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ABSTRACTS KEYWORDS

A microcontroller-based detection tool for the presence of patients with dementia Article history

has been made using the K-Nearest Neighbor (KNN) method with the help of .

coordinate points that can be seen via Google Maps. which is based on patient care EEC?'VSdOOftgberlsl)o'zgggs
with a patient-oriented approach. The targets of this research are (a) designing and Aewset q Igo erb '31 2023
implementing a fall detection system using the mpu6050 sensor, (b) using the (KNN) ceepted December sS4,

method to determine the coordinates of the location of dementia patients using GPS. Keywords

The research method starts from making a prototype and measuring system .

performance. The test results on GPS produced an average latitude error of Dementia, K-NN Method,
0.002091% and an average longitude error of 0.000032% in Pauh District, while in Google Maps, SMS, SIM800L

Lubuk Kilangan District the average latitude error was 0.002641% and an average
longitude error of 0.000150%. The KNN method with the Eucledian distance
formula can help supervisors find out the nearest police station to the patient through
the coordinate points detected by GPS by taking the smallest value from the
comparison of values in the form of degrees between the Pauh police station and the
Lubuk Kilangan police station for the patient. Overall the tool can function well.

1. INTRODUCTION

Dementia is a syndrome resulting from brain disease, usually chronic or progressive and involving major
functional disorders. The most common type of dementia is Alzheimer's type dementia [1]. Generally, this disease
attacks elderly people over the age of 65 years. However, it does not rule out the possibility that young people can
also get this disease [2]. There are around 47 million people suffering from Alzheimer's disease in the world [3],
and as many as 27 million of them are in Asia [4]. Indonesia is currently experiencing an increase in the number
of elderly people from 18 million people (7.56%) in 2010, to 25.9 million people (9.7%) in 2019, and is predicted
to continue to increase, where in 2035 it will be 48.2 million people (15.77%) [5].

People with dementia tend to lose insight into their limitations, they are unable to walk without assistance
[6]. This condition will make them fall when walking. Sometimes patients with this disease can get lost when
walking out of the house and forget the way home [7]. When a patient disappears, it is very difficult for supervisors
to find out the position of the patient and contact the police, because they are in a state of urgency so there is a
lack of opportunity to provide information to the nearest police who will be contacted. Based on all of this, this
research created a tool that can help monitor elderly people, especially elderly people with Alzheimer's type
dementia, because if action is not taken quickly, it can cause more severe symptoms such as stroke and even death

[8].

Related research has been carried out previously [9]-[11] using SMS notifications [12]-[14] to the family
if the patient falls or gets lost and utilizing communication applications and social media to find out the patient's
position [15][16]. In this research, a fall detection tool for the elderly was developed to help supervisors find out
the location and contact the nearest police station if the patient falls and gets lost using the classification method.

Classification methods are divided into two, namely parametric and nonparametric classification
methods. K-Nearest Neighbor (KNN) is a nonparametric classification method. In the process, KNN checks all
nearby locations to calculate the closest distance to be classified [17]. KNN has several advantages, namely
resilience to training data that has a lot of noise and is effective when the training data is large [18]. The research
uses the KNN algorithm because it has strong consistency. When the amount of data approaches infinity [19], the
KNN algorithm guarantees a minimal error rate [20]. The aim of this research is to design and implement a fall
detection system using the mpu6050 sensor and using the (KNN) method to determine the coordinates of the
location of dementia patients using GPS. It is hoped that by making this tool, patients with symptoms of
Alzheimer's and dementia will remain healthy and protected in their activities.
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2. RESEARCH METHODOLOGY
This research is divided into two, namely developing hardware for fall detection tools and developing the
accuracy of patient fall locations at the nearest police station using the KNN classification method.

A. Hardware Design of Fall Detection Device

The design of a fall detection tool for dementia patients in this study is shown in Figure 1. The hardware
consists of input, output and control units.

Input - Output
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F1G 1. Design of a Fall detection tool for dementia patients

This tool consists of a tilt angle detector using the MPUG050 accelerometer, push button, RTC, DF Player, GSM
SIM800L module, battery connected to the 5V and GND pins, Arduino nano functions as a microcontroller as
seen in Figure 2.

GPS Module

CL———>Arduino Nano

RTC

FIG 2. Electronic circuit of a fall detection device

The accelerometer sensor uses an 12C connection (SDA and SCL) where SDA is connected to pin A4 and SCL to
pin A5 of the microcontroller. The battery as a mobile voltage source for this system is connected to +5V and
GND of the microcontroller and +4V to the SIM800L GSM module. To get a voltage of +4VDC, a DC-DC
converter is needed. The panic button is connected to pin 9, the reset button is connected to the RST and GND
pins on the microcontroller. Pins 2 and 3 are used as input data output lines to send SMS to the SIM800L. The
RX and TX pins are used as output data input lines to activate the DF-Player. The tool created will be placed on
the patient's belt. The tool box design can be seen in Figure 3.

ButtonPank «—— S0 * S, ButtonReset

LCD OLED ‘_:IT_’ Arduino Nano
Speaker 4—‘.

RIC <+

R —

FI1G 3. Tool Prototype Design
B. K-Nearest Neighbor

In accordance with the working principle of K-NN, namely finding the shortest distance between the
data to be evaluated and its k-nearest neighbors in the training data. The nearest neighbor search technique is
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generally carried out using the Euclidean distance formula. Equation (1) below shows the calculation formula for
finding the shortest distance using the Euclidean formula [21].

Ed = (X, —X,)*+ (Y, — ¥,)? (1)

Information :
X, = Latitude Training Data
X, = Latitude Test Data
Y, = Longitude Training Data
Y, = Longitude Test Data

To use the k-nearest neighbors algorithm, it is necessary to determine the number of k nearest neighbors that are
used to classify new data. The number of ks should be an odd number, for example k=1,2,3 and so on.
Determination of the k value is considered based on the amount of existing data and the size of the dimensions
formed by the data. The more data there is, the lower the k number chosen should be. However, the larger the data
dimensions, the higher the number k chosen should be [22].

C. Software Design
The flowchart of the fall detection monitoring tool for dementia patients is shown in Figure 4.

MPUB030, GPS, NORMAL, DIZZY,

FALL, RTC, LCD OLED, KNN
METHODE, PB1, PB2, DF PLAYER,
SMS

RED
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KN SMS LCD OLED
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Fi1G 5. Flowchart of Fall Detection Tool
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3. RESULTS AND DISCUSSION

Testing in this research was carried out to determine the system performance and the performance of the
KNN classification method for determining the nearest police station if a patient falls and needs help. This device,
which is in the form of a bag prototype, is then installed on the patient, which is shown in Figure 5.

Fic 5. Installation of a fall detection device on the body

In system performance testing, we begin by testing the tilt sensor on the accelerometer. We take output data on
the X, Y and Z axes to detect the patient's condition. The data taken is based on tilt angles of 0, 30°, 60°, and 90°
backwards and to the left, then the sensor data is displayed on the OLed LCD, so that the results are in accordance
with Table 1.

TABLE 1. MPUB050 Sensor Test Values

Conditions of Left ~ Front & Back Conditions test value
and Right Patients of Patients X Y z
Normal Normal
Y =0°-30° Z=0°30° (-9,4) to (7,72) (-4,4)- (5,0) (-1,64)t0 7,78
X =60°-90" X =60°-90°
dizzy dizzy
Y =30°-60° Z=30"-60" (-8,65) to (-4,39) (-7,85) to 8,42 5-52,53) to
X=60°-30" X =60°-30° '
Fall fall
Y = 60°-90° 7= 60°-90° (-5,52) t0 0,79 5‘77’985) o <553 0r 9,62
X =0°-30° X=0"-30° ’

Based on Table 1, it shows that when the patient is in the left and right positions, the influencing axes are the X
axis and Y axis. When the patient is in the front and back positions, the influencing axes are the X axis and Z axis.
In normal conditions the left position and the right of the Y axis has a value of 0-30 for the X axis has a value of
60-90. Meanwhile, the front and rear positions of the Z axis have a value of 0-30 for the X axis have a value of
60-90. In the normal position there is a test value of XY Z, X is worth (-9.4) to (-7.72), Y is worth (-4.4) to 5.0 and
Z is worth (-1.64) to d 7.78. In dizziness conditions, the left and right positions of the Y axis are 30-60 for the X
axis are 60-30°. Meanwhile, the front and rear positions of the Z axis have a value of 30-60 for the X axis have a
value of 60-90. In the dizzy position there are test values for XYZ, 9.2. In falling conditions, the left and right
positions of the Y axis have a value of 60-90 for the X axis have a value of 0-30. Meanwhile, the front and rear
positions of the Z axis have a value of 60-90° for the X axis have a value of 0-30. In the dizziness position there is
a test value of XYZ, Changes in the angle value will affect the accelero sensor value. The greater the change in
angle, the greater the value of the accelero sensor. So when the accelero sensor value shows a value > 90 or more,
it can be said that the patient has fallen. Next, movement testing is carried out in three positions to detect sudden
dizziness experienced by the patient. The test results can be seen in Table 2.

TABLE 2. Movement testing in three positions for detection

Dizziness

position Jumlah notification via  Accuracy Detﬁ/t(:)tlon
Percobaan SMS %
Yes No Yes No
Sit-Stand 15 13 2 80
Stand-Walk 15 13 2 80
Walk-Sit 15 14 1 90 833 1667
prone 15 14 1 90
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Fece-down 15 14

90

Total 75 68

In the seventy-five trial results for testing in Table 2, 83% of the devices were able to detect patients in five

activities, with an accuracy rate of around 80% to 90%.

Next, the accuracy of the KNN method test location was tested with 10 data from each sub-district. The test data
comes from the coordinates of the Pauh police station and the Lubuk Kilangan police station. The stages carried
out in testing GPS as patient location information using the KNN method to determine the nearest police station,
(i) taking data from GPS, with certain conditions detected by the accelerometer sensor will automatically send
information to the supervisor via SMS notification. taking location data in two areas, namely Pauh sub-district
and Lubuk milli ng sub-district, (ii) calculating the euclidean distance value from the coordinates of the location
of patients who need help for the two sample police offices, (iii) comparing the results of the euclidean distance
value by taking the smallest value from the two PolSek with Delivery output to supervisor. The test results are

shown in Table 3 and Table 4.

TABLE 3. Testing of the KNN Method around Pauh District

GPS K-NN
. . Police station p—
Location in Pauh sub-district Latitude Longitude POI'ICDeai(ﬁtlon Lubuk Klasifikasi
@] O o kilangan
O )
Gerbang Unand -0.923267 100.448440 0.02372664 0.04077 Pauh
Rumah Makan Tirta -0.923893 100.443840 0.01915047 0.037208 Pauh
Simpang Kampung Duri -0.924677 100.439147 0.01447123 0.033725 Pauh
Aciak Mart -0.925973 100.436981 0.01198792 0.031441 Pauh
Pasar Baru -0.927779 100.430313 0.00512734 0.026697 Pauh
PolSek Pauh -0.929813 100.425848 0.00023693 0.023314 Pauh
Komplek Alam Surya Megah -0.932923 100.431358 0.00638999 0.022569 Pauh
Majid Cupak Tangah -0.938099 100.433441 0.01122605 0.01968 Pauh
Citra Swalayan -0.945374 100.435924 0.01855976 0.017235 LuKi
Gadut -0.943238 100.457244 0.03423013 0.038474 Pauh
TABLE 3. Testing of the KNN Method around Lubuk Kilangan District
GPS Google Maps K-NN
Police Police station
Location in Lubuk kilangan sub-district  Latitude Longitude station Lubuk ©)
©) ©) Pauh kilangan
© ©
Masjid Ubudiyah Karang Putih 0.955248 100.477333  0.05749686 0.057542 LuKi
Semen Padang 0.954885 100.467880  0.04899553  0.048083 LuKi
SPN 0.957973 100.462249  0.04604762  0.042757 LuKi
Lemdadika Pramuka 0954518 100.454574  0.03790184  0.034778 LuKi
Masjid Baitussalam 0.949027 100.452056  0.03252873  0.032363 LuKi
Padang Besi 0.952957 100,452194  0.03507904  0.032336 LuKi
Pertiwi Cake 0.951676 100,447486  0.03075500  0.027630 LuKi
Simpang Gadut 0.949830 100,443359  0.02657573  0.023629 LuKi
Bandar Buat 0.949060 100,436210 0.02178739  0.016673 LuKi
PolSek Lubuk Kilangan 0.952416 100,420181  0.02309713  0.000325 LuKi

Based on Table 3, the 1st Euclidean distance data test with latitude: -0.923267° and longitude: 100.448440°. the

test location is shown in Figure 6.
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Fic 5. Testing location in Pauh sub-district

Calculate the coordinate values between the Pauh police station and the patient’s location

Ed1=./((=0.923267) — (—0.929984))? + (100.448440 — 100.425684)2

Edl = \/(0.0000452) + (0.02275602) = v0.000518 = 0.02372664

Calculate the coordinate values between the Lubuk Kilangan Police Station and the Patient Location

Ed2 = /((—0.923267) — (—0.952346))2 + (100.448440 — 100.419864)2

Ed2 = ,/(0.000846%) + (0.000817%) = 1/0.001662 = 0.040770

From the calculations it was found that the value of the Pauh police station was smaller than that of the Lubuk
Kilangan police station, so that the Pauh police station was closer than the Lubuk Kilangan police station to the
patient's location. The test results on SMS notifications using the KNN classification method are shown in
Figure 7.

@ -

Pasien Demensia

LSS e B e i

place/-0.937551,100.434580
Polsek Pauh no.tlp: 075173146

butuh bantuan,www.google.com/
maps/place/www.google.com/maps/
place/-0.937551,100.434580
Polsek Pauh no.tlp: 075173146

Fic 6. SMS notifications using the KNN classification method

4. CONCLUSIONS

Testing on the tilt sensor on the accelerometer sensor can take several angles for testing, namely 0-30°
with normal conditions producing X-axis values (-9.4) to (-7.72), Y-axis (-4.07) s /d 5.41 and Z axis (-4.58) to
4.81. In conditions of dizziness, the angle of 30°-60° produces values for the X axis (-8.65) to (-4.39), the Y axis (-
8.54) to 8.57 and the Z axis (-8.46) to 8.29. In dizziness conditions 60°and 90 produce X-axis values (-5.52) to
0.79, Y-axis (-9.97) to 9.79 and Z-axis (-10.36) to 9 .62. Tests on GPS produced an average latitude error of
0.002091% and an average longitude error of 0.000032% in Pauh District, while in Lubuk Kilangan District the
average latitude error was 0.002641% and an average longitude error of 0.000150%. The KNN method with the
Eucledian distance formula can help supervisors find out the nearest PolSek to the patient through the coordinate
points detected by GPS by taking the smallest value from the comparison of values in the form of degrees between
the Pauh Police and Lubuk Kilangan Police to the patient.
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