SZAYFHIA A 24 A A 10 T (2007 P10 ¥)
Journal of the Korean Society for Precision Engineering Vol. 24, No. 10, October 2007

AAMod M 2SS 98 7t AIWAH AlS20[E] THY

o

Hoe, e, Ay, gga’

Development of a Virtual Bicycle Simulator for the Rehabilitation
Training of Postural Balance

Sung Hwan Jeong’, Yong Jun Piao’, Tae Kyu Kwon' and Nam Gyun Kim*

ABSTRACT

The purpose of this study is developing a virtual bicycle system for improving the ability of postural balance
control for adults in various age groups. The system consists of an exercise bicycle that allows tilt in accordance
with the postural balance of the subject in the system, a visual display that shows virtual road, and a visual
feedback system. The rider of the system tries to maintain balance on the bicycle with a visual feedback of a
virtual road while the pedaling speed, the heading direction, and various weight distribution information are
updated to the subject as visual feedbacks in the display. A series of experiments were performed with various
subjects to find the factors related to postural balance control in the system. The related parameters obtained
were weight shift, magnitude of the deviation from the center of the virtual road, and variables related to the
movement of the center of pressure. The results found that the ability to control postural balance in the system
improved with the presentation of visual feedback information of the distribution of weight. It was also found
that the general performance of the subject on balance in the system improved after ten days long training. The
results show that the newly developed system can be used for the diagnosis of postural balance as well as for
the stimulation of various senses such as vision and somatic sense in the field of rehabilitation training.
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Fig. 1 A training system for equilibrium sense
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Fig. 2 Hardware of virtual bicycle system
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Fig. 3 Diagram of the hardware system interface
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Fig. 4 Method of measuring COP and weight shift
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@/ Straight 0-60m ® | Downhill 206-238m
@/| Downhill 61-99m Curve 239-659m

@} Uphill 100-163m @ { Uphill 660-720m

@] Straight 164-205m Total Length 720m

Fig. 6 The total map of riding road

Table 1 Specification of riding road

Spec. L
Number of Total Tilting
Roaq . course length(m) | angle(®)
condition
Straight 2 103 0
Uphill 2 125 10, 25
Downhill 2 72 10, 25
Curve 1 420 0

Fig. 7 Map view of the riding road
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Fig. 8 Analysis program for the rchabilitation training
of the postural balance using virtual bicycle
simulator
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Fig. 9 Three training modes using virtual cycling
simulator: (a) Non-visual feedback (b) Visual
feedback of the weight shift (¢) Visual
feedback of the center of pressure
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Fig. 10 Experimental procedure
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Ztzh g&HAT) 20019 70t =F NVF 338 =
ZolA F Alto] 74 AA @& FUoH VFC
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Table 2 The variation of riding time between the
young and the elderly normal adults

No. of 20tH 701
trining NVF | VFC | VFW | NVF | VFC | VFW
Mode | Mode | Mode | Mode | Mode | Mode
1 182.7 | 190.0 | 202.2 | 260.0 | 296.9 | 314.0
2 |171.0 | 1863 | 197.3 | 257.0 | 293.0 | 301.0
3 166.1 | 177.5 | 188.5 | 246.4 | 286.9 | 294.9
4 11553 | 168.8 | 189.1 | 238.3 | 266.0 | 286.9
5 147.8 | 164.4 | 177.8 | 229.2 | 252.7 | 274.7
6 | 1453 | 162.1 | 175.3 | 221.7 | 243.3 | 268.3
7 | 142.7 | 1583 | 169.0 | 218.0 | 233.6 | 255.8
8§ 11405 1528 | 168.1 | 219.3 | 228.0 | 249.1
9 |[139.5(150.8 | 159.3 | 210.8 | 229.3 | 242.5
10 | 1385 | 147.6 | 156.5 | 206.9 | 222.1 | 237.8
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Fig. 11 The path deviation for twenties before and
after training in different riding modes
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Fig. 12 The path deviation for seventies before and

after training in different riding modes
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Fig. 13 The raw data on weight shift of twenties
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Fig. 14 The weight shift for twenties before and
after training in different riding modes
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