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Abstract

Alzheimer’s Disease (AD) is significantly increasing for older adults in the world
nowadays. It affects 10% of people over the age of 65 and 50% of people over 85 years of age.
The majority of patients live at home and they are cared for by their family and friends. AD
disease is an unavoidable neurological type of disorder, where brain cells die slowly and
result in memory loss, leading to Dementia. Sometimes AD disease also affects people of
lower age groups. There are three stages of Dementia: 1) Mild, 2) Moderate and 3) Severe. Mild
and Moderate stages are treated to some point and in the third stage, there is no treatment
for the people. Therefore an early diagnosis is required for this type of disease to avoid a
significant loss. As a result, early detection and prediction of infection are needed. Apart
from medical researchers, researchers from Iol, Al, Machine Learning have also identified
various techniques by which the disease can be predicted and the patient can be monitored
for their daily activity. In this paper, various routines to diagnose Alzheimer’s disease are
analyzed. The interpretation and evaluation techniques available are also listed out to the
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early diagnosis of the disease. We have also highlighted early detection and prediction
techniques and the promising methods are emphasized.

Subject Classification: SOA33, 03C45.
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1. Introduction

Ambient Assisted Living (AAL) [1] is a subdivision of the Human-
Computer Interaction domain and the research is growing more in
India due to population aging. A research report in India says aging is
burgeoning earlier than predicted. A report released by United Nations
Population Fund (UNFPA) termed “India Ageing Report 2017”7 [2]
apparently expounds that people over the age of 60 could upsurge
exponentially. The thriving amount of the elderly generation deteriorates
their physical ability and several age-related chronic related to cognitive
decline. Subsequently, physicians experience dementia with elderly people
at a growing occurrence of the aged population, the fatal dementia disease
conveys substantial allegations for affected role and their surroundings.
Since they start forgetting about themselves, it is crucial to building
solutions to embellish their quality of life. They need so many assistive
systems that are adaptable, robust and safe with low outlay healthcare
systems [23]. The requirement mentioned above will be accomplished
by assimilating new technologies like Machine Learning [25], IOT, etc.
Hence, the attention is shifted towards building an ICT-enabled device to
strengthen older adults” independent livelihood.

Dementia [3] comprises the worsening of a person’s intellectual
actions through which the person gradually falls apart daily tasks like
remembrance loss, reasoning, attention, verdict making, etc.. In general,
Dementia persons have an unexpected change in their actions in both the
private and public places. This gradually leads to Alzheimer’s disease
that will stay long for decades with the person and there is no remedy
for the disease. Dementia occurs either in a reversible or irreversible way.
[4] Reversible Dementia are infrequent and can be cured if it is diagnosed
early and treated. The symptoms comprise of nutritional deficiencies,
depression, pressure and endocrine disorders. The next type of Dementia,
as the name suggests, it is not reversible; hence it cannot be cured and
needs a correct treatment. This disease has three stages and each step has
its own consequences. Thus, a health worker needs to diagnose early about
this disease. Depending upon the stage of identification, the treatment is
performed for the patient. The druggist is working for a permanent cure as
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the cases are surging in the world day by day. There are a massive number
of people being affected by AD disease day by day. The above graph
reveals the number of people involved in European countries. Since there
is no permanent solution for this disease, researchers started focusing on
alternative solutions to the dementia peoples, such as reminders to alert
themselves, lost person tracking, etc. Researchers are working towards
Alzheimer’s patients’ betterment through various techniques like Machine
Learning, IOT, wearable devices,etc. This paper aims to provide all the
related works carried out in dementia peoples in recent times. This paper
also comprises of various methodologies, wearable products that are
available for them in the market. This paper also highlights the evaluation
parameters they have taken to undergo this research. The challenges and
future research directions in this area are also disclosed[5-7].

This paper is organized as follows: Section 2 discusses the state of the
art methodologies for helping AD (Alzheimer’s Disease) patients. Section
3 illustrates the most popular wearable products available for AD. Section
4 defines the estimation constraints accustomed to validate the developed
system and Section 5 describes the research and future research directions
followed by the conclusion in Section 6.

2. Related Works

Alzheimer’s disease research can be extensively grouped into medical-
based and IoT based research. In medical-based research, the focus is on
monitoring the brain and monitoring hand and leg movements.A mobile
application is built to assist Alzheimer’s patient[1] to remind about the
person and objects. The developed mobile app can perform location
tracking and Augmented Reality techniques to remind the person about
their food and drug intake. The main fall in this paper is about privacy
for AD patients. An iOS app is built for AD people with the help of IoT
technology to find the people’s location. The smart wearable watch [3]
monitors the heart rate and sends the statistics to the iOS app, which will
keep track of the vital signs. The major hindrance is the amount of the
wearable device. The sleep pattern detection, daily life activity, physical
activity of the patients are analyzed through sensor technology[4]. This
system’s drawback is the generalized view of the system developed for
the patients, which will not be suitable for the individual person. Sleep
analysis of AD patients [5] is done to find the correlation and a wrist-worn
smartwatch is used to find the patients’ sleep pattern. Intelligent Assistive
Technology (IAT) [8][6] confirms physical confines’ determination to
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positive acceptance, including partial lack of clinical validation and
insufficient focus on patients’ needs.

3. Wearable products

Various wearable products are developed for dementia patients. In
this section, we will see a brief about some of the designed and available
wearable devices in society. Most of the designed wearable focuses on
providing mental support to Alzheimer’s patients to live independently
despite their health. German researchers have developed a wristband [8]
to monitor dementia patients’ vital signs, environmental data and physical
activity. The main advantage of this system is it gives a personalized
treatment of the patients by monitoring the vital signs. Alzheimer’s
patients have abnormal eye movement and so this wireless eye-tracking
glass will monitor for the abnormality in eyes using Electrooculography
(ECG) [9]. The device is planned to integrate with virtual Reality and
control the device using eyes instead of hand gestures. GPS smart sole
[10-13] is fit in the shoes of the dementia patient to track the location of
the beloved ones as wandering is the most common side effect of dementia
patients. The caregiver can track the location of the person through the
smartphone application and so the patients can wander independently,
which can improve their peace of mind.

4. Evaluation parameters

The developed wearable devices are evaluated with consideration
of the number of parameters such as participant count, assessment
accuracy, rate of patients acceptance, user fulfillment, detecting the fall
accurately, intervention based mental state improvement, feedback and
indoor localizing accuracy. The evaluation parameters are envisaged in
Figure 1. The researchers prefer mostly on assessment accuracy over other

Evaluation Outcome Measures

Figure 1

Evaluation parameters
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Evaluation duration of the research

evaluation methods as they found that to be decisive [15-17]. The problem
in assessing wearable devices is the participator’s aversion to investigate
the device as it has a remarkable influence on the market deployment.

4.2 Participants

The most essential characteristic of the study is the statistics of the
participants. Since the success of the system merely depends on the
evaluation of the participants. From the table, it is inferred that most
probably all the reviews are carried out above 60 years. The number
of participants also has a significant impact on the development of a
reliable system. The number of participants ranges from one to hundreds
depending upon the user acceptance rate in evaluating the system. The
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Figure 3

Number of participants evaluated the system
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Figure 4

Kaggle dataset

bar chart shown below in Figure 3 shows the number of participants and
their case studies.

5. Results and Discussions

Various benchmarking datasets23 are available to researchers for
experimental evaluation of Alzheimer’s disease. These datasets vary from
their biological data, MRI data, Neuroimaging data, etc. Detecting Early
Alzheimer’s using MRI Data and Machine Learning datasets contain the
MRI data of patients ranging from 60-80 years and the sample dataset is
shown in Figure 4.

The dataset consists of Longitudinal MRI data for 150 right-handed
patients aged between 60 to 96. The dataset is balanced because it contains
72 nondemented and 78 demented data. The dataset has seven columns:
education qualifications, societal status, mini mental state examination,
clinical dementia rating, estimated total intracranial volume, normalize
whole brain volume and atlas scaling factor. The inferences obtained from
the dataset are that the disease is more inclined to men getting affected
than women and they have lesser brain volume. After Exploratory
Data Analysis(EDA)21 the dataset is given to various classifiers such as
logistic regression, SVM, Decision Tree, Random Forest and AdaBoost
for comparing the performance accuracy for predicting Early Alzheimer
[18-20]. The table 3 below shows the performance comparison of early
Alzheimer using various algorithms and the results suggest that accuracy
is high in the AdaBoost algorithm and higher recall and AUC using the
Random Forest algorithm

It is implicit from varied studies that numerous technologies such
as Computer Vision, Internet of Things, Sensors, Augmented and Virtual
Reality, etc. are used. The early diagnosis is preferable as they give more
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Table 1
Details of the case studies
Ref Number of participants Age Duration
[23] |3 Above 60 years 15 weeks
[24] | Deployed in dyad - Phase 1-7 days
homes(Dementia patients Phase 2- 30 days
along with their caregiver)
[25] |10 F-80.6+4.3M-78.7+6.8 | 30 days
[26] | 178 F-averagemean85.3 7 days
M-average mean-83.68
[31] | 10 61-73 7 days
[32] |20 Mean age: 67years 7 days
[33] | 51 60-80 years 6 months
[36] |4 75-92 2-4 days
[371 |72 36(76+7) years 2-3 hours
36(70+8) years
Table 2

Comparison of various ML algorithms

Algorithm Accuracy Recall AUC
Logistic Regression(w/ imputation) 0.789474 0.75 0.791667
Logistic Regression(w/ dropna) 0.75 0.7 0.7
SVM 0.8157 0.70 0.822
Decision Tree 0.8157 0.65 0.825
Random forest 0.8421 0.80 0.844
Adaboost 0.8421 0.65 0.825
Table 3
Comparison of various ML algorithms
Algorithm Accuracy Recall AUC
Logistic Regression(w/ imputation) 0.789474 0.75 0.791667
Logistic Regression(w/ dropna) 0.75 0.7 0.7
SVM 0.8157 0.70 0.822
Decision Tree 0.8157 0.65 0.825
Random forest 0.8421 0.80 0.844
Adaboost 0.8421 0.65 0.825
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ease to the patients. Researchers cannot find the solution for severe
Alzheimer’s disease21 and the techniques described above will guide or
warn the custodian if there is a change in the behavior. Various techniques
are in the process of reducing the size of wearable devices. Virtual Reality
paves the way for handling AD persons

8. Conclusion

This survey contributes to numerous researches in constructing
assistive technologies for Alzheimer’s patients. This survey’s main intention
is to highlight the contemporary wearable assistants accessible nowadays
for aiding the patients grieving from AD disease. The paper also confers
various evaluation measures and datasets applicable for Alzheimer’s
patients. The survey highlights various research opportunities in aiding
the AD people. In the future, the various issues mentioned in this survey
are considered in developing a useful wearable device for Alzheimer’s
patients to trail up with their beloved ones.
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