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Evaluating physical fitness measurement data of elderly people using

force applied to the handrail, buttock, and feet during sit-to-stand motion

O Ryoya KIHARA (Kyushu Univercity), Qi AN (The Univercity of Tokyo),

Kensuke TAKITA (Nippon Institute of Technology), Shu ISHIGURO (Chiba Institute of Technology,

Kazuhiro NAKAYAMA, Kanta MIYOSHI (Asanohi orthopedic clinic),

Kazuto NAKASHIMA, and Ryo KURAZUME (Kyushu Univercity)

Abstract: People depend on a welfare equipment to support their movements when their motor function declines. This study
developed a method to estimate physical fitness measurement data from the force applied to the vertical handrail, buttock, and
feet during Sit-to-stand motion. In the experiment, 21 elderly people who were certified as requiring long-term care and attending
rehabilitation were measured monthly over a five-month period. In addition, we labeled physical fitness measurement data in
five classes following data defined by the Ministry of Health, Labor, and Welfare. As a result of the five-class classification, the
training score significantly outperformed the chance level accuracy for all data sets.
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Fig.2 Definition of the force direction
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Fig.3 Definition of the extract feature

Table 1 A method to split the physical fitness data

((a)) Male data
TUG Standing time
Class
Threshold Data | Threshold Data
4 >=23.0 23 <=1.9 42
3 16.6-229 31 2.0-3.6 7
2 13.0-16.5 22 3.7-6.0 5
1 10.2-12.9 5 6.1-13.9 12
0 <=10.1 0 >=14.0 0
((b)) Female data
Class TUG Standing time
Threshold Data | Threshold Data
4 >=23.2 21 <=1.4 42
3 17.7-23.1 42 1.5-2.8 28
2 13.8-17.6 36 2.9-5.0 24
1 109-13.7 14 5.1-11.0 15
0 <=10.8 23 >=11.1 20
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PHRHW. BRFEVAREE LT, £HED 50
D RN EBBEL L TR WhE S 1 2HifET 3
ETINEMET LD, AR ERTEHHEIL BRI
27 BMENNES DEERRA L. X515, Zhbik
HHE 7 — &%, E#HgoiEm E~=2 71 LT
JEA T @A 3E D B BESARE TN T 2R ITHIE © FRAifi
KB EHLIZ, BT —2%2200 T, Thz
NS5 ZITRATINAMTIZITS. BB, BHEOMEIHI
ET — XTI, classO YT 57— XDBIEEL R D -
72led, 4 725 RATIRANITZITS. 725 R5FD
HUEHE KT T 2D T — X% Table 1 IT/RT.
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Fig.4 Overview of a proposed model

One trial of objective function

20 % Test set f Five combinations \
r A Al
I, Tunin: g Validation data Validation data 20%
Trainingdata | , , , | Training data
80 %
80 %
Accuracy Accuracy
v
Parameter
Average of accuracy

Classification result

\_ (Score of objective function) X 1 00/

Fig.5 Parameter tuning method
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Accuracy DED o 72T, BRIFERETNVITEWL
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Table 2 Classification result for male data

Feature Model  Chance level  Accuracy
Single 58.448 %
TUG 38.3 %
Proposed 67.8+10 %
Standing | Single 67.7£9 %
63.6 %
time Proposed 69.0+7 %

Table 3 Classification result for female data

Feature Model  Chance level  Accuracy
Single 60.1£12 %
TUG 30.9 %
Proposed 60.94+12 %
Standing | Single 53.3£13 %
32.6 %
time Proposed 52.04+12 %
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Predicted class
1 2 3 4
1 1 1 0 3
Actual 2 2 8 7 5
class 3 0 1 27 3
4 0 3 1 19

Fig.6 Confusion matrix for male’s TUG

Predicted class
0 1 2 3 4
0 20 0 1 2 0
1 0 7 3 2 2
Actual
2 2 0 27 6 1
class
3 5 0 9 20 8
4 0 0 1 12 8

Fig.7 Confusion matrix for female’s TUG
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Table 4 Correlation between force and TUG for male

Type  Feature Correlation coefficient p value
Flectap -0.5731 2.25¢-08
FHandap 0.5512 9.71e-08
pland.ap 0.4438 3.32¢-05
Force [Fputiockap -0.4358 4.78¢-05
Freeter -0.3610 9.31e-04
FButtock.ap -0.3496 1.38¢-03
FFeetud -0.2761 1.26e-02
Treetap 0.4326 5.51e-05
7 Handud 0.4008 2.09e-04
Hdud 0.3780 5.03e-04
Time 7Butiockud -0.3581 1.03e-03
TButockap -0.3174 3.89¢-03
iand.ap -0.2612 1.85¢-02
Tyland.ud -0.2458 2.70e-02
7 Hand.ud -0.2408 3.04e-02

Table 5 Correlation between force and standing time for male

Type Feature Correlation coefficient p value
pland.ap -0.3730 2.04e-03
Fhandap -0.3659 2.52¢-03

Force Freetud 0.3076 1.20e-02
e 0.2974 1.53e-02
Frectap 0.2469 4.57e-02

POREL A EXEZ N TER. SHE LN
RZFATHRD Accuracy & HERT 2 &, iz F o —b
A EBREOEIERED 2 7 5 A EIT o 54T
BFgE U5 TlX, 7 A M T —XITHF % Accuracy D3
T 83.0 %, MEFT DB 7 —X0 0 kEEE
DEENFERED 2 7 5 A ZAT o 7T 16 T3,
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Table 6 Correlation between force and TUG for female

Type  Feature Correlation coefficient p value
Fppetep -0.2605 2.19¢-03
FFeetud -0.2160 1.16e-02
Force Hand,a
Fpyd"® 0.1922 2.50e-02
FHand.ud 0.1917 2.54e-02
T Butiock.ud -0.3651 1.24e-05
ThHandud 0.3483 3.26e-05
, Hand,ud 0.2671 1.67e-03
Time Hand,ud
Thland: 0.2353 5.82¢-03
Tyanda -0.1780 3.82¢-02
e 0.1792 4.41e-02

Table 7 Correlation between force and standing time for female

Type  Feature Correlation coefficient p value
FButiockud -0.3813 8.29¢-06
FHandud -0.3485 5.19e-05
Frectap -0.2682 2.11e-03
plandap 0.2596 2.98e-03

Force  Fhandap 0.2502 4.23e-03
FButtockap -0.2368 6.89¢-03
[FButtockud -0.2325 8.01e-03
FFectud -0.1812 3.99¢-02
Frectap -0.17786 4.39¢-02
Treetap 0.4240 5.54e-07
TButockap -0.4106 1.35e-06

Time Tsza"d’ap 0.2524 3.91e-03
Thandap 0.2475 4.69¢-03
T Hand.ud -0.22307 1.11e-02
7 Handud -0.1911 3.00e-02
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