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Abstract 
Mobility in a city is an important part of our life. For the sustainable development, there 

should be a mobility which is friendly for human and environment[1]. Recently, as a new mean, 
a personal mobility vehicle (PMV) which is compact and convenient attracts attention[2, 3]. As 
a PMV, the following features should be considered. 1. To make short range transport be effi-
cient and comfort by using low-impact actuator, 2. To be used safely in non-exclusive space for 
pedestrians, 3. To be enough compact to achieve seam-less transit with existing public transpor-
tation.  

A bicycle is the one of PMV, however, it becomes unstable at low speed[4]. The smaller 
the tire diameter becomes, less stable it becomes. The authors propose a stabilized vehicle with 
two-wheel steering and two-wheel driving(2WS/2WD) that solves the problem. The stability of 
the conventional bicycle has been discussed in a lot of papers, however, the study about the sta-
bility and control of the 2WS/2WD bicycle has not been investigated so much. In this paper, 
first the stabilization of 2WS/2WD bicycle is shown and then the new bicycle based on the 
simulation is suggested. 
 
 
 
 
 
 
 
 

 
             Figure 1. Model of bicycle 
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Figure 2. Maximum moving distance          Figure 3. Maximum driving force 
 

The model of the bicycle is shown in Figure 1. The authors propose the stabilization of 
the bicycle using driving forces and design a controller using linear-quadratic control theory. 
The prior analysis made clear that the same steer angle between the front wheel and rear wheel 
makes the bicycle the most stable at low speed. 

    Figure 2 shows the plot of the maximum moving distance for x direction shown in Figure 
1 and Figure 3 shows the maximum driving force. It is shown that by increasing the front and 
rear steering angle, the required moving distance for x direction for stabilization becomes 
smaller. The condition of the steering angle 90 degree corresponds to the parallel two-wheel ve-
hicle[2].  
 
 
 
 
 
 
 
 
 

Figure 4. Concept of PMV  

Finally, a new PMV for this result is proposed. The concept of PMV that authors propose 
consists of two modes, the bicycle mode and the parallel two-wheel mode shown in Figure 4. 
These two modes are convertible each other. It will be an effective mobility with low energy 
consumption by switching between two modes.  

References 

[1] Buntine, C., and CALSTART, Clean Personal Mobility Services: A Transit-Enhancing Al-
ternative to Private Automobile Travel, Transportation Research Board Annual Meeting 
CD-ROM, (2003), 03-4441 

[2] Nguyen, H.G., Morrell, J., Mullens, K., Burmeister, A., Miles, S., Farrington, .N, Thomas, 
K., and Gage, DW.,  Segway Robotic Mobility Platform, Proceedings of Society of Pho-
tographic Instrumentation Engineers, No.5609 (2004) 

[3] Kato, Y., Hosokawa, M., and Morita, M., Future Personal Mobility i-unit, Jornal of Society 
of Automotive Engineers of Japan, Vol.60, No.2, (2006), pp.97-102, (in Japanese) 

[4] Nakagawa, C., Suda, Y., Nakano, K. and Takehara, S., Dynamics and Control of Small 
Wheel Bicycle for Urban Transportation, AVEC ’08, No.126, pp.758-763, (2008) 

    

 

0

50

100

150

200

250

300

350

0 10 20 30 40 50 60 70 80 90

Steer angle [deg]

M
ax

im
u
m

 f
o
rc

e
 [

N
]

Bicycle mode Parallel two-wheel mode 

0

0.05

0.1

0.15

0.2

0.25

0 10 20 30 40 50 60 70 80 90

Steer angle [deg]

M
ax

im
um

 m
ov

in
g 

di
st

an
ce

 f
or

 X
 d

ir
ec

ti
on

 [
m

]

δr/δf=1
δr/δf=-1

0

0.05

0.1

0.15

0.2

0.25

0 10 20 30 40 50 60 70 80 90

Steer angle [deg]

M
ax

im
um

 m
ov

in
g 

di
st

an
ce

 f
or

 X
 d

ir
ec

ti
on

 [
m

]

δr/δf=1
δr/δf=-1


