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[Abstract]

Korea is rapidly becoming an aging society due to lower birth rate and longer life expectancy. As
elderly diseases are of a serious concern, the number of patients with dementia has been increasing
significantly. For now, it has become a nationwide problem, as dementia is difficult to manage and
requires a lot of social costs. To solve this, an IoT device has been devised that efficiently screens
Mild Cognitive Impairment(MCI), the early stage of dementia. To design and implement the device, the
latest IoT technology is introduced, the optimized Korean Version of Hasegawa Dementia Scale
Revised(K-HDS) is utilized, and convenient service scenario with user-friendly design is applied. As a
result, the symptoms of MCI have been screened quickly with convenient operation, which lead to the

healthier society by the prevention of dementia.

» Key words: Mild Cognitive Impairment, Internet of Things, Dementia screening, Circuit design,
Convergence engineering, Senior disease
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I. Introduction
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II. Preliminaries

1. Mild Cognitive Impairment

1.1 Definition
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2. IoT Technology and Characteristics
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III. Design and Implementation

1. Requirements and Constraints

RSOl 4T WA ZEQxAols Asto],
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Table 1. Requirements and Constraints
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2. System Overview
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Fig. 1. System Overview

3. Exterior Design
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Fig. 2. Appearance of Welsh Corgi[14]

4. Circuit Design and Implementation
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5V DCin audio out
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Power LED Audio Amp Board
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Fig. 3. Board and Function Diagram
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Table 2. Power Output Test Result
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5. Development of Screening Method
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Table 3. Modified K-HDS for the Device

Order Inquiry Score
Item Designed(V) Measured(V) 1 How old are you this year? o010
Audio Amp Power 18.79 18.66 o0
Raspberry Pi Power 5 4.98 2 What year, month, day is it today? gg 1%
Volume Control Power 33 3.29 o] 10J
- - 5 - -
3 What is this place? Is it a hospital or 001 107
s : home?
- - upport Fixture
/ Battery /) Listen, repeat, and remember these | OLJ 1]
ER——. \ / Raspberry Pi 3 B+ 4 three words. 00 10
(R | I / ® Train ® Tiger © Apple o 10
' — 5 What is it 7 is subtracted from 100? And, | 0CJ 1]
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Fig. 6. Internal Structure of the Device
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what is it 7 is subtracted again form it? | 0] 1J

6 Say these numbers backward. 6, 8, 2. 01 10

What are the three words vyou 0L 10
/ remembered a while ago? 0L 10
’ 0 10
Think carefully and answer.
(M What do you need to check the time?
@ What do you need to open the locked | 0CJ 1]
door? 0 10
8 ® Where do you put your money? 0 10
@ What do you need to erase the letters | 0] 1]
written in pencil? o 10
® What do you need to make a public
phone call?
Tell the name of the vegetables you know ———
9 as much as possible 2L 30
' A1 50
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o] 7}-5stes sttt
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H ESF SAUR S55to] oA 2 XS skt o
> GAIFI(Raspbian OS: Debian A|E 2]=2)of|A 7t
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QI Hupde, 2fojuee] £= FH] 55 Z|dhiet BiAlst,
]2 4191 bash shellof]A] RE 7]50] A 75l 2
script Aoz FYsHFTHTable 4 &%), EsH Ao
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F7F AP mountg 712 A0 PAlsIG,
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Table 4. Modified K-HDS for the Device

#1/bin/bash

# mount USB

sudo mount /dev/sdal /media/pi/USB1
# opening & start

aplay opening.wav

aplay startO1.wav

aplay dingdong.wav

aplay start02.wav

# play the HDS-K

# (01)

# question 01

aplay gesO1.wav

aplay dingdong.wav

# answer 01

sudo arecord -t wav -¢ 2 -D plughw:1,0 -f S16_LE -d 5 -r
44100 /media/pi/USB1/ans01.wav

# (02)

# question 02

aplay ges02.wav

aplay dingdong.wav

# answer 02

sudo arecord -t wav -¢c 2 -D plughw:1,0 -f S16_LE -d 5 -r
44100 /media/pi/USB1/ans02.wav

# (03)

# (09)

# question 09

aplay ges09.wav

aplay dingdong.wav

# answer(Q9

sudo arecord -t wav -c 2 -D plughw:1,0 -f S16_LE -d 20
-r 44100 /media/pi/USB1/ans09.wav
# end

aplay end.wav

# umount USBI1

sudo umount /media/pi/USB1

IV. Experiments and Discussion

Fig. 8. Assembled Boards(left) and Complete Form of
the Device(right)
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Table 5. Service Scenario

0. =2 A3 7180 7|17] 2, 22 % AEYE is

1. dYaEn HEE HES B9 AALPA FEAXNF
of A= Het HHE R

- 24 HE (S8 FMTE ofEA =AY 5)

- UHRE A B S YR UYL EHBE F
2. HOtStL &3t 4S5 2AEO0E, FEQX|ZOfl MO
CHot o4 ofo] ArALgA T

- AAAE R Y HE

- B Z2u g lE Zuvt 71710 A

3.4 J BN WE, Retel/QEetel Belo| 971% 43
- A | EolM 84 B AE 4
- U 242 S AN E FEANYOR Mg, o=/




Design and Implementation of an IoT Device for the Effective Screening of Dementia and Mild Cognitive Impairment 125

A
i

N
N

Elis

0
o
o
o
1o ofr
ron
ox

S0l et M AZH| Crogt

o
N
or
4>
= o%

i}
J
o
N
]
o

' on O]
S =

£2|7t ofd 2H A

C oy e &

N
o=
w Ojo
N 0%

0
0
.

et
> |o
u

=L

0:
op
BN
1o
|
N
TN
2
ru
2
ol

o1
E
AN}

n AN

=

s
|m
40

1
rx ojo 0l
nE ox I
rQ N ng my

rr op

Mo rE

Eo}ﬂ

717|

fin}
o
|m

In

;g

N
I
1o
S
olo
el
N0
L
ro 0
o
hr
for
N

dl

, nE &
lal

H /@
> 3
%
H

Fig. 9. Work Flow with Service Scenario
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V. Conclusion
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