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1. INTRODUCTION 
 

The postural balance of human is maintained by a complex 
mechanism utilizing the functions of cerebellum, equilibrium, 
and other various organs. Today, the number of the traffic 
accidents keeps increasing due to an increase in traffic volume. 
At the same time, the population of the elderly has been also 
increasing. Such increases in the traffic accidents and the 
populations of the elderly are some of the main causes of 
many reported cases of the injuries to central nervous system 
such as stroke, traumatic brain injury, and various ailments in 
the musculoskeletal system [1-2]. Furthermore, there are many 
reported cases of the loss in the ability to control the postural 
balance due to such injuries to the central nervous systems or 
the musculoskeletal system. Such a loss of ability in 
controlling postural balance results in many kinds of 
complications in the rehabilitative treatments.  

A study on the training or the diagnosis of the postural 
balance can be categorized into either a clinical assessment or 
an engineering assessment. A clinical assessment of postural 
balance was first suggest in 1984 by Ruskin [3] who classified 
the degree of keeping lateral postural balance and standing 
postural balance into 4 steps. Many other researchers have 
also reported the methods of assessing the postural balance 
control by indexes based on clinical assessment. However, 
such methods still remain incomplete, and there is a great 
room for improvements in the aspect of objective and 
quantitative analysis. An engineering assessment has the 
advantages in that it quantifies various parameters such as 
swaying degrees. Engineering assessments have been used in 
the postural balance control training using visuoauditory 
biofeedback. Drowatzkey et al. [4] demonstrated the reliability 
of the method of measuring postural balance control using a 
force plate with normal healthy subjects. Shumway-cook et al. 
[5] and Lehmann et al. [6] examined the patients with disorder 
in vestibular function. However, conventional measurement 

systems not only fail to stimulate all the sense required for 
rehabilitation of the postural balance but also make the subject 
feel monotonous during training or test session. Therefore, 
there is a great demand for a new rehabilitation training 
system that not only provides a simulative environment that 
can stimulate all the senses related to postural balance but also 
enables quantitative analysis of related factors.  
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In this study, a new system that simultaneously stimulates 
various senses that related to postural balance and at the same 
time analyzes the effect of the stimulation has been suggested 
overcoming the shortcomings of the conventional 
rehabilitation training system. Moreover, the new system was 
developed in a way that the ability of controlling the postural 
balance and the effect of the rehabilitation training can be 
quantitatively assessed. 

 
2. SYSTEM CONFIGURATION 

 
2.1. System features 

The new bicycle training system shown in Fig. 1 has an an 
effecter and a reality engine, where a computer system 
provides visual stimuli and analyzes the effect of the training. 
The reality engine comprises of the software programs 
(WTKTM, C++) for providing virtual cycling environment, a 
computer hardware (Pentium , Windows Ⅳ 2000 Professional), 
a high-performance graphic accelerating board (Intense 3D 
Pro 2200STM), and an A/D converter (8 ch., 16 bit, 
PCI-9111DG). The effecter uses a visual display that shows 
virtual cycling environment to the rider. The sensor interface 
device accesses the measurements related to equilibrium sense. 
The parameters that are related to the riding speed, the rotation 
angle of handlebars, and the head movement are acquired real 
time. These parameters enable the construction of an 
interactive environment where the rider can interact with the 
objects in the virtual environment. The cycling system enables 
the control of cycling direction in virtual environment by 
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manipulating the handlebars like in an actual bicycle. Also, the  
cycling speed in the virtual environment can be determined by 
stepping on the pedals faster or slower. A load control device 
attached to the wheel of the bicycle applies appropriate load 
back to the pedals on an uphill road or a downhill road in the 
virtual environment. Figure 3 shows the connections between 
input and output and between the reality engine and the 
sensing devices. 
 

 
Fig. 1 A training system for postural control rehabilitation 

 
2.2. Orientation angle detection 

The orientation angle of the handle bars was also measured 
using a one-turn potentiometer converter (±5V full scale). The 
analog voltage from the potentiometer converter was digitized 
by an analog-to-digital converter.  In determining the heading 
direction of the handlebars, the middle value of the converter 
of the potentiometer was fixed at 2.5V when they were 
heading in frontal direction. The direction of the handlebars 
was determined to be the right direction whenever the output 
voltage from the converter is higher than 2.5V, and the 
direction of the handlebars was determined to be the left 
direction if it is lower than 2.5V. As illustrated in Fig. 2. The 
orientation angle of handle bar is fed into the computer 
through an A/D converter. 

 

 
Fig. 2 The diagram of the system interface 

 
2.3. Cycling velocity detection 

The cycling speed is determined through the sensing of the 
stepping speed on the pedals. A magnet and a hole sensor 
were used to measure the speed. The sensor was attached to 
the part equivalent to the rear wheel which is rotated by the 

stepping on the bicycle pedals. As illustrated in Fig. 3, the 
rotating speed can be computed based on the input from the 
hole sensor through the A/D converter. When the rotating 
speed is obtained, the cycling speed in the virtual environment 
is determined.  

 
2.4. The forward, backward and lateral tilt device 

The tilt device lets the rider to slightly pitch or rotate the 
bicycle by moving his or her weight so that the rider can feel 
as if he or she is riding a real bicycle. The elasticity of the four 
springs was chosen in full consideration of the weight of the 
bicycle and the rider. The springs were installed in front left, 
front right, rear left, and rear right parts of the supporting 
frame. In result, the bicycle can be in a motion corresponding 
to the rider's motion and the rider can feel more comfort. 
Moreover, the bicycle was designed in full consideration of 
safety. Even when the center of the weight of the bicycle and 
the rider shifts to one side beyond a normal degree, the bicycle 
was designed to maintain a safe angle to prevent the rider from 
falling.  

 

 
 
Fig. 3 The major mechanical parts of the virtual bicycle 

system 
 
 

 
 

Fig. 4 Block diagram of the virtual bicycle simulator software 
 

Figure 4 shows the block diagram of our developed VR 
bicycle simulator program. First, a road map is loaded as a 
trajectory and then the parameters such as bicycle velocity, the 
handle angle, the riding time, the COP, the weight shift are 
measured and stored. The virtual space includes about 720m 
of circular road, bicycle wheel, grass, trees, cloud, sky, rose 
garden, café, and et al. A width of the road is 6m and the 
distance from the central line of the road to the edge is 3m. 
Figure 5 shows an analysis program by LabVIEW 6.1. 
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Fig. 5 An analysis program for the bicycle training 

 
4. METHODS 

 
We compared the crucial factors from the virtual cycling 

test of the elderly people in their seventies with those of the 
normal health adult males in their twenties to find the effects 
of virtual cycling on the sense of equilibrium for the elderly. 
The experiment quantitatively compared the postural balance 
control in terms of the movement of weight and the shift of 
COP with the postural balance control when visual feedback 
was presented with those when the visual feed was not 
presented. Subject rode a virtual road which had 720m of 
length and 3m of width. Before conducting an experiment, we 
informed all the subjects of the outline of the test and the 
testing system for their preparation of mind. Before the actual 
measurements were taken place, the subject rode a session as a 
practice. We made up three types of ride modes, which are 
non-visual feedback (NVF), visual feedback of the weight 
(VFW), and visual feedback of the center of pressure (VFC). 
The experiments were carried out twice per each mode with 5 
minute break between each mode and trial. 

 

 
(a) NVF        (b) VFW         (c) VFC 

Fig. 6 Three training modes using virtual cycling simulator:  
(a) Non-visual feedback (b) Visual feedback of the weight 

shift (c) Visual feedback of the center of pressure 
 

 
Fig. 7 Experimental procedure 

 
 

5. RESULTS AND DISCUSSION 
 

We compared the riding speed, the riding time, and the 
mean of the movement of weight of the subjects in their 
twenties with those of the subjects in their seventies in N-VF, 
VF-COP and VF-W modes so that we can adapt the system to 
the riders in their seventies. 

 
5.1. Riding time and riding speed 

The time to finish the ride and the average riding speed of 
the subjects in two different age groups for each ride mode are 
shown in Fig. 8 and 9. Here, the riding time is the time it takes 
for a subject to reach the end of the road. In general, with 

visual feedback the riding time increased about 41 second for 
the subjects in their twenties and it decreased 39 seconds for 
the subjects in their seventies compared with the case without 
visual feedback. The decrement of riding speed was about 
2.96km/h for the subjects in their twenties and about 2.38km/h 
for the subject in their seventies with visual feedback. Most 
subjects in their seventies complained that it was too difficult 
for them to continue with the experiment in VF-W mode 
where a subject is fed with the scenery and the visual feedback 
information of equilibrium through the monitor. The paired 
t-test gave out the value of p as less than 0.05 from these data. 

 

 
Fig. 8 The variation of the riding time 

 
 

 
Fig. 9 The variation of the riding speed 

 
5.2. Weight shift 
The factor related to weight shift is one of the most 

important factors in keeping the balance in bicycle ride. The 
mean of weight shift were 58.02% for the subjects in their 
twenties and 57.83% for the subject in their seventies 
respectively in NVF mode without the feedback of the 
information of the weight movement. This implies that the 
subjects in their twenties were more active than the subject in 
their seventies in riding a bicycle. Figure 10 and 11 show the 
weight sifts before and after the training. The weight shift of 
the subjects in their twenties decreased from 53.17% to 
51.05% and that of the subjects in their seventies also 
decreased from 55.1% to 53.63% in VFC and VFW riding 
modes. While the weight shift of the subjects in their twenties 
was close to 50% (equilibrium state) with 1.05% gap, the 
weight shift of the subjects in their seventies had a 3.07% gap 
from 50% (equilibrium state). The paired t-test of the data 
showed the value of p to be less than 0.05. 

Therefore, the mode with visual feedback seems to help 
both subjects controlling the equilibrium. While the riding 
speed got better without the visual feedback of the information 
on equilibrium, the weight shift related to equilibrium got 
better with the visual feedback. 
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Fig. 10 The weight shift of twenties 

 
 

 
Fig. 11 The weight shift of seventies 

 
 

6. CONCLUSIONS 
 
In this study, we have developed a virtual bicycle riding 

system for improving the equilibrium sense using virtual 
reality technology. The experimental result showed that the 
equilibrium sense of the subjects improved by the training 
using this system. Following is our findings. 

1. As a result of repeated riding training, the sense of 
equilibrium improved in all riding modes. 

2. The weight shift reduced when the information of weight 
shift were shown in the monitor, 

3. Virtual bicycle system had a good effect on not only the 
aged but also the young people in stimulating and 
improving the sense of equilibrium. 

Through these studies, we confirmed that the developed 
system can be used not only for the quantitative measurement 
and analysis of equilibrium sense but also for the enhancement 
of the control and the function of equilibrium sense of the 
young and the elderly by offering motivating and stimulating 
training environment. 
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