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ABSTRACT 

With the increasing loss and damage from disaster globally, disaster management assumes importance like 

never before. The growth of information technology has opened doors for the application of IT in disaster 

management. Much of the literature refers to three major technologies in the area of disaster management: 

RFID, GIS and GPS. Many studies have shown that internet of things will be the future with more no. of 

connected devices than people on earth. 

Based on the studies of previous literature, this paper focuses on the application of RFID, GIS and GPS as one 

system in the three phases, i.e., pre , during and post , of the disaster management .A scenario based thinking 

and approach is used to evaluate the pros and cons of using RFID, GIS and GPS in disaster management.  

 

Keywords: RFID , GIS , GPS , Disaster Management , Technology 

 

I. INTRODUCTION 

 

Effective disasters management is important as disasters threaten the economic development of a country. 

Technology should be used to collaborate and coordinate activities between multiple stakeholders during disaster 

management. GIS, GPS and RFID are emerging technologies where a lot of research is being done and is being 

used in various aspects of our life. Internet of things will be the future with the no. of connected devices 

worldwide exceeding the no. of people on earth. There is a lot of scope for application of these technologies in 

disaster management. This paper focuses on the application of RFID, GIS and GPS in the three phases, i.e., pre, 

during and post, of the disaster management. A scenario based thinking and approach is used to evaluate the pros 

and cons of using RFID, GIS and GPS in disaster management. 

 

II. DISASTER MANAGEMENT 

 

Disaster can be defined in many ways. A Disaster is that event which threatens life and property on the earth in a 

way that needs quick and emergency action. Disaster can also be defined as a serious disruption in the functioning 

as a community or a society involving widespread human, material, economic or environmental losses and 

impacts, which is beyond the ability of the affected community or society to cope with using its own resources. 

The impact of a disaster may include loss of life, injury, disease and other negative effects on human which is 
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physical, mental and social well-being, together with damage to property, destruction of assets, loss of services, 

social and economic disruption and environmental degradation [1].  

Disaster Management is defined as the process of Optimum Planning, Organizing, Directing, Control and the 

Leadership of disastrous situations [2].Disaster Management gains importance because it’s increasing economic 

and social costs [3].  

The economic impact of the 2004 Indian Ocean Tsunami on Moldaive was more than 60% of national GDP and 

the 1995 Great Hanshin Earthquake cost 2% of Japan's GDP. When it comes to social cost, even though the 

figures may not be accurate, the 1995 Great Hanshin Earthquake cost 6437 deaths and 105000 totally collapsed 

houses [4]. These figures show us that a natural disaster can pull back a nation by many years in terms of its 

economic growth and infrastructure. In addition to the destruction of decade of investments and efforts, disasters 

cause the deviation of funds which were initially intended for primary tasks like education, healthcare, etc. The 

National Population and Housing Census (1994) in Costa Rica were postponed for 15 years as funds were 

deviated to respond to Hurricane Caesar [5]. 

 

III. TECHNOLOGIES IN DISASTER MANAGEMENT 

 

Rapid development in Information Technology has changed Disaster Management in a dramatic way. Many 

researchers have studied the application of technology in the pre, during and post phases of disasters. Although 

you cannot completely stop natural disasters but suffering, loss of life’s and properties can be minimized using 

Information Technology. Technology has been used to create proper awareness of the potential disasters and their 

impact with suitable warning systems [6]. 

GIS and remote sensing has been used for faster ground-based observations for hazard mapping to show 

earthquakes, landslides, floods and fires. It can also be used for early warnings of drought and to manage drought 

relief. With real time dissemination of weather forecasts, satellite and other data, Internet provides a platform for 

instant disaster communications [6].  Developing countries, like India, have followed the footsteps of developed 

countries in adopting technology for disaster management. 

For example the Indian Disaster Resource Network (IDRN) is a nation-wide electronic inventory of essential and 

specialist resources for disaster response, covering specialist equipment, specialist manpower resources and 

critical supplies. The Ministry of Home Affairs has initiated the development of a GIS-based National Database 

for Emergency Management (NDEM) in collaboration with various Govt. Ministries/agencies such as Dept.of 

Space, Dept. of Science & Technology and Ministry of Communications & IT [7]. 

In the recent past, many researchers have done extensive study about the applications of three technologies, 

namely RFID, GIS and GPS in various contexts.Todorovica, Vladimir, Marius Neagb and Milovan Lazarevica 

(2013) have presented an idea for using RFID for tracking and monitoring of shipped perishable goods, i.e., to 

assess the status of the content of a sealed container without opening it.  Fernandes, Victor, Paulo and Jiao have 

studied about the application of RFID for providing location based navigation services for the blind [8]. 

Many papers have also been published about the application of these technologies in disaster management. In their 

research study Badpaa, Bijan , Masoud and Mandeep have used RFID technology to propose a Knowledge 

Management System in Disaster Management which can speed up the search, rescue, and relief operations [9]. Pal 

Indrajit, Saurabh Jain and Abhinav have come up with a Conceptual Framework for Tourism Management in 
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Uttarakhand, INDIA using RFID technology for Disaster Risk Reduction [10]. Enders, Alexamdra and Zachary 

have written about the use of GIS technology for improving emergency management and disaster response for 

people with disabilities [11]. Any technology is as good as the data that it is acting upon. Montoya and Lorena 

have proposed a better and easier method for acquiring geo-data through mobile GIS and digital video in the 

context of urban disaster management [5]. Zergera and David studied the application of GIS in Cyclone disaster 

Risk Management focusing on observations from a real-time emergency management disaster scenario held in 

Mackay in far north Queensland, Australia [12]. Hannan, Mustapha, Hussain and Basri have used GPS as one of 

the technologies for the research study conducted for coming up with an intelligent Bus Monitoring and 

Management System to manage a vehicle transportation system [13]. 

Most of the previous studies have been done on the application of either one or two of these technologies in the 

context of disaster management. Based on the study of previous literature this paper develops a framework for 

the application of RFID, GIS and GPS as an integrated technology system for disaster management. This 

framework is based on the emerging Internet of things which is often discussed as a phenomenon of the future. 

 

3.1 Rfıd ın Dısaster Management 

Radio Frequency Identification (RFID) is communication technology system which identified objects that are 

uniquely tagged which transmits RF signals. An RFID system consists of two main components: Tags on the 

objects which need to be uniquely identified, RFID reader which is capable of reading the unique ID information 

stored in the tag. Typically a Database will be used along with the RFID system to store or read the required 

information based on the unique ID [14]. RFID can be viewed as a bridge between the digital world and the 

physical world. 

RFID system is useful in many applications. It is valued in business because of the speed and ease with which 

information can be transferred at a relatively low cost. RFID can be used to store information about Human as 

well as objects. RFID technology is used in Human/Animal Identification,,  improving visibility in Supply chain 

management , Anti-Theft Systems , Asset Management , Baggage handling , Blood banks , Mother Baby pairing 

, Stores Management ,Real Time Location Tracking System (RLTS) , Vehicle Identification and so on [15] .   

RFID tags can be read from a distance and does not require a line of sight unlike bar-codes. It is not dependent 

on satellites, so reliable. Installation of RFID is cheap and can easily be fixed on any object because of its small 

size. A RFID reader can read multiple tags simultaneously which further improves the efficiency of any process. 

RFID can be used to play a very significant role in the various phases of a disaster management. It makes the 

write, retrieve, read and transfer of information very easy and effective.  During the pre disaster phase RFID will 

help us in knowing the status of preparedness for the disaster. It helps in knowing if the required quantity of 

food, medical supplies, etc is available in sufficient quantities at the most required place. RFID when combined 

with appropriate sensors will help in estimating the severity, size, level and depths of the disaster [9]. Post the 

disaster, RFID helps in uniquely identifying the victims of the disaster by implanting a chip into the arms of the 

dead. This helps in identifying the movement of the bodies in transit and to track if the bodies have reached the 

family [16] .RFID will help utilize human resources in important rescue operations rather than in manual 

handling of information. RFID provides location based navigation services which are useful for the visually 

impaired people during a disaster. It gives warning signals in case of obstacles and provides directions for 

movement [8]. 
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RFID shortens the time of the decision making process. It increases the accuracy of decisions because of the 

easily available, real time data in the digital format. Typically in any disaster management process, collaboration 

among multiple agencies is critical.  RFID will help in having a consistent, integrated database so that all the 

agencies are on the same page during any decision making stage. 

Many researchers have studied the use of RFID in Disaster Management.  Pal Indrajit, Saurabh and Abhinav 

have proposed an ICT (Information Communication Technology) framework RFID for efficient management of 

the tourists for disaster risk reduction [10]. Tani Akinori, Yuichiro, Masashi and Motoki studied the usage of 

RFID and sensors on monitoring the health of building structures and detecting the type of materials used in 

these building [17]. 

 

3.2 Gıs in Dısaster Management 

Geographic Information System (GIS) is a system for management, analysis and display of geographic 

knowledge [18] and its serves as a tool for associating people and resources spatially, typically used by policy 

makers and program planners [19]. GIS technology is system of hardware, software and procedures which are 

designed to capture, manage, manipulate, analyze, model and display spatially referenced data which is used for 

solving many complex management problems in a situation [20]. Zeiler brings the human perspective to the 

definition by saying that GIS is not just a software package, but rather a combination of skilled people, spatial 

and descriptive data, analytic methods, hardware and software [21]. In short GIS is a map of data tied to a 

location. 

A Geospatial technology such as GIS is being used in diverse areas such as economic development, health and 

human services, environmental protection and management, facilities management, parcel appraisal and 

assessment, education, transportation planning and natural resource management [11]. GIS technology is very 

helpful in mapping the person - environment interaction in any situation. It displays critical information by 

location.GIS enhances the usefulness of the data. 

GIS finds applications in all the phases of the disaster management cycle. It helps in analyzing consequences, 

projecting and predicting, disseminating information, allocating personnel, equipment and resources, etc [22].  

Any disaster crosses the jurisdiction of any state, country. GIS helps in identifying the spatial differences in 

response patterns across different regions. When significantly varied responses are evident, the difference in 

policy environments becomes more obvious. Retrospective analysis will lead to worst and best practices and 

lesson learned [11]. GIS also helps in identifying the proximity of resources to the most affected regions before, 

during and after a disaster. GIS provides a planning base for decision making among stakeholders and hence 

reduces ambiguity which may otherwise exist [12]. Using GIS people living in close proximity to hazardous sites 

like nuclear power plants, chemical storage sites, etc can be evacuated quickly. In the pre disaster phase GIS can 

be used to predict the roads, buildings that will be affected. Various GIS maps which show population density, 

location of properties, key resources like hospitals, fire stations and police stations can be overlapped for better 

and faster decision making process. GIS also helps you to track funds by knowing the estimate of losses and 

ensuing that correspondingly the funds are distributed. 

Johnson and Smith have given a practical example of the application of GIS in south Florida during cyclone risk 

management. Various maps from the weather agencies were overlaid with the municipal boundaries, section 
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boundaries and land use types to get an aggregate statistics about the number of properties that were affected by 

the cyclone [23]. 

 

3.3 Gps ın Dısaster Management 

GPS is defined as a utility that provides users with positioning, navigation and timing services. This system 

consists of three segments: the space segment, the control segment, and the user segment. The space segment 

consists of the 24 satellites that transmit one way signals to give the current position and time of the satellites. 

The control segment consists of the control and monitor stations worldwide that are used maintain the positions  

of the satellites. The users segment [24]. 

Many of the navigation systems that are used these days to find the correct path or the shortest, quickest path use 

GPS as the main information source. The usefulness of GPS is enhanced when combined with other technologies 

like GIS, RFID etc. RFID when used along with GPS minimizes the location error as GPS cannot penetrate 

through buildings and the signals are greatly degraded [8] .Integration of GPS technology with mobile devices 

have made GPS indispensable in our daily lives. 

Location is the single thread common to all data [25]. While GIS gives the spatial data about a region, GPS will 

give the movement of objects in that region. So when we combine the capabilities of GPS along with GIS, there 

are many useful applications during the different phases of disaster management like tracking of ambulances, 

traffic control, and avoidance of disaster areas. 

 

IV. IOT AND DISASTER MANAGEMENT 

 

Many research studies have focused on the application of individual technologies in Disaster Management. Not 

much has been written about how we can integrate individual technologies to come up with a holistic system that 

enables implementing effective disaster management strategies. 

Internet of things (IOTs) is one such system where the physical objects around us interact seamlessly with each 

other and become an integral part of the global information system. Broad range of possibilities has developed 

with low power microcontrollers, efficient batteries along with energy saving wireless technologies [26]. 

Cisco research groups have predicted that in 2008-2009 the number of internet connected devices became larger 

than the number of the people on Earth, which, as many suppose, is the actual transition to the Internet-of-Things 

[27] . 

This paper focuses on the application of RFID, GIS and GPS in the three phases, i.e., pre, during and post 

, of the disaster management. A scenario based thinking and approach is used to evaluate the pros and cons of 

using RFID, GIS and GPS in disaster management. A  Blood Donation scenario during a disaster has been 

considered to evaluate how these three technologies can help streamline the process of blood donation during 

disaster management. 
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Fig . 1. IOTs using GPS , GIS and RFID 

TABLE 1: Application of GIS, GPS, RFID for Blood Donation Scenario-Comparison 

 Pre-Disaster 

 

During Disaster 

 

Post Disaster 

 

GIS • Maps with blood banks 

• Blood group 

availability by location 

• Shift of stocks based on 

vulnerability 

• Maps with Hospitals in 

different regions 

• Assess the situation for potential 

requirements for blood post disaster 

• Dynamically alert the blood 

requirements across locations 

 

• Maps of area with survivors 

who are able to donate blood 

• Maps of area with victims in 

need of blood 

• Track blood banks which 

are/not affected by the disaster 

• Maps of hospitals with blood 

units requirements 

GPS • Location tracking of 

Ambulances and other 

rescue vehicles 

• Location of blood 

donors 

• Tracking the movement 

of stocks 

 

• Navigation help for donors, 

victims and ambulances 

 

• Track and solve traffic 

bottlenecks for faster supply of 

stocks 

• Track and map the location 

of blood donors and victims.  

• Location of hospitals where 

blood units are required 

RFID • Inventory data of blood  

• Data of people who are 

eligible to donate blood 

 

• Monitoring and Capturing Data 

for future use  

 

• Match the donors and the 

victims  

• Tracking equipments , 

facilities,  aids , technical 

personnel  

• Tracking the requirements 

and consumption of blood units 

• Track the patients getting 

admitted to hospitals 
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Hospital 

Database 

Donor Victim 

Blood 

banks 

The above table identifies the application of RFID, GIS and GPS technologies in a blood donation scenario 

during the threephases of disaster management.  Each technology complements the functionality of the other 

technology in order to reduce the supply demand gap of blood units during disaster management. 

GIS can be used get a snapshot with GIS maps regarding the location of Blood banks, hospitals in and around the 

disaster prone area. In case of non-availability of a particular blood group in one area, blood units can be 

procured from other blood banks across different regions. RFID tagged blood units’ helps in keeping track of the 

stocks in a particular blood bank and when the data is aggregated, it helps us to know the availability of blood 

units in a particular region. 

GIS can also be used to overlap the maps of blood donors or blood units’ availability with that of blood 

requirements in particular hospitals within a region. This reduces the time of search for rare blood groups and 

also bloods groups that are in huge demand. GPS fitted ambulance vehicles help in easy and quick transportation 

of blood units to the hospitals where it is required avoiding traffic bottlenecks 

 

 

 

 

 

 

 

 

Fig. 2. Data Flow in the Blood Donation Scenario 

Tracking the usage of RFID tagged blood units in various hospitals helps us asses the demand of blood units by 

blood group and alert the donors with that blood group regarding the requirement of blood. Using GPS, initially 

the blood donors in the nearby regions of the hospitals can be alerted for quick response and then based on the 

response other donors can be alerted. GPS also helps in navigation for donors to the nearest hospitals where there 

is requirement of blood. 

In case a blood bank or a hospital is located in a disaster prone area , GIS can help us to know the nearest 

hospital or blood bank where the stocks can be shifted and hence reduce the probable loss of lives and blood 

units. 

In this way RFID, GIS and GPS together can used to create a system that bridges the demand supply gap of 

blood requirements during disaster management. 

 

V. LIMITATIONS OF THE SYSTEM 

 

The following are the limitations of the system. 

 The system works only if the data is up to date and clean. Inconsistency in the data will lead to more 

problems. 

 The different stakeholders including the hospitals, blood banks, donors and victim should be trained in using 

the proposed technologies. 
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 Sharing of data for a common database between different stakeholders is necessary which might lead to 

privacy concerns. 

 RFID tagged blood units should be passed through a RFID reader at various stages to track its movement 

and consumption. 

 RFID readers should be installed at various public places to track the movement of donors and victims 

 

VI. CONCLUSION 

 

This paper focuses on the use of technologies in the three phases of disaster management. Many papers 

concentrate on the individual application of these technologies in disaster management .This paper provide a 

framework for the application of RFID, GIS and GPS under the concept of internet of things in disaster 

management. Scenario based thinking approach is used to develop a system that can be used to streamline the 

process of blood donation during disaster management. 

The ideas presented in this paper can be further developed by looking at the operational challenges and technical 

challenges in implementing the system. 
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ABSTRACT 

Most nations face high and expanding rates of heart diseases or Cardiovascular Disease. Heart disease is a 

term that assigns to a large number of medical conditions related to heart. These medical conditions describe 

the abnormal health conditions that directly influence the heart and all its parts. Heart disease is a major health 

problem in today’s time. Heart diseases are mainly because of family background, smoking, high blood pressure 

etc. This paper aims to implement the data mining technique genetic algorithm for heart disease prediction. The 

observations reveal that genetic algorithm with 14 attributes give good result. Conclusion from this 

implementation shows that genetic algorithm has accuracy of 73.46% and takes elapsed time and energy 

0.04172s and 1285.99joules respectively. Data ining tool used for the implementation is matlab2013. We note 

the genetic algorithm parameters accuracy, elapsed time and energy consumption.  

 

Keywords:  Data Mining, Genetic Algorithm, Heart Disease, Matlab2013. 

 

I. INTRODUCTION 

 

Due to a wide availability of huge amount of data and a need to convert this available huge amount of data to 

useful information necessitates the use of data mining techniques. Data Mining and KDD (knowledge discovery 

in database) have become popular in recent years. The popularity of data mining and KDD (knowledge 

discovery in database) shouldn’t be a surprise since the size of the data collections that are available are far too 

large to be examined manually and even the methods for automatic data analysis based on classical statistics and 

machine learning often face problems when processing large, dynamic data collections consisting of complex 

objects. In [1] a comparative analysis of applications of data mining techniques has been presented.  

 

1.1 Heart Disease 

A major challenge facing healthcare organizations (hospitals, medical centers) is the provision of quality 

services at affordable costs. There are number of factors which increases risk of Heart disease. 

I.  Family history of heart disease 

II.  Smoking:  

III. Cholesterol  

IV.  High blood pressure 

V.  Obesity 

VI.  Lack of physical exercise 
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VII. Poor diet 

VIII. Physical inactivity 

 

II. NEED OF STUDY 

 

1. The World Health Organization (WHO) has estimated that 12 million deaths occur worldwide, every year 

due to the Heart diseases. 

2.  About 25% deaths in the age group of 25-69 year occur because of heart diseases. In urban areas, 32.8% 

deaths occur because of heart ailments, while this percentage in rural areas is 22.9. 

3.  Over 80% of deaths in world are because of Heart disease. WHO estimated by 2030, almost 23.6 million 

people will die due to Heart disease. 

4.  The diagnosis of diseases is a significant and tedious task in medicine. 

5. Treatment of the said disease is quite high and not affordable by most of the patients particularly in India 

 

III. OBJECTIVES AND RESEARCH GAPS 

 

Objectives of this paper are given below:- 

I. To predict the heart attack disease. 

II. It helps in reducing treatment costs by providing effective treatments. 

III. To find the parameters values in prediction like accuracy, elapsed time and energy consumption. 

 

IV. SURVEY 

 

This paper aims at analyzing the various data mining techniques introduced in recent years for heart disease 

prediction. [2] Proposed method achieved accuracy values 84.24% and 86.8% for Pima Indians diabetes dataset 

and Cleveland heart disease dataset, respectively.  (Table 1) shows different data mining techniques used in the 

diagnosis of Heart disease over different Heart disease datasets. Extended the algorithms to deal with non-

uniform misclassification costs in order to perform ROC analysis and control the trade-off between sensitivity 

and specificity. [3] Paper presents selected data mining techniques that can be applied in medicine, and in 

particular some machine learning techniques including the mechanisms that make them better suited for the 

analysis of medical databases. 

Table 1:- Table shows different data mining techniques used in the diagnosis of Heart disease over different 

Heart disease datasets. 
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Author Technique Used Objective 

Carlos, et al.(2001)  

 

 

association rules Predict HD 

 K. Usha Rani(2011) Classification Analysis of HD dataset 

Neural Networks 

 

Jesmin Nahar , et al.(2013) 

Apriori detect factors which contribute to HD in males and 

females Predictive Apriori 

Tertius 

Latha, et al.(2008) genetic algorithm IHDP system 

CANFIS 

 M. Akhil jabbar, et 

al.(2011) 

Clustering HD prediction 

 Association rule 

mining, 

Sequence number, 

Neural Network 

Naive Bayes 

Nan-Chen, et al. (2012) (EVAR) Intelligent Postoperative Morbidity Prediction of 

HD 
Machine learning 

Markov blanket 

Oleg, et al.(2012) artificial neural network Coronary HD diagnosis 

 

genetic polymorphisms 

 

Shadab, et al.(2012) 

Naive bayes 

 

Prediction system for HD 

Shantakumar, et al. (2009) MAFIA Extraction of Significant Patterns from HD 

Warehouses for Heart Attack Prediction Clustering 

K-Means 

[10] Gives the accuracy of 89.01% using neural networks for implementation. [1] Used three data mining 

techniques J48 classifier, Naive Bayes and Neural Network which gave accuracies 95.56%, 92.42% and 94.85% 

respectively. [12] Presented prototype model for the breast cancer as well as heart disease prediction using data 

mining techniques. Two decision tree algorithms C4.5 and the C5.0 have been used on these datasets for 

prediction and performance of both algorithms is compared. Paper [13] extended the algorithms to deal with 

non-uniform misclassification costs in order to perform ROC analysis and control the trade-off between 

sensitivity and specificity. [14] Proposed a system that uses neural network for prediction of heart disease, blood 

pressure and sugar. A set of 78 records with 13 attributes are used for training and testing. In [15] accuracy of 

neural networks is 89.01% shown.  In paper [16] accuracy of neural networks in prediction of heart disease in 

weka tool noted approx 100%. 
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V. TOOL USED FOR IMPLEMENTATION 

 

MATLAB: - MATLAB is a high language and interactive environment for numerical computation, 

visualization and programming. Using MATLAB we can analyze data, develop algorithms and create models 

and applications. The language, tool and built-in math functions enable us to explore multiple approaches and 

reach a solution faster than with spreadsheets of traditional programming languages, such as C/C++ of JAVA. 

 

5.1 Data Set 

We take the data set in this paper with 303 records and 14 attributes collected from the online dataset repository 

of archive.ics.edu/ml/datasets. The dataset parameters are listed as per following: 

Table 2:- The Dataset Attributes 

Only 14 Attributes Full description 

1 #3 (age)  Patient  Age 

2 #4 (sex)  Male/Female 

3 #9 (cp)  Chest pain type 

4 #10 (trestbps)  Resting blood pressure (in mm Hg on admission to the hospital) 

5 #12 (chol)  Serum cholestoral (mg/dl) 

6 #16 (fbs)  Fasting blood sugar  

7 #19 (restecg)  Resting ECG results 

8 #32 (thalach)  Maximum heart rate achieved 

9 #38 (exang)  Exercise induced angina 

10 #40 (oldpeak)  ST depression included by exercise relative to rest 

11 #41 (slope)  Slope of the peak exercise ST segment 

12 #44 (ca)  Number of major vessels (0-3) colored by fluoroscopy 

13 #51 (thal)  3 = normal, 6 = fixed defect, 7 = reversible defect. 

14 #58 (num) Angiographic disease status (Diagnosis of heart disease) 

 

5.2 Algorithms Used for Implementation 

Genetic algorithm: - In the computer science field of artificial intelligence, a Genetic Algorithm (GA) is a 

search heuristic that mimics the process of natural evolution. This heuristic is routinely used to generate useful 

solutions to optimization and search problems. Genetic Algorithms belong to the larger class of evolutionary 

algorithms (EA), which generate solutions to optimization problems using techniques inspired by natural 

evolution, such as inheritance, mutation, selection, and crossover. Genetic Algorithms (GAs) are adaptive 

heuristic search algorithm based on the evolutionary ideas of natural selection and genetics. 

 

VI. ALGORITHMS 

 

Algorithm: - GA for heart disease optimization 

STEP 1: Load the heart patient dataset 

STEP 2: Validate the dataset in order to make it in the input format for the GA based Heart disease prediction 

algorithm. 
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STEP 3: GA finds the optimal solution for the given set of values an returns the personal best and global best 

values in the form of pBest and gBest, respectively.  

(1) 

STEP 4: Calculate the pBest and gBest on each component of the dataset divided according to the dataset size 

and the block size. 

STEP 5: Then apply fitness function on the basis of rule using Z statistics Z=S(X)-Minimum support/SQRT 

(min sup*(1-minsup))/N Where S(X) is support of pattern and min sup is user defined threshold  

 (2) 

STEP 6: Prune the rules based on Z statistics. After rule evaluation the rules having highest fitness are stored in 

a pool. Then apply genetic functions on these rules.  

STEP 7: Perform single point cross over. Judgment nodes are selected for crossover. 

(3) 

(4) 

STEP 8: Perform mutation by mutating the value of judgment node. This process will be repeated till last 

generation reached.  

STEP 9: After performing GA on each index, calculate gBest, which interprets the best optimal solution given 

by GA 

STEP 10: Build classifiers using the generated Rules on the basis of gBest 

STEP 11: Predict the rules on test data using a customized predictivity algorithm. 

 

VII. RESULTS 

 

As the goal of this study is to detect heart disease using data mining technique a classification technique was 

adopted to develop a predictive model. The implementation was built with three different supervised machine 

learning algorithm i.e. genetic algorithm using matlab2013. Accuracy graph by using the genetic algorithm is 

given below. The results have been obtained in the form of the various performance parameters as energy 

consumption, execution time and accuracy percentage. 

The genetic algorithm has been used for the purpose of optimization of the health record data of heart health 

monitoring. The proposed model has been tested with a standard database in order to obtain the desired results. The 

results of the parameters have been obtained the graphical form. The graphs by using genetic algorithm for heart 

disease prediction algorithm have shown below: 
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Figure 1:- The Accuracy Graph Obtained with GA Based Heart Disease Prediction Algorithm 

 

Figure 2:- The Elapsed Time Graph Obtained with GA Based Heart Disease Prediction 

Algorithm 

 

Figure 3:- The Energy Consumption Graph Obtained with GA Based Heart Disease Prediction 

Algorithm 

The energy consumption by genetic algorithm is shown in (Figure 3). The GA based heart disease prediction 

model is efficient in terms of accuracy (Figure 1). The GA based model consumed almost 125 joules on the 

average of energy consumption. The total energy consumption on all of the rotations has been almost recorded 

at approx. 1250 joules. The elapsed time of the GA based heart prediction model (Figure 2) has been recorded 

1.72 seconds. The (table 3) is showing the performance parameters of Genetic algorithm based heart prediction 

model. 

Table 3:- The Performance of GA Based Heart Disease Classifier 

Average Accuracy for heart disease prediction model using GA 73.46  %  

Average Elapsed Time for heart disease prediction model using GA        0.23 seconds 

Average Energy Consumption for heart disease prediction model using 

GA 

125.99 joules 

Total Elapsed Time for heart disease prediction model using GA 1.72 seconds 

Total Energy Consumption for heart disease prediction model using GA 1250.87 oules 
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VIII. CONCLUSION 

 

In this study, our aim was to implement a data mining technique for prediction of heart diseases and to perform 

the analysis on the results obtained for different parameters. This paper has provided details on the values of 

classifiers for the detection of heart disease. Accuracy of genetic algorithm is 73.46%. Energy consumption by 

genetic algorithm is 1285.99joules and Elapsed time taken in genetic algorithm in overall iterations is 0.0340s.  

 

IX. FUTURE SCOPE 

 

As future work, we will process the new data mining techniques like Classification and Regression Trees 

algorithm with other new algorithm to refine result more accurately. We will work to predict more accurately 

the presence of heart disease with reduced number of attributes. We have planned to design and develop an 

efficient heart attack prediction system with the aid of these selected significant patterns using artificial 

intelligence techniques.   
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ABSTRACT 

The key principle of this paper is to evaluate the performance of the network based on performance metrics such 

as throughput optimization, end to end delay, packet delivery ratio using GA algorithm. In this research, 

objective and fitness function are applied in genetic algorithm to calculate the average energy of the 

arrangement and to make sure which block has lesser energy than average energy. Afterwards that block has 

been added in the result of the objective function and then the movement in the fitness function is checked for the 

improvements in the LEACH protocol. This whole simulation is taken place in the MATLAB environment.  

 

Keywords: LEACH Protocol, Genetic Algorithm, Neural, Throughput, Optimization.  

 

I. INTRODUCTION 

 

Wireless sensor networks (WSNs), which consist of a number of small battery-powered devices, are frequently 

to obtain various sorts of useful data from surroundings [1-5]. These devices sense physical properties, such as 

sound, humidity, pressure, luminosity, temperature, or chemical concentration, and transmit the gathered data to 

a base station (BS) for further analysis and processing. WSNs have been effective deployed in tactical combat 

situations, habitat monitoring, home security, and so on [11, 12]. Since WSNs consist of many sensors with 

limited energy, an energy-efficient network protocol is an important consideration in WSN applications. Many 

routing protocols for WSNs have appeared in the literature. But none of any algorithm is providing good 

optimization of energy. So our work will use Genetic Algorithm (GA) for optimization process. Also in the 

simulation it will be shown that how our technique is performing better than other techniques [6].  

The remaining paper is organized as Section II will describe basic LEACH protocol, then Section III will give 

review of genetic algorithm working , In section IV proposed work model will be shown, Then In section V 

genetic algorithm based pseudo code has been described, Section VI will contain simulation results. Finally 

Section VII will discuss conclusion and future scope.  

 

II. LEACH PROTOCOL 

 

LEACH stands for Low-Energy Adaptive Clustering Hierarchy [1, 13]. The LEACH Network is through up of 

nodes, some of which are called cluster-heads. The trade of the cluster-head is to get together data from their 

instantaneous nodes and exceed it on to the base position [4]. LEACH is vibrant since the job of cluster-head 

rotates. The LEACH network has two phases:  
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2.1 Set-Up Phase  

Cluster-heads can be preferred stochastically (at random based) on this algorithm:  

T(n)= P/1-P* (r modp-1),ⱴ n €G  

T(n)=0  

Where n is a random number between 0 and 1.P is the cluster head odds. G is the set of node.  

 If n < T (n), then that node becomes a cluster head. The high energy cluster head place  

  rotates between the assorted sensors in regulate to not to exhaust the string of a single sensor. 

 Each node takes the judgment independent of the additional nodes to become cluster head. It is based on the 

proportion determined a priori and round digit.  

 

2.2 Steady Phase  

Nodes transmit information based on TDMA schedule. Later than information has been recognized cluster head 

implement signal processing /compression and send to base location. Later than a definite moment a novel turn 

begins [7]. Major power reduction is owing to combine lossy compression with the information direction-

finding and deal among excellence of production and quantity of density ensuing in considerable decrease of 

overall power indulgence.  

 

III. GENETIC ALGORITHM OPTIMIZATION IN WSN 

 

A genetic algorithm is used to figure out true or rough solutions and explore the problems for optimization [3] 

and use methods motivated by evolutionary biology such as inheritance, mutation, selection, and crossover. 

Genetic algorithms are executed as a workstation recreation in which an inhabitant of indefinable 

representations of aspirant solutions to an optimization trouble for improved solutions represented in binary as 

strings of 0s and 1s, further encodings are also achievable. Genetic algorithm is defined as [8]:  

 An illustration of the solution domain,  

 A Fitness function to estimate the solution domain.  

The fitness function is defined more by the genetic demonstration and measures the value of the result. The 

fitness of the solution is the sum of values of all items in the knapsack if the representation is suitable or 0. In 

many cases, it is difficult to explain the fitness expression. In these cases, interactive genetic algorithms are 

used. The choice is too analogous the continued existence of the fittest in the usual world. Individuals are 

selected for “breeding” (or cross-over) based upon their fitness values – the fitter the individual, the more likely 

that individual will be able to reproduce [9]. The cross-over obtained by combining the two solutions jointly to 

create two new individuals. By every generation, there is a small possibility for every entity to transform, results 

in the change in the entity in a few diminutive technique [10].  

A Genetic Algorithm can be described as:  

I. Generate an empty population called new-pop.  

II. While new-pops is not occupied do the subsequent:  

a) Select two individuals at arbitrary from pop to select the individuals.  

b) Cross-over the two individuals to generate the two new individuals.  

c) Let every individual in new pop contains arbitrary possibility to mutate.  
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d) Swap pop with new pop  

 

IV. PSEUDO CODE LEACH-GA BASED 

 

 BEGIN 

 Specify number of nodes (n);  

 Initialize 

 if  

 node s be a candidate CH  

 else  

 CCH{s}=FALSE; //node s not be a candidate CH  

 end if  

 end if  

 SendToBS: All nodes send messages to BS;  

 BS broadcasts a message back to all nodes;  

SET-UP PHASE  

 do { //repeat for r rounds  

 CH{s}=TRUE; //node s be a CH  

 Else  

 CH{s}=FALSE; //node s not be a CH  

 end if  

 end if  

 if (CH{s}=TRUE) then  

 BC (ADV) ← broadcast an advertisement message;  

 Cluster(c); //form a cluster c;  

 end if  

STEADY-STATE PHASE  

 If (CH(s)=TRUE) then  

 receive data from members;  

 aggregate received data;  

 transmit received data;  

 else  

 If (My Timeslot=TRUE) then  

 transmit sensed data;  

 else  

 node i at a sleep state  

 end if  

 end if  

 one round is completed  
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 end  

 end 

 

V. PROPOSED MODEL 

 

The proposed methodology of the proposed work is described as follows in the flowchart.  

 
 

VI. RESULTS AND DISCUSSION 

 

The performance simulation is taken place in MATLAB environment, in which initially No. of nodes that were 

taken are ---------- and no.of heads are …………… The performance evaluation will be done on the basis of 

following parameters.  

a. Throughput.  

b. End to end delay  

c. Packet delivery Ratio  
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Fig 5.1: Throughput Performance 

The figure 5.1 shows the throughput graph which shows the performance between speed with genetic algorithm 

and speed with energy of the cluster head using genetic algorithm. 

 

Fig 5.2: Graph of End to End Delay 

The figure 5.2 shows the end to end delay which shows that at how much delay the packets are received by the 

destination to reduce the congestion in the network and having less energy consumption. This measure should 

be low as much as possible for the efficient network. 
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Fig 5.3: Packet Delivery Ratio 

The figure 5.3 shows the packet delivery percentage which is an important parameter which shows that the 

packets are successfully sent from source to the destination and shows that 99.6 percent packets are delivered 

from source to the destination which increases the lifetime of the network and enhances the LEACH protocol. 

 

VII. CONCLUSION AND FUTURE SCOPE 

 

In this paper, an original Genetic sAlgorithm based Energy Efficient adaptive clustering hierarchy Protocol has 

been offered to powerfully maximize the lifetime and immovability period of wireless sensor networks. Genetic 

Algorithm energy efficient uses genetic algorithm to advance the network life span and stability period of the 

wireless sensor networks by finding the most favourable number of cluster heads and their locations based on 

minimizing the energy consumption of the sensor nodes. Mat lab simulation marks showed that the planned 

GENETIC ALGORITHM ENERGY EFFICIENT protocol is more energy efficient and more reliable in cluster 

process as compared to LEACH, LEACH-GA protocols in low or high dense networks and in homogeneous or 

heterogeneous networks. Also, GENETIC ALGORITHM ENERGY EFFICIENT protocol increases the 

dependability of clustering process because it expands the stability period and compresses the unsteadiness 

period.  

In prospect, the cross layer optimization using uncertainty and routing strategy can be investigated moreover, 

the work can be complete by including multi-hop communication between cluster heads. Additionally, other 

knowledge techniques could be included to decide energy efficient clusters.  
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ABSTRACT 

With the increase in globalization which in turn led the world to be a digital world age of computers 

dawned. With the computers came the new problems of cyber warfare. Computers further led to the 

internet exploration which gave rise to cybercrimes. These crimes are the most lethal crimes ever in 

history of mankind. To prevent the computer users from use malicious things, the reverse technology 

of prevention of cybercrimes such as cyber theft, online banking frauds, phishing, child pornography 

etc. this wing of forensics deals with all the ways to prevent the cybercrimes, dismantle cyber threats 

and to bring down any individual or group found doing so. 

 

Keywords: Digitalization, Computation, Cybercrime, Threat, Forensics, Prevention. 

 

I. INTRODUCTION 

 

Cyber Forensics: Cyber forensics, also called computer forensics or digital forensics, is the process of extracting 

information and data from computers to serve as digital evidence - for civil purposes or, in many cases, to prove 

and legally prosecute cybercrime. With technology changing and evolving on a daily basis, cyber forensic 

professionals must continually keep pace and educate themselves on the new techniques to collect this data. 

They are tasked with being an expert in forensic techniques and procedures, standards of practice, and legal and 

ethical principles that will assure the accuracy, completeness and reliability of the digital evidence [1]. 

Cyber Security: Cyber security is an essential element of computer networks, and computer forensics involves 

working in data analysis and tracking intrusions into computer systems, while monitoring the security of online 

networks [1] [2]. 

 

II. HISTORY 

 

In the early 1980s personal computers became more accessible to consumers, leading to their increased use in 

criminal activity (for example, to help commit fraud). At the same time, several new "computer crimes" were 

recognized (such as hacking). The discipline of computer forensics emerged during this time as a method to 

recover and investigate digital evidence for use in court. Since then computer crime and computer related crime 

has grown, and has jumped 67% between 2002 and 2003. Today it is used to investigate a wide variety of crime, 

including child pornography, fraud, espionage, cyber stalking, murder and rape. The discipline also features in 

civil proceedings as a form of information gathering (for example, Electronic discovery)[1]. 
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Fig.2 Technique of Cyber Forensics 

 

III. TECHNIQUES OF CYBER FORENSICS 

 

Computer forensic investigations usually follow the standard digital forensic process or phases: acquisition, 

examination, analysis and reporting. Investigations are performed on static data (i.e. acquired images) rather 

than "live" systems. This is a change from early forensic practices where a lack of specialist tools led to 

investigators commonly working on live data. 

A number of techniques are used during computer forensics investigations and much has been written on the 

many techniques used by law enforcement in particular. See, e.g., "Defending Child Pornography Cases". 

 Cross-drive analysis: A forensic technique that correlates information found on multiple hard drives. The 

process, still being researched, can be used to identify social networks and to perform anomaly detection. 

 Live analysis: The examination of computers from within the operating system using custom forensics or 

existing sysadmin tools to extract evidence. The practice is useful when dealing with Encrypting File 

Systems, for example, where the encryption keys may be collected and, in some instances, the logical hard 

drive volume may be imaged (known as a live acquisition) before the computer is shut down [2]. 

 Deleted files: A common technique used in computer forensics is the recovery of deleted files. Modern 

forensic software have their own tools for recovering or carving out deleted data. Most operating 

systems and file systems do not always erase physical file data, allowing investigators to reconstruct it from 

the physical disk sectors. File carving involves searching for known file headers within the disk image and 

reconstructing deleted materials [2] 

 Stochastic forensics: A method which uses stochastic properties of the computer system to investigate 

activities lacking digital artifacts. Its chief use is to investigate data theft[3]. 

 Steganography: One of the techniques used to hide data is via steganography, the process of hiding data 

inside of a picture or digital image. An example would be to hide pornographic images of children or other 

information that a given criminal does not want to have discovered. Computer forensics professionals can 

fight this by looking at the hash of the file and comparing it to the original image (if available.) While the 

image appears exactly the same, the hash changes as the data changes [3][4]. 

Cyber security is gaining prominence in the light of increasing number of unauthorized attempts to barge into 

private data with the explicit aim of stealing the same to intimidate or coerce users into information 

blackmailing. The tools and techniques employed to tackle cyber security concerns are: 
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 Authentication: This fundamental cyber security technique intends to verify the identity of user based on 

the credentials stored in the security domain of the system. The most common mode of governance is 

password technology, however there are numerous other implementations like the SIM card inserted in 

anyone’s cell phone. SIM cards are equipped with unique ID numbers which are passed over a secure 

communication line for identification of a particular cell phone. The main challenge encountered in 

authenticating process is thwarting attempts of unauthorized people to eavesdrop on the authenticating 

message. The password transmitted over an insecure medium is liable to be intercepted by dishonest people 

who can use it to disguise as the original user. This problem is countered by encryption [4]. 

 Encryption: Encryption renders data undecipherable without application of a proper key to unlock the 

same. To combat an encryption, one would be required to undertake solving complicated mathematical 

problems like factoring large primes that would consume astronomical amount of computing resources and 

time. Symmetric encryption utilizes the same key for the purpose of message encoding and decoding, and 

the security level is similar to that of the key. The distribution of the key will be accompanied by potential 

security risks. Asymmetric encryption utilizes a public key to encrypt the message and a private key to 

decrypt the same. A majority of present day security protocols are employing asymmetric encryption for 

distribution of keys [4][5]. 

 Digital signatures: Digital signatures can be erected out of the same mathematical algorithms that are 

employed in asymmetric encryption. A user is free to test that he possesses a private key by getting some 

information encoded with it. Anyone can get the same decrypted by having the public key that will verify 

the person’s credentials. This process is in essence the exact reciprocal of public key encryption and 

likewise functions on the assumption that the authorized user only has the private key [5]. 

 Anti-virus: The threats of computer viruses or undesirable short programs that trigger unwanted commands 

without the explicit consent of user have assumed monstrous proportions. Anti-virus software carries out 

two functions; it prevents the installation of virus in a system and scans the systems for viruses that are 

already installed. Most viruses have been constructed to target Windows operating system as it is the most 

preferred computing platform of masses. Apple and Linux users can also come under the attack of viruses 

exclusively built for such operating systems [4] [5]. 

 Firewall: Firewalls effectively hinders any attempt of unauthorized access to a computer when it is 

connected on the internet by hackers directly or via other network connections. Firewalls come bundled up 

with most operating systems and are turned on by default. The help of commercial firewalls can be sought if 

the security level of the default firewall is not strong enough or if it is posing interference to legitimate 

network activities [5]. 

 

IV. CONCLUSION 

 

As new technological innovations continue to proliferate in our society, so do the opportunities for technology 

exploitation. Once a mere nuisance, hackers now threaten private citizens, businesses, and government 

agencies.  

Government and law enforcement agencies need skilled professionals who can join the fight against cybercrime, 

cyber terrorism, identity theft, and the exploitation of minors. Companies and other private sector organizations 
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need skilled professionals with both business acumen and technology skills for recognizing and mitigating 

vulnerabilities.  

The U.S. Bureau of Labor Statistics (bls.gov) predicts there will be over 65,000 new jobs for "Information 

Security Analysts, Web Developers, and Network Architects" by 2020.The Cyber Forensics and Information 

Security program combines the disciplines of technology, business, organizational behavior, and law. Students 

learn techniques used to detect, respond to, and prevent network intrusions. They also master broader concepts 

such as the responsible use of resources, the appropriate management of risks, and the alignment of information 

technology with the organization. 
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Abstract - The use of image fusion techniques has gained significant popularity in recent years; image fusion is one 

of important prime method in image processing. The term fusion means in general an approach to extraction of 

information acquired in several domains. Image fusion has been used in many application areas. In this paper, fuzzy 

based Image fusion using wavelet transform has been presented. 

 

Keywords – Image Fusion, Image Processing, Fuzzy, Wavelet Transform. 

 

1. INTRODUCTION 

Image Fusion is a process of combining relevant information from a set of images into a single image. The 

resultant fused image will be more informative and complete than any of the input images. The aim of image 

fusion is to integrate complementary as well as redundant information from multiple images to create a fused 

image output. Therefore the new image generated is more informative and accurate than any of the individual 

source. 

 

Multisensor data fusion has become a discipline which demands more general formal solutions to a number of 

application cases. Several situations in image processing require both high spatial and high spectral information 

in a single image. This is important in remote sensing. However, the instruments are not capable of providing 

such information either by design or because of observational constraints. One possible solution for this is data 

fusion. 

 

Image fusion can be broadly defined as the process of combing multiple input images or some of their features 

into a single image without the introduction of distortion or loss of information. The aim of image fusion is to 

integrate complementary as well as redundant information from multiple images to create a fused image output. 

Therefore, the new image generated should contain a more accurate 

description of the scene than any of the individual source images and is more suitable for human visual and 

machine perception or further image processing and analysis tasks. For medical image fusion, the fusion of 

images can often lead to additional clinical information not apparent in the separate images. Another advantage 

is that it can reduce the storage cost by storing just the single fused image instead of multisource images. 



 

231 | P a g e  

2.  PROPOSED FUSION METHODOLOGY 

 The input images namely MRI and PET images from two different sources are employed with DWT at the 

initial Stage. The fusion of these images occurs at the second stage based on the fuzzy rules formulated in this 

algorithm. Then Inverse DWT is applied at the consecutive level, which produces a single combined output 

image called as „Fused Image‟. The block diagram given in Figure 1 explains the process flow of the proposed 

fuzzy based system. 

 

 

Figure 1: Overall Process flow of Proposed Multi Modal Image Fusion Methodology 

 

2.1. Discrete Wavelet Transform 

The Wavelet Transform provides a time-frequency representation of the signal. The DWT, which is based on 

sub-band coding, is found to yield a fast computation of Wavelet Transform. It is easy to implement, reduces the 

computation time and resources required. There is a wide range of applications for wavelet Transforms. They 

are applied in different fields ranging from image processing to biometrics and the list is still growing. Wavelet 

Transforms are used to compress the fingerprint pictures for storage in their data bank. 

It was developed to overcome the shortcoming of the Short Time Fourier Transform (STFT), which can also be 

used to analyze non-stationary signals. While STFT gives a constant resolution at all frequencies, the Wavelet 

Transform uses multi-resolution technique by which different frequencies are analyzed with different 

resolutions. 

The Wavelet Transform explores both time and frequency information. It is expected to be a more suitable 

feature extractor than those which work in the time or frequency domain only. The DWT is used as main tool in 

this scheme. Figure 2 explains the Wavelet decomposition into sub bands. 

 

Figure 2: Wavelet Decomposition into sub-bands 
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The DWT decomposes the given image into various sub-bands. After one level of decomposition, there will be 

four frequency bands, namely Low-Low (LL), Low-High (LH), High-Low (HL) and High-High (HH).Low-Low 

sub-band contains the approximate of the original image, Low-High sub-band contains the horizontal details of 

the image, High-Low sub-band contains the vertical details of the image and High-High sub-band contains the 

diagonal details of the image. The next level decomposition is just applied to the Low-Low band of the current 

decomposition stage which forms a recursive decomposition procedure. Thus N-level decomposition will finally 

have 3N+1 different bands which include 3N high frequency bands and just one Low-Low frequency band. 

 

2.2. Wavelet Families 

There are a number of basic functions that can be used as the mother wavelet for Wavelet Transformation. Since 

the mother wavelet produces all wavelet functions used in the transformation through translation and scaling, it 

determines the characteristics of the resulting wavelet Transform. Therefore, the details of the particular 

application should be taken into account and the appropriate mother wavelet should be chosen in order to use 

the Wavelet Transform effectively. Figure 1.3 depicts some commonly used wavelet functions. 

Haar wavelet is one of the oldest and simplest wavelet. Daubechies wavelets are most popular wavelets; they 

represent the foundations of wavelet signal processing and are used in numerous applications. The Meyer, 

Morlet and Mexican Hat wavelets are symmetric in shape. The Wavelets are chosen based on their shape and 

their ability to analyze the signal in a particular application. 

 

 

 

Figure 3: Wavelet Families (a) Haar (b) Daubechies (c) Coiflet (d) Symlet (e) Meyer (f) Morlet (g) Mexican Hat 

 

2.3. Fuzzy Sets 

Fuzzy can be defined as “not clear, distinct, or precise; blurred”. Fuzzy logic variables may have a truth value 

that ranges in degree between zero and one. Fuzzy logic has been extended to handle the concept of partial truth, 

where the truth value may range between completely true and completely false. Fuzzy is a set or combination of 
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rules and decisions. Fuzzy sets are sets whose elements have degree of membership. It was used as a mean to 

model the vagueness and ambiguity in complex systems. 

 

2.4. Membership Functions 

The membership function is a graphical representation of the magnitude of participation of each input in the 

input space. Input space is often referred as the universe of discourse or universal set, which contain all the 

possible elements of concern in each particular application. It associates a weighting with each of the inputs that 

are processed, define functional overlap between inputs and ultimately determines an output response. The rules 

use  the input membership values as weighting factors to determine their influence on the fuzzy output sets of 

the final output conclusion. Once the functions are inferred, scaled and combined, they are defuzzified into a 

crisp output, which drives the system. There are different memberships functions associated with each input and 

output response. 

 

2.5. Fuzzy Rules 

Human beings make decisions based on rules. Fuzzy machines, which always tend to mimic the behavior of 

man, work the same way. However, the decision and the means of choosing that decision are replaced by fuzzy 

sets and the rules are replaced by fuzzy rules. Fuzzy rules also operate using a series of if-then statements. For 

instance, if X then A, if Y then B, where A and B are all sets of X and Y. Fuzzy rules define fuzzy patches, 

which is the key idea in fuzzy logic. 

 

2.6. Fuzzy Logic in Image Processing 

Fuzzy image processing is not a unique theory. Fuzzy image processing is the collection of all approaches that 

understand, represent and process the images, their segments and features as fuzzy sets. The representation and 

processing depend on the selected fuzzy technique and on the problem to be solved. It has three main stages: 

a) Image Fuzzification (Fuzzification is to transform Crisp inputs into fuzzy subsets) 

b) Modification of membership values(Usage of fuzzy rules) 

c) Image Defuzzification (Defuzzification is to map fuzzy subsets of real numbers into real numbers) 

The coding of image data (fuzzification) and decoding of the results (Defuzzification) are the two main stages 

that make possible to process images with fuzzy techniques. The main power of fuzzy image processing is in the 

middle step (Modification of membership values).After the image data are transformed from gray-level plane to 

the membership plane (Fuzzification), appropriate fuzzy techniques modify the membership values. This can be 

a fuzzy clustering, a fuzzy rule-based approach, a fuzzy integration approach and so on. 

 

2.7. Fuzzy Logic Matrix 

The proposed fuzzy system is designed with 4 inputs and a single output, such that the 4 inputs indicate the 4 

pixels present in the window mask. In this, the number of fuzzy sets used for the input Black and white is 2, and 

for the output, 3 fuzzy sets are used. The Fuzzy rules are formulated as shown in the Table1 for the input and 

output variables. 
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Table 1: Fuzzy rules for input and output variables 

 

Input/output Name Range MF type 

Fuzzy Input 1 = Pixel P1 
Black [ 0  0  255] Triangular 

White [ 0  255  255] Triangular 

Fuzzy Input 2 = Pixel P2 
Black [ 0  0  255] Triangular 

White [ 0  255  255] Triangular 

Fuzzy Input 3 = Pixel P3 
Black [ 0  0  255] Triangular 

White [ 0  255  255] Triangular 

Fuzzy Input 4 = Pixel P4 
Black [ 0  0  255] Triangular 

White [ 0  255  255] Triangular 

Fuzzy output 1 = Pixel P4_out 

Black [ 0  3  5] Triangular 

White [ 249  252  255] Triangular 

Edge [130   133  135] Triangular 

 

The accuracy level of edge detection in the image will be improved by using fuzzy logic. 16 Fuzzy rules are 

constructed for every 2x2 pixel sub block. The output value indicates to fuzzy set (Black fuzzy set, white fuzzy 

set or Edge fuzzy set) the output pixel „p4‟ belongs to. The fuzzy rules based table is shown in Table 2. The 

notation „0‟ represents black pixel and „255‟ represents white pixel and „E‟ represents edge pixel which may be 

„0‟ or „255‟.For the construction of 2x2 sub block, the edge pixel is noted if any pixel variation occurs in this 

sub block. 

 

Table 2: Fuzzy Rules based table 

Fuzzy Inputs Fuzzy Output 

P1 P2 P3 P4 P4_Out 

0 0 0 0 0 

0 0 0 255 E 

0 0 255 0 E 

0 0 255 255 E 

0 255 0 0 E 

0 255 0 255 E 

0 255 255 0 E 

0 255 255 255 E 

255 0 0 0 E 

255 0 0 255 E 

255 0 255 0 E 

255 0 255 255 E 

255 255 0 0 E 

255 255 0 255 E 

255 255 255 0 E 

255 255 255 255 255 

 

 

2.8. Implementation of the Algorithm 

The proposed algorithm is developed on the basis of a set of four pixels and a 2x2 mask window to a set of 

fuzzy rules that determine all the edges of the image. The fuzzy rules also assist in testing the relative values of 

pixels whether it is doubted as an edge pixel or not, therefore relative pixel values help to extract all the edges of 

an image. The edge pixel is present in an image if the difference in intensity between adjacent pixels is of large 
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value. The described procedure can be achieved by formulating 16 rules. Next, the results are compared with the 

existing technique using a Graphical User Interface (GUI) 

Figure 4 shows a window mask used in scanning the image. Let P1, P2, P3 and P4 be the pixels in a 2x2 sub-

block. The pixel P4 is checked if it is either black or white or edge based on P1, P2, P3 and P4 combinations. 

The pixel P4 is considered as edge pixel if the abrupt change in pixel P4 with respect to any P1, P2 and 

P3.Therefore 2
4
=16 rules will be constructed. 

 

 

Figure 4: 2x2 Scanning mask used in edge pixels detection 

The window mask is laid over an area of the input image. The Mask alters the value of pixel P4 and then shifts 

one pixel to the right and continues to the right up to the end of a row and then it goes to the beginning of the 

next row and does the same process till the entire image is scanned. The mask is applied over the full image and 

the output is generated by the fuzzy system based upon the formulated rules and the pixels P1, P2, P3 and P4. 

Step 1: Form or construct sub-blocks and each sub-block contain four pixels such as P1, P2, P3 and P4 which 

are       fuzified into different fuzzy sets, containing conventional membership functions. 

Step 2: Fuzzy membership functions are determined for three categories of pixels such as black, white and edge 

pixels. 

Step 3: Fuzzy rules are constructed in accordance with fuzzy membership function. 

Step 4: 2-Input Membership function such as „mf1‟ for black and „mf2‟ for white is constructed. 

Step 5: 3-Output Membership function such as „mf1‟ for black,‟mf2‟ for edge and „mf3‟ for white are 

constructed. 

Step 6: The triangular Membership functions are used for the inputs and single output. 

The overall working of the algorithm is explained as a pseudo code as shown in figure 5, Figure 6 explains the 

Membership function for output variables.  
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Input        : MRI & PET Brain  Images 

                                                      Output      : Fused Image 

 

1.Upon receiving MRI & PET Brain Images 

2.Apply DWT on MRI brain image and obtain its coefficients 

3. Apply DWT on PET brain image and obtain its coefficients 

4.Remove  lower resolution sub bands from both images 

5.Construct membership functions for input variables 

6.Construct membership functions for output variables 

7.Check the membership function as triangular 

8.If triangular membership is found then 

9.Construct the fuzzy rules based on membership function 

10.End 

11.If fuzzy rules are constructed then 

12.Apply fusion rules to DWT transformed images 

13.End 

14.Perform inverse DWT on the fuzzy applied image 

15.If IDWT is successful then 

16.Do performance analysis 

17.End 

 

 

Figure 5: Pseudo Code for proposed Multi modal Image fusion 

 

 

2.9. Membership Function of Variables 

 

 

 

Figure 6: Membership Function for Input Variables 

 

 

Figure 7: Membership Function for Output variables 
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2.10. Fusion Rules 

In this section, we focus on the DWT fusion methods. The fusion rule includes two parts, activity-level 

measurement method and coefficient combining method. In this fusion rule, the activity-level measurement is 

not used while the coefficient combining method is simply the “Substitution”. 

In the example of multi focus image fusion, the activity-level measurement is Di(p)
 
while the coefficient 

combining method is “choose – max”. In the following, some simple and basic fusion rules are introduced .First 

we consider two source images X and Y, and the fused image Z. Generally, an image I has its DWT coefficients 

denoted as Di and the activity level as Ai . Thus we shall encounter Dx ,Dy ,Dz ,Ax and Ay.The index of each 

DWT coefficient is denoted by p = ( m, n ,k , i ) illustrated by figure 8,where k is the decomposition level while 

I is the index of the frequency band. So (m, n, k, i) implies the (m, n)-th coefficient in LL (k=0, i=0) band. 

Therefore, Di(p) and Ai(p) are the value and activity level of p-DWT coefficient. 

 

 

 

Figure 8:  Two –Level DWT coefficients 

3.   FUSION PARAMETERS 

3.1. Mean Square Error (MSE) 

Mean Square Error (MSE) is one of the most commonly used error projection method where, the error value is 

the value difference between the actual data and the resultant data. The mean of the square of this error provides 

the error or the actual difference between the expected/ideal results to the obtained or calculated result. Here, the 

calculation is performed at pixel level. A total of m*n pixels are to be considered. Aij will be pixel density value 

of the perfect image and Bij being that of the fused image. The difference between the pixel density of the 

perfect image and the fused image is squared and the mean of the same is the considered error.MSE value will 

be 0 if both the images are identical. 

MSE = 
2 

Where „m‟ represents width of the fused image and „n‟ represents height of the fused image. 

 

3.2. Peak Signal to Noise Ratio (PSNR) 

PSNR is defined as the logarithm of the ratio between the peak value to the square root of MSE multiplied by 20 

as given in equation 2.This basically Projects the ratio of the highest possible value of the data to the error 

obtained in the data. At pixel level, the highest possible value is 255, i.e. in an 8 bit grey scale image; the 

maximum possible value is having every bit as 1 -> 11111111; which is equal to 255. The error between the 

fused image and the perfect image is calculated as the MSE and the ratio value if obtained. If both the fused and 
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the perfect images are identical, then the MSE value would be 0. In that case, the PSNR value will remain 

undefined. 

PSNR = 20  

3.3. Entropy 

Entropy is an important evaluation parameter to estimate the quality adherence of the fused image. Entropy is a 

statistical measure of randomness that can be used to characterize the texture of the fused brain image. Entropy 

can be calculated as given in equation 3. 

Entropy = - p *  

Where „p‟ represents histogram counts of each pixel value in an fused brain image. 

4.   RESULTS OF FUZZY BASED FUNCTION 

The proposed fuzzy based fusion method is quantitatively evaluated using MATLAB and compared in terms of 

subjective testing, i.e., visual quality, where recommended parameters are used. The original image and the 

fused image are compared by the quality metrics such as PSNR, MSE, entropy and elapsed time. 

For the quantitative testing of the fused images, we make use of the PSNR as a prime evaluation factor. From 

the results, it is observed that our proposed fusion methodology performs very well. To prove the visual quality, 

the fused image of proposed method is compared with that of images obtained by other state of arts methods 

employing various set of MRI and PET images. 

In this section, the comparison of proposed with existing methods in terms of certain parameters are being 

discussed. Table 3 illustrates the variation of PSNR, MSE and Entropy, and elapsed time in fusion respectively. 

 

Table 3: Performance comparison of proposed fusion method in terms of quality metrics 

 

METHODOLOGY PSNR MSE ENTROPY 

Proposed Methodology 56.23 27.41 2.0958 

Group-Sparse Algorithm (Li et al 2012) 29.54 32.56 1.7864 

Bivariate Laplacian mixture  model (Rabbani et  al 2009) 22.16 37.19 1.9652 

 

Table 4: Performance comparison of proposed fusion method in terms of fusion latency 

 

Methodology Elapsed Latency(ms) 

Proposed Methodology 0.17 

Group-Sparse Algorithm (Li et al 2012) 0.38 

Bivariate Laplacian mixture  model (Rabbani et  al 2009) 0.45 
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Figure 9: Graphical representation of the performance comparisons in terms of PSNR, MSE and Entropy 

 

 The Figure 9 depicts the performance analysis of proposed fusion method in terms of PSNR, MSE and Entropy. 

The proposed method significantly produced superior results when compared with other existing techniques like 

group sparse algorithm and bivariate Laplacian mixture model technique. 

 

 

 

Figure 10: Graphical plot of performance comparison in terms of Fusion Latency 

  

The figure 10 depicts the performance analysis of proposed fusion method in terms of fusion latency. The 

proposed method significantly produced superior results when compared with other existing techniques like 

group sparse 

 algorithm  and bivariate Laplacian mixture model technique. 
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5.   CONCLUSIONS 

A new approach to fuse two multimodal medical images with DWT is employed. The wavelet based fusion 

technique is comparatively better than standard fusion technique is comparatively better than standard fusion 

technique in terms of spatial and spectral quality. The presented fusion rules are based on edge detection. 

Thus the proposed fuzzy logic based algorithm is the combination of wavelet transform with edge based fuzzy 

rules. It is implemented and executed for various sets of images and it is found that the fused image has better 

performance in terms of PSNR, MSE and Entropy. 

The proposed fuzzy based fusion technique  is significantly resulted in reduced elapsed time of 55 percent, 

reduced MSE by 16 percent, improved PSNR level by 90 percent and improved entropy level  by 17 percent 

while compared with Group sparse algorithm technique. The PSNR level improvement will also increase the 

level of fusion accuracy for further tumor detection and classifications. 
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