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    Preface




    Electrocardiogram (ECG) signals have specific characteristics according to the signal morphology and the types of ECG waves. Arrhythmias can hide many heart diseases associated with patients with heart disease and worsen their cardiovascular conditions, in addition to interfering with the diagnosis and treatment of these diseases (MOFFA, 2010b). In addition, it is clear that most algorithms that deal with filtering, identification, and diagnostic functions for ECG signal processing treat each of these functionalities separately, since there is no algorithm in the literature that performs all functions simultaneously.




    In addition to these aspects, it is also necessary to deal with the adequate cleaning of the high-dimensional signal, without loss of information, with the processing of fixed or floating-point data, and with the modeling of the algorithm so that it can be applied to any type of similar ECG signal processing problem. The implementation of genetic algorithms (GAs) inspired by the Holland model in hardware for signal filtering aims to accelerate the convergence time of these algorithms by implementing modules that are considered bottlenecks for a software implementation. However, these modules present the same problems with the representation of the chromosome, the dependence on genetic operators and the representation adopted for the chromosome and the population, and the loss of chromosomes with characteristics relevant to the solution of the problem to which the GA is being applied. This book presents a new modeling of an adaptive filter that adopts the genetic algorithm based on abstract data types (GAADT) for the processing of ECG signals, called CGAADT, developed on the GPU/CUDA platform. The developed CGAADT presents a high-performance solution. GAADT works with an open architecture that considers the dynamics of the environment in which the chromosomes are inserted; that is, the adaptation function of GAADT searches for the chromosome of the population that is best adapted to the environment. If this environment changes, the search performed by GAADT will be redirected to the chromosome best adapted to the current environment at runtime, without the need to interrupt the current GAADT execution. The result obtained by GAADT is of better quality than other GA models since it works with the definition of the dominant gene, which is the information present in the chromosomes relevant to the solution of the problem. This causes an exponential explosion in the GAADT population in the search for a more adapted chromosome that contains the largest possible amount of dominant genes, which can take months of processing until data collection on conventional CPU architectures. A comparative study between the quality of the results obtained in the filtering of ECG signals from patients with sinus arrhythmias, atrial flutter, and atrial fibrillation by CGAADT and other models is presented based on examples of applications of the CGAADT algorithm. The experiences evaluated in this book indicate that CGAADT presents an optimized version of GAADT, which allows all the processing of the genetic algorithm to be performed on the GPU. This book is a compact version of a doctoral thesis carried out at the Center for Computer Science — CIN of the Federal University of Pernambuco — UFPE, Brazil, with the title of A High Performance Adaptive Filter Instantiated from the GAADT Algorithm for Electrocardiogram Signal Processing (full version in Portuguese). There are still future works to be implemented using the compact genetic algorithm for abstract data types in GPU, which will be addressed in the second edition.


  




  

    CHAPTER 1 INTRODUCTION




    Cardiovascular diseases (CVDs), or diseases of the circulatory system, are the largest endemic disease in developed countries, and this same trend has been occurring in recent decades in emerging countries, where health statistics indicate that cardiovascular diseases are the first or second cause of death (OLIVEIRA, 2011). Heart diseases known as cardiopathies or cardiovascular diseases can be described as heart failure, arrhythmias, hypertension, coronary artery disease, valvular heart disease, diseases of the endocardium, myocardium, and pericardium, and diseases of the aorta, among others (PORTO, 2005; OLIVEIRA, 2011). Diseases associated with patients with heart disease can aggravate their cardiovascular conditions, as well as interfere with the diagnosis and treatment of these diseases (MOREIRA, 2005).




    These diseases are generally identified by electrocardiogram tests, which record the heart’s functionality over time (MOFFA, 2010). According to Moffa (2010b), the process of detecting an electrocardiogram wave presents difficulties related to its analysis due to oscillations in the signal, lack of uniformity in the morphology of the waves that compose it, and the appearance of noise during its extraction. These noises, in turn, can be visualized during the collection of these signals and hide important characteristics, typical of cardiovascular diseases described in the morphology of the cardiological signal, among which arrhythmias stand out (PORTO, 2005). Cardiac arrhythmias represent any change in the regularity, frequency, place of origin of the impulse, or abnormality in the conduction of this impulse in order to modify the normal sequence of depolarization of the atria and ventricle (OLIVEIRA, 2011). The effectiveness of diagnosing cardiac arrhythmia depends on capturing the signal (CUNHA, 2012), filtering it (RAMOS, 2011), and detecting segments and complexes (MELO, 2011a-b) for a possible diagnosis (PHYSIONET, 2014).




    In the signal capture stage, it is considered whether the patient is at rest or in motion. In the filtering stage, it is necessary to smooth the captured signal, but with care so that the information responsible for the characteristics of cardiac arrhythmias is not altered. In the detection stage of the components of the cardiological signals, it is necessary to identify the ECG periods and then identify the waves, segments, and complexes present in each period. In the arrhythmia diagnosis stage, it is necessary to have a model of each arrhythmia and to verify whether or not the analyzed signal can be considered an instance of this model. All these steps must be performed within a time considered appropriate by the physician so that the system can help save lives. The diagnosis of such arrhythmias can be difficult to identify, even with the aid of the electrocardiogram and other clinical investigation methods (PORTO, 2005). The main points for its identification are related to the constant morphological changes in the waves that form the electrocardiogram signal, such as the P wave, PR segment, QRS complex, ST segment, and U wave (MOFFA, 2010b; PORTO, 2005). In the specialized literature, there are currently several works that describe the benefits of adopting computational tools to assist the process of filtering, detecting components, and diagnosing data obtained from an electrocardiograph. In this context, this book presents two main motivations: one medical and the other computational. The medical motivation is to provide a system for filtering, detecting, and diagnosing ECG signals, aiming at the rapid detection of possible cardiac arrhythmias. The computational motivation, in turn, is to apply a genetic algorithm, based on abstract data types, to a filtering, detecting, and diagnosing system that comprises the massive processing of data related to a large number of interdependent parameters (ECG components and their morphological patterns) considered in the evaluation of an electrocardiogram exam.




    The adoption of the genetic algorithm based on abstract data types for the system is based on the feedback property of this algorithm during its execution. This characteristic allows the analyzed signal considered abnormal for the patient under observation to be filtered, identified, and diagnosed by the system with a single approach. In general, this type of arrhythmia is performed by combining several techniques found in the literature. However, the resolution of each of these tasks can take weeks or months to be performed when they are processed in computational terms that do not take into account the intrinsic parallelism of the algorithm. Furthermore, the simultaneous parallel processing of these functions can drastically accelerate the resolution of filtering, identification, and diagnosis of cardiac arrhythmias from ECG signals. Many algorithms seen in the literature present computational approaches capable of performing the filtering, identification, and diagnosis tasks without much precision, thus causing loss of information and compromising the diagnosis of cardiac arrhythmias. Furthermore, due to the dimensionality of the data, ECG signal processing almost always requires the combination of several algorithms for its processing, making the process slow and unfeasible for rapid diagnosis of anomalies. In general, more than one algorithm is used to represent and process these tasks in an isolated, sequential manner. Therefore, this book presents the implementation of an instantiation of genetic algorithms based on abstract data types in a parallel accelerator architecture, based on a hardware component called CGAADT (Compact Genetic Algorithm based on Abstract Data Types), as a solution to filter, detect, and diagnose sinus cardiac arrhythmias, atrial flutter, and atrial fibrillation quickly and accurately, based on the electrocardiogram exam. This approach drastically reduces the convergence time of these algorithms, making it useful in solving complex problems such as the vital signs monitoring system. The detection and diagnostic filtering system presented in this book represents a first step towards generating an intelligent system for monitoring the simple ECG signal by working with a single computational approach capable of encompass more than one of the stages of a medical signal monitoring system. One of the advantages of this implementation is the simplicity of the architecture, which makes it possible to increase the representation of the number of arrhythmias to be diagnosed and the number of ECGs analyzed by the system, using only one accelerator board, at no additional cost. The computer system is high-performance and, depending on the complexity and performance requirements, can be expanded internally in the existing co-processing unit or externally with the addition of more co-processing units (GPUs).


  




  

    
CHAPTER 2 GENETIC ALGORITHM




    2.1 History and Concept




    In the 1970s, a doctoral student in computer science at the University of Michigan named John H. Holland tried to develop a computational method suitable as a solution for complex adaptive systems (HOLLAND, 1975), which presented the following properties:




    • The environment in which the agents are inserted interferes with the result of the system. Therefore, when the environment changes the behavior of the agents, this also needs to change to ensure a better adjustment.




    • The result of the system is to find a configuration for the agents that are considered adapted to the environment.




    • The greater the variety of configurations for the environment within the system, the better the quality of the result found.




    • The specification of the relationships between the agents is more important than the specification of the agents themselves.




    • Small changes in the environment in which the agents are inserted can have significant effects after some time has passed.




    The behavior of the agents inserted in the environment is random, but these agents are in a constant search to adapt to the environment. During his work, Holland (1975) realized that there was a clear similarity between the phenomena he studied and the process of evolution of species. He also observed that the interaction between adaptive agents determined the outcome of the phenomena he investigated and that the interaction between environmental factors determined the next population of a given region. Based on this finding, Holland proposed his genetic algorithm (GA) model (VIEIRA, 2003; HOLLAND, 1975; MAHALAKSHMI, 2013). 




    According to Goldberg (1989), genetic algorithms are known as search and optimization algorithms (DARWIN, 1999). The search performed by genetic algorithms works on a population of possible results (chromosomes) for a problem in parallel, which are improved through several iterations in order to generate a chromosome that best satisfies the acceptance criteria of the problem. Conventional search and optimization methods generally work sequentially, evaluating only one possible solution at each moment (LUDEMIR, 2000). Other differences between GAs and traditional search and optimization methods pointed out by Goldberg are:




    • GAs encode the set of parameters in the data structure defined for the chromosome and not with the parameters themselves;




    • GAs work with cost or reward information and not derived from functions;




    • GAs direct their search through probabilistic and non-deterministic transition rules. In this context, although genetic algorithms may seem simplistic from a biological point of view, they are sufficiently complex to provide efficient and robust adaptive search mechanisms (GOLDBERG, 1989; LUDEMIR, 2000).




    In Coley’s view (1999), genetic algorithms are capable of solving a wide range of complex problems where other methods have presented difficulties, such as combinatorial optimization problems and parameter estimation, due to the fact that GAs work with several search subspaces, represented by their chromosomes, simultaneously, which allows them to find many different results for the same problem. This is the main reason why many scientists use GA to solve practical problems, such as image processing, bioinformatics, time series analysis, medicine, and pattern recognition, among others (COLEY, 1999; MITSUO, 2010; SIVANANDAM, 2008).




    In the classical literature on GAs, proposals for variations of the Holland algorithm can be seen as a way of solving some problems encountered when applying this algorithm to different problems.




    2.2 Holland’s Genetic Algorithm




     The genetic algorithm proposed by Holland works on a population of possible results (chromosomes) for a problem, which are improved through several iterations in order to generate an optimal chromosome for the problem. The mechanism of transformation of one population into another obeys the principle of natural selection, described by Darwin (1999), according to which, in nature, the chromosomes of a population compete with each other for resources such as food, water, and shelter (VIEIRA, 2003). The chromosomes of a species that present the most favorable characteristics to the environment, called adapted chromosomes, have a greater chance of surviving than chromosomes that do not present these characteristics. Adapted chromosomes are preferred by the chromosomes of their species for procreation, thus generating a greater number of descendants potentially adapted to the environment since the characteristics presented by an individual represent the results of the combination of characteristics inherited from its parents (VIEIRA, 2003). Figure 2.1 presents a pseudocode for Holland’s genetic algorithm.




    

      

        

          	

            t←0




            generates p




            calculates the value of the adaptation of chromosomes of p




             while (stop condition isn’t satisfied) do




            t ← t+1




            p ← selects h chromosomes of population p 




            p˙ ← applies the crossover and mutation operation on the chromosomes of the population p




             p ← replaces l chromosomes of the population p by l chromosomes of p˙




              calculates the value of the adaptation of chromosomes of p




            end of the while


          

        


      

    




    Figure 2.1 — Pseudocode of a genetic algorithm. Source: VIEIRA, 2003.




    According to this pseudocode, a genetic algorithm begins with the generation of the initial population p composed of n chromosomes, which can be provided by the user, generated randomly, or constructed by an algorithm based on existing knowledge about the problem to be solved. Then, the adaptation of the chromosomes of the population is calculated to verify the quality of these chromosomes for the problem under investigation. If the stopping criterion defined for the problem is not met, then a new cycle is executed. In this new cycle, the iteration counter t is incremented, chromosomes are selected to generate new descendants, that is, descendants are generated, and the birth of some of the chromosomes and the death of the chromosomes existing in the population are considered to be of low quality for the problem analyzed. The stopping criteria used by genetic algorithms are finding a chromosome with adaptation x or reaching the j-th iteration (VIEIRA, 2003). The population of chromosomes capable of generating descendants, p, is constructed by selecting h chromosomes from the population p based on the adaptation of the chromosomes or on a measure relative to the merit of the chromosomes within the population. The chromosomes of population p are subjected to the action of the genetic operators of crossover and mutation to generate descendants (VIEIRA, 2003).




    The frequency with which the chromosomes of population p generate descendants is established by a probability measure associated with each operation (VIEIRA, 2003). The new population p is formed by l chromosomes of population ṗ and by n−l chromosomes of population p.




    The criterion adopted for the birth of the l chromosomes of population ṗ is the same used to choose the progenitor chromosomes of population p, which is applied in the opposite direction to determine the l chromosomes of population p that must die. Finally, the adaptation value of the chromosomes of the newly constructed population p is calculated (VIEIRA, 2003). The chromosome is a binary vector of fixed size m, which stores the result of the problem in a discretized form. And the population is represented by a vector of fixed size n of chromosomes. Figure 2.2 presents the definition of the data structures manipulated by Holland’s (1975) genetic algorithm.
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    Figure 2.2—Definition of data structures used in Holland’s genetic algorithm. Source: VIEIRA,2003.




    The adaptation of a chromosome is defined by the objective function and the problem’s intention. The problem’s objective function, represented by ô : D→ℝ , receives an element from the problem domain D, and returns the measure of the degree of satisfaction of this element to the problem. The problem’s intention informs whether the result is the element with the highest or lowest degree of satisfaction. Thus, if the problem’s intention is to find the element with the highest degree of satisfaction, then the adaptation function f of the genetic algorithm will be equal to ô , otherwise the adaptation function f of the genetic algorithm will be equal to − ô . This convention is necessary because the genetic algorithm, by definition, is always looking for the most adapted chromosome (NORVING, 1995; HOLLAND, 1975).
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