2+(i-b).^2)); 
alf=1-(2/pi)*asin((ro-ri)/(2*radius)) 
 
% Calculation of fc 
 
u=((r.^2-2*ri.*r+i.^2)+(ri^2)).^0.5; 
v=((r.^2-2*ro.*r+i.^2)+(ro^2)).^0.5; 
u=abs(u); 
v=abs(v); 
ww=log10(abs(u./v)); 
p=log10(2*pi*f); 
h=polyfit(p,ww,1); 
fc=((1/(2*pi))*10^(-h(2)/h(1)))/1000; 
% Calculation of medium square error 

 
ye=(-b+(radius^2.-(r-a).^2).^0.5); 
er=(abs(ye)-abs(i))./radius; 
ecm=(((sum(er.^2))^0.5)/n)*100; 
er2=(abs(ye)-abs(i))./abs(i); 
ecm2=(((sum(er2.^2))^0.5)/n)*100; 
ecm3=(sum(abs(er)))*100/n 
 
% Cole and measurement values plotting 
 
xx=[ri:(ro-ri)/195:ro]; 
yy=(-b+(radius^2.-(xx-a).^2).^0.5); 
handles.RColeComparison = xx; 
handles.XColeComparison = yy; 
guidata(hObject,handles); 
plot(xx,yy) 
hold on 
plot(r2,i2,'.') 
axis('image') 
xlabel('Real') 
ylabel('Imag') 
rro=num2str(ro); 
rri=num2str(ri); 
alff=num2str(alf); 
fcc=num2str(fc); 
ecmm=num2str(ecm2); 
hold off 

Figure 5.13. Cole function code 
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The implemented function is not exactly the same function that the originally one 

provided, because it was necessary to adapt the code to our subroutines, but the 

backbone still the same. 

This function receives resistance and reactance values at several frequencies from an 

impedance measurement and finds a Cole function that fits the measurement data. 

The implemented Cole function fitting provides an added feature more. The function 

allows recalculate the Cole fitting rejecting values. There are four possible percentages 

of rejection (1, 2, 5 and 10%). Each time this option is clicked, only values that differs 

less than the selected percentage respect to the Cole function values are used as inputs 

to recalculate the new Cole function fitting. After each fitting a dialog window appears 

giving the possibility of continue with a new fitting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

function RejectionCole(hObject,handles,Value) 
NothingHappens=0;  
switch (Value) 
    case '1'                %  Rejection 1% 
        Valuemax=1.01; 
        Valuemin=0.99; 
    case '2'                %  Rejection 2% 
        Valuemax=1.02; 
        Valuemin=0.98; 
    case '5'                %  Rejection 5% 
        Valuemax=1.05; 
        Valuemin=0.95;  
    case '10'               %  Rejection 10% 
        Valuemax=1.10; 
        Valuemin=0.90; 
    otherwise 
        NothingHappens = 1; 
end 
Continue = 1; 
FirstTime = 1; 
if (NothingHappens==0) 
    while (Continue) 
        if (FirstTime) 
            RValueMax = handles.RColeComparison*Valuemax; 
            RValueMin = handles.RColeComparison*Valuemin; 
            ROriginal= handles.Roriginal; 
            XOriginal= handles.Xoriginal; 
            XValueMaxabs = abs(handles.XColeComparison*Valuemax); 
            XValueMinabs = abs(handles.XColeComparison*Valuemin); 
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Figure 5.14. Rejection limit code 

           else 
            RValueMax = r2*Valuemax; 
            RValueMin = r2*Valuemin; 
            ROriginal= r2; 
            XOriginal= i2; 
            XValueMaxabs = abs(i2*Valuemax); 
            XValueMinabs = abs(i2*Valuemin); 
        end  %End if 

w=1; 
         for v=1:1:Length 
              j = 1; 
                 Done = 0; 
                 while ((Done == 0)&&(j<length(RvalueMax)))                       

       if((RValueMax(j)>ROriginal(v))&&(RValueMin(j)<ROriginal(v)))
if((XValueMaxabs(j)>XOriginal(v))&&(XValueMinabs(j)<XOriginal(v))) 
         Rrejection(w)=handles.Roriginal(v); 
                                   Xrejection(w)=handles.Xoriginal(v); 

                                       FreqRejection(w)= handles.freq(v); 
                                       w=w+1; 
                                       Done = 1; 
                             else 
                                  j = j +1; 
                             end  % End if 
                       else 
                             j = j+1; 
                         end  % End if 
                end %End while 
          end    %End for  
          if (FirstTime) 

                      r=handles.RCole; 
              i=handles.XCole; 
              freq = handles.freq; 
          else 
              r=Rrejection; 
              i=-Xrejection; 
              freq=FreqRejection; 
           end 
           FirstTime = 0;         
           r2=Rrejection; 
           i2=Xrejection; 
           colez2(hObject,handles,r,i,freq,r2,i2); 
           user_response = modaldlg('Title','Continue fitting'); 
           switch user_response 
               case {'No'} 
                   Continue = 0; 
                   % take no action 
               case 'Yes' 
                   % Prepare to close GUI application window 
                   Continue = 1; 
            end  %End switch 

end % End while
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Rejection limit function receives as input parameter representing the desired rejection 

limit. As mentioned before, there are four rejection possibilities, 1, 2, 5 or 10%. If 0 

rejection is selected , a variable called NothingHappens turns to 1 and this algorithm 

directly executes Cole function fitting. If a value different to 0 is chosen, then every 

value will be multiplied for a maximum and a minimum value. In 1% choice for 

instance, every value is multiplied by 1,01 (Valuemax) and by 0.99 (Valuemin). This 

process creates an upper and a lower limit. These new data are stored in arrays called 

RvalueMax, corresponding to upper limit values, RvalueMin corresponding to lower 

limit values and exactly the same with reactance values but saving absolute values, 

ignoring the sign.  

A while loop starts with two conditions. The first condition is that a variable called 

Done has value 1. Done turns to one when data are correctly saved. The second 

condition is that the whole array of resistance or reactance is analyzed. If both 

conditions are carried out, the loop finishes and Cole function fitting is executed. 

Inside of the while loop, two complementary loops have been implemented. They are 

if-else loops. The condition to enter in first loop is that resistance values are in the 

range established by the limits (upper and lower) previously defined. If it is fulfilled, 

the same process is done with reactance values. Otherwise, the next elements of 

resistance and reactance arrays are processed. Once inside the loop, values are saved in 

two arrays called Rrejection, Xrejection and FreqRejection. Index is incremented to 

next value in the array and Done is turned to 1. If it is the last value of the array, then 

these variables are passed as inputs parameters to Cole function fitting, otherwise the 

loop executes again.  

Cole function fitting is executed using these new data for both, the fitted Cole curve 

and measurement data. The function makes possible to continue fitting the algorithm 

once again A dialog window appears and ask to the user if he/she wants to continue 

with the fitting. If the user decides to continue, the same process is repeated, otherwise 

the function ends. 
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CHAPTER 6 
 

SIGNAL CLASSIFICATION AND FEATURES ANALISIS 
 
 
 

6.1. General Overview 

Signal classification is the process based on finding features that characterize a signal 
or a set of signal allowing distinguish as signal from another. 

Regarding to perinatal diseases discussed on chapter 2, it could be really useful to have 
electrical bioimpedance data from individuals that have suffered hypoxia and from healthy 
ones. Using this software, a meticulous study can be done trying to find some pattern that 
always is present when hypoxia is suffered or when it does not happen. On this way, with a 
simple and quick analysis of the measurements of electrical biompedance from a newborn it 
would be possible to detect if the newborn has suffered hypoxia or  not. In this particular 
case, this application is especially encouraging because the effects of perinatal asphyxia can 
only be fight with the current treatment during the first six hours after on set. This is an 
example of potential application of this tool. 

 

6.2. Signal Analysis Panel 

The Second panel of the application is focused on signal analysis for a further 
classification. Figure 5.1 shows the second panel of the application. It has two differenced 
parts. Both are focused on signal classification as it was said before. The upper part of the 
panel realizes the analysis of just one file. That means that it makes calculations just using 
data from one file. Meanwhile, the other part realizes an analysis of all the files. Functions 
implemented in both are the same, the only difference is the one mentioned of single or 
multiple samples to analyze. 

Depending on the situation it could be interesting to study one file, or the behaviour of 
all of them. The option of saving data from the result of the performed signal analysis is 
enable. The user has only to press the Save Data button and choose the feature he/she wants 
to save. The Save Data button is a pop-up menu which allows saving every feature 
implemented on a separately way. The Close button is also implemented in this panel. This 
button only closes this panel, not the whole application. Another button, Comparison, yields 
to the next and the last guide panel. 
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  Figure 6.1. Signal Classification Guide panel. 

6.2.1. Spectral features 

Feature extraction is a computing process that can be used to characterize a signal. This 

software is a tool that supports such a process. The selection of descriptive features is a 

hard and complex. In this case the features applied the electrical bioimpedance spectrum 

are timbral features, typically applied for music-speech discrimination and speech 

recognition. Among them we have focused on the following: 

• Spectral Centroid 

This parameter indicates where the centre of gravity or the barycentre of the spectral 

distribution is located. It can be analytically defined as follows: 

1

1

[ ]

[ ]

N

t
n

N

t
n

M n n
SpectCentroid

M n
=

=

∑ ∗
=

∑

   
         Equation (6.1) 

 
 

 

44 



Development12/05/2008 of a Software Tool for Electrical Bioimpedance Spectroscopy Analysis 

where Mt[n] is the magnitude of the Fourier transform and N the length of the sample 

vector. 

Figure 6.2 shows the code that implements (6.1). 

 
 function Centroid = SpectralCentroid(hObject,handles) 

%Calculate centroid. 
load('matlab.mat') 

        n = 1:length(handles.Xabs); 
if (handles.SumXabs ~= 0) 
    Centroid = sum(((handles.Xabs).^2).*n)/sum(handles.Xabs.^2); 
else 
    Centroid = 0; 
end 
handles.Centroid = Centroid; 
guidata (hObject,handles); 

 
 
 
 
 
 

 
 
 
 
 
 

    Figure 6.2. Spectral Centroid code 

Different variables are used in these functions for analysis. Handles.Xabs is the absolute 

value of every sample in each file and Handles.SumXabs is the sum of every Handles.Xabs 

value in the whole file.  

When the analysis is performed on a single file, Handles.Xabs contains the absolute value 

of resistance values. Nevertheless, if the analysis includes all the files, the user can choose 

between module, phase, resistance and reactance values to be saved in this variable, and 

therefore used in the analysis thereafter. 

• Spectral Rolloff 

It is defined as the frequency under the 85% of the spectral magnitude is concentrated. 

This 85% value is a typical value, but it could be changed by any other one if it is required. 

Equation 6.2 defines it: 

 
    Equation (6.2)
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        function SR = SpectralRolloff(hObject,handles) 
load('matlab.mat') 
i = 1; 
PartialSum = 0; 
while (PartialSum < handles.SumXabs*0.85) 
    PartialSum = PartialSum + (handles.Xabs(i)).^2;  
    i = i+1; 
end 
SR = i-1;   

 
 
 
 
 
 
           Figure 6.3. Spectral Rolloff code 

 
This function is based on a while loop which is executed until the value of SumaParcial is 
less than the 85% of handles.SumXabs, previously defined. In the loop, SumaParcial is 
increased with its previous value and with the squared value of a new data from 
handlesXabs. A variable called ‘i’ is increased each time the loop executes and is used later 
like a pointer. This index is used in DataArray to point to the exact frequency from which 
more than 85% of magnitude spectrum is stored.  

• Spectral Flux 

     Spectral Flux is a measure of how much the spectrum of a signal changes calculated as 

the square of the difference between normalized spectral magnitudes of two consecutives 

frames or samples.  

 

                     Equation (6.3) 
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function Ft = SpectralFlux(hObject,handles) 
        handles.Xabs_ant(1)=0; 

handles.Xabs=(handles.Xabs).^2; 
for i=1:1:length(handles.Xabs) 
    handles.Xabs_ant(i+1)=handles.Xabs(i); 
end 
handles.Xabs(249)=0; 

       Ft=sum(((handles.Xabs/max(handles.Xabs)) - (handles.Xabs_ant/max(handles.Xabs))).^2); 

     Figure 6.4. Spectral Flux code 

• Time Domain Zero Crossing 

It represents how many times the signal cross zero value. This parameter give us an idea 

about how noisy our signal is. 
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           Figure 6.5. Time Domain Zero Crossing code 

        function ZC = TimeDomainZeroCrossing(hObject,handles) 
for i=1:1:length(handles.Xabs) 
    if handles.Xabs>=0 
        signs(i)=1; 
    else 
        signs(i)=0; 
    end 
end 
difference=0; 
for i=1:1:length(handles.Xabs)-1 
    difference= abs(signs(i+1) -signs(i)) + difference; 
end 
set(handles.text6,'String',difference); 

The code consists on check if the value of the data stored in handles.Xabs is higher than 

zero or if not. If it is, the variable called signos  stores 1, otherwise it stores zero. Another 

loop is executed subtracting the value of one sample and the value of the sample before. If 

the data had different sign, the variable named difference will be increased. 

• Spectral Flatness Measure 

Feature that indicates where the power is distributed in the spectrum. If Spectral Flatness 

Measure (SFM) is high, the spectrum has a similar amount of power in all the bands (graph 

flat and smooth). A low SFM means that the spectral power is concentrated in a small 

number of bands (spiky graph). 
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        Figure 6.6. Spectral Flatness Measure 

        function  sfm = SFM(hObject,handles) 
%Calculate  Spectral Flatness Measure 
warning off 
load ('matlab.mat') 
handles.Xabs=(handles.Xabs); 
Gm = geomean(handles.Xabs); 
Am = mean(handles.Xabs); 
sfm = (Gm/Am) 

 

• Low Short-Time Energy Ratio 

 Short Time Energy (STE) measures the signal energy. Low Short-Time Energy Ratio 

(LSTER) represents the variation of STE. LSTER is defined as the ratio of the number of 

frames whose STE are less than 0.5 time of average STE energy in each window (sample 

in our case). 
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 function Lster=LSTER(hObject,handles) 

N = length(handles.Xabs); 
        Lster = (1/(2*N))*sum(sign(0.5*mean(handles.Xabs)-handles.Xabs)+1) 

 
 
 

 Figure 6.7. Low Short-Time Energy Ratio code 
 

One function more has been implemented. It is called Delta F and it is used in an attempt 

to take account of the dynamics of the data. It is a really common practice to append delta 

coefficients to the feature set, i.e., differenced coefficients that measure the change of 

coefficients between consecutive frames or samples. It is clearer to show the code to 

understand it properly. 
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 function DeltF = DeltaF(hObject,handles) 

load ('matlab.mat') 
handles.Xabs(249)=0; 
handles.Xabs_Ant(1)=0; 
for j=1:1:248 
      handles.Xabs_Ant(j+1)=handles.Xabs(j); 

        end    
DeltF=sum((handles.Xabs_Ant - handles.Xabs).^2) 

 
 
 
 
 
 
 
 
 Figure 6.8. Delta F code 
 

6.3. Comparison Panel 

Last guide interface is focused on comparing the spectral features calculated in the 
previous panel between themselves. It just consists on making a plot of one feature with 
other. Another comparison is also made. It is about plotting every feature with a resistance 
at low frequency, precisely 5 kHz. 

The goal of this representations is seeing how features changes and if it exists any 
concordance between the variation of one and the other.   

The user selects the features he/she wants to plot. 

 

 

 

 

 

 

 

 

                 Figure 6.9. Comparison Guide panel 

Figure 6.9 shows how the last panel looks. This panel consists on three buttons. A pop-
up menu allows to the user to choose the features he/she wants to include in the comparison. 
The features available are the same than in previous section. Plot button displays the 
features selected in a new window. 

To represent both features in the same graph Matlab offers a function named subplot. It 
is used as follows: 

subplot(m,n,p) 
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This function divides the current figure into panes that are numbered row wise. 
subplot(m,n,p) will create an axes in the position p of the current figure, which is divided 
into an m-by-n matrix of rectangular panes. 

The implemented code is shown in figure 6.10. 
 

figure; 
subplot(2,1,1); 
plot(handles.Time,handles.FirstFeature); 
subplot(2,1,2); 
plot(handles.Time,handles.SecondFeature); 

 

 

 

        Figure 6.10. Creating a subplot with Spectral Centroid and Resistance at 5 kHz. 

handles.Time is an array which contains the exactly time when samples in every file 
were taken. handles.FirstFeature and handles.SecondFeature contains the data of the 
different features selected by the user. 
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CHAPTER 7 
 

RESULTS 
 
 
 

7.1. General Overview 

The contents of this chapter shows the results obtained with developed software tool. In 
the cases that is possible he obtained results from temporal and frequency analysis or from 
Cole plot representation will be compared with the results provided by BioImp, the software 
tool used with the impedance spectrometers of Impedimed. Through this comparison it is 
possible to validate the performance of the analysis functions. 

7.2. Analysis Functions  

The study of the analysis functions implemented was done in chapter 4. This chapter 
shows how these functions work and the results that can be obtained after an analysis. The 
input data used for all the following examples are source files with the same format as 
described on chapter 4. 
7.2.1. Temporal Analysis 

Figure 7.1 shows a representation of a temporal analysis of resistance data at 21.88 kHz. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     Figure 7.1. Temporal analysis of resistance data at 21.88 kHz. 
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As it can be seen, two figures are displayed. The one on the left side is plotted inside the 

GUI window. The other one, it is an additional window to allow the user to perform a 

deeper analysis if needed. It offers the possibility of saving the image, zooming, using 

markers and other options that every figure is provided with in Matlab. 

 

7.2.1. Frequency Analysis 

As figure 7.2 shows on the right top, the user has introduced a frequency in kHz, 22 in this 

case, an the application has approximated it to the nearest frequency by means of 

choosefreq function as it was explained before. This new value is also printed on the 

screen under the original frequency.  

Once again, the exact graphical representation can be done with module, phase and 

reactance values. 

 

 

 

 

 
   Figure 7.2. Spectral Analysis of reactance, of a single file 

Figure 7.2 shows the spectral analysis of a file selected by the user. After selecting the kind 

of analysis required, the data are plotted. As Figure 7.2 shows, analysis goes from 4 kHz to 
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1001 kHz. The use of markers is possible in the external window to display the exact value 

of the data for a specific frequency value. 

As it was said before, the Cole fitting function plots the curve obtained by the fitting to the 

Cole Function and the original impedance data on the same graph. This way it is possible 

to compare and analyze both, the parametric impedance Plot and Cole Plot, in the same 

graph. 

 

 

 

 

 

 
Figure 7.3. Cole plot representation, rejection limit 0. 
Figure 7.3 shows the Cole plot representation with no rejection limit applied. The 

continuous line corresponds to the fitted theoretical curve, meanwhile crosses represents 

the original impedance data. As no rejection is applied, there are data quite far from the 

theoretical curve. Note that the phase delay commented on chapter 4 has been applied to 

all these data point.  
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7.2.2.1. Rejection Limit 

The next figure shows how the curve is re-fitted when a 1% rejection is applied. 

 

 

 
Figure 7.4. Cole plot re-fitted, 1% rejection limit. 

  

On the left bottom, a dialog window appears giving to the user the option of continue 

with the fitting process. In this example, the curve has been fitted twice. The 

representation displayed on the left side is just after first fitting. The dialog window 

commented above is also displayed on this graph. On the right side, the re-fitted Cole 

curve is shown. Note that value of the Reactance at the characteristic frequency, 

maximum value has decreased. 

To compare with the results obtained after an analysis with BioImp is the best way to 

check if the application is working properly or if not. 
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Figure 7.5. BioImp representation of file number 23. 

Figure 7.5 shows the Cole plot fitted by BioImp in the large window. On the left side, 

resistance and reactance against frequency are also displayed. If it is compared with 

figures before, it is possible that the application is working correctly.  

Attending to the Cole plot, it is plotted from 5 kHz to 997 kHz, while our application 

estimates it from 4 to 1001 kHz. That difference can be considered as negligible. There 

is not rejection applied, that is why all the samples are displayed. The maximum value 

of resistance is around 58 ohms and maximum reactance value is around 8.5, exactly 

the same values obtained by in our application.  

On the left side of the screen, resistance and reactance versus frequency are displayed. 

The values of reactance are not exactly the same, because BioImp plots positive values 

and fits on any way the negative ones, while our application plots them without 

applying any fitting process to these negative values. 

7.3. Signal Analysis functions 

This section shows the obtained results with every implemented function for spectral 
analysis. The signal analysis panel offers two different types of analysis. One working on a 
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single file, and other that processes a series of files that have selected when uploading the 
data.  

For a single file analysis, the user introduces the number of the file that he/she wants to 
analyze and selects the desired analysis. 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.6. Signal Analysis panel. Analysis of one file 
 
Every value is immediately displayed next to the button of the correspondent kind of 

analysis done. As it can be seen. Time Domain Zero Crossing and Low- Short Time Energy 
Ratio both have 0 value. 

It is logical, because both functions are related with the sign of the data. The files used 
on the example have not any change of sign values, all values are higher than 0, so it is 
logical that this value is 0.  

Figure 7.7 displays the total Spectral Flux variation. It is called total because it includes 
more than one file. As it can be seen on next figure, values from single and from total 
analysis do not correspond. It has a simple explanation. Total analysis values are normalized 
to the maximum value and the analysis of a single file does not normalize values. That is the 
difference but both are completely related to each other.  
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Figure 7.7. Total Spectral Flux representation 
 
Every representation has the possibility of choosing module, resistance or reactance as 

data in the analysis. The way of working with all the analysis functions is exactly the same.  
Next figure shows to representations, Total Spectral Rolloff and Total Spectral 

Centroid. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.8. Spectral Rolloff and Total Spectral Centroid representations. 
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Total Spectral Rolloff shows at which frequency the 85% of the spectral magnitude is 
concentrated. All values are normalized to the maximum value. On this way, all the results 
are ranged between 0 and 1. 

Finally Total Spectral Flux and Total Spectral Flatness Measure are shown.  
 

 

 

 

 

 

 

 

 

 

 

Figure 7.9. Total Spectral Flux and Total Spectral Flatness Measure representations. 

7.4. Comparison functions 

The last section is focused on comparisons made between the functions that performed 
signal analysis through the spectral features explained in the previous section. Since the 
panel allows the selection between six features, the number of different comparisons is 21. 
For the sake of the length of this report, just some of them will be analyzed on this chapter. 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

       Figure 7.10. Comparison Panel 
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Figure 7.10 shows all the possible comparison that can be done. The button named 
Choose Second Feature offers the same spectral features to display than Choose First 
Feature button does.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   Figure 7.11. Total Spectral Rolloff vs. Total Spectral Centroid 
 

Figure 7.11 plots Total Spectral Rolloff against Total Spectral Centroid. As expected, 
these representations agree with the ones previously showed.  

If resistance is included in the comparison, the frequency value at which the user wants 
to plot the resistance should be chosen by typing the desired value on the keyboard. Always 
resistance is selected, a dialog windows appears to ask the user if he/she has already chosen 
a frequency value. 
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            Figure 7.12. Total Spectral Flux vs. Resistance at 5 kHz. 

 

 
The user can made all the possible combination between the features available. This 

comparison panel offers the option of plotting the values normalized. Normalization makes 
easier to compare between one feature and others. 
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CHAPTER 8 
 

DISCUSSION AND FUTURE WORK 
 
 

8.1. Discussion 

This thesis work has been done with the goal of developing a Software Tool for 
Electrical Bioimpedance Spectroscopy Analysis. In the following paragraphs we discuss 
about some decisions taken along the process of design and implementation and the 
performance of implemented solution. 
8.1.1 Comparison with BioImp 

The software tool developed has implemented several functionalities included in the 

BioImp software application. Since the result of the developed functions should be the 

same a direct way to validate its operation is by comparison. 

Chapter 7 was focused on the results obtained with the application after a complete 

analysis. Attending to the obtained results from the spectral representation and the Cole 

fitting, it could be said that both applications have practically the same behaviour.  

There are some minimal differences between the results acquired with both programs. As it 

was mentioned in the chapter before, BioImp software just represents positive reactance 

values. The process followed by BioImp with negative values of reactance is not really 

clear. These values are plotted after applying a previous fitting or phase shift. The study of 

this internal process used by BioImp is out of scope. Our application plots all the reactance 

values from the first to the last, including both positive and negative ones.  

Except for this minimal difference, our application represents the data like BioImp does, 

which means that the software has been implemented successfully.  

8.1.2. Parallel Analysis using Command Line 

The software has been implemented in Matlab. Matlab is a powerful tool that permits to 

complement the analysis done in the GUI.  

The Workspace in Matlab can be defined as the whole group of variables and functions 

that are defined in the program memory in a precise time. Using the variables stored in the 

Workspace, that are the variables obtained after executing a function or a script, and the 
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command line available in Matlab, it is possible to make a complementary analysis by the 

user.  

For example, when a Cole fitting is done, some values like R0, R∞ ,α and fc are calculated, 

but not they are not used further in the application. The user could take these values, and 

analyze them using the command line interface or custom scripts. 

8.1.3. Spectral Features 

The spectral analysis implemented in this tool is mainly based on timbral features, often 

used for speech recognition and music-speech discrimination. This choice was done as a 

first approach to start testing these spectral features on electrical bioimpedance 

measurements. This choice does not set a limit since it is also possible to use other kind of 

spectral features for future analysis depending of the needs of the user. 

Two of the functions implemented, Time Domain Zero Crossing and Low-Short Time 

Energy Ratio, had as result 0. See the examples shown in previous chapter. This is due to 

the kind of the data contained in the files used in the examples. These data were all 

positive therefore there were no changes in sign values. Using other files, with positive and 

negative values, these functions could be more useful than in the analysis done in the 

example. Some variation could be applied to this function to make it more useful with 

these kind of files that have no variance in the sign of the data. Such improvement is 

discussed in the section for Future Work. 

8.1.4. Scalability 

Scalability was not established an initial project specification, but it is always a desirable 

property in a system. This property allows the implementation of new functions to improve 

the versatility and applicability of the tool.  

The application has been developed providing complete independence to the implemented 

functions. In this manner any function can be change without affecting the others, and with 

a simple structure to make easier any possible improvement. 

Regarding to the objectives mark at the beginning of the project and comparing with the 

work done and the results obtained, the requirements has been met in full. 
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8.2. Future work 

This section includes the possible improvements that could be implemented in order to 
make the tool more powerful and more complete.  
8.2.1. Cole Based Analysis 

It would be feasible to add a new functionality to perform a full Cole based analysis. Some 

variables of interest like 0R , R∞ ,α  and cf  are already generated when the Cole fitting 

function is executed. Therefore an analysis based on these values could be implemented as 

a new feature of the application, in a relatively direct way. 

8.2.2. Bioelectrical Impedance Vector Analysis 

The BIVA approach developed by Piccoli (Piccoli A 2002) plots resistance (R) and 

reactance (Xc), as point vectors in the R-Xc plane. These point vectors can be interpreted 

by tolerance ellipses related to gender, raze and height. The signal analysis is much simpler 

form the measurement point of view, since it is a single frequency measurements plotted in 

an impedance plane over a tolerance ellipse. The process to obtain the ellipses is the 

complex process because it requires enough population.  

The implementation of a BIVA software tool could be helpful to complete this software. 

Indeed, it is being developed in a parallel project carried out by another student.  

8.2.3. Spectral Functions  

Some functions for spectral analysis have been implemented in this tool, but after 

analyzing data it could be possible to realise that new functions could be useful for better 

data characterization. In future investigations it is also possible that the need of analyzing 

new data appears. Depending on the kind of data used, some spectral features or other will 

be more adequate to the analysis process. These functions can be added attending to the 

requirements. 

To facilitate the possibility of adding these functions, every function has been 

implemented as simple as possible to allow possible changes in the future.  

Indeed, two of the functions could be improved as follows. 

Time Domain Zero Crossing function measures how many times the data cross 0 value. It 

could be feasible to use another threshold different than 0. On this way, it could be 
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possible to see the signal variance around a baseline value for instance. This value could 

vary depending on the needs. 

The use of the Spectral Rolloff function could be also improved, just by allowing the user 

to select this power percentage. Otherwise fixed at 85%.  
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