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EMS based Force Feedback Methodology through
Major Muscle Group Activation

Aaa,AA 28R, 34

Hyo-Min Kim', Jae-Sung Kwon’, Yong-Hwan Oh’, Woo-Sung Yang’

The electrical muscle stimulator (EMS) based human machine interface (HMI) free to
mechanical constraint and muscle fatigue problems are proposed for force feedback in a virtual reality.
The device was designed to provide force feedback up to 4.8 N and 2.6 N each to the thumb and
forefingers. The main objective of the HMI is to make unnecessary mechanical structures to attach on
the hand or fingers. It employs custom EMSs and an interface arranged in the forearm. In this work,
major muscle groups such as extensor pollicis brevis (EPB), extensor indicis proprius (EIP), flexor
pollicis longus (FPL) and flexor digitorum profundus (FDP) are selected for efficient force feedback
and controlled individually. For this, a human muscular-skeletal analysis was performed and verified.
The validity of the proposed multi-channel EMS based HMI was evaluated thorough various
experiments with ten human subjects, interacting with a virtual environment.

Electrical Muscle Stimulator, Haptic Interface, Force-Feedback Device
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Table 1. The muscles of thumb

Action Muscle
. Extensor Pollicis Longus (EPL)
Extension ‘. -
Extensor Pollicis Brevis (EPB)
Flexion Flexor Pollicis Longus (FPL)
Abduction  |Abductor Pollicis Longus (APL)

Table 2. The muscles of forefinger

Action Muscle

Extensor Digitorum Communis (EDC)

Extension -
Extensor Indicis Proprius (EIP)

Flexor Digitorum Profundus (FDP)

Flexion - —
Flexor Digitorum Superficialis (FDS)

Thumb Thumb

Flexion Abduction

Forefinger
FPL APL

Flexion

Thumb Forefinger

Extension Extension

Fig. 1. The thumb and forefinger muscles in the forearm
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Fig. 2. The hand postures of extension (a) and flexion (b) for
simulation with OpenSim
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Table 3. Maximum muscle force of thumb and forefinger

Finger Action Muscle Maximum Force
. EPL 883N
Extension
Thumb EPB 46.0N
Flexion FPL 201.0N
. EDC 48.8 N
Extension
EIP 473N
Forefinger
FDP 197.3N
Flexion
FDS 162.5N
> 1 — 3
— — =0~ FPL
@ 0.75 )
o Q2
L o5 ©
o )
S 025 3]
w [}
3 B =
= = 0 1 2 3 4 5
time [ sec ] time [ sec ]
(@ (b)

Fig. 3. The muscle forces activated on the thumb and forefinger
according to the force applied for the extension (a) and
flexion (b)
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Fig. 5. The muscle forces calculated with the EMG and F/T
sensors in the extension (a) and flexion (b) of the thumb
and forefinger
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Table 5. General Characteristics of Subjects

Subjects | Gender | Age [years] | Height [cm] | Weight [kg]

Table 4. Maximum muscle forces of the thumb and forefinger 1 M 23 175 65
according to external force 2 M 24 179 71
Ooensim EMG 3 M 24 168 73

Action Muscle . pe . Measurement 4 M 25 171 68

Simulation .

Experiment 5 M 25 174 64

Thumb EPL 0.16 N 22.45N 6 M 26 183 110
Extension EPB 0.26 N 3746 N 7 M 27 170 60
Thumb Flexion| FPL 0.16 N 60.07N 8 F 21 155 46
Forefinger EDC 023N 12.63 N 9 F 21 160 70
Extension EIP 0.57N 31.18 N 10 F 23 160 53

Foreﬁnger FDP 1.72 N 1049 N Mean - 24 169.5 68.0

Flexion FDS 1.8N 19.07N SD - 2.0 8.9 17.0
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Fig. 6. The output waveform of the EMS

Table 6. EMS waveform parameters of the others studies

Pulse width Frequency
E. Tamaki et al.l” 200 us 40 Hz
M. Pfeiffer et al.®” 260 us 50~70 Hz
P. Lopes et al.l'"” 290 us 25 Hz
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Table 7. Questionnaire of force feedback

Subject Comment
1 Pain

No force feedback

2

3 Feel the low force feedback
4 Force feedback is good

5 Force feedback is very good

Table 8. Questionnaire of feeling

Subject Comment

1 Fear

2 Very discomfort

3 Discomfort

4 Low electric feel

5 Very low electric feel
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Fig. 13. The results of usability evaluation; (a) Effect of force
feedbacks (b) Comfort indexes
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