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A wheelchair having a seat and a pluralty of wheels for rolling the wheelchair along a ground surface. A plurality of legs are
provided for supporting the seat. Each of the legs Is positioned between the seat and one of the wheels. A plurality of struts are also
provided. Included Is a portable mobility device that includes an actuator for providing at least one actuator output signal In
response to movement of the actuator by a user of the device. The actuator iIs movable over a range of positions, the range of
positions being bounded by a minimum speed actuator position at a first end of the range and a maximum speed actuator position
at an opposite end of the range. The range of positions includes a mid-point actuator position located on the range exactly midway
between the minimum speed actuator position and the maximum speed actuator position. The actuator output signal has a
magnitude that Is linearly related to the position of the actuator on the range of positions. A nonlinear amplifier, responsive to the
actuator output signal, Is provided for outputting a motor control signal. The motor control signal has a minimum value when the
actuator Is located at the minimum speed actuator position, a maximum value when the actuator Is located at the maximum speed
actuator position, and the motor control signal has its median value when the actuator Is located between the mid-point speed
actuator position and the maximum speed actuator position.
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ABSTRACT

A wheelchair having a seat and a plurality of wheels for rolling the
wheelchair along a ground surface. A plurality of legs are provided for supporting the
seat. Each of tﬁe legs 1s positionéd between the seat and one of the wheels. A plurality
of struts are also provided. Included is a portable mobility device that includes an
actuator for pro{fiding at least one actuator output signal in response to movement of the
actuator by a user of the device. The actuator is movable over a range of positions, the
range of positions being bounded by a minimum speed actuator position at a first end of
the range and a maximum speed actuator position at an opposite end of the range. The
range of positions includes a mid-point actuator position located on the range exactly .
midway between the minimum speed actuator position and the maximum speed actuator
position. The actuator output signal has a magnitude that is linearly related to the
position of the actuator on the range of -positions. A nonlinear amplifier, responsive to
the actuator outpﬁt-signal, is provided for outputting a motor control si gnal. The motof
control signal has a mintmum value when the actuator is located at the minimum speed
actuator position, a maximum value when the actuator is located at the maximum speed
actuator position, and the motor control signal has its median value when the actuator is
located between the mid-point speed actuator position and the maximum speed actuator

position.
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LIGHTWEIGHT MOTORIZED WHEELCHAIR
Field of the Invention
This appiication is a division of Canadian Patent Application Serial
Number 2,270,184 filed on October 13, 1997. The claims of the present application are
directed to a powered portable mobility device. However, for a ready understanding of
the overall invention including all features which are inextricably bound up in one and

the same inventive concept, the teachings of those features are all retained in the present

application.

This invention relates .genérally to wheelchairs. More particularly, this
invention relates to motorized wheelchairs that are lightweight, foldable and portable.

Background

The current mobility assistance market is served by over 450 models of
mobility aids produced by more than 150 manufacturers. The four categories of mobility
aids currently available include: (1) standard wheelchairs (manual propulsion); (2) ultral.ight
wheelchairs (manual propulsion); (3) three and four wheel scooters (powered
propulsion); and\ (4) powered wheelchairs. Each of these categories of mobility aids are

discussed below.

Standard wheelchairs are the conventional, folding wheelchairs which
can be seen in hospitals, airports and shopping malls. They typically come in two models:
self-propelled, with large wheels which a passenger uses to propel themselves, and

“Attendant” models which have smaller wheels and are meant to be pushed by
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another person. Both types will typically fold sideways to make transport easier.
Standard wheelchairs are typically priced low enough such that health insurance
reimbursement 1s easily obtained for mid-range models based on a physician’s
prescription. Key shortcomings of standard wheelchairs include their unattractive,

orthopedic product designs, and the fact that either physical exertion or an attendant is

required to propel the chair.

la
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Ultralight \wheelch\\airs, the newest, most visible products, are currently
receiving strong publicity. They are built out of exotic alloys and employ radical new
designs in order to be quick and agile. Their reduced weight makes them easy to use and
lift, but the frames will not typically fold. They typically are more expansive than
standard wheelchairs, and are targeted toward ‘yodnger, more active users. As aresult of
their higher cost, health insurance reimbursement is typically available only for an
individual with a full-time need ar;d only with a physician’s prescription. Key
shortcomings of the ultralight wheelchatrs include the fact that manual exertion 1s
required to move the chair, the orth'opedié nature of the design, and the high price of such

chairs limits their availability as a secondary or discretionary aid purchase.

Scooters are built in three and four wheel configurations and come closest
to the industry’s notion of a “consumer product,” mitigating, to a large degree, the
“handicapped” stigma associated with wheelchairs. Scooters are designed with thorough
attention to aesthetics, are attractive in appearance, and pérceived as fun, liberating and
free-spirited in use. They are fobust enough to function in cross-country and non-access-
ready environments. While built to serve the needs of severely disabled individuals able
to obtain health insurance reimbursement, scooters are also purchased, on a non- \
reimbursed basis, by individuals who have mobility difficulties which are not severe

enough to qualify for reimbursement.

The most widely sold scooter models cost between three and five times

the cost of standard wheelchairs, and weigh around 90 pounds without their batteries.

t9
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Obtaining health insurance reimbursement for scooters (or any other powered mobility
aid) is much more difficult than for manual wheelchairs; it typically requires an acute
need (such as full-time impairment), several physicians’ prescriptions, and ongoing and

consistent follow up by physical therapists or equipment dealers. Key shortcomings of

~scooters include their high prices, limiting their discretionary purchase acceptability,

their large size, making them cumbersome and obtrusive when used indoors or in social
situations, and their heavy weight, making scooters difficult to transport, typically

requiring disassembly or a van to be transported for use elsewhere.

Powered wheclchairs are becoming more sophisticated and robust with
each design iteration. They are currently increasing in weight and cost as the frame
designs, mechanicals, and electronics increase.in complexity. Since they are designed
exclusively for the needs of severely disabled individuals, they\ are heavy-duty medical
appliances, which can handle a wide variety of non-acces_\s-ready environments and can
overcome significant environmental obstacles. They are currently purchased almost
exclusively with health insurance reimbursement, ofien require the close involvement of
a team of healthcare professionals (physicians, physical therapists, wheelchair
specialists) to fulfill prescriptive requirements and conduct a customized “fitting” of the
wheelchair, and are genera.lly used by individuals with only the greatest degree of
impairment or disability. Asa powere.d mobility aid, the procedures and qualifications
for health insurance reimbu;sement are similar in nature, but more extensive, than those
required for scooters. Powered wheelchairs will typicalljr cost between four to eight

times the cost of standard wheelchairs, and weigh between 80 and 150 pounds (without

{s)
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batteries). Weight -has not typically been a consideration for manufacturers of powered
wheelchairs, since severely disabled users will normally have modiﬁed their lifestyles,
transportation means and living environments to accommodate their needs. The key
shortcomings of powered wheelchairs include their high price, as they are specialized
medical applicants, their heavy weight and large sizes which make them cumbersome to

transport, and their unattractive, orthopedic appearance.

Each of the products discussed above is, by and large, derived from the
healthcare industry. Such products are largely medical and orthopedic appliances and,
because of their cost, appearance, and cumbersomeness, are most suited to individuals
with acute mobility difficulties who require full time mobility assistance. They were
designed largely for functional use following a trauma and as such are (1) designed for
use in all environments (including those that are not handicap access-ready); (it)
unappealing, heavy steel énd chrome orthopedic appliances, (ii1) heavy and unwiéldy
which make them difficult or impossible to transport; and (iv) large obtrusive and

ungainly 1n operation.

A final issue surrounding current products relates to their prescriptive
nature and the difficulty of obtaining health insurance reimbursement. Standard
wheelchairs are easily reimbursed based on a generally prescribed need. Ultralight
wheelchairs can be rgimbu:sed if the need is full-time or more specialized and this need
is reflected in the prescription. For powered aid reimbursement, either scooters or

wheelchairs, the difficulty increases dramatically. Often several pnysicians wili need to
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support the prescription process, and physical therapists or equipment specialists will
need to follow up with the agencies. In all cases, health insurance will only reimburse
the cost of a single mobility aid. The costs of any secondary or discretionary aids that

may be desired (such as a Light wheelchair for transport and use in place of a scooter) are

n

borne solely by the customer.

There are several common attributes that wheelchair and scooter users
desire. Each\of the products described above meet some, but not all, of these criteria. As
Table [ below shows, consumers are forced to make su—bstantial' compromises when

10 selecting from one of the curremly available products. A “WA” in the table below
indicates that the criteria is “weil-addressed” by the product, and a “PA” indicates that

the criteria is “partially addressed” by the product.

TABLEI
15 _
Current Mobility Aids & Characteristics
- Affordabie ITranspombl'c Comforable § Easy- |Non- Unobtrusive | Powered
1 To- orthopedic | T
. Use
Standard |
Ll N TS I R N N
Ultralight .
Wheelchairs | PA ‘ WA

Powered | . |
thclchaxrs | l PA EA

The present invention is designed to satisfy the needs of individuals who are not
dependent on a full-ime mobility aid; rather it is targeted towards those individuals who

experience pain, difficulty or tire easily when walking. As such, it is an object of the

h
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present invention to provide a mobility aid for part time discretionary assistance. That is,
for use by individuals who are able to walk unaided or with some mobality assistance, but

experience pain or tiredness when conducting their daily routines around their home,

work, community or shopping centers.

It_is a further object of the present invention to provide a mobility aid with
an unobtrusive and appealing design which rigorously avoids the traditional “orthopedic™
design of conventional wheeléhairs, and also avoids the stigma associated with their use.
Thus, it is an object of the present invention to provide a mob-ility aid that can be used

10 by anyone without engendering, to either the user or onlookers, a sense of being

handicapped.

It is a further object of the present invention to provide a mobility aid that
folds compactly, is lightweight and highly transpbrtable. Thus, as discussed more fully
15 below, the present invention incorporates a frame that is sturdy and rigid when in use, but
wnich can be quickly and compactly folded' for transport. Other powered wheelchairs
will collapse to a limited degree, but the present invention folds to a small, flat package,

weighing less than 25 pounds, which is easily lifted into a car trunk or back seat.

20 It is a still further object of the present invention to provice a battery
powered mobility aid that is highly affordable. Thus, as discussed more fullv beiow, the
present invention has an overall low weight and power management electronics that can

be driven effectively with a single, small battery (approximately 10 pouncs).
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It is a still further object of the present invention to provide a powered
mobility aid which is easy for a user to control and manoeuver during use of the device.
These and other objects and advantages of the invention will become

more fully apparent from the description and claims which follow or may be learned by

the practice of the invention.

Summary Of The Invention
According to one aspect of the present invention, which is claimed in the

Parent Application Serial No. 2,270,184, the present invention is directed to a

wheelchair having a seat and a plurality of wheels for rolling the wheelchair along a

ground surface. A plurality of legs are provided for supporting the seat. Each of the legs

is positioned between the seat and one of the wheels. A plurality of struts are also
provided. Each of the struts couples a first of the legs to a second of the legs. Each of
the legs bears only compressive force in supporting the seat, and each of the struts bears
only tensile force.

In accordance with a further aspect, which 1s claimed in Divisional
Application, Serial No. 2,421,859, the present invention is directed to a foldable
wheelchair formed from a seat bottom and a seat back pivotally coupled to the seat
bottom. The seat back is movable between a folded position and an unfolded position.
The seat bottom has a back end formed from a first curved shape, and the seat back has a
bottom end formed from a second curved shape. The first curved shape of the seat

bottom is sized to mate with the second curved shape of the seat back when the seat back

is in the unfolded position.
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In accordance with a still further aspect, the present invention is directed
to a portable rnobility device'thal includes an actuator for providing at least one actuator
output signal ir; response to movement of the actuator by a user of the device. The
actuator 1s movable over a range of positions, the\ range of positions being bounded by a
minimum speed actuator position at a first cnd of the range and a maximum speed
actuator position at an opposite end of the range. The range of positions includes a mid-
point actuator position located on the range exactly midway between the minimum speed
actuator position and the maximum s_peed actuator position. The actuator output signai
has a magnitude that is linearly rélated to the position of the actuator on the range of
positions. A non-linear ampliﬁer, responsive to the actuator output signal, is provided
for outputting a motor control signal. The motor control signal has a minimum value
when the actuator is located at th_é minimum speed actuator position. a maximum value
whnen the actuator is loéated at the maximum speed actuator position, and the motor
control signal has its median value when the actuator is located between the mid-point
speed actuator position and the maximum speed actuator position. The non-linear
amplifier thus causes the speed of the device to change least drastically 1n response t0
vanations in the actuator position Whenthe.actuator is closest to its minimum speed
position, and the non-linear amplifier causes the speed of the device to change most
drastically in response to variations in the actuator position when the actuator is closest

to its maximum speed position.
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According to a further aspect of the present invention, which is claimed in
Divisional Application Serial No. 2,441,657, there 1s provided a powered mobility aid
comprising a seat having a top surface and a bottom surface and a seat back flexibly engaged
therewith, a foldable support frame having a plurality of wheels fixed to the seat, and a power
source engaged with at least two of said wheels for applying a driving force to said wheels,
wherein said foldable support frame includes: two track members positioned in a parallel and
spaced relationship on the bottom surface of said seat, each track member extending from a
point proximate said seat back toward the front edge of the seat; two front legs, each front leg
pivotally engaged with the bottom surface of said seat, a front cross-beam extending between
and fixed to said two front legs at a location spaced from said seat and proximate the distal ends
of said front legs, two of said wheels each being attached to said front cross-beam and front leg
combination proximate the respective distal ends of each of said front legs, at least one front
reinforcing member fixed between said two front legs; two rear legs, each rear leg engaged with
a respective track member and being slidable in said respective track member, two of said
wheels each being attached respectively proximate the distal end of each of said two rear legs,
at least one rear reinforcing member fixed between said two rear legs; at least one side
reinforcing member located on each side of said support frame; a locking member extending
from the bottom surface of said seat and to said front cross-beam, said locking member being
engaged and locked when said frame is in a fully extended position and also when said frame is
in a completely folded position; and track locking members for locking said rear legs in position

on said tracks when said frame is fully extended.

8a
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Brief Descniption Of The Drawings

In order that the manner in which the abo?e-recited and other advantdges
and objects of the invention are obtained and can be appreciated, a more particular
description of the invention briefly described above will be rendered by reference to a

5  specific embodiment thereof which is illustrated in the appended drawings.
Understanding that these drawings depict only a typical embodiment of the invention and
are not therefore to be considered limiting of its scope, the invention and the presently
understood best mode thereof will be described and explained with additional specificity
and detail through the use of the accompanying drawings.

10
Figure 1 is a side view_qf a lightweight, foldable, and motorized

wheelchair, in accordance with a preferred embodiment of the present invention.

Figure 2 is an enlarged view showing the connection between a seat

|5  support member and the central strut member of the wheelchair shown 1n Figure 1.

Figure 3 is an enlarged view of a portion of a seat support member of the

wheelchair shown in Figure 1.
20 Figure 4 1s a front view of the wheelchair shown in Figure 1.

Figure 5 1s a partial isometric view of the wheelchair shown in Figure 1.
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Figure 6A is an exploded view of the seat bottom and seat back of the
wheelchair shown in Figure 1, showing a mating curvature used for connecting the seat

bottom and seat back.
5 Figure 6B is a rear view of the seat back shown in Figure 6A.

Figure 6C shows the scat bottom and seat back of the present invention in

their fully-unfolded position.

10 Figure 6D is a cross-sectional view of 6C, and shows the seat bottom and

seat back of the present invention in their fully-unfolded position.

Figure 6 is a cross-sectional view of the seat bottom and seat back of the

present invention shown in their partially folded position.

15
Figure 7A is a block diagram showing the operation of controllers for
driving the motors of the wheelchair shown 1n Figure I, in accordance with a preferred
embodiment of the present invention.
20 Figure 7B 1sa diagrarn showing the linear relationship between the

actuation angle imparted (by a user) to a joystick and the magnitude of the signals outpu!

by the jovstick in response to such actuation angle.

10



10

20

CA 02421860 2003-03-31

Figure 7C is a diagram showing the non-linear relationship between the
actuation angle imparted (by a user) to a joystick and the magnitude of the signals output
by an amplifier in response to such actuation angle, in accordance with a preferred

embodiment of the present invention.

Figure 8 is a side view showing the wheelchair of Figure 1 in a partially-

folded posttion.

Figure 9 is a side view showing the wheelchair of Figure 1 in a fully-

folded position.

Description Of The Preferred Embodiments

Réferring now to Figures 1-5, there are shown various views of a
lightweight, foldable, and motorized wheelchair 100, in accordance with a preferred
embodiment of the present invention. Wheelchair 100 is formed of a seat bottom 10 and
a seat back 20. Seat back 20 is pivotally coupled to seat bottom 10 at pivot point P, and
is pivotable along arc A. Front Wheels 72, 74 and rear wheels 76, 78 are provided for
rolling the wheelchair along a ground surface S. Legs 32, 34, 36 and 38 are provided for
supporting the séat bottom 10 (and a user) duriﬁg operation of wheelchair 100. Thus.
each one of the legs 32, 34, 36, and 38 1s preferably positioned between the seat bottom
10 and a corresponding one of the wheels 72, 74, 76 and 78. Struts 52, 34, 56, 58, 60 and
62 are provided for connecting selected pairs of legs 32, 34, 36 and 38 to one and other.

As explained more fully below, during operation of wheelchair 100 when a user is seatec

11
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on seat bottom 10, legs 32, 34, 36 and 38 bear only compressive force in supporting seat
bottom 10, and each of the struts 52, 54, 56, 58, 60 and 62 bears only tensile force. This
arrangement of legs and struts provides a highly stable, lightweight and foldable support

structure for seat bottom 10.

As shown in Figures 1, 4 and 5, each of the legs 32, 34, 36 and 38 is
preferably positioned at an acute angle with respect to the ground surface S. In the
preferred embodiment, legs 32 and 34 are positioned at angle of about 67 to 72 degrees
with respect to surface S, and legs 36 and 38 are positioned at an angle of about 37 td 62
degrees with respect to surface S. The ﬁppcr ends of legs 32 and 36 are' ptvotally coupled
to seat support bar 40 which, in tum S rigidly coupled to seat bottom 10.' Similarly, the
upper ends of legs 34 and 338 are pivotalély coupled to seat support bar 44 which, in turn,
is ngidly éoupled to seat bottom 10. Each of the seat support bars 40, 44 includes an
internal track 42\for. guiding and restraining the upper ends of legs 36 and 38. When
wheelchair 100 is in its unfolded position (shown in Figures 1, 2, 4 -a.nd 5}, the upper end
of each leg 36, 38 is locked in position at one end of a track 42 by a pivoting locking‘bar
65. During the folding of wheelchair 100, each locking bar 65 is pivoted about a point L
(by depressing bne end of the bar 63) in order to release the upper ends of legs 36, 38.
Once the legs 36, 38 are so released, the upper ends of legs 36, 38 are free to slide along

tracks 42, thus facilitating the folding of the wheelchair 100 as shown in Figure 3.

As shown more particulariy in Figures 4 and 5, strut 52 rigidly connects

the top ead of leg 34 to the bottom end of leg 32, and strut 54 rigidly connects the top
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end of leg 32 to the bottom end of leg. 34. Similarly_, strut 58 rigidly connects the top end
of leg 38 to the bottom end of leg 38. and strut 56 rigidly connects the top end of leg 36
to the bottom end of leg 38. Strut 60 is pivotally connected at one of its ends to the top
end of leg 32 and is pivotally connected at its other end to the bottom end of leg 36.
Similarly, strut 62 is pivotally connected at one of its ends to the top end of leg 34 and is

pivotally connected at its other end to the bottom end of leg 38.

Referring now to Figures 1 , 4 and 5 cross-beam 66 1s provided for rigidly
coupling thé bottom énd of leg 32 to the bottom end of leg 34. A further cross-beam 68
s provided for rigidly coupling seat support member 40 to seat support member 44. A
foldable strut 64 spans between cross-beam 66 and cross-beam 68. Foldable strut 64 '
includes a pair of angied members 64a, each of which is ngidly connected to cross-beam
66. Foldable strut 64 also includes a member 64b which is pivotally mounted to cross-
beam 68. During operation (use) of 'wheelchair 100 by a user, angled members 64a are
rigidly coupled to mefnber 64b by a releasable locking means 64d. During the folding of
wheelchair 100, locking means 64d i1s released, allowing strut 64 to fold about its

midpoint 64c.

[n the preferred embodiment, a foot rest support member 84 is rigidly
affixed to cross-beam 66. A pair of foot supports 82 are pivotally mounted to member
84. During operation _of the wheelchair 100, foot supports 82 are preferably placed in
their unfolded posi:tion (shown in Figure 1). During folding of the chatr, the upper ends

of foot supports 82 are pivoted towards support member 84 (as shown in Figure 9).
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Adjustment SCrews (not shown) are preferably provided for adjusting the height of thé

foot suppofts 82 in order to customize wheelchair 100 for users of different heights.

The legs, struts, cross-beams and support members discussed above are
preferably formed from a material that is lightweight and strong. In a particularly
preferred embodiment, where the legs, struts, cross-beams and support members are
formed of aircraft aluminum, high tensile steel, or fiber composite material, the total

weight of wheelchair 100 (not including the weight of batteries) may be made less than

25 pounds.

Referring now to Figures 6 A-6E, there are shown several views
tlfustrating a mating. curvature used for connecting the seat bottom 10 and seat back 20 of
wheelchair 100. The seat bottom 10 has a back end 12 formed fforn a first curved shépe
14. The seat back 20 1s pivotally coupled ._to the seat bottom 10 as described above, and
is movable between folded positions (shown in Figures 6E, 8 and 9) and an unfolded
position (shown in Figures 1, 4, 6C and 6D). The seat back 20 has a bottom end 22
formed from a sejcond curved shape 24. The curved shape 14 of the seat bottom 10 is

sized to mate flush with the curved shape 24 of the seat back 20 when the seat back is in

its unfolded position. As shown by a comparison of Figures | and 8, the seat back 20 is

oriented at a minimum angle (approximately 0 degrees) with respect to the seat bottom
10 when the seat back is in its folded position, and the seat back 20 is oriented at a
maximum angle (approximately 100 degrees) with respeci to the seat bottom 10 when the

seat back 29 is in its unfolded position. During operation of the wheslchair 100, when a

14
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user 1s positioned seated on seat bottom 10 and leaning against seat back 20, seat back 20
s preferably restrained from pivoting or extending bevond the maximum angle'solely by
the back end 12 of the seat bottom 10. In other words, the mating curvature formed
between seat bottom 10 and seat back 20 preferably forms the sole stop restraining
backward movement of thf: seat back 20 (beyond the limit of arc A) when a user sits in
seat bottom 10 and leans against seat back 20. By forming this stop solely from the
mating curvature between the seat_bot.torri 10 and the seat back 20, the number of

components in wheelchair 100 is minimized, thereby reducing the final weight of the

wheelchair.

The seat bottom 10 and the seat back 20 discussed above are preferably
formed from a material that is lightweight and strong. In a particularly preferred

embodiment, the seat bottom 10 and the seat back 20 are formed of fiber glass reinforced

plastic.

Referring now to Figure 7A, there is shown a block diagram i_llustrating
the operation of two controllers for driving independent motors 90 and 92 of the
wheelchair shown in Figure 1, in accordance with a preferred embodiment of the present
invention. Motor 90 is preferably coupled to and drives rear wheel 76, and motor 92 is
preferably cou’pled to and drives rear wheel 78. Joystick actuator 96 is a standard
joystick and, as such, it provides thrée output signals namely, an X{ -.-/-). signal.a Y{+/-)
signal, and a reference signal. The X(+/-) signal and Y(=+/-) signal represent the X-Y

coordinates on a Cartesian plane which correspond to the “angle™ and “direction” at
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which. the jovstick is positioned at any given moment in tme. When no force is é}pplied
to joystick actuator 96, the joystick is preferably aligned in a vertical position such that
the joystick is straight-up-and-down. When the joystick is aligned in this straight-up-and-
down position, the “angle” of the joystick relative to the vertical axis is zero. As a user
imparts an actuation force to the joystick, the angle between this vertical axis and
joystick becomes positive and, as explained more fully below, the velocity of the
wheelchair increases (non-lincarly) as the angfe between the vertical axis and the joystick
increases. Joystick 96 can thus be positioned by a user at any location within a range of
possible angles in ordér to vary/control the speed of the wheelchair. The range of angles
typically varies from a minimum of angle of 0 zero degrees (when the joystick is
straight-up-and-down) and a maximum angle of about 30 degrees (when the joystick is
tilted as far as it will go away from the vertical axis). The “angle " at which the joystick
s positioned relative to the venical axis at any given moment in time corresponds
iinearly to the Euclidean magnitude represgnted by the X(+/-) and Y(+/-) signals butpul
by the joystick 96. Similarly, the “dirgction” (along a 360 degree azimuth) toward which
the tilted jdy’stiqk points at any given moment in time corresponds to the Euclidean angle
reprcéented by the inverse cosine of the X(+/-) and Y(+/-) signals output by the joystick
86. A standard joystick actuator, su:ch as that manufactured by CH Products, Vista, CA,,

under Part £100-800 I3 DM, may be used to implement joystick actuator 96.

Referring still to Figure 7A, the X(+/-) and Y(+/-) signals described above,
together with a power signal from battery 95 are provided to both a right motor control.er

(for driving motor 92) and a separate left motor controller (for driving motor 90).

16
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Initially, the X(+/-) and Y(~/-) signals are provided to a forward/reverse (f/r) detector 110
in each mofor controller. Based on the Euclidean angle represented by the inverse cosine
of the X(+/-) and Y(+/-) signals, the f/r detector 110 in the right motor controller
determines whether motor 92 should move in the forward or reverse direction. Similarly,
based on the Euclidean angle represented by the inverse cosine of the X(+/-) and Y(+/-)
signals, the f/r detector 110 in the left motor controller determines whether motor 90
should move in the forward or reverse direction. The output of each {/r detector 110 is

supplied to a corresponding f/r switch 120, which in turn functions to bias the output of

‘an amplifier 130. As mentioned above, the Euclidean magnitude represented by the

X(+/-) and Y(+/-) signals output by the joystick 96 corresponds linearly to the “angle” at
which the joyStick 1s positioned relative to the vertical axis at any given moment in time.
Thus, as shown by the graph shown in Figure 7B, the power level of the X(+/-) and
Y(+/-) signals output by joystick actuator 96 varies linearly from a zero power level
when the joystick 1s in its pure{y vertical position 10 a maximum 100% power level when

the joystick is tilted as far as it will go away from the vertical axis.

As shown particularly in Figure 7C, each non-linear amplifier 130 outputs
a voltage' that is related non-linearly to the power leve! of the X(+/-) and Y(+/-) signals
output by joystick actuator 96. In the preferred embodiment shown in Figure 7C. where
the joystick angle may vary between a minimum angle of zero degrees and a maximum
angle of 30 degrees, the voltage output by amplifier 130 is significantly less than 50% of
maximum (and preferably only about 30% of the maximum) when the jovstick is

positioned 15 degrees from the vertical (i.e., when the joystick is half-way between its
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minimum angle of zero degrees and its maximum angle of 30 degrees.) The non-linear
amplifiers 130 thus cause the speed cf'the motors 90, 92 to change least draStically in
esponse 10 variations in the j_oystick angle when the joystick 1s closest to its purely
vertical angle, and the non-linear amplifiers 130 cause thé speed of the device to change
most drastically in response to v.ariation-s in the joystick angle when the joystick 1s tilted
as far as it will go away from the vertical axis. As a result of the use of non-linear
ampliﬁers 130 having response curves such as that_ shown 1n Figure 7C, it 1s belieyed that

a user of the present mobility device is better able to control and maneuver the device,

because the user has finer control of the wheelchair at lower speeds.

Referring again toFiguré 7A, the output of each non-linear amplifier 130
1s provided to a pulse-width (PW) modulator 140. Each PW modulator 140 is coupled to
an oscillator having a frequency of about |5 Khz to 20 Khz. In respdnse to the vqlta‘ge
output bv an ampliﬁer 130, each PW modulator 140 produces a pulse-width modulated
signal. The width of the pulses in this signal 15 linearly related to the level of the voltage
signal provided to the PW modulator 140 by an amplifier 130. The pulse-width -

modulated signal output by modulator 140 is provided to a motor driver 150.

The output olf each PW Modulator 140 is also provided to a zéro-drive
detector 160. Each zero.-drivé dctector 1.60 monttors the signal output by a PW
Moculator 140 to determine when the PW Modulazor output signal has a zero d.uty cycle.
When the PW Modulator output signal has a zero duty cycle, this corresponds to a stat2

when the joystick actuator 96 is in its purely vertical pesition and no force is being
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applied to the joystick by a user. When the joystick 96 reaches this purely vertical
position, 1t is desirable for the wheelchair IOO to come to a stop as soon as is comfortably
possible and for the wheelchair to r:main in a stopped position thereafter until the user
moves the joystick 96 from its purely vcﬁical po'sition. Accordingly, when a zero-drive
detector 160 de;ects that the PW Modulator output si‘gnal duty cycle 1s zero, the zero-
drive detector 160 sends a signal to a braké circuit 170. Each brake circuit 170 functions

to shunt the output of one of the motors 90, 92, thereby resulting in dynarni.c braking

action.

A standard gel lead acid battery, such as that manufactured by Yuasa-
Exide under model number NPG18-12 may be used to implement battery 95. Battery 95

1s preferably stored in battery case 94 during operation of wheelchair 100.

Furthermore, it is to be understood that although the present invention has
been described with reference to a preferred embodiment, various modifications, known
to those skilled in the art, may be made to the structures and process steps presented

herein without departing from the invention as recited in the several claims appended

hereto.
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The embodiments of the invention in which an exclusive property or

privilege is claimed are defined as follows:

. A portable mobility device, comprising:

(A) an actuator for providing at least one actuator output signal in
response t0 movement of said actuator by a user of said device, said actuator being
movable over a range of positions, said range of positions being bounded by a minimum
speed actuator position at a first en_d of said range and a maximum speed actuator
position at an opposite end of said range, said range of positions including a mid-point
actuator position located on said range exactly midway between said minimum speed
actuator position and said maximum speed actuator position, satd actuator output signal
having atmagnitude linearly related to a position of said actuator on said range of
positions; and

(B) a first non-linear ampiifier, responsive to said actuator output signal,
for outputting a motor control signal, said motor control signal having a minimum value
when said actuator is located at said minimum speed actuator position, said motor
control signal having a maximum value when séid actuator 1s located at said maximum
speed actuator position;

wherein said motor control signal has a median value when said actuator
is located on said range between said mid-peint speed actuator position and said

maximum speed actuator position, said median value of said motor control signal being
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exactly halfway between said maximum value of said motor control signal and said

minimum value of said motor control signal.

2. The portable mobility device of claim 1, wherein said non-linear

amplifier has a parabolic amplification curve.

3. The portable mobility device of claim 1 or 2, wherein said actuator is

a joystick.

4. The portable mobility device of claim 3, wherein said minimum
speed actuator position corresponds to said joystick being disposed along a vertical axis,
and said maximum speed actuator position corresponds to said joystick being disposed at

a maximum angle with respect to said vertical axis.
5. The portable mobility device of claim 4, wherein said mid-point
actuator position corresponds to said joystick being disposed at half of said maximum

angle.

6. The portable mobility device of claim 35, wherein said maximum

angle 1s 30 degrees.
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7. The portable mobility device of claim 3, said joystick providing first
and second actuator output signals in response to movement of said joystick by said user
of said device, said first non-iinear amplifier being responsive to said first and second
actuator output signals, further comprising:

(C) a second non-linear amplifier, responsive to said first and second

actuator output signals, for outputting a second motor control signal.

8. The portable mobility device of claim 7, further comprising:

(D) a first pulse-width modulator, responsive to said motor control
signal output by said first non-linear amplifier, for providing a first pulse-width

modulated motor drive signal;

(E) a second pulse-width modulator, responsive to said motor control
signal output by said second non-linear ampliﬁgr, for providing a second pulse-width
modulated motor drive signal,;

(F) a first motor drive, responsive to said first pulse-width modulated motor
drive signal, for driving a first motor; and

(G) a second motor drive, responsive to said second pulse-width
modulated motor drive signal, for driving a second motor;

wherein said first motor is coupled to a first wheel of said device and

said second motor is coupled to a second wheel of said device.
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9. The portable mobility device of claim 8, wherein said device is a

motorized wheelchatr.

10. The portable mobility device of claim 8 or 9, wherein said first and

second wheels are rear wheels of said motorized wheelcharir.
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