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Development of Wearable Robot for Elbow Motion Assistance of Elderly

Hye Yoen Jang#, Chang Soo Han', Tae Sik Kim', Jae Ho Jang‘ and Jung Soo Han"

ABSTRACT

The purpose of this study is to develop the algorithm which can control muscle power assist robot especially
for elderly. Recently, wearable robots for power assistance are developed by many researchers, and its application
fields are also variable such as for medical or military equipment.

However, there are many technical barriers to develop the wearable robot. This study suggest a control
method improving performance of a wearable robot system by using a EMG signal of major muscles and a force
sensor signal as command signal of system,

The result of the robot Prototype efficiency experiment, the case of Maximum Isometric motion it suggest
100% power of muscle, the man need only 66% of MVIC(Maximum Voluntary Isometric Contraction) to lift Skg
dumbbell without robot assist. However the man needs only 52% of MVIC to lift 5kg dumbbell with robot
assist. Therefore 20% muscle power increased with robot assist. Also, we designed light weight robot mechanism
that extract the command signal verified and drive the wanted motions.

Key Words : Wearable Robot (283 2 %), sSEMG (surface Electromyogram: &8 <& %), Force sensor (Al
A1), Power Assist (3 H.3), Command signal (F7]41%)
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2. Design of Robot System

2.1 Concept of Robot System
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Fig. 1 Flow of whole system

2.2 Design of Robot Prototype
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2.3 Extraction of Command Signal
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Fig. 3 The EMG signal without work load during
elbow extension/flexion motion
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Fig. 4 The EMG signal lifting the Skg dumbbell
during elbow extension/flexion motion
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3. Design of Controller
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Fig. 6 EMG signal filtering using the control filter
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4. Experiment & Verification

THEZE R FrAEEN 24
Y dAMe AsS AE] At Yol n
EE BHYE 85t 28 HRGRE B
=3

oY BERE 2RE A8 89 E WY o
g2 ¥e B4 ZHEE FEsM uMVIC
(percent Maximum Voluntary Isometric Contraction)*}
HE AHESH T MvIC#H S &2 APt §F
89 Isometric Motion2.2 4L 71L& o
9] RMS(Root Mean Square)3& MVICFLE A9
33 o8 JIELE dtd, & FAAIY RMSEE
7ZIE MVICE2Z UE F 1008 FFo=AH
%MVIC @92 Yehfo] F& ol

%Myic = FMS
MVIC

x100(%) )
o}
B¢ 11 A2 %MVICE &
28T P F8TA gt



AHE - 235 - A4

cRAAE @RS AL FGEA A 25 A3 &

{mv)

The RMS value of SEMG signal

- AME value of SEMG signal litting the
Skg dumbbel! withaut robot assist

111111111 AMS valtuo of sEMG signal ifting the
Bkg dumbbell weating the robot

100

Time(s)

Fig. 7 RMS value of EMG signal
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5. Optimization of Mechanical Design
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Fig. 8 Elbow part design of wearable robot
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Table 1 Segment mass (age:45-65)
Body
Constant weight Stature
Body part ; R
(A) gain ©)
B
Head 1.2960 0.0171 0.01430 | 0.591
Upper part
8.2144 0.1862 | -0.05840 | 0.798
of torso
Middle part
7.1810 0.2234 1 -0.06630 | 0.828
of torso
Lower part
-7.4980 0.0976 | -0.04896 | 0.743
of torso
Upper arm 0.2500 0.0301 | -0.00270 | 0.837
Forearm 0.3185 0.0145 | -0.00114 | 0.786
Hand -0.1165 0.0036 0.00175 | 0.516
Thigh -2.6490 0.1463 0.01370 | 0.891
Calf -1.5920 0.0362 0.01210 | 0.872
Foot -0.8290 0.0077 0.00730 | 0.702

Table 2 Human body average parameter

height body weight
Man age
D) (E)
20-24 177.5 69.4
25-29 174.7 58.0
30-39 171.8 71.5
40-49 170.4 70.7
50-59 167.8 67.3
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