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3. FTSST &3 717

b 2RlE AdE

-

~utE 24 (I-SOL, Gilon Inc., Seongnam, Republic of Korea)S 4 7}

Lo

FSR (Force sensitive resistor) &g Al el 1719 35 7F&EEAMA, EFF
42 BLE &, 543 9152 (CR2032)Z T4 %o AdvH(2d 3). FSR &4l

A= FFA(hallux), WS AFHF-(medial forefoot), <5 A ZH-(lateral

fg

forefoot), $=-(heel)oll 77t stuA 2= o] vl 14 mm ¢ Z7]¢] FSR
FHAAMZ oF

[>

b

Hol ZhaiAE A7) AFe] Faate] gk WskE 40 Hz

o =
O o= =
Aty w3 o] EFE A 42 BLE REE %o AnEE T 02 I
E A g

(B)

Triaxial accelerometer
& Bluetooth low energy module

Force-sensitive
resistor

Base

Replaceable
coin-type battery &
Battery cover

9 3. 2~uE Q&



4. RGB-D 7hlet 7k &2k A4

RGB-D 7Zhvlg} 7|9t 5224 2 %] (Motiphysio Pro, MG solutions Co.,Ltd.,
Seoul, Republic of Korea)x #A, ®UE, RGB-D 7} #(Astra Pro, Orbbec
3D Technology International, Inc. Troy, MI, USA)E T4 o] UtHLH 4).
o] RGB-D 7tvigl= Z2AHE T z=std dd s dE5He=
FgstaL Fhviletel A FQE e s f5ss 72 dds AHEste]

FhEtE VlEo® 7 Ede] 3 AXE FAIH2AL).! o] FHE

(A)

I3 4. RGB-D Z}d| g} 7wk &2 A

T2

72t

19 5. %33 (Structured-Light) 9



i 2. RGB-D 7HHlet 45

b ! Astra Pro
A AR
Zio] 74 e}
. 640 x 480 @30fps
A=
RGB o] 7] %]
) 1280 x 720 @30fps
=
o] FOV 60 °H x 495°V x 73°D
Ao 54 HY 06 - 80 m
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10.7835 + 0.0587 x FSR + 0.0004 x FSR? [4] 1]

Pressure kPa
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RGB-D Zhdl2} 7|4
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FTSST #AF 23e] 134 A4S Aristr] 98 =21 7le W&
T olE & F 6719 HIF =FE AMESATh e =4 He
(The Korean version of the FRAIL scale, K-FRAIL)E A}&3}o] w4
(frailty) el & H7Fstd o, K-FRAILS I =2, Ad, R AW AsHAL=E
F H7HA gH oz olFox glom 07 A/ (robust), 128 HA-=4

(prefrail), 3~5%& w4 (frail)® EFeAoHFE-= 1).%

°t#(Grip strength) WAA7F dojur ZwAE ¥l Smedley EF 9
otHAE AbEste] ¢S Ao oHS SASUG EA= 28 kg ol

o
AAHE 18 kg o14e A WER AAAED

WAL s T3 s8> F=md FA80EA4(The Korean version of
Modified Barthel Index, K-MBDE AF&ste] H7kstdoh & 10709
FEONJAAA, F8317], AAst7], spdd ol &, Al =27], & 47], uid
-, AW 2d A7) Ee ZAo] ARE, A/F Y olF)o®m o] FolA

gom, 7 Fgme suAE FhEth F AFE 1008 wEow

sty B2 78 2 =(Berg Balance Scale, BBS):= Ztojzleo] il 913
al Abgstath ZA fF A TE, ALH s =4
sk WAL 5 370 9o R yro] F 14709 EU o E

o
o] Folx vt 2zt FELZ 0431 F S5HAR o]Fo|A A, F A= 567

olr
:1&

L

hAAtel we F¥He 7]%%  HE X4 (Functional Ambulation

Classification, FAC)E AF&3ste] H7istatt. & 05942 yiH, 0dA =

_’|2_



wa B7bs w29 ol Eg 1wAE ARA 199 A%H AA

I

w, 39AE AEetel By b, 49A=

o
A
=2,
>
lo,
At
i)
X
f
o=
1
(L
L
rlr
At

¥4 mAow BrTEE 42

ol X 7] & & %o Bl A AF(Korean Mini-Mental State

Examination, K-MMSE)E A}&3te] H7lstd . K-MMSE+= AlZF A EE

59, B4 AdE 54, /95% 31, FAPFH AN 54, /13 34,

p

dofed 84, Alext +4 1&d, F TN dE3 F 30" wHe=R

G TS 5) 7

_’|3_



B oATE F 4038 oz JAsgou, 4 59 Ao 4w
QAL AL 9l FTSSTE frald %3 39 EAF BAdA

Aottt Weba, & 379el FISST 54 44 A 45 AA=s

A A = (Pearson  correlation  coefficient) S A3, HA4E 71y
A8 A 5= (Kappa correlation coefficient) S AF-g&3le] #4131t}
25, AvtE <&, RGB-D 7Zhdizt 7Rt SFEAFAE o83

o2 YEYT® FTSST A4 A% vlaE 715 AAA5E AEste &2
A3lar, Jitter scatter plot& o3kl A Z+3}EThH Amojnt FaAS
(Spearman correlation coefficient)E AF&3le] ~nlE &3 RGB-D 71w et
719F FAEA A o] w21 Ve wii RS he] AaaAlE Hotet
ATt BE AR FATA fFolgFEE P < 0062 dASAT. dHeoly 4

S 93 e SPSS(ver. 26, IBM Inc, USA)E o] &34 1,

I
£
[k
rr

Microsoft office Excel(ver 2016, Microsoft, USA)S AF&-31%)

_’|4_



m. 23

1. AT R4 54

O BT
SRR

A A A A 4(BMI 2

o
Y

=]

OE] R |
35 *
Grip strength 209 = 84

A 461 + 9.14,

L83 ol ATz 3)
E 3 AT 54

157, 4

J{m

24
kg,

=

o

2278

o

2=

kg/m?,

97t

3

Hit K-MBI A4 89.1 + 15234, Bt
A FAC A

1 K-FRAIL ®#< 15 + 1.14,

42 + 1.04,

3ol gAE Bt
to] 725 9.4A,

32

ST

+

ot

o

et

BBS
Hit K-MMSE H 27.2 +

Characteristics

Total (N=37)

Sex, women

Age (years), mean (SD)
b55-64
6574
75-84

BMI (kg/m?%), mean (SD)

K-FRAIL score, mean (SD)
Grip strength (kg), mean (SD)

K-MBI score, mean (SD)

BBS score, mean (SD)
FAC score, mean (SD)

K-MMSE score, mean (SD)

22 (59.0%)
725 (9.4)
6 (16.0%)
11 (27.0%)
23 (57.0%)
235 (24)
1.5 (1.1

20.9 (8.4)
89.1 (15.2)
46.1 (9.1)
4.2 (1.0)

272 (1.8)

¢ko]: K-FRAIL: Korean version of the FRAIL scale, 3+=3 x4 H &
BBS: Berg Balance Scale, 1 7% FH %

FAC: Functional ambulatory category, 7]%
K-MBI: Korean version of the modified Barthel index, k= %
K-MMSE: Korean Mini-Mental State Examination, $+= % %}

=z
S

_’|5_
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2. B NFHE 24

sulE Q1&3 RGB-D shvleh 71w 5ARAgAe] HAR o AHE

1=

(Intra-rater reliability)«= F+ 0 2 3 Al BF r=099= g =
e

i

L NF T BFEJQTL, FAFEE AutE o] k=0.888, RGB-D 7}vlgt 7] gt

TAEAGA T k=09230.2 w AFHEVF FAHAG w3 oA 3 A
% (Inter-rater reliability)= 2vlE &3 RGB-D 7idgt 249 &
2 Ed AIZE B r=0999% Wi w2 AEE7F 3R, e AvE
& o] k=0.852, RGB-D 7}t 7wk &2 442 = k=082 F &H] &5
E2 AHEES BAGGE 4).
E 4 97 AFE B
Intra—interpreter Inter—interpreter
reliability reliability
Times
Smart Insole Times 0.999 0.999
RGB-D Times 0.999 0.999
Scores
Smart Insole Scores 0.888 0.852
RGB-D Scores 0.923 0.885
p<.001

_16_



3. 2ulE Q& - 25 YA FTSST A3 Hn

FTSSTE 27hE Q%3 2594 $8e B Agetel F 274 349

A¥gke vusd. AntE & A AIFE 1673 £ 9.32
r=0.993°.2 ¢ =& A#AAAZ AFEHJH(IHE). F FF ATTS

Bland-Altman plote2 YEH  Hit  Z}o](mean difference) 0.15%,
AA A (257, -22Nx2 =L AAEE How R FAho

7 gon ZAE Ahe E 1& Fuste] F54E BRI AvE Q)

A dAEE k=081622 ‘A ¢ (almost perfect) ol tH(1# 10).

I 5 2UE JIE - A2F9A AR dAE
. Mean Standard Upper Lower
Parameter Correlation ) o
difference deviation LOA LOA
FTSST_Times 0.993(<.001) 0.15 1.24 2.57 -2.27

okol: LOA: Limits of Agreement, ¥ ] %7
Mean difference: Mean of the differences between measurements, 31 *}9]

difference(x}o]) = 25 ¢ 2 - AulE <%

¥ 6. 2vtE o&E - 279 A A4 dA =
Parameter k coefficient p Value
FTSST_Scores 0.816 <.001

_’|7_



Smart Insole

Difference in FTSST Time(Sec)

50

40

w
o

N
o

(o]

(=]

H

N

o

3
N

A

1
o

1
o0

Times

0 10 20 30 40 50
Stopwatch
a9 8 AvE QlE - AFHA ARE dAE v
(FA)
. +1.96 SD
i 2.57
L d ¢ o ™ ‘ °
°% _ave ‘o ‘ Mean
[ ] [ ]
[ ]
[ ]
J ° 8. . ®1.96 SD
2.27
0 10 20 30 40 50

Mean FTSST Time(Sec)

% 9. 2ntE QlE - 2FA AIF dAE vl

(Bland-Altman plot)

_’|8_



Smart Insole

Scores

1 2
Stopwatch

w 4

3% 10, 2PE € - 25 9A A5 YA E 6L

(Jitter scatter plot)

_19_



4. RGB-D 7tz 7|t SZHEAZA - 2FH4A FTSST
43 v

FTSSTZ RGB-D 7Zhwlg} 7|8t 52229} ~59 2 S FAo A

g3kel ¥ 23 Wl Axgte viwstarh RGB-D svleh 71 FAA

FHAH2d 11). 52 =33 A7+S Bland-Altman ploto. = YER™H H =}
™

o] -0.156%, YA gA (207, 23NEE > A EE Ho

ZF W ow ZA4E AES ¥ 1S FHuste] HeEE At RGB-D
EABNAZ] HyEE 232 + 1.298, 2592 A4+ 238 + 1.19

Holt)h, F =4 "ol H4 dXE= k=0.778% ‘A3 (Substantial) 39|

= T o o
(1 13)
7. RGB-D Z}v g} 7|9F 52 G A - 2594 AIZE YA %
) Mean Standard Upper Lower
Parameter Correlation ) o
difference deviation LOA LOA
FTSST Times 0.993(<.001) -0.15 1.13 2.07 -2.37

oko]: LOA: Limits of Agreement, ¥ ] %7
Mean difference: Mean of the differences between measurements, 33 *}9]
Difference(x}o]) = 25 ¥ % - RGB-D 7}H 2} 7|8k F2E2 7%

E 8 RGB-D 71e 719 BaRA9A - 2597 1% 9=

Parameter k coefficient p Value

FTSST_Scores 0.778 <.001
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5. £2vtE Q& - RGB-D 7t g 7|9t &4 X FTSST

32%, RGB-D 7hvlel 719t F2EAgx]e] 54 A2 17.03 +

9
3ot F FAH e EF ¥ A2 r=0998= W =2

Yete it Aol -030%, dAFA (0.8, -146)xE =2 dALEE
Bolm, v SAgko] dAGA kol HASATH(LH 15).

# 9. &vtE <& -RGB-D 7hrleh 7|9k S22 3A] AIE dA =

) Mean Standard Upper Lower

Parameter Correlation ) o
difference deviation LOA LOA
FTSST Times 0.998(<.001) -0.30 0.59 0.85 -1.46

oFo]: LOA: Limits of Agreement, ¥ X] 34|
Mean difference: Mean of the differences between measurements, 33 *}9]
difference(z}¢]) = 2=vtE <% - RGB-D 7HWlEl 7|8k 52244

¥ 10. 27HE 1% -RGB-D 7het 710 BARNA A5 A%

Parameter k coefficient p Value

FTSST_Scores 0.886 <.001
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6. FTSST d43% #3884 #7t

2593, 2vE QlE, RGB-D 7hve 7k A2 49 FTSST 34
TR frads B7ket7] sl FTSST 52 3 A1)
dutfoz  AMgsE= K-FRAIL, BBS, FAC,
K-MMSE 75 4 ko] dadAs 243

_‘d
o
&
©
b

r o
o,
N

=
=2
o)

snlE Q1% RGB-D 7high 7w A4RAgAe Q4d vnel

JeFATHGE 11).

<
X
o,
o
rlo
e

3 11. FTSST 474 @44

=
Parameter  K-FRAIL BBS FAC K-MBI P K-MMSE
strength

Stopwatch -209(215)  556(<.001)  661(<.001)  -172(<300)  031(858)  322(.052)
Smart

C24(208)  5OA<001)  695(<001)  117(<A91)  034(840)  322(.052)
Insole
RGB-D  -169(317)  559(<.001)  680(<.001)  -114(<503)  017(921)  295(.076)

¢ko]: K-FRAIL: Korean version of the FRAIL scale, 3+=3 x4 H &
BBS: Berg Balance Scale, /{1 & &=
FAC: Functional ambulatory category, 714 X3 =]
K-MBI: Korean version of the modified Barthel index, gt=3 4= u}ld x| 4=
K-MMSE: Korean Mini-Mental State Examination, 3F= 3 7Fo] A 214 el 7 A}
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Abstract

Digitalization of physical function assessment in older adults using

smart insoles and RGB-D camera-based motion analysis device

Kyoung Min Park

Department of Medical Device Engineering and Management

The Graduate School, Yonsei University

(Directed by Professor Jung Hyun Park)

The five times sit to stand test (FTSST) is an older adult
physical function assessment that measures the time it takes to
perform five repetitions of the movement from sitting to standing
as quickly as possible without using both arms while sitting on a
chair. The FTSST is used for a variety of purposes, including
measuring lower extremity strength and predicting falls, and is
traditionally performed using a passive measurement method in
which the examiner uses a stopwatch. However, previous studies
have reported that passive measurement methods can affect the
results due to human error. Therefore, this study proposes a new

measurement method for FTSST using a smart insole and RGB-D
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camera-based motion analysis device. In this study, the three
measurement methods were applied simultaneously to a total of 37
subjects to analyze the performance time and score agreement of
FTSST. This study shows that the two devices can minimize
human error and replace the traditional passive stopwatch

measurement method as a scientific evaluation method.

Key words: physical functional performance, five times sit to stand,

smart insole, rgb—d camera, frail, aged, wearable electronic device
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