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Development of Training System to Improve Walking Effect
- Evaluation of Training Prototype Based on Estimation of Muscle Activity
by Using Biped Robot Model and Machine Learning Technique -

by

Sarah Cosentino, Zixi Gu,
Mazoon Al Maamari, Atsuo Takanishi

Waseda University

Yasuo Kawakami

Waseda University

ABSTRACT

Prevention of mobility loss due to aging is critical to avoid or postpone the necessity
for continuous care in late stages of life. In particular, knee extensors have a key role in
maintaining balance and stabilizing gait. As loss of muscle strength in knee extensors
jeopardize mobility abilities, continuous training of these muscles is fundamental.

Walking is the most popular daily exercise. However, the training effects of simple

FH Y N AKE— VR Vol 41



—321 —

walking are limited to lower leg muscles and are not sufficient to prevent progressive
deterioration of knee extension muscle strength if not integrated with specific exercises
targeting those muscles. Therefore, we are working on the development of a training
device to apply additional mechanical load on the knee during walking and extend
the training effect of simple walking to knee extensors. The training device will
be designed for maximum versatility using a compact oil damper with no need for
electrical power. The specifications of the device will be determined using results
from preliminary research on knee extensor muscle activity during walking, evaluated
with an IMU (Inertial Measurement Unit) based measuring system. In this study, we
designed a prototype of the device and evaluated if the device could induce sufficient
muscle activity in the knee extensor muscle. In the future, we are planning to replace
the oil damper with an active actuator and integrate the measuring system in the device

to allow adaptive training load depending on real-time measured knee extensor muscle

activity.
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Frame:
300*20*5[mm]
Aluminium flat bar
(6000 Series)

Rotating Disk:
Acrylic cast board
(thickness 10mm)

X2 7ub¥ A 7150/7K
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Gas spring Air cylinder Disk damper Oil damper
Maker Misumi Fuji Latex Co., Ltd. Enidine
GSSF22125-550 CDMZ2HU32 ADA505M

Model
Resistance Force 539-792[N] Force 40-800[N] Torque 11+ 1.1[N-m] Force 250-2000[N]
Adjustability No Yes (Switch) No Yes (knob)
Time Delay Long (Gas medium) Short (Oil medium)
Weight|g] 327 136 300
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Parameter Value
Size (W*D*H) [mm] 27.5%37.5%18

Weight [g] 134

Gain 1400

Sampling Rate [Hz] 1000
Resolution [Bit] 12
Lower cutoff frequency [Hz] 20
Higher cutoff frequency [Hz] 450
CMRR [dB] >90
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014mm
2

Location of markers:

1. (Left) Top of Tibia (EEH)

2. (Left) Bottom of Tibia

3. (Right) Top of Tibia
4. (Right) Bottom of Tibia

Marker

WB-4
EMG

Location of EMG sensors:
1. (Left) Rectus Femoris (ABBIER)
2. (Left) Vastus Lateralis (5+{Ul[585)
3. (Right) Rectus Femoris
4. (Right) Vastus Lateralis
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