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Introduction

Decision  fusion  is  a  rapidly  growing  field  that  has 

emerged in response to the increasing availability of 

sensors  and  data.  By  combining  information  from 

multiple sensors, decision fusion systems can improve 

the  accuracy,  reliability,  and  timeliness  of  decision-

making.

Decision  fusion  has  applications  in  a  wide  range  of 

domains, including target tracking, object recognition, 

situation  assessment,  medical  diagnosis,  industrial 

automation,  environmental  monitoring,  smart  cities, 

and autonomous systems. In this book, we will explore 

the  fundamentals  of  decision  fusion,  including  its 

concepts,  architectures,  performance  measures,  and 
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applications. We will  also discuss the latest trends in 

decision fusion,  such as the use of  machine learning 

and artificial intelligence.

The  book  is  organized  into  10  chapters.  The  first 

chapter provides an overview of the fundamentals of 

decision  fusion.  The  second  chapter  discusses  data 

fusion  techniques,  including  preprocessing,  feature 

extraction, data association, and state estimation. The 

third  chapter  focuses  on  sensor  fusion  for  target 

tracking,  including  Kalman  filtering  and  particle 

filtering.  The fourth chapter covers sensor fusion for 

object  recognition,  including  object  detection, 

classification, and localization.

The fifth chapter discusses sensor fusion for situation 

assessment,  including  situation  modeling,  anomaly 

detection,  and  risk  assessment.  The  sixth  chapter 

covers sensor fusion for medical  diagnosis,  including 

disease  diagnosis,  treatment  planning,  and  patient 

monitoring.  The  seventh  chapter  discusses  sensor 
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fusion  for  industrial  automation,  including  process 

monitoring, fault detection, and robot navigation.

The  eighth  chapter  covers  sensor  fusion  for 

environmental  monitoring,  including  air  quality 

monitoring, water quality monitoring, and land cover 

classification.  The  ninth  chapter  discusses  sensor 

fusion for smart cities,  including traffic management, 

energy management, and disaster response. The tenth 

chapter  explores  emerging  trends  in  sensor  fusion, 

such  as  the  use  of  machine  learning  and  artificial 

intelligence.

This book is intended for a wide audience,  including 

researchers, practitioners, and students in the fields of 

decision  fusion,  sensor  fusion,  data  fusion,  and 

artificial  intelligence.  We  hope  that  this  book  will 

provide a comprehensive and up-to-date overview of 

the field of decision fusion.
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Book Description

scribble  mapped  text  #  |  idea  |  this  as  example 

provides a comprehensive and up-to-date overview of 

the emerging field of decision fusion. Decision fusion is 

the  process  of  combining  information  from  multiple 

sensors  to  improve  the  accuracy,  reliability,  and 

timeliness of decision-making.

This book covers the fundamentals of decision fusion, 

including  its  concepts,  architectures,  performance 

measures, and applications. It also discusses the latest 

trends in decision fusion, such as the use of machine 

learning and artificial intelligence.

scribble mapped text # | idea | this as example is 

divided into 10 chapters. The first chapter provides an 

overview  of  the  field  of  decision  fusion.  The  second 

chapter  discusses  data  fusion  techniques,  including 

preprocessing, feature extraction, data association, and 

state estimation.  The third chapter focuses on sensor 

4



fusion for  target  tracking,  including Kalman filtering 

and particle filtering. The fourth chapter covers sensor 

fusion  for  object  recognition,  including  object 

detection, classification, and localization.

The fifth chapter discusses sensor fusion for situation 

assessment,  including  situation  modeling,  anomaly 

detection,  and  risk  assessment.  The  sixth  chapter 

covers sensor fusion for medical  diagnosis,  including 

disease  diagnosis,  treatment  planning,  and  patient 

monitoring.  The  seventh  chapter  discusses  sensor 

fusion  for  industrial  automation,  including  process 

monitoring, fault detection, and robot navigation.

The  eighth  chapter  covers  sensor  fusion  for 

environmental  monitoring,  including  air  quality 

monitoring, water quality monitoring, and land cover 

classification.  The  ninth  chapter  discusses  sensor 

fusion for smart cities,  including traffic management, 

energy management, and disaster response. The tenth 

chapter  explores  emerging  trends  in  sensor  fusion, 
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such  as  the  use  of  machine  learning  and  artificial 

intelligence.

scribble mapped text # | idea | this as example is 

intended for  a  wide  audience,  including researchers, 

practitioners,  and  students  in  the  fields  of  decision 

fusion,  sensor  fusion,  data  fusion,  and  artificial 

intelligence. This book provides a valuable resource for 

anyone who wants  to  learn  more  about  this  rapidly 

growing field. 
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Chapter  1:  Fundamentals  of  Decision 

Fusion

Concept and definitions

Decision  fusion  is  the  process  of  combining 

information  from  multiple  sensors  to  improve  the 

accuracy, reliability, and timeliness of decision-making. 

Decision fusion systems can be used in a wide range of 

applications,  including  target  tracking,  object 

recognition,  situation  assessment,  medical  diagnosis, 

industrial  automation,  environmental  monitoring, 

smart cities, and autonomous systems.

Decision fusion is a complex process involving several 

steps.  The  first  step  is  to  collect  data  from  multiple 

sensors.  This  data  can  be  in  a  variety  of  formats, 

including images,  videos,  audio,  and sensor readings. 

The second step is  to  preprocess  the data to  remove 

noise and errors. The third step is to fuse the data from 

multiple sensors. This can be done using a variety of 
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methods,  including  Kalman  filtering,  Bayesian 

inference, and fuzzy logic. The fourth step is to make a 

decision based on the fused data. This decision can be 

made using  a  variety  of  methods,  including  decision 

trees, neural networks, and support vector machines.

Decision fusion systems offer several advantages over 

single-sensor  systems.  First,  decision  fusion  systems 

can improve the accuracy of decision-making. This is 

because  decision  fusion  systems  can  combine 

information from multiple sensors, which can help to 

reduce the effects of noise and errors. Second, decision 

fusion systems can improve the reliability of decision-

making.  This  is  because  decision  fusion  systems  can 

continue to make decisions even if one or more sensors 

fail.  Third,  decision  fusion  systems  can  improve  the 

timeliness of decision-making. This is because decision 

fusion systems can process data from multiple sensors 

in  parallel,  which  can  speed  up  the  decision-making 

process.
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Decision fusion is a powerful tool that can be used to 

improve  the  accuracy,  reliability,  and  timeliness  of 

decision-making. Decision fusion systems are used in a 

wide range of  applications,  and their  use is  likely  to 

grow in the future.

Paragraph 2:

Decision fusion is a rapidly growing field, and there is a 

wide range of research being conducted in this area. 

Some of the most active areas of research in decision 

fusion include:

 New methods for data fusion: Researchers are 

developing  new  methods  for  fusing  data  from 

multiple  sensors.  These  new  methods  are 

designed  to  improve  the  accuracy,  reliability, 

and timeliness of decision fusion systems.

 New  applications  for  decision  fusion: 

Researchers are exploring new applications for 

decision fusion. These new applications include 

using  decision  fusion  for  autonomous 
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navigation,  medical  diagnosis,  and 

environmental monitoring.

 Theoretical  foundations  of  decision  fusion: 

Researchers  are  developing  new  mathematical 

models and theories to describe the behavior of 

decision  fusion  systems.  These  new 

mathematical  models  and  theories  can  help  to 

improve the design and performance of decision 

fusion systems.

The research being conducted in the field of decision 

fusion  is  leading  to  new  and  innovative  ways  to 

improve  the  accuracy,  reliability,  and  timeliness  of 

decision-making. Decision fusion systems are becoming 

increasingly important in a wide range of applications, 

and  their  use  is  likely  to  grow  even  further  in  the 

future.

Paragraph 3:

Decision fusion is  a challenging field,  but it  is  also a 

very rewarding one. There are many opportunities for 
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research and development in this field, and there is a 

growing  need  for  decision  fusion  systems  in  a  wide 

range of applications. If you are interested in a career 

in decision fusion, there are many resources available 

to help you get started. You can find more information 

about decision fusion on the websites of the IEEE Signal 

Processing  Society  and  the  International  Society  for 

Information Fusion.

Paragraph 4:

Here are some of the benefits of using decision fusion 

systems:

 Improved accuracy: Decision fusion systems can 

improve  the  accuracy  of  decision-making  by 

combining  information  from  multiple  sensors. 

This can help to reduce the effects of noise and 

errors.

 Improved reliability: Decision fusion systems can 

improve  the  reliability  of  decision-making  by 
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continuing to make decisions even if one or more 

sensors fail.

 Improved  timeliness:  Decision  fusion  systems 

can  improve  the  timeliness  of  decision-making 

by  processing  data  from  multiple  sensors  in 

parallel. This can speed up the decision-making 

process.

 Reduced cost: Decision fusion systems can help 

to reduce the cost  of  decision-making by using 

less expensive sensors.

Paragraph 5:

Here  are  some  of  the  challenges  of  using  decision 

fusion systems:

 Increased  complexity:  Decision  fusion  systems 

can be more complex than single-sensor systems. 

This can make them more difficult to design and 

implement.
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 Increased  data  requirements:  Decision  fusion 

systems require data from multiple sensors. This 

can make them more expensive to operate.

 Increased  latency:  Decision  fusion  systems  can 

have higher latency than single-sensor systems. 

This can make them less suitable for applications 

where real-time decision-making is required.

Paragraph 6:

Overall, decision fusion is a powerful tool that can be 

used  to  improve  the  accuracy,  reliability,  and 

timeliness  of  decision-making.  However,  decision 

fusion  systems  can  also  be  more  complex  and 

expensive than single-sensor systems. It is important to 

carefully consider the benefits and challenges of using 

decision fusion systems before making a decision about 

whether or not to use them.
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Chapter  1:  Fundamentals  of  Decision 

Fusion

Types of decision fusion

Decision  fusion  is  the  process  of  combining 

information from multiple sensors to improve decision-

making.  There  are  many  different  types  of  decision 

fusion,  each  with  its  own  advantages  and 

disadvantages.

One  common  type  of  decision  fusion  is  majority 

voting. In this approach, each sensor makes a decision, 

and the final decision is the one that is agreed upon by 

the majority of sensors. Majority voting is a simple and 

effective  approach  to  decision  fusion,  but  it  can  be 

susceptible to noise and outliers.

Another type of decision fusion is weighted averaging. 

In this approach, each sensor's decision is weighted by 

its reliability.  The final decision is then the weighted 

average  of  the  individual  decisions.  Weighted 
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averaging  is  more  robust  to  noise  and  outliers  than 

majority  voting,  but  it  can  be  more  complex  to 

implement.

A third type of decision fusion is  Bayesian fusion. In 

this approach, each sensor's decision is represented as 

a probability distribution. The final decision is then the 

probability  distribution  that  is  the  product  of  the 

individual probability distributions. Bayesian fusion is 

the  most  complex type of  decision fusion,  but  it  can 

also be the most accurate.

The type of decision fusion that is best for a particular 

application depends on a number of factors, including 

the number of  sensors,  the reliability  of  the sensors, 

and the nature of the decision.

In  addition  to  the  three  types  of  decision  fusion 

described above, there are also a number of other types 

of decision fusion, such as:
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 **  Dempster-Shafer  fusion**:  This  approach  is 

used to combine information from sensors that 

are not fully reliable.

 Fuzzy fusion: This approach is used to combine 

information from sensors that provide imprecise 

measurements.

 Neural  network  fusion:  This  approach  uses 

neural  networks  to  combine  information  from 

multiple sensors.

The field of decision fusion is constantly evolving, and 

new types of  decision fusion are being developed all 

the time. As the number of sensors continues to grow, 

decision fusion will become increasingly important for 

making accurate and timely decisions.
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Chapter  1:  Fundamentals  of  Decision 

Fusion

Architectures for decision fusion

Decision fusion architectures define the structure and 

organization of decision fusion systems. The choice of 

architecture  depends  on  the  specific  application  and 

requirements, such as the number of sensors, the types 

of sensors, the data rates, and the latency constraints.

There  are  three  main  types  of  decision  fusion 

architectures: centralized, decentralized, and hybrid.

 Centralized architectures collect all sensor data 

at a central location, where the decision fusion 

algorithm is executed. Centralized architectures 

are simple to implement and can provide high 

performance.  However,  they can be vulnerable 

to single points of failure and can be difficult to 

scale up to large systems.
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 Decentralized  architectures distribute  the 

decision fusion algorithm across multiple nodes. 

Each  node  processes  data  from  a  subset  of 

sensors  and  makes  local  decisions.  The  local 

decisions  are  then  combined  to  make  a  global 

decision.  Decentralized  architectures  are  more 

robust than centralized architectures and can be 

scaled up to large systems. However, they can be 

more  complex  to  implement  and can result  in 

lower  performance  than  centralized 

architectures.

 Hybrid architectures combine elements of both 

centralized and decentralized architectures. For 

example,  a  hybrid  architecture  might  use  a 

centralized architecture for  high-level  decision-

making and a decentralized architecture for low-

level decision-making. Hybrid architectures can 

provide  the  benefits  of  both  centralized  and 

decentralized architectures.
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In addition to these three main types of architectures, 

there  are  a  number  of  other  decision  fusion 

architectures  that  have  been  proposed.  These 

architectures include:

 Hierarchical  architectures organize  decision 

fusion systems into a hierarchy of layers.  Each 

layer performs a specific task, and the output of 

each  layer  is  passed  to  the  next  layer. 

Hierarchical architectures can be used to reduce 

the complexity of decision fusion systems and to 

improve performance.

 Multi-agent  architectures use  multiple  agents 

to  perform  decision  fusion.  Each  agent  has  its 

own  knowledge  and  expertise,  and  the  agents 

collaborate  to  make  decisions.  Multi-agent 

architectures  can  be  used  to  improve  the 

robustness  and  flexibility  of  decision  fusion 

systems.
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 Cognitive architectures use cognitive models to 

represent the decision-making process. Cognitive 

architectures  can  be  used  to  improve  the 

performance  of  decision  fusion  systems  by 

taking  into  account  human  factors  such  as 

attention, memory, and learning.

The choice of decision fusion architecture is a critical 

factor  in  the  design  of  decision  fusion  systems.  The 

architecture should be carefully selected based on the 

specific application and requirements.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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