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ABSTRACT

Today, with the industrialization of societies and the reduction of the size of
households and tendency to live alone, caring for the elderly and monitoring their performance in
daily life has become doubly important. Carrying devices such a GPS is one of the proposed solutions,
which may not be a suitable solution due to the unpleasant feeling of carrying such equipment and
due to disorders such as Alzheimer’s disease. A proper solution for taking care of old people especially
for their outdoor activities is to observe their behavior by using their mobile GPS sensor by which it is
possible to detect possible abnormal events. An important challenge in this method is the high number
of abnormal events. In this paper, this problem is solved by applying an adaptive neuro-fuzzy inference
system (ANFIS). Other important challenge is how to carefully analyze the training data to achieve a
powerful model. For tackling this problem, we used a deep neural network.

VETELE In this paper, by combination of ANFIS and convolutional neural networks (CNN), a method
was proposed for anomaly detection in trajectory of patients with Alzheimer’s disease. The CNN was
optimized by the Whale algorithm. The proposed method was applied on a set of movement path data
with a specific origin and destination based on the mobile GPS sensor of subjects.

ST The proposed method had an accuracy of 95.5% for classification of test data, which indicated
the effectiveness of the proposed method.

[@TEITERT It seems that the combination of ANFIS and a CNN is a good method for anomaly detection
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Introduction

he industrialization of societies has had
various consequences, one of which is
the tendency or compulsion to live alone.
This problem can be discussed from mul-
tiple perspectives. Older people, due to
having conditions such as amnesia and
Alzheimer’s disease or having psychological disorders,
are not interested in carrying devices such as a global posi-
tioning system (GPS) which makes it to take care of them.
A suitable solution for this problem is the use of a global
positioning sensor in the mobile phone, which reduces the
limitations and problems caused by carrying an additional
device [1]. In this study, by integrating modern techniques
of deep neural networks (DNNs) and adaptive neuro-fuzzy
inference system (ANFIS), a novel approach is proposed
that can be used for automatic monitoring of older people’s
commute. An anomaly detection system is usually trained
using a training data in such a way that the behaviors are
first collected in a certain period of time. The collected
data are then used to learn the normal behaviors. After that,
when a new data is arrived, the learned system is used to
decide whether the behaviors is normal or abnormal [2].

So far, many studies have been performed in this field.
For example, one study proposed an anomaly detection
system using the faster-region-based convolutional neu-
ral network (RCNN) and multiple object tracking (MOT)
methods [10]. Their results showed that the abnormal
routes from surveillance cameras can be well detected.
The differences between this research and the current
study are in the architecture of the adopted neural net-
works and the way that the routes are created. This route
is used as the input of the neural networks. In our study,
routes are created using the phone GPS data, while in
above-mentioned study, routes were extracted from video
sequences.

Materials and Methods

The main steps in proposing the method are input data
preparation, data augmentation, optimization of convolu-
tional neural network (CNN), and using ANFIS. These
two networks are combined at decision level. Data aug-
mentation is more important for training of the CNN
where a large number of training data is required. Geo-
Tracker software was used to extract the data related to
the location sensor of a mobile. In this software, the loca-
tion information is stored. The data can be downloaded
and stored in the KML format in a cloud storage for fur-
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ther analysis. The information in the KML format can be
transferred to QGIS software. By using this software, the
traveled path is extracted and presented in the form of an
image. A pre-processing step is then performed to con-
vert it to a binary image. In this study, 72 separate routes
were extracted from the mobile phone of older people.
Of these, 70 % were used for training and the rest were
used as the test data. The selection of data was done in
an equally weighted and random manner. Finally, 22 nor-
mal routes and 8 abnormal routes were used as the test
data. The used mobile phone was Samsung Galaxy S7
SM-G930FD, with Android 6.0.1 operating system. The
GPS sensor of this device uses the GLONASS technol-
ogy and record the position with a 30-cm accuracy. A
data augmentation process was also applied to increase
the number of training samples. For this purpose, several
augmentation methods including rotation and transferring
in several directions were used. A two-stream classifica-
tion approach was used in this study containing CNN and
ANFIS. In the CNN stream, as a 15-layer DNN, the net-
work was configured to use a random initial learning rate
(o), and momentum learning rule (1) where the number of
epochs was 50. A L2 regularization rate (R) and a mem-
bership withdrawal rate of 0.1 were used to increase the
data from the rule. To increase the number of data, the
rule of rotation and transfer in X and Y directions with a
rotation rate of -10 to +10 degrees and a transfer rate of
-4 to +4 pixels were used which increased the number of
data up to 1280 (from 42 routes to 5370 routes). The val-
ues of initial learning rate, momentum, and L2 regulariza-
tion were optimized in each iteration by using the Whale
optimization algorithm with the initial population of 100.
We compared this algorithm with two other methods: a)
The genetic algorithm (GA) with an initial population of
100, 10 iterations (generations) and a mutation rate of 1%,
and b) The particle swarm optimization (PSO) algorithm
with an initial population of 100, a damping rate of 0.99,
a personal acceleration coefficient of 2, and a collective
acceleration coefficient of 2. The ANFIS network used in
this work was based on the Takagi—Sugeno fuzzy infer-
ence system [ 13] which composed of a triangular function
(RMSE=0.1514,R>=0.97), 10 rules, and two membership
functions.

Results

By comparing the simulation results, it was found that
the whale optimization algorithm was better than the PSO
and GA for optimizing the CNN parameters. Moreover,
our results showed that the ANFIS algorithm had a good
recognition ability for detecting abnormal routes, while
the CNN had better performance in detecting complex
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patterns in normal routes. As a result, it is expected that
the integration of these two systems can lead to an overall
better performance. Our experimental results confirmed
this hypothesis. The F-RCNN method proposed in Zhao
et al.’s study [2] was also implemented. The experimen-
tal results demonstrated that this method had poorer per-
formance compared to the proposed method. A 10-fold
cross-validation method was also used, resulting in an
average accuracy of 94.28% for 10 executions, which is
consistent with the previous results. Overall, it can be said
that the proposed method is able to discriminate abnormal
and normal routes with a good accuracy.

Conclusions

In this study, a new method was proposed for detecting ab-
normalities in the GPS-based path data of patients with Al-
zheimer’s disease. This method which consists of two classi-
fication streams (an optimized CNN and an ANFIS) showed
very good results. One of the advantages of this study was
the use of whale optimization algorithm for optimizing some
of the hyper-parameters in the CNN. This optimization pro-
cess led to an efficient structure with a 95.5% accuracy com-
pared to a non-optimized network with 77.3% accuracy and
Zhao et al.’s method with 81.8% accuracy.
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14. Momentum
15. Stochastic Gradient Descent (SGD)
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7. Convolution layer

8. Pooling layer

9. Fully connected layer
10. Feed forward

11. Backpropagation
12. Loss function

13. Chain rule
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19. Shrinking encircling mechanism
20. Spiral updating position
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16. Frobenius
17. Whale Optimization Algorithm
18. Bubble-net
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21. ANFIS
22. Google Earth
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Rulel :f x§ A, and y§ B, then f, = px+q,y+n
Rule2:f x8 A,and ys B,thenf, = p,x+q,y+r,
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13. Oy, = uA.(x), fori=1,2
14. O,; = uB.(x), fori=3,4

g @95 &l Sogodr dlse ST 0 Al o Cugac als
(P s 1292 dalys S5 55 s S 04 45 29 0 ol
1
: ; . . 15, pd(x)=————
@il 5 Gmiile (ol 0jo> b Lo pe slagiegyy o e "
i) 5 Joe il Cuz (Salite slalas 5l oS .

Moo a3 g oo b jlre (yl o3l g oo ool Zuls
Sy e 4dl50 ¥ a5 5,5 0 )Ll P auseds &40 6 ol
Sloj it (19090 by aill>g0 (gaisaiws S azs o))l
Otole3] S ol 85 0,5 s 09,5 ¥ 4y, laools g a5
Y ol 5 oolisiul b s g0 paanndis aiwsd ¥ oyl a1y ledlbol aS”
s Sl el ol i 5 o3 s
Cado lgiedy ot |y by Te staloj] 48 Casl oo olga
) (g Pt g Lme dy yaudeldd 58055 o (5 l0TCadle
e foiedy susydas |y ool Ghalesl &5 sl giie 0)lge
9y 1) araialo 0 Slos 55 Cono Gljen S oo (5 T Cdle
A3 5 )l B Gromis )50 lojes jobods s ¥ o
S 0ja8 (Cono sl lre dloe (sl M5 sba
5005 )8 dlone 3 )90 L g2 Al oz Tl el
ools andeid Jlowial g yday o lowiali ools Moo Cude

&

..35.“:

24. Accuracy
25.1 Sensitivity
26.2 Specificity
27. True Positive
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23. Membership Functions (MF)
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