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), Inertial measurement unit (24 MIA{), Rating scale (&7} X|3), Correlation (A2A)

In this study, the Inertial Measurement Unit (IMU) signals and clinical evaluation scales for Parkinson's disease were
correlated. The study included 16 patients diagnosed with Parkinson's disease. Each subject was evaluated based on
Korean Mini-Mental State Examination (KMMSE), Unified Parkinson's Disease Rating Scale (UPDRS) part 3, New Freezing
of Gait Questionnaire (NFOGQ) parts 2 & 3, and Hoehn & Yahr Scale (H&Y). All subjects performed the Time Up and Go
test by attaching IMU sensors to both ankles and torso. Based on the tilting angle of torso and the time of first step, the
freezing and non-freezing windows were determined. Seven IMU features involving the ankle signals were calculated in the
specific window. Spearman’s correlation analysis of clinical evaluation scales was performed. As a result, the freezing index
and power of locomotion band (0.3-3 Hz) were recommended to determine UPDRS part 3. Also, the intensity of the
locomotion band facilitated evaluation of NFOGQ part 3 regardless of freezing of gait.

1. M2

A AlA (Inertial Measurement Unit, IMU)= AHHA 072 9]
RRRE PEE SR W 2SS Sge] uag 4o
)z 22 9 28 Ao, 1034 5 okl
I QUTH]. FF WA 7o) WERE QI
saAzle] mikel B gojel A

=

5 IO
2

i)

2

ne

-~

0%

oX

o

pEaNe)
Bofata BAe AR 2] 727] B 4w 5& A5
glof ololxm 1 Wl ma WH2RNE ol 14 9
Ao (3714 Thepet Hofel) A gIc.
£3], QURlel g 7Fesh A AAS] BA maoA W
A old WSl BAS B 4 o YEdoRs
248 NERYE 94X gk olgdtel malel v L §R2

Copyright © The Korean Society for Precision Engineering

Manuscript received: December 21, 2022 / Revised: May 8, 2023 / Accepted: May 9, 2023

o
&=
&
offt M
Y,
f
)
lo ©
U
rO‘
&
sl
2L
:Oé
B

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.022.149&domain=http://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

554 / July 2023

Table 1 Patients’ information

No. Age Height Weight Duration KMMSE UPDRS H&Y NFOGQ
[yr] [cm] (ke] [yr] Part 3 Part 2 Part 3
1 70 170 64 7 26 74 4 15 7
2 80 166 66 9 21 48 3 17 7
3 77 165 57 11 24 41 3 16 6
4 75 164 79 7 28 41 2 11 5
5 76 162 58 9 21 85 2 19 9
6 81 160 56 21 20 81 4 19 9
7 75 165 58 16 26 55 2 10 7
8 74 166 68 4 13 68 3 16 8
9 76 168 74 7 27 74 3 17 9
10 75 170 67 2 28 63 3 17 8
11 68 147 48 6 23 81 3 11 8
12 76 155 62 2 27 50 2 9 3
13 77 167 67 5 24 57 2 19 7
14 75 169 73 1 25 58 2 12 8
15 74 169 76 3 25 72 2 9 4
16 76 170 73 2 22 86 4 10 6
Mean 75.31 164.71 65.58 7.44 23.75 64.63 2.75 14.19 6.94
Std. 3.04 6.20 8.43 5.33 3.70 14.69 0.75 3.66 1.71
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Hot7] 915k HmmA] 198730 A A E ek,

UPDRSE 4714 ShE (part 1: Qg olAle] a5 54
783, part 2: Aol 48] 25 ZF, part 3: 2574 HAL, part 4:
B4 WPBIZ TAEO] QO £ AT) A UPDRS part
32 B8 w7e Bxte] L54L BRlsgit. 1871]e] et
7], 92171, 271 & 3ol thste] 2+ Normal(0), Slight(1),
Mild(2), Moderate(3), Severe(4)2 H7}3lH o, 1 &3S &
o A LFrUSS Fehent

H&Y [23}= AIA|19] Aol A=S 174 AZE Sl 0914 5
o] HHE 1Akt S48l §1e(0), TEFT =AIE((D, +
= of BRI S DAL Q). oK BAL Hf o1y
o] BESh EYAOR SAAQ), AL FoolAut Eg
glol AU A%E = AUF@), =] §lol= BA & ARESt
At ol Al 2 (S).

NFOGQ [2412 3714] shE& F4wlo] 9oLk, 3 shEo] it
4 By A e AR B 2Rl AN 52
w3y Aol ZAsl%At. NFOGQ part 20]4= 7 23S 7
AP Agoh PANES SATIE 711 AL B9 7} 03
o] o5 7153, NFOGQ part 30A= 52 H3j U7
A S e AR U R Fo) b 9B 03502 ¥
7¥sto] AT WA B e et QALS Bkt

2 o

o

2.2 HA H|OJE] H
B3 A olE
sheto] 7} gl A
AR & EEI AZHTT)el 37719 ¥4 AA(MTw Awinda,
Xsens, Netherlands)E F-2F514 M (Fig. 1), &JAJo|A 719 &
oF 3 m 7te] WS 7k 3814 selelck. Alglo] ARl
ok fabe] A7kt oFE HFEOREE 100 Hzol 3% 7MSE

&3
W SRS 24},

2 dAtollA= 6% TS hxfe] K flojE A E ot
83 & /1% sjol A4 wae BEsitk 1) 7Y ¥ 52
oyl &4k 2) AZAZY F7|& 0.3 s o]AH(Locomotion Band,
0.3 Hz) [25]; 3) & &S] 4 Steps o4} B3 3. 91¢f 37}4] 7]
Fofl FAS Hae T Ho] WH extor A4St
ek T4 2] W e A 94 % Ao dde

) X Axis
) Y Axis
- Z Axis

Fig. 1 IMU sensor attachment
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Fig. 2 Window segmentation in IMU signals

Table 2 Features of IMU signal

Mean of acceleration within given window in gravity axis

Mean 1 "
Acc n D Ace_y;
i=1
Mean of angular velocity within given window in sagittal plane
Mean | n
An, -S4 .
g -y dng_x,
i=1
Standard deviation of acceleration in given window in gravity
Std. axis 5
Acc /\/Z:’ \(Acc_y,—Acc_y)
n
Standard deviation of angular velocity in given window in
Std. sagittal plane :
Ang \/27 (Ang_x,—Ang_ x)
n
LBP Ratio of signal power in locomotion band (0.3-3 Hz)
FBP Ratio of signal power in freeze band (3-8 Hz)
- Area under the PSD curve in freeze band

Area under the PSD curve in locomotion band

Notes: Acc = Acceleration; Ang = Angular velocity;
LBP = Locomotion band power; FBP = Freezing band power;
FI = Freezing index; PSD = Power spectral density

= = QA ARSI SRS Bt
Sk A Raeel ¥ AlA o) 54 gE 1] Spearman /gt A

= E3) S Felskgon, pvalue < 0.055 7|E0 &,
203+ A= Table 30| YeRH T

Table 3 Spearman’s correlation coefficient between IMU features

and clinical rating scale (p-values < 0.05)

o teare KMMSE [ may R Ny
Mean Acc 450 =542 407 - -487
Mean Gyro - - - - -
Std. Acc .390 -.538 - -427
All Std. Gyro  .499 -470 - - -441
LBP 334 -.646 - - -.601
FBP - - - - -295
FI - .642 - - 355
Mean Acc - - - - -
Mean Gyro - - - - -
Std. Acc - - - -471 -409
FoG  Std. Gyro - - - - -484
LBP - -.658 - - -.626
FBP - - - -.642 -
FI - 707 .500 - 480
Mean Acc 532 -.654  -396 - -521
Mean Gyro - - - - -
Std. Acc 624 =570 -424 - -421
nFoG  Std. Gyro  .696 -.505 - - -415
LBP 385 -.614 - - -.589
FBP 470 - -.595 - -378
FI - .605 - - -
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