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(57) ABSTRACT 
A class of transportation vehicles for carrying an individual 
over ground having a surface that may be irregular. Various 
embodiments have a motorized drive, mounted to the 
ground-contacting module that causes operation of the 
vehicle in an operating position that is unstable With respect 
to tipping When the motorized drive arrangement is not 
poWered. Related methods are provided. 
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PERSONAL MOBILITY VEHICLES AND 
METHODS 

[0001] The present application is a divisional application 
of copending application Ser. No. 09/635,936, ?led Aug. 10, 
2000, noW alloWed, Which is a divisional application of 
application Ser. No. 09/325,978, ?led Jun. 4, 1999, noW 
issued as US. Pat. No. 6,302,230, Which are all incorporated 
herein by reference. 

TECHNICAL FIELD 

[0002] The present invention pertains to vehicles and 
methods for transporting individuals, and more particularly 
to balancing vehicles and methods for transporting individu 
als over ground having a surface that may be irregular. 

BACKGROUND ART 

[0003] A Wide range of vehicles and methods are knoWn 
for transporting human subjects. Typically, such vehicles 
rely upon static stability, being designed so as to be stable 
under all foreseen conditions of placement of their ground 
contacting members. Thus, for example, the gravity vector 
acting on the center of gravity of an automobile passes 
betWeen the points of ground contact of the automobile’s 
Wheels, the suspension keeping all Wheels on the ground at 
all times, and the automobile is thus stable. Another example 
of a statically stable vehicle is the stair-climbing vehicle 
described in US. Pat. No. 4,790,548 (Decelles et al.). 

SUMMARY OF THE INVENTION 

[0004] In one embodiment there is provided a vehicle for 
carrying a user. In this case, the user is a standing person. 
The vehicle of this embodiment includes: 

[0005] a. a ground-contacting module Which supports 
a payload including the standing person, the ground 
contacting module contacting an underlying surface 
substantially at a single region of contact; and 

[0006] b. a motoriZed drive arrangement, coupled to 
the ground-contacting module; the drive arrange 
ment, ground-contacting module and payload com 
prising a system; the motoriZed drive arrangement 
causing, When poWered, automatically balanced 
operation of the system. 

[0007] In a related embodiment, the ground-contacting 
module includes a uniball. 

[0008] In another embodiment, there is provide a vehicle 
for carrying a payload including a user. 

[0009] The vehicle of this embodiment includes: 

[0010] a. a ground-contacting module including tWo 
substantially coaxial Wheels; 

[0011] b. a platform supporting the user in a standing 
position substantially astride both Wheels; and 

[0012] c. a motoriZed drive arrangement, coupled to 
the ground-contacting module; the drive arrange 
ment, ground-contacting module and payload com 
prising a system; the motoriZed drive arrangement 
causing, When poWered, automatically balanced 
operation of the system. 
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[0013] In another embodiment, there is provided a vehicle 
for carrying a payload including a user, and the vehicle of 
this embodiment includes: 

[0014] 
[0015] b. a ground-contacting module, to Which the 

platform is mounted, Which propels the user in 
desired motion over an underlying surface; 

[0016] c. a proximity sensor for determining the 
presence of the user on the device; and 

a. a platform Which supports the user; 

[0017] d. a safety sWitch, coupled to the proximity 
detector, for inhibiting operation of the ground 
contacting module unless the proximity sensor has 
determined the presence of the user on the device. 

[0018] The proximity sensor may be a member, mechani 
cally coupled to the safety sWitch, having an operating 
position and a non-operating position, Wherein the member 
is in the non-operating position in the absence of the user 
from the device and the member is moveable to the oper 
ating position When the user is on the device. The member 
may include a plate, disposed on the device, for receiving a 
foot of the user, Wherein placement of the foot on the plate 
causes it to move into the operating position. Alternatively, 
the proximity detector may be electronic and may include a 
semiconductor device. In a further related embodiment, the 
device may include a motoriZed drive arrangement, coupled 
to the ground-contacting module; the motoriZed drive 
arrangement causing, When poWered, automatically bal 
anced and stationary operation of the device unless the 
proximity sensor has determined the presence of the user on 
the device. 

[0019] In another embodiment, there is provided a vehicle 
for carrying a payload including a user. The vehicle of this 
embodiment includes: 

[0020] 
0021 b. a round-contactin module, to Which the g g 
platform is mounted, Which propels the user in 
desired motion over an underlying surface; 

[0022] c. a motoriZed drive arrangement, coupled to 
the ground-contacting module; the drive arrange 
ment, ground-contacting module and payload com 
prising a system; the motoriZed drive arrangement 
causing, When poWered, automatically balanced 
operation of the system Wherein the motoriZed drive 
arrangement has a present poWer output and a speci 
?ed maximum poWer output and, in operation, has 
balancing margin determined by the difference 
betWeen the maximum poWer output and the present 
poWer output of the drive arrangement; 

a. a platform Which supports the user; 

[0023] d. a balancing margin monitor, coupled to the 
motoriZed drive arrangement, for generating a signal 
characteriZing the balancing margin; and 

[0024] e. an alarm, coupled to the balancing margin 
monitor, for receiving the signal characteriZing the 
balancing margin and for Warning When the balanc 
ing margin falls beloW a speci?ed limit. 

[0025] The alarm may include ripple modulation of the 
poWer output of the motoriZed drive arrangement, and 
alternatively, or in addition, may be audible. 
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[0026] In a still further embodiment there is provided a 
device for carrying a user, and the device includes: 

[0027] a. a platform Which supports a payload includ 
ing the user, 

[0028] b. a ground-contacting module, mounted to 
the platform, including at least one ground-contact 
ing member and de?ning a fore-aft plane; 

[0029] c. a motoriZed drive arrangement, coupled to 
the ground-contacting module; the drive arrange 
ment, ground-contacting module and payload com 
prising a system; the motoriZed drive arrangement 
causing, When poWered, automatically balanced 
operation of the system in an operating position that 
is unstable With respect to tipping in at least a fore-aft 
plane When the motoriZed drive arrangement is not 
poWered; and 

[0030] d. a user input control that receives an indi 
cation from the user of a speci?ed pitch of the device 
under conditions of motion at uniform velocity. 

[0031] The user input control may include a thumb-Wheel 
disposed upon a handle that is part of the device. A related 
embodiment provides a device for carrying a payload 
including a user, and the device includes: 

[0032] a. a platform Which supports the user in a 
standing position, 

[0033] b. a ground-contacting module, mounted to 
the platform, including at least one ground-contact 
ing member and de?ning a fore-aft plane; 

[0034] c. a motoriZed drive arrangement, coupled to 
the ground-contacting module; the drive arrange 
ment, ground-contacting module and payload com 
prising a system; the motoriZed drive arrangement 
causing, When poWered, automatically balanced 
operation of the system in an operating position that 
is unstable With respect to tipping in at least a fore-aft 
plane When the motoriZed drive arrangement is not 
poWered; 

[0035] d. a user-operated mode control having ?rst 
and second modes; 

[0036] e. a user input control that receives an indi 
cation from the user of one of a speci?ed pitch of 
the device under conditions of motion at uniform 
velocity and (ii) steering command, depending on 
the mode of the mode control. 

[0037] In yet another embodiment there is provided a 
device for carrying a payload including a user, and in this 
embodiment the device includes: 

[0038] a. a platform Which supports the user in a 
standing position, 

[0039] b. a ground-contacting module, mounted to 
the platform, including a plurality of laterally dis 
posed ground-contacting members and de?ning a 
fore-aft plane; 

[0040] c. a motoriZed drive arrangement, coupled to 
the ground-contacting module; the drive arrange 
ment, ground-contacting module and payload com 
prising a system; the motoriZed drive arrangement 
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causing, When poWered, automatically balanced 
operation of the system in an operating position that 
is unstable With respect to tipping in at least a fore-aft 
plane When the motoriZed drive arrangement is not 
poWered; and 

[0041] d. a user drive mode selector that on indica 
tion from the user causes the motoriZed drive to 
operate the ground-contacting members at a uniform 
user-controllable speed so as to permit a dismounted 
user to guide the vehicle running under its oWn 
poWer. 

[0042] The invention provides methods corresponding to 
embodiments of the general nature described above. In one 
embodiment, there is provided a method of using a vehicle 
to carry a user and this method includes: 

[0043] a. standing on a ground-contacting module 
Which supports a payload including a person stand 
ing thereon, the ground-contacting module contact 
ing an underlying surface substantially at a single 
region of contact; and 

[0044] b. operating a motoriZed drive arrangement, 
coupled to the ground-contacting module; the drive 
arrangement, ground-contacting module and payload 
comprising a system; the motoriZed drive arrange 
ment causing, When poWered, automatically bal 
anced operation of the system. 

[0045] In a related embodiment, the ground-contacting 
module may include a uniball. 

[0046] In another embodiment, there is provided a method 
of using a vehicle to carry a user, and in this embodiment, 
the method includes: 

[0047] a. standing on a platform that supports a 
payload including a standing person, the platform 
mounted to a ground-contacting module including 
tWo substantially coaXial Wheels; and 

[0048] b. operating a motoriZed drive arrangement, 
coupled to the ground-contacting module; the drive 
arrangement, ground-contacting module and payload 
comprising a system; the motoriZed drive arrange 
ment causing, When poWered, automatically bal 
anced operation of the system. 

[0049] In another embodiment, there is provided a method 
of using a vehicle to carry a payload including a user, and the 
method of this embodiment includes: 

[0050] a. standing on a platform supporting the user, 
the platform mounted to a ground-contacting mod 
ule, Which propels the user in desired motion over an 
underlying surface; 

0051 b. usin a roXimit sensor to determine the g P y 
presence of the user on the device; and 

[0052] c. inhibiting operation of the ground-contact 
ing module unless the proximity sensor has deter 
mined the presence of the user on the device. 

[0053] As in the corresponding device, discussed above, 
the proximity sensor may be a member, mechanically 
coupled to the safety sWitch, having an operating position 
and a non-operating position, Wherein the member is in the 
non-operating position in the absence of the user from the 
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device and the member is moveable to the operating position 
When the user is on the device. The member may include a 
plate, disposed on the device, for receiving a foot of the user, 
Wherein placement of the foot on the plate causes it to move 
into the operating position. Alternatively, the proximity 
detector may be electronic and may include a semiconductor 
device. A further embodiment of the method includes oper 
ating a motoriZed drive arrangement, coupled to the ground 
contacting module; the motoriZed drive arrangement caus 
ing, When poWered, automatically balanced and stationary 
operation of the device unless the proximity sensor has 
determined the presence of the user on the device. 

[0054] Yet another emobodiment, provides a method of 
using a vehicle to carry a payload including a user, and the 
method of this embodiment includes: 

[0055] a. standing on a platform supporting the user, 
the platform mounted to a ground-contacting mod 
ule, Which propels the user in desired motion over an 
underlying surface; 

[0056] b. operating a motoriZed drive arrangement, 
coupled to the ground-contacting module; the drive 
arrangement, ground-contacting module and payload 
comprising a system; the motoriZed drive arrange 
ment causing, When poWered, automatically bal 
anced operation of the system Wherein the motoriZed 
drive arrangement has a present poWer output and a 
speci?ed maXimum poWer output and, in operation, 
has balancing margin determined by the difference 
betWeen the maXimum poWer output and the present 
poWer output of the drive arrangement; 

[0057] c. monitoring the balancing margin and gen 
erating a signal characteriZing the balancing margin; 
and 

[0058] d. receiving the signal characteriZing the bal 
ancing margin and generating an alarm to Warn When 
the balancing margin falls beloW a speci?ed limit. 

[0059] Alternatively, the balancing margin may be deter 
mined by the difference betWeen a speci?ed maXimum 
velocity of the vehicle and the current velocity of the 
vehicle. The alarm may include ripple modulation of the 
poWer output of the motoriZed drive arrangement, and 
alternatively, or in addition, may be audible. 

[0060] Another embodiment provides a method for carry 
ing a user, and the method includes: 

[0061] a. assuming a position on a platform Which 
supports a payload including the user, the platform 
being coupled to a ground-contacting module, the 
module including at least one ground-contacting 
member and de?ning a fore-aft plane; 

[0062] b. operating a motoriZed drive arrangement, 
coupled to the ground-contacting module; the drive 
arrangement, ground-contacting module and payload 
comprising a system; the motoriZed drive arrange 
ment causing, When poWered, automatically bal 
anced operation of the system in an operating posi 
tion that is unstable With respect to tipping in at least 
a fore-aft plane When the motoriZed drive arrange 
ment is not poWered; and 

[0063] c. providing via a user input control an indi 
cation from the user of a speci?ed pitch of the device 
under conditions of motion at uniform velocity. 
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[0064] The user input control may include a thumb-Wheel 
disposed upon a handle coupled to the platform. 

[0065] Yet another embodiment provides a method for 
carrying a payload including a user, and the method of this 
embodiment includes: 

[0066] a. assuming a position on a platform Which 
supports a payload including the user, the platform 
being coupled to a ground-contacting module, the 
module including at least one ground-contacting 
member and de?ning a fore-aft plane; 

[0067] b. operating a motoriZed drive arrangement, 
coupled to the ground-contacting module; the drive 
arrangement, ground-contacting module and payload 
comprising a system; the motoriZed drive arrange 
ment causing, When poWered, automatically bal 
anced operation of the system in an operating posi 
tion that is unstable With respect to tipping in at least 
a fore-aft plane When the motoriZed drive arrange 
ment is not poWered; and 

[0068] c. operating a user-operated mode control to 
select one of ?rst and second modes; 

[0069] d. providing via a user input control an indi 
cation of one of a speci?ed pitch of the device 
under conditions of motion at uniform velocity and 
(ii) steering command, depending on Whether the 
?rst mode or the second mode has been selected. 

[0070] Another embodiment provides a method for carry 
ing a payload including a user, and the embodiment 
includes: 

[0071] 
[0072] i. a platform Which supports the user in a 

standing position, 

a. providing a device having 

[0073] ii. a ground-contacting module, mounted to 
the platform, including a plurality of laterally 
disposed ground-contacting members and de?n 
ing a fore-aft plane; 

[0074] iii. a motoriZed drive arrangement, coupled 
to the ground-contacting module; the drive 
arrangement, ground-contacting module and pay 
load comprising a system; the motoriZed drive 
arrangement causing, When poWered, automati 
cally balanced operation of the system in an 
operating position that is unstable With respect to 
tipping in at least a fore-aft plane When the motor 
iZed drive arrangement is not poWered; and 

[0075] b. causing the motoriZed drive to operate the 
ground-contacting members at a user-controllable 
speed so as to permit a dismounted user to guide the 
vehicle running under its oWn poWer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0076] The invention Will be more readily understood by 
reference to the folloWing description, taken With the accom 
panying draWings, in Which: 

[0077] FIG. 1 is a side vieW of a personal vehicle lacking 
a stable static position, in accordance With a preferred 






















