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Description

Field of the Invention

[0001] This invention relates generally to the motion
and physical health of the mammalian body, and more
specifically to portable systems for assisting humans or
other animals to medically rehabilitate or train specific
body parts through the application to such body parts of
differential pressure.

Background of the Invention

[0002] Vertebrate animals feature a flexible, bony skel-
etal framework that provides the body shape, protects
vital organs, and enables the body to move. The human
skeleton comprises approximately 206 separate bones.
These bones meet at joints, the majority of which are
freely movable. The skeleton also contains cartilage for
elasticity, and muscular ligaments consisting of strong
strips of fibrous connective tissue for holding the bones
together at their joints.
[0003] The femur, fibula, tibia, and metatarsal bones
of the legs and feet support the body and therefore bear
its weight. Muscles associated with the ilium, pubis, is-
chium, patella, tarsal, and phalanges bones provide the
necessary bending of the hips, knees, ankles, and toes
that are essential for humans to walk, run, climb, and
engage in other locomotion activities.
[0004] Likewise, the humerus, ulna and radius bones
and metacarpal and phalanges bones form the arms and
hands, respectively. Muscles associated with the clavi-
cle, scapula, and carpals enable the arm to bend or flex
at the shoulder or elbow, and the hand to flex at the wrist
and fingers, which is useful for lifting, carrying, and ma-
nipulating objects.
[0005] Over time, body bones or joints can become
damaged. Bones fracture; ligaments tear; cartilage de-
teriorates. Such damage may result from the aging proc-
ess, manifested by arthritis, osteoporosis, and slips and
falls. But injuries are also caused by sports activities. For
example, recreational and competitive running is enjoyed
by some 37 million Americans with 25% of them suffering
from running injuries annually. Meanwhile, 57 million
Americans bicycle for recreational or transportation pur-
poses. In addition to bodily injuries caused by falls, pro-
longed bicycling can result in groin discomfort or numb-
ness. This medical injury is caused by the horn of the
bicycle saddle creating pressure points that can occlude
the arteries and veins that supply blood flow to the gen-
itals. Within the 1999 - 2004 time period, 21 publications
within multiple medical specialties (e.g., sexual medicine,
urology, neurology, cardiology, biomedical engineering,
sports medicine and emergency medicine) established
a clear relationship between bicycle riding and erectile
dysfunction ("ED").
[0006] A number of different approaches have been
taken within the industry and the medical community for

preventing or treating these injuries. Exoskeletons entail
external support systems made from strong materials like
metal or plastic composite fibers shaped for supporting
proper posture of the human body. Honda Motor Co. has
employed "walking assist devices" for its automotive fac-
tory workers to support bodyweight for reducing the load
on assembly line workers’ legs while they walk, move up
and down stairs, and engage a semi-crouching position
throughout a work shift. The U.S. military has experiment-
ed with exoskeletons for its soldiers to enable them to
carry heavy equipment packs and weapons. However,
the body must be connected to the exoskeleton at the
limbs and other parts by means of straps and other me-
chanical attachment devices. The exoskeleton’s motor
must be regulated by various sensors and controls, and
driven by hydraulics, pneumatics, springs, or other mo-
torized mechanical systems. These can be cumbersome
and expensive systems that do not necessarily reduce
the stress on the body caused by gravity.
[0007] Athletes and older people suffering from joint
injuries have rehabilitated in pools and water tanks. The
buoyant property of the water provides an upwardly-di-
rected force to the body that lightens the load otherwise
directed to the joints. However, these types of systems
are not portable, since the person is confined to the pool
or water tank. Moreover, pools or water tanks may be
unavailable or expensive to install.
[0008] Another approach is provided by a harness sys-
tem exemplified by U.S. Patent No. 6,302,828 issued to
Martin et al. Consisting of an overhead frame to which is
connected a raiseable body harness, such a system sup-
ports a portion of a person’s body weight as he, e.g.,
walks or runs on a treadmill in order to diminish downward
forces on the body joints. But the straps and attachment
devices create localized pressure points and stresses on
the body, and restrict the range of motion of the body and
its limbs. Such a mechanical weight off-loading system
may also lack portability.
[0009] The National Aeronautics and Space Adminis-
tration ("NASA") has developed a system that utilizes
differential air pressure to provide a uniform "lift" to the
body to assist the exercise process. See U.S. Patent No.
5,133,339 issued to Whalen et al. The differential pres-
sure is applied to the lower half of the person’s body that
is sealed within a fixed chamber to create a force that
partially counteracts the gravitational force on the body.
A treadmill contained within the sealed chamber allows
the person to exercise. However, this Whalen system
requires a large, immobile pressure chamber containing
a treadmill. Such a system is expensive and requires
cumbersome entry and exit by the person. It will not en-
able the person any other means of exercise besides the
treadmill.
[0010] Pressurized bodysuits have also been used
within the industry for several different applications. For
example, U.S. Published Application 2002/0116741 filed
by Young discloses a bodysuit with integral supports and
internal air bladders that are filled with pressurized air.
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This air pressure exerts force against the muscles of a
person wearing the suit to tone them during daily activi-
ties. U.S. Patent No. 6,460,195 issued to Wang illustrates
exercise shorts with buckled belts, air bags, and a vibrator
that directs pulses of pressurized air to the body to work
off fat and lift the hips. U.S. Patent No. 3,589,366 issued
to Feather teaches exercise pants from which air is evac-
uated, so that the pants cling to the body of an exerciser
to cause sweating, thereby leading to weight loss.
[0011] The U.S. military has also employed pressu-
rized suits of various designs for protecting fighter pilots
from debilitating external G-forces. Due to rapid changes
in speed and direction, the fighter pilot’s body undergoes
very high accelerations. This normally forces the pilot’s
oxygen-laden blood away from the portion of the circu-
latory system between the heart, lungs and brain, pooling
instead toward the blood vessels of the lower extremities.
As a result, the pilot can lose situational awareness and
spatial orientation. A pilot’s bodysuit pressurized against
the blood vessels of the legs can force the oxygen-laden
blood back to the head and torso of the pilot. See U.S.
Patent Nos. 2,762,047 issued to Flagg et al.; 5,537,686
issued to Krutz, Jr. et al.; and 6,757,916 issued to Mah
et al. U.S. Patent No. 5,997,465 issued to Savage et al.
discloses a pants bodysuit made from metal or polymer
"memory material" that is heated by electrical current to
form around the body, and then cooled to apply pressure
for treating this G-forces phenomenon.
[0012] Pressurized bodysuits have been used previ-
ously for other purposes, such as splinting leg fractures,
stopping bleeding from wounds, treating shock, and sup-
porting the posture of partially paralyzed patients. See,
e.g., U.S. Patent Nos. 3,823,711 issued to Hatton;
3,823,712 issued to Morel; 4,039,039 issued to Gottfried;
and 5,478,310 issue to Dyson-Cartwell et al. Bodysuits
can also have air between the suit and the body evacu-
ated by vacuum to draw the suit into close contact with
the body. See U.S. Patent Nos. 4,230,114 issued to
Feather; 4,421,109 issued to Thornton; and 4,959,047
issued to Tripp, Jr. See also U.S. Published Application
2006/0135889 filed by Egli.
[0013] Such pressurized body suits have not previous-
ly been used to rehabilitate skeletal joint injuries or min-
imize conditions that cause erectile dysfunction. Moreo-
ver, they have typically been used only in stationary sit-
uations like a sitting pilot due to the problem of air pres-
sure forcing the body suit off the lower torso. In some
applications like weight-loss patients, suspender straps
have been required to overcome this downwards migra-
tion of the bodysuit pants.
[0014] Thus, a pressurized bodysuit that can be used
to apply localized differential pressure to a lower or upper
body part for injury rehabilitation or minimization, coupled
with an external support or pressure condition control
system would be beneficial, particularly due to its porta-
ble nature. Such a pressurized body suit system could
be worn by a patient, athlete, or other person within a
variety of settings to perform a variety of different func-

tions.
[0015] Ambulatory assist devices such as walkers, rol-
lators, are used to assist elderly or physically-impaired
people undergoing rehabilitation, or people suffering
from gait and balance problems due to strokes, Parkin-
son’s and other neurological disorders. These devices
are used to provide balance and some measure of body
weight support often by the person using their arms and
hands. Use of these devices requires the disabled person
raise himself from a sitting position to a standing position
in order to use the device to ambulate. However, physi-
cally impaired people often lack the strength and or bal-
ance in order to raise themselves from a sitting to a stand-
ing position without assistance. This prevents people
from independently using ambulatory assist devices. Al-
so providing personnel for assistance entails additional
costs for rehabilitation institutions or in providing home
care. Walkers that incorporate a means for assisting a
seated person to stand are commercially available or oth-
erwise known in the art. One example is U.S. Patent
7363931 which provides lifting arms to assist in standing.
One commercially available device is "The New Lift Walk-
er" available from newliftwalker.com. It incorporates a
harness and arm supports and a pneumatic lift device to
assist in raising a person from a seated to a standing
position. These devices generally lack having a body
weight support capability. Instead the person is able to
provide some body weight support using their arms and
hands as supports. Some mobility assist devices utilize
a harness to provide body weight support. However har-
ness systems have the drawbacks we have described
earlier. There is a need for improved mobility assist de-
vices that provide both improved means of body weight
support and a means for assisting a person to raise him-
self from a seated to a standing position. The wheeled
support aid with lift mechanism may utilize electric or
pneumatic power sources or both.
[0016] Training of gait and balance with body weight
support (BWS) is a promising rehabilitation technique.
The current body weight support method utilizes an over-
head harness support mechanism for which commercial
systems are available. One harness system is exempli-
fied by U.S. Patent No. 6,302,828 issued to Martin et al.
Consisting of an overhead frame to which is connected
a raiseable body harness, such a system supports a por-
tion of a person’s body weight as he, e.g., walks or runs
on a treadmill in order to diminish downward forces on
the body joints. Harnesses for body weight support attach
upper torso and the pulling force on the body is directly
upwards. This restricts the natural position of the body
during running and walking to a forward leaning position.
Because harness systems pull the upper body directly
upwards from the chest they are can provide too much
stability for balance training. Another issue with the har-
ness based body weight support is that the harness sup-
porting the subject decreases the need for natural asso-
ciated postural adjustments (APAs) that are required for
independent gait. The main site for an active control of
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balance during gait is the step-to step mediolateral place-
ment of the foot. When supported by a harness during
BWS training any mediolateral movement is restricted
by a medially directed reaction force component that will
help stabilize the body in the frontal plane and decrease
or even eliminate the need for APAs making gait and
balance training less effective. Further the straps and
attachment devices create localized pressure points and
stresses on the body, and restrict the range of motion of
the body and its limbs. In particular the straps around the
thighs and groin interfere with the back and forth rotation
of the legs.
[0017] An new alternative to a harness based body
weight support is a close fitting differential pressure suit
is described in this application and in U.S. Patent Appli-
cation [US 2010/0000547, PCT/US2009/003535, EP
09762926.5]. A differential pressure body suit with exter-
nal support against body suit migration is provided by the
invention. In its preferred embodiment, such body suit
may comprise a close-fitting, multi-layered suit sealed
against a person’s skin to contain the differential pres-
sure, or a looser-fitting space suit that bends at the joints
with minimal force. External support means include either
fixed or movable mechanical supports attached to the
body suit, extraordinary air pressure levels for making
the body suit rigid, or exoskeletons attached to the body
suit. This differential pressure body suit provides a port-
able and convenient system for rehabilitating a skeletal
joint injury or training for injury prevention or athletic per-
formance. The pressurization reduces the weight of the
body to greater or lesser extents, and offloads the weight
to the ground through the external support means. The
body suit is flexible and has joints that can flex with min-
imal force even under pressure. In US 2003/137119 A1,
a stand up walker for supporting body weight in a standing
position is provided with a pair of upper lift arms pivotally
mounted on a walker frame and having lift spring means
mounted on the walker frame. US 2012/238921 A1 dis-
closes various embodiments of differential air pressure
systems and methods of using and calibration such sys-
tems for individuals with impaired mobility. The differen-
tial air pressure systems may comprise an access assist
device configured to help a mobility impaired user to
stand in a pressure chamber configured to apply a pos-
itive pressure on a portion of the user’s body in the seals
pressure chamber.
[0018] In either harness based approaches or partial
pressure differential pressure suit means are required
for attaching the harness, pressure suit or other attaching
means to the mechanism that provides the counter-force
body weight support. Harness systems use ropes straps
and or cables to attach the harness system to the over-
head counter-weight system. A natural walking or run-
ning gait consists of body movements or rotations about
various axes of the body. It is important that the connect-
ing system not unduly restrict these movements. There
is a need for body weight support systems that do not
restrict natural body movements.

Summary of the Invention

[0019] The present invention provides a lift-assisted
mobility device according to claim 1 and a method ac-
cording to claim 2. Embodiments of the invention are set
out in the dependent claims.
[0020] There is also disclosed a differential pressure
body suit with external support against body suit migra-
tion. The disclosure provides body weight support in a
way that does not restrict one’s natural body movements
that occur while walking or running. Specifically the dis-
closure is an improved system for a body weight support
device for connecting a person’s body to the weight off-
loading components of the device (referred here to a con-
stant-force adjustment mechanism) so as not to restrict
natural body movements. In its preferred example, such
body suit may comprise a close-fitting, multi-layered suit
sealed against a mammal’s skin to contain the differential
pressure, or a looser-fitting suit that bends at the mam-
mal’s joints with minimal force. External support means
include either fixed or movable mechanical supports at-
tached to the body suit, extraordinary air pressure levels
for making the body suit rigid, or exoskeletons attached
to the body suit. A cyclic control system can turn the dif-
ferential pressure condition within the body suit on and
off on a selective basis to accommodate the movement
of the legs of the mammal. This differential pressure body
suit provides a portable and convenient system for reha-
bilitating a skeletal joint injury or training the mammal for
injury prevention, athletic performance, or fat reduction,
or assisting the mobility of the physically disabled. The
pressurization reduces the weight of the body to greater
or lesser extents, and offloads the weight to the ground
through the external support means. The body suit is
flexible and has joints that can flex with minimal force
even under pressure.
The invention can also be used to assist the mobility for,
e.g., the elderly or disabled people, who have common
problems such as degenerative hips or knees by reduc-
ing the stress on their joints. This includes a lift-assisted
mobility device for enabling a person to stand from a sit-
ting position with minimal effort and receive support while
standing in a mobile environment. Furthermore, the al-
ternating pressure/depressurization cycle can provide
medical benefits via the body suit similar to massage, or
by enhancing venous return of blood to the heart for, e.g.,
people suffering from varicose veins or other vascular
disorders. The system can also facilitate proper posture,
and avoid bed sores caused by prolonged horizontal con-
tact by the body with the bed. This is not a purely me-
chanical system for supporting bodily motion, such as an
exoskeleton. This invention is useful not only for humans,
but also for other animals like dogs, cats, and horses.

Brief Description of the Drawings

[0021] In the accompanying drawings:
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Figure 1 is a perspective view of the assisted motion
system.
Figure 2a is a schematic view of the legs and feet of
a human and the forces applied thereto.
Figure 2b is a schematic view of a body suit and the
forces applied thereto.
Figure 3 is a cut-away view of the body suit.
Figure 4 is a schematic view of the construction of
the body suit.
Figure 5 is a partial view of the body suit connected
to a portion of the external support frame.
Figure 6 is a partial front view of a waist seal attached
to the interior of the body suit.
Figure 7 is a cut-away front view of an alternative
airtight shorts embodiment of a waist seal for the
body suit.
Figure 8 is a cut-away front view of an inflatable air
tube seal for the body suit.
Figure 9 is a perspective view of a human wearing
a full-length pants body suit.
Figure 10 is a perspective view of a human wearing
a pants body suit only extending to the ankles.
Figure 11 is a cut-away view of a sleeve seal for the
body suit of Fig. 10.
Figure 12 is a perspective view of a human wearing
a pants body suit only extending to just above the
knees.
Figure 13 is a cut-away view of a sleeve seal for the
body suit of Fig. 12.
Figure 14 is a schematic view of the body suit con-
struction further comprising an airtight bladder seal-
ing means.
Figure 15 is a front partial view of the air bladder
construction of Fig. 14.
Figure 16 is a side partial view of the air bladder
construction of Fig. 14.
Figure 17 is a perspective view of an alternative ex-
ample of the body suit comprising separate pressu-
rized leg units.
Figure 18 is a partial perspective view of an alterna-
tive example of the body suit comprising a circum-
ferential tension system.
Figure 19 is a perspective view of an alternative ex-
ample of the body suit comprising a loose-fitting body
suit.
Figure 20 is a perspective view of an external
wheeled frame support structure for the body suit.
Figure 21 is a perspective view of an external cart-
like support structure for the body suit.
Figure 22 is a perspective view of a stationary sup-
port frame structure for the body suit.
Figure 23 is a partial perspective view of a constant-
force adjustment mechanism for the stationary sup-
port frame structure of Fig. 22.
Figure 24 is a perspective view of an assisted motion
system for bicycle riders.
Figure 25 is a front view of the support structure for
the bicycle assisted motion system of Fig. 24.

Figure 26 is a back view of the support structure for
the bicycle assisted motion system of Fig. 24.
Figure 27 is a perspective view of the support struc-
ture shown in Figs. 24-26.
Figure 28 is a perspective view of an external ex-
oskeleton support structure for the body suit.
Figure 29 is a perspective view of an internal ex-
oskeleton support structure for the body suit.
Figure 30 is a perspective view of pressurized body
suit units which provide the support structure for the
body suit.
Figure 31 is a perspective view of a loose-fitting body
suit featuring a cyclic gas pressurization/depressu-
rization system for supporting the body suit.
Figure 32 is a perspective view of a portable cyclic
gas pressurization/depressurization system for sup-
porting the body suit also supported by an external
exoskeleton system.
Figure 33 is a perspective view of the portable cyclic
gas pressurization/depressurization system for sup-
porting separate pressurized body units also sup-
ported by an external exoskeleton system.
Figure 34 is a perspective view of a body suit for the
upper body to maintain its vertical posture.
Figure 35 is a perspective view of a body suit for the
upper body to maintain its horizontal posture.
Figure 36 is a perspective view of body suit vest for
applying a negative (vacuum) pressure to the upper
body.
Figure 37 is perspective view of the body suit vest
of Fig. 36 with an external wheeled support frame.
Figure 38 is a perspective view of a body suit for a
horse.
Figure 39 is a front view of the body suit of Fig. 38.
Figure 40 is a perspective view of the horse body
suit of Figs. 38-39 with an external wheeled cart sup-
port frame.
Figure 41 is a perspective view of an elastic suspen-
sion system.
Figure 41b is a perspective view of the body weight
support device.
Figure 42 is a perspective view of a mobile walker
support structure used with the pressurized suit.
Figure 42b is a schematic showing the superior-in-
ferior axis of rotation for a human body.
Figure 43 is a schematic showing the medio-lateral
axis of rotation for a human body.
Figure 44 is a schematic showing the anteroposterior
axis of rotation for a human body.
Figure 45 is a schematic showing the medio-lateral
axis of rotation through the hip joints for a human
body.
Figure 46 is a perspective view of the pulley attach-
ment between the body suit and the band of the body
weight support device.
Figure 47 is a top down cross-sectional view of the
band and pulley attachment system of Fig. 46.
Figure 48 is a top down cross-sectional view of the
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band and pulley attachment system of Fig. 46 with
the person’s lower body and hips rotated.
Figure 49 is a top down cross-sectional view of the
band and pulley attachment system of Fig. 46 having
curved linear bearings.
Figures 50 and 51 are perspective views showing
the adjustment of the band and pulley attachment
system to the motion of the person’s leg about the
hip during the running stride.
Figure 52 is a perspective view showing the compo-
nents of one example of the suspension apparatus
of the body weight support device.
Figure 53 is a perspective view of an alternative ex-
ample of the body weight support device featuring a
leg harness.
Figure 54 is a perspective view of the rigid band and
pulley system used to provide body weight support
to a person on a powered four-wheeled support
structure.
Figure 55 is a perspective view of the rigid band and
pulley system used to provide body weight support
to a person on a non-powered, manually-operated
four-wheeled support structure.
Figure 56 is a perspective view of the rigid band and
pulley system used to provide body weight support
to a person on a treadmill with a constant-force ad-
justment mechanism extending from the treadmill.
Figure 57 is a schematic view of the layers of the
close-fitting differential pressure body suit.
Figure 58 is a view of the mapping lines of non-ex-
tension on a lower body.
Figure 59 is a view of a pattern for the first outer layer
of the body suit.
Figure 60 is a perspective view of a runner on a tread-
mill-based body weight support device wearing a
two-way stretch fabric body suit.
Figure 61 is a side view of a lift-assisted mobility
device of the present invention.
Figure 62 is a side view of a person wearing a pres-
surized suit and band and pulley system of the
present invention.
Figure 63 is a side view of a person wearing the
pressurized suit with the band and pulley system op-
eratively attached to the lift-assisted mobility device
in a seated position.
Figure 64 is a side view of the person operatively
attached to the lift-assisted mobility device of Fig. 63
in the standing position.
Figure 65 is a side view of the person operatively
attached to the lift-assisted mobility device in the
standing position of Fig. 64 secured to a moving
treadmill.
Figure 66 is a view of the means used to secure the
wheels of the lift-assisted mobility device in place to
the treadmill.

Detailed Description of the Preferred Embodiment

[0022] A differential pressure body suit with external
support against body suit migration is provided. In its pre-
ferred embodiment, such body suit may comprise a
close-fitting, multi-layered suit sealed against a mam-
mal’s skin to contain the differential pressure, or a looser-
fitting space suit that bends at the mammal’s joints with
minimal force. External support means include either
fixed or movable mechanical supports attached to the
body suit, extraordinary air pressure levels for making
the body suit rigid, or exoskeletons attached to the body
suit. A cyclic control system can turn the differential pres-
sure condition within the body suit on and off on a selec-
tive basis to accommodate the movement of the legs of
the mammal. This differential pressure body suit provides
a portable and convenient system for rehabilitating a
skeletal joint injury or training the mammal for injury pre-
vention, athletic performance, or fat reduction, or assist-
ing the mobility of the physically disabled. The pressuri-
zation reduces the weight of the body to greater or lesser
extents, and offloads the weight to the ground through
the external support means. The body suit is flexible and
has joints that can flex with minimal force even under
pressure. The invention can also be used to assist the
mobility for, e.g., the elderly or disabled people, who have
common problems such as degenerative hips or knees
by reducing the stress on their joints. Furthermore, the
alternating pressure/depressurization cycle can provide
medical benefits via the body suit similar to massage, or
by enhancing venous return of blood to the heart for, e.g.,
people suffering from varicose veins or other vascular
disorders. This is not a purely mechanical system for sup-
porting bodily motion, such as an exoskeleton.
[0023] For purposes of the present invention, "differ-
ential pressure" means the difference in pressure condi-
tions across opposite sides of the body suit, such as a
positive pressure or negative (vacuum) pressure condi-
tion contained inside the suit, and an atmospheric pres-
sure condition on the outside of the suit. For example, if
atmospheric pressure is equal to 101352.93 N/m2 (14.7
Ibs/in2 ("psi")), and the internal pressurized condition of
the body suit is 108247.69 N/m2 (15.7 psi), then the dif-
ferential pressure applied by the body suit to the mammal
wearing the body suit is 6894.76 N/m2 (1.0 psi). Such
differential pressure can also be represented as ΔP within
this application.
[0024] As used within this application, "positive pres-
sure" means any pressure level in excess of atmospheric
pressure.
[0025] For purposes of this application, "negative pres-
sure" means any pressure level less than atmospheric
pressure. A vacuum is an example of such a negative
pressure. Partial vacuums are also covered by this in-
vention.
[0026] In the context of the present invention, "body
portion" means any part of the body to which the differ-
ential pressure condition is applied by the body suit. Ex-
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amples include, without limitation, feet, legs, knees, hips,
shoulders, arms, elbows, torso, and the back.
[0027] As used within this application, "body suit"
means a single or multi-layered, close-fitting or loose-
fitting suit capable of containing a positive or vacuum
pressure condition that covers a predetermined body por-
tion. Examples include, without limitation, trunks, shorts,
full-length pants, such pants that cover the feet, shirts,
and chest or arm segments. The suit is provided with a
means for creating the positive or negative (vacuum)
pressure condition within the suit. Such a means may be
a port connected to an air pressure control system.
[0028] In the context of the present invention, "pres-
sure-tight" means with respect to the body suit that the
material forming such body suit is capable of containing
a positive or negative pressure condition without sub-
stantial diminishment over a time period that is relevant
to the usage of the body suit. Thus, pressure tightness
does not require an absolute absence of any loss of pres-
sure or vacuum, nor does it require maintenance of the
positive pressure or vacuum condition within the suit for
a time period greater than the time interval during which
the suit is worn for an exercise or therapeutic treatment
session, or beyond which such positive pressure or vac-
uum condition can reasonably be replenished within such
exercise or therapeutic session.
[0029] For purposes of the present invention, "mam-
mal" means any of a class of higher vertebrates compris-
ing humans and all other animals that nourish their young
with milk secreted by mammary glands, and have the
skin usually more or less covered with hair. Such animals
include, without limitation, horses, dogs, and cats.
[0030] A human runner will be used as an exemplary
mammal for purposes of describing the assisted motion
system of the present invention. It is important to appre-
ciate, however, that any other type of mammal for any
other kind of exercise, life activity, or rehabilitative activity
is covered by this application, as well.
[0031] The assisted motion system 10 of the present
invention is shown in Fig. 1. Unlike prior art static systems
that require a runner to use a stationary treadmill, this
system is portable, thereby enabling the runner 12 to
enjoy exercising outdoors on the road or a trail. In this
embodiment, the runner wears a differential pressurized
pant suit 14 that extends downwardly from the runner’s
waist 16 and covers the feet 18. The runner’s legs 20 are
depicted inside the differential pressurized suit 14 in bro-
ken lines 22.
[0032] The differential pressurized suit 14 is construct-
ed of air-tight material, and affords easy movement by
the body and limbs of runner 12 while running. The suit
14 is sealed against the body at the waist 16. When air
pressure condition P above atmospheric pressure Patm
is added to the volumetric region 24 defined between the
runner’s legs 20 and the suit 14, a differential pressure
condition ΔP is created in which the runner’s lower body
portion contained within the suit 14 experiences a higher
pressure condition than the runner’s upper body 26,

which only experiences Patm. Due to this pressure differ-
ential ΔP, an upwards force is exerted on the runner 12
by the higher air pressure contained inside the suit 14,
thereby acting to diminish the weight of the runner’s body.
Runner 12 thereby experiences a reduced weight on his
feet, knees, legs, and lower body when he runs in this
differential pressurized suit 14, compared with if he ran
without the suit.
[0033] Figure 2 illustrates the various vector forces on
the runner’s body. The runner 12 and the differential pres-
surized suit 14 are depicted separately in Figs. 2a and
2b, respectively, for ease of understanding. The force
from gravity exerted on the runner’s body mass is shown
as Fg. In use, the suit 14 is sealed to the runner’s body
at the waist 16, and pressurized to pressure P to create
the differential pressure condition ΔP between the upper
and lower bodies. The cross-sectional area of the body
at waist 16 is depicted as area Aw. The positive pressure
P is directed against the body and legs 20. The differential
pressure condition ΔP results in an upwards-directed re-
sultant force Fb on the body located at the centroid 17 of
cross-sectional area Aw. This total upwards force Fb is: 

This constitutes the amount of weight that is effectively
reduced from the lower body 20 of runner 12. For exam-
ple, a runner experiencing a pressure differential ΔP on
the lower body of 0.5 psi having a cross-sectional waist
area of Aw of 100 square inches would experience a 50
lb reduction in weight due to the differential pressurized
suit 14.
[0034] Figure 2b illustrates the various vector forces
on the suit 14. The cross-sectional area of the suit at
waist 16 is depicted as As. In the case of a closely-fitting
body suit, As should approximate Aw. The positive pres-
sure differential ΔP also results in a downwards directed
force Fs on the suit 14. The amount of this downwards
force Fs is: 

This constitutes the amount of force that pushes the suit
down the body. For example, a suit pressurized to a pres-
sure differential ΔP of 0.5 psi having a cross-sectional
waist area As of 100 square inches is subject to a 50 lb
downwards force. This force Fs would ordinarily cause
suit 14 to work its way downwardly along legs 20. There-
fore, an important part of the disclosure is the inclusion
of external support 26 to prevent the downward migration
of the suit. In the case of the embodiment depicted in Fig.
1, external support 26 constitutes a frame 28 that is op-
eratively connected to wheels 30. The suit is attached to
the frame 28 at attachment points 29. When the differ-
ential pressurized suit 14 is connected to frame 28, the
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downward force Fs exerted on the suit 14 is matched by
the upwards reaction force exerted by the supporting
structure at the attachment points 32.
[0035] In this manner, the supported differential pres-
surized suit 14 is able to diminish the weight of the run-
ner’s body without contacting the body. Through the ap-
plication of differential pressure ΔP, an amount of weight
ΔW of the body equal to: 

is transferred from the muscle-skeletal structure of the
runner’s lower body 20 to the frame 28 of the supporting
structure 26, and through the frame 28 and wheels 30 to
the ground. Moreover, the support structure prevents
force Fs from pulling the differential pressurized suit 14
off runner 12. Furthermore, because the wheel-based
support structure 36 and differential pressurized suit 14
are completely portable in nature, runner 12 can go an-
ywhere with the motion-assisted system 10, instead of
being confined to a stationary or pressure chambers as
with prior art systems.
[0036] When the runner’s body is in contact with the
ground via feet 18, various amounts of weight can be
effectively removed from the body, depending upon the
level of positive pressure P introduced to the body suit.
For example, for a 180 lb runner having a cross-sectional
area Aw of 100 square inches, a differential pressure ΔP
of 1 psi would reduce his weight by 100 lbs. The runner’s
lower body would therefore only need to support a weight
of 80 lbs. A 0.5 psi pressure differential ΔP would take
off 50 lbs of weight. A 0.25 psi pressure differential would
take off 25 lbs of weight.
[0037] The preferred construction of differential pres-
surized suit 14 is shown in greater detail in Figs. 3-4.
Close fitting suits provide the advantage of greater mo-
bility for runner 12. Suit 14 is constructed from at least
three layers of material. Figure 3 shows a cut-away view
of the suit illustrating its different layers.
[0038] An air-tight inner layer 31 featuring an airtight
seal 32 at the waist 16 of the runner’s body 20 maintains
the positive pressure P condition inside the suit against
the runner’s body skin 34. The fabric for this air-tight layer
which is closest to the body may be formed from any
pressure-tight material that is also sufficiently flexible to
afford mobility by the runner. Examples include, without
limitation, latex rubber, neoprene, and air-tight elastic
fabrics like latex-coated Lycra. This fabric should be suf-
ficiently thin and elastic to provide comfort without restric-
tion. Preferably, suit 14 is about 0.0508 - 1.016 mm (0.002
- 0.040 inch) thick, more preferably about 0.127 - 0.381
mm (0.005 - 0.015 inch) thick, still more preferably about
0.254 mm (0.010 inch) thick. The elasticity of the material
can be expressed by spring rate, which is the force nec-
essary to double a 25.4 mm thick (one-inch-thick) strip
of fabric. Preferably, this spring rate should be about

90.72 - 907.18 g (0.2 - 2.0 lbs), more preferably about
226.80 - 680.39 g (0.5 - 1.5 lbs), still more preferably
about 453.6 g (1.0 lb).
[0039] Two outer layers 36 and 38 of the differential
pressurized suit 14 composition prevent the suit from ex-
panding due to the force applied by positive pressure P,
while maintaining the shape of the suit to fit closely to the
body. This close fit provides for ease of mobility of the
body and its limbs 20. It also prevents the legs of the suit
from contacting each other during the running motion.
Moreover, this close fit of the suit reduces the volume of
pressurized air or other suitable gas in contact with the
body joints in order to facilitate bending of the legs.
[0040] The fabric for these first and second outer layers
36 and 38 should be composed of mesh, netting, or other
suitable fabric. Suitable mesh material is available from
Apex Mills Corporation of Inwood, New York. This mesh
or netting is constructed to mostly be non-extending
along one axis, and elastic or extensible along a second
axis perpendicular to the first axis. Exemplary mesh ma-
terials include, without limitation, nylon-Lycra that can be
knit or braided, or a monofilament like nylon or Dacron.
[0041] The first outer layer 36 serves to prevent the
suit 14 from expanding circumferentially. The circumfer-
ential direction of expansion is perpendicular to the lon-
gitudinal axis of the legs and body fabric. The fabric is
oriented so that its non-extending axis follows this direc-
tion. The fabric can be more specifically oriented so that
its non-extending axis follows lines on the body in which
the skin does not stretch or extend during bending or
other movement. These lines are known within the in-
dustry as "lines-of-non-extension." Lines of non-exten-
sion run both parallel and perpendicular to the longitudi-
nal axis of the legs and body. This first layer of fabric
preferably would follow the perpendicular lines of non-
extension.
[0042] The second outer layer 38 serves to prevent the
suit 14 from expanding longitudinally under pressure.
This fabric layer is oriented, so that its axis of non-exten-
sion generally follows lines that are generally parallel to
the longitudinal axis of the legs and body. Preferably, the
fabric can be more specifically oriented in this direction
to follow longitudinal lines on the body in which the skin
does not stretch or extend during bending or other move-
ment. Where appropriate in sections of the body which
do not flex, such as the thigh area or lower calves, cloth,
mesh, or net material that is non-extendible along both
axes may be used. This second outer fabric layer 38
which is mostly non-extensible in the vertical direction of
an upright body effectively carries the vertical downward
load on the suit resulting from the positive pressure dif-
ferential.
[0043] Differential pressurized suit 14 may also feature
additional layers of nylon 40 between the body 20 and
the air-tight inner layer 30, and 42 and 44 between the
inner 30 and first outer layer 36, and two outer layers 36
and 38, respectively, in order to enable the suit and layers
to slip relative to one another on the body to improve the
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runner’s mobility. Air-tight zippers 46 positioned along
the suit 14 near its waist 16 and feet 18 portions allow
for easy entry and removal of the suit. Such air-tight zip-
pers are available from YKK (U.S.A.) Inc. of Marietta,
Georgia. Moreover, the suit 14 may feature an inner vent
layer 48 that provides airflow and moisture control. In
other embodiments these layers can be separately com-
bined into a single layer that provides the same basic
functioning as for the separate layers described above.
[0044] As shown in Fig. 5, a band 54 serves to attach
the suit 14 to the supporting structure 28. This band is
attached to the supporting structure with a fitting 29, such
as a threaded collar receiving threaded ends extending
from support structure 28. The band should conform to
the generally elliptical shape of waist cross-section Aw
that surrounds the suit 14 at the waist 16. This band
serves an additional purpose of containing the outward
pressure force in order to enhance the radial inward force
as the suit is filled with pressure. This assures that the
suit will conform closely to the body at the waist 16.
[0045] The band 54 may be made from any suitable
material that is strong enough to contain this outwardly-
directed force, including metal, plastic, or composites. It
may be made moldable to the general shape of the run-
ner’s waist, using a thermoset plastic material. The band
54 may alternatively be formed from a strong, flexible
fabric, such as nylon. The suit 14 may be attached and
detached from the band 54, using a Velcro fastening sys-
tem. Other mechanical fastening systems such as straps,
snaps, or hooks engaging eyelets may also be utilized.
Alternatively, the band can constitute an integral part of
the suit. The band may be in two pieces hinged and fitted
with a locking clasp to allow for easy entry.
[0046] In the embodiments of the differential pressu-
rized suit 14 shown in Figs. 1-3, the suit covers the entire
lower legs and feet, so that the entire lower body below
the waist is airtight. A seal 40 is connected to the waist
of suit 14 with an airtight connection, so that air pressure
cannot escape between the suit and the seal. While the
seal 40 may be positioned at the waist area, it may also
be located lower, below the hips, or somewhere in be-
tween.
[0047] The seal 40 constitutes an airtight band of ma-
terial that fits tightly over the body. As shown more clearly
in Fig. 6, it is attached to the suit 14 at 55. This seal 40
is preferably constructed of elastic neoprene, or any other
airtight material, such as rubber, latex, or a rubber-coated
Lycra. Suitable latex rubber sheeting is available from
Rubber Cal of Santa Ana, California. The seal should be
sufficiently wide across the waist area of the suit to pro-
vide for a sufficient airtight closure. The circumference
of the seal 40 should be less than the unstretched cir-
cumference of the body part that is circumscribed by the
seal, so that when the seal 40 is secured around the body
part (in this case, the waist area), a positive pressure is
applied by the seal to the underlying skin. Combined with
the air at pressure P that is introduced into the suit 14
within the volume between the suit’s airtight inner layer

30 and the runner’s body skin, the suit 14 and associated
seal 40 maintain a relatively airtight seal in order to con-
fine the volume of air pressure P inside the suit. The seal
40 is sufficiently airtight that it provides enough sealing
force to maintain the air pressure inside the suit using
the air control system.
[0048] Figure 7 shows another embodiment of a waist
seal for suit 14. In another embodiment of the differential
pressurized suit 14 of the present disclosure, the waist
seal can comprise an airtight pair of shorts 53 that are
connected to the interior of the suit. Such shorts can be
tight-fitting, airproof neoprene compression shorts that
provide a tight fit against the body. These shorts can be
connected to the suit at the waist by means of an airproof
zipper. The shorts can also consist of a tight-fitting,
breathable fabric that has a band of airproof latex or rub-
ber coating at the top or bottom portion to provide the
airproof seal against the body.
[0049] In yet another alternative embodiment, the seal
can consist of an inflatable air tube seal 50, as shown in
Fig. 8. This inflatable tube seal circumscribes the waist,
and is attached via an airtight connection to the exterior
of the suit. When inflated with air, the tube seal 50 ex-
pands and applies an inwardly directed force to the waist
to compress it against the skin to confine the air pressure
P condition inside the suit.
[0050] As shown in Fig. 9, when suit 14 is pressurized,
it maintains a shape close to the body, while affording
mobility of the body and limbs. A port 56 is provided in
the suit to allow for pressurizing and depressurizing the
suit. An air control system 58 connected to an associated
pressurized air source 59 maintains the positive pressure
condition P inside the suit. The air control system 58 may
also control the humidity and temperature levels existing
inside the suit. The suit may be statically pressurized
once, and then worn by the person without the control
system 58. When operating in this manner, the seal 40
maintains the pressure condition for the duration of the
time period that the suit is worn. The suit may be worn
for time periods ranging between minutes for brief exer-
cises to days for medical rehabilitation.
[0051] While this application discusses the use of pres-
surized air to fill the suit, other pressurized gases may
be employed. Other examples of such pressurized gases
include nitrogen, carbon dioxide, and argon. Such gases
must be non-toxic and not harmful to body skin, or else
an inner layer must be worn between the gas and the
skin to protect the skin and body.
[0052] The differential pressurized suit 52 shown in
Fig. 9 comprises a full-length pair of pants which also
completely cover the feet. Airtight zippers 60 assist entry
into the waist region of the pants. Airtight zippers 62 do
the same for ankle regions. Finally, airtight zippers 64
allow the foot portion 66 of the suit 52 to be attached to
the pants portion 68 after the feet are inserted through
the pant legs.
[0053] Still another embodiment of a differential pres-
surize suit 70 is depicted in Fig. 10. In this particular em-
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bodiment, the suit extends from the waist 72 to the ankles
74 without covering the feet, and is sealed at the ankle.
The waist seal is as described above, and may include
a rigid band 54 surrounding an air bladder. The ankle
seals 76 are shown in greater detail in Fig. 11, and com-
prise a sleeve seal 41 connected inside the suit leg 70
that is constructed of elastic neoprene, or another airtight
elastic material, such as rubber, latex, or a rubber-coated
Lycra. The sleeve seal 41 can be a tight-fitting, airproof
neoprene compression sleeve that provides a tight fit
over the ankle and lower calf. The sleeve seal 41 should
be long enough to provide for a sufficiently airtight closure
between the seal and the body skin. The unstretched
circumference of the ankle sleeve seal 41 should be less
than the circumference of the ankle and lower calf, so
that when the sleeve seal 41 is secured around the ankle,
a positive pressure is applied by the seal to the underlying
skin by the elastic tension of the seals. In this manner,
when the suit is pressurized with air to pressure condition
P, the pressurized air is substantially contained within
the suit 70.
[0054] By having suit 70 end at the ankles, motion by
the foot will not be impaired by the foot portion of the suit.
The suit 70 may also be put on more easily. Moreover,
the wearer may wear normal-sized shoes.
[0055] The net upward force provided by pressurized
air contained within suit 70 may be calculated as: 

where ΔP is the difference in pressure level P inside the
suit and atmospheric pressure Patm outside the suit. Aw
is the cross-sectional area of the waist. Aa is the cross-
sectional area of each ankle.
[0056] Another embodiment of differential pressurized
suit 80 is shown in Fig. 12. In this embodiment, suit 80
extends to just above the knee. It is sealed at the waist
82 and at the knees 84. The waist seal 86 is as describe
above. The knee seals 88 are shown in greater detail in
Fig. 13. The sleeve seal 81 is an airtight sleeve connected
to the interior of the suit 80 that fits tightly over the lower
thigh. The sleeve seal should be long enough to provide
for a sufficiently airtight closure. The circumference of
the knee sleeve seal 81 should be less than the un-
stretched circumference of the lower thigh, so that when
the seal 81 is secured around the knee, a positive pres-
sure is applied by the seal to the underlying skin. This
sleeve seal 81 is preferably constructed of elastic neo-
prene, or any other air-tight material, such as rubber,
latex, or rubber-coated Lycra. An advantage provided by
this suit 80 is that the runner’s knee and lower leg are
free to move without any restriction posed by suit 80. This
suit 80 is also easier to put on and take off.
[0057] The net upwards force supplied to the runner’s
body when suit 80 is filled with pressurized air is: 

ΔP is the difference in pressure between pressure con-
dition P contained inside the suit 80 and atmospheric
pressure Patm existing outside the suit 80. Aw is the cross-
sectional area of the waist. AK is the cross-sectional area
of the spot on each leg just above the knee where seals
88 engage the leg.
[0058] In another embodiment shown in Fig. 14, the
pressurized air is contained within the body suit by means
of an air-tight bladder 29 illustrated in an expanded view
of the layers of the suit. The bladder consists of an air-
proof inner layer 31 and outer layer 33. The two layers
are joined at the top and bottom of the suit to form an air-
tight bladder. This bladder is essentially two identical air-
proof layers, nested one inside the other, and sealed to-
gether at the top waist area and bottom of each leg of
the suit. When pressurized, the inner layer presses
against the skin and the outer layer presses against the
outer constraining layers 36 and 38. A frontal view of the
bladder 29 is shown in Fig. 15. A side view of the bladder
is shown in Fig. 16. The bladder 29 contains air at pres-
sure condition P. The bladder may be used for the various
embodiments of the pressure suits described herein, in-
cluding a bladder that extends from the waist to around
the foot, a bladder that extends from the waist to the
ankle, and a bladder that extends from the waist to above
the knee.
[0059] Yet another embodiment is shown in Fig. 17 of
differential pressurized suit 90. This embodiment con-
sists of an independent suit 92 and 93 for each leg, having
leg openings 94 near the upper thigh. The upper thigh
seals 95 can extend diagonally from the upper thigh at
the groin on the inner side of the leg to the hip on the
outer side of the leg. At is the cross-sectional area of the
spot on each leg at the upper thigh where seals 95 en-
gage the leg.
[0060] Each leg suit 92, 93 covers the entire lower leg
and foot, so that the entire leg below the thigh seal 95 is
airtight. The leg suits are attached by means of straps
96 to a rigid band 98 that is provided near the waist. This
band may alternatively constitute a strong, flexible fabric.
The band 98 is then attached to a supporting structure
(not shown). Alternatively, the leg suits may be attached
directly to the support frame by means of straps 96. The
positive pressure differential ΔP contained in the leg suits
92, 93 results in an upwards-directed resultant force Fb
applied to the body located at the centroid 97 of the cross-
sectional area At. The total amount of this upwards force
Fb on the body from both leg suits is: 

where ΔP is the difference in pressure between the pos-
itive pressure P condition inside the suit and atmospheric
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pressure Patm outside the suit. Aw is the cross-sectional
area of the waist region. At is the cross-sectional area of
each upper thigh region.
[0061] The various configurations of suits described
above provide high to lower amounts of upwards force
Fb on the body, depending upon the location of the seals.
The complete lower body coverage suit 14 of Fig. 1 pro-
vides the greatest upper lift to the body, because: 

The waist-to-ankle suit 70 of Fig 10 provides the next
largest amount of lift, because: 

Next in decreasing progression is the waist-to-just-
above-the-knee suit 80 of Fig. 12, because: 

For most humans, their body anatomy is such that Aa <
AK. The independent leg suits 92, 93 also provide for a
higher to lower amount of upwards force on the body.
The leg suit with a top seal at the upper thigh of Fig. 17
provides the highest amount:

A leg suit with a top seal at the upper thigh and a bottom
seal at the ankle (not shown) provides the next highest
amount: 

A leg suit with a top seal at the upper thigh and a bottom
seal at the spot above the knee (not shown) provides the
lowest amount: 

[0062] While pressurized gases like air have been dis-
cussed as the pressurizing medium for the differential
pressurized suit 14, positive pressure applied against a
body and its limbs can be created by other means. For
example a fabric or elastic material 102 circumferentially
kept under tension around a leg 104 can be employed,
as depicted in Fig. 18. The material 102 exerts a tension
Tc that creates an inwardly-directed radial force Fr on
the body that is normal to the surface of the leg. The
effect of this force within this circumferential tension sys-

tem 100 is similar to the effect of positive pressure de-
veloped by air pressure -- i.e., a net upwards force is
created on the body.
[0063] Various means can be utilized to develop this
tension. For example, an elastic material can provide this
circumferential tension. In such example, the "suit" is con-
structed by a multitude of windings of an elastic material
that is perpendicular in direction to the axis of the leg
104, and non-extensional in the longitudinal direction of
the leg. The suit is sized to be smaller than the body, so
that a tension is developed when the suit is put on. Al-
ternatively, the suit can be placed under tension through
the use of zippers, or by cinching up the suit via lacing,
tied in a knot after it is put on. Suits of this circumferential
tension embodiment 100 may be similar in degree of cov-
erage, as discussed above -- e.g., waist-to-above-the-
knee, waist-to-ankle, waist-to-around-foot; upper
thigh/hip-to-above-knee; upper thigh/hip-to-above-an-
kle; upper thigh/hip-to-around-foot.
[0064] An air bladder 106 positioned under a portion
of the wrap 102 against the leg 104 may be utilized to
create further tension inside the suit 100. This air bladder
should have a small width, and extend longitudinally
along the body under the wrap 102. When the bladder
106 is inflated with a gas like pressurized air, the wrap
102 is placed under tension. Advantageously, only a
small amount of air is required to create the positive pres-
sure on the body, because the wrap 102, itself, also con-
tributes positive pressure via the tension. At the same
time, the wrap material can allow for breathability and
the transfer of moisture away from the body.
[0065] Shaped memory alloys like nickel titanium or
shaped polymers may likewise be used to provide the
tension in a circumferentially-tensioned pressure suit. An
electric current can be applied to cause the material to
change in shape to conform to the underlying body’s
shape, and create circumferential tension. Shaped mem-
ory alloys or polymers can be woven into fabric that the
suit is constructed of.
[0066] While close fitting differential pressure suits 14
and circumferentially-tensioned suits 100 have been de-
scribed for use with the assisted motion system 10, a
looser-fitting suit 110 may also be employed, as shown
in Fig. 19. The legs of the suit 110 may extend down-
wardly to just above the knee, above the ankle, or cover
the entire foot, as described above. Seals 112 can be
provided around the waist and at the bottom edges of
the suit if the suit does not extend around the feet. Ex-
emplary locations include: upper seals 112 at the waist
or upper-thigh-to-hip; lower seals at above the knee or
above the ankle.
[0067] Mobility of the body 114 and lower legs 116 is
provided by constant volume joints positioned at the waist
118, knee 120, and ankles 122, respectively, of the suit
110. The equation for work where volume is changed
under a constant pressure is: 
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where W is work, P is the constant pressure, and ΔV is
the change in volume. Clearly, holding the volume con-
stant in a joint, such that ΔV = 0 over the course of joint
flexure is one way to nullify the need to expand work just
to flex the suit joint.
[0068] A constant-volume joint allows the cross-sec-
tional area of the joint of the suit to maintain a constant
volume of pressurized air P during bending of the body,
so that the work, and thus the force, required to bend the
joint is minimized. In the preferred embodiment of loose-
fitting differential pressure suit 110, the constant volume
joints consist of baffles and tensioning straps along the
sides of the joint to prevent the baffles from extending.
Other types of constant-volume joints known in the prior
art, such as "Space Suit Mobility Joints described in U.S.
Patent No. 4,151,612, and which is hereby incorporated
by reference in its entirety, may also be utilized. The suit
shown in Fig. 19 has constant volume joints positioned
at the waist-through-the-hip section and at the knee. A
constant volume joint at the knee 120 allows the leg to
bend and move at the knee with the motion of walking or
running without the need for undue force. An airproof
boot 124 is worn and the constant volume joint 122 is
utilized to allow for mobility.
[0069] Pressurized gas 126, such as air, is injected
into the suit 110 by means of control system 128 and
hoses 129. A person wearing the suit 110 may exercise
on a treadmill 127, but portable pressurized gas systems
are also possible.
[0070] A rubberized nylon can be utilized to construct
a single-layer suit. This can be sewn into the appropriate
shape using a standard sewing machine. Thigh seals
can be made from a commercially-purchased neoprene
compression sleeve. Compression sleeves are available
from Advanced Brace of Irving, Texas. Neoprene com-
pression shorts are available from the same supplier. The
compression sleeve can be sewn interior to the pant
around the thigh opening, and made airtight with seam
sealer in the form of Seam Lock sold by REI, Inc. of Sum-
ner, Washington to make the seam airtight. A shorts-type
waist seal can be constructed by sewing the waist area
to the outer rubberized nylon suit, and sealing the seams
to make it airtight. Alternatively, a compression sleeve
may be connected to the rubberized nylon exterior suit,
by placing each over an appropriate diameter steel band,
and then clamping together the two layers of material
with another outer ring. A standard air intake fitting can
be installed in the pants to provide a port for pressurizing
the suit.
[0071] Another important aspect of the assisted motion
system 10 of Fig. 1 is the external support structure 26
that is necessary for preventing the downwardly directed
force Fs on the suit created by the positive pressure dif-
ferential ΔP, from forcing the suit down and off the run-

ner’s body. In the case of Fig. 1, the embodiment of ex-
ternal support structure 26 constitutes a frame 28 and
wheels 30 for providing complete mobility to runner 12.
Such support structures should be designed for the spe-
cific range of body motions that the person wearing the
suit plans to carry out.
[0072] Shown in greater detail in Fig. 20 is a wheeled
frame structure 130 for supporting a differential pressu-
rized suit 132 worn by a person 134 who is running. As
the runner wears this suit 132 supported by the wheeled
frame 130 during his running routine, he experiences less
weight on his feet, knees, legs, and lower body, because
a portion of his body weight has been offloaded by the
upwards force Fb on the body created by the positive
pressure differential ΔP of the pressurized suit 132. The
downward force Fs on the suit also caused by the positive
pressure differential ΔP is transmitted to the support
structure 130, and from the support structure to the
ground.
[0073] The frame 130 shown in Fig. 20 has a construc-
tion similar to a bicycle: a wheel in the front 136 and one
in the back 138. The runner 134 is positioned midway
between the wheels, and the space between the wheels
is sufficient to avoid contact with the runner’s legs. The
rotational momentum of the wheels stabilizes the frame
during motion, as with a bicycle. The frame 130 wraps
around the runner 134 at the waist/hip level 140. Note
the absence of a seat, pedals, sprocket and chain that
are normal to a bicycle. The frame 130 is designed so
that the runner 134 can swing his arms and hands when
running.
[0074] The pressurized suit 132, as described in other
examples, will create a force along the vertical axis of
pushing the body up, with the reaction force being that
of pushing the suit down. The latter is countered in this
embodiment by offloading this downward reaction force
to the ’bike’ frame 130, thereby effectively delivering part
of the runner’s weight to the bike frame and thus to the
ground through the wheels.
[0075] A mechanism 144 allows for both rotational and
angular pivoting of the runner’s torso during the motion
of running. In this embodiment, the mechanism simply
consists of a flexible pleated material 140 surrounding
the region about the waist of the pressure suit, which may
bend and twist with the movement of the runner’s torso.
Other mechanical mechanisms for this purpose may also
be utilized.
[0076] The running support frame 130 has a mecha-
nism 146 for steering the bike. In one embodiment of the
steering mechanism, the movable front wheel 136 is
steered in a similar fashion to a bicycle, except instead
of long handlebars, cables 148 and a small steering
wheel 150 are used employing well-known mechanical
methods to implement steering. In a second embodiment
of the steering mechanism, a handlebar is brought back
in reach of one or both arms of the runner. The only dif-
ference in this embodiment and a standard bicycle steer-
ing mechanism is that a centering spring holds the bike

21 22 



EP 2 968 049 B1

13

5

10

15

20

25

30

35

40

45

50

55

true, or non-turning until the runner applies force to the
steering handle bar. This allows periods of running with-
out active steering. A third steering embodiment uses a
stepper motor in the steering column powered by an em-
bedded rechargeable battery. The steering is controlled
by the motor via a wireless handheld glove actuator that
provides motion commands to the motor using well-
known wireless and motion control methods. This permits
the runner to freely swing his arms in a natural running
motion, and still retain full-time steering control. A fourth
steering embodiment positions the hub of the wheel
backwards or forwards of the vertical axis of steering to
provide automatic steering.
[0077] The running support frame 130 may also have
standard bicycle brakes which are operated by a hand
lever using well-known means, or by the handheld re-
mote control method that may actuate electric powered
brakes.
[0078] An optional constant force extension mecha-
nism may be used that provides a constant upwards force
on the pressure suit allowing it to move vertically with the
vertical motion of the runner’s body. The constant force
of the mechanism is adjustable so that the upwards force
on the mechanism is equal to the downwards force of
the suit under pressure. The suit can thus float vertically
up and down with the motion of the runner’s torso, while
maintaining an essentially constant upward force on the
suit. A range of motion of 0-7 inches is provided to ac-
commodate various runners, with 3 to 4 inches being a
typical vertical displacement in running motion.
[0079] Different frames sizes may be provided to fit
different sized runners. The vertical position of the rota-
tional and angular pivoting mechanisms and the constant
force may be adjustable to accommodate different body
heights.
[0080] An alternative embodiment to the foregoing bi-
cycle-like running support structure 130 is a cart-like
structure with four wheels, arranged as pairs of wheels
lateral to the left and right sides of the runner, as shown
in Fig. 21. In this embodiment, the frame 160 is connected
to each wheel 162 lateral to the runner, leaving a clear
path to the front and back of the runner. The front wheels
operate independently and are implemented as turnable
castors 163 to accommodate steering. The rear wheels
also rotate independently, but are fixed on their vertical
axis. The axle shafts 164 provide a rigid connection to
the interface member 166 for the pressure suit 168. In a
manner identical to the bicycle-like embodiment, a por-
tion of the runner’s weight is off-loaded via the pressure
suit 168, and transmitted to the frame, axle shafts 164,
and ultimately the ground 172. Steering is accomplished
passively in that the cart simply follows direction changes
engendered by the runner’s change in direction, which
translates twist through the frame to the front wheel cas-
tor mechanisms in a manner similar to steering a shop-
ping cart.
[0081] Yet another example may be that of a tricycle,
where a pair of wheels front-left and front-right of the

runner are connected to the frame as in the four-wheeled
cart, and a third free wheel and a single free turning rear
wheel confers stability to the system. Finally, it should be
realized that any number of wheels may be used without
departing from the scope of this disclosure.
[0082] Figure 22 shows another embodiment of the
support structure consisting of a stationary supporting
frame 180 positioned over a treadmill 182. The frame
180 provides support for the pressure suit 184 worn by
the runner 186. Any of the aforementioned pressure suit
embodiments may be utilized for this static support struc-
ture 180. For illustrative purposes, Fig. 22 depicts a pres-
sure suit 184 that ends above the ankles. Conceptually,
the only difference between this static support structure
180 and the aforementioned wheeled support structures
130 and 160 is that the reaction force that is subtracted
from the runner’s weight is offloaded from the runner to
a rigid fixed structure, the treadmill frame, instead of a
mobile structure.
[0083] This is accomplished by providing a set of slid-
ing rods which support the runner and are arranged to
allow for longitudinal and lateral motion. A rigid waist loop
supporting member 188 wraps around the runner’s body
and connects to the pressure suit 184 at the waist. A
horizontal longitudinal sliding rod 190 connects to each
end of the frame and slides through the fittings 192. The
sliding longitudinal rod allows for longitudinal movement
of the runner in the front to back direction on the track
182. The fittings 192 are attached at the middle of each
of two sliding horizontal lateral rods 194. These sliding
lateral rods allow for lateral movement of the runner on
the track in the side-to-side direction. The lateral sliding
rods 194 slide through fittings 196 that are fixed atop
constant-force pneumatic springs 198. Preferably, these
springs provide a constant force to support the vertical
downwards loads from the suit and sliding rods, and allow
for vertical motion of the runner 186. In other embodi-
ments, the springs may be constant-force mechanical
springs, as is known in the art. The springs may also be
mechanical or pneumatic springs that are not constant
force. The springs are connected to vertical rigid mem-
bers 200 that connect to the base of the treadmill.
[0084] In usage, the constant-force air cylinders are
each set such that the total force equals the desired
weight to be subtracted. Air cylinder actuators are avail-
able from Bimba Manufacturing Company of Monee, Il-
linois. Prior to pressurizing the pants 184, the runner
steps up on a small support about one foot above the
surface of the treadmill, and clips into the hooks on the
air cylinder apparatus. Once this is done, the pants 184
may be pressurized. By standing on a scale, the pressure
may be set to subtract the desired weight. Alternatively,
since the pants characteristics should be known a priori,
a specific calculated pressure P applied to the pants 184
will yield a specific weight subtraction. The desired weight
subtraction set via the pressure P, and the counter force
supplied by the air cylinders 198 can be approximately
matched. A control system can apply the correct calcu-
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lated pressure to the constant force springs 198. During
running, a runner could move vertically from 1 to 7 inches,
typically 3 or 4 inches, vertically relative to the running
surface. The function of the air cylinders 198 is to main-
tain a constant offloading of the reaction force dynami-
cally, in response to this vertical displacement during run-
ning.
[0085] In lieu of the wheeled or static support structure
discussed above that is separate from the pressurized
suit, the supporting structure component may be directly
incorporated into the pressure suit so that both the sup-
porting frame and the pressure suit and body have the
same movements. In this manner the disclosure provides
for a wide range of movements and exercises over a
variety of terrains.
[0086] As shown in the embodiment 230 of Fig. 28, the
supporting frame is a rigid exoskeleton structure 232
made of lightweight rods and joints that is attached to the
outside of the pressurized suit 234. The rigid frame and
joints of the exoskeleton 232 provide the necessary sup-
port for the downward force of the pressurized suit 234.
The downward force of the suit Fd is equal to the upward
force Fu at the attachment point to the top of the exoskel-
eton. The exoskeleton has matching supports on the in-
side and the outside of the legs.
[0087] The embodiment 240 shown in Fig. 29 is the
same as that shown in Fig. 28, with the exception that
the rigid exoskeleton 242 is built into the fabric of the suit.
The exoskeleton 242 comprises a number of relatively
strong thin vertical rods 244 that have a flexible joint at
the knee. The rods are integrated into the air-tight fabric
that comprises the suit 234 as described earlier, and ter-
minate uniformly at an ankle ring 246 that in turn conducts
the force to the exterior of the boot structure and thus to
the ground. Alternatively the rods 244 may be layered
over the suit and suitably attached at a multitude of points.
The rods generally follow the longitudinal lines of non-
extension of the lower body and legs. The rods 244 are
comprised of a suitable lightweight, but strong material
such as aluminum or a composite material. The internal
exoskeleton 242 supports the legs of the pressurized suit
234. It is depicted inside only one leg in Fig. 18 for ease
of understanding.
[0088] Another type of supporting device for the assist-
ed motion system 10 utilizes the air pressure of the pres-
surized suit to support the runner. In this case, no sup-
porting frame is required. The column of pressurized air
contained in the leg units is capable of supporting a load
equal to the differential pressure ΔP times the cross-sec-
tional area of the leg unit Au.
[0089] As shown in Fig. 30, in this embodiment 250
the body suit 252 consists of tubular units 254 around
each leg. The leg units have an equivalent or slightly
increasing cross-sectional area from the top to the bot-
tom. This shape of the tubular units 254 results in no
vertical downwards force being imparted on the exterior
of the tube by the internal pressure of the unit. The units
are sealed at the bottom around the foot. The units are

sealed at the top against the thigh by seals 256, as de-
scribed previously. The units are sized, so that the col-
umn of pressurized air can support the weight of the body
that is supported by the internal differential pressure ΔP.
The load supported by each unit is equal to the cross-
sectional area of the unit Au times the differential pres-
sure ΔP.
The positive pressure differential ΔP in the leg unit results
in an upwards-directed resultant force Fb on the body
located at the centroid of the cross-sectional area Au of
each leg unit. The total amount of this upwards force Fb
on the body from a leg unit is:

[0090] As discussed with respect to Fig. 30 for the
loose-fitting suit embodiment of the pressurized suit, con-
stant volume joints 258 at the knees and 260 at the ankles
allow the pressurized leg units 254 to bend and move
with the walking and running motion without the need for
undue force. Loose fabric in these joints permit the vol-
ume to remain relatively constant during bending. A re-
taining means between the loops of fabric prevent the
joint from expanding longitudinally when the tubular units
254 are pressurized. The person can conveniently exer-
cise on a treadmill 262.
[0091] In another embodiment, the tubular units may
be shaped into forms that enable the motion of the person
wearing the suit 252, and provide for a more compact
design. For example the tubular units may be elliptical
with the longer axis aligned with the forwards-backwards
axis of motion. The shape of the cross-sectional area can
vary moving up and down the leg. The lower cross-sec-
tional area can be shaped more like the lower leg and
foot. The upper cross-sectional area can be shaped like
the thigh. This provides for a streamlined form, which
does not interfere with the running motion.
[0092] Alternatively, the tubular unit may have a sep-
arate outer pressurized chamber that provides the sup-
port. This chamber can have a higher pressure than re-
quired for providing support to the body to enable sup-
porting a higher load with less of a cross-sectional area
for the tubular unit.
[0093] The unit may also have separate smaller pres-
surized tubular units which support the load. Such an
embodiment provides a more compact form closer fitting
to the body.
[0094] For the suits described which provide exoskel-
etons as the supporting structure, the movement of var-
ious body movements can be further enhanced by using
a powered exoskeleton, as is known in the art. A powered
exoskeleton consists primarily of a skeleton-like frame-
work worn by a person and a power supply that supplies
at least part of the activation-energy for limb movement.
Typically, a powered exoskeleton is attached at specific
localized points of the body through mechanical means.
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These local mechanical pressure contact points on the
body are deleterious. The use of differential pressure to
support the body allows for the coupling of the exoskel-
eton to the body to be distributed over a large body sur-
face.
[0095] The concept of supported differential pressure
can be utilized to un-weight other areas of the body. For
example, by creating a pressure differential between the
narrower waist or lower pelvis of a seated person using
a supported differential upper body pressure suit, the per-
son’s upper body weight can be unweighted. This could
be used to reduce pressure on the lower back and spine
for people with lower back pain, degenerative or ruptured
disks, etc.
[0096] An example of this suit is shown in Fig. 34. The
differential pressurized suit 325 shown in Fig. 34 com-
prises a full-length suit which extend to the chest area
just below the arms. This embodiment of the suit com-
pletely covers the feet, legs, and lower body. Alternative-
ly, the suit may extend to the ankles, knees, or upper
thigh. The suit is sealed at the chest. The seal may con-
stitute any of the sealing methods previously discussed,
including a neoprene band, an inflatable tube, or an in-
flatable bladder. The suit is connected to a rigid band
326. The band serves to attach the suit 14 to the sup-
porting structure 327 which in this embodiment is a chair.
The connection is such that the person may easily en-
gage or disengage from the chair. The band 326 con-
forms to the generally elliptical shape of the chest cross-
section. The band and connection to the supporting struc-
ture are sufficient to support the downward force of the
pressurized suit. Air-tight zippers (not shown) assist entry
into the full length pressure suit. The suit can connect
and disconnect to connection valve 329 on the chair when
the person sits down or gets up from the chair. The con-
nection valve 329 is connected to a pressure control sys-
tem 328 that can pressurize and depressurize the suit,
as needed.
[0097] A challenge posed by the pressurized suit is
proper management of the balance between the down-
wards force of the suit and the upwards force applied by
the previously described constant-force adjustment
mechanism, support structure, or other offloading
means. In particular, the forces must be balanced when
the suit is pressurized or depressurized. If the force de-
veloped by the downwards force of the suit and the coun-
ter force applied by the constant-force adjustment mech-
anism are not applied simultaneously, the result will be
imbalance of the downwards force of the suit and the
upwards force of the offloading means. Thus, if the air
pressure is applied first, the unopposed downward force
will drive the suit downwards. Conversely, if the upward
counter tension force is applied first, then the suit will be
pulled upwards. If however, the two forces are applied
so as to continuously counter-balance each other, then
the suit will remain in its correct position on the person’s
body.
[0098] A method for smoothly applying the pressure

and the offloading counter force to the person wearing
the pressurized suit will be described. The application to
pressure pants is used for exemplary purposes only, for
a similar system may be applied to the other examples,
including the suit using negative differential pressure.
The preferred method of an adjustable, but approximate-
ly constant-force spring will be described. Following that,
a mechanism to create a set point for a control algorithm
will be described.
[0099] As described above, it is important over small
vertical displacements in the range of a typical runner
(nominally 76.2 mm (3 inches)) that the counter force is
maintained approximately constantly. A variation of no
more than 2.27 kg (five pounds) of force over 76.2 mm
(three inches) is preferred. This is readily accomplished
with stretch (bungee) cord material of approximately 1.22
m (four feet) in length, with a spring constant of 145.94
N/m (10 pound per foot). Note that two cords are prefer-
ably used: one on the left side and the other on the right
side of the person. Thus a 177.93 N (40 pound) maximum
force on each cord will yield an 36.29 Kg (80 pound)
offloading maximum. To achieve 177.93 N (40 pounds)
on each side, the stretch cord will be stretched to twice
its length, or four feet of displacement. Note that the 76.2
mm ((3 inch) (0.25 feet)) vertical displacement of the per-
son during running will cause 11.12 N (2.5 pounds of
force) loss on each cord at the peak height, for a total of
2.27 kg (5 pounds), which meets the preferred minimum
variation.
[0100] In Fig. 41, a pressurized pants implementation
is shown depicting the stretch cord connected to the run-
ner’s left side. The right side cord is omitted for the sake
of clarity. The cord 800 clips onto the pants on one end,
and it goes up over a pulley 801 mounted above the per-
son over the treadmill apparatus. At the end of stretch
cord 800 is an electronic load cell 805 capable of meas-
uring the desired tension for 0 to 222.41 N (50 pounds),
and on the other side of the load cell 805 is a non-exten-
sible cable 806 of about four feet in length, but wrapped
around a windup pulley 807. The windup pulley 807 is
motor driven with a stepper or servo motor under system
microprocessor control.
[0101] In parallel with the primary stretch cord 800 is
a secondary cord 810 whose purpose is essentially for
measurement and control. Cord 810 terminates at a fixed
location 811 near pulley 801, and its initial section is a
short spring 812 with a spring constant of one pound per
foot, followed by an inline control load cell 813, a non-
extensible cord section 814, and a hand-operated ratch-
eting pulley 815 mechanism. The lower end of 815 ter-
minates in a non-extensible rope 816 that attaches to the
pants.
[0102] The input controller keypad and display 817
contains a microprocessor. The microprocessor receives
digitally converted inputs from the load cells 805 and 813
and the pants pressure sensor 818. The microprocessor,
in addition to standard I/O functionality for the treadmill,
also controls the pants pressurizing valve and a counter
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tensioning windup motor.
[0103] At startup, the individual when ready begins with
a START command to the input control pad 817. After
standard checks to ensure that inputs are being received
from the load cells 805 and 813 and pressure sensor
818, the system instructs the user to tension ratcheting
pulley 815 until the 1 pound set point (plus/minus a suit-
able tolerance) is attained. When attained, a READY sta-
tus is reported on the display, and the user stops manu-
ally tensioning. The primary tension cable 800 is ten-
sioned via actuating the windup pulley 807 until a slight
decrease in the control load cell is detected, and then it
is paused at this setting. The user then enters on the
keypad 817 a target body weight to be offloaded by the
system. At this point, the air flow is initiated to generate
pressure within the suit and the measurement from load
cell 813 is monitored in the control software. As soon as
load cell 813 registers a force increase, incremental ten-
sion is applied by turning windup pulley 807 again to
maintain the set point on the control load cell 813 at one
pound. Subsequently an increment of airflow may be ap-
plied through air inlet hose 819, followed by incremental
counter tension by actuating windup pulley 807 so as to
maintain the one-pound set point on the control load cell.
In the simplest embodiment, this back and forth iteration
may proceed until the desired target weight is achieved
on load cell 805, or the maximum system allowed pres-
sure is reached as reported by pressure sensor 818.
More sophisticated control algorithms may also be used
for purposes of this elastic suspension system, such as
a proportional-integral-derivative (PID). The key aspect
is that the control parameter as reported by load cell 813
is increased by the air pressure system, whereas it is
decreased by the counter tension mechanism, and the
control algorithm operates on both systems to maintain
the desired set point of the control parameter. When the
user begins running, the system may not need to monitor
and perform further adjustments. However, by monitor-
ing the cyclic peak values reported by load cell 813, on-
going adjustments may be made to maintain the desired
set point.
Another method for pressurizing the pants and applying
the counter force incrementally may be performed as fol-
lows, again referring to Fig. 41. This method does not
rely upon secondary load cell 813, or an associated sec-
ondary cable and tensioning device. Rather, it relies upon
making incremental and alternating steps of pressure
and counter tension. The user begins by entering on key-
pad 817 a target weight to be offloaded by the system.
At this point, the airflow is initiated to generate pressure
within the pants, and the measurement from load cell 805
is monitored in the control software. The pressurized air
is allowed to flow into the pants until load cell 805 registers
a small suitable increment, nominally one pound. Then
pressurized airflow is stopped, and the counter tension-
ing is applied by turning windup pulley 807 until an addi-
tional pound is registered on load cell 805 (now two
pounds total). Note that while the initial force created by

the air pressure will have driven the pants down the body
by a small increment, the identical force magnitude in the
opposite direction created by the counter tensioning de-
vice will return the pants to their starting position. Next,
pressurized air flow is initiated again, and the load cell
805 is monitored until another pound increment is regis-
tered on load cell 805 (now 13.34 N (3 pounds)), the air
is shut off and again counter tensioning is applied to
match that increment with another one pound (now 17.79
N (4 pounds) total on load cell 805). This iterative process
may be performed rapidly and repeated until the target
weight offloading is achieved as registered on load cell
805.
While these embodiments of the elastic suspension sys-
tem have been depicted with respect to a stationary
treadmill located indoors where the control unit can be
mounted above the person exercising on the treadmill,
it is important to appreciate that portable systems em-
ploying the electro-mechanical principles of this disclo-
sure can be used as well. For example, a similar system
could be mounted to a bicycle frame to manage the coun-
tervailing pressure and support forces applied to the
pressurized suit worn by the bicyclist. It is also important
to appreciate that this elastic suspension system is not
essential to use of the pressurized suit of the present
disclosure.
[0104] A further use for a mobile pressurized suit is as
a support aid that can be used to assist the mobility of
elderly or physically-impaired people undergoing reha-
bilitation, particularly those recuperating from leg or back
injuries. The four-wheeled cart-like support structure 900
of Fig. 42 is utilized as a wheeled walker, commonly
called a "Rollator." The above-described wheeled walker
is also advantageous for those impaired persons with
limited or no use of their hands and arms. When the pres-
sure suit 901 is worn by such a person, the support aid
provides the necessary support for that person instead
of him having to resort to his arms and hands leaning on
a conventional walker.
[0105] The support aid’s frame 902 and front wheels
903 and rear wheels 904 are designed and sized so that
the mobile unit has the functionality of standard wheeled
walkers. The front wheels turn and pivot to allow for easy
turning. All four wheels may also turn and pivot. Typically
the wheels 903 and 904 are at least seven inches in di-
ameter -- preferably eight inches -- to ensure better reli-
ability. A three-wheeled walker may also be utilized.
Moreover, to enhance the safety, convenience, and du-
rability of a wheeled walking aid and its parts, the wheeled
support aid may utilize tubular seats, back seats, and
baskets with spacers and cushions.
[0106] The wheeled support aid can be incorporated
with hand-operated brake levers 905 and brakes 910.
The brakes on the wheeled support aid may constitute
locking brakes to allow the person to stand while sup-
ported in a stationary position. Other means of braking
may be provided for those with limited use of their arms
and hands. The wheeled support aid can be designed to
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enable greater range for rotating the body from side to
side to enable the person in the wheeled support aid to
turn from side to side and stand facing one side or the
other, or even the back. It may also have a seat that will
allow for resting. The wheeled support aid will have ad-
justable height. The wheeled support aid may also be
designed with a folding mechanism for compact storage.
[0107] The wheeled support aid can feature hand sup-
ports for assisting the entry and exit from the support aid.
The wheeled support aid can be constructed from light-
weight materials such as aluminum or composites. The
pressure-assisted wheeled support aid may preferably
use tubular seats, back seats and baskets with spacers
and cushions. The wheeled support aid can be equipped
with a source of pressurized air to control pressurization
of the suit, and means for balancing the downwards force
of the suit automatically as the pressure is adjusted.
The impaired person 911 wears a pressurized suit 907
that attaches to the frame of the walker at attachment
points 907. The various attachment methods previously
described may be utilized. The previously described con-
stant-force adjustment mechanisms may also be incor-
porated. For walking applications, there is minimal up
and down vertical motion of the walker compared with a
running motion, so less overall adjustment and force bal-
ancing is needed for this embodiment. Various embodi-
ments of the pressurized suit 901 described earlier can
be utilized with this wheeled support aid. The suit can be
customized for easy entry and exit by physically impaired
persons. In particular the pressure suit can have extra
long zippers 908 and an easy entry supporting ring which
makes the suit easy to put on for a physically impaired
person.
In addition to injury rehabilitation and cardio training, the
pressurized suit of the present disclosure can also be
used with beneficial results by a person looking to lose
weight. In order to burn fat through physical exercise, the
medical community advises that the person’s heart rate
needs to be maintained within a specified range, usually
lower than the heart rage for cardio training. Many people
significantly overshoot this heart rate range for fat burn-
ing, resulting in a failure to lose desired amounts of
weight. This disappointment often causes people to quit
their exercises because of their difficult or unpleasant
nature, and rely instead upon extreme diets.
The pressurized suit of the present disclosure, when
properly used, enables the person to reach an elevated
level of physical exercise with a significantly reduced
heart rate. This should make it easier for that person to
maintain her heart rate within the prescribed range for
fat burning, and enhance the likelihood of achieving her
weight reduction goal.
[0108] Figure 41b shows a body weight support device
for a person (2001) walking or running on a treadmill.
The person (2001) wears a lower body suit (2002). Pref-
erably the suit may be a differential pressure suit as pre-
viously described in this application. Alternatively, the suit
may be a non-pressurized suit, or a harness. A rigid band

(2003) encircles the lower body at approximately the
waist. Pulleys (2004) are connected to the band at inter-
vals around the band. Another set of pulleys (2005) is
connected to a lower body suit at intervals. A cord (2006)
runs through the pulleys on the band and the pulleys on
the suit. The cord alternates passing through a pulley on
the band and a pulley on the suit. The ends of the cord
are connected together so that it forms a continuous loop
around the waist through all the pulleys. The cord and
pulleys thus connect and transfer mechanical load from
the suit to the rigid band. A suspension mechanism
(2007), attaches to the band (2003) at its lower end
(2002) and attaches to a cable (2008) at its upper end.
The cable (2007) is connected to a constant-force ad-
justment mechanism (2009) as previously described in
this Application.
[0109] The disclosure provides body weight support in
a way that does not restrict one’s natural body move-
ments that occur while walking or running. Specifically
the disclosure is an improved system for a body weight
support device for connecting a person’s body to the
weight off-loading components of the device (referred
herein to a constant-force adjustment mechanism) so as
not to restrict natural body movements. During walking
or running gait the body moves and rotates about various
axes of the body shown in Figs. 42b-45. First, the supe-
rior-inferior axis (i.e. vertical axis) (2010) is shown in Fig.
42b. A person’s hips and lower body rotates back and
forth about this axis when walking or running as the leg
and hips are moved forward at the start of a gait cycle
and backwards at the end of the cycle. Second, the me-
dio-lateral (i.e. side to side) axis (2011) is shown in Fig.
43. A person’s body rotates about this axis as the person
leans forward from a stationary standing position to run
or walk, the degree of lean or rotation depending on the
persons running style and speed. Third, the anteropos-
terior axis (i.e. front to back) axis (2012) is shown in Fig.
44. During running or walking the hips and lower body
move up and down about this axis. Fourth, the legs rotate
back and forth about a medio-lateral axis through the hip
joints as shown in Fig. 45. The present disclosure pro-
vides a means for supporting body weight without re-
stricting body movement and rotation about these four
axes of rotation.
[0110] The attachment between the body suit and the
band is shown in detail in Fig. 46. A rigid band (2003)
positioned about the waist of a person at approximately
at the waist level. The band is substantially rigid in the
vertical direction to support the body weight that is of-
floaded. In a preferred embodiment the band is a curved
rigid aluminum strip 25.4 mm (1 inch) wide and 3.175
mm (1/8 inch) thick.
The band may also be constructed to be flexible in the
horizontal plane so as to be compliant and flexible around
the waist, while rigid in the vertical direction to support
the weight offloaded. Such a band can be constructed of
multiple thin strips to provide flexibility. In one embodi-
ment the band is constructed from 3 stainless steel strips
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25.4 mm (1 inch) wide and 0.79375 mm (1/32 inch) thick
that are bound together. Pulleys (2004) are attached to
the band at spaced intervals. Another group of pulleys
(2005) are attached to a suit at spaced intervals. In a
preferred embodiment a rigid supporting bar (2014) is
sewn into a sleeve in the suit and the pulley is attached
to it to provide for an even distribution of stress across
the fabric of the suit. A cord (2006) runs through the pul-
leys alternating between the pulleys on the body suit and
the pulleys on the band. The ends of the cord are joined
so that it forms a continuous loop around the body and
through the pulleys. In a preferred embodiment the ver-
tical distance between band and the pulleys attached to
the suit is approximately 4 inches, however it may be
more or less than this. The attachment pegs on the sides
(2015) provide a means for connecting the band to a
supporting mechanism.
[0111] Figure. 47 shows a top down cross sectional
view of the band (2003) and pulley attachment system.
The cross-section of the body at the waist (2016) has a
roughly oval shape. In a preferred embodiment the band
is approximately oval in shape. In a preferred embodi-
ment the band is a continuous loop. It may also be hinged
and fixed with a clasp to allow for easier doffing and don-
ning. Pulleys (2004) are attached to the band at spaced
intervals. In a preferred embodiment eight pulleys are
attached to the band. In other embodiments 4, 6, 8, 10
or 12 pulleys are attached. Another group of pulleys
(2005) are attached to a suit at spaced intervals. Each
pulley attached to the lower body suit is positioned at
approximately a midpoint between the pulleys on either
side of it on the band. Each pulley attached to the body
suit (2005) is positioned to be at the middle between the
pulleys on the band on either side of it (2004). The cord
(2006) may also pass through several band pulleys in a
row to maintain clearances of the cord and pulleys and
the body during body movements. The cord may be com-
prised of either a low stretch material such as nylon or
elastic material such as stretch cord.
[0112] Figure 48 shows a top view of the band and
pulley attachment system when the lower body and hips
have rotated counter-clockwise and the band has re-
mained stationary. When the hips and lower body rotate
as part of a normal running or walking the pulleys on the
body suit move along the connecting cord so that their
positions change relative to the pulleys on the band. As
shown in Fig. 48, as the body has rotated counter-clock-
wise, each pulley on the body suit (2005) has moved
along the cord to a new position so that it is closer to the
pulley (2004) on the band in the direction of rotation and
further from the pulley (2004) on the band that it is away
from the direction of rotation.
[0113] Figure 49 shows a top view of an embodiment
of band and pulley attachment system in which curved
linear bearings (2005a) are incorporated at the attach-
ment points at the end. The band in this embodiment is
circular in shape. The band is constructed with grooves
that match with the curved linear bearing (2005a). This

design allows for free rotation of the band about the su-
perior-inferior axis (i.e. vertical axis) of the person. Other
mechanisms that provide for rotary motion such as
curved linear rails might also be utilized. Eight pulley’s
(2004) are attached to the band at spaced intervals. The
pulleys are attached at the bottom of the band so as to
not interfere with bearings. The housing for the curved
linear bearings goes over the top of the band. Another
group of eight of pulleys (2004) are attached to a suit at
spaced intervals. Other numbers of pulleys may also be
used such as 4 or 6 or 10 or 12.
[0114] Figures 50 and 51 show the adjustments of the
system to the motion of the leg about the hip during a
running stride. During a walking running gait cycle the
legs swing back and forth about a medio lateral axis
through the hip joints as shown previously in Fig. 45.
Figure 50 shows the start of a gait cycle as the left leg is
placed forward. The lengths of the cords connecting the
band pulleys to the suit pulleys are denoted as left-front-
cord-lengths (2018) and left-rear-cord lengths (2019). As
the left leg is placed forward at the beginning of the stride
the left-front-cord-lengths shorten and the left-back-cord-
lengths lengthen. Figure 51 shows the change in cord
lengths of the cords connecting to the left leg as the leg
has moved backward. As the left leg is moves backwards
at the end of the stride the left-front-cord-lengths lengthen
and the left-back-cord-lengths shorten. The tension in
the cord remains the same throughout the gait cycle so
that the system provides body weight support without
constraining the back and forth movement of the legs
about the hips.
[0115] In addition to band and pulley system the
present disclosure can include a second suspension ap-
paratus for providing freedom of movement of the body
about the various axes of rotation with body weight sup-
port. Figure 52 shows the components of one embodi-
ment of suspension apparatus (2005) which connects
the rigid waist band (2003) to the counter force system
(2009). A rigid bar (2020) generally in the shape of an
inverted L is connected to a cable (2025) that is connect-
ed to a counter-force adjustment system (2009). The con-
nection between the cable and bar is made with bearing
(2024) to allow for rotation. A C-shaped horizontal sup-
port bar (2023) is attached to the vertical bar (2020) at a
pivot bearing (2022). The rigid waist band (2003) is at-
tached to the c-shaped horizontal support bar at pivot
points (2027) on each side. The attachment mechanism
can be either a manually opened and closed latch or au-
tomatic coupling latch such that the band is easily at-
tached or detached from the c-shaped horizontal support
bar. The latch can be such that the pivot features of the
attachment are maintained.
[0116] In other embodiments, as will be described sub-
sequently, the rigid band is attached directly to a con-
stant-force adjustment system. In other embodiments,
the cord (2006) in Fig. 46 is made of an elastic material
such as a stretch cord. The cord itself becomes the con-
stant force adjustment system due to its elesticity. The
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length and tension of the elastic cord may be adjusted
to provide various amounts of counter force. In a pre-
ferred embodiment the tension in the elastic cord is ad-
justed by raising or lowering the height of the band in
relation to the person’s body. As the height of the band
is increased the tension in the elastic cord increases and
the amount of body weight that is supported increases.
The elastic band provides a relatively constant force with-
in the range of vertical up and down movement of a per-
son walking or running.
[0117] The above described suspension apparatus the
present disclosure provides for unrestricted movement
of a person about the various axes rotation of the body,
as described above. In use the upper end of the bar
(2021) and the cable (2017) are aligned with the superior-
inferior (i.e. vertical) axis (2010) of the person. The cable
and bar (2016) are free to rotate about this axis as the
person’s body rotates. This allows for unrestricted body
and hip rotation about the superior-inferior (i.e. vertical)
axis (2010) of the person. The pivot attachment point
(2022) between the vertical L-shaped support bar (2020)
and the horizontal c-shaped support bar (2023) allows
the c-shaped support bar (2023) to pivot about the an-
teroposterior (front to back) axis (2012) of the person.
This allows for unrestricted back and forth rotation about
the anteroposterior (front to back) axis (2012) of the per-
son. The pivot bearing attachment (2027) between the
horizontal c-shaped support bar (2023) and the band
(2003) allows the band (2003) to pivot about the medio-
lateral (i.e. side-to-side) axis (2011) of the person in the
device which allows for unrestricted rotation of the per-
son. In summary the suspension mechanism (2005) pro-
vides a means for supporting body weight without re-
stricting body movement and rotation about the superior-
inferior, anteroposterior and medio-lateral axes of rota-
tion. Thus both the band pulley system and the suspen-
sion mechanism provide for unrestricted movement of
the body during walking and running. They both provide
a means for enabling unrestricted body movement in a
body weight support device.
[0118] Figure 53 shows another example in which the
rigid band and pulley system is attached to a leg harness
on the lower body rather than a pressurized suit. This
embodiment shows the rigid band body weight support
device in which the device is connected to a leg harness
(2028) consisting of webbing straps that are attached to
the person’s legs. A suitable harness is constructed from
nylon webbing. Velcro closures and nylon straps and
buckles allow the harness to be adjusted to fit different
body sizes. The harness may have padding and rigid or
semi rigid areas to provide additional comfort. The rigid
band and pulley and system are the same as previously
described and shown in Fig. 46. In this embodiment the
pulleys (2005) are attached to a harness at spaced in-
tervals. Pulleys (2004) are attached to the rigid band
(2003) at spaced intervals. A cord (2006) runs through
the pulleys. The device provides for unrestricted body
movements along all body axes of rotation as previously

described improving on existing harness systems.
[0119] In another embodiment the rigid band and pul-
ley system is used with a mobile device such as a walker
as a support aid that can be used to assist the mobility
of elderly or physically-impaired people undergoing re-
habilitation, particularly those recuperating from leg or
back injuries. A mobile walker to provide body weight
support using differential pressure suit is previously de-
scribed in this application. Another use of the rigid band
and pulley system on a mobile device is to provide sta-
bility for walking. If a person becomes unstable or loses
balance the pulleys and band inherently provide a coun-
ter force as the person tilts from vertical. The pulleys and
band make it difficult or even impossible to fall. Falls are
a major source of injury and death to the elderly and
disabled population. The above-described wheeled
walker is also advantageous for those impaired persons
with limited or no use of their hands and arms because
it does not require the use of their hands and arms for
support as is necessary with a traditional walker. The
support aid provides the necessary support and stability
for that person instead of him having to resort to his arms
and hands leaning on a conventional walker. The support
aid may also be used to provide body weight support
while both walking and running. It is an improved system
for rehabilitating a skeletal joint injury or training for injury
prevention, athletic performance, or fat reduction, or as-
sisting the mobility of the physically disabled.
[0120] Figure 54 shows an embodiment of the rigid
band and pulley system used to provide body weight sup-
port on a powered four-wheeled support structure 800 of
Fig. 54 is utilized as a wheeled walker, commonly called
a "Rollator." This support aid utilizes a pressure suit (801)
worn by a person, a powered air pressure source, and a
powered constant-force adjustment mechanism. Various
embodiments of the pressurized suit 801 described ear-
lier can be utilized with this wheeled support aid. The suit
can be customized for easy entry and exit by physically
impaired persons. A rigid band (813) encircles the lower
body at approximately the waist. Pulleys (806) are con-
nected to the band at intervals around the band. Other
similar pulleys (815) are connected to a lower body suit
at intervals. A cord (6) runs through the pulleys on the
band and the pulleys on the suit. The cord alternates
passing through a pulley on the band and a pulley on the
suit. The ends of the cord are connected together so that
it forms a continuous loop around the waist through all
the pulleys. The cord and pulleys thus connect the suit
to the rigid band. The band is connected to a constant-
force adjusting mechanism (822) on each side of the sup-
port device. The band is attached to the constant-force
adjustment mechanism using an attachment latch. The
attachment latch can be either a manually opened and
closed latch or automatic coupling latch such that the
band is easily attached or detached from the c-shaped
horizontal support bar. The latch can be such that the
band may rotate or pivot about the attachment point.
[0121] A constant-force adjustment mechanism 822 is
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attached to each side of the wheeled support aid. The
constant-force adjustment mechanism control system
and user interface may be similar to the constant-force
adjustment mechanism previously described in this ap-
plication. In the embodiment described herein compres-
sion springs 823 are utilized to provide the constant force.
Other mechanisms that provide a relatively constant
force such as constant force air springs might also be
utilized in place of the compression springs.
[0122] The preferred method of an adjustable com-
pression spring will be described. It is important over
small vertical displacements in the range of a typical walk-
er (nominally 1-3 inches) that the counter force is main-
tained without great variability. Thus a spring constant of
only a few pounds per inch is used such that force when
the spring is compressed changes only modestly when
the individual rises slightly during walking.
[0123] In Fig. 54, a mobile support aid utilizing the band
and pulley system and pressurized pants is shown de-
picting the compression springs connected to the per-
son’s left side. At the end of compression spring (823) is
an electronic load cell (824) capable of measuring the
desired compression from 0 to 444.82 N (100 pounds)
Mounted on the bottom side of the compression spring
is a gear motor (825) and displacement shaft (826). The
motor has a displacement encoder that is fed to the sys-
tem microcontroller, along with the load cell information.
In this embodiment the user selects two parameters from
the input box (817) rotary dials (818): desired un-weight-
ing level in pounds and a setting that relates to the cross
sectional area of the individual. In the preferred embod-
iment of the input dial, this dial is labeled a ’comfort’ set-
ting, and individual users select a value that they deter-
mine in practice gives them a balance between the net
downward force supplied by the pants air pressure, and
the upward force on the pants supplied by the counter-
tensioning system. A higher ’comfort’ number will yield a
higher pressure for a given un-weighting value, and
would be necessary for thinner individuals. Conversely,
a lower ’comfort’ number would yield lower pressure for
a given un-weighting value and would be needed for larg-
er individuals. These comfort numbers 1-16 are simply
mapped into cross-sectional area values in the control
software, such that the following equation is maintained:
Wu = P * A, where Wu is the desired unweighting value,
P is the air pressure, and A is the cross sectional area
derived from the comfort dial setting. With Wu and A ef-
fectively chosen by the user, the appropriate pressure P
to support the un-weighting value is solved for.
[0124] Upon startup, the unweighting is not realized all
at once, but can only happen as fast as the pants become
pressurized, which in the described system requires on
the order of 10 to 20 seconds. The counter-tensioning
value, supplied by engaging the gear motor to begin com-
pressing the compression springs, is developed at a rate
such that the above equation is maintained dynamically,
within a 22.24 N (5 pound) limit. In the preferred control
algorithm during build up to a target unweighting value,

the load cells and pants pressure are read every 50 mil-
liseconds, and if the above equation, due to increasing
pressure can support a further increment of unweighting,
the gear motor is engaged for a short increment. Air flow
continues until the desired target air pressure is reached,
and every few milliseconds further force is applied to the
springs such that when the air pressure target is reached,
the counter-tensioning value is simultaneously reached.
The same lock step algorithm is engaged if the un-weight-
ing set value is changed, or dropped to zero.
[0125] A further enhancing mechanism particularly for
disabled individuals desiring to walk in the system is pow-
er assisted wheels. A phenomenon when one is greatly
un-weighted by the disclosed walker system, is that one
has less ’leaning’ ability to nudge the walker into motion,
simply because one effectively weighs less. Normal in-
dividuals can easily overcome this by pushing with their
arms and legs, but the addition of power-assisted wheels
are a useful enhancement for frail or rehabilitating indi-
viduals. The mechanism is realized by an electric motor
and clutch on each of the front two wheels that supply a
significant fraction of the force necessary to overcome
friction and roll the walker. The motor need not run full
time but is engaged with a hand switch on the walker to
conserve battery power. This also serves as an optional
braking mechanism, in that if the engagement switch is
released, the wheels may brake. The clutch mechanism
allows users to exceed or overdrive the force supplied
by the motor to the extent that they are capable of ex-
ceeding the very minimal startup speed supplied by the
wheel motors.
[0126] Figure 55 shows an embodiment of the rigid
band and pulley system used to provide body weight sup-
port on a non-powered manually operated four-wheeled
support structure (900) is utilized as a wheeled walker,
commonly called a "Rollator." A leg harness (916) is worn
by the person (911) in this embodiment. In other embod-
iments a pressurized or non-pressurized suit may be uti-
lized. The harness consists of bands (916) on the legs
of the person (911) and is constructed as described pre-
viously. The rigid band and pulley system (906) attaches
to a harness (916) on the legs of the person (916). This
particular embodiment of a wheeled support aid does not
require a powered source for pressurized air or a pow-
ered constant-force adjustment mechanism. Some ad-
vantages of a non-powered mobile support aid are to
provide stability and body weight support are lighter
weight, ease of use and lower cost. In this embodiment
an elastic cord (914) that runs through the pulleys at-
tached to the band and harness is utilized as a constant
force adjustment system. The tension in the cord is man-
ually adjusted by raising or lowering the rigid band. Hy-
draulic cylinders 920 are attached to each side of the
wheeled support aid. The rod end of the hydraulic cylinder
is attached to the band by an attachment latch. The at-
tachment latch can be either a manually opened and
closed latch or automatic coupling latch such that the
band is easily attached or detached from the c-shaped
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horizontal support bar. The latch can be such that the
band may rotate or pivot about the attachment point. The
band is raised or lowered by turning a crank (918) that
operated a hydraulic pump (917). The pump is connected
to the hydraulic cylinder by a hydraulic line (919). Other
mechanical means of raising and lowering the band might
also be utilized in other embodiments. The tension in the
band might also be adjusted by lengthening or shorting
the elastic cord which runs through the pulleys. The ends
of the elastic cord may be connected to each other by a
means which allows for easy adjustment. The walker may
also be utilized in a mode without a constant-force ad-
justment mechanism by utilizing a non-elastic cord.
[0127] Both the powered and non-powered mobile
support aids that utilize the band and pulley suspension
system can utilize a pressurized suit, a non-pressurized
suit or a harness. The powered mobile support aid’s
frame 802 and front wheels 803 and rear wheels 804 are
designed and sized so that the mobile unit has the func-
tionality of standard wheeled walkers. Similarly the non-
powered mobile support aid’s frame 902 and front wheels
903 and rear wheels 904 are designed and sized so that
the mobile unit has the functionality of standard wheeled
walkers. The front wheels turn and pivot to allow for easy
turning. All four wheels may also turn and pivot. Typically
the wheels 903 and 904 are at least seven inches in di-
ameter -- preferably eight inches -- to ensure better reli-
ability. Various numbers of and configurations of wheels
may also be utilized including configurations with three,
five, six or more as in known in the art. The wheels may
be combinations of fixed or pivot wheels and may be of
different sizes and configurations as is known in the art.
The number, size, type and configuration of wheels pro-
vides for various handling, maneuverability and stability
characteristics required for various therapeutic uses. The
wheels may be connected to a steering mechanism, so
the person or a person assisting him may manually steer
the wheeled support aid. Moreover, to enhance the safe-
ty, convenience, and durability of a wheeled walking aid
and its parts, the wheeled support aid may utilize tubular
seats, back seats, and baskets with spacers and cush-
ions.
[0128] The powered wheeled support aid can be incor-
porated with hand-operated brake levers (805) and
brakes (810). Similarly the non-powered wheeled sup-
port aid can be incorporated with hand-operated brake
levers (905) and brakes (910). The brakes on the
wheeled support aid may constitute locking brakes to al-
low the person to stand while supported in a stationary
position. Other means of braking may be provided for
those with limited use of their arms and hands. The
wheeled support aid can be designed to enable greater
range for rotating the body from side to side to enable
the person in the wheeled support aid to turn from side
to side and stand facing one side or the other, or even
the back. It may also have a seat that will allow for resting.
The wheeled support aid can have adjustable height
mechanism to accommodate various sizes of persons.

The wheeled support aid may also be designed with a
folding mechanism for compact storage.
[0129] The wheeled support aid can feature hand sup-
ports for assisting the entry and exit from the support aid.
The wheeled support aid can be constructed from light-
weight materials such as aluminum or composites. The
wheeled support aid may preferably use tubular seats,
back seats and baskets with spacers and cushions.
[0130] Figure 56 shows a body weight support device
for a person (1001) walking or running on a treadmill
wherein the constant-force adjustment mechanism sup-
ports the person from the base of a treadmill rather than
overhead. Supporting from the base provides advantag-
es over supporting from overhead, as previously de-
scribed. It provides for a low profile, lower cost frame that
is particularly suitable for home use. The person (1001)
wears a lower body suit (1002). Preferably the suit may
be a differential pressure suit as previously described in
this application. Alternatively, the suit may be a non-pres-
surized suit, or a harness. A rigid band (1003) encircles
the lower body at approximately the waist. Pulleys (1004)
are connected to the band at intervals around the band.
Another set of pulleys (1005) is connected to a lower
body suit at intervals. A cord (1006) runs through the
pulleys on the band and the pulleys on the suit. The cord
alternates passing through a pulley on the band and a
pulley on the suit. The ends of the cord are connected
together so that it forms a continuous loop around the
waist through the all pulleys. The cord and pulleys thus
connect the suit to the rigid band. The band incorporates
a curved linear bearing (1009) for enabling rotary motion
of the band at the attachment point to provide additional
freedom of rotation as described previously. A constant-
force adjustment mechanism (1022), attaches to the
curved linear bearing (1009).
[0131] The constant-force adjustment mechanism
(1022) is attached at each side of the treadmill. The con-
stant-force adjustment mechanism control system and
user interface similar to the constant-force adjustment
mechanism previously described in this application. In
the embodiment described herein compression springs
(1023) are utilized to provide the constant force. Other
mechanisms that provide a relatively constant force such
as constant force air springs might also be utilized in
place of the compression springs. At the end of compres-
sion spring (1023) is an electronic load cell (1030) capa-
ble of measuring the desired compression from 0 to 100
pounds. Mounted on the bottom side of the compression
spring is a gear motor (1031) and displacement shaft
(1032). The motor has a displacement encoder that is
fed to the system microcontroller, along with the load cell
information. In this embodiment the user would select
two parameters from a control panel (not shown) mount-
ed on the treadmill’s control panel: first the desired un-
weighting level in pounds and a second a setting that
relates to the cross sectional area of the individual. The
enclosure (1010) contains an air pressure source, air reg-
ulator and microcontroller running control software. A ca-
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ble 1033 connects the load cell to the enclosure . An air
hose (1034) delivers pressurized air to the suit. The soft-
ware is programmed to deliver a specified air pressure
to support unweighting, as well as a control signal to the
motors (1031) to displace the compression springs
(1023) to a specified level as measured by the load cell
(1030). An air line (1011) connects the air pressure
source to the pants. The constant force control mecha-
nism is the same as described previously for the powered
mobile device.
[0132] An improved embodiment of the close fitting dif-
ferential pressure suit is described below. A construction
of the layers of embodiment is shown in Fig. 57. An air-
tight inner bladder 1141 maintains the positive pressure
P condition inside the suit against the person’s body skin
1134. The bladder consists of two layers, an inner layer
1131 and an outer layer 1131b. The fabric for the bladder
may be formed from any pressure-tight material that is
also sufficiently flexible to afford mobility by the person.
Preferably the fabric consists of a material that is air im-
permeable and moisture vapor permeable. An example
bladder fabric is TC92 a 4-way stretch polyurethane coat-
ed fabric available from Dartex coatings 22 Steel Street,
PO Box 70 RI. This both allows the bladder to maintain
a positive air pressure P and allows moisture vapor from
sweat to permeate through the material to keep the run-
ner 1 dry and comfortable. The bladder may also be con-
structed to have holes 1139 that are permeable to air on
the inner side next to the skin. The bladder may also be
constructed to have sections of another material 1140
that are permeable to air on the inner side next to the
skin. This allows for air to circulate between the bladder
and the skin. A continuous supply of pressurized air can
be supplied from a pressure source and pressure control
system as described in this application. The pressure
system can be sized to provide the required amount of
airflow to maintain cooling. Outer layers 1136 and 1138
of the differential pressurized suit 14 composition prevent
the suit from expanding due to the force applied by pos-
itive pressure P, while maintaining the shape of the suit
to fit closely to the body.
[0133] The bladder can be sized to the same size as
the outer constraining layers 1136 and 1138 or it maybe
sized to be smaller or larger than the outer constraining
layers. The bladder can be sized to extend various
lengths up the waist of the suit, so that positive pressure
is applied only in sections that the bladder extends to
beneath the constraining layers. The bladder can extend
upwards from the legs just to the hips, or just to approx-
imately the pelvic area, or all the way to the waist. The
bladder may be patterned so that it conforms to zippers
incorporated into the suit. The bladder may be construct-
ed from identically sized sections of fabric, so that one
section forms an inner layer 1131 and one section forms
the outer layer 1131b or the bladder. The bladder may
be constructed by sewing the sections together with a
heat sealing film at the seams to make an airproof seam.
One heat seal film is Bemis 3218 adhesive film available

from Bemis 100 Ayer Rd - Shirley, MA 01464 USA.
[0134] The fabric for these first and second outer con-
straining layers 1136 and 1138 should be composed two
way stretch fabric. This type of fabric is constructed to
mostly be non-extending along one axis, and elastic or
extensible along a second axis perpendicular to the first
axis. Exemplary two way stretch materials include, with-
out limitation, nylon-Lycra that can be knit or braided, or
a monofilament like nylon or Dacron. Two-way stretch
fabrics are available from Shoeller Textile USA of Seattle,
Washington.
[0135] The fabric can be more specifically oriented so
that its non-extending axis follows lines on the body in
which the skin does not stretch or extend during bending
or other movement. These lines are known within the
industry as "lines-of-non-extension." The concept of lines
of non-extension is described in a published technical
report: THE USE OF LINES OF NONEXTENSION TO
IMPROVE MOBILITY IN FULL-PRESSURE SUITS,
ARTHUR S. IBEIALL, RAND DEVELOPMENT CORPO-
RATION, AMRL-TR-64-118. AMRL-TR-64-118. Lines-
of-non-extension are directions on the skin of the body
in which the skin does not stretch or extend. A picture
from the report which maps the lines of non-extension
on a mannequin is shown in Fig. 58. There are two sets
of lines-of-non-extension on the lower body shown in Fig.
58. One set runs roughly perpendicular to the longitudinal
axis of the body, the second set runs roughly parallel to
the longitudinal axis of the body.
[0136] The constructions of the two outside layers
1136 and 1138 are such that the stretch and non-stretch
directions of the fabric are mapped into the lines-of-non-
extension as best as possible. This is accomplished by
constructing the suit of multiple sections of two-way
stretch fabric in a pattern which maps the non-stretch
direction of the individual fabric sections onto the lines
of non-extension as best possible.
[0137] A pattern 1201 for the first outer layer 1136 is
shown in Fig. 59. The arrows indicate the direction of
stretch. The individual sections of fabric are indicated by
the sections, for example 1202, shown in the pattern.
Lines indicate where seams are sewn between the piec-
es. The individual layers are sewn together at the seams
and the outer edges are sewn together to form a suit.
The same method is applied to the outer layer 1138. The
first outer layer 1136, second outer layer 1138, and
sealed bladder are sewn together to form a single lower
body suit. Zippers may be incorporated in the design to
facilitate donning and doffing of the suit. In particular zip-
pers may be incorporated from crotch area (to the waist)
and at the calves as in common in pants and close fitting
tights designs. Generally, the first outer layer 1136 serves
to prevent the suit from expanding, generally circumfer-
entially, due to pressure inside the suit. The second outer
layer 1138 prevents the suit from expanding, generally,
longitudinally.
[0138] The suit also can incorporate sections of four-
way stretch fabric as necessary in areas that require
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stretch in both directions. Where appropriate in sections
of the body which do not stretch as much, such as the
thigh area or lower calves, cloth, mesh, or net material
that is non-extendible along both axes may be used.
[0139] A drawing of a runner 1301 using a body weight
support system 1303 on a treadmill 1303 wearing the
differential pressure suit 1302 described in this embodi-
ment is shown in Fig. 60. The body weight system support
system 1303 includes a supporting frame 1304, a base
1305, a rigid band 1306, and means for attaching the
band to the suit 1307. A feature of this embodiment of
the body weight support system is that the stationary
frame has a much lower profile than the overhead support
system described previously. This makes this design par-
ticularly suitable for in home use. This design of body
weight support system can also incorporate the band and
pulley system described herein, and the constant force
adjustment systems described earlier and shown in Fig.
54. In particular the constant force adjustment system
and pressurization system described for the mobile sup-
port aid may be incorporated into a frame system similar
to that which is mounted on the floor and having a frame
that extends to the waist. The suit may also be used in
conjunction with the other stationary frame and mobile
systems described in this application.
[0140] The differential pressure suit on the runner 1301
shown in Fig. 60 shows the suit constructed of sections
of two-way stretch fabric as described previously. The
suit 1302 is attached to the rigid band by attachment
cords 1309. Suitable rigid support stays 1307 are sewn
into the suit to evenly distribute the load from the pres-
surized suit. Alternatively sections of fabric or a system
of suspension cords may be utilized to attach the suit to
the frame.
[0141] The suit 1302 shown in Fig. 60 has a lacing
system 1308. The lacing system facilitates closely fitting
the suit to various body shapes and sizes. The lacing
system has unique features that enable it to work for long
lengths including the length of the entire suit. The lacing
system consists of low friction components. Nylon coated
boot hooks are used in the lacing system. Military spec
known as "Nato Hooks" are utilized for the low friction
hooks. Low friction high strength cords are utilized. Ex-
emplary line is Laser Pro Gold 136.08 Kg (300 lb) test
line available from The Kite Shop at.thekiteshoppe.com.
[0142] While the suit is described above as having mul-
tiple layers of fabric including air impermeable and two
way stretch fabrics orientated and located as described,
the functions of these various layers can be combined
into fewer layers of fabric so that at a minimum the suit
is comprised of a single layer of fabric with the function-
ality of the layers combined. For instance two-way stretch
fabrics that is also air impermeable and or water vapor
permeable can be utilized to both contain pressurized air
and constrain the suit as a single function. Or two or more
layers of fabric can be laminated together so that the
fabric consists of a single layer with the functionality of
the individual layers.

Example 1: Mobile Support Device

[0143] A rigid band is constructed from curved rigid
aluminum strip 25.4 mm (1 inch) wide and 3.175 mm (1/8
inch) thick. The band is oval in shape. Pulleys are at-
tached to the band as follows. Two pulleys are attached
at the front and back mid-points of the band, two pulleys
are attached at the midpoints at the side in the configu-
ration shown in Fig. 47. Two additional pulleys, now
shown, are attached at the right and left sides of each
band. One of the pulleys is attached frontwards on the
band from the midpoint pulley on each side, and another
pulley is attached rearwards from the midpoint pulley on
each side. To attach the pulleys to the pants, rigid sup-
porting bars (2014) are constructed of 1/8" thick ª" wide
aluminum bars are inserted into sleeves sewn into the
pants as shown in Figure 46. A cord made from a low
stretch material run alternatively through band pulleys
and the suit pulleys and tied in a knot. The cord is adjusted
so that the pulleys attached to the pants are 4 inches
below the waist. One half inch diameter pegs are bolted
to the band at the midpoint on each side to serve as
attachment pegs to the horizontal C-shaped section of
the suspension apparatus. A shaped horizontal compo-
nent (2023) of the suspension apparatus is formed from
aluminum stock as shown in Fig. 52. The radius of cur-
vature is the same as that of the band. One half inch wide
slots are milled at the attachment point 2027 (see Fig.
52). The band is attached to the C-shaped horizontal
component by fitting the pegs of the band into the slots.
A delrin block is machined to slide over the slot and hold
the peg of band in place.
[0144] An L-shaped vertical component (2020) of the
suspension apparatus is formed from 1 inch diameter,
aluminum tubing, as shown in Fig. 52. A bearing (2022)
is fitted to the bottom of the L-shaped vertical component
shown in Fig. 52. A rotating bearing (2024) is fitted at the
top (see Fig. 52), which is attached to cable. The cable
attaches to a constant force adjustment system as pre-
viously described in this application.

Example 2: Powered Mobile Support Device

[0145] A mobile ’walker’ device has been constructed
using the concepts illustrated in Fig. 54. A standard com-
mercially available rollator frame was used as a mechan-
ical base. Compression springs (Century Spring) that
yield about 50 pounds for 6 inches of compression were
used, one on each side as per the Fig. 54. Gear motors
that displace the springs were used. The pressure pants,
band and pulley attachment mechanism as described in
Example 1 were employed identically in this design, ex-
cept that the band is pushed up with the compression
spring mechanism, instead of pulled up or tensioned with
the over-hanging suspension system. A 24 lead acid bat-
tery source is used to power a portable air pump (Tho-
mas), an air regulator (Bellofram), the gear motor, load
cell and pressure sensors, and an electronics PLC con-
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troller (Galil Inc).
[0146] Elderly or physically-impaired people undergo-
ing rehabilitation, or people suffering from gait and bal-
ance problems due to strokes, Parkinson’s and other
neurological disorders, or people requiring hospitaliza-
tion, or recovering from illness or surgery often lack the
strength and balance to rise from a sitting to a standing
position. Nurses, physical therapists, aids, and other care
providers often have to assist in standing and walking.
Assisting large persons in standing and walking requires
significant physical strength and sometimes requires
several people. Furthermore, there is a risk of falls to the
patient or harm to the care provider from heavy lifting.
Thus, the present invention provides a lift-assisted mo-
bility device that provides both body weight support and
lift assistance. It functions to off-load a portion or all of
the person’s body weight in order to make it easier for
him to rise from a sitting position to a standing position.
[0147] A preferred embodiment of the lift-assisted mo-
bility device 1401 is shown in Fig. 61. The lift-assisted
mobility device utilizes a constant-force adjustment
mechanism 1406. This mechanism provides a counter-
force to support the vertical downwards load from a dif-
ferential pressure suit as previously described. The con-
stant-force adjustment mechanism control system and
user interface may be similar to the constant-force ad-
justment mechanisms previously described in this Appli-
cation. In a preferred embodiment described herein, the
constant-force adjustment mechanism 1406 is an air cyl-
inder. An air cylinder provides both a constant force and
a sufficient range of travel to accommodate the vertical
displacement involved in moving from a sitting to a stand-
ing position. In other embodiments, the constant-force
adjustment mechanism may utilize air springs or me-
chanical springs, as is known in the art. The constant-
force adjustment mechanism may also be mechanical
springs or pneumatic springs, air cylinders, or air springs
that are not constant force. In another embodiment, the
constant-force adjustment mechanism may consist of a
compression spring, electronic load cell, gear motor and
displacement shaft as previously described. A vertical
shaft 1407 extends from the constant-force adjustment
mechanism. The vertical shaft of the constant force ad-
justment mechanism 1406 is sufficiently long to provide
a constant load as the person rises from a sitting position
to a standing position.
[0148] As shown more clearly in Fig. 61, a support
frame 1402 extends from the base of the device 1403 on
the right side of the device. The left side of the device is
open and without a supporting frame member to enable
the base 1403 to fit under a chair or bed. A handrail 1404
is provided. The lift-assisted mobility device 1401 is ac-
companied by wheels 1412 and brakes 1411 that are
hand-operated and may be power assisted. The brakes
may be operated using the hand brake levers 1405, or
from the control panel 1410. The brakes may also be
used to lock the wheels to stabilize the lifted assisted
mobility aid. The base 1403 houses a power supply, com-

pressed air supply, batteries and controls (all not shown).
[0149] A latch 1408 is connected to the end of a hori-
zontal support bar 1409 that extends from the top end of
the vertical shaft 1407. The latch 1408 couples with a
rigid band and pulley system 1503, as shown in Fig. 62.
The construction and function of the band and pulley sys-
tem are as previously described in this application. In the
present embodiment, the latch 1408 is an electro-me-
chanical latch. It can also be a manually-operated latch.
The latch can be electronically coupled and decoupled
via the control system. In an emergency, the person can
be quickly detached from the device. It has an electronic
interconnect sensor so that the device can be enabled
only when the connection is secure. A manual lease is
also provided. The attachment latch also contains a cou-
pling for an air supply hose. An air supply hose (not
shown) and electronic connections (not shown) are inte-
grated internally in the horizontal bar 1409, vertical shaft
1408, constant force mechanism 1406 and extend to the
air supply and controls in the base 1403. An air connec-
tion (not shown) in the latch couples with an air connec-
tion of the rigid band and pulley system (also not shown).
[0150] Figure 62 shows a seated person 1501 wearing
a differential pressure suit 1502 connected to a band and
pulley system 1503. In this embodiment the band and
pulley system and suit are integrated together as a single
garment so that a person is able to simple doff or don
the entire unit. They maybe also separate components
which can be attached together as needed. Coverings
may be applied so that the band and pulleys so the mech-
anisms are not obtrusive and don’t interfere with doffing
and donning.
[0151] The differential pressurized suit 1502 shown in
Fig. 62 comprises a full-length lower body suit that ex-
tends from the waist to above the ankles. The suit is
sealed at ankles and the waist. Alternatively, the suit may
extend from the waist to cover the feet, or only extend
from the waist to the knees, or upper thigh as described
in this Application. The seal may constitute any of the
sealing methods described in this Application, including
a neoprene band, an inflatable tube, or an inflatable blad-
der. The rigid band has a coupler 1504 which mates with
the latch mechanism 1408 on the lift assisted mobility
device 1401. An air hose 1505 is connected to the coupler
1504 and the differential pressure suit 1502.
[0152] Other embodiments of the lift-assisted mobility
device can utilize a non-pressurized body suit, or a har-
ness assembly rather than a pressurized differential
pressure suit. For example, the band and pulley system
of the lift-assisted mobility device may be attached to a
leg harness 916 as shown in Fig. 55. The harness con-
sists of bands (916) on the legs of the person (911) and
is constructed as described previously. The rigid band
and pulley system (906) attaches to a harness (916) on
the legs of the person (916). In another embodiment, a
non-pressurized suit may be utilized. The non-pressu-
rized suit can be constructed as previously described for
pressurized suits with the exception that seals and air
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supply and connections are not provided or necessary.
These embodiments are generally utilized where a lesser
amount of body weight support is needed.
[0153] Figure 63 shows the lift-assisted mobility device
1601 in place adjacent to and connected to the band
pulley system and differential pressure suit of a person
seated on a chair 1605. The vertical shaft 1607 and hor-
izontal bar 1608 are at a low position, so that the level of
the latch 1606 is at the level of the band and pulley sys-
tem. The person or a therapist may use the control panel
1609 to activate the device and set the amount of body
weight support. A control system as previously described
in this Application provides the correct air pressure to the
pants, and operates the constant-force adjustment
mechanism to off-load the selected amount of body
weight support. Once the system has reached the se-
lected level of body weight support, the person may then
stand easily with reduced or even minimal effort, and
without needing the assistance of a caregiver. Once
standing, the person may then use the device as mobility
assist device with body weight support.
[0154] Figure 64 shows the person 1701 having moved
to a standing position. The person’s center of mass is
approximately at the position of the latch 1704. As the
person rises from the chair (Arrow C), the center of mass
moves both vertically and horizontally. The device ac-
commodates this motion, while providing a constant up-
lifting force to unweight the person. The arrows in the
drawing show the directions of travel of various compo-
nents. First the vertical shaft moves upwards as the per-
son rises as shown by Arrow A. The constant-force ad-
justment mechanism 1705 moves the vertical shaft up-
wards and provides a constant force. The entire device
also moves forwards horizontally as indicated by Arrow
B. The wheels allow the unit to move horizontally as the
person stands up. This horizontal motion of the device
allows the device to stay centered with the center of mass
of the person providing safety and preventing falls. The
person is able to safely rise to a standing position with
minimal effort and immediately began walking with re-
duced weight.
[0155] In some rehabilitation settings, there are advan-
tages to being able to use a mobile support device in
stationary mode in conjunction with a treadmill. For ex-
ample, in traumatic brain injury patients, the added stim-
ulation of ambulating about the rehabilitation facility may
be overwhelming, making the fixed treadmill setting de-
sirable, or a physical therapist may need to remain in a
seated position to access the patient’s legs while the pa-
tient ambulates. It will also be economical to be able to
utilize a hospital’s mobile support device on a standard
treadmill, rather than purchasing a separate overhead
harness system for treadmill-based therapy.
[0156] A means of mounting a mobile support device
(walker) on a stationary treadmill frame is shown in Fig.
65. In this example the walker previously shown in Fig.
54 is depicted, however, the concept applies to any of
the mobile support devices described in this Application.

The patient 1801 is shown using a walker 1802 situated
in a mount 1803 on a treadmill 1812. The mount consists
of an incline platform 1804 section utilized to roll the walk-
er up onto the horizontal frame 1805 section of the mount.
The horizontal frame sections rest on each side of the
treadmill 1812 on the solid portion of the treadmill 1812
that is separate from the moving track 1911 shown in Fig.
66.
[0157] A rear view of the treadmill-walker system is
shown in Fig. 66. The horizontal frame section 1908 has
u-shaped channels 1905 that are located at the left and
right sides of the treadmill on the surface that is separate
from the moving track 1911. The u-shaped channels
1905 serve as tracks that the wheels 1906 travel in, there-
by preventing lateral movement of the walker. Cross pins
1907 are placed across the channels 1906 once the walk-
er is in place, behind the rear wheels 1906 and in front
of the front wheels (not shown) to prevent any forward
or backward movement of the walker 1902. Clamp mem-
ber 1809 shown Fig. 65 connects from the treadmill
mount to a cross member of the walker, and prevents
any vertical movement of the walker, thereby enhancing
stability. Thus, the walker 1802 is fixed in place, and the
patient 1801 is engaged in the walker 1802 as previously
described in this Application. The patient 1801 may then
be unweighted as previously disclosed, and may walk at
the desired treadmill speed as required for therapy.
[0158] The above specifications and drawings provide
a complete description of the structure and operation of
the assisted motion system 10 under the present inven-
tion. However, the invention is capable of use in various
other combinations, modifications, embodiments, and
environments without departing from the scope of the
invention. Therefore, the description is not intended to
limit the invention to the particular form disclosed, and
the invention resides in the claim and hereinafter append-
ed.

Claims

1. A lift-assisted mobility device (1401) for assisting the
motion of or supporting a body of a mammal having
a body weight moving between a seated position and
a standing position, such device comprising:

(a) a pressure-tight suit (1502) adapted to being
worn over at least one part of the mammal’s body
having at least one opening for inserting the
body part into the suit (1502);
(b) means for providing a pressure-tight seal
connected adjacent to the opening of the suit
(1502) for operative engagement of the body
part surface of the mammal;
(c) inlet means in the suit for introduction of at
least one source of positive pressure or vacuum
to an interior of the suit (1502) between the mam-
mal body and the suit to create a differential
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pressure condition therein between the positive
pressure or vacuum condition inside the suit
(1502), and a pressure condition existing out-
side the suit (1502);
(d) a lift-assistance device connected to the suit
(1502) for counteracting a downwards force ap-
plied to the suit (1502) when it is placed under
the differential pressure condition, comprising a
constant-force adjustment system (1406) that
lifts the suit (1502) vertically as the mammal ris-
es from the seated position to the standing po-
sition;
(e) whereby the differential pressure condition
exerts an upwards force upon the body part to
offload a desired portion of the weight of the body
to the lift-assistance device, whereupon the
mammal may stand easily with reduced effort,
and move about with body weight support.

2. A method for assisting the motion of or supporting a
body of a mammal having a body weight moving be-
tween a seated position and a standing position,
such method comprising:

(a) providing a pressure-tight suit (1502) adapt-
ed to being worn over at least one part of the
mammal’s body having at least one opening for
inserting the body part into the suit (1502);
(b) providing means for providing a pressure-
tight seal connected adjacent to the opening of
the suit (1502) for operative engagement of the
body part surface of the mammal;
(c) providing inlet means in the suit (1502) for
introduction of at least one source of positive
pressure or vacuum to an interior of the suit
(1502) between the mammal body and the suit
(1502) to create a differential pressure condition
therein between the positive pressure or vacu-
um condition inside the suit, and a pressure con-
dition existing outside the suit;
(d) providing a lift-assistance device connected
to the suit for counteracting a downwards force
applied to the suit when it is placed under the
differential pressure condition, comprising a
constant-force adjustment system (1406) that
lifts the suit (1502) vertically as the mammal ris-
es from the seated position to the standing po-
sition;
(e) whereby the differential pressure condition
exerts an upwards force upon the body part to
offload a desired portion of the weight of the body
to the lift-assistance device, whereupon the
mammal may stand easily with reduced effort,
and move about with body weight support.

3. The lift-assisted mobility device of claim 1, wherein
the constant-force adjustment system comprises an
air cylinder, air spring, mechanical spring, or an elas-

tic cable.

4. The lift-assisted mobility device of claim 1 further
comprising at least two wheels for providing further
mobility to the mammal once in the standing position.

5. The lift-assisted mobility device of claim 1, wherein
the pressure-tight seal means comprises an airproof
elastic sleeve, an airproof band, an airproof pair of
shorts attached to the interior of the pressure-tight
suit adjacent to a sealing location, or an air bladder.

6. The lift-assisted mobility device of claim 1 further
comprising a waist band situated at least partially
around the mammal’s torso and operatively connect-
ed to the suit by means of at least one cord and pulley
assembly to provide further lateral and rotational
freedom of movement to the mammal wearing the
pressure-tight suit.

7. The lift-assisted mobility device of claim 6 further
comprising a latch mechanism for releaseably con-
necting the waist band to the constant-force adjust-
ment system.

8. The lift-assisted mobility device of claim 7, wherein
the latch mechanism is an electro-mechanical latch
or an air connection integrated into the latch mech-
anism.

Patentansprüche

1. Hebeunterstützte Mobilitätsvorrichtung (1401) zum
Unterstützen der Bewegung oder zum Stützen eines
Körpers eines Säugetiers mit einem Körpergewicht,
sich zwischen einer sitzenden Position und einer ste-
henden Position bewegend, wobei eine solche Vor-
richtung Folgendes umfasst:

(a) einen druckdichten Anzug (1502), dazu an-
gepasst, über zumindest einem Teil des Säuge-
tierkörpers getragen zu werden, zumindest eine
Öffnung zum Einführen des Körperteils in den
Anzug (1502) aufweisend;
(b) Mittel zum Bereitstellen einer druckdichten
Abdichtung, angrenzend an die Öffnung des An-
zugs (1502) verbunden für operativen Eingriff in
die Körperteiloberfläche des Säugetiers;
(c) Einlassmittel im Anzug zur Einführung zu-
mindest einer Quelle von positivem Druck oder
Unterdruck in ein Inneres des Anzugs (1502)
zwischen dem Säugetierkörper und dem Anzug
zum Erzeugen einer Differenzialdruckbedin-
gung darin zwischen der positiven Druck- oder
Unterdruckbedingung im Inneren des Anzugs
(1502) und einer Druckbedingung, die außer-
halb des Anzugs (1502) besteht;
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(d) eine Hebeunterstützungsvorrichtung, ver-
bunden mit dem Anzug (1502) zum Entgegen-
wirken einer nach unten gerichteten Kraft, die
auf den Anzug (1502) angewendet wird, wenn
er unter die Differenzialdruckbedingung ge-
bracht wird, umfassend ein Konstantkraftanpas-
sungssystem (1406), das den Anzug (1502) ver-
tikal anhebt, wenn sich das Säugetier aus der
sitzenden Position in die stehende Position er-
hebt;
(e) wobei die Differenzialdruckbedingung eine
nach oben gerichtete Kraft auf den Körperteil
ausübt, um einen gewünschten Anteil des Kör-
pergewichts auf die Hebeunterstützungsvor-
richtung abzuladen, wodurch das Säugetier ein-
fach mit verringerter Anstrengung stehen und
sich mit Körpergewichtsstütze umherbewegen
kann.

2. Verfahren zum Unterstützen der Bewegung oder
zum Stützen eines Körpers eines Säugetiers mit ei-
nem Körpergewicht, sich zwischen einer sitzenden
Position und einer stehenden Position bewegend,
wobei ein solches Verfahren Folgendes umfasst:

(a) Bereitstellen eines druckdichten Anzugs
(1502), dazu angepasst, über zumindest einem
Teil des Säugetierkörpers getragen zu werden,
zumindest eine Öffnung zum Einführen des Kör-
perteils in den Anzug (1502) aufweisend;
(b) Bereitstellen von Mitteln zum Bereitstellen
einer druckdichten Abdichtung, angrenzend an
die Öffnung des Anzugs (1502) verbunden für
operativen Eingriff in die Körperteiloberfläche
des Säugetiers;
(c) Bereitstellen von Einlassmitteln im Anzug
(1502) zur Einführung zumindest einer Quelle
von positivem Druck oder Unterdruck in ein In-
neres des Anzugs (1502) zwischen dem Säu-
getierkörper und dem Anzug (1502) zum Erzeu-
gen einer Differenzialdruckbedingung darin zwi-
schen der positiven Druck- oder Unterdruckbe-
dingung im Inneren des Anzugs und einer
Druckbedingung, die außerhalb des Anzugs be-
steht;
(d) Bereitstellen einer Hebeunterstützungsvor-
richtung, verbunden mit dem Anzug zum Entge-
genwirken einer nach unten gerichteten Kraft,
die auf den Anzug angewendet wird, wenn er
unter die Differenzialdruckbedingung gebracht
wird, umfassend ein Konstantkraftanpassungs-
system (1406), das den Anzug (1502) vertikal
anhebt, wenn sich das Säugetier aus der sitzen-
den Position in die stehende Position erhebt;
(e) wobei die Differenzialdruckbedingung eine
nach oben gerichtete Kraft auf den Körperteil
ausübt, um einen gewünschten Anteil des Kör-
pergewichts auf die Hebeunterstützungsvor-

richtung abzuladen, wodurch das Säugetier ein-
fach mit verringerter Anstrengung stehen und
sich mit Körpergewichtsstütze umherbewegen
kann.

3. Hebeunterstützte Mobilitätsvorrichtung nach An-
spruch 1, wobei das Konstantkraftanpassungssys-
tem einen Luftzylinder, eine Luftfeder, eine mecha-
nische Feder oder ein elastisches Kabel umfasst.

4. Hebeunterstützte Mobilitätsvorrichtung nach An-
spruch 1, ferner umfassend mindestens zwei Räder
zum Bereitstellen weiterer Mobilität für das Säuge-
tier, sobald dieses in der stehenden Position ist.

5. Hebeunterstützte Mobilitätsvorrichtung 1, wobei das
druckdichte Abdichtungsmittel eine luftdichte elasti-
sche Manschette, ein luftdichtes Band, ein luftdich-
tes Paar Unterhosen, befestigt an der Innenseite des
druckdichten Anzugs angrenzend an einen Abdich-
tungsort, oder eine Luftblase umfasst.

6. Hebeunterstützte Mobilitätsvorrichtung nach An-
spruch 1, ferner umfassend ein Taillenband, zumin-
dest teilweise um den Torso des Säugetiers befind-
lich und mittels zumindest einer Schnur- und Rollen-
anordnung mit dem Anzug wirkverbunden, um wei-
tere laterale und rotatorische Bewegungsfreiheit für
das Säugetier, das den druckdichten Anzug trägt,
bereitzustellen.

7. Hebeunterstützte Mobilitätsvorrichtung nach An-
spruch 6, ferner umfassend einen Verriegelungsme-
chanismus zum lösbaren Verbinden des Taillen-
bands mit dem Konstantkraftanpassungssystem.

8. Hebeunterstützte Mobilitätsvorrichtung nach An-
spruch 7, wobei der Verriegelungsmechanismus ei-
ne elektromechanische Verriegelung oder eine in
den Verriegelungsmechanismus integrierte Luftver-
bindung ist.

Revendications

1. Dispositif de mobilité à assistance au levage (1401)
pour aider à déplacer ou à soutenir le corps d’un
mammifère ayant un poids corporel passant d’une
position assise à une position debout, ce dispositif
comprenant :

(a) un maillot étanche à la pression (1502) conçu
pour être porté sur au moins une partie du corps
du mammifère, ayant au moins une ouverture
pour insérer la partie de corps dans le maillot
(1502) ;
(b) un moyen pour fournir un joint étanche à la
pression connecté à côté de l’ouverture du
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maillot (1502) pour une mise en prise fonction-
nelle de la surface de partie de corps du
mammifère ;
(c) un moyen d’entrée dans le maillot pour l’in-
troduction d’au moins une source de pression
positive ou de vide à l’intérieur du maillot (1502)
entre le corps de mammifère et le maillot pour
y créer une condition de pression différentielle
entre la condition de pression positive ou de vide
à l’intérieur du maillot (1502) et une condition de
pression existant à l’extérieur du maillot (1502) ;
(d) un dispositif d’assistance au levage relié au
maillot (1502) pour contrecarrer une force des-
cendante appliquée au maillot (1502) lorsqu’il
est placé dans la condition de pression différen-
tielle, comprenant un système de réglage à force
constante (1406) qui lève le maillot (1502) ver-
ticalement lorsque le mammifère se lève de la
position assise à la position debout ;
(e) moyennant quoi la pression différentielle
exerce une force ascendante sur la partie de
corps pour décharger une partie souhaitée du
poids corporel sur le dispositif d’assistance au
levage, le mammifère pouvant alors se tenir de-
bout facilement avec un effort réduit et se dé-
placer avec un support de poids corporel.

2. Procédé pour aider à déplacer ou à soutenir le corps
d’un mammifère ayant un poids corporel passant
d’une position assise à une position debout, ce pro-
cédé comprenant les étapes consistant à :

(a) fournir un maillot étanche à la pression
(1502) conçu pour être porté sur au moins une
partie du corps du mammifère, ayant au moins
une ouverture pour insérer la partie de corps
dans le maillot (1502) ;
(b) fournir un moyen pour fournir un joint étanche
à la pression connecté à côté de l’ouverture du
maillot (1502) pour une mise en prise fonction-
nelle de la surface de partie de corps du
mammifère ;
(c) fournir un moyen d’entrée dans le maillot
(1502) pour l’introduction d’au moins une source
de pression positive ou de vide à l’intérieur du
maillot (1502) entre le corps de mammifère et
le maillot (1502) pour y créer une condition de
pression différentielle entre la condition de pres-
sion positive ou de vide à l’intérieur du maillot
et une condition de pression existant à l’exté-
rieur du maillot ;
(d) fournir un dispositif d’assistance au levage
relié au maillot pour contrecarrer une force des-
cendante appliquée au maillot lorsqu’il est placé
dans la condition de pression différentielle, com-
prenant un système de réglage à force constan-
te (1406) qui lève le maillot (1502) verticalement
lorsque le mammifère se lève de la position as-

sise à la position debout ;
(e) moyennant quoi la pression différentielle
exerce une force ascendante sur la partie de
corps pour décharger une partie souhaitée du
poids corporel sur le dispositif d’assistance au
levage, le mammifère pouvant alors se tenir de-
bout facilement avec un effort réduit et se dé-
placer avec un support de poids corporel.

3. Dispositif de mobilité à assistance au levage selon
la revendication 1, le système de réglage à force
constante comprenant un vérin pneumatique, un
ressort pneumatique, un ressort mécanique ou un
câble élastique.

4. Dispositif de mobilité à assistance au levage selon
la revendication 1 comprenant en outre au moins
deux roues pour permettre au mammifère de se dé-
placer davantage une fois en position debout.

5. Dispositif de mobilité à assistance au levage selon
la revendication 1, le moyen de joint étanche à la
pression comprenant un manchon élastique étanche
à l’air, une bande étanche à l’air, un short étanche
à l’air fixé à l’intérieur du maillot étanche à la pression
à proximité d’un emplacement d’étanchéité, ou une
vessie d’air.

6. Dispositif de mobilité à assistance au levage selon
la revendication 1, comprenant en outre une bande
de taille située au moins partiellement autour du tor-
se du mammifère et reliée fonctionnellement au
maillot au moyen d’au moins un ensemble corde et
poulie pour fournir une plus grande liberté de mou-
vement latérale et rotative au mammifère portant le
maillot étanche à la pression.

7. Dispositif de mobilité à assistance au levage selon
la revendication 6 comprenant en outre un mécanis-
me de verrouillage pour relier de manière libérable
la bande de taille au système de réglage à force
constante.

8. Dispositif de mobilité à assistance au levage selon
la revendication 7, le mécanisme de verrouillage
étant un verrou électromécanique ou un raccord
pneumatique intégré dans le mécanisme de ver-
rouillage.
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