—10 O

goboobobooobobgooobgaon
oottt oon

o0 oofa8 oo oogfw

0ttt

oo oogff
oo oot 00

00 Ot
oo oottt

Design of a Rehabilitation Supporting System Integrating Myoelectric Sensing and

Image-Based Pose Sensing

Tomo ASAKURAT, Junsuke MIYASAKAT!, Kazuaki KONDO'®) | Yuichi
NAKAMURATP) | Junichi AKITATT, Masashi TODAf, and Shigeru
SAKURAZAWA 11t

goo0oo0 OooooboooobooOoOOoOoOOOOOOOO0OO0OOOO0OO0OOO0O0ObOOO0ObOOOObOOOOOn
gobooooooboooooooooooooobooooOooOooOoOoobOOO0bOoOOoOoooOoOoooobooOoooon
goooooobobooobbooobooobooooooooooooooooboboooDobooobobooooboboooon
goooooooooooooooOoOoOOOOOOOOOOOODOODOODOODOODOODOODOOOOOOOO
goboobooodooooboobooooooooboooOoboOoOoobo0ooOoOobOOoOobOoOoboOobOoOoboobooOo
goooooooooooooooobbooobooooboooooOooboboOoOooObooooooobbooboooon
oooooooooooooooooooOoOboOoOoOoOoOOOOOOOOOOOOOOOOOOOOOOOOO
gooooooooooooooooooooooooOooOoOoOoOoOOoOOOOOOOOOOOOOODOOO

ooboooobooooooo

oood0 oOoooooooooooboOooOooOoOoOboOoOoOObOOOOOcOOOOOOOObOOOOOOoOn

goooog

gd:goobgogo

0000 000000000000 O 606-8501 00000
ooooo
ACCMS, Kyoto University, Yoshidahonmachi, Sakyo, Ky-
oto, 606-8501 Japan
fTO000D0 0000000000 0000000 O 606-8507
00000000000 54
Rehabilitation Unit, Kyoto University Hospital, Shogoin-
Haramachi, Sakyo, Kyoto, 606-8507 Japan
0000000 D0DO0D0 O 920-1192000000
Kanazawa University, Kadomachou, Kanazawa, Ishikawa,
920-1192 Japan
ffooo00 0000000000 O 860-8555 0000000
0 2-39-1
Kumamoto University, Kurokami 2-39-1, Chuo, Ku-
mamoto, 860-8555 Japan
HfoooDo0DoD0DD 0000000 O 041-8655 0000
ooo0 116-2
Future University-Hakodate, KamedaNakanomachi 116-2,
Hakodate, Hokkaido, 041-8655 Japan
a) E-mail: kondo@media.kyoto-u.ac.jp
b) E-mail: yuichi@media.kyoto-u.ac.jp

1. 0D O0O0

ooooooobooooboobooboooog
oobooooooooboooobooooooogoo
ooboooooooooooboooooooooo
coboodoooooobooobooooooogn
cobooooooooobooooooogoo
coooooooOoocoboooooooooooo
coboooooooooooboooooooboobooo
cooooooboobooobooooboooooo

oboobooooooobooobooooboooo
oobooboooooooooooooooooo
ooobooboobooboooooooon
oobooooooooooobooooooogoo
coboodooooooooooooooogo
coboobooooobOoobooooooogo
coocoboocobOoobOoobOoooooogo

0ooooooooog X Vol Jxx=X No.xx pp.1-12 ©UOOOO000O0000 xxxx 1



0000D00D0D0D xxxx/xx Vol. Jxx—X No. xx

oobooooooobooooooobooogo
oooo

gobooooobooooooooooood
cobboooooobboOoooooooooo
cooooooboocoboooboobocoooooooon
cobocoooooooooOoooooooboon
coboooooooooooooboooobooboon
coboooooooooooooooooooon
cobooooooooooboooooooboooon
ooooooo

goooooooooboooooobooog
cbooobooooooboooooooonogn
cobooooboooboobOooobooooobogoo
coboocoobooboooooooooooooobooo
cobocoobooooooooooobooooooo
cobOooooooooooooobooooboooon
coboOooobooobooboooooooon
coboooboooobooooboooooooobooon
ooboooboooooooooboooooogoo
ooboooooooooobooooooogo
coooooooood

ooO0o0ooO02.0000000000000O0
oooooooooooooooos.ooooon
oooooooooooooooo4. 00000
Oooooooooooooooooooogs.
ooooooooooooooor.oooooono
oobooooooooooboooooooobooon
ooo

2, DO0O0OOoOoOoOoOoooOoooog

2.1 OOooooooooooooooooooao
oooo

gooo0oooooooooobooooboo 104
goboboobooboooboobobobooboooo
goooboboobooboboobobobo
gogoboobbooobbooobboooo
gooboobobbooobbooobboooo
gogoboooboboobbooobbooon
gboboooboobooboboobobobooboooo
gbobobobooooobobobooboooo
oboboooooooogoog

oooooobooboobobooooobgon
goobboooobboooobbbobobn
gogbobooobobboobbooobbooon

2

RENLR-ERE

L= i

AE Pl

01 00000000oooo0oooooooooog
pooooooooooooooooooo
Fig.1 The structure of a shoulder and the posi-

tion of infraspinous muscle: located under

the scapula and connecting the inside of the
scapula and the humerus greater tubercle.
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Fig.2 The target motion for training: external rota-
tion exercise
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Fig.3 Typical trick motions (compensatory mo-
tions)
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Fig.4 Overview of the system
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Fig.5 Markers for pose sensing: semi-shere (left)
and band (right)
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Fig.6 The electrode position for in-
fraspinous muscle(circle): one

line connects the inner side
edge of the scapula and back
end of the hump; the ohter
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Fig.7 The electrode position for
pectoral major muscle (cir-
cle): one line connects be-
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Fig.8 The electrode position for posterior
deltoid (circle): the arrow begins at
the outer edge of the hump and the
length is about 2cm.

connects the middle point of
the line and the lower horn of
the scapula.

tween both ends of the col-
larbone; the arrow begins at
1/3 from the first end, and
the length is about 3cm.
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Table 1 Parameters used for pose check
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Table 2 Parameters for muscle contraction check
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Fig.9 An example of feedback. upper-left (the dotted rectangles and the char-
acters in them are given for the explanation in this paper. They are not
shown to the users): RGB image, upper-right: 3D graphics of skeltons,
lower-left: myoelectric signal, lower-right: text for explanation
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Table 3 Accuracy and precision of the posture mea-
surement
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Table 4 Precision and recall of trick motion detec-
tion
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Fig. 10 Example of a standard motion and trick motions (image, external rotation
angle, elbow angle, shoulder angle, and the myoelectric measurements of
fraspinous muscle, pectoral major muscle, and deltroid muscle)
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Fig.11 The scene of an experment in the hospital
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Table 5 Comments from patients (trainee)
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Abstract This paper introduces the design of an intelligent system for assisting rehabilitation for con-
tructure of a shoulder joint. In rehabilitations, patients often need to continue practice by themselves
without close presense of doctors or physical therapists. This situation makes it difficult to keep correct
movements, and may cause wrong movements, named compensation movements, which give no training
effects. To cope with this problem , we designed a system which gives objective feedback to the trainee
through the combination of image-based 3D measurements and myoelectric sensing of muscular contraction
measurements. The system supports a trainee to continue training with correct pose and correct muscular
contraction. We implemented an experimental system based on the advices of medical doctors and physi-
cal therapists, and obtained valuable impressions, comments, and suggestions from physical therapists and

patients.

Key words rehabilitation support, biofeedback, myoelectric sensing, 3D pose sensing, compensation

movements, joint contructure



