
Towson University

Office of Graduate Studies

SITUATION AWARENESS IN MILITARY AND ASSISTIVE

HEALTHCARE

by

Sheng Miao

A Dissertation

Presented to the Faculty of the Graduate School

of Towson University

in Partial Fulfillment of the Requirements for the Degree of

DOCTOR OF SCIENCE

Department of Computer and Information Sciences

TOWSON UNIVERSITY

Towson, Maryland, 21252

July 2017



DISSERTATION APPROVAL PAGE

This is to certify that the dissertation prepared by Sheng Miao,

entitled “Situation Awareness in Military and Assistive Healthcare”,

has been approved by this committee as satisfactorily completing

the dissertation requirements for the degree of Doctor of Science in

Information Technology.

Dr. Ziying Tang Date

Chair, Dissertation Committee

Dr. Robert J. Hammell II Date

Member, Dissertation Committee

Dr. Jinjuan Feng Date

Member, Dissertation Committee

Dr. Amanda Jozkowski Date

Member, Dissertation Committee

Dr. Siddharth Kaza Date

Chair, Department of COSC

Dr. Chao Lu Date

Doctoral Program Director

Dr. Janet DeLany Date

Dean of Graduate Studies

ii



Dedicated

to

My Parents

iii



Table of Contents

Page

Abstract  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

Acknowledgement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x

List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . xi

Chapter 1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 Background and Motivation . . . . . . . . . . . . . . . . . . . . . . . 1
1.1.1 Situation Awareness in Military Context . . . . . . . . . . . . 3
1.1.2 Situation Awareness in Assistive Healthcare . . . . . . . . . . 5

1.2 Research Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.2.1 Situation Awareness Model . . . . . . . . . . . . . . . . . . . 9
1.2.2 Research Questions . . . . . . . . . . . . . . . . . . . . . . . . 11

1.3 Proposed Solution . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
1.3.1 Situation Awareness Application in Military Context . . . . . . 12
1.3.2 Situation Awareness System for Assistive Healthcare . . . . . 12

1.4 Summary of Contribution . . . . . . . . . . . . . . . . . . . . . . . . 14
1.5 Organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Chapter 2 Situation Awareness Application in Military Context . . . . . . 17

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.2 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.2.1 What is Value of Information? . . . . . . . . . . . . . . . . . . 21
2.2.2 Value of Information Determination . . . . . . . . . . . . . . . 22
2.2.3 Value of Information System . . . . . . . . . . . . . . . . . . . 23
2.2.4 Human Computation . . . . . . . . . . . . . . . . . . . . . . . 28
2.2.5 Social Computing and Social Media . . . . . . . . . . . . . . . 29

2.3 Adjustable Method for Determining Value of Single Information . . . 30
2.3.1 Adjustable Value of Information Framework . . . . . . . . . . 31
2.3.2 Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

2.3.2.1 Standard Triangular vs Standard Trapezoidal . . . . 34
2.3.2.2 Standard Triangular vs Customized Triangular . . . . 37
2.3.2.3 Standard Trapezoidal vs Customized Trapezoidal . . 40

iv



2.3.3 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
2.4 Integrating Complementary/Contradictory Information . . . . . . . . 45

2.4.1 Strategies for Handling Data Conflict . . . . . . . . . . . . . . 46
2.4.2 Methodology and Initial Result . . . . . . . . . . . . . . . . . 53

2.4.2.1 Framing the Decision Space . . . . . . . . . . . . . . 54
2.4.2.2 Knowledge Elicitation . . . . . . . . . . . . . . . . . 55
2.4.2.3 Initial Results . . . . . . . . . . . . . . . . . . . . . . 57
2.4.2.4 System Modification . . . . . . . . . . . . . . . . . . 58

2.5 Utilizing Human Processing for Fuzzy-Based Military Situation Aware-
ness Based on Social Media . . . . . . . . . . . . . . . . . . . . . . . 61
2.5.1 Social Computing in Situation Awareness . . . . . . . . . . . . 63

2.5.1.1 Social Media and Related Strategic Change . . . . . 64
2.5.1.2 Situation Awareness . . . . . . . . . . . . . . . . . . 67
2.5.1.3 Fuzzy-Based Intelligence System . . . . . . . . . . . 70

2.5.2 The Role of Human Processing . . . . . . . . . . . . . . . . . . 73
2.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

Chapter 3 Assistive Healthcare System for Young Adults with
Autism Spectrum Disorder . . . . . . . . . . . . . . . . . . . . . 79

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
3.2 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

3.2.1 Ambient Intelligent System and Autism Spectrum Disorder . . 83
3.2.2 Naive Bayes Classifier . . . . . . . . . . . . . . . . . . . . . . 84

3.3 Context-Aware Support System . . . . . . . . . . . . . . . . . . . . . 87
3.3.1 System Architecture . . . . . . . . . . . . . . . . . . . . . . . 87
3.3.2 Mobile Application . . . . . . . . . . . . . . . . . . . . . . . . 90
3.3.3 Context Sensors . . . . . . . . . . . . . . . . . . . . . . . . . . 91

3.4 Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
3.4.1 Environment Setting . . . . . . . . . . . . . . . . . . . . . . . 94
3.4.2 Dataset Attributes . . . . . . . . . . . . . . . . . . . . . . . . . 95
3.4.3 Situation Awareness Model . . . . . . . . . . . . . . . . . . . 98
3.4.4 Result and Discussion . . . . . . . . . . . . . . . . . . . . . . . 100

3.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

Chapter 4 Exploring Assistive Healthcare System for Young Children with
Spinal Muscular Atrophy . . . . . . . . . . . . . . . . . . . . . . 105

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
4.2 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
4.3 Multi-Modal Interaction Approach . . . . . . . . . . . . . . . . . . . . 110

v



4.3.1 User Requirements . . . . . . . . . . . . . . . . . . . . . . . . 110
4.3.2 Wearable Interactive Device . . . . . . . . . . . . . . . . . . . 111

4.3.2.1 Micro Light Switch . . . . . . . . . . . . . . . . . . . 113
4.3.2.2 Flex Sensor . . . . . . . . . . . . . . . . . . . . . . . 114
4.3.2.3 EMG-Based Muscle Sensor . . . . . . . . . . . . . . . 115
4.3.2.4 Stretch Sensor . . . . . . . . . . . . . . . . . . . . . 116

4.3.3 Interactive Game . . . . . . . . . . . . . . . . . . . . . . . . . 117
4.3.4 Pilot Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

4.3.4.1 First Phase User Study . . . . . . . . . . . . . . . . . 121
4.3.4.2 Second Phase User Study . . . . . . . . . . . . . . . 121
4.3.4.3 Third Phase User Study . . . . . . . . . . . . . . . . 122

4.4 Assistive System for Young Children with Spinal Muscular Atrophy . . 122
4.4.1 System Architecture . . . . . . . . . . . . . . . . . . . . . . . 123

4.4.1.1 Data Input and Output . . . . . . . . . . . . . . . . . 124
4.4.1.2 Environment control . . . . . . . . . . . . . . . . . . 125
4.4.1.3 Mobility Control . . . . . . . . . . . . . . . . . . . . 125
4.4.1.4 Communication . . . . . . . . . . . . . . . . . . . . . 126

4.4.2 System Prototype . . . . . . . . . . . . . . . . . . . . . . . . . 127
4.4.2.1 Web-Based Application . . . . . . . . . . . . . . . . . 128
4.4.2.2 Environment Control Module . . . . . . . . . . . . . 130

4.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

Chapter 5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 132

5.1 Conclusion and Discussion . . . . . . . . . . . . . . . . . . . . . . . . 132
5.2 Limitation and Future Work . . . . . . . . . . . . . . . . . . . . . . . 137

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140

Appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163

Appendix A Approval for Human Subjects Research . . . . . .. . . . . . . 164

Appendix B Curriculum Vitae . . . . . . . . . . . .. . . . . . . . . . . . . . 177

vi



Abstract

Situation Awareness in Military and Assistive Healthcare

Sheng Miao

Today Situation Awareness (SA) has become an attractive research topic which 

is widely used in various and complex systems. The concept of SA is rooted in 

the history of military theory and has been extended to commercial domains and 

utilized into the human factors domain in the last few decades. My dissertation 

focuses on studying how SA is used in the military context and in the assistive 

healthcare domain. We will study how to use SA to help commanders make deci-

sions in the battlefield and support assistive healthcare systems to help users with 

various disabilities.

In the battlefield, S A t echniques c an h elp c ommanders m ake o ptimized deci-

sions based on the intelligence from various sources. Some previous research has 

developed a fuzzy-based value of single piece of information determination system 

which delivers the most valuable information to commanders. Based on the existing 

system, we develop an adjustable VoI system which allows subject matter experts 

to tune special SA models for specific military c ontexts. Another research topic in 

military context is exploring the integration of complementary and contradictory 

information, since it is common to have multiple information describing a certain

vii



event. We also introduce the utilization of human processing for military SA based

on social media data.

In my dissertation, two special disability user groups are selected as targeted

users, who are young adults with Autism Spectrum Disorder (ASD) and children

with Spinal Muscular Atrophy (SMA). We employ SA techniques to implement as-

sistive healthcare systems to help the targeted users to perform better daily activ-

ities, communicating with others, controlling their living environment, and even

monitoring their needs and providing real-time help. The objective of this study is

to improve their quality of life.
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1
Chapter 1

Introduction

1.1 Background and Motivation

In the last few decades, complex and dynamic systems have attracted increased

attention and focus as they can be used as effective, timely decision makers in

substitution for human beings, helping eliminate human error. One of the most

critical components in these decision making systems involves situation awareness

(SA). The concept of SA is rooted in the history of military theory [3] and can also be

traced to World War I, where it was recognized as a crucial component for aircrew

in military aircraft to consider. Pilots need to know the many complex and dynamic

events that occur simultaneously in flight, and the information is then diagnosed

and used for guiding future actions. With the rapid development of information

technology, the term SA has been extended from the original aircraft domain to the

human factors domain. Some researchers have presented various definitions of SA:

1. SA is an abstraction that exists within our minds, describing phenomena that

we observe in humans performing work in a rich and usually dynamic envi-

ronment [4].

2. SA provides the primary basis for subsequent decision making and perfor-

mance in the operation of complex, dynamic systems [5].
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3. SA is the knowledge, cognition and anticipation of events, factors and vari-

ables affecting the safe, expedient and effective conduct of the mission [6].

4. SA is a continuous extraction of environmental information, integration of this

information with previous knowledge to form a coherent mental picture, and

the use of that picture in directing further perception and anticipating future

events [7].

Today SA is generally defined as the perception of environmental elements and

events with respect to time or space, the comprehension of their meaning, and the

projection of their status after variables have changed, such as time, or a predeter-

mined event.

Besides the original military aircraft function, SA also plays an important role

in a variety of contexts. For example, commercial air traffic control systems [8, 9]

rely on the SA of the system, which maintains up-to-date assessments of the rapidly

changing locations of aircraft and their projected locations relative to each other.

This kind of systems ensures safe and efficient landings and takeoffs in civil air-

ports. Moreover, much research on SA in large and complex control systems has

been completed, such as on refineries and nuclear power plants [10]. In order to

achieve effective management, these systems keep tracking numerous system pa-

rameters and patterns that occur among them. Researchers have identified that SA

can help to understand the current state of a system and might reveal clues as to the
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functioning of the system and future process state changes [11]. Another context

where SA is effectively utilized includes emergency and disaster prediction. Some

applications collect information from human sensors on social networks, such as

Twitter, Facebook, and Blogs [12, 13]. SA techniques are employed in these appli-

cations to help identify if there is emergency or disaster nearby. With information

aggregation and mapping, reports are created and posted online to help communi-

ties and people when disaster occurs.

In addition to these SA application domains, this dissertation will focus on study-

ing how SA is used in the military context and in the assistive healthcare domain.

We will study how to use SA to help commanders make decisions in the battlefield

and support assistive healthcare systems to help users with various disabilities.

1.1.1 Situation Awareness in Military Context

SA helps assemble the perception and the understanding of the big picture in an

event with many inputs and dynamically changing variables. This is especially im-

portant for the Armed Forces, who requires command and control operations and

often face critical situations where SA is integral to optimal command and control.

A key part of battlefield SA is the ability to transform the information being pro-

vided into knowledge and an attainable understanding of many variables as one

big picture; the Army recognizes that this process must involve "a mixture of au-

tomation and human cognition" [14]. Furthermore, SA in military context refers



4

to the product of applying analysis and judgment to the unit’s SA to determine the

relationships of the factors present and draw logical conclusions concerning threats

to the force or mission accomplishment, opportunities for mission accomplishment,

and gaps in information [15]. Commanders in the battlefield rely on SA to learn

details about important persons, places and events within their area of operations

so that they can address issues ranging from kinetic fights to legal disputes adjudi-

cation to economy recovery. Soldiers on the edge of conflict gather data to support

their mission.

In the military context, some critical requirements are identified. The most im-

portant one is real-time. Since the battlefield environment is changeable, including

enemy movement, weather and other factors, this requires the SA computation to

respond agilely. Another critical requirement is accuracy. SA in the military con-

text will support commanders so they can make operational decisions and develop

courses of action. Because these decisions and courses of action are used for achiev-

ing military and civil-military objectives, failure or deviation could be fatal or cause

serious consequences. Furthermore, comprehensiveness is the third critical factor

in military SA. It is very common that intelligence acquired from different sources

are conflicting or complementary with one another. As a result, SA in the military

context should provide a complementary output based on different information.

Military operations are now supported by access to information from a myriad
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of sources that provide huge amounts of data which can be overwhelming. In-

deed, a primary challenge nowadays is not a lack of information, but information

overload [16], especially the Internet, which is flooded with intermingled informa-

tion and more social media data becomes available. Another challenge is much of

the data may be non-verbal in nature, such as numerical troop strength reports,

GPS coordinates of important potential targets, video feeds from unmanned aerial

vehicles, and readings from ground-based acoustic sensors. As a result, the mili-

tary commander and staff are challenged not only by the established information

overload dilemma, but more importantly with separating the important information

from the routine [17]. The third challenge is that information collecting from differ-

ent sources could be complementary or conflicting. In the battlefield, intelligences

describing one event could come from multiple dissimilar array of sources; many

times not always agreeing. One piece of intelligence maybe support and enhance

the other one, which means they are complementary with each other. However,

sometimes another piece of intelligence disagree with them totally, thus SA could

be difficult in the military context.

1.1.2 Situation Awareness in Assistive Healthcare

Assistive healthcare is another domain which largely relies on SA techniques. With

the fast development of information technology, various sensors and electronic

health records systems, abundant kind of health information become available and
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analyzable in the healthcare realm. All these data can be used as input for SA in

assistive healthcare system.

There are some assistive technologies and systems have been proposed in the

medical and healthcare domain to support medical decisions and improve users’

quality of life. For example, BioWatch [18] and BioSense [19] are used for de-

tecting certain bioterrorism agents in the air and gathering syndrome surveillance

data from hospitals. The Global Public Health Intelligence Network(GPHIN) mines

global news for disease reports [20]. In addition, some SA systems are developed

to track bed data and electronic health records are available within hospitals or

clinicians’ offices. Besides these traditional healthcare, living assistive systems for

special disability user groups like Autism Spectrum Disorder (ASD) and Spinal Mus-

cular Atrophy (SMA) can also benefit from SA techniques. The SA-based assistive

systems can improve their quality of life largely and help them perform better daily

activities, communicating with others, controlling their living environment, and

even monitoring their needs and providing real-time help. SA in this context means

understanding the status of users and performing automatic and interactive feed-

back based on information collected from assistive systems. For example, when a

user with ASD cannot find eggs when he/she is cooking, this situation will be cap-

tured and interpreted by the system which understands that the user needs help

and then the system will offer prompt help to remind the user where to find eggs.
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Similarly, with the help of SA, the assistive system can recognize if a user with SMA

needs to cough and inform his/her caregiver correspondingly.

Unfortunately, getting information to compute the SA in this setting is extremely

challenging, as our targeted users here refer to people with special health conditions

such as ASD and SMA. To get the situation or demanding data could be difficult be-

cause our targeted users probably have uncontrollable or unpredictable behaviors.

For example, some users with ASD cannot keep their focuses on the current liv-

ing task and run out of the experimental environment, which means the ambient

sensors cannot track their activities at this time. Moreover, children with SMA, es-

pecially for the Type I group, are very lively and active. Therefore, they are likely

to be impatient and get frustrated and make data collection challenging.

There are some requirements and challenges for these kinds of SA-based assis-

tive applications. First, real-time feedback is required since users may need imme-

diate response, and the delay in this context may cause serious results. For exam-

ple, users with ASD can be very sensitive to different things and are easy to get

frustrated, which means delayed response from assistive systems can make them

impatient and even trigger emotional reactions. Similarly, for users with SMA, it

can be extremely dangerous when there is an issue with a life-support system but

the notification is not sent to caregivers on time. Secondly, user interface design

is another challenge because the primary targeted users of systems can be users
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with various kinds of disabilities or very young children. Traditional interface de-

sign may not apply since users with SMA have very limit muscular functionality so

that they cannot handle too many icons in the same page. And users with ASD

may be confused with multi-level page navigation. Both graphic and interaction

designs are critical factors for these kinds of users. With the well-designed user in-

terface, targeted users will be able to understand and use the applications quickly.

The third requirement is low-cost and customizable. To be able to widely support

our targeted users, we require the assistive healthcare system to use inexpensive

sensors and application platforms to achieve economic goals. And every single user

is a special individual, which means that user interface should be customizable and

multiple design solutions should be provided.

To understand the situations and needs of users better, multiple ambient sen-

sors can be employed to collect information such as in-door location sensor [21]

and distance sensor [22]. Moreover, user profile like preferences, functionality, and

operation history are also included for SA. As a result, understanding the situa-

tion and making decisions based on this integrated information from various data

sources provide significant challenges. Besides, we also have to think about the is-

sue of personal privacy. To understand the situation better, we need to take personal

sensitive user profile data, such as a user’s behavioral functionalities, into consider-

ation. Therefore, how to secure and protect this information is an aspect that we
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love to consider.

1.2 Research Method

1.2.1 Situation Awareness Model

According to Ensley’s model, situation awareness (SA) has three levels: perception

of elements in the environment; comprehension of the current situation; and pro-

jection of future status [23]. Considering the special conditions and requirements

for user group, we extend this by adding one level and Figure 1.1 illustrates the

SA architecture. Moreover, based on the requirements from military and healthcare

contexts, Subject Matter Experts (SMEs) and healthcare professionals (HPs) should

be included in this architecture as human computation.

Figure 1.1: Architecture of Proposed Situation Awareness System.

After collecting raw data from sensors and other sources, we then need to start

data processing such as information retrieval and extraction. The purpose of in-

formation retrieval is to search for the relevant information contained in a set of
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knowledge, while information extraction focuses on extracting relevant facts. Both

of these procedures largely rely on attributes identification, which can impact the

result of the whole system. This task cannot be accomplished by simple machine

computation and SMEs/HPs involvement is mandatory and essential at this point.

The data processing step, shown as the dotted rectangle in Figure 1.1, is the task

that may encompass information regarding user profiles and attributes, depending

on the situation which we are trying to understand. It is also worth noticing that in

this step, information retrieval and extraction may happen multiple times, as shown

in the Figure. This is because when a new event happens, we may need to update

the dataset and research focus and then process the media data again.

After data retrieval and information extraction, we then compute the Value of

Information (VoI). This is called the information evaluation step in our architec-

ture. User profiles and attributes can also make great contributions in this step,

as demonstrated in Figure 1.1. When data are evaluated and values are given

to the relevant information, we can then compute SA. In this step, SMEs/HPs in-

volvement is recommended to optimize results. Furthermore, a group instead of an

individual-level SA process is extremely helpful in this case.

After knowing the big picture, we then make decisions which project the fu-

ture actions in the environment. In this step, human experts should be involved

too. Decision making implies what are we going to do, based on knowing what is
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going on. Possible errors always exist and no SA system can guarantee accuracy

all the time. Therefore, computer-aided decision making should only be used as a

complementary module. SMEs/HPs must be the ones to determine the real actions,

especially in the military and healthcare settings where consequences of a decision

can be serious.

1.2.2 Research Questions

In this dissertation, we will focus on studying the following research questions:

1. How to acquire user information and situation data for users with special

health condition?

2. How to compute SA based on noisy and large data from various data re-

sources?

3. How to extract the most important information from dataset and compute

SA?

4. How to integrate complementary and contradictory information when this

system computes SA?

5. What is the human computing role in the SA computation?
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1.3 Proposed Solution

1.3.1 Situation Awareness Application in Military Context

In today’s military environment, vast amounts of disparate information are avail-

able. To aid situation awareness (SA), it is vital to have a way to judge the impor-

tance of information. A fuzzy-based system, which is used for assigning a Value

of Information (VoI) determination for individual pieces of information, has been

developed in recent research. In this study, we will present an investigation on

the effect of using triangular and trapezoidal fuzzy membership functions with the

fuzzy-based system. Moreover, the effect of integrating subsequent complemen-

tary and/or contradictory information into the VoI process will be studied in our

research, some initial results will be also presented. Furthermore, we will give a

detailed explanation on how social media data affect SA in military context, along

with a discussion of involvement of Subject Matter Experts (SMEs) as human com-

putation.

1.3.2 Situation Awareness System for Assistive Healthcare

Individuals with Autism Spectrum Disorder (ASD) can face great challenges when

learning and maintaining basic living skills. This not only reduces the possibilities of

independent living and employment, but also continuously brings social and finan-

cial burdens to their caregivers/mentors. Although research has been done to help
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autistic users, most research focuses on improving social and communication skills

or offering help in case of emergency. In this study, we propose a novel portable

context-aware assistive system to help the autistic users in their daily activities such

as cooking and cleaning. To make it easily accessible and cost effective, we will em-

ploy mobile devices and cheap context sensors. Bayesian classification technique

will be applied to implement automated prompting function in the system. This

function can assist people affected by autism so they can improve their quality of

life and lead an independent life.

Spinal Muscular Atrophy (SMA) is a rare genetic disease and it is the No. 1

genetic killer of infants and toddlers. SMA affects an individual’s motor neurons

in a range of ways depending on the particular type; people with SMA are often

unable to walk and talk; many cannot sit up unassisted and are unable to eat and

breathe, especially for those with SMA type I, the most severe type. This study

will focus on exploring how to provide an accessible and responsive interactive way

to communicate and control environment. By employing low-cost customizable,

wearable devices, a multi-model system will be developed for type I SMA users to

assist their daily activities.
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1.4 Summary of Contribution

This dissertation studies the utilization of situation awareness (SA) in both mili-

tary context and assistive healthcare. SA can provide decision supporting to com-

manders in the battlefield and improve quality of life for users with special health

conditions. The detailed contributions are listed below:

1. Based on previous Value of Information (VoI) determination framework, we

have developed two approaches using triangular and trapezoidal fuzzy mem-

bership functions. The distribution analysis reveals that both of two ap-

proaches have obvious differences thus they have their own strengths and

weaknesses.

2. A customizable VoI system is designed for Subject Matter Experts (SMEs),

which allows commanders and intelligence analyzers to tune customized fuzzy

logic models for special military situations. This provides flexibilities to SMEs

and helps to improve the accuracy of SA in the battlefield.

3. We have presented an investigation on determining combination of comple-

mentary and/or contradictory information. The initial results show that the

proposed approach does not work.

4. A detailed explanation on how social media data affect SA is presented. The

focus is set on the military environment and we have discussed it is necessary
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and essential to involve SME based human computation in the SA architec-

ture.

5. An ambient intelligence based context aware assistive system for young adults

with ASD is presented. The system can help users to improve performing

living activities and lead to certain independent life.

6. A naive bayes classifier based decision making module is designed for the

assistive system for users with ASD. This model can perform like a caregiver

who will send prompts when users get stuck in procedures of activities.

7. We have developed a multi-modal communication approach for young chil-

dren with Spinal Muscular Atrophy (SMA). The system includes various reli-

able and low-cost sensors to increase interactivities for the users who cannot

use regular input devices.

8. A comprehensive interactive system that utilizing the communication approach

is designed. It can help young children with SMA to communicate with oth-

ers, control smart devices in home, and ask for help. The system is web-based

which means it is compatible with multiple platforms and devices.
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1.5 Organization

The remainder of the dissertation is organized as follows: Chapter 2 studies situa-

tion awareness (SA) in the military context. Experiments and results of determin-

ing value of information are reported. Moreover, some initial results for integrating

complementary and contradictory information are included in this chapter. Chapter

3 and Chapter 4 present approaches of SA in the healthcare context. Chapter 3

focuses on an ambient intelligent system for autism spectrum disorder users and

Chapter 4 focuses on communication and environment control systems for spinal

muscular atrophy users. These studies can help to improve the quality of life for

special groups. Chapter 5 concludes the dissertation and introduces the future

work.



17
Chapter 2

Situation Awareness Application in Military Context

2.1 Introduction

In March 2008, the United States Army Training and Doctrine Command (TRADOC)

published its most recent version of the TRADOC Pamphlet 525-66, “Military Opera-

tions Force Operating Capabilities.” [14] The purpose of this pamphlet is to identify

“capabilities necessary of the Army to fulfill war fighting concepts.” Eleven Force Op-

erating Capability (FOC) areas are identified in the document, and two of these are

Battle Command and Battlespace Awareness. Capability areas outlined in the Battle

Command FOC include information and decision superiority. In a dynamic battle-

field environment, timely and accurate information is critical to the goal of provid-

ing relevant information to commanders, improving situation awareness (SA), and

increasing knowledge. A key part of the Battlespace Awareness FOC is the abil-

ity to transform the information being provided by sensors and other means into

knowledge and understanding; the Army recognizes that this process must involve

“a mixture of automation and human cognition.” [14]

Figure 2.1 shows the military intelligence process. The diagram shows the dy-

namic nature of the process. It also conveys that the overall goal of the process is

to provide the commander with SA and understanding within the context of a mis-

sion. Operations processes produce the intelligence requirements needed to achieve
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Figure 2.1: Intelligence Process [1]

mission objectives, while the intelligence process continually feeds operations. It is

clear that relevant accurate, timely information is essential for proper SA and un-

derstanding.

Commanders rely on intelligence analysts to fulfill information requirements in

order to define courses of actions. SA is required in order to make operational

decisions. The intelligence analyst makes decisions regarding what information to

send to the commander, and the commander seeks to develop multiple potential

courses of actions and then act upon the most appropriate one.
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SA is formally defined as “a person’s perception of the elements in the envi-

ronment within a volume of time and space, the comprehension of their meaning,

and the projection of their status in the near future” [24]. The problems that rou-

tinely arise when humans are faced with trying to turn data and information into

useful, actionable knowledge include information overload, complexity, and turbu-

lence [25]. These same problems plague intelligence analysts. It is clear that au-

tomated tools, and perhaps process improvements, are needed to support effective

decision making in highly complex military environments. These tools and process

improvements are needed to assist in quickly determining important and accurate

data in order to provide commanders with information and intelligence products.

From sophisticated unmanned ground acoustic sensors to open-source news

feeds, the military commander and his staff are challenged not only by the famil-

iar information overload dilemma, but also with the perhaps more critical problem

of separating the important information from the routine. Calculating informa-

tion importance, termed the value of information (VoI) metric, is a daunting task

that is highly dependent upon its application to dynamic situations [24]. Solution

flexibility is critical since VoI understanding must be readily applicable across a dis-

parate range of information types. The process of assigning a VoI determination to

a piece of information has historically been a multi-step, human-intensive exercise

requiring intelligence collectors and analysts to make judgments within differing
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operational situations.

The cognitive processes behind assigning a VoI assessment resist codification

with exact precision and offers an excellent opportunity to leverage a computa-

tional intelligence solution using fuzzy inference. Fuzzy systems have been shown

to be effective at approximating reasoning where information is uncertain, incom-

plete, imprecise, and/or vague [25–28]. Recently, a Fuzzy Associative Memory

(FAM) architecture was used to develop a system to calculate VoI in complex mil-

itary environments based on the information’s content, source reliability, latency,

and the specific mission context under consideration [29,30]. Military intelligence

analysts were used as subject matter experts to provide the fuzzy association rules

from which the system was constructed, and preliminary results from the system

have been demonstrated and “validated” in principal and context [17, 31]. Efforts

are continuing towards a more formal validation of the system and to empirically

evaluate the effects of the system on intelligence analyst performance [32,33]

This study presents an investigation on the effect of using two different mem-

bership functions within the fuzzy-based system and a comparative analysis of the

differences between them. Moreover, we develops customizable system which pro-

vides flexibility for Subject Matter Experts (SMEs) to tune fuzzy logic models for

specific battle contexts. Since military decisions require the ability to amalgamate

information across a dissimilar array of sources: many times not always agreeing.
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Based on this framework, we then study how analysts combine complementary

and/or contradictory information in order to achieve the necessary SA to make

sound decisions. Furthermore, we present a detailed explanation on how social

media data affect SA and our focus is set on the military environment. The study

reveals that SME based human computation is necessary during the SA process.

The remainder of this chapter is organized as follows: Section 2 presents back-

ground information related to VoI determinations within the military domain. A

brief description of the recently developed fuzzy-based VoI system prototype is also

provided in this Section. Section 3 reports on experiments and results of determin-

ing VoI for single piece of information. Section 4 discusses an approach taken to

frame the decision space, the process being used to elicit knowledge, and some ini-

tial results for integrating complementary and contradictory information. In section

5, we study how to use social media data in military SA and human computation

role during this process. Section 6 concludes this chapter.

2.2 Literature Review

2.2.1 What is Value of Information?

In order to turn large amounts of disparate information into useful knowledge, it is

vital to have some way to judge the importance of individual pieces of information;

the Value of Information (VoI) metric is used to do this. Ranking the “value” of
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information is a formidable task involving not only the sheer amount and diversity

of information, but also the idea that the value of a piece of information will likely

be influenced by the specific mission context to which it will be applied.

Before going further, it is useful to briefly address what is meant by information

“value”, and differentiate it from what could be meant by information “quality”.

One viewpoint is that “quality” refers to the fitness of data with respect to the in-

herent attributes of the data (accuracy, precision, timeliness, freshness, resolution,

etc.) while “value” addresses the utility of the data within a specific application

context [34]. The definition used in this study comes from that provided by [35].

Wilkins considers the practical importance of the information to the receiver, sug-

gesting that information with value supports the receiver’s ability to make informed

decisions. The procedure for alphanumerically rating the “confidence” or “applica-

bility” assigned a piece of information is essentially described in the annex to NATO

STANAG (Standard Agreement) 2022 as well as in Appendix B of the US Army Field

Manual FM-2-22.3 [1].

2.2.2 Value of Information Determination

U.S. military doctrinal guidance for determining VoI is vague at best [1] and does

not address integrating the mission context into the decision. The guidance pro-

vides table 2.1 and table 2.2 for judging the “reliability” and “content” of a piece

of data, with each characteristic broken into six categories. Reliability relates to
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the information source, and is ranked from A to F (reliable, usually reliable, fairly

reliable, not usually reliable, unreliable, and cannot judge). Information content

is ranked from 1 to 6 (confirmed, probably true, possibly true, doubtfully true,

improbable, and cannot judge).

Doctrinal guidance does not provide any process for combining these determi-

nations into a VoI metric. Additionally, it is obvious that combining only these two

assessments of a piece of information would fall far short of representing all the

critical aspects needed for a useful VoI determination.

Two other potential data characteristics include mission context and timeliness.

Timeliness relates to how long ago the piece of information was collected, while

mission context is set by the operational tempo of the military operation underway.

The operational tempo relates to the decision cycle for the mission; that is, the time

that can or will be used to plan, prepare, and execute the mission. Fast tempo

operations may have a decision cycle measured in minutes to hours, while slower

tempo operations may be measured in months or longer.

2.2.3 Value of Information System

It is interesting to observe that the information labels for source reliability and in-

formation content provided by the doctrinal evaluations are words, not numbers.

The linguistic variables used as labels for information evaluations represent degrees

of confidence (“usually reliable”, “probably true”, “improbable”). This arrangement
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A Reliable No doubt of authenticity, trustworthiness,
or competency; has a history of complete
reliability

B Usually Reliable Minor doubt about authenticity, trustwor-
thiness, or competency; has a history of
valid information most of the time

C Fairly Reliable Doubt of authenticity, trustworthiness, or
competency but has provided valid informa-
tion in the past

D Not Usually Reliable Significant doubt about authenticity, trust-
worthiness, or competency but has pro-
vided valid information in the past

E Unreliable Lacking in authenticity, trustworthiness,
and competency; history of invalid informa-
tion

F Cannot Judge No basis exists for evaluating the reliability
of the source

Table 2.1: Source Reliability [1]

1 Confirmed Confirmed by other independent sources;
logical in itself; Consistent with other in-
formation on the subject

2 Probably True Not confirmed; logical in itself; consistent
with other information on the subject

3 Possibly True Not confirmed; reasonably logical in itself;
agrees with some other information on the
subject

4 Doubtfully True Not confirmed; possible but not logical; no
other information on the subject

5 Improbable Not confirmed; not logical in itself; contra-
dicted by other information on the subject

6 Cannot Judge No basis exists for evaluating the validity of
the information

Table 2.2: Information Context [1]
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makes fuzzy logic an appropriate choice for computing the VoI [36]. A Fuzzy Asso-

ciative Memory (FAM) model was chosen to construct the prototype fuzzy system.

A FAM is a k-dimensional table where each dimension corresponds to one of the

input universes of the rules. The ith dimension of the table is indexed by the fuzzy

sets that comprise the decomposition of the ith input domain. Fuzzy if-then rules

are represented within the FAM. For the prototype system, three inputs are used

to make the VoI decision: source reliability, information content, and timeliness;

the concept of varying mission contexts is also incorporated and will be explained

shortly. The overall architecture of the prototype fuzzy system is shown in Figure

2.2. Instead of using one 3-dimentional FAM, two 2-dimensional FAMs were used.

The reasoning behind this decision was presented in detail in [30] but essentially it

provided a simpler knowledge elicitation process for the SMEs, decreased the total

number of fuzzy rules, and provided a potential for the output of the first FAM to

be useful on its own.

Figure 2.2: VoI System Architecture
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As seen in Figure 2.2, two inputs feed into the Applicability FAM: source re-

liability (SR) and information content (IC); the output of the FAM is termed the

information applicability decision. Likewise, two inputs feed into the VoI FAM: one

of these (information applicability) is the output of the first FAM while the other

input is the information timeliness value. The output of the second FAM, and the

overall system output, is the VoI metric. The fuzzy rules represented in the FAMS

capture the relationships between the input and output domains. The decomposi-

tion of the input and output domains into fuzzy sets defines the “language” of the

rule base, which determines the antecedents and consequents that are used in the

fuzzy rules. Since both FAMs have two inputs and one output, all the fuzzy rules

in the system will be in the form “If X is A and Y is B, then Z is C”, where A and

B are fuzzy sets of the input domains and C is a fuzzy set over the output domain.

For example, an actual rule in the Applicability FAM might be: “if Source Reliabil-

ity is Usually Reliable and Information Content is Probably True, then Information

Applicability is Highly Applicable.” Knowledge elicitation from military intelligence

SMEs was used to construct the fuzzy rules [31].

Within the Applicability FAM, the two input domains (source reliability and in-

formation content) are divided into five fuzzy sets following the guidance provided

in [1]. The omission of the “cannot judge” category from both input domains is

explained in [30]. The “information applicability” output domain was decomposed
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into nine fuzzy sets (ranging from not applicable to extremely applicable) while

the VoI output domain utilized eleven fuzzy sets (ranging from not valuable to ex-

tremely valuable).

Up to this point, the contribution of mission context has not been mentioned.

To account for differing mission tempos, three separate VoI FAMs were derived to

represent three different tempos. Missions were characterized as either ‘tactical’

(high-tempo), ‘operational’ (moderate-tempo), or ‘strategic’ (slow-tempo). The sys-

tem selects the correct VoI FAM based on the indicated mission context, thereby uti-

lizing the appropriate fuzzy rule base to provide the VoI determination. The pairing

of mission context within the VoI weight represents a new approach in transforming

data into decisions.

More detailed descriptions of the FAMs, the fuzzy rule bases, the domain decom-

positions, and other implementation aspects of the system can be found in [17].

The series of surveys and interviews with SMEs that were used to integrate cog-

nitive requirements, collect functional requirements, and elicit the fuzzy rules is

presented in [31]. The VoI prototype system, the initial version and phase 2, has

been demonstrated to the SMEs. Both versions of the prototype and its output have

met SME expectations [32]. Note that there is no current system against which the

results can be compared. As such, the system has not been tested thoroughly due to

the human-centric, context-based nature of the problem and usage of the system.
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Formal validation of the VoI system requires a comprehensive experiment which is

currently under separate development.

2.2.4 Human Computation

The term human computation (HC) is defined and used as early as 1838 [37] in

philosophy and psychology literature. It is introduced to the context of computer

science theory afterwards [38] and its modern usage is inspired by von Ahn’s 2005

dissertation titled "Human Computation" [39]. The definition from that thesis is

"a paradigm for utilizing human processing power to solve problems that comput-

ers cannot yet solve”. Other authors use slightly different but compatible defini-

tions [40, 41] and they all respect two critical statements which constitute human

computation [42]:

• The problems fit the general paradigm of computation, and as such might

someday be solvable by computers.

• The human participation is directed by the computational system or process.

Human computation has grown rapidly in both academy and industry. Various

HC systems have been proposed for different purposes. For example, von Ahn and

Dabbish introduce an interactive system to determine the contents of images by

providing meaningful labels to users [43]. A similar "TagATune" system is presented
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by Law and von Ahn, which employs input-agreement as a quality control mech-

anism for human computation games [40]. Knowledge Collection from Volunteer

Contributors is another kind of HC system which applies the collection method of

aggregation [44]. Wolfers and Zitzewitz suggest an approach to handle market-

generated forecasts by using HC [45]. HC has been used for search service too. For

example, ChaCha [46] uses humans to interpret search queries and get the most

relevant results.

2.2.5 Social Computing and Social Media

Social media is a virtual world governed by social norms and human behavior. It has

become a hot topic in recent years. Obviously, humans are included in a social role

where communication is mediated by technology. Social computing is defined as

the interplay between persons’ social behaviors and their interactions with comput-

ing technologies [47]. The key distinction between human computation and social

computing is that social computing facilitates relatively natural human behavior

that happens to be mediated by technology, whereas participation in a human com-

putation is directed primarily by the human computation system [48].

Different research areas in social computing have grown quickly in recent decades

[48]. For example, [49, 50] focus on social network theory and studying the struc-

ture of social networks to help stop the spreading of viruses, propagating informa-

tion effectively, and checking robustness. Ranking and aggregating social media
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data are another recent research direction. [51] integrates an opinion identifica-

tion toolkit into the retrieval process when processing social media data. [52, 53]

propose different graph based ranking algorithms to analyze social data separately.

[54] discusses how to use mediators strategies in social computing. Besides, web

spam detection is another active area. [55] introduces an algorithm that exploits not

only the structure of the Web graph but also page contents and features. In [56],

a novel approach for identifying video spam is presented. [57] introduces a spam

detecting system in social bookmarking.

There are also some other computational topics, such as query log processing,

graph/link analysis and mining, and collaborative filtering. Review of those previ-

ous works can be found in [48].

2.3 Adjustable Method for Determining Value of Single Information

Recently, a Fuzzy Associative Memory (FAM) architecture was used to develop a

system to calculate Value of Information (VoI) in military environments based on

the source reliability (SR), information content (IC), and latency. However, since

military contexts are various and complex, it is necessary to explore adjustable VoI

determination to fit proposed fuzzy logic model to a specific battlefield. SMEs re-

quire flexible models for some special contexts thus increase the accuracy of VoI
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calculation. This section will present an adjustable method to help SMEs tune cus-

tomized models and an investigation on the effect of using them.

2.3.1 Adjustable Value of Information Framework

A major factor in the design of any fuzzy system relates to the decomposition of the

input and output domains into fuzzy sets. The “shape” of the fuzzy sets defines the

membership functions for the system. While there are numerous shapes for fuzzy

sets (triangular, trapezoidal, Gaussian, bell, and the like), triangular membership

functions were used in the initial VoI system. To further facilitate computational

efficiency, it was also required that the triangles were isosceles with bases of the

same width; this triangular decomposition with evenly spaced midpoints has been

referred to as a TPE system [58]. Figure 2.3(a) shows the TPE decomposition

of a domain ranging from 1 to 5; Figure 2.3(b), (c), and (d) illustrate isosceles

triangular decompositions of the same range that do not adhere to the restriction

of having bases of the same width. Triangular decompositions, with and without

bases of the same width, are included in our experimental framework.

In addition to using triangular membership functions, trapezoidal decomposi-

tions are another approach we would like to explore. Similar to the triangles,

isosceles trapezoids both with and without bases of the same width are consid-

ered. Figure 2.4(a) shows the decomposition of a domain ranging from 1 to 5 using
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Figure 2.3: Standard and Customized Triangular Fuzzy Membership Functions

isosceles trapezoids with bases of the same width; Figure 2.4(b), (c), and (d) de-

pict similar decompositions using isosceles trapezoids without the requirement for

equally sized bases.

While we mentioned several forms of membership functions from which to

choose, we selected trapezoidal and triangular fuzzy sets for two primary reasons.

First, the membership degree calculations for both are linear, thereby facilitating

high computational efficiency. This is significant since the purpose of the fuzzy

VoI system is to help intelligence specialists find the most important information

within a potentially large amount of data while frequently adhering to restrictive

time constraints.
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Figure 2.4: Standard and Customized Trapezoidal Fuzzy Membership Functions

The second reason is that these two forms can help in the data acquisition pro-

cess. As implied earlier, significant knowledge elicitation efforts using intelligence

specialists as Subject Matter Experts (SMEs) were required to construct the initial

fuzzy rules; likewise, any membership function optimization will be determined by

the SMEs. The triangular and trapezoidal functions are more visually understand-

able and provide an environment more conductive to human-in-the-loop knowledge

acquisition. Based on these two reasons, trapezoidal and triangular membership

functions are often used [59].

To facilitate the analysis of various domain decompositions using the triangular

and trapezoidal fuzzy sets, we compare them from different aspects and display the

results visually. Three categories of experiments are presented in the next section.
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First, results using “standard” triangular and trapezoidal decompositions are com-

pared, where “standard” means the use of isosceles shapes with bases of the same

width (Figure 2.3(a) and Figure 2.4(a)). Next, “standard” triangular fuzzy member-

ship functions are compared with “customized” triangular fuzzy membership func-

tions, where “customized” means that the restriction for bases of the same width is

removed (Figure 2.3(b), (c), and (d)). Finally, “standard” trapezoidal fuzzy sets are

compared with “customized” trapezoidal fuzzy decompositions (Figure 2.4(b), (c),

and (d)).

2.3.2 Experiment

This section provides the experimental results from comparing triangular and trape-

zoidal fuzzy set membership functions. Three subsections will be used to present

the results. First, a comparison of the “standard” triangular and trapezoidal sets will

be shown. Next, several “customized” triangular decompositions will be compared

with the initial TPE fuzzy sets. Finally, several “customized” trapezoidal decompo-

sitions will be compared with the standard trapezoidal fuzzy sets.

2.3.2.1 Standard Triangular vs Standard Trapezoidal

Figure 2.5 compares the FAM outputs for the standard (TPE) triangular fuzzy sets

(a, c) and the standard trapezoidal fuzzy sets (b, d). Figure 2.5(a) and (b) show

the applicability FAM output for the two models; that is, the relationship between
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source reliability (x-axis) and information content (y-axis). The values of two inputs

are from one to five, with the smaller value of one being “better” (better reliabil-

ity/content) and five meaning “worse” (less reliability/content). The applicability

output values vary from one to nine where the larger values represent better ap-

plicability; the colors vary from blue to red where the higher value is in blue (high

applicability meaning reliable, probable information) and the lower value is in red

(unreliable, improbable information).

Figure 2.5(c) and (d) show the VoI FAM output based on the two inputs of

applicability and timeliness. Applicability is as mentioned above. Timeliness reflects

the temporal age of the information, with values ranging from one to three: one

means “recent” while three means “old”. As with the applicability graphs, the VoI

values are represented in the color shades within the graph. The numerical values

for VoI range from zero to ten (blue meaning ten; red meaning zero) and the higher

values represent higher VoI (more valuable information). The mission context is

assumed to be “tactical”.

Comparing results for the models, the output landscape of the triangular fuzzy

models (a, c) looks smoother while the trapezoidal fuzzy models (b, d)produce

some fairly well defined rectangles. To see why, note that when an input (in these

standard models) has a membership value equal to 1 in a fuzzy set, the input be-

longs only to that fuzzy set (see Figure 2.3(a) and Figure 2.4(a)). For example,
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in the triangular fuzzy model, only the integer input values (1, 2, etc.) belong to

just one fuzzy set; that is, there is only one input value in each triangular fuzzy set

that will have a membership equal to one. For the trapezoidal fuzzy sets, however,

there are several values in each set that have a membership equal to one and, thus,

belong to only that fuzzy set. This creates areas within the color graphs that have

the same calculated output values for applicability or VoI, thereby producing the

more pronounced rectangles. Note these rectangles are seen within the color graph

and at the four corners of the graph.

Figure 2.5: Applicability and VoI: Standard Triangular and Trapezoidal Fuzzy Sets
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Figure 2.6: Applicability: Standard and Customized Triangular Fuzzy Sets

2.3.2.2 Standard Triangular vs Customized Triangular

In the experiments shown below, since the calculations of applicability and VoI are

very similar, comparisons between the different models will be illustrated using

the results of the applicability FAM only. Figure 2.3 and Figure 2.6 are used to

compare the applicability values for the standard and customized triangular fuzzy

models; Figure 2.3 shows the fuzzy set shapes for all domains in the standard model

(2.3(a)) and the customized models (2.3(b), (c), and (d)), and Figure 2.6 provides

the associated color graphs.
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Case 1

In the standard model, both domains (source reliability and information con-

tent) are decomposed following the TPE restrictions as illustrated in Figure 2.3(a).

The resulting color graph for the standard (TPE) model is shown in Figure 2.6(a).

In the customized model, both inputs shrink the third fuzzy set from the standard 2

to 4 width (on the x-axis) to the customized width of 2.5 to 3.5 as shown in Figure

2.3(b); the corresponding color graph is Figure 2.6(b).

Compared with the applicability distribution of the standard model, the color

graph for the customized model is much less smooth. It is also clear that two very

similar color belts cross in the middle of the graph (as outlined); the edges are

2.5 and 3.5 (both vertically and horizontally). The middle of the graph for the

customized model has similar color values; however, the outer edge of the color

belt has smaller changes than that in the standard model and the inner edge has

larger changes which cause the visible boundaries. Also, four rectangles in a solid

color around the center are observable (and outlined) in Figure 2.6(b). The reason

for the observed differences is that in the customized model, inputs between 2 to

2.5 and 3.5 to 4 only belong to one fuzzy set. This leads to smooth visualization

and solid squares of the same color. On the other hand, input values between 2.5 to

3.5 belong to two fuzzy sets. The third fuzzy membership degree is changed faster

(narrower triangle; slope is larger) than that in the standard model. As a result,
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this enhances the representation of boundaries.

Case 2

In this case, the third fuzzy set is assigned a wider range, encompassing the

entire input domain, as shown in Figure 2.3(c). Again, in the standard model both

domains are decomposed following the TPE restrictions (Figure 2.3(a)).

The values in the customized color graph in Figure 2.6(c) look smoother in the

center with sharp variations occurring in red and blue at the corners; the red and

blue corner values have a much smaller area than in the standard fuzzy triangular

model. The reason is that the third fuzzy set in the customized model affects all the

fuzzy membership degree calculations since it spans the entire input domain. For

high value inputs, the third fuzzy set causes lower FAM values to join the calcula-

tion, resulting in a lower output value than that in the standard model.

The reverse occurs for the low value inputs; the middle fuzzy set contributes

higher FAM values to the applicability result. Thus, the red and blue boundaries

contract to the corners of the customized graph as compared to the standard trian-

gular fuzzy model results.

Case 3

Considering that some users maybe prefer a wide range in the middle fuzzy sets

(most IC and SR inputs would fall in the “middle”) but smaller ranges at the edges

(only extreme IC and SR inputs are considered “best” or “worst”), Figure 2.3(d)
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shows a fuzzy set pattern to provide such a system. In this model, the two ends

are made narrower (range from 1 to 1.5 and 4.5 to 5), which means only a small

range of inputs belong to these sets. The middle set has a wide input scope, which

is from 1.5 to 4.5. Meanwhile, the input ranges of other two fuzzy sets are reduced

appropriately.

Figure 2.6(d) shows the applicability distribution based on this customized model

which is much more “blocky” than that of the standard TPE model shown in Figure

2.6(a). Because the middle fuzzy set is extended and covers numerous inputs, the

resulting output has a number of areas in the middle values. The contraction of

the other fuzzy sets causes much of the graph area to show up in orange and cyan

colors, while only the corners have extreme high or low values corresponding to

dark blue and dark red.

2.3.2.3 Standard Trapezoidal vs Customized Trapezoidal

Figure 2.4 and Figure 2.7 are used to compare the applicability values for the stan-

dard and customized trapezoidal fuzzy models; Figure 2.4 shows the fuzzy set

shapes for all domains in the standard model (2.4(a)) and the customized mod-

els (2.4(b), (c), and (d)), and Figure 2.7 provides the associated color graphs.

Case 1

In the standard model, both domains (SR and IC) are decomposed as illustrated

in Figure 2.4(a). The resulting color graph for the standard model is shown in



41

Figure 2.7: Applicability: Standard and Customized Trapezoidal Fuzzy Sets

Figure 2.7(a). In the customized case, the middle fuzzy set is still an isosceles

trapezoid but the width is smaller than the other sets, as depicted in Figure 2.4(b).

The left and right bottom points are 2.5 and 3.5; note the upper base is the same

2.75 to 3.25 as in the standard trapezoidal model. The corresponding color graph

is shown in Figure 2.7(b).

As in Case 1 of the triangular fuzzy model, the color graph for this customized

trapezoidal model illustrates two similar color belts crossing in the middle of Figure

2.7(b). Because the middle fuzzy set is narrower and more inputs belong to only the
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second or fourth fuzzy set, the edges corresponding to the middle SR and IC input

values are smaller and more pronounced than those of the standard trapezoidal

model shown in Figure 2.7(a). Also, the neighboring rectangles of solid color are

larger than that in the standard model. Note that the areas associated with the four

corners are similar in both the standard and customized color graphs.

Case 2

Considering that the opposite setup with the middle fuzzy set as shown in Figure

2.4(c), this case sets the middle fuzzy set to cover a wider input range, from 1 to

5. However, the upper base is still fixed from 2.75 to 3.25 and all other sets are the

same as in the standard trapezoidal model.

Figure 2.7(c) illustrates the associated color graph. The result of the customized

trapezoidal model reveals a similar trend as that of the corresponding triangular

model; more areas in the middle values can be observed and a sharp variation

happens in the corners as compared to the standard trapezoidal model in Figure

2.7(a). Nevertheless, the graph still presents the basic features of the trapezoidal

fuzzy model - some rectangles in similar colors exist in the color graph which are

not as obvious in the triangular fuzzy model.

Case 3

Based on the same scenario as with Case 3 for the triangular fuzzy sets, this

customized trapezoidal model sets up a wide middle fuzzy set and narrower side
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sets as shown in Figure 2.4(d). In this setup, only very high or low value inputs are

regarded as extreme conditions.

Figure 2.7(d) shows the applicability distribution based on the customized model.

Compared with the result of the standard trapezoidal fuzzy model in Figure 2.7(a),

similar results occur as with Case 3 for the triangular model. The areas in the mid-

dle values are larger than those in the standard trapezoidal model (Figure 2.7(a))

and only small sections of dark red and blue in the corners represent the extreme

high and low applicability values. Moreover, the result of this customized model re-

tains the features of a trapezoidal fuzzy model which produces larger areas of solid

colors in the graph. However, one difference is that color boundaries between the

rectangles are much narrower in the customized model. This makes the boundaries

more pronounced and provides well-defined solid color rectangles.

2.3.3 Discussion

From the observation of triangular and trapezoidal fuzzy membership functions,

the first major difference is that when using the triangular approach the results of

the color graphs were strikingly different than those of the trapezoidal approach.

Using the triangular fuzzy model produced graphs that were infinitely smoother

in their transition between calculated values. The trapezoid models, on the other

hand, produced plots that appeared "blockier", lending to larger areas of continual

homogeneous values.
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A second major difference observed is the increased flexibility for representing

membership functions afforded by the trapezoidal representation. Using the trape-

zoids allowed an "interval of values" that maximized the individual membership

functions (top of the trapezoids) as compared to the triangle representation that

permitted only one. The introduction of the trapezoid dramatically increases the

ability of the user to capture representations over the more simplistic triangular

shape.

With this understanding, one might mistakenly choose one approach over the

other, thinking on one hand the trapezoidal approach is inferior because of the

“blocky effect”, or on the other hand, superior because of the added flexibility. The

fact is both approaches have their own strengths and weaknesses. For example,

depending on the context of the situation, the blocky effect might provide a better

representation of the military function being modeled. An example of this effect can

be seen when comparing a logistic battle function against that of a tactical combat

battle function.

For the logistics operations, the fidelity of the information required for moving

equipment can be significantly less critical than that required when conducting a

combat cordon and search operation; as such, the logistical representation of VoI

may very well be represented with larger areas of homogeneous values (the block-

ing effect).
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Military contexts are extremely various in the battlefields thus they have differ-

ent intelligence preferences. For example, a tactical operation requires information

that is more fresh while a strategic military decision should be supported by infor-

mation that has higher applicability. Commanders in the battlefield need different

calculations of VoI which means various fuzzy logic models can be contributory. The

experiments we have done provides two different shapes of membership function

and SMEs are allowed to tune a customized model for a special military context.

This will help to improve the accuracy of calculating VoI in a specific scenario and

lead to better situation awareness. SMEs in U.S. Army have utilized our system to

perform an assessment of efficacy to current military operations [60].

2.4 Integrating Complementary/Contradictory Information

While the prototype system has been shown to produce a reasonable Value of In-

formation (VoI) determination based on the information characteristics reviewed

above, it is clear that this VoI rating may change over time. One extremely simple

case is that, since timeliness is one of the characteristics used to compute VoI, as

time passes the VoI determination would be expected to change. But even without

this obvious observation we can understand that the VoI evaluation for a piece of

information might be impacted by the acquisition of new information.

As the information database constantly grows, a method for “re-prioritizing” the
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now-modified cache of information is needed. The VoI determinations, of course,

are used to signify the relative priority amongst the pieces of information. Even

within a constant mission context, however, new information might change previ-

ous VoI ratings by either (1) somehow revealing a change in the source reliability of

a particular source, or (2) providing a piece of information that contradicts or com-

plements previous information. A method for updating information priority based

on new contradictory or complementary information is of particular interest to the

military intelligence analysts.

Within the prototype system the information content characteristic is concerned

with whether a piece of information is complementary or contradictory with other

information. The literature shows much work has been done in this area; the sit-

uation of complementary or contradictory information is typically termed as ‘data

conflict’. Before describing our methodology for dealing with this issue we will

briefly outline some of the significant work found in the literature.

2.4.1 Strategies for Handling Data Conflict

Data conflict can be divided into two types: one relates to the uncertainty about

the attribute value caused by missing information, and the other is concerned with

the difference in attribute values [61]. The uncertainties are generally easier to

cope with while differing values are more complicated because it is between two

or more different non-null values. Handing conflicting data has been an active
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research topic in the data fusion area for decades and this is the focus of our current

problem. A recent survey provides us a detailed classification of strategies to handle

inconsistent data, as shown in Figure 2.8; these strategies have been summarized

in Table 2.3 [2].

Figure 2.8: A classification of strategies to handle inconsistent data [2]

Basically, there are three classes of data conflict handling strategies; these are

conflict ignorance, conflict avoidance, and conflict resolution. A number of com-

mercial and prototypical data integrating systems in different classes have been

proposed to handle complementary or contradictory information.

Strategies in the conflict ignoring class do not provide resolutions of uncertain-

ties or contradictory information. Sometimes, they are not even aware of data
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Strategy Classification Short Description
PASS IT ON ignoring escalates conflicts to

user or application
CONSIDER ALL POSSIBILI-
TIES

ignoring creates all possible
value combinations

TAKE THE INFORMATION avoiding, instance
based

prefers values over
null values

NO GOSSIPING avoiding, instance
based

returns only consis-
tent tuples

TRUST YOUR FRIENDS avoiding, metadata
based

takes the value of a
preferred source

CRY WITH THE WOLVES resolution, instance
based, deciding

takes the most often
occurring value

ROLL THE DICE resolution, instance
based, deciding

takes a random value

MEET IN THE MIDDLE resolution, instance
based, mediating

takes an average
value

KEEP UP TO DATE resolution, metadata
based, deciding

takes the most recent
value

Table 2.3: Conflict Resolution Strategies
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conflicts. Two typical strategies in this class are ’Pass it on’ and ’consider all possibil-

ities’. ‘Pass it on’ presents all values to the user or application and defers resolution

to them, while ’Consider all possibilities’ creates all possible value combinations and

transfers them to the front end. Pegasus [62], developed by HP Labs, is a widely-

used conflict ignoring system, which focuses on multi-database aspects. It is based

on the object-oriented data model and allows the user to access different heteroge-

neous distributed data sources. Based on Pegasus, a number of systems have been

developed to extend it from different aspects. For example, Nimble, another inte-

gration system, uses the conflict ignoring strategy [63,63]. It is the first XML-based

commercial product and has been successfully implemented in several large compa-

nies. Both the Pegasus and Nimble systems use the ’Pass it on’ strategy and escalate

conflicts to users or applications.

The second class, conflict avoiding, includes strategies like ’Take the informa-

tion’, ’No gossiping’, and ’Trust your friends’. All of them apply a unique decision

equally to all data rather than performing individual resolution for each conflict.

The first two strategies are decided by instance and the third one is based on meta-

data. Instance-based decisions mean the action is in regard to the actual data val-

ues while metadata-based decisions consider values based on metadata, such as

freshness of data or the reliability of a source. TSIMMIS is one of the well-known
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conflict-avoiding systems [64]. Instead of using an existing data model it uses wrap-

pers to extract data from sources and convert it into its own data model called an

Object Exchange Model (OEM). The ’Trust your friends’ strategy is used in the sys-

tem and the final data representation is based on the preferred source. Besides

TSIMMIS, Infomix [65] and HIPPO [66] are also classified as conflict-avoiding sys-

tems. Both systems follow the Consistent Query Answering approach(CQA) and

use the ’No gossiping’ strategy, which means they only return consistent tuples. The

difference between them is that Infomix uses not only relational data but also XML

data, HTML data or data from other data models, while HIPPO uses a special data

structure called a conflict hypergraph. However, HIPPO takes advantage of the

hypergraph model to reduce the computation of all repairs in the data.

The third class of handling inconsistent data is conflict resolution, which also

includes instance-based and metadata-based methods; both of the methods can

provide deciding and mediating strategies. Deciding strategies will return a pre-

ferred value among the existing values, while mediating strategies can produce an

entirely new value, such as the average of a set of conflicting numbers. For the

instance-based deciding method, ’Cry with the wolves’ and ’Roll the dice’ are two

common strategies which provide the most often occurring value or a random value

to the users or applications. ’Meet in the middle’ is another instance-based method,

but it is a mediating strategy and returns an average of the conflicting values. There
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is also a metadata-based deciding strategy called ’Keep up to date’ which takes the

most recent value as the output. Compared with conflict ignoring and avoiding

systems, conflict resolution systems attract more attention. Hermes [67], Fusion-

plex [68], and HumMer [69] are three popular conflict resolution tools. All of

them can provide complete and concise answers for queries. In particular, Hermes

has a mediator that is specified by an expert in a declarative way. Fusionplex uses

the ’Keep up to date’ strategy only while the others use multiple approaches. In

addition, HumMer provides semi-automatic virtual integration and the automated

process continues as far as possible [70].

Based on these classified strategies, some advanced techniques have been pro-

posed for conflict resolution. They focus on three different aspects: accuracy of

sources, freshness of sources, and dependence between sources. Some data sources

are more accurate and valuable than others and sometimes the difference between

them can be very significant. In order to assess accuracy of sources, Dong et al.

present a novel probabilistic model to compute the reliability of each source and

return true values based on conflicting data [71]. Similarly, Zhao et al. present a

Bayesian approach to score the source quality without supervision [72]. Wu and

Marian [73] and Yin et al. [74] introduce a general assessment framework to cal-

culate the source accuracy in a Web domain. Blanco et al. also apply a probabilistic

model to the source assessment and enable several attributes working at the same
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time with Web data [75]. As the real world is dynamic, true values often evolve

over time; some models have been proposed to consider the freshness of sources.

A probabilistic model is presented in [76] to consider source freshness. This ap-

proach treats incorrect values and out-of-date values differently in truth discovery.

Research on source dependence focuses on copy detection, which is another sig-

nificant issue when integrating conflicting data. Data sources may copy from each

other for all or some of the data, especially within the Web domain. Dong et al. and

Berti-Equilleet al. propose some preliminary solutions and a probabilistic model to

discover dependence between sources in [71,77].

Although systems handling conflicting data have been proposed and developed,

it is still a huge challenge to apply them in the military environment. Our problem

dictates that we should not employ the strategies contained within the ‘conflict

ignorance’ and ‘conflict avoidance’ classifications. The techniques present in the

‘conflict resolution’ class pose problems as well. Because of the special military

intelligence analysis domain context, data training is often not possible. Further,

many of the approaches return values (such as most recent, preferred, average or

random) that may not be useful in our problem domain.

The accuracy of sources, freshness of sources, and dependence between sources

are all critical in our context, so the techniques considering these are interesting.

However, there is no general approach (or guidance) for how to combine these
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properties within our domain. Additionally, judgments related to sources are con-

tained in the source reliability(SR) characteristic of the information; we hope to

focus on the information context (IC) characteristic to update the VoI determina-

tions based on new information.

2.4.2 Methodology and Initial Result

Based on the review of current data conflict handling methods proposed through-

out the literature and the noted deficiencies relative to our domain, we propose a

slightly different method to address the issue. Our approach is somewhat similar to

the Hermes conflict resolution system in that we plan to use fuzzy rules provided by

Subject Matter Experts (SMEs) as our “mediator”. That is, knowledge from the mil-

itary intelligence SMEs with respect to updating the VoI ratings will be translated

into fuzzy rules and integrated into the prototype VoI system.

The necessary first step in augmenting the prototype system involves under-

standing how military intelligence analysts combine complementary and/or con-

tradictory information in order to achieve the necessary situation understanding to

make sound decisions. The following subsections detail the initial approach taken

to frame the decision space, the process being used to elicit knowledge from the

SMEs and some initial results.
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2.4.2.1 Framing the Decision Space

In order to capture how analyzers combine information, there must first be an

agreement to the abstract definitions that define complementary and contradictory

information and the varying degrees to which a piece of information may or may

not support the original premise. To frame the challenge the following definitions

are given:

• The information is identical totally complementary

• The information supports the related premise somewhat complementary

• The information is unrelated neutral

• The information supports an alternative premise somewhat contradictory

• The information is totally opposite totally contradictory

As an example, suppose the original premise offered is: ‘There is going to be a

game at the stadium tonight’ (original premise). Information that is totally comple-

mentary to this statement would state a fact that is in complete agreement. Whereas

information that is totally contradictory would state the exact opposite: ‘there is not

going to be a game at the stadium tonight.’ The definitions for somewhat comple-

mentary and somewhat contradictory are subtler though. In this example, the infor-

mation that ‘there is a backup at the exit from the stadium before the game’ supports
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the related premise and therefore would be somewhat complementary. Where, the

fact that there was ‘not a backup at the stadium exit’ would logically be somewhat

contradictory. Neutral information is agnostic to the original premise.

2.4.2.2 Knowledge Elicitation

To assist in the knowledge elicitation process, a simple user prototype was designed

to capture the ‘perceived change in the VoI’ to an initial fact when it is combined with

a new piece of information that either complements or contradicts it. The proto-

type allowed any combination of informational facts to be displayed. In addition to

providing the scores associated with source reliability and information content, the

additional fact given was also scored as to its degree of complementing or contra-

dicting using the scale described above. The latency for both pieces of information

was held constant (i.e., recent) for this exercise. The experiment was conducted

by SMEs in U.S. Army and they gave the feedback which can help to improve the

system.

An example of the user interface is shown in Figure 2.9. The initial fact, outlined

in black, is scored as having an initial source reliability score of C and an informa-

tion context score of 3. The additional fact given in this example has a source

reliability score of A, an information content score of 2 and is designated as being

somewhat contradictory. With that information, the user in this example adjusted

the perceived VoI slider to a position that is very close to "Significantly Increased".
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After the score is entered, the next two pieces of information are displayed.

Figure 2.9: Complementary/Contradictory Capture Screen

For this exercise 80 different combinations of information were tested. The

Initial Facts ranged from information classified as extremely valuable [A,2] to infor-

mation of little value [E,4]. The Additional Facts offered varying degrees of com-

plementing and contradicting information to the original fact from totally comple-

mentary to totally contradictory and were graded either better, the same or worse

in informational value than the original fact.
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2.4.2.3 Initial Results

During this exercise, four intelligence analysts rendered their opinions on the per-

ceived change in VoI for 80 combinations of complementary and contradictory in-

formation. Since the military intelligence is classified and critical, SMEs in U.S.

Army conducted analysis.

Anecdotal Summary of results:

1) The biggest change in perceived VoI occurred when combining total comple-

mentary data with a grade of [A, 2] with information graded above [C, 3]. In these

cases, the change in perceived VoI was consistently rated with a significant increase

rating. Information graded below [C, 3] saw changes close to moderately increase.

2) When the combining information was somewhat complementary, the rise in

perceived VoI was directly related to the score of the original information. Restated,

the higher the original information score the greater the potential change in per-

ceived VoI. Original information with a lower rating saw the smallest change in

perceived VoI; even when the additional fact was rated [A,2].

3) The results obtained when combining total contradictory information revealed

the biggest between-subject differences. While the directions of the changes were

generally the same, the magnitudes of the changes were obviously not aligned.

Follow-up interviews will be conducted to determine the underlying cause.

4) When the combining information was somewhat contradictory, the decrease
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SR
APP

1 2 3 4 5 6 7 8 9

1 5 4 2.5 1
2 5 4 3 2 1
3 5 3.5 2 1
4 5 4 3 2 1
5 4.5 3 1.5

Table 2.4: Reverse Applicability FAM (APP: Applicability, SR: Source Reliability)

in perceived VoI followed the same pattern as that observed when combining some-

what complementary information, but it was less dramatic. Interestingly, the de-

crease was generally one whole point difference on the Likert scale.

2.4.2.4 System Modification

The knowledge elicitation effort detailed above is just the initial examination of if

and how the process of combining information used by military intelligence analyst

SMEs can be codified and automated. The preliminary results support the idea that

a reasonable experiment can be developed to elicit the necessary fuzzy rules from

the SMEs to represent the way they combine and reason over contradictory and

complementary information. These new fuzzy rules will allow enhancements to

the initial fuzzy-based VoI prototype so that changes in previous VoI determinations

can be made to reflect the updated “value” of old information in the light of new

information.
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As mentioned previously, our methodology for handling data conflict is to mod-

ify the information content grade of a previously obtained piece of information to

reflect the new VoI rating that it should now have based on some new piece of in-

formation. How the IC grade will be modified will be dictated by the fuzzy rules

obtained from the SMEs. Based on the preliminary knowledge elicitation outlined

in the section above, we examine the "backwards solving" to calculate the reverse

Fuzzy Associative Memory (FAM) matrix given SR and applicability.

Figure 2.10: Reverse Applicability FAM-Region Growing

Table 2.4 shows a reverse applicability FAM using APP and SR as the inputs

and IC as the output. Note there are some cells with no values which represent

empty in the rule base. That is, there are SR and APP combinations for which no

corresponding fuzzy rules were provided by the SMEs. To identify the empty rules

based on knowledge provided by SMEs, we explore three approaches which are
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Figure 2.11: Reverse Applicability FAM-Weighted Averaging

region growing, weighted averaging, and rule base completion via training data.

Figure 2.10, Figure 2.11, and Figure 2.12 illustrate the value distribution of these

three approaches. The detailed empirical study is presented in [78].

Figure 2.12: Reverse Applicability FAM-Training Data

From the study, none of the approaches resulted in a reasonable FAM. The region
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growing and weighted averaging methods did complete the empty cells in the FAM,

but the resulting fuzzy rules were not consistent with the SMEs reasoning process

illustrated by the original applicability FAM rule base. While rule base completion

using training data produced resonable results for the cells that got filled in, over

35% of the FAM rules were still missing output values.

The final idea consisted of examining the reversed applicability FAM to see if the

missing rule outputs were actually needed. That is, perhaps the reasoning process

used by the SMEs to combine two pieces of information would not need the incom-

plete rules; this would imply that the reasoning process to combine information is

consistent with the initial reasoning used to evaluate a single piece of information.

Regrettably, data from an experiment using the SMEs to aggregate complementary

and/or contradictory information revealed that the reverse applicability FAM (as

well as the incomplete FAM that resulted from using the training data) was not suf-

ficient to model the aggregation process. The proposed approach cannot work well

for integrating complementary/contradictory information.

2.5 Utilizing Human Processing for Fuzzy-Based Military Situation Awareness

Based on Social Media

Today social media such as Twitter, Facebook, YouTube, LinkedIn, and Flickr have

attracted billions of individual users. A report from Netpop Research indicates that
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more than 76% of U.S. broadband users actively contribute to social media websites

[79]. Social networking and related websites are among the top few online websites

which have the highest Internet traffic [80]. Social media has changed the way

that information is generated and propagated across communities and around the

world. Users are able to collect, process, share and publish information anywhere

and anytime, especially with the advances of Internet and mobile technologies.

They can also easily find groups by interests. For example, movie fans can post their

reviews on a Facebook group and sports players can upload videos to YouTube.

Data from social media can provide up-to-date information on topics which can

cover almost every subject. They can be extremely useful for understanding the

world for any individual user. From another perspective, social media has also

changed the conditions in which the Armed Forces carried out military operations.

Research on social media has been conducted in different directions. What we are

interested in is how to use this for computing situation awareness (SA) in military

settings.

Social networking has been considered as a means for emergency communica-

tions, and social media data have been utilized in emergency SA applications like

disaster relief or natural hazards events [81–83]. Even though similar technologies

may be effective and ready to be adopted in SA in regards to military events, it is not

enough (and potentially unsecure) to only rely on machine computations. This is
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especially true as in the military setting we have command and control operations.

The military often faces critical situations and the consequences of interpreting in-

formation incorrectly can be serious. Therefore, we think Subject Matter Experts

(SMEs) based human computation is necessary here.

In this study, we explain the insights of social media and characteristics of the

data they generate, how they change information strategies and affect SA from dif-

ferent aspects, illustrate why fuzzy based solutions are appropriate in this setting,

and analyze why and how to encompass human computation in this procedure.

Specifically, we suggest involving human experts in three stages when computing

SA, namely during data processing, information evaluation and decision making.

Our goal is to understand the relationship between SA and numerous individual so-

cial media users, and to explore a better way to support safety-critical SA, a socially

cognitive understanding of “what is going on”.

2.5.1 Social Computing in Situation Awareness

Before discussing the importance of utilizing human processing power to solve SA

challenges using social media data, it is necessary to study the characteristics of

social media and the advantages and disadvantages it can bring to military SA.
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2.5.1.1 Social Media and Related Strategic Change

It is obvious that with the advances of computer information and the development

of mobile technology, social media and the data they generated have become part

of our daily life. This not only means the speed and transparency of information

have dramatically increased, but also implies the emergence of new information

sources, as anyone is able to share his/her thoughts online without having to expose

himself/herself.

There are several essential characteristics of social media we cannot ignore when

considering it as the information generating and propagating platform:

• Uncertainty. Blogs, social networking web-sites and media-sharing sites allow

users to share information anywhere and anytime. These high-volume social

data sites can be noisy, vague, imprecise, and unclear, considering the barri-

ers such as language and culture. Extracting useful information from these

data sites are the keys for SA, yet it is also very challenging. In addition, the

uncertainty feature of social data also includes the ambiguity of a user’s true

intention. This means the assumption that all information shared on social

media implies the users’ true intentions and that the attitude is not always

correct, especially when the cost of generating and propagating information

is so low on social networks.

• Connectivity. The relation among users within a group can be an important
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factor for information transferring. How to group or cluster users can also

contribute to understanding the “big picture”. But it is worth noticing that

functional similarity or spatial closeness may not be enough for this process.

Besides, one user may belong to multiple groups/clusters, and information

sharing within groups can be highly event dependent. For example, one may

forward an interesting picture or news to everyone in his/her contact list

but choose to share his/her vacation photos with only his/her friends group.

Therefore, the connectivity of a user and his/her groups should not be treated

as a constant attribute. In addition, whether we should separately compute

an individual user and his/her group and how much weight we should give

are other aspects which influence SA and final decision making. Specifically,

when a group of users has similar information, it is hard to decide whether

we should only treat them as a whole unit since the simple copying of infor-

mation can happen, or should we count it multiple times? Copy detection can

be included here, although it is hard to know a user’s true intentions when

similar data appear in the group.

• Collaboration. The way users collaborate in social media offers another impact

aspect for SA. One can positively support others in a discussion, or express

negative objections on some topics. However, collaboration may not always be

binary. Ambiguous information and unclear user attitudes are very common.
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• Inequality. Similar to how information from authorities is more reliable com-

pared with gossip newspapers, information from different resources/users in

social media should not be treated the same. Thus, their contributions to the

SA computing are not the same. However, although it may be easy to differen-

tiate personal/individual social media users from business or social identities,

it is challenging to evaluate reliability among several personal users or sev-

eral business users. For example, information from Google or Amazon may

be more convincing than that from a gun-shop manager; but how to compare

information from a gun-shop manager and a banker is hard to decide. Some

user attributes such as reputation, account created time and geolocation may

be used to estimate the reliability of a user and therefore the value of his/her

shared information, but those attributes themselves can be dynamic or not

true by the nature of Internet.

• Time-sensitivity. The information from social media is highly time sensitive,

which brings another important variable when understanding the environ-

ment. Depending on the social media type, some information is near-real-

time, e.g. texts on Twitter, while others may be less time dependent, e.g.

videos on YouTube. Therefore, if emergency SA such as natural disaster con-

trol is the application’s goal, real-time data should be the focus. On the other

hand, if a long-term strategic decision is the goal, we will need more data from
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a long-time period. In addition, information and a user’s attitude can change

too. For example, a user may support legalizing undocumented immigrants,

but after a terror event, his/her option may change.

As technology and the Internet have changed the nature of conflicts, it is essen-

tial for the Armed Forces to observe and adjust the information strategies, which

implies that the effective use of social media can be very helpful to understand the

environment from the military point of view. How to utilize social media data effec-

tively while avoiding overuse and basing decisions on misleading information is still

a research question that has not been answered. Understanding the features of so-

cial media can assist us in extracting useful information and further understanding

a situation.

2.5.1.2 Situation Awareness

SA seeks the perception and understanding of the “big picture” in an event with

many inputs and dynamically changing variables. This is especially important for

the Armed Forces who require command and control operations and often face crit-

ical situations. In the military context, the SA refers to the “product of applying

analysis and judgment to the unit’s SA to determine the relationships of the fac-

tors present and form logical conclusions concerning threats to the force or mission
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accomplishment, opportunities for mission accomplishment, and gaps in informa-

tion” [15].

SA normally involves many actors/inputs. This becomes more complicated when

social media is considered as a data input platform. According to Endsley’s model,

SA has three levels: perception of elements in the environment; comprehension

of the current situation; and projection of future status [23]. We believe social

media can bring great positive contributions for the first level. Social media users

can be treated as human sensors which are similar as physical sensors to stimuli

[84]. When an event occurs, human sensors respond by making posts and sharing

information over social media like Facebook and Twitter. Below, we analyze the

positive impacts social media can bring to SA.

• Effective and real time. With the development of mobile devices, network ser-

vices and related social media applications, social media users/human sensors

can provide real-time information on an event. In addition, information prop-

agation through social media is also very quick. Thus, social media data can

be very useful to provide up-to-date information when we need to know the

current situation. This is also the reason social media data have been used for

emergency SA in different areas, such as [81–83].

• Informative. As the social media data come from real human users with any
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background, the information can be on any topic and cover multiple knowl-

edge domains. Besides, built-in devices and sensors such as GPS and cam-

eras can also provide additional information like photos and videos. Social

media data, when users share, post and process, may be synthetic, subjec-

tive/objective, or generative or derivative data. So, the advantage of social

media data compared with data from traditional resources is obvious: it is

all-purpose.

• Cost effective. Using humans as information sensors has little or no cost. Re-

search on rewarding strategies to encourage and evaluate user contributions

online have been an active direction in the social media realm. Many effec-

tive algorithms and techniques are proposed to stimulate social media users.

Thus, compared with building physical sensors, the cost of human sensors is

very low, especially when considering the performance and results they can

generate.

• Scalable and wide-ranging. Social media users can be anywhere if the network

service is accessible. This geographically distributed feature makes social me-

dia data highly scalable and can cover a wide range of locations. Thus, social

media data have been utilized to compute disaster SA [85] and military and

aviation operations [86]
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Even though the advantages of using social media and human sensors are at-

tractive and promising, they cannot replace physical sensors or recognized military

agents. The reason is obvious: human sensors/social media users can be unreliable

and pose potential security issues.

Unreliable or unsecure data found on social media can be divided into two cat-

egories, namely unintentionally wrong information and vicious information. The

former one means a user propagates the information unintentionally or without

truly understanding it; while the latter means, the user supports the opinion of the

data and spreads the information purposely. The effect of these two kinds of data

on SA and related decision making is different. How to separate those two kinds

of data is still a remaining unresolved question. Depending on the content of the

unsecured data, they may bring false damage or hazards for society. Therefore,

identifying unreliable information, whether intentional, exaggerated or accidental

is very necessary.

2.5.1.3 Fuzzy-Based Intelligence System

Today’s military operations are supported by access to information from a myriad of

sources that provide overwhelming amounts of data. Indeed, a primary challenge

nowadays is not a lack of information, but instead the information overload [16].

Much of the data may be non-verbal in nature, such as numerical troop strength re-

ports, GPS coordinates of important potential targets, video feeds from unmanned



71

aerial vehicles, readings from ground-based acoustic sensors, and the like. How-

ever, much of it, including that from social media platforms, is linguistic in nature.

Further, we may want to describe this data with additional linguistic attributes,

such as “possibly true”, “true”, “improbable”, “usually reliable”, and so on. Also,

as outlined above, data collected from social media may be uncertain, imprecise,

incomplete, vague, and/or unequal in value.

Interacting with humans requires systems to address linguistic words and phrases;

this is especially true in human computation systems. This situation leads naturally

to the use of fuzzy logic in the construction of such systems. Fuzzy set theory, for-

mally defined by Lotfi Zadeh in his seminal 1965 paper [28], provides the necessary

multivalued framework for designing fuzzy inference systems. Fuzzy inference pro-

vides the ability to perform approximate, or fuzzy, reasoning. As defined in [87],

approximate reasoning is the “process or processes by which a possibly imprecise

conclusion is deduced from a collection of imprecise statements”.

A key concept in fuzzy inference is that of linguistic variables. A linguistic vari-

able is primarily used to approximately characterize the values of variables as well

as their relationships [36]. In some cases, the vagueness conveyed by using words

may be on purpose since the situation may not require more precision. However, in

many cases, the imprecision is an artifact of the lack of ability to be able to quan-

titatively describe the characteristics of an object [36]. In addition to providing
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the framework for fuzzy inference, fuzzy systems have been shown to be effective

at approximate reasoning where information is uncertain, incomplete, imprecise,

and/or vague [25,26,28,88].

The literature contains numerous examples of the application of fuzzy-based

system to the exploration of social media data. It is not within the scope of this pa-

per to provide an exhaustive survey of such examples, but a few will be mentioned

here to corroborate the applicability of fuzzy systems to the problem domain that is

being considered.

The work presented in [89] proposes a fuzzy algorithm to mine multi-layered

Twitter data. The goal is to generate indications of general public opinion by ex-

amining tweets. The results shown demonstrate that the method is both fast and

high in predictive accuracy. A typical use of fuzzy inference is provided in [90].

This research uses an adaptive fuzzy inference method to understand the sentiment

contained in social media data for both English and non-English languages.

The idea of clustering – whether it is applied to posts, documents, tweets, or

users – is an important idea with respect to social data mining. As such, there

are many examples in the literature of techniques that use fuzzy-based clustering

methodologies; two examples are mentioned here. Fuzzy clustering is used in [91]

to compute emotional and sentimental values from micro-blogs posted by mobile

users. The use of a modified fuzzy C-means algorithm is presented in [92]. The
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fuzzy system is used to cluster user sessions to enable analysis based on the behavior

of the users.

2.5.2 The Role of Human Processing

Social behaviors such as online discussion, collaborative projects and creative activ-

ities are very common in social media. The information generated in those social

behaviors is not predetermined and primarily directed by participants’ inspiration.

Thus, using the social information to compute SA and make decisions is not an easy

task, especially in the military setting where critical and emergency events often

happen. Therefore, we believe human computation, a technique utilizing human

processing power to solve problems that computers cannot yet solve [39], can be a

good solution for this problem. Particularly, we suggest involving SMEs instead of

general human users without military backgrounds and knowledge in this process.

We suggest including human processing in three stages during the SA computation

based on social media data, as illustrated in Figure 1.1.

After collecting raw social media data, we then need to start data processing

such as information retrieval and extraction. Information retrieval searches for the

relevant information contained in a set of knowledges, while information extrac-

tion is focused on extracting relevant facts. Both of those procedures largely rely

on pre-defined keywords, which can impact the result of the whole system. How

to decide on keywords is a task that cannot be accomplished by simple machine
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computation. Therefore, human involvement is mandatory and essential here. We

suggest including a human computation step to determine the project goals before

data processing and after data collection. For example, suppose we would like to

study how the new refugee policy is propagated over the social media and find the

public’s opinion on both the east and west coasts of the U.S. Then we need to ask

some SMEs to provide a list of important keywords such as “refugee(s)”, “asylee(s)”,

“resettlement”, “humanitarian protection”, and so on.

The data processing step, shown as the dotted rectangle in Figure 1.1, is the task

mainly for machine computation. This step may encompass information regarding

user profiles and attributes, depending on the “situation” which we are trying to

understand. For example, if we would like to research on how the new gun law

and policy affects manufactures, those users who are handgun sellers or gun shop

mangers may be our focus. It is also worth noticing that in this step, information

retrieval and extraction may happen multiple times, as shown in the figure. This

is because when a new event happens, we may need to update the keywords and

research focus, and then process the media data again.

After information retrieval and extraction, we then compute the value of in-

formation (VoI). This is called the information evaluation step in our architecture.

User profiles and attributes can have an important contribution in this step too, as

demonstrated in Figure 1.1. Considering the inequality and connectivity features of
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social media, we evaluate the VoI from each relevant user or user group based on

his/her/their user information such as roles, importance for this event, reliability,

reputation and so on. Different methods to compute the VoI have been proposed

already; one such fuzzy-based system is presented in [93].

When data are evaluated and values are given to the relevant information, we

can then cluster them into groups based on opinions or facts and rank information

in each cluster for computing global SA. The clustering methods like [91, 92] can

be adopted here. In this step, we suggest involving human computation to optimize

results. Furthermore, we think a group instead of an individual-level SA process

is necessary here, similar to that presented in [86]. Specifically, a group of SMEs

who are related to the event are given the results of ranked data and related user

information, and then they need to comprehend the environment individually. The

SMEs’ knowledge and experiences are significant for computing global SA, espe-

cially on new and emergency events, which is not reproducible by computers alone.

For example, social media users can report and discuss the fact that large amounts

of illegal immigrations appear in some European countries. Regular users may just

interpret this as an impact factor for the local job market. SMEs might understand

this is a potential security problem which may also include diplomatic and cultural

conflict and then make corresponding reactions and decisions. Note that we sug-

gest each SME evaluate the environment individually. This is because each expert
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has his/her opinion on understanding of “what is going on”, which is decided by

his/her own experiences. Then the final SA result can be generated based on the

aggregated evaluations.

After seeing the big picture of the current situation, we then make decisions

which project future actions in the environment. In this step, human experts should

be involved too. Decision making implies “what we are going to do”, based on

knowing “what is going on”. Possible errors always exist and no SA system can

guarantee correctness all the time. Therefore, computer-aided decision making

should only be used as a complementary module. Human experts must be the ones

to determine the real actions, especially in the military setting where consequences

of a decision can be serious.

2.6 Conclusions

The types and amount of information available to the military community have

seen an unparalleled increase over the last several decades. As a result, military

commanders and staff have the daunting task of not only separating the important

information from the routine, but also the challenge of combining information that

complements and contradicts the standing premise. Two approaches for codifying

the contextual underpinnings (framework) and cognitive interpretation for captur-

ing Value of Information (VoI) utilizing source reliability, information content and
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latency based on triangular and trapezoidal fuzzy membership functions. While

both of these approaches for capturing VoI are intuitively simple to comprehend

and computationally easy to calculate, differences are observed. Both approaches

have their own strengths and weaknesses.

Moreover, an approach to determining how analysts combine complementary

and/or contradictory information in order to achieve the necessary situational un-

derstanding to make sound decisions has been examined. The experimental knowl-

edge elicitation exercise tested 80 different combinations of "new" and "old" in-

formation. The Initial Facts ranged from information classified as extremely valu-

able [A,2] to information of little value [E,4]. The Additional Facts offered vary-

ing degrees of complementing and contradictory information to the original fact

from totally complementary to totally contradictory, and were graded either better,

the same, or worse in informational value than the original fact. The approach of

"backwards solving" to update Information Content does not work since there are

incorrect or missing roles. We will work with SMEs in U.S. Army to develop other

approach to reason integrated VoI.

We have also discussed how to inquire environment understanding when con-

sidering social media as the data input platform. Our emphasis is set on military

related events and requirements, based on which we analyze the features of social

media data, the relationship between social media and situation awareness, and
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the necessity of including Subject Matter Experts (SMEs) during this process. We

have demonstrated how to involve human computation at three different stages in

the SA architecture, and also explained that adopting fuzzy logic technologies for

knowledge discovery is suitable for our focus setting. Even though it is clear that

including SMEs benefits SA computing, it is also an expensive procedure which is

hard to evaluate. This means we not only need to think about how to motivate

subject experts when bringing them extra works, but also how to aggregate a group

of experts’ decisions, as human skills and experiences are hard to estimate.
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Chapter 3

Assistive Healthcare System for Young Adults with
Autism Spectrum Disorder

3.1 Introduction

Autism spectrum disorder (ASD) and autism are both general terms for a group

of complex disorders of brain development. These disorders are characterized, in

varying degrees, by difficulties in social interaction, verbal and nonverbal commu-

nication skills, and repetitive behaviors [94]. U.S. Centers for Disease Control and

Prevention (CDC) have published autism statistics which show that around 1 in 68

American children are on the ASD – a ten-fold increase in prevalence in the last

40 years. Over 3 million individuals in the U.S. and tens of millions worldwide are

affected by ASD and these numbers are fast-growing.

Unfortunately, there was no medical detection or cure for autism till now. Some

individuals with ASD may have to deal with their symptoms lifelong even after

treatment and interventions, and autism can cost a family $ 60,000 a year on aver-

age [95]. In addition to social impairment and communication issues, autistic indi-

viduals may face significant challenges from the following three aspects. First, they

need considerably more time to acquire a skill to fluency and often have difficulties

maintaining the skill [96,97]. Second, individuals with ASD often lack of executive
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functioning skills such as time management [98,99]. Third, they also have sensory-

based challenges that can cause significant distraction, pain or negative sensory

experiences that can result in debilitation or panic. Therefore, individuals with

ASD normally need constant prompts and continuous support to assist their skill

development and acquisition, as well as skill maintenance and generalization, even

for basic living skills such as eating and cleaning [96, 100]. Moreover, continuous

interventions are needed to help them stay focused, even when completing familiar

tasks. Because of the intensive level of prompts and personal attention needed by

individuals with ASD, many cannot have an independent and self-conducted life.

It not only increases stress and personal fatigue for the caregivers, but also brings

growing social and financial burdens.

In the past few decades, information technology and various sensors are fast

developed, which makes the Ambient Intelligent (AmI) System popular and also

implemented extensively. Some researchers have proposed different methods and

technologies to provide living assistance to people with disabilities such as autism

[101–105]. However, most of them are for autistic children and they focus on

improving their social, academic or organization skills. There is also research for

other populations such as deaf children [106] and older adults [107], but it does

not satisfy the requirements from targeted users.

In this chapter, an ambient intelligence based context aware assistive system is
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Figure 3.1: The proposed assistive system

proposed for young adults with ASD to improve their living skills, as demonstrated

in Figure 3.1. The system uses various context information including location, time,

schedule, personal preference, functionalities and so on, to automatically provide

customized and real-time support for individuals with ASD in their daily activi-

ties. To provide a cost effective, flexible and easily accessible method, various low

cost sensors are combined with mobile phones to build the system. Since previous

research [96, 98] has identified that not many individuals with ASD have unique

communication needs, the prompts are delivered in a variety of forms including

text, image, audio, and video.

Moreover, the Bayesian classification technique [108] is employed to implement

automated prompting functions in the system. An attractive feature about that

technique is that it is relatively simple to implement. Researchers have shown that
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it performs well when used as a classification tool [109]. For computational con-

venience, most implementations of the Bayesian classification technique require

the assumption of conditional independence of all the predictive attributes given

the outcome variable. In this study, this assumption is relaxed in a selective man-

ner to eliminate inappropriate conditional independence assumptions and thereby

minimize the impact of such assumptions on the belief revision process. This is ac-

complished by grouping interrelated variables for the assessment of posterior prob-

abilities. Sets of variables considered as part of the same group, which are called

composite attributes, are used to partition the entire set of predictive attributes into

disjointed sets.

Hopefully, this new intervention approach can assist autistic users to learn and

maintain basic living skills so that they can improve their life quality, augment their

ability to live an independent life and relieve the workload, stress and financial

costs of society and autistic families.

The reminder of this chapter is organized as follows: Section 2 provides a com-

prehensive literature review related to ambient intelligent system, ASD, and naive

bayes classification. Section 3 presents a novel context-aware support system that

can help young adults with ASD. Section 4 introduces experiment of this research.

Some initial results and discussions are also provided in this section. Section 5

concludes this chapter.
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3.2 Literature Review

3.2.1 Ambient Intelligent System and Autism Spectrum Disorder

Using context information in ambient intelligent (AmI) systems to support people

with cognitive disabilities has been an active research direction for the past few

decades. Most of the existing research on Autism Spectrum Disorder (ASD) focuses

on improving social and communication skills and targets children with ASD. For

example, [101] discusses the development and evaluation of a tablet-based appli-

cation to teach communication skills for children with ASD . [102] discusses how

individuals with ASD desire to use technology to improve social, academic, and

organization skills. In addition, most of the previous works are designed for the

academic setting. For example, [103] studies how to use vSked, an interactive

system, to improve student independence in classrooms and reduce prompts initi-

ated by the educators. [104] proposes a mobile tool for autistic children to practice

social skills. [105] develops a tablet-based application for activity schedules that

addresses classroom routines and verbal communications.

There is research on supporting everyday activities and workplace tasks, but

most of them are in the conceptual, exploratory stage without actual implementa-

tion or user involvement [110, 111]. Studies on using context information to pro-

vide services to people with cognitive disabilities have also been explored. [107]
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describes a context aware device that uses a camera to assist people with demen-

tia in independent living tasks such as using the bathroom. Similarly, [112] uses

location-based information to provide prompts to individuals with cognitive dis-

abilities for catering tasks. However, all these studies only explore one type of

context information. [113] and [114] separately examine a much broader range

of context information (location and motion information collected through sensors,

visual information collected through cameras) for the purpose of providing auto-

matic prompting for people with cognitive disabilities. However, their studies focus

on workplace tasks and the use of cameras raises privacy concerns in the indepen-

dent living environment, which can be very sensitive for our user population.

3.2.2 Naive Bayes Classifier

Bayes networks are one of the most widely used graphical models to represent and

handle uncertain information [115, 116]. Two major components constitute Bayes

networks:

1. A graphical component composed of a directed acyclic graph (DAG) where

vertices represent events and edges are relations between events.

2. A numerical component consisting in a quantification of different links in the

DAG by a conditional probability distribution of each node in the context of

its parents.
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Naive Bayes are very simple Bayes networks which are composed of DAGs with

only one root node (called parent), representing the unobserved node, and several

children, corresponding to observed nodes, with the strong assumption of indepen-

dence among child nodes in the context of their parent [117].

To ensure the classification, it is critical to consider the parent node to be a

hidden variable stating to which class each object in the testing set should belong.

And child nodes represent different attributes specifying this object. Therefore,

only the conditional probabilities should be computed when training the data set

because of the unique structure. Once the network is quantified, any new object

giving values of attributes can be classified by using the Bayes rule.

For example, let the set of attributes that are used for prediction be termed

X1,X2, ...,Xn, and the outcome be A. If the new instance with attribute values X = x,

then the posterior probability estimate for each possible outcome value ai is P(A =

ai | X = x).

However, this simplest way to estimate probability could lead to enormous train-

ing data requirement when larger sets of attributes are considered, or attributes

are allowed to have multiple values. Naive bayes classification allows a frequent

assumption to solve this issue which is called conditional independence. This as-

sumption means every attribute (X1,...Xn) in the set are independent with others

given outcome A=ai.
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Expressed by:

P(A = ai | X = x) =
P(X = x | A = ai) ·P(A = ai)

P(X = x)

=
P(A = ai) ·∏i P(Xi = xi | A = ai)

P(X = x)

(3.2.1)

where A is a possible value in the session class and X is the total evidence on

attributes nodes.

In the past decades, naive bayes classifier have been applied in various domains.

There are many studies [118–120] have been done to implement naive bayes clas-

sifier in text data mining. Moreover, [121] has proposed a rapid assignment of

rRNA sequences into the new bacterial taxonomy based on naive bayes classifier.

And [122] developed an intelligent system using naive bayes classifier to predict

heart disease.

In this study, we chose naive bayes classifier over other machine learning al-

gorithms such as Support Vector Machine (SVM) or decision tree for two reasons.

First, naive bayes classifier has very high computation efficient, which can provide

real-time response to the system. Second, because of the conditional independence

assumption, naive bayes classifier can remain high accuracy with small training

data set.
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3.3 Context-Aware Support System

Through the proposed context-aware supportive system, an easily accessible virtual

caregiver/mentor which can assist their daily activities is provided to young adults

with Autism Spectrum Disorder (ASD). They can improve their living skills progres-

sively and learn how to live independently by using this proposed system. Moreover,

this system can work anywhere, anytime, and gives personalized prompts for the

special needs of each user. Besides, caregivers and mentors who take responsibility

for taking care of individuals with ASD can also get benefits from the system. The

application provides activity records and reduces workload, stress, and financial

burden.

3.3.1 System Architecture

In general, this system follows the traditional client and server (C-S) network archi-

tecture, as shown in Figure 3.2. There is one dedicated central server which takes

charge of data logging, context analysis, and decision-making. By analyzing the

data collected from context sensors, the server can advise users to finish activities

by sending guidance and suggestions.

The client in the proposed system refers to the individuals with ASD who are

using the mobile application. With help from the application, users can perform

general activities and living tasks. During this process, user operation data will be
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Figure 3.2: System architecture

captured and transfered to the server for situation awareness analysis. In addition,

external sensors for location and event detecting are included to provide precise and

detailed context information. Similarly, data from external sensors are also sent

to the server automatically. Furthermore, application for caregivers and mentors

is another client in the proposed system. They will be notified and get involved

whenever users with ASD get stuck in a certain procedure or get lost in navigation.

The overall system comprises of five basic components, as shown in Figure 3.3.

The task module represents user activities such as cooking, getting dressed and so

on. This module highly relies on the database in the server. The user module is used

to store user profile information, such as schedule, preferences, and functionality.

This module can help the system make informed decisions for every specific user.
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Figure 3.3: System modules

There are three critical context information types in the context module, which are

temporal, environmental, and behavioral. These three kinds of input help the pro-

posed system collect and utilize the context information to infer the situations of

users. Interface modules in the proposed system provide prompts and instructions

displays. Multiple output options through text, video, audio and image are also in-

cluded in this module. The last module is decision module, incorporates inputs from

the other modules and performs informed decisions to provide accurate and timely

cues and appropriate prompts. The interaction amongst these modules enables and

contributes towards the efficiency and precision of the proposed solution.
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3.3.2 Mobile Application

We believe a smartphone based solution can address our challenges better, as it

is easily accessible, cost effective and has many useful built-in sensors. Therefore,

a mobile application, working as an intermediary between supportive system and

end users, is included in the system. It serves as the user’s agent and is in charge of

detecting and collecting context information from different sensors. For example,

when a user with a mobile device enters the kitchen, after communicating with

the sensor at the kitchen’s door the mobile application can detect this event and

send the corresponding context data to the server. In addition, the application on

a smartphone is the platform where users can follow instructions to perform actual

daily activities. Figure 3.4 is a screenshot of mobile application on an Android

smartphone and the task shown is cooking.

Figure 3.4: Mobile Application User Interface
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3.3.3 Context Sensors

Location sensors are the key context sensors for independent living assistance such

as a cooking assistant. Based on the location of the user and the data from other

modules, decisions as to whether to send a prompt and what prompt should be

sent can be made. Two kinds of sensors have been adapted in the system, namely

infrared sensors and Bluetooth wireless sensors.

As one of the most popular infrared sensors, the Sharp GP2D12 [22] has been

employed for location measuring in this system. The sensor uses an LED drive

circuit with integrated signal processing and then outputs analog voltage. The ef-

fective range is 10 to 80cm while output is a voltage signal from 0.4V to 2.4V. In

order to process and transfer these analog voltage signals, an Arduino board with

a 32-bit ARM processor and six analog input channels is used. Moreover, with the

help of a CC3000 Wi-Fi shield manufactured by Adafruit, the Arduino board could

host a micro-server in wireless Ethernet and transfer real-time distance data via the

telnet method. Figure 3.5 shows the infrared sensor for capturing location contexts.

In addition, Estimote beacon sticker [21], a small wireless sensor that broad-

casts radio signals to communicate with smartphones, has also been used to get the

location information. It includes a powerful 32-bit ARM processor, 256kB memory,

and 2.4GHz Bluetooth Smart module. The broadcasting range could be as little as 2

inches and as far away as 230 feet. This kind of sensor follows the iBeacon protocol
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Figure 3.5: Infrared sensor system

and uses Bluetooth for data transmission. When a mobile device enters range of

a beacon, it will receive various kinds of information including distance, which is

broadcasted by the beacon. We put the beacon sticker, which has a unique ID, at

major locations such as on the refrigerator, on the microwave, in front of a sink,

on an entry door, and so on. When the user with the smartphone gets close to any

sticker, his/her exact location can be tracked immediately. Figure 3.6 demonstrates

a user with a smart phone that communicates with the beacon sensors.
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Figure 3.6: Bluetooth sensor system

Infrared sensors are much cheaper than Bluetooth sensors, but its range of cov-

erage and data precision are not as good as the Bluetooth sensors. Infrared sen-

sors can work independently without interaction with mobile devices, but the Blue-

tooth sensors should communicate with mobile devices to get the location data. So,

choosing which location sensors is highly dependent on the application objectives.

3.4 Experiment

Two phases have been used in the user study: the first phase is to identify user

needs and challenges for project design and development, and the second phase

is a field study for user evaluation and feedback collection. Ten young adults with
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Autism Spectrum Disorder (ASD) and their caregivers/mentors have participated in

cooking tasks in an independent living setting and the user study is in two-sessions.

The functionalities of these participants are at various levels and most of them do

not have any cooking experience. Since the first session focuses on the user-guided

learning functionalities and the second session requires the user with ASD to com-

plete the same cooking task independently. During the second phase, a caregiver

observes user and send correct prompting information when they are stuck in one

procedure or get lost in navigation pages. Data is collected in the second session is

used for decision module training.

3.4.1 Environment Setting

The proposed system server is based on PHP and implemented on a PC with the

Debian Operating System. MySQL is employed for building the database to re-

act to application requests and record experimental data. The system allows the

user to access by both HTML and Android mobile APP. Two Samsung Galaxy S3

smartphones with Android 4.2.2 are provided to the participants to conduct cook-

ing tasks.

As the main objective of the proposed system is to support independent living

for users with ASD, experiments are conducted in a daily living setting which is a

Life Skills Lab allocated in a special Autism Center at a public university. The Lab

is a fully functional apartment with kitchen, living room, bathroom, dining room,
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Figure 3.7: The Life Skills Lab for user study

and laundry room. Figure 3.7 displays the Life Skills Lab.

3.4.2 Dataset Attributes

From the experiments of ten participants with ASD, a dataset is collected in the

MySQL database. There are 976 instances recorded in the dataset and each of them

includes timestamp, user id, and page information. By performing preprocessing,

four attributes are identified as parameters of training data:

• Gender (G): among ten participants, six of them are male and generate 583

instances out of 976. The other four are female users with ASD who gener-

ate 393 instances. Since some previous studies [123, 124] have shown that
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patients with ASD in different sex and gender have various symptoms and be-

haviours. Therefore, setting gender as one of the attributes for prediction is

significative.

• Functionality (F): represents the living abilities and skills of a participant and

the level of each user with ASD as defined by HPs. The functional levels of ten

participants cover a wide range. Two of them are highly functional and can

manage various daily routines independently. One participant has very low

functionality, and needs constant assistance and reminders from mentor. The

other seven participants are identified as medium functionality by HPs.

• Page type (Pt): means what kind of step of current instance. Three possible

values are identified by HPs: browse, short, and long. Type browse means the

user navigated to these pages and took a quick look. The staying time on these

pages is normally less than 2 seconds. The second type is short step which

defines some specific quick jobs, like taking out eggs from the refrigerator.

Commonly these jobs take no more than 50 seconds but more than 3 seconds.

The other pages, namely long, are time consuming, which take more than

50 seconds and even up to a couple minutes; for example, participants were

waiting for eggs to boil.

• Page difficulty (Pd): reveals how possible it is that a user with ASD would be
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stuck in the current page and need help from HPs. This attribute is based on

a statistic in regards to how many prompts of the current page were needed

among all users. If a page was prompted less than 3 times in its history, it

could be easy for most users and they are less likely to need help, namely

low difficulty. However, when a page was prompted more than 5 times, it

is extremely possible that the user needs assistance from HPs namely high

difficulty. In the training dataset, 861 instances are low difficulty while 26

instances are high difficulty. The other 89 instance are identified as medium

difficulty.

During the experiment, there is always a caregiver who is qualified as HP ob-

serving the participants finish cooking task. When a user gets stuck in a certain

procedure or gets lost in the page navigation, the caregiver will send a prompt to

help the user. The most critical evidence of judging a user need help is staying time

on the current page. For example, if a user stays in a page which is getting eggs

from the refrigerator whereas he/she keeps reading the description without any ac-

tion, the user is likely to need a prompt. Therefore, our situation awareness (SA)

model needs to calculate a reasonable staying time for a certain page. When users

stay longer than the reasonable staying time, the system will send a prompt which

simulates the action of a caregiver.

It is apparent that the calculation should consider the attributes identified by HPs
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above, which means the system will output a reasonable duration (D) of current

page based on four input variables. In order to train the Naive Bayes classifier,

we have done preprocessing to extract true values of duration. These values are

acquired by calculating the number of standard divisions from the mean, where

standard division and mean is based on values of staying time for the current page

over all history data. To keep the calculation simple, we discrete the duration in

two possible values: short and long; and this is the objective of classification. The

threshold of discretization is set by HPs and it is adjustable for different user groups.

3.4.3 Situation Awareness Model

Based on the equation 3.2.1, then we can build the SA model and determine the

probabilities associated with the different outcome states. To illustrate, we can

consider a situation: a male user in high functionality is finishing a cooking task.

The current step is a short step and very few people got stuck in this step. Therefore,

we can use the model to calculate the possibility of both high duration and low

duration given that the gender is male, functionality is high, page type is short, and

page difficulty is low. This can be expressed by:
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P(D = high | G = male&F = high&Pt = short&Pd = low)

=
1
K
·P(G = male | D = high)

·P(F = high | D = high)

·P(Pt = short | D = high)

·P(Pd = low | D = high)

·P(D = high),

(3.4.1)

and

P(D = low | G = male&F = high&Pt = short&Pd = low)

=
1
K
·P(G = male | D = low)

·P(F = high | D = low)

·P(Pt = short | D = low)

·P(Pd = low | D = low)

·P(D = low),

(3.4.2)

where
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K =P(G = male | D = high) ·P(F = high | D = high)

·P(Pt = short | D = high) ·P(Pd = low | D = high)

·P(D = high)

+P(G = male | D = low) ·P(F = high | D = low)

·P(Pt = short | D = low) ·P(Pd = low | D = low)

·P(D = low).

(3.4.3)

All terms in the above expressions can be estimated with historical data.

3.4.4 Result and Discussion

In this study, Weka 3 [125] is selected to train the SA model based on data which

is collected in the experiments. Weka provides a collection of machine learning

algorithms for data mining tasks, which includes the Naive Bayes classifier. Another

attractive feature provided by Weka is called cost/benefit analysis. This can help

to achieve a certain threshold to minimize overall costs. Figure 3.8 is a screenshot

of the Weka preprocess window which shows that a total of 976 instances are used

for training the SA model. In order to validate the accuracy of our SA model, we

employee 10-folds cross validation to calculate the confusion matrix. It should be

noted that this matrix is based on a default threshold which is 50%. That means

if the possibility of duration equals long given evidences is larger than 50%, this

instance will be classified to the long group.
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Figure 3.8: Weka 3 Preprocess Window

Figure 3.9 presents the detailed accuracy report of cross validation which shows

that 57.68% of total instances are correctly classified. Thereinto, 448 instances

belonging to low duration are classified correctly , which is 80%. While the other

20% instances belonging to low duration are classified to the incorrect class which is

high duration. For true value of instances equal to high duration, only 115 instances

(27.6%) are assigned to the correct class while the other 301 instances (72.4%)

have the incorrect classification result.

Then we take advantage of cost/benefit analysis to tune the threshold so that we

can achieve minimized overall costs. Figure 3.10 is a screenshot of the cost/benefit
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Figure 3.9: Detailed Accuracy Report

analysis result. It shows that when the threshold is set to 53.84%, global classifi-

cation accuracy is 59.32% which is improved a little. It has the similar result with

default threshold: 425 instances (75.89%) belonging to low duration are assigned

to group low duration correctly while the other 135 instances (24.11%) are clas-

sified to the wrong class; 154 instances (37.02%) belonging to high duration are

assigned to the correct class while the other 262 instances (62.98%) have incor-

rectly classification results.

There are two possible reasons behind this unsatisfied result. The first reason

could be lacking data, since there is only one participant identified in low func-

tionality by HPs and most instances generated by this user belong to high duration.

However, when the system tries to calculate the possibility given evidences, there is

little history data matched. As a result, lots of instances belonging to the high du-

ration class are assigned to false group thus decreasing the accuracy of the system.

To solve this problem, we will involve more participants into our user study and
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capture more data. These data will help to train a Naive Bayes model with higher

accuracy.

The other possible reason is that the attributes identified for prediction are

not conditional independent, which violates the assumption of Naive Bayes clas-

sifier and leads to unsatisfied result. For example, gender and functionality maybe

have internal relationships which decrease the accuracy of our model. Therefore,

some existing approaches that combine relevant attributes for possibility calcula-

tion could be involved in our system. It is noted that these approaches also require

more data from a user study to achieve high accuracy model.

Figure 3.10: Cost/Benefit Analysis
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3.5 Conclusion

This chapter has presented an ambient intelligence based context aware assistive

system for young adults with Autism Spectrum Disorder (ASD). The proposed sys-

tem relies on client-server architecture and provides a smartphone application for

users to interact. Two kinds of low-cost context sensors are included in the system

to collect indoor location data. Besides, we have involved ten participants belong-

ing to various functionalities to finish cooking tasks in a public laboratory. During

the experiments, a bunch of data are collected and HPs identified four critical at-

tributes to predict reasonable staying time. With these training data, we build up a

Naive Bayes classifier based situation awareness model to help HPs decrease their

workload and working stress.

Since our current experiments can only provide very limited data to improve the

accuracy of situation awareness model, the next step of the research is to extend

our user study and involve more users with ASD.
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Chapter 4

Exploring Assistive Healthcare System for Young Children with Spinal
Muscular Atrophy

4.1 Introduction

Spinal Muscular Atrophy (SMA) is an autosomal recessive neurodegenerative dis-

ease characterized by the degeneration of spinal cord motor neurons, atrophy of

skeletal muscles, and generalized weakness [126]. Most of the nerve cells that con-

trol muscles are located in the spinal cord, which accounts for the word spinal in

the name of the disease. SMA is muscular because its primary effect is on muscles,

which do not receive signals from these nerve cells. Atrophy is the medical term

for getting smaller, which is what generally happens to muscles when they are not

active [127]. The incidence of SMA is about one in every 6000 to 10,000 livebirths

with a carrier frequency of one in 50 [128, 129]. Nowadays, SMA affects more

than 750,000 patients worldwide and it is the number 1 genetic killer of infants

and toddlers [130]. Unfortunately, there was no effective medical treatment until

Nusinersen was approved by the FDA in December 2016 [131]. However, the cost

of this treatment is humongous: the first year of treatment will cost $750,000 and

$375,000 per year after that [132]. Moreover, previous research has shown that the

median total expenditures for patients with SMA were $83,652 over an average of

6.9 years and the median cost for patients with early diagnosis was $167,921 [133].
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Individuals with SMA and their families have significant medical expenditures.

Previous research [134] has shown that approximately 80 percent of individ-

uals with SMA fall into type I, which is the most severe category. Type I SMA is

also called Werdnig-Hoffmann disease; it leads infants to severe muscle weakness

before 6 months of age. These young children never achieve the ability to sit in-

dependently when placed on their own; therefore they are completely dependent

on others for all aspects of their care and participation. Furthermore, most of them

have extremely limited muscle functionality, patients may only use several fingers

with very little pressure. As a result, they cannot use regular interactive devices

such as a mouse or a keyboard. Since most patients with type I SMA cannot walk

or talk, they may face significant challenges from the following three aspects. First,

they have difficulty efficiently communicating with others, so it is hard to present

their opinions and ask for help. Second, individuals with SMA cannot control the

environment around them, having problems running on the light in living room or

turning off the television. The third challenge is that children with type I SMA have

limited resources in regards to learning more about the world, they cannot interact

with computer systems effectively. Therefore, solving these challenges is very criti-

cal and helpful. Since young children desire to interact and engage with the world,

it is a crucial time for intelligence development. How to provide communication

assistance becomes a fairly vital research question for this special user group.
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With the rapid development of information technology and various sensors, re-

search on living assistance systems and communication systems have became very

active in the past few decades. [135] has proposed an assistive system to improve

independence for people with autism spectrum disorder and [101, 102] have done

some research on improving social, academic or organization skills. Furthermore,

there is also research for other populations such as deaf children [106] and older

adults [107]. Although different methods and technologies have been proposed,

none of them can be applied for our targeted users since the targeted users of pre-

vious research have strong muscular functionality. Young children diagnosed with

type I SMA require special switches and sensors that they can interact with due to

their disabilities. And this study can be extended to help other populations such as

people with regular muscular atrophy and amyotrophic lateral sclerosis.

In this study, we propose an assistive healthcare system to improve targeted

users’ quality of life. We present an multi-modal interaction approach which em-

ploys multiple interactive sensors to improve the interactive ability of children with

SMA. Moreover, we design the architecture of the assistive system and implement

partial functions in a web-based application. Our goal is to utilize the system to

achieve highly efficient communication, environment control, and decrease users’

living dependence.
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The rest of this chapter is organized as follow: section 2 introduces the back-

ground and related work in the field of assistive systems for users with disability;

section 3 presents our multiple-modal interaction system. A brief pilot study is also

involved in this section. Section 4 introduces the architecture of the system and a

system prototype. Section 5 concludes this chapter.

4.2 Literature Review

Existing research on young children with Spinal Muscular Atrophy (SMA) is quite

limited. No directly related work was found from the assistive technology and ac-

cessible computing field that examines how to use information technology to help

these children communicate with other people or control their environment. Pre-

vious research on SMA [136] has shown that type I SMA will cause the most seri-

ous weakness on movement and language ability; however, individuals have intact

attentiveness and intellect. There are some studies that have examined multiple

systems for users with variable disabilities which are similar to SMA.

Switch-based devices are effective and easy to use for users to input with. Typ-

ically, switches are mechanically actuated, may come in a variety of sizes and ma-

terials, and may be placed in various locations including near the hands, elbows,

shoulders, feet, or head [137]. Most researchers use the simplest switches that
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support only one function and can be mapped to a single keyboard key when con-

nected to a PC. [138] introduces a one-key system with a simple switch and [139]

presents a customized system with wireless embedded switches for teenagers with

Duchenne Muscular Dystrophy. Another input category is accessible touch and ges-

ture. [140] explores touch screen use and tapping performance for people with

motor impairments. The usability of multi-touch gestures on a smartphone touch

screen is evaluated in [141]. Besides these two input groups, pressure-sensitive

input can also be used. [142] applies pressure input pad to power wheelchair arm-

rests, which enables multiple inputs and force feedback joystick control for power

wheelchairs is studied by [143].

With the rapid development of information technology, some research turns to

non-contact inputs, like eye-tracking and brainwave measurement. Eye-tracking

systems can measure the point of a gaze and the motion of the eye ball relative to

the head; brainwave measurements monitors the electrical activities of the brain

and predicts the intention of users. [144] introduces eye tracking methodology and

[145] presents eye tracking in human-computer interaction and usability research.

However, this previous research cannot be applied to our targeted users because

type I SMA patients possessed significantly low physical capabilities. Most switches

are too strong for them to push down and they cannot even keep their hands on

switches. A gesture touchpad requires precise control of hand movements, which
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is impossible for our targeted users. And there is no directly related research to

assess the usability of pressure-sensitive sensors for type I SMA patients. More-

over, since eye tracking and brainwave measurement techniques require the users

to be in a specific position, for example in front of an eye tracker, which means the

applicability is extremely limited.

4.3 Multi-Modal Interaction Approach

The focus of our research is to explore how to provide an accessible and responsive

interactive way to allow young children to easily communicate and control their

environment. In addition, considering the technology background of our user pop-

ulation, our solution should be customizable and usable, which means it should not

take more than a few minutes to set up and it can also easily be understood and

modified by families who are not technically trained. In the following sections, we

explain our approaches and findings in detail.

4.3.1 User Requirements

The targeted user population of our project is very young children, approximately

18 months-5 years, with type I Spinal Muscular Atrophy (SMA). Real-time feedback

is the first priority requirement since children of this age can be impatient and

easily frustrated. Delayed response from the system may cause emotional reactions

and decreased usability. Well-designed user interface is the second requirement.
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Young children are easily attracted by their favorite character, such as super heroes

and adorable animals. Moreover, subdued color can relax children and they will

adapt to the system quickly. The third requirement is that it must be low-cost and

customizable. To be able to widely support our targeted users, we require the

proposed system employs inexpensive sensors and application platforms to achieve

our economic goal. And every single user is a special individual, which means user

interface should be customizable and multiple design solutions should be provided.

4.3.2 Wearable Interactive Device

As explained before, we aim to develop low-cost, customizable, wearable interactive

devices which can be used by individuals affected by neurodegenerative conditions

like SMA to control their communication devices and their environments. Consid-

ering the physical conditions of our users and the needs for daily usage, we believe

the wearable interactive device should have the following unique characteristics:

• Customizable (i.e., can be modified/adapted for others with SMA and similar

disorders)

• Affordable/accessible to people in the SMA community

• Usable (does not take more than 5 minutes to set up and can easily be under-

stood and modified by families who are not technically trained)

• Durable
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• Responsive/sensitive

• Accurate

• Allows for maximal functional movement patterns (i.e., palms of hands are

not obstructed so they can still be used for play)

• Position independent. Rather than having to craft additional custom position-

ing solutions which bring the user to the input device, we bring the device to

the user in a position which is comfortable and safe for long term regular use

• Improves quality of life and meets the needs of very young children (approxi-

mately 18 months-5 years), for whom very few therapeutic products currently

exist

In order to manage and connect sensors and switches, a Feather 32u4 single

board microcontroller is employed, which is manufactured by Adafruit. This board

is Arduino-compatible and integrated with Bluetooth Low Energy (BLE). Arduino is

an open-source electronics platform based on both its hardware and software. We

can use the Arduino board and software library to read various analog or digital

inputs from switches and sensors. BLE is a new low-power, 2.4GHz spectrum wire-

less protocol and can be compatible with iOS, Android, Mac OS X and Windows

8+. The core chip of this board is ATmega32u4 clocking at 8MHz and at 3.3V logic.

With 32K of flash and 2K of RAM, it can act like a mouse or keyboard easily and
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effectively. Moreover, micro USB and battery charging ports are both provided in

this board, and it is extremely convenient for portable projects. In this system, a

3.7V Lithium polymer battery is used as the power supply.

To connect sensors and switches with the microcontroller, a 1/4 size breadboard

and multiple 10K ohm pull-down resistors are used for the circuit. There are two

channels designed in the breadboard for various switches and sensors so they can

work synchronously.

The sensors we consider to adapt to use in the interactive device need to be not

only sensitive enough to capture tiny finger/hand movements, but also comfortable,

light-weight and portable, as it is designed for long term regular use. After careful

research, we propose to include the following four types of sensor/switch.

4.3.2.1 Micro Light Switch

This kind of switch allows the user to trigger it with a feather light touch. For exam-

ple, the one manufactured by AbleNet only requires 0.4 oz (10 g) of force, which

meets the requirement for our targeted users. With the feedback of auditory click

and tactile, users can receive instant interaction results. Furthermore, the material

of this switch is ABS, which is skin-friendly and provides easy mounting. Figure 4.1

is an example of a micro light switch used in our system. The box shown in the

figure is an adaptor which converts an analog signal to a digital signal and connects

to a computer via a USB. The switches can be mounted on wheelchair, standing
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frame, and even bed. These kinds of switches are highly effective for users who still

maintain some functions on fingers. Moreover, these micro light switches can be

connected to microcontrollers and paired to any devices that support Bluetooth.

Figure 4.1: Micro Light Switches

4.3.2.2 Flex Sensor

This sensor is also manufactured by Adafruit, which can detect flexing or bending

in one direction. They were popularized by being used in the Nintendo PowerGlove

as a gaming interface. Basically, this sensor is a resistor that changes value based on

how much it is flexed. The resistance is about 25K ohm when it is unflexed, while

the number will rise to about 100K ohm when flexed all the way. Both directional

bendings can be traced and will produce electric signals. Figure 4.2 shows the
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sensor which is wired with a microcontroller. Two different sizes of sensors can be

used to adapt to users of different ages and in various joints. These kinds of sensors

can be used for users who have functionality on their wrist, ankle, or elbow.

Figure 4.2: Flex Sensor

4.3.2.3 EMG-Based Muscle Sensor

MyoWare Muscle Sensor is used with Muscle Sensor Surface EMG Electrodes, which

can track electromyograph and reasoning muscle contraction. Electromyography

is an electrodiagnostic medical technique used for evaluating and recording the

electrical activity produced by skeletal muscles. With this sensor, users can use

muscle contractions as inputs to control the proposed system. If a user with SMA

can contract muscles on thigh or sup brows, an EMG sensor can capture these
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tiny movement. Figure 4.3 shows the sensor connected with a microcontroller and

battery.

Figure 4.3: EMG Based Muscle Sensor

4.3.2.4 Stretch Sensor

This sensor is based on conductive yarn material which can conduct electricity.

The conductive yarn spun from a stainless-steel polyester fiber blends and provides

extremely pliable and soft touch. It also performs like an alternative resistor and

the resistance will change when the yarn is stretched. In this study, conductive yarn

is woven as a finger glove and the user can bend fingers to produce electric signals.

Figure 4.4 shows the sensor.
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Figure 4.4: Stretch Sensor

4.3.3 Interactive Game

In order to evaluate the proposed interactive systems and test them from different

aspects including effectiveness and user satisfaction, we have designed a selection

game. It should be noticed that our targeted users are young kids with SMA, our

game has simple graphic interfaces, instant audio feedback, and is very easy to

understand. The game has multiple objects and asks users to select the Minion icon

from bear icons. There are four different levels, and the selections are from three

to nine. Users need to use two input devices, like switches or sensors. One input is

for switching the cursor and the other input performs as the select function. Users

can only access the next level by selecting the correct minion icon. The switches

and sensors used for input are binding to a key on a regular keyboard. Figure 4.5
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is a screenshot of the interactive selection game.

Figure 4.5: Game Screenshot

When a user plays the interactive selection game, every action from the user is

recorded and delivered to Healthcare Professionals (HPs). Figure 4.6 is a screenshot

that shows the operational data from a user. With the help from HPs, the following

attributes are identified and logged when users play the interactive game:

• Total time of current level: It represents the staying time of a user in current

level. Long duration normally means the user cannot use the current sensor

very well.
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• Number of false selections: When a user selects a bear icon which is incorrect

answer, a counter will self-increase until the user completes current level. It

reveals how possible the user trigger sensors unconscious.

• Total clicks of current level: It is a counter that records the number of ac-

tions taken by a user. This represents the efficiency of designed user interface

layout.

• Time taken to select answer: This attribute records the time taken between a

user moves cursor to correct answer and triggers selecting operation.

Therefore, we can utilize the proposed interactive game to collect user data

and assess the usability of sensors for a certain user. In the following section we

designed a pilot study for targeted users who are with type I SMA.

4.3.4 Pilot Study

The designed pilot study focuses on a participant who is a three year old boy with

SMA Type I. Like most children with the same disease, he is fully intact cognitively

but unable to function independently in many domains. He uses a tracheotomy tube

and ventilator to breathe, and requires assistance to sit and to hold his head up.

Due to extreme muscle weakness, our participant wears an exoskeleton and other

assistive/mobility devices to help him utilize his minimal movements. Furthermore,

he requires 24-hour supervision to monitor his vital signs. The participant does not
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Figure 4.6: Operational Data

finish the pilot study and he is currently in the third phase, so we cannot present

his experimental result in this dissertation.

Three phases are included in this user study: the first phase is to identify muscle

functionality of the user and to interview parents; the second phase is used to

implement input sensors and help users understand the test system; the last phase

is for user evaluation and feedback collection.
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4.3.4.1 First Phase User Study

During this phase, the major task is observing participants, since every individual

of the targeted user group is unique and in different functionalities. For example,

some children may use their left hands better while others are good with their left

ankles. Therefore, we need to observe participants play with toys, watch videos, and

communicate with parents in this study, then identifying the strongest muscles will

be simple and straight forward. Moreover, interviewing parents can also increase

the accuracy of result because they are very familiar with the preferences and habits

of participants. For example, some children with SMA have both strong muscles on

their legs and wrists; however, they are so active that they cannot keep their wrists

on a stable switch. At this point, sensors for leg movement could perform better.

4.3.4.2 Second Phase User Study

When we are fully aware of the functionality of participants and their preferences,

implementation and introduction of the game based system are the next phase.

First, we need to deploy one or multiple sensors and switches for the user and guide

him/her to trigger them based on information collected from first phase. Several

adjustments are required during this phase to make participants comfortable and

convenience to use sensor inputs. Furthermore, the position and mounting method

should be considered in safety aspect since our targeted users are young children.
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After sensor implementation, the next task in this phase involves user-guided

learning. We need to introduce the interactive game and help users understand the

objective of this game. Based on preference information gathered in the first phase,

we are able to set the favorite cartoon character as a goal in each level such as

Minions, and then adjust the game difficulty based on user functionality. After this

task, the second phase of the user study is finished.

4.3.4.3 Third Phase User Study

During this phase, the user keeps practicing the interactive game with implemented

sensors for two weeks. Besides the participant practicing the interactive game,

parents will also take part in answering a questionnaire at the end. Their feedbacks

is extremely critical and helpful since they understand their children very well and

can provide an evaluation of the interaction experiences. Moreover, parents will

report potential weaknesses of the system and provide valuable advise. All these

feedbacks will be helpful to improve the user study and collecting valuable data in

the future.

4.4 Assistive System for Young Children with Spinal Muscular Atrophy

In the previous section, we have designed a multi-modal interaction approach to en-

able young children with Spinal Muscular Atrophy (SMA) to interact with computer

systems. Therefore, an assistive healthcare system is designed and implemented to
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improve living independence of the targeted users. The objective of our study is to

increase the targeted users’ quality of life.

4.4.1 System Architecture

Due to severe muscle weakness, most children with type I SMA have minimum

movements and cannot speak. In addition, they are usually using medical devices

that continuously track vital health data such as heart rate, blood pressure, and

blood oxygen level. These data should be involved in the system, which can help

to examine Situation Awareness (SA) of the user. The architecture of proposed

system is described in Figure 4.7. The system input data can be divided into passive

and active categories and the output is used for providing three services, namely

environment control, mobility control and communication. The following sections

will introduce the functions in detail.

Figure 4.7: System Architecture of Assistive System for Users with SMA
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4.4.1.1 Data Input and Output

• Passive Data Input: Passive data, including health and activities information,

can be used to decide users’ current status. That can be acquired from various

devices such as traditional heart rate monitor or wear-able devices. Due to

the special physical conditions, the vital health data of children are monitored

continuously. In our system, we would like to explore commonly monitored

health da-ta such as blood pressure and heart rate.

Moreover, environmental data and external settings will be included as pas-

sive data input too. For example, the current room/location (e.g. bedroom,

playroom, or gym), current time and pre-defined personal schedule will be

recorded automatically in the background to help analyzing users’ needs. In

addition, we will also track wheelchair moving speed, obstacles around users

and other similar data to better understand user status.

• Active Data Input: Even though the children with type I SMA have very lim-

ited physical capabilities, their voluntary movements are the most important

and valuable interaction channel. Considering the physical conditions of the

children, we will focus on collecting three types of user data, namely eye

movements, finger/arm movements, and vocalization.

• Data Output: Given the passive and the active data inputs, data analysis and
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decision making module will use machine learning technology to determine

the user status and provide services from the following three aspects.

4.4.1.2 Environment control

The proposed system will allow users to have some control over their environment.

In the current stage, we would like to focus on the basic controls such as turning on

or off the lights or TV. Some automatic controls will be considered. For example,

when the current time has passed the typical wake-up time of the child and the

system detects that the child is awake, the display screen can be turned on auto-

matically and ask the child whether he would like to turn on the light or pull up

the curtain. Environmental control will also allow users to change their location.

For example, the child can choose to go to the gym room after staying in the living

room for some time.

4.4.1.3 Mobility Control

With the limited physical capability, people with SMA largely depend on their

wheelchairs to achieve mobility. Therefore, mobility control is a very important

service we would like to support through the system. Even though there are many

advanced wheelchairs available, it is still very challeng-ing for children with type I

SMA to use them because of safety concerns and the precise positioning required
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to operate the wheelchairs. In this project, we will explore the possibilities of us-

ing data from multiple sources (e.g., EEG, voice, eye and finger movements) to

improve the accuracy of the control. Similar to environmental control, we will con-

sider some automatic control in this service as well. For example, if the system

detects the wheelchair speed is too fast, it will automatically slow it down.

4.4.1.4 Communication

As the most important service component, assisting communication of children with

SMA is the key module of the proposed system. We will utilize both passive and ac-

tive data from multiple sources to understand user intentions. In the first stage of

the study, we will focus on three main categories, namely self-care, entertainment,

and environmental control. For example, if a user wants to play with puzzle, the

system should be able to allow the user to easily specify ‘puzzle’ from the ‘play’

category. Alternatively, the user may need to be repositioned or wish to request

suctioning of his airway, so he can select these options from the ‘self-care’ menu.

We will use a Visual Scene Display (VSD) to embed the language concepts within

the Augmentative and Alternative Com-munication (AAC) system. A VSD is a vi-

sual scene such as a photograph or picture that depicts or represents a situation,

place, or experience for a child. For young children, grid layouts impose more met-

alinguistic demands that are beyond their skill levels [6]. When language concepts

are represented within a context, it allows the child to generalize new vocabulary
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and find target vo-cabulary faster and easier, while also reducing metalinguistic de-

mands on the child [7]. Literature supports the fact that VSDs are beneficial for

young children and can be modified to fit the child’s specific needs. Hot spots and

specific vocabulary concepts can be easily adapted and are simple to learn in rela-

tion to a photograph or picture that the child is familiar with. We propose to first

address the areas of self-care, environmental control, and play for the system, and

will then expand to other functional areas as he learns and his needs change.

4.4.2 System Prototype

Figure 4.8: Assistive System Design

At the current stage of research, we are following the system architecture pre-

sented in the last section and have designed an assistive healthcare system which is
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shown in Figure 4.8. Partial functions are implemented and the system is host on

a public web server. Thus users could access our system in any devices connected

with Internet, which means our system is cross-platform. With the multi-modal

interaction approach presented in the last section, users could utilize our system

online easily.

4.4.2.1 Web-Based Application

Figure 4.9 shows some screenshots of the web-based assistive healthcare applica-

tion. Based on the system architecture, three categories are identified by Healthcare

Professionals (HPs), which are environment control, entertainment, and self-care.

Figure 4.9 (a) shows the homepage of our web-based application that contains three

icons. Figure 4.9 (b) and (c) are detailed available selections in self-care and enter-

tainment pages. For some pages, for example, computer games in the entertainment

page contains a lower level selections which provide specific games. Figure 4.9 (d)

is a screenshot of specific computer games in the lowest level.

Since our targeted users are very young and they have limited ability to read

text, every icon in our application is image based. This user-friendly design can

help the targeted users understand the application easily and increase usability. The

application allows a user interacting with various inputs, such as regular keyboard,

regular mouse, and any sensors proposed in multi-modal interaction approach. Two

operational functions in the application are very similar to that in the interactive
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Figure 4.9: Web-Based Assistive Healthcare Application

game, which are switching and selecting. Users can use switching function to move

cursor to the desired icon and enter the next page by selecting function. In order to

decrease misunderstanding, there is a voice notification when the cursor move to a

alternative icon. For example, when the cursor is moved to the bear icon describing

self-care page, the system will say ’help please’.
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4.4.2.2 Environment Control Module

In order to implement the environment control module, we involve two popular

commercial products on the market: Amazon Echo and Samsung SmartThings.

These two products compatible with each other and users could use voice command

to control smart home devices. Figure 4.10 illustrates the design of environment

control module. Considering most of targeted users have limited speaking ability,

our web-based application can generate standard Amazon Echo voice command for

them. For example, if a user want to turn on the TV, he/she can use the environment

control module in the application and then select TV. The application will generate

the voice command and speak out’Alexa, turn on the TV’. When this voice command

is received by Amazon Echo, it will then control connected Samsung SmartThings

to switch on the TV.

Figure 4.10: Environment Control Module
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4.5 Conclusion

This chapter introduces an assistive healthcare system for young adults with Spinal

Muscular Atrophy (SMA). Since the targeted users have limited muscular function-

ality, a multi-modal interaction approach is presented in the study. Some reliable

and low-cost switches and sensors are selected to increase interactivities for young

children. Furthermore, we design a pilot user study for a participant who has type

I SMA. The participant is currently conducting the pilot study. Three phases of the

user study are designed and they will be finished in the future work. Based on the

approach, then we have designed the architecture of the system and implemented

a web-based application with partial functions.

In the future, we will include more participants in different ages and functional-

ity in this project and perform the pilot study. Another future work is implementing

full functional application and involving participants to the user study.
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Chapter 5

Conclusion

5.1 Conclusion and Discussion

In this dissertation we have studied some research questions regarding Situation

Awareness (SA) applications. Today SA techniques are widely used in various and

complex systems which belong to both commercial and military domains. The ob-

jective of our work is to research how to utilize SA techniques to help Subject Matter

Experts (SMEs) and Healthcare Professionals (HPs) make decisions in military and

healthcare contexts. We have also identified that SME/HP based human computa-

tion is necessary during the SA process since this can improve the performance and

accuracy of the applications.

In the military context, we have studied how to calibrate the Value of Infor-

mation (VoI) system for a specific battlefield so that it can provide more valuable

intelligence to support military operations. Furthermore, we have extended our

system into social media and have provided a detailed explanation on the affection

of social media data on SA. In the healthcare domain, we have developed assistive

healtcare systems for users under special health conditions. Our focus is set on two

groups of users who are affected by Autism Spectrum Disorder (ASD) and Spinal

Muscular Atrophy (SMA). The designed system can assist their daily activities and

improve their quality of life.



133

Today military operations utilize information from a myriad of sources that pro-

vide overwhelming amounts of data. A primary challenge of decision makers at

all levels is to identify the most important information with respect to the mission

at hand, and often do so within a limited amount of time. Recently, a fuzzy logic

based VoI calculation system has been developed by [29, 31], which becomes the

foundation of our research on SA in the military context. The previous research has

only provided standard triangular shape membership function which cannot repre-

sent complicated and complex military contexts. We extend the study and present

trapezoidal shape membership functions in the current system.

Moreover, an adjustable VoI determination system is developed in chapter 2

which allows SMEs to tune customized membership functions for different battle-

fields. With the adjustable method, our system can achieve a higher accuracy of VoI

calculation and lead to better SA.

Another research topic in chapter 2 focuses on combining multiple information

culled from a dissimilar array of sources that describe the same event. The existing

research only focuses on the value of a single piece of information and we present

an investigation of the effect of integrating subsequent complementary and/or con-

tradictory information into the VoI process. Since the integration requires a reverse

Fuzzy Associative Memory (FAM) matrix to update Information Content, three dif-

ferent approaches are explored to generate empty rules. Regretfully, the initial
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results show that the proposed approach cannot work well with the integration.

Moreover, we have also presented the utilization of human processing for mil-

itary SA based on social media data. Social media data are considered as a data

input for the SA architecture and we identify the features and challenges that come

with it. Besides, a novel approach to integrating human computation to the compli-

cated process of interweaving social media to a military environment is presented

in chapter 2. This chapter acquires various data and extracts high value information

to compute SA, which answers the Research Question (RQ) 2 and RQ 3. We have

also answered RQ 4 and RQ 5 by studying the integration of complementary and

contradictory information and identifying that SME based human computation is

necessary

Besides the military context, we have also applied SA techniques to the health-

care domain. With the fast development of information technology and sensor tech-

nology recently, more information related to healthcare becomes available. These

data can be utilized to help individuals with special health conditions such as ASD

and SMA, thus improving their quality of life.

In chapter 3, we focus on an SA based assistive healthcare system for young

adults with ASD. An ambient intelligence based context aware assistive system is

developed to improve their living skills and to help them perform daily activities

like cooking and getting dressed. HPs can also use the system to help users with
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ASD when they get stuck in a procedure of tasks. We have done some experiments,

focusing on cooking assistance, and the HPs use the system to send prompts when

users need help. During the experiments, user data are collected for decision model

training. A Naive Bayes classifier is selected and cross validation results show that

the automated prompting function can certainly perform like HPs. This makes a

contribution to the independent living efforts of users with ASD. Chapter 3 acquires

user information and situations which answer RQ 1. Since multiple ambient and

user data is collected for SA, RQ 2 is answered. We have also involved HP based

human computation to identify valued attributes for modeling which answers RQ

5.

In chapter 4 young children with SMA become our targeted users and we have

designed an assistive healthcare system for them. Since most SMA patients have ex-

tremely limited muscular functionality so that they cannot use regular input devices

to interact with computer systems, we have developed a multi-modal interaction ap-

proach. Some special and low-cost sensors are explored for targeted users and an

interactive selection game is designed to verify usability of sensors. We have also

designed a pilot study including three phases that collect feedbacks from both users

and parents. Moreover, based on the communication approach, a comprehensive

assistive system is designed. It provides multiple functions that lead to highly effi-

cient communications, environment control, and which decrease living dependency.
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In chapter 4, we acquire user information to compute SA, which is user inputs, this

answers RQ 1. RQ 2 is answered by utilizing multiple sensors to compute SA and

RQ 5 is answered by involving HPs, who identify muscular functionality and user

requirements.

We have made several publications through this dissertation, and the list in-

cludes:

1. S. Miao, R.J. Hammell II, T. Hanratty, and Z. Tang, "Comparison of Fuzzy

Membership Functions for Value of Information Determination," in MAICS,

2014, pp. 53-60.

2. S. Miao, R.J. Hammell II, Z. Tang, T. Hannatty, J. Dumer, and J. Richardson,

"Integrating Complementary/Contradictory Information into Fuzzy-based VoI

Determinations," in CISDA, 2015, IEEE Symposium on pp. 1-7.

3. R.J. Hammell II, T. Hanratty, and S. Miao, "Empirical Study on Combining

Complementary and Contradictory Information in a Fuzzy-based System," in

Computational Intelligence (SSCI), 2016, IEEE Symposium on pp. 1-8.

4. S. Miao and Z. Tang, "Utilizing Human Processing for Fuzzy-Based Military

Situation Awareness Based on Social Media," in FUZZ-IEEE, 2017.

5. Z. Tang, J. Guo, S. Miao, S. Acharya, and J.H. Feng, "Ambient Intelligence

Based Context-Aware Assistive System to Improve Independence for People
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with Autism Spectrum Disorder," in System Science (HICSS), 2016, pp. 3339-

3348.

6. S. Miao, Z. Tang, J.H. Feng, A. Jozkowski, and M. Lichtenwalner "An Ex-

ploratory Case Study to Support Young Children with Spinal Muscular Atro-

phy (SMA)" in Proceedings of ACM International Conference on Accessible

Computing, 2017, Baltimore.

5.2 Limitation and Future Work

Even though we have developed an adjustable method for determining the value

of single piece of information and combining complementary/contradictory infor-

mation, all the analyses are based on value distribution. So it is necessary to vet

the Value of Information (VoI) approaches with SMEs to provide direct feedback on

applicability and to exercise the VoI construct within a task network model to as-

sess the potential impact. Moreover, conducting human computation experiments

to measure how cognitively aligned interfaces improve task performance will be

another future task. Since the approaches presented in chapter 2 still cannot solve

the empty rules problem, additional knowledge elicitation should be favored. Aside

from the current system, some other fuzzy system architecture must be considered.

Furthermore, we are interested in implementing the SA system based on social me-

dia data and then conducting some experiments after consulting with SMEs. We
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will also study how to improve computing efficiency so that we can achieve quick

and accurate SA.

The assistive healthcare system for people with autism spectrum disorder in

chapter 3 only utilizes limited data to guide living activities. In the future, more

data will be collected such as daily schedule, indoor temperature, accelerated speed,

and will be added to the assistive healthcare system. These will help to improve the

accuracy of the SA process and help targeted users efficiently. Moreover, the cross-

validation result shows that a naive bayes classification model cannot yet get very

good results and provides limited help in decreasing the workload for HPs. That is

because our experiment data are limited and we need to conduct more user studies.

With more data from future experiments, we can train a better possibility model and

achieve better accuracy.

At the current research stage, we only have one participant in the research ex-

amined in chapter 4 and the pilot study is not finished yet. More participants should

be included in our study to assess the usability of the interaction approach so that

we can collect more valuable user data. These data can be used for training a possi-

bility model which provides automated calibration when users test various sensors

for the first time. In addition, some new devices will be tested in the future, such as

eye-tracking devices and vocal control devices. Another future task is implementing
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fully functional application and involving various participants into user study. Fur-

thermore, designing customizable graphic user interface for the system is necessary,

as our targeted users could have different preferences.
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