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1L WHEEL 
2L MOTOR 

A two-wheel vehicle having a roll axis rotation flexibility in 
which a servo motor is mounted to each of two wheels oper 
ating independently of each other fails to perform stable 
straight-forward traveling on a laterally inclined road because 
a neutral position by a spring force of a handle or a step varies 
with respect to a vertical axis as a vehicle body tilts in a roll 
axis direction due to a road slope. Further, in Such a device, 
the handle or the step can tilt against intention due to a left and 
right unbalanced load of a passenger onto the step when 
getting on or off the vehicle. There is thus provided a control 
device that enables stable straight-forward traveling while 
maintaining a standing posture of a person Vertically on a 
laterally inclined road through a motor control of the position 
of a handle or a step. There is also provided a control device 
that enables a rotation while a person maintains a vertical 
posture when a performing rotation operation on an inclined 
road. There is also provided a vehicle that prevents the occur 
rence of an unintended inclination of a handle and a step 
during loading or unloading of a passenger. 
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Fig. 4A 
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Fig. 4B 
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Fig. 40 
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Fig. 6 
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Fig. 9A 
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Fig. 9B 
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Fig. 10B 
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Fig. 11A 
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Fig. 12A 
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Fig. 12B 
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Fig. 13A 
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Fig. 13B 
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Fig. 14A 
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TRAVEL DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a travel device suit 
able for application to a coaxial two-wheel vehicle including 
two wheels disposed on the same axis center line, for 
example. Particularly, the present invention realizes active 
control of the tilt of a step plate and/or a handle with use of a 
tilt driving unit so as to maintain the stability while traveling. 
The present invention is also applicable to a travel device 
including three or more wheels. 
0003 2. Description of Related Art 
0004. A coaxial two-wheel vehicle of a related art imple 
ments a posture control of a vehicle mainly in a pitch axis 
direction by detecting the tilt of the vehicle with a use of a 
plurality of gyroscopes or the like. For example, a related 
reference U.S. Pat. No. 5,971,091 discloses such a technique. 
0005. As another example, there is a device that includes a 
handle or a step which is constrained to a neutral position by 
a restoring force of a spring or the like, detects their absolute 
tilt angle with respect to a gravitational axis or relative tilt 
angle with respect to a vehicle base and controls each wheel 
So as to implement a rotating operation according to the 
detected angle. For example, a related reference Japanese 
Patent Application No. 2005-117365 filed on Apr. 14, 2005 
(Kakinuma, U.S. patent application Ser. No. 1 1/402.975 filed 
on Apr. 13, 2006, Pub. No. US 2006/0260857) discloses such 
a technique. 
0006. However, the above patent references do not 
describe a technique of actively controlling the tilt of at least 
one of a step plate and a handle to enable stable traveling, 
which is the main point of the present invention. 
0007 As a vehicle that travels with two wheels with a 
person on board, a coaxial two-wheel vehicle as disclosed in 
the above related references is known, for example. Specifi 
cally, Kakinuma teaches a technique of using a handle or a 
step that is constrained to a neutral position by a restoring 
force of a spring or the like, detecting their absolute tilt angle 
with respect to a gravitational axis or relative tilt angle with 
respect to a vehicle base and controlling each wheel so as to 
implement a rotating operation according to the detected 
angle. 
0008. However, if such a vehicle travels straight on a 
canted road having a lateral inclination in the direction 
orthogonal to the inclination, it causes the following prob 
lems. 
0009 Specifically, when using the absolute tilt angle for a 
rotation control, the neutral position of a handle by a restoring 
force of a spring or the like is as shown in FIG.21A. In order 
to bring the absolute angle of the handle to Zero so as to allow 
the vehicle to move straight, a passenger needs to actively tilt 
the handle against the spring force to realize the state as 
shown in FIG.21B. Such an operation requires enough physi 
cal strength and skill to keep tilting the handle against the 
spring force. Further, if a passenger fails to make an appro 
priate control of the handle, it can lead to an unintended 
behavior of the vehicle. 
0010. On the other hand, when using the relative tilt angle 
for a rotation control, the vehicle moves straight in the state as 
shown in FIG.21A in which a passenger exerts no force on the 
handle. However, because the vehicle tilts with respect to the 
gravitational axis in this state, it is difficult for the passenger 
to adjust a left-right balance if a lateral inclination of a road is 
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large. Further, when the vehicle rotates on the spot on a slope, 
the neutral angle of the handle changes with respect to the 
ground according to a change in the tilt of the vehicle base in 
the roll axis direction, and therefore a passenger needs to 
manipulate the vehicle by changing a relative position 
between his/her own body and the handle. 
0011 Further, when a passenger places one foot on a step 
upon getting on the vehicle having Such a structure, the step 
and the handle tilt due to the load imbalance between right 
and left on the step as shown in FIG. 21C, and the tilt causes 
an accidental rotation control. It is thus difficult for a passen 
ger to get on or off the vehicle. 

SUMMARY OF THE INVENTION 

0012. The present invention has been accomplished to 
solve the above problems, and one object of the present inven 
tion is to enable easier manipulation without requiring skill 
when proceeding straight on a canted road having a lateral 
inclination in the direction orthogonal to the inclination, for 
example. Another object of the present invention is to allow a 
passenger to get on and off a vehicle easily. 
0013 To these ends, according to one aspect of the present 
invention, there is provided a travel device that includes a 
servo motor to enable a control of the tilt of a step or a handle 
in a roll axis direction, calculates the tilt of the step or the 
handle in the roll axis direction with respect to a gravitational 
axis using a posture sensor or a position sensor mounted to a 
main body, and makes a control so that the tilt of the step or the 
handle is always parallel on the gravitational axis. 
0014) A passenger can thereby maintain his/her posture 
Vertical to the horizontal plane without applying any control 
force to the handle in spite of a slope of a road, thus achieving 
natural rotation and forward motion. 
0015 The above and other objects, features and advan 
tages of the present invention will become more fully under 
stood from the detailed description given hereinbelow and the 
accompanying drawings which are given by way of illustra 
tion only, and thus are not to be considered as limiting the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1A is a front view showing the structure of a 
coaxial two-wheel vehicle of one embodiment to which a 
travel device of the present invention is applied; 
0017 FIG. 1B is a side view showing the structure of a 
coaxial two-wheel vehicle of one embodiment to which a 
travel device of the present invention is applied; 
0018 FIG. 2 is a control structure diagram of a one-wheel 
vehicle model; 
0019 FIG. 3 is a system structure diagram to describe a 
coaxial two-wheel vehicle of one embodiment; 
0020 FIG. 4A is a view to describe the operation of a 
coaxial two-wheel vehicle of one embodiment; 
0021 FIG. 4B is a view to describe the operation of a 
coaxial two-wheel vehicle of one embodiment; 
0022 FIG. 4C is a view to describe the operation of a 
coaxial two-wheel vehicle of one embodiment; 
0023 FIG. 5A is a view to describe an active handle con 
trol device; 
0024 FIG. 5B is a diagram to describe an active handle 
control device; 
0025 FIG. 6 is a view to describe an active handle control 
device; 
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0026 FIG. 7 is a flowchart to describe an active handle 
control device; 
0027 FIG. 8A is a structure diagram (front view) of a 
substantial part of a coaxial two-wheel travel vehicle: 
0028 FIG. 8B is a structure diagram (bottom view) of a 
substantial part of a coaxial two-wheel travel vehicle: 
0029 FIG. 9A is a view to describe a coaxial two-wheel 
travel vehicle shown in FIGS. 8A and 8B; 
0030 FIG.9B is a view to describe a coaxial two-wheel 
travel vehicle shown in FIGS. 8A and 8B; 
0031 FIG. 10A is a front view showing the structure of a 
coaxial two-wheel vehicle of another embodiment to which a 
travel device of the present invention is applied: 
0032 FIG. 10B is a side view showing the structure of a 
coaxial two-wheel vehicle of another embodiment to which a 
travel device of the present invention is applied: 
0033 FIG. 11A is a front view showing the structure of a 
coaxial two-wheel vehicle of another embodiment to which a 
travel device of the present invention is applied: 
0034 FIG. 11B is a side view showing the structure of a 
coaxial two-wheel vehicle of another embodiment to which a 
travel device of the present invention is applied: 
0035 FIG. 12A is a view to describe a coaxial two-wheel 
vehicle of another embodiment; 
0036 FIG. 12B is a view to describe a coaxial two-wheel 
vehicle of another embodiment; 
0037 FIG. 13A is a front view showing the structure of a 
coaxial two-wheel vehicle of yet another embodiment to 
which a travel device of the present invention is applied: 
0038 FIG. 13B is a side view showing the structure of a 
coaxial two-wheel vehicle of yet another embodiment to 
which a travel device of the present invention is applied: 
0039 FIG. 14A is a view to describe a coaxial two-wheel 
vehicle of yet another embodiment; 
0040 FIG. 14B is a view to describe a coaxial two-wheel 
vehicle of yet another embodiment; 
0041 FIG.15A is a view to describe the moment of inertia 
of a handle; 
0042 FIG. 15B is a structure diagram of an active handle 
control system using a reduction gear; 
0043 FIG. 16 is a diagram to describe a control method of 
an active handle control system using a reduction gear; 
0044 FIG. 17A is a structure diagram of a handle torque 
estimator and a system to implement handle compliance con 
trol; 
0045 FIG. 17B is a structure diagram showing the detail 
of a real model of FIG. 17A: 
0046 FIG. 17C is a structure diagram showing the detail 
of a mathematical model of FIG. 17A, 
0047 FIG. 18 is a flowchart to describe a handle torque 
control; 
0048 FIG. 19A is a view showing a structural example of 
a control device; 
0049 FIG. 19B is a waveform chart showing an example 
of a signal in a simulation using the control device of FIG. 
19A: 
0050 FIG. 19C is a waveform chart showing an example 
of a signal in a simulation using the control device of FIG. 
19A: 
0051 FIG. 19D is a waveform chart showing an example 
of a signal in a simulation using the control device of FIG. 
19A: 
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0.052 FIG. 19E is a waveform chart showing an example 
of a signal in a simulation using the control device of FIG. 
19A; 
0053 FIG. 19F is a waveform chart showing an example 
of a signal in a simulation using the control device of FIG. 
19A; 
0054 FIG. 20A is a view to describe the relationship 
between a handle torque and a handle rotation angle; 
0055 FIG. 20B is a view to describe the relationship 
between a handle torque and a handle rotation angle; 
0056 FIG. 21A is a view to describe a related art: 
0057 FIG. 21 B is a view to describe a related art; and 
0058 FIG. 21C is a view to describe a related art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0059. According to one aspect of the present invention, 
there is provided a travel device that includes a plurality of 
wheels disposed in parallel, a step plate mounted between the 
plurality of wheels for a driver to place feet, and a handle 
mounted vertically to the step plate. At least one of the step 
plate and the handle is capable of tilting in a roll axis direc 
tion. The travel device further includes a tilt driving unit to 
drive at least one of the step plate and the handle to tilt in the 
roll axis direction and a control unit to control the tilt driving 
unit, and controls the tilt driving unit so as to maintain the step 
plate in a horizontal position or to maintain the handle in a 
Vertical position. 
0060 According to another aspect of the present inven 
tion, the above travel device further includes a detection unit 
to detect an inclination of a road. The device Supplies a value 
of an inclination detected by the detection unit to the control 
unit and thereby controls the tilt driving unit so as to maintain 
the step plate in a horizontal position or to maintain the handle 
in a vertical position. 
0061 According to another aspect of the present inven 
tion, the above travel device further includes a measurement 
unit to measure a shift operation of at least one of the step 
plate and the handle from a neutral position, which is a hori 
Zontal position of the step plate or a vertical position of the 
handle, that is maintained by the tilt driving unit drive. The 
device changes a traveling direction according to a measured 
value of the measurement unit by the plurality of wheels. 
0062 According to another aspect of the present inven 
tion, the above travel device adjusts a resistance force against 
a shift operation of at least one of the step plate and the handle 
with use of a control parameter of the control unit for con 
trolling the tilt driving unit and includes a load detection unit 
to detect a load applied to the step plate, thereby adjusting the 
control parameter according to a value of a load detected by 
the load detection unit. 
0063. According to another aspect of the present inven 
tion, the above travel device adjusts the control parameter of 
the control unit so as to bring the resistance force to a maximal 
value when it determines the occurrence of loading or unload 
ing of a driver based on the detection of a load by the load 
detection unit. 
0064. According to another aspect of the present inven 
tion, the above travel device includes an estimation unit to 
estimate a torque exerted to at least one of the step plate and 
the handle with use of a mathematical model simulating the 
control unit, and controls the tilt driving unit so as to displace 
at least one of the step plate and the handle according to a 
value of a torque estimated by the estimation unit. 
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0065. The present invention is described hereinafter with 
reference to the drawings. FIGS. 1A and 1B are a front view 
and a side view, respectively, showing the structure of a 
coaxial two-wheel vehicle of one embodiment to which a 
travel device of the present invention is applied. In FIGS. 1A 
and 1B, the overall main structure is substantially the same as 
that of the device disclosed in Kakinuma. 
0066 Referring to FIGS. 1A and 1B, driving units (mo 

tors) 2L and 2R are mounted respectively to two wheels 1L 
and 1R, which are disposed in parallel with each other. The 
driving units 2L and 2R are coupled by vehicle bodies 3U and 
3D, which are upper and lower separate parts. Further, the 
vehicle bodies 3U and 3D include a circuit device such as a 
control unit for controlling the driving units 2L and 2R 
according to information about a tilt of a vehicle detected by 
a sensor Such as a gyroscope, a load on a vehicle, or the like, 
although not shown. 
0067. A step plate on which a driver places their feet is 
disposed above the vehicle bodies 3U and 3D. The step plate 
is shown as steps 4L ad 4R, which are left and right separate 
parts. The steps 4L and 4R are coupled to each other by a link 
mechanism (not shown) so that they maintain the parallel 
relationship with each other. Further, a handle 5 is mounted 
between the steps 4Lad 4R. The handle 5 is capable of tilting 
in the roll axis direction relative to the vehicle bodies 3U and 
3D. The handle 5 and the steps 4L ad 4R are coupled to each 
other by a link mechanism (not shown) so that they maintain 
the perpendicular relationship to each other. 
0068. Furthermore, a driving motor (handle driving 
motor), 6 as a tilt driving unit for driving the handle 5 so as to 
tilt along the roll axis is mounted in a joint portion between 
the handle 5 and the vehicle bodies 3U, 3D, e.g. between the 
handle 5 and the vehicle body 3U. A joint portion 7 between 
the handle 5 and the vehicle body 3D can rotate flexibly. The 
handle 5 can be thereby displaced to the left or right of the 
vehicle bodies 3U and 3D, thus capable of tilting. The driving 
motor 6 is controlled so that the handle 5 is always in the 
perpendicular position by a control unit (not shown) that is 
mounted to the vehicle bodies 3U, 3D. 
0069. A specific structure of a control unit of a one-wheel 
vehicle model is described hereinafter with reference to the 
schematic view of FIG. 2. In an actual two-wheel vehicle, a 
sensor of the step 4 is used in common. Further, a control of 
the motor 2 that is coupled to the wheel 1 in the illustrated 
model is implemented by an independent control unit in the 
wheels 1L and 1R shown in FIG. 1. 
0070 Referring to FIG. 2, pressure detection signals PS1, 
2, 3, 4 from a pressure sensor (not shown) that is built in the 
step 4 and a table angle detection signal 80 from a posture 
sensor 8, which may be composed of a gyro sensor and an 
acceleration sensor, that is coupled to the step 4 are Supplied 
to a central control device 91 in a control device 9. Then, an 
arithmetic operation is performed on the detection signals 
PS1 to 4 and 00 with an external table posture command 
signal 0REF {d(0REF)/dt} from a passenger or the like, and 
an obtained rotation command coref, is Supplied to the motor 
control unit 92. 
0071. The wheel 1 and the motor 2 are connected through 
a reduction gear 93, and a rotation angle detector 94 is 
mounted to the motor 2. From the rotation angle detector 94, 
a rotor rotation angle position signal Or is Supplied to the 
motor control unit 92 in the control device 9. A drive current 
to the motor 2, which is generated according to the rotation 
command coref is feedback-controlled, thereby stabilizing the 
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driving of the wheel 1. The wheel 1 is thereby driven stably 
and appropriately according to the pressure detection signals 
PS1 to 4 from a pressure sensor (not shown). 
0072 FIG. 3 shows connections of systems. Referring to 
FIG. 3, the above-described pressure detection signals PS1 to 
4 and a roll axis angle detection signal PM from a roll axis 
angle gauge (potentiometer, hand lever roll axis angle gauge) 
12 that may be mounted to a joint 7 of the handle 5, for 
example, are supplied to a posture sensor circuit 13. The 
posture sensor circuit 13 includes a gyro sensor 21 and an 
acceleration sensor 22. The posture sensor circuit 13 thereby 
outputs the signals PS1 to 4 and PM, a pitch angle cop, a yaw 
angle (pyaw, and X,Y and Z axis angle signals AX, Ay, AZ. The 
posture sensor circuit 13 is an example of a detection unit for 
detecting an inclination of a road. A pressure sensor 11 is an 
example of a load detection unit (load sensors). 
0073. The signals PS1 to 4, PM, cop, coyaw, AX, Ay and AZ 
are supplied to the central control device 91 in the control 
device 9. Further, an actuating signal from a power switch 14 
that is placedon a grip of the handle 5 is supplied to the central 
control device 91. The central control device 91 thereby gen 
erates rotation commands (pref1 and (pref2 for the left and 
right wheels 1L and 1R (not shown), which are then supplied 
to the motor control units 92L and 92R. Further, signals from 
the rotation angle detectors 94L and 94R are supplied to the 
motor control units 92L and 92R, thereby driving the motors 
2L and 2R. 
0074. A power from a battery 15 is supplied to a power 
supply circuit 95. A 24V motor power, for example, is Sup 
plied from the power supply circuit 95 to the motor control 
units 92L and 92R, and a 5V control power, for example, is 
Supplied to the posture sensor circuit 13 and the central con 
trol device 91. The power supply circuit 95 includes a power 
switch 16 so as to control power supply to each unit. The 
motors 2L and 2R are thereby driven, and consequently the 
wheels 1L and 1R are driven by the motors 2L and 2R, thus 
enabling a coaxial two-wheel vehicle to travel. 
0075. In such a device, a rotation command Oref) for 
maintain the handle 5 in the vertical position is generated in 
the central control device 91 and supplied to a motor control 
unit 92H that controls the driving of the driving motor 6. 
Further, a signal from a rotation angle detector 94H that is 
placed for the driving motor 6 is also supplied to the motor 
control unit 92H. The driving of the driving motor 6 is con 
trolled so as to cancel out the tilt of the steps 4L ad 4R or the 
like relative to the gravity, which is kept track of in the central 
control device 91, thereby permitting the handle 5 to stand 
vertically. The control device 9 is an example of a control unit 
for controlling the motors 2R and 2L, and the driving motor 6 
(tilt driving unit). 
(0076 Specifically, in the control device shown in FIG. 3, 
the motor control units 92L, 92R and 92H that are connected 
to the motors 2L, 2R and 6 that include the rotation angle 
detectors 94L. 94R and 94H receive motor rotation angles 
from the rotation angle detectors 94L. 94R and 94H, and 
control command data according to the signals PS1 to 4 a. 
PM, cop, coyaw, AX, Ay and AZ that are Supplied to the central 
control device 91. The control device thereby calculates a 
rotation speed of the motor, generates motor current that 
serves as a torque corresponding to the calculated rotation 
speed, and thereby generates a tire rotation torque. 
0077. Further, the above-described control device detects 
a vehicle posture based on signals from the gyro sensor and 
the acceleration sensor that are mounted to the vehicle. Spe 
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cifically, the control device performs an arithmetic operation 
to generate a rotation command for the motor So as to main 
tain the posture of the vehicle with the use of the principle of 
controlling a posture by an inverted pendulum, the principle 
of a ZMP (Zero moment point) control in a bipedal walking 
robot control, or the method disclosed in Japanese Unexam 
ined Patent Application Publication No. 2005-94858 by the 
inventor of the present invention, and transmits the generated 
rotation command data to the motor control device. Such a 
feedback control allows the vehicle to maintain its posture, so 
that the vehicle can travel according to a change in the gravi 
tational posture of a person. 
0078. Further, the control device allows the vehicle to 
rotate by detecting a change in the roll axis angle of the handle 
5 and controlling the left and right wheels 1L and 1R at a 
differential rotation speed in proportion to the roll angle 
change. 
0079. In this manner, in the vehicle having the structure as 
shown in FIG. 1, the handle 5 and the steps 4L and 4R tilt in 
conjunction with each other, and the tilt angle of the handle 5 
is used for a rotation control. It is thereby possible to maintain 
the handle in the vertical position during normal traveling and 
easily control the motion Such as a rotation by manipulating 
the handle 5 from that state not only on a flat road as shown in 
FIG. 4A but also on a lateral slope as shown in FIG. 4B and on 
a step portion as shown in FIG. 4C. 
0080 FIG. 5A shows the overview of the above-described 
handle control device. Referring to FIG. 5A, the driving 
motor 6 that accompanies the rotation angle detector 94H is 
coupled to the vehicle body 3. An output axis of the driving 
motor 6 is coupled to the handle 5 so as to change a roll tilt 
angle of the handle 5. The relative angle Ob of the handle 5 to 
the vehicle body 3 is measured by the rotation angle detector 
94H of the motor 6. A control for maintaining the handle 5 
vertically to the ground with the use of the driving motor 6 
according to the present invention is referred to as an “active 
handle control'. 
0081 FIG.5B shows a control system configuration of the 
active handle control device. Referring to FIG.5B, the central 
control device 91 calculates an absolute angle 0h of the 
handle 5 in the roll axis direction with respect to the axis 
vertical to the ground plane from a roll axis tilt angle 0rol of 
the vehicle body 3 that is obtained from the posture sensor 13 
and a relative angle Ob of the handle 5 to the vehicle body 3 
that is measured by the rotation angle detector 94H of the 
driving motor 6. The central control device 91 then supplies to 
the motor control unit 92H a torque command for controlling 
the driving motor 6 so as to bring the absolute angle Ohto Zero 
or to bring the handle 5 to be vertical to the horizontal plane. 
The absolute angle Oh indicates an amount of a shift operation 
(which is an angle in this example) from a neutral position 
(gravity axis). The encoder 94H is an example of a measure 
ment unit for measuring a shift operation. 
0082. As a result, the neutral position of the handle 5 is 
always in the position vertical to the horizontal plane regard 
less of a tilt 0rol of the vehicle body in the roll axis direction. 
0083. Therefore, when the lateral inclination of a road 
changes from Zero to a certain angle. Such as from FIG. 4A to 
4B or from FIG. 4A to 4C, as the vehicle travels, for example, 
the handle and the step automatically change to their postures 
vertical to the horizontal plane by a motor torque without the 
need for a passenger to exert power to the handle. This allows 
a passenger to proceed straight while maintaining a stable 
standing posture without tilting the body to the left or right. 
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I0084. Further, when performing a rotation operation, a 
virtual spring force corresponding to a position control gain 
Kpand an angle deviation-0h shown in FIG. 5B which is 
produced by a motor torque is applied to the handle. Accord 
ingly, a passenger can implement a desired rotation operation 
by manipulating the handle toward a given direction against 
the virtual spring force. Manipulation of the handle against 
the virtual spring force means that a passenger carries out the 
manipulation with an intention, thereby reducing the risk that 
the vehicle behaves in a manner unintended by a passenger. 
I0085 Specifically, according to the travel device of the 
present invention, with the use of the system shown in FIGS. 
5A and 5B, the neutral position of the handle does not vary 
with a tilt angle of a road, thereby enabling the easy and stable 
straight-forward traveling even on a laterally inclined road. In 
addition, when performing a rotation operation Such as rota 
tion on the spot on an inclined road by manipulating a rotation 
lever or handle, a passenger can make a rotation while main 
taining the body in the vertical position, thereby significantly 
improving the stability when the vehicle is moving. 
I0086. The position control gain Kp shown in FIG. 5B 
described above corresponds to a spring constant of the Vir 
tual spring force. Thus, a degree of flexibility of the handle 
can be controlled by changing the amount of the gain. It is 
thereby possible to prevent the vehicle from tilting during 
loading or unloading of a passenger as shown in FIG. 6 with 
the use of a load sensor or the like that is placed on the step, 
thereby permitting a passenger to get on or off the vehicle 
smoothly. FIG.7 shows a flowchart of a control for preventing 
a vehicle body from tilting during loading or unloading of a 
passenger, which is performed for implementing Such pro 
cessing. 
I0087. Referring to FIG. 7, after the start of the active 
handle control, the Step S1 calculates a handle absolute angle 
(Oh-0rol+0b). The step S2 then determines whether the left 
and right load sensors are both ON or not. If both of the load 
sensors are ON (Yes), the Step S3 sets the position control 
gain Kp to a small value, such as Kp=5. On the other hand, 
if the both of the load Sensors are OFF or either one is ON 
(No), the Step S4 sets the position control gain Kp to a large 
value, such as Kp=500. 
I0088. Then, the Step S5 executes a command (tref=Kpx 
(0d.-0h)) to the handle driving motor. The position control 
gain Kp is thereby set to Kp=5 or Kp=500. Further, the Step 
S6 determines whether the servo is turned OFF or not. If the 
servo is turned OFF (Yes), the active handle control ends. If, 
on the other hand, the servo is not turned OFF (No), the 
process returns to the Step S1 and repeats the operation again. 
The process of the control for preventing a vehicle body from 
tilting during loading or unloading of a passenger is thereby 
implemented. 
I0089. Thus, the travel device of the present invention 
determines that a passenger is getting on or off the vehicle 
when load sensor outputs are not both ON, and sets the 
position control gain Kp to a large value. This makes the 
handle and the step less likely to rotate about the vehicle body 
compared with the case where the gain is Smaller when the 
same level of an external force is applied to the step or the 
handle. It is thereby possible to reduce the tilt of the step and 
the handle due to an unbalanced load between the left and the 
right during loading or unloading of a passenger as shown in 
FIG. 6. 

(0090. The vehicle device of FIG. 1 supports the handle 5 
with the use of springs 10L and 10R so as to maintain the 
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handle 5 in the vertical position during power-OFF also. 
Although such a structure is used in an existing device as well, 
a spring constant of the springs 10L and 10R is fixed. There 
fore, a power required for the handle to tilt in the roll axis 
direction is the same regardless of a weight or muscle strength 
of a passenger. This causes a passenger with less physical 
strength, particularly, to be physically exhausted to perform a 
desired manipulation. 
0091. On the other hand, the travel device of the present 
invention changes the rigidity of the handle in the roll axis 
direction according to the characteristics of a passenger, 
thereby providing manipulability Suitable for each passenger. 
Specifically, it may detect a weight of a passenger by a load 
sensor and change the amount of the position control gain 
Kp according to the detected value. It is thereby possible to 
reduce the amount of the position control gain Kp for a 
passenger who has a small weight and is thus likely to have 
low power so as to permit the handle to tilt with less power. 
0092. If the springs 10L and 10R are not mounted to the 
vehicle shown in FIGS. 1A and 1B, it is necessary to generate 
a restoring force constantly by a motor torque for a handle 
manipulation upon rotation on a flat road as well. On the other 
hand, if the springs 10L and 10R are used in combination in 
the vehicle shown in FIGS. 1A and 1B, it is necessary to 
control the motor against a spring force. There is thus a 
problem of large battery consumption in both cases. FIGS. 8A 
and 8B show the structure of an embodiment that constrains 
the handle to a given neutral position with a combined use of 
a motor and a mechanical spring. FIGS. 9A and 9B are views 
to describe a coaxial two-wheel vehicleusing the structure of 
FIGS. 8A and 8B. FIG. 9A illustrates traveling on a flat 
ground, and FIG.9B illustrates traveling on a lateral slope. 
0093. Referring to the front view of FIG. 8A, springs 32L 
and 32R are mounted to the left and right of a handle pin 31 
that is placed at the lower end of the handle 5. Referring to the 
bottom view of FIG. 8B, the springs 32L and 32R are 
mounted to a unit 33, which is mounted to be movable to the 
left and right by a guide rail 34. The driving motor 6 is 
mounted to the unit 33 through a ball screw 35. If the driving 
motor 6 rotates reversely, the unit 33 moves to the left and 
right through the ball screw 35. 
0094. In such a structure, the steps 4L and 4R are linked to 
the handle 5. A restoring force to the manipulation of the 
handle 5 during a rotation is generated by the springs 32L and 
32R that are placed on the left and right of the handle pin 31. 
Although a lateral force is applied to the spring unit 33 of 
which moving direction is constrained by the guide rail 34. 
there is no need to apply a torque to the driving motor 6 
because the left and right position of the spring unit 33 is fixed 
by the ball screw 35 which is incapable of back-driving. 
0095. On the other hand, application of a torque to the 
driving motor 6 for driving allows the spring unit 33 to be 
displaced left and right, thus controlling the neutral position 
(the handle position where the Sum of left and right spring 
forces is Zero) of the handle pin 31. Therefore, if the driving 
motor 6 is driven so that the neutral position of the handle is 
vertical to the horizontal plane when the lateral inclination of 
a road changes as shown in FIGS. 4A, 4B and 4C, the step is 
kepthorizontal when a passenger does not intentionally apply 
any control force to the handle and the step, thereby permit 
ting a passenger to travel stably. 
0096. As described above, the vehicle structure of the 
embodiment shown in FIG. 8 drives the driving motor 6 only 
when changing the neutral position of the handle on a laterally 
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inclined road or the like. This reduces power consumption in 
the driving motor 6 and thereby reduces battery consumption 
compared with the embodiment shown in FIG. 1. Further, 
because the driving motor 6 deaccelerates by the ball screw 
35, a large translational force can be obtained even with a use 
of a small motor. 

(0097. Further, the behavior of the handle can be improved 
by adding an integrodifferential term to a control law of a 
handle driving motor that is implemented in Step S5 of FIG. 
7, which is: 

tref=Kpx(0ref-0h) (1.1) 

to produce the following expression: 

0.098 Specifically, if a passenger releases the handle after 
tilting the handle to make a rotation, for example, in an 
existing vehicle, the handle returns abruptly by the spring 
force and Swings in the vicinity of the neutral position, which 
causes the vehicle to rotate to the left or right and behave 
unstably. On the other hand, if the active handle control that is 
represented by the expression that includes the second term 
(integrodifferential term) on the right side of the expression 
(1.2) in a vehicle with the device of the present invention, the 
handle returns to the neutral position (vertical position) 
slowly by the function of the above integrodifferential term, 
so that the vehicle behaves stably. 
0099 Further, although the handle cannot return to the 
original vertical position once it tilts due to its own weight 
during the control represented by the expression (1.1), adding 
the integral term in the third term of the expression (1.2) 
enables canceling of the effect of the self weight to allow the 
handle to return to the vertical position. In this manner, the 
travel device of the present invention achieves stable and 
Suitable traveling by implementing the active handle control. 
0100 Furthermore, an existing coaxial two-wheel vehicle 
cannot generate a high rotation speed during autonomous 
travel with a passenger on board because the passenger 
receives an outward force by a centrifugal force upon rota 
tion. On the other hand, the travel device of the present inven 
tion can tilt the handle or the step of the vehicle according to 
a rotation operation during autonomous travel by the active 
handle control. This allows the center of gravity of a passen 
ger to shift inward, thereby improving the stability of the 
vehicle. 

0101 FIG. 10A and subsequent drawings show other 
embodiments of the travel device according to the present 
invention. FIGS. 10A and 10B show an embodiment that 
implements an “active step control” in which the active con 
trol is carried out mainly on the steps 4L and 4R, which is 
different from the embodiment of FIGS 1A to 9B in which 
the active control is carried out mainly on the handle 5 and the 
control through the link mechanism is carries out on the steps 
4L and 4R. 

0102. A coaxial two-wheel vehicle shown in FIGS. 10A 
and 10B includes a step driving motor 61 that is mounted to 
the inferior part of the vehicle body 3U. The step driving 
motor 61 operates to rotate, through a belt 6, vertical members 
63L and 63R that are coupled to the left and right steps 4L and 
4R relative to the vehicle body 3U. The steps 4L and 4R 
thereby rotate relative to the vehicle body 3U, thus imple 
menting the active driving of the steps 4L and 4R. The handle 
5 is controlled through the link mechanism as the steps 4L and 
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4Rare driven. The step driving motor 61 is an example of a tilt 
driving unit for driving the tilt of the steps 4L and 4R in the 
roll axis direction. 

(0103 FIGS. 11A to 14B show embodiments in which the 
handle 5 and the step 4 are shifted independently of each 
other. Such embodiments also implements the active control 
on the handle 5 and the step 4, so that a passenger can main 
tain his/her posture vertical to the horizontal plane without 
applying any control force to the handle in spite of a slope of 
a road, thus achieving the desired effect. 
0104. A coaxial two-wheel vehicle shown in FIGS. 11A 
and 11B is configured to make a control of the handle 5. 
Specifically, this embodiment drives the handle 5 by the driv 
ing motor 6 that is mounted to the step 4. Thus, the handle 5 
can be controlled at a given angle with respect to the step 4 by 
driving the driving motor 6 as shown in FIGS. 12A and 12B. 
A passenger can thereby maintain his/her posture vertical to 
the horizontal plane without applying any control force to the 
handle even when there is a slope of a road, thus achieving a 
natural rotation and forward motion. In FIGS. 11A and 11B, 
the driving motor 6 is an example of a tilt driving unit for 
driving the handle 5 to tilt in the roll axis direction. 
0105. A coaxial two-wheel vehicle shown in FIGS. 13A 
and 13B is configured to make a control of the step 4. Spe 
cifically, this embodiment drives the step 4 by the driving 
motor 6 that is mounted to the handle 5. Thus, the step 4 can 
be controlled at a given angle with respect to the handle 5 by 
driving the driving motor 6 as shown in FIGS. 14A and 14B. 
A passenger can thereby maintain his/her posture vertical to 
the horizontal plane without applying any control force to the 
handle even when there is a slope of a road, thus achieving a 
natural rotation and forward motion. In FIGS. 13A and 13B, 
the driving motor 6 is an example of a tilt driving unit for 
driving the step 4 to tilt in the roll axis direction. 
0106. The moment of inertia Is of the handle when the 
handle is driven is as shown in FIG. 15A, for example. Signals 
of units in the control circuit related to the moment of inertia 
Is of the handle are as shown in FIG.15B. A control model of 
such a handle system is as shown in FIG. 16, for example. 
0107. In such a control device, however, ifa handle torque 
This exerted as an external torque, the motor control device 
generates a feedback torque So as to correspond to a rotation 
angle command, and thereby the motor generates a torque for 
maintaining the handle at a commanded angle. Consequently, 
the displacement of a handle angle is Small in spite of the 
exertion of a handle torque. Further, if there is a reduction 
gear between the handle and the motor as shown in FIGS.15A 
and 15B, the displacement of an angle for a handle torque is 
small due to the effect of friction. 

0108. In light of the foregoing, a control using the follow 
ing mathematical model is required, and the use of the present 
invention enables provision of a control device capable of 
displacing a handle angle easily by an external force. Such an 
embodiment is described hereinafter. 

0109 Referring to FIGS. 17A to 17C, the internal struc 
ture of FIG. 17B is the same as a control model of the handle 
system shown in FIG. 16. Specifically, a rotation command 
coref is supplied to an input terminal 1000 of FIG. 17A. The 
rotation command (Dref is then Supplied to a speed controller 
102 through a subtractor 101 in a motor control device 100. 
The speed controller 102 performs a PI (Proportional/Inte 
gral) control and has the characteristics of{Kp} as illustrated 
in the figure. 
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0110. An output signal of the speed controller 102 is sup 
plied to a handle torque compensator 103. The handle torque 
compensator 103 adds a compliance gain Kcomp, which is 
described later, to the received signal. A motor torque com 
mand TrefNm is thereby obtained from the handle torque 
compensator 103. The motor torque command TrefNm is 
converted into a motor current ImA by an amplifier 104 
having again Kamp. 
0111. The motor current ImA that is converted in the 
amplifier 104 is then supplied to a motor of a real model 200. 
The motor is represented by a motor constant Km 201, and 
a motor torque output TmINm is obtained from the motor 
constant 201. The motor torque output TmINm is supplied to 
a subtractor 202 where an external torque TdNm is sub 
tracted from the motor torque output TmINm), so that a rotor 
torque TrNm is obtained. 
0112 The rotor torque TrNm is supplied to a motor rotor 
203 having the characteristics of {1/(JmS+Dm)}, from which 
a rotor rotation angle speed comrad/esc is obtained. The 
rotor rotation angle speed comrad/esc is then Supplied to a 
computing unit 204 having the characteristics of {1/S}, from 
which a rotor rotation angle Omrad is calculated. The cal 
culated rotor rotation angle Omrad is output to an output 
terminal 2000 and also fed back to the subtractor 101. 
0113. The rotor rotation angle Omrad) from the comput 
ing unit 204 is also supplied to a converter 205 having the 
characteristics of {1/N} that constitutes a reduction gear with 
a reduction ratio of N:1. Then, a reduced speed signal is 
Supplied to a spring constant Ks 207 through a subtractor 
206 and converted into a handle torque TwNm. The handle 
torque TwNm from the spring constant Ks 207 is then 
supplied as an external torque Td Nm to the subtractor 202 
through a converter 208 having the characteristics of{N} that 
constitutes a reduction gear. 
0114. Further, a handle torque ThNm is added to the 
handle torque TwNm from the spring constant Ks 207 in 
an adder 209, and the result is supplied to a handle 210 having 
the characteristics of {1/JtS+Dt. A rotation angle speed of 
the handle 210 is supplied to a computing unit 211 having the 
characteristics of {1/S}, from which a handle rotation angle 
6trad is obtained and supplied to the subtractor 206. 
0.115. In the real model 200, the motor constant 201 is 
driven according to the motor current ImA, and the external 
torque Td Nm is subtracted from the motor torque output 
TmINm to produce the rotor torque TrNm). Then, the rotor 
rotation angle Omrad is obtained based on the rotor torque 
TrNm). The external torque TdNm that is subtracted from 
the motor torque output TmINm is affected by a road friction 
torque FdrxrNm), and the rotor rotation angle Omrad for 
the motor current ImA in the state affected by the handle 
torque ThNm is output to the output terminal 2000. 
0116. For such a real model 200, a mathematical model 
300 that simulates the above-described real model 200 is 
placed in the motor control device 100. The motor control 
device 100 (motor control unit) that includes the mathemati 
cal model 300 is an example of an estimation unit. The math 
ematical model 300 analyzes a function of the real model 200 
and implements the function by computer simulation. 
Although Such a program is generally in the form of a pro 
gram list or the like, the following description is provided 
with reference to the functional blocks shown in FIGS.17A to 
17C in order to facilitate understanding. 
0117. In the mathematical model 300, the motor current 
ImA) that is converted by the amplifier 104 is supplied to a 
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motor model constant Kimm 301 of the mathematical model 
300, and a motor torque output TmmNim is obtained form 
the motor model constant 301. The motor torque output Tmm. 
Nm) is supplied to a subtractor 302 where an external torque 
estimation TmdNm is subtracted from the motor torque 
output TmmNm), so that a rotor model torque TmrNm is 
obtained. 
0118. The rotor model torque TmrNm is supplied to a 
motor rotor model 303 having the characteristics of {1/ 
(JmmS+Dmm)}, from which a rotor model rotation angle 
speed commrad/esc is obtained. The rotor model rotation 
angle speed commrad/esc is then Supplied to a computing 
unit 304 having the characteristics of {1/S}, from which a 
rotor model rotation angle Ommrad is calculated. The cal 
culated rotor model rotation angle 0mm rad is output to an 
output terminal 3000. 
0119 The rotor model rotation angle 0mmrad) from the 
computing unit 304 is also supplied to a converter 305 having 
the characteristics of {1/Nm (where Nm-N) that constitutes 
a reduction gear model with a reduction ratio of N: 1. Then, a 
reduced speed signal is Supplied to a spring model constant 
Kms. 307 through a subtractor 306 and converted into a 
handle model torque TmwNm. The handle model torque 
TmwNm from the spring model constant Kms. 307 is then 
Supplied as an external torque estimation TmdNm to the 
subtractor 302 through a converter 308 having the character 
istics of{N} that constitutes a reduction gear model. 
0120) Further, a handle torque estimation TidrNm is 
added to the handle model torque TmwNm) from the spring 
model constant 307 in an adder 309, and the result is supplied 
to a handle model 310 having the characteristics of {1/JmtS+ 
Dmt. A rotation angle speed of the handle model 310 is 
Supplied to a computing unit 311 having the characteristics of 
{1/S}, from which a handle model rotation angle 0mtradis 
obtained and supplied to the subtractor 306. 
0121. In the mathematical model 300, the motor model 
constant 301 is driven according to the motor current ImA), 
and the external torque estimation TmdNm is subtracted 
from the motor model torque output TmmNim to produce 
the rotor model torque Tmr Nm. Then, the rotor model 
rotation angle 0mmrad) is obtained based on the rotor model 
torque TmrNm. 
0122) The external torque estimation TmdNm that is 
subtracted from the motor model torque output TmmNim is 
affected by the handle torque estimation TidrNm), and the 
rotor model rotation angle 0mm rad for the motor current 
ImA in the state affected by the handle torque estimation 
TidrNm is output to the output terminal 3000. 
0123 Thus, the output terminal 3000 of the mathematical 
model 300 obtains the rotor model rotation angle 0mm rad 
for the motor current ImA which is in the state affected by 
the handle torque estimation TidrNm). On the other hand, the 
output terminal 2000 of the real model 200 obtains the rotor 
rotation angle Omrad for the motor current ImA which is 
in the state affected by the handle torque ThNm. 
0.124. Therefore, the handle torque estimation TidrNm is 
controlled so as to equalize the rotor model rotation angle 
0mmrad) and the rotor rotation angle Omrad). The con 
trolled handle torque estimation TidrNm can be thereby 
equal to the handle torque TwNm. 
0.125. This is because it is assumed that the requirements 
would be exactly the same between the real model 200 and the 
mathematical model 300 except for the handle torque Th 
Nm) and the handle torque estimation Tidr Nm), and thus a 
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difference between the rotor rotation angle Omrad) and the 
rotor model rotation angle Ommrad would be caused only 
due to a difference between the handle torque TwNm and 
the handle torque estimation TidrNm. 
I0126. In the above-described relationship between the real 
model 200 and the mathematical model 300, the value of each 
element is: Kmm-KmNm/A), Jimm Jmkg/sec. 
Dmm=DmNm/(rad/sec), Nm-N. Kms=KsNm/rad. 
Jmt Jtkg/sec), and Dmt=DtNm/(rad/sec). Such a control 
is called a “model reference adaptive control. 
I0127. In order to implement the above control, the struc 
ture of FIGS. 17A to 17C supplies the rotor model rotation 
angle 0mm rad and the rotor rotation angle Omrad to a 
subtractor 106 to obtain a difference as a model error Em. It 
then supplies the model error Em to an estimator 400 having 
again Kadp+(Kadi/S) and controls a value of the handle 
torque estimation TidrNm that is produced in the estimator 
400. 
I0128. The handle torque estimation TidrNm that is equal 
to the handle torque ThNm is thereby obtained. The struc 
ture of FIGS. 17A to 17C further supplies the obtained handle 
torque estimation TidrNm to a setting unit 107 having a 
compliance gain Kcomp, which is Supplied to handle torque 
compensator 103, and sets the compliance gain Kcomp. FIG. 
18 is a flowchart showing a process that is executed in the 
motor control device 100 to set the compliance gain Kcomp. 
I0129 Referring to FIG. 18, after the start of the handle 
torque control, the first Step S11 sets a control parameter and 
specifically sets control gains Kp and Ki according to the 
moment of inertia of a handle. The next Step S12 calculates a 
motor torque command Tw from a position controller and a 
handle torque compensator of the motor control device. Fur 
ther, the Step S13 calculates a motor torque command Trefby 
the speed controller 102 and a skid prevention regulator of the 
motor control device 100 and drives the real motor according 
to the motor torque command Tref. 
0.130. Then, the Step S14 compares an encoder signal 
(rotor rotation angle Omrad) of the real motor with a math 
ematical model signal (rotor model rotation angle Ommrad) 
and calculates a model error Em. The Step 15 calculates a 
handle torque estimation TidrNm by the process in the 
estimator 400. Finally, the Step S16 calculates a computing 
result of a compliance gain Kcomp. 
0131 The above-described embodiment controls the 
handle torque estimation that is applied to the mathematical 
model So as to equalize a rotation value of a given part of the 
mathematical model for handle driving and a simulated rota 
tion value of a corresponding part of the actual handle driving. 
Further, it limits the level of a motor torque command signal 
so that the handle driving motor torque does not exceed the 
applied handle torque estimation. This enables Suitable 
handle control. 
0.132. In an existing device, ifa handle torque This exerted 
as an external torque, for example, the motor control device 
generates a feedback torque So as to correspond to a rotation 
angle command, and thereby the motor generates a torque for 
maintaining the handle at a commanded angle. This causes a 
problem that the displacement of a handle angle is Small in 
spite of the exertion of a handle torque. The present invention 
provides an easy solution for Such a problem. 
(0.133 FIGS. 19A to 19F show the state of signals in the 
device according to the present invention by simulation. 
FIGS. 19A to 19F illustrate a change by the estimation of a 
handle torque in an estimator in response to a change in a 
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handle torque on simulation. The device of the present inven 
tion estimates a handle torque correctly in the way as shown 
in FIGS. 19A to 19F. 
0134) Referring to FIG. 19A, a motor control device 150 
includes a subtractor 151, amplifiers 152 and 153, an integra 
tor 154, an adder 155, and a differentiator 156. The real model 
200 includes subtractors 251 and 252, amplifiers 253,254 and 
255, computing units 256 and 257, integrators 258 and 259, 
and an adder 260. 
0135 The mathematical model 300 includes subtractors 
351 and 352, amplifiers 353, 354 and 355, computing units 
356 and 357, integrators 358 and 359, and an adder 360. The 
estimator 400 includes a subtractor 451, amplifiers 452 and 
453, an integrator 454, and an adder 455. In FIG. 19A, each 
coefficient of the mathematical model is the same value as 
that of the real model. 
0.136 Specifically, 

Kmm=Km Nm/A, 
Jimm Jim kg/sec 2. 
Dmm=Dm Nm/(rad/sec), 
Nm=N, 

Kms=Ks Nm/rad. 
Jmt Jt kg/sec 2. 
Dmt=DtNm/(rad/sec), and 
Kadp, Kadi is a proportional/integral gain of an estimator. 
0.137 An estimator is designed so as to set a model error 
Em to zero in such a system. In this example, a PI controller 
designs a Kadp.Kadi estimation gain of an estimator. The 
calculated handle torque estimation Thi is equal to the handle 
torque Th. 
0138 If a sine wave signal as shown in the waveform chart 
of FIG. 19B is supplied to the subtractor 151 and a step wave 
handle torque Td Nm as shown in the waveform chart of 
FIG. 19C is supplied to the adder 260 in this device, a motor 
torque command TrefNm as shown in the waveform chart of 
FIG. 19D is produced, and the rotor rotation angle Omrad) as 
shown in the waveform chart of FIG. 19E is obtained. A 
handle torque estimation Tidr Nm thereby changes as shown 
in the waveform chart of FIG. 19F. 
0139 Consider the case where a handle rotation angle 
changes from 00Irad to 01 radas shown in FIGS. 20A and 
20B. According to a related art, a handle rotation angle does 
not change largely in spite of a large change in the handle 
torque Thdr0Nm as shown in FIG. 20A. On the other hand, 
according to the present invention, a handle rotation angle 
02 rad in accordance with the handle torque Thdr0Nm is 
obtained as shown in FIG. 20B, thus enabling a control of a 
handle rotation angle to a desired level. 
0140. As described in the foregoing, a travel device 
according to an embodiment of the present invention includes 
a plurality of wheels disposed in parallel, a step plate mounted 
between the plurality of wheels for a driver to place feet, and 
a handle mounted vertically to the step plate. In this device, at 
least one of the step plate and the handle is capable of tilting 
in a roll axis direction. The device further includes a tilt 
driving unit to drive at least one of the step plate and the 
handle to tilt in the roll axis direction and a control unit to 
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control the tilt driving unit, and controls the tilt driving unit so 
as to maintain at least one of the step plate and the handle in 
a horizontal position or vertical position. This enables a Suit 
able control of the handle and the step at a desired angle. 
0.141. From the invention thus described, it will be obvious 
that the embodiments of the invention may be varied in many 
ways. Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all Such modi 
fications as would be obvious to one skilled in the art are 
intended for inclusion within the scope of the following 
claims. 
What is claimed is: 
1. A travel device comprising: 
a plurality of wheels disposed in parallel: 
a step plate mounted between the plurality of wheels for a 

driver to place feet; 
a handle mounted vertically to the step plate: 
a tilt driving unit to drive at least one of the step plate and 

the handle to tilt in the roll axis direction; and 
a control unit to control the tilt driving unit to maintain at 

least one of a horizontal position of the step plate and a 
vertical position of the handle. 

2. The travel device according to claim 1, further compris 
ing: 

a detection unit to detect an inclination of a road, 
wherein the control unit controls the tilt driving unit to 

maintain at least one of a horizontal position of the step 
plate and a vertical position of the handle based on a 
value of an inclination detected by the detection unit. 

3. The travel device according to claim 1, further compris 
ing: 

a measurement unit to measure a shift operation of at least 
one of the step plate and the handle from a neutral 
position in at least one of a horizontal state of the step 
plate and a vertical state of the handle maintained by the 
tilt driving unit, 

wherein the plurality of wheels change a traveling direction 
according to a value measured by the measurement unit. 

4. The travel device according to claim3, further compris 
ing: 

a load detection unit to detect a load onto the step plate, 
wherein the control unit enables adjustment of a resistance 

force against a shift operation of at least one of the step 
plate and the handle with use of a control parameter for 
controlling the tilt driving unit and adjusts the control 
parameter according to a value of a load detected by the 
load detection unit. 

5. The travel device according to claim 4, wherein 
the control unit adjusts the control parameter to maximize 

the resistance force upon occurrence of loading or 
unloading of the driver determined based on detection of 
a load by the load detection unit. 

6. The travel device according to claim 1, further compris 
ing: 

an estimation unit to estimate a torque exerted to at least 
one of the step plate and the handle with use of a math 
ematical model simulating the control unit, 

wherein the control unit controls the tilt driving unit to 
displace at least one of the step plate and the handle 
according to a value of a torque estimated by the esti 
mation unit. 


