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(57) ABSTRACT

A transporter for transporting a subject over a surface that
may be irregular. The transporter includes a support platform
for supporting a load, the loaded support platform defining
fore-aft and lateral planes and characterized by a load distri-
bution. A plurality of ground contacting elements are coupled
to the support platform. At least one of the plurality of ground
contacting elements is driven by a motorized drive arrange-
ment. A sensor module generates a signal indicative of the
load distribution of the loaded support platform. Based at
least on the load distribution, a controller commands the
motorized drive arrangement.
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MOTION CONTROL OF A TRANSPORTER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 11/471,241, filed Jun. 6, 2006, entitled
“Motion Control of a Transporter”, which is a divisional of
U.S. patent application Ser. No. 10/617,608, filed Jul. 11,
2003, entitled “Motion Control of a Transporter”, which
claims priority from U.S. Provisional Patent Application Ser.
No. 60/395,299, filed Jul. 12, 2002, entitled “Control of a
Transporter Based on Disposition of the Center of Gravity.”
[0002] Additionally, U.S. patent application Ser. No.
10/617, 608 is a continuation-in-part of U.S. patent applica-
tion Ser. No. 09/325,976, filed Jun. 4, 1999, which is, in turn,
a continuation-in-part of U.S. patent application Ser. No.
08/479,901, filed Jun. 7, 1995, now issued as U.S. Pat. No.
5,975,225, itself a continuation-in-part of U.S. patent appli-
cation Ser. No. 08/384,705, filed Feb. 3, 2005, now issued as
U.S. Pat. No. 5,971,091, itself a continuation-in-part of U.S.
patent application Ser. No. 08/250,693, filed May 27, 1994,
now issued as U.S. Pat. No. 5,701,965, itself a continuation-
in-part of U.S. patent application Ser. No. 08/021,789, filed
Feb. 24, 1993 and now abandoned. All of these prior appli-
cations are incorporated herein by reference.

TECHNICAL FIELD

[0003] The present invention pertains to transporters and
methods for transporting a load which may be an individual,
and more particularly to controlling motion of a transporter.

BACKGROUND ART

[0004] A wide range of vehicles having a motorized drive
arrangement are known for conveying various subjects, either
for purposive locomotion or for recreational purposes. The
means used by an operator to control motion of the motorized
drive arrangement of varies greatly. For example, an operator
may manipulate an accelerator pedal to control forward
motion of an automobile, while steering is typically accom-
plished using a steering wheel. Or the motion of a sporting
vehicle may be controlled by rocking a foot board upon which
a user is standing towards the front or rear, so as to mechani-
cally move a throttle cable, as described in U.S. Pat. No.
4,790,548 (Francken). Based on the operator’s physical
attributes for example, or the transporter’s intended function-
ality, alternative methods for controlling motion of a trans-
porter may be desirable.

SUMMARY OF THE INVENTION

[0005] In a first embodiment of the invention there is pro-
vided a transporter that includes a support platform for sup-
porting a load, the loaded support platform defining fore-aft
and lateral planes and characterized by a load distribution. A
plurality of ground contacting elements are coupled to the
support platform. At least one of the plurality of ground
contacting elements is driven by a motorized drive arrange-
ment. A sensor module generates a signal indicative of the
load distribution of the loaded support platform. Based at
least on the load distribution, a controller commands the
motorized drive arrangement.

[0006] In accordance with related embodiments of the
invention, the plurality of ground contacting elements include
atleast two wheels such that the transporter is stable in at least
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the fore-aft plane. The at least two wheels may include a first
wheel rotatable about a first axis and a second wheel rotatable
about a second axis, the second axis disposed aft of the first
axis. The controller may be configured so that fore and aft
motion of the transporter is controlled by shifting the load
distribution and/or a position of the center of gravity of the
loaded support platform fore and aft. The controller may also
be configured so that lateral motion of the transporter is
controlled by laterally shifting the load distribution and/or the
position of the center of gravity of the loaded support plat-
form. The transporter may include a user interface, such as a
joystick or a dial, wherein the controller commands the
motorized drive based atleast on a signal provided by the user
interface. The sensor module may include a force sensor, a
load sensor, and/or an angular rate sensor such as a tilt sensor
that may be, for example, a gyroscope or inclinometer. An
offset may be used in generating the signal. The offset may be
adjustable via a user interface on the transporter or a remote
control device. The controller may command the motorized
drive arrangement so as to cause an acceleration of the trans-
porter. The transporter may further include an externally
apprehensible indicator for providing an indication based on
motion, such as acceleration. The indicator, which may be a
light, may be viewable from behind the transporter.

[0007] In accordance with another embodiment of the
invention, a method for controlling a transporter having a
support platform for supporting a load is presented. The
loaded support platform defines fore-aft and lateral planes
and is characterized by a load distribution. The transporter
includes a plurality of ground-contacting elements, with a
motorized drive arrangement driving at least one of the plu-
rality of ground-contacting elements. The method includes
determining the load distribution of the loaded support plat-
form, and commanding the motorized drive arrangement
based at least on the position of the load distribution.

[0008] In accordance with another embodiment of the
invention, a transporter includes a support platform for sup-
porting a load, the support platform defining a fore-aft plane
and a lateral plane. A plurality of ground contacting elements
are coupled to the support platform such that the support
platform is statically stable with respect to tipping in the
fore-aft and the lateral plane. A pivot element is pivotally
coupledto at least one of the ground contacting elements such
that the pivot element is capable of being tilted by a user
interface. A sensor module generates a signal indicative of the
tilt of the pivot element. A controller commands a motorized
drive arrangement based on the tilt of the pivot element. The
motorized drive arrangement drives at least one of the plural-
ity of ground contacting elements.

[0009] In related embodiments of the invention, the pivot
element may be capable of tilting in at least the fore-aft plane.
The plurality of ground contacting elements may include two
laterally disposed wheels rotatable around an axis, the pivot
element pivotally coupled to the axis. The pivot element may
be flexibly coupled to the support platform, via, for example,
at least one spring. The user interface may be a handlebar
coupled to the pivot element.

[0010] In accordance with another embodiment of the
invention, a method for controlling a transporter has a support
platform for supporting a load, the support platform defining
fore-aft and lateral planes. The transporter includes a plurality
of ground-contacting elements such that the transporter is
statically stable with respect to tipping. The transporter fur-
ther includes a pivot element pivotally coupled to at least one
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of'the ground contacting elements such that the pivot element
is capable of tilting, and a motorized drive arrangement for
driving at least one of the plurality of ground-contacting
elements. The method includes tilting the pivot element and
commanding the motorized drive arrangement as a function
of the tilt.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing features of the invention will be more
readily understood by reference to the following detailed
description, taken with reference to the accompanying draw-
ings, in which:

[0012] FIG. 1 is an illustration of a side view of a trans-
porter, in accordance with one embodiment of the invention;
[0013] FIG. 2(a) is an illustration of a side view of a trans-
porter, in accordance with one embodiment of the invention;
[0014] FIG. 2(b) is an illustration of a side view of a trans-
porter, in accordance with one embodiment of the invention;
[0015] FIG. 3 is an illustration of a side view of a dynami-
cally balancing vehicle;

[0016] FIG. 4 is ablock diagram of a controller for control-
ling the motorized drive of a transporter, in accordance with
one embodiment of the invention; and

[0017] FIG. 5 is an illustration of a transporter, in accor-
dance with one embodiment of the invention.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

[0018] In accordance with one embodiment of the inven-
tion, FIG. 1 shows a transporter 10 for bearing a load, which
may be a living subject, over the ground or other surface, such
as a floor, which may be referred herein as “ground.” Trans-
porter 10 includes a support platform 11 for supporting the
load. A subject, for example, may stand or sit on support
platform 11. Attached to support platform 11 may be a
handlebar 12 that can be gripped while operating the trans-
porter 10.

[0019] Coupled to the support platform 11 are a plurality of
ground-contacting elements 13, 14, which provide contact
between support platform 11 and the ground. Ground-con-
tacting elements may include, but are not limited to, arcuate
members, tracks, treads, and wheels (hereinafter the term
“wheel” will be used in the specification to refer to any such
ground contacting element without limitation). Wheels 13, 14
help to define a series of axes including the vertical axis, Z-Z,
which is in the direction of gravity through a point of contact
of the wheel with the ground; a lateral axis, Y-Y, which is
parallel to the axis of the wheels, and a fore-aft axis, X-X,
which is perpendicular to the wheel axis. Directions parallel
to the axes X-X and Y-Y are called the fore-aft and lateral
directions respectively.

[0020] Transporter 10 is statically stable with respect to
tipping in at least the fore-aft plane. To achieve static stability
in the fore-aft plane, transporter 10 may include at least a first
and second wheel 13, 14. The first wheel 13 is rotatable about
a first axis, and the second wheel 14 is rotatable about a
second axis that is aft of the first axis such that the center of
gravity of the transporter 10 passes between the first and
second wheel.

[0021] The motion of transporter 10 is controlled by shift-
ing the loaded support platform’s center of gravity. It is to be
understood that “the position of the center of gravity” as used
herein is an example of a moment of a load distribution. Any
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mechanism for controlling the motion of the device based on
the load distribution is within the scope of the present inven-
tion as described herein and as claimed in any ofthe appended
claims. Shifting the position of the center of gravity may be
accomplished, for example, by a subject shifting his weight
on support platform 11. To determine the shift in the center of
gravity, the transporter 10 includes a sensor module. The
sensor module generates a signal indicative of a position of
the center of gravity of the loaded support platform with
respect to a fiducial point on the transporter 10.

[0022] Sensor module includes at least one sensor. The at
least one sensor may be, without limitation, a load sensor, a
force sensor, and/or an angular rate sensor, such as a tilt
sensor which may be, for example, a gyroscope or an incli-
nometer.

[0023] Referring to FIG. 1 for example, transporter 10
includes two load sensors 15, 16. Load sensor 15 is coupled
between the support platform 11 and the first wheel 13, while
load sensor 16 is coupled between the support platform 11
and the second wheel 14. Using the sensed loads above each
wheel 13 and 14, the position of the center of gravity along the
fore-aft axis of the transporter 10 can be computed with
respect to a fiducial point, such as, but not limited to, the front
of the platform 11. In various embodiments, a single load
sensor may be used. For example, if the weight of the loaded
support platform is known, the center of gravity can be deter-
mined using only the one load sensor. Changes in the output
from the load sensor(s) that result from the shifting of the
loaded support platform’s center of gravity can also be used to
control the motion of the transporter 10.

[0024] FIG. 2(a) shows another transporter 20, in accor-
dance with one embodiment of the invention. Transporter 20
includes a support platform 21 that is allowed to tilt in the
fore-aft plane, based for example, on the platform’s 21 center
of gravity, while still being statically stable with respect to
tipping in at least the fore-aft plane. For example and without
limitation, a pair of springs 26 and 25 may be coupled
between wheels 23 and 24, respectively, and support platform
31. In other embodiments, the ground contacting elements 23
and 24 may have some compliance and serve the function of
a spring. Based on the tilting of the support platform 21 in the
fore-aft plane, at least one sensor 27 generates a signal indica-
tive, for example, of a position of the loaded support plat-
form’s center of gravity. Sensor 27 may be, without limita-
tion: a spring and associated sensor (such as a distance
sensor); a load sensor; a tilt sensor such as an inclinometer or
a gyroscope which provides an inclination of the support
platform 21; whiskers; an angular rate sensor; and/or non-
contact sensors, such as ultra-sonic or optical. The tilt may be
measured, without limitation, relative to gravity, the ground,
and/or a reference on the transporter, such as a position proxi-
mate the axis of rotation. Attached to the support platform 21
may be a handlebar 22 that can be gripped while operating the
transporter 20.

[0025] In another embodiment of the invention, FIG. 2(54)
shows a transporter 200 that includes a first support platform
290 and a second support platform 210. First support platform
290 is coupled to wheels 230 and 240 so as to be statically
stable with respect to tipping in the fore-aft plane. Second
support platform 210 is coupled to the first support platform
290 such that the second support platform 210 can tilt in the
fore-aft plane based, for example, on the second platform’s
210 center of gravity. Second support platform 210 may be
tiltably attached to the first support platform using, without
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limitation, springs 250 and 260 and/or a pivot mechanism
280. Similar to the above-described embodiment, based on
the tilting of the second support platform 210 in the fore-aft
plane, at least one sensor 270 generates a signal indicative of
a position of the second support platform’s 210 center of
gravity. Sensor 270 may be, without limitation: a spring and
associated sensor (such as a distance sensor); a load sensor; a
tilt sensor such as an inclinometer or a gyroscope which
provides an inclination of the support platform 507; whiskers;
an angular rate sensor; and/or non-contact sensors, such as
ultra-sonic or optical. The tilt may be measured, without
limitation, relative to gravity, the ground, the first support
platform 290 and/or another reference on the transporter.
Attached to the first support platform 290 may be a handlebar
220 that can be gripped while operating the transporter 200.

[0026] In other embodiments of the invention, the trans-
porter is statically stable with respect to tipping in both the
fore-aft and lateral planes. To provide such stability, the trans-
porter may include three or more wheels. The center of grav-
ity may then be determined in both the fore-aft axis and the
lateral axis. For example, force or load sensors may be
coupled between the support platform and each wheel, ora tilt
sensor(s) may be utilized in combination with springs
coupled between each wheel.

[0027] In still other embodiments, transporter is statically
stable with respect to tilting in the lateral plane only, as in the
case of the human transporter described in U.S. Pat. Nos.
5,701,965 and 5,971,091, which are herein incorporated by
reference. For example, FIG. 3 shows a personal transporter
designated generally by numeral 38. The personal transporter
38 includes a support platform 32. A handlebar 34 is attached
to the support platform 32. A subject 30 stands on the support
platform 32, so that the transporter 38 of this embodiment
may be operated in a manner analogous to a scooter. Leaning
of'the subject 30 causes the support platform 32 to tilt, which
is sensed by, without limitation, a tilt sensor (not shown). A
control loop is provided so that lean of the subject 30 in a
forward or backward direction results in the application of
torque to wheel 33 about axle 35 thereby causing an accel-
eration of the vehicle. Vehicle 38, however, is statically
unstable and requires operation of the control loop to main-
tain dynamic stability.

[0028] In the above-described embodiments, a controller
receives the signal indicative of a position of the center grav-
ity and/or tilt from the sensor module. Based at least on the
position of the center of gravity and/or tilt, the controller
commands a motorized drive arrangement for driving one at
least one of the plurality of wheels. The controller may also
respond to commands from other operator interfaces, such as
a joystick or dial attached, for example, to a handlebar.

[0029] In accordance with one embodiment of the inven-
tion, the block diagram of FIG. 4 shows a controller 40 for
controlling the motorized drive of the transporter. Controller
40 receives an input characteristic of a position of the center
of gravity and/or tilt of the loaded support platform from
sensor module 44. Based at least on the input from the sensor
module 44, controller 40 commands at least one motorized
drive 45, 46. Controller 40 also interfaces with a user interface
41 and a wheel rotation sensor 43. User interface 41 may, for
example, include controls for turning the controller 40 on or
off. When the controller 40 is turned off, the transporter’s
wheels may be free to move, such that transporter acts as a
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typical push scooter. User interface 41 may also control a
locking mechanism 42 for locking one or more wheels of the
transporter.

[0030] The controller 40 includes a control algorithm to
determine the amount of torque to be applied to one or both
wheels based on the position of the center of gravity and/or tilt
of'the loaded support platform. The control algorithm may be
configured either in design of the system or in real time, on the
basis of current operating mode and operating conditions as
well as preferences of the user. Controller 40 may implement
the control algorithm by using a control loop. The operation
of control loops is well known in the art of electromechanical
engineering and is outlined, for example, in Fraser & Milne,
Electro-Mechanical Engineering, IEEE Press (1994), par-
ticularly in Chapter 11, “Principles of Continuous Control”
which is incorporated herein by reference.

[0031] As an example, and not meant to be limiting, the
control algorithm may take the form:

Torque Command=K 3 (C+0)

where
[0032] K=gain,
[0033] C=a vector defining the loaded support plat-

form’s center of gravity with respect to a fiducial point
on the transporter, and
[0034] O=offset.

[0035] The loaded support platform’s position of center of
gravity, C, may be in the form of an error term defined as the
loaded platform’s desired position of center of gravity minus
the loaded platform’s sensed position of center of gravity. The
loaded platform’s desired position of center of gravity may be
a predetermined constant in the control algorithm. Alterna-
tively, a subject on the transporter may control the setting of
the platform’s desired position of center of gravity via user
interface 41. For example, upon stepping onto the platform
and prior to allowing movement of the transporter, a subject
may activate a switch on the transporter’s handlebar that
triggers determination of the desired position of center of
gravity based on inputs received from the sensor module 44.
This allows the subject to acquire a known initial position,
from which the subject can then deviate so as to cause a
change in the loaded platform’s position of center of gravity.
[0036] The gain, K, may be a predetermined constant, or
may be entered/adjusted by the operator through user inter-
face 41. Gain K is, most generally, a vector, with the torque
determined as a scalar product of the gain and the center-of-
gravity displacement vector. Responsiveness of the trans-
porter to changes in the loaded support platform’s center of
gravity can be governed by K. For example, if the magnitude
of at least one element of vector K is increased, a rider will
perceive a stiffer response in that a small change in the loaded
platform’s position of center of gravity will result in a large
torque command.
[0037] Offset, O, may be incorporated into the control algo-
rithm to govern the torque applied to the motorized drive,
either in addition to, or separate from, the direct effect of C.
Thus, for example, the user may provide an input by means of
a user interface 41 of any sort, the input being treated by the
control system equivalently to a change, for example, in the
loaded platform’s position of center of gravity.
[0038] Thus, in the above-described embodiments of the
invention, motion of the transporter may be controlled by
changing the loaded platform’s center of gravity, such as by
the operator leaning or alternatively, changing his position on
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the platform. Depending on the control algorithm, an initial
change in the center of gravity in the fore direction may result
in positive torque being applied to at least one of the wheels,
causing the wheels to move forwards. Likewise, an initial
change in the center of gravity in the aft direction may result
in a negative torque applied to at least one of the wheels,
causing the wheels to move in the aft direction. If the subject
then continues to lean (or remains in his changed position on
the platform) such that the center of gravity of the loaded
platform remains the same, the motor will continue to torque
at approximately the same rate.

[0039] As described above, in addition to being statically
stable in the fore-aft plane, the transporter may also be stati-
cally stable with respect to tipping in the lateral plane, with a
signal representative of the position of the center of gravity
being determined in either or both fore-aft and lateral direc-
tions. In such embodiments, lateral shifts in the center of
gravity of the loaded platform can be used either separately or
in combination with shifts in the center of gravity in the
fore-aft plane to control motion of the transporter. For
example, and not meant to be limiting, fore-aft shifts in the
center of gravity of the loaded support platform can control
fore-aft motion, while lateral shifts in the center of gravity
control steering of the transporter.

[0040] Steering may be accomplished in an embodiment
having at least two laterally disposed wheels (i.e., a left and
right wheel), by providing, for example, separate motors for
left and right wheels. Torque desired for the left motor and the
torque desired from the right motor can be calculated sepa-
rately. Additionally, tracking both the left wheel motion and
the right wheel motion permits adjustments to be made, as
known to persons of ordinary skill in the control arts, to
prevent unwanted turning of the vehicle and to account for
performance variations between the two motors.

[0041] In accordance with another embodiment of the
invention, FIG. 5 shows a transporter 501 that includes a
support platform 502 capable of supporting a load. The sup-
port platform 501 is coupled to a plurality of wheels 503 and
504 and is statically stable with respect to tipping in both the
fore-aft and lateral planes. A pivot element 507 is pivotally
coupledto at least one of the wheels 503 and 504, such that the
pivot element 507 is capable of tilting. For example, the
plurality of ground contacting elements may include two
laterally disposed wheels, right wheel 504 and left wheel (not
shown), rotatable around an axis 545, wherein the pivot ele-
ment 507 is pivotally coupled to the axis 545 such that pivot
element 507 can tilt in the fore-aft plane.

[0042] Tilting of the pivot element 507 is accomplished via
an operator interface, which may be, without limitation, a
handlebar 512. Handlebar 512 is coupled to the pivot element
507 such that, for example, a tilt of the handlebar 512 in the
fore-aft direction results in a corresponding tilt of pivot ele-
ment 507.

[0043] Atleastone sensor 555 generates a signal indicative
of the tilt of the pivot element 507. Sensor 555 may be,
without limitation: a spring and associated sensor (such as a
distance sensor); a load sensor; a tilt sensor such as an incli-
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nometer or a gyroscope which provides an inclination of the
support platform 507; whiskers; an angular rate sensor; and/
or non-contact sensors, such as ultra-sonic or optical. The tilt
may be measured, without limitation, relative to gravity, the
ground, and/or a reference on the transporter, such as a posi-
tion proximate the axis of rotation. A controller controls a
motorized drive arrangement drives at least one wheel 504
based at least on the tilt.

[0044] In various embodiments, the pivot element 507 is
flexibly coupled to support platform 502, for example, by a
plurality of springs 508-509. This allows the pivot element
platform 507 to maintain a predetermined tilt when the
handlebar 512 is not manipulated. In various embodiments,
the controller may be preset so as to command a specified
motion based on the predetermined tilt. For example, when
the predetermined tilt is sensed, controller may command no
motion to the motorized drive arrangement. Responsiveness
of'the transporter can also be controlled via springs 508-509.
[0045] Asinabove-described embodiments, steering of the
transporter 501 may be controlled by any number of user
interfaces known in the art, such as, without limitation, a
joystick or thumbwheel positioned on or in close proximity to
the handlebar. Motorized drive arrangement may have sepa-
rate motors, as described above, for separately driving later-
ally disposed left (not shown) and right wheels 504 based on
signals received from the user interface. Laterally disposed
left wheel (not shown) and right wheel 503 may be, for
example, caster wheels that are capable of turning around a
vertical axis to support turning of transporter 501.

[0046] In above-described embodiments of the invention,
the transporter may include an indicator, referred to as refer-
ence number 540 in FIG. 5. Indicator 540 is apprehensible
externally, based on motion commanded via the motorized
drive arrangement. For example, the indicator 540 may be
based on acceleration commanded. The externally apprehen-
sible indication 540 may include, without limitation, a light
that can be illuminated.

[0047] The described embodiments of the invention are
intended to be merely exemplary and numerous variations
and modifications will be apparent to those skilled in the art.
All such variations and modifications are intended to be
within the scope of the present invention as defined in the
appended claims.

What is claimed is:

1. A transporter comprising:

a support platform for supporting a load, the loaded support
platform defining fore-aft and lateral planes and charac-
terized by a load distribution;

a plurality of ground contacting elements coupled to the
support platform;

a motorized drive arrangement for driving at least one of
the plurality of ground contacting elements;

a sensor module for generating a signal indicative of the
load distribution of the loaded support platform; and

a controller for commanding the motorized drive arrange-
ment based on the load distribution.
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