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DEVICE FOR ASSESSING AND DISPLAY OF A DIFFERENCE IN VECTORS OF

FORCES EXERCISED BY A PAIR OF ARMS OR LEGS

Subject of Invention

[001] The subject of the invention is a device for assessing and display of

a difference in vectors of forces exercised by a pair of arms or legs. The device is

preferably intended for exercising arms or legs of patients suffering from a

damage of the musculoskeletal or nervous system (e. g. hemiparesis). The same

device can be used by amateur or professional sportsmen to exercise a pair of

arms or legs in order to achieve anticipated potential from the point of view of

strength, speed and coordinated functioning of both limbs of the same pair. The

device of the invention can further be used for playing computer games, in which

a new element is added: a force vector actually produced by the player and not

just simulated.

Technical Problem

[002] The technical problem solved by the present invention is a design

of such device for exercising a skeleton, muscles and indirectly the nervous

system that will enable a person, for instance a patient or sportsman to exercise

without the presence of a trainer or physiotherapist and outside professional

institutions. The device should provide for such exercises, in which a principle of

therapy or sports should be taken into account. A success criterion of an

individual exercise step, exercise or the entire exercising period should be

constant and regular comparison of capability of one arm or leg with the same

capability of another limb, namely another limb of the exercising person or

anotherperson, e. g. therapist or trainer, who is supposed to perform an exercise

technically properly and with adequate strength. The device should regularly



follow the mentioned principle and notify the exercising person about the success

and provide advice how to proceed. In case of a therapy of a patient, the device

should provide an ongoing assessment of the status of the healthy and affected

limb, make a comparison and give the exercising person advice about the next

exercising steps. The device should further forward these data to an expert for

professional assessment and the expert should then provide the exercising person

with detail instructions and can also use these data for professional research

based on such information received from a multitude of exercising persons.

Prior Art

[003] Devices of this type are known from the field of rehabilitation.

Such devices offer a patient a possibility of a variety of exercises for affected

limbs, yet the ability of a healthy limb is never compared with the ability of a

affected limb in any exercise and no instructions for further exercise are provided

to a patient. The therapy for such purposes is carried out under a supervision of a

therapist, who suggests changed exercises based on his professional assessment

of treatment progress.

[004] There is a need for a different device, the operation of which is

based on the awareness of a physiological property that exercise or therapy of a

affected limb is more efficient if the healthy limb is exercised simultaneously. A

simultaneous exercise of the healthy and the affected limb of the same pair leads

to a harmonious development of muscles and nervous system of the affected limb

in comparison with the muscular and nervous situation of the healthy limb, the

latter being an ongoing criterion for the strengthening of the affected limb.

During exercise, the healthy limb can be a manipulator for a support of

movement of the affected limb. The final result is a mutually balanced status of

the muscular and nervous tissue and consequently of the entire healthy and

healed limb of the same pair. In said exercise of the healthy and affected limb

there is often a needfor a therapist or trainer to participate with his healthy limb



and to direct the exercising of a patient's affected limb in a way that the

exercising person feels the action of the therapist's or trainer's limb and tries to

repeat it as properly and strongly as possible.

Solution to the Technical Problem

[005] The described technical problem is solved by the device of the

invention, the constructional characteristic and novelty of which is a

personification of the described exercising principle in a way that the

construction offers the exercising person such exercises and the exercising

person does not need to be acquainted with these principles at all. The device of

the invention offers and ensures proper exercising by allowing a simultaneous

exercising of both limbs of the same pair, e. g. a healthy and a affected limb, and

constantly compares the strength and direction of forces exercised by both limbs

on the device, evaluates these data and provides the exercising person with a

further instruction for exercising in the next step. In analogy as described above,

an adequate therapist's or trainer's limb is used. Further, theoretical knowledge

and experience of a therapist are used, whose exercise provides the exercising

person with a demonstration of proper performance and adequate strength of an

exercise. The device of the invention constantly inputs various data about the

exercise, so that subsequent automatic operation of the device allows the

exercising person under the consideration of said input data to exercise without a

supervision of a professional and outside professional institutions and without a

danger to exercise in a wrong or even harmful way. During an exercise, the

device provides the exercising person with instructions in such audiovisual form

and such content that the patient can include the instructions in his exercise

without any previous knowledge.

[006] The essence of the invention will be explained by way of an

embodiment and the enclosed drawing, representing in



Fig. 1 cross-section of the device of the invention according to the first

embodiment,

Fig. 2 schematic view of the device of the invention according to the second

embodiment, and

Fig. 3 schematic view of the device of the invention according to the third

embodiment.

[007] The device for assessing and display of a difference in vectors of

forces exercised by a pair of arms or legs of exercising persons, e. g. patients

suffering from hemiparesis, i . e. muscular disease of one body half, further of

persons with damaged musculoskeletal system or sportsmen comprises a housing

1 with two means 2 for a participation with a pair of limbs - arms or legs that are

not shown in figures. The patients are supposed to have only one limb affected

with hemiparesis. The means 2 are designed in various ways with the purpose to

allow proper participation with the treated pair of limbs in an individual exercise.

It is therefore foreseen that the means 2 are interchangeable. The most common

design of the means 2 is a handle hold by the exercising person with one hand. If

affected limbs that are not capable of holding the means and exercising are in

question, means 2 are foreseen that are mountable with known elements to

physiotherapeutically adequate spot on limbs. The means 2 for legs are of a

different design. A detail design of the means 2 is not the subject of the present

invention.

[008] The means 2 are arranged on bearings 3 within the housing 1. Each

means 2 is connected with a means 4 for the measurement of forces. The means 4

measures the force F that appears as a result of various activity of a limb

exercised on the means 2 observable as bending. If both arms or legs are equally

able, they can reach the same result in an exercise and the difference of forces



amounts to 0, which can be the goal of such therapy or exercise. As the abilities

of different exercising persons when healthy are different, the only proper way of

assessing an exercise is a constant comparison of the ability of a healthy limb

with that of the treated limb in the same exercise. The healthy limb is thus a

manipulator and the co-operation between both limbs is measured.

[009] Apart from those moves of individual limbs, the effect of which is

measured by comparing the effect of one limb with respect to the other of the

same pair, the exercise also includes those moves, in which a coordinated action

of both limbs is required. It is anticipated that the healthy limb assists and guides

the affected limb at the beginning of the therapy, until the affected limb gets

strong enough, ideally equal to the healthy limb when the therapy is completed.

Such exercise requires that the entire device of the invention should be moved

with both limbs to prescribed directions.

[0010] The device of the invention is provided with additional sensors of

position and orientation to monitor and assess these exercises, when the

exercising person moves the device in space and simultaneously changes the

speed of moves.

[0011] To determine direction of the force F an accelerometer 5, a

gyroscope 6 and a magnetometer 7 are used. The accelerometer 5, the gyroscope

6 and the magnetometer 7 together assess the current orientation of the device in

space with respect to the selected coordinate system. Details of this assembly are

not the subject of the present invention.



[0012] Apart from measuring the orientation of the device its position

needs to be measured in order to estimate the position of the device in space. A

rough estimate can be obtained from the measurements by means of the

accelerometer 5. To obtain more precise measurements of the position of the

device, a use of position sensors is foreseen. These sensors are based on

mechanical principle, e . g. fastening of the device to a mechanism by means of

joints and joint position sensors, optical principle, e. g. camera and markers or a

video camera, ultrasound principle, e. g. use of ultrasound transmitters and

receivers for the assessment of position, and electromagnetic principle, e. g.

upgrade of the device with coils and arrangement of the device into a controlled

electromagnetic field. It is possible to precisely determine the position of the

device in space with respect to the selected coordinate system by means of

orientation and position sensors.

[0013] All data from means 4, accelerometer 5, gyroscope 6 and

magnetometer 7 are gathered by a microcontroller 8 that evaluates them with

models and algorithms, which are not the subject of the present invention. The

data are continuously displayed on a display 9, a monitor or a TV screen,

notifying the exercising person on the exercising status and suggesting next

steps. The information can also be given in an audio way via speaker 10, in

addition to the visual information provided on the display 9.

[0014] In the second embodiment an element 11 intended to connect the

device of the invention to a selected fixed attachment 12 is added to said first

embodiment. The connection of the device of the invention via element 11 to the

attachment 12 is elastic with possibly also adjustable stiffness that offers the

exercising person assistance, e.g. it for instance compensates for the weight of

arms, or provides counter-resistance, e. g. simulates the force of gravity etc. as

required by an individual exercise. The fixed attachment can be provided with a



position sensor, which allows measuring the position of the device in space and

partly substitutes the measurements performed with the devices described in the

first two embodiments.

[0015] The element 11 in the third embodiment is upgraded within the

meaning of a robot operated by a computer programme and dictating and

monitoring the controlled complex moves of the exercising person. The robot

adds changing counteracting forces as dictated by each exercise to the exercising

person. A robot of this type assists in a proper execution of exercises by guiding

the exercising person to develop adequate force and its direction with the

affected limb. The robot here moves the device of the invention as required by

the exercise, whereas the exercising person follows or responds to the

programme by adequate movement of his exercising limbs with the anticipated

force in the anticipated direction as required by the exercise. The robot measures

the position in its joints and thus measures the position of the device in space.

[0016] The fourth embodiment is designed as an adaptation of the first

embodiment. It is constructionally or rather dimensionally adapted to exercising

one limb, especially a hand, wherein one limb, e. g. a hand, acts with one of its

part, e.g. fingers on one means 2 and with the other part, e. g. palm to the other

means 2. One means 2 can also be mechanically grounded, wherein the device

allows isometric exercising of the affected limb.

[0017] In all said embodiments a computer assembly is intended for

operating the device of the invention. Said computer assembly receives data from

said sensors of forces and accelerations and means for assessing spatial position

of the device and its movement direction. These data are processed and stored by

a microcontroller that constantly compares them with the preset values selected

by the expert dictating the exercises or therapy. These values are target values of

each individual exercise or the entire set of exercises. Of course, the computer



assembly includes the foreseen models of each exercise that make up the basis

for exercising carried out by this assembly. The data gathered from each exercise

of an exercising person can be simultaneously or subsequently studied by

experts. Statistical analysis of these data can serve as a proof of success of

individual exercises. The device therefore comprises means for continuous

forwarding of data to experts, e. g. internet connection or for subsequent data

transmission via optional known data carriers. The data are returned to the device

by the same way - continuously or subsequently - in order to provide instructions

for next exercises. The device of the invention thus enables an ongoing selection

of exercises based on the speed and quality of rehabilitation of an individual

exercising person.

[0018] Forwarding of instructions before and during an exercise and

transmission of results after each exercise performed is carried out by means of a

personal computer 13 (or adequate TV receiver) and the Internet 14, via which

the microcontroller 8 in the device of the invention and/or the physiotherapist

receive data within the meaning of remote access to an expert centre

(telerehabilitation) 15, from where the exercising person receives adequate

messages. Moreover, this centre 15 simultaneously gathers the data from various

exercising persons and performs a professional processing.

[0019] As already mentioned earlier, the device of the invention is

intended both for the therapy of affected persons and for the intended exercising

of persons who want to harmonize the efficiency of a pair of limbs with respect

to the current situation and needs. This is especially meant for sportsmen,

especially top athletes, who may experience undesired mistakes in the

development of the musculo-nervous tissues during exercise. It is herewith

possible to harmonize the strength and reaction of a pair of limbs to act in

harmony and with the same strength. It may even be that a sports branch requires



correction of ability of an individual limb. This is all rendered possible by the

device of the invention.

[0020] The device of the invention can further be used in computer games

as a game interface. Currently known interfaces of this type (e. g. game consoles

or joysticks) offer a player a possibility to submit various commands in analog

and/or digital form and two- or three-directional control of one or several objects

in a virtual space formed by the computer and displayed on a display. The device

of the invention adds yet another playing dimension to the player: directed real

force that the player creates on the device of the invention. The player uses this

force to have influence on the course of the game as foreseen by the computer

programme of the game.

[0021] It is moreover self-evident to a man skilled in the art that the

described device of the invention can be amended in a way to comprise more

than just a pair of means for co-operation with a pair of limbs, e. g. for a game

with more than one player or for more complex therapies that for instance not

only act upon the musculo-nervous system of the limbs but also on other parts of

the body.

[0022] The device of the invention further allows medical personnel to

make an objective assessment of abilities of an exercising person in terms of

coordination and range of motion, size and direction of deliberate forces and

assessment of pathological indicators.

[0023] It is understandable that by being acquainted with the above

description a man skilled in the art can design further embodiments without

circumventing the characteristics of the invention defined in the appended

claims.



CLAIMS

1. The device for assessing and display of a difference in vectors of forces

exercised by a pair of arms or legs of exercising persons, e. g. patients suffering

from hemiparesis, i . e. muscular disease of one body half, or sportsmen,

comprising a housing (1) with preferably two means (2) for a participation with a

pair of limbs - arms or legs, wherein the means (2) are designed in various ways

with the purpose to allow proper participation with the treated pair of limbs in an

individual exercise, and are arranged on bearings (3) within the housing (1),

further comprising a microcontroller (8) and optionally a computer (13), the

Internet (14) for connection to an expert centre (15), characterized in that each

means (2) is connected with a means (4) for the measurement of forces (F) and

includes known means, like an accelerometer (5), a gyroscope (6) and a

magnetometer (7) for the determination of its position and orientation in space,

wherein all data from said means (4), said accelerometer (5), said gyroscope (6)

and magnetometer (7) are gathered by said microcontroller (8) that evaluates

them with models and algorithms, and said data are continuously displayed on a

display (9), a monitor or a TV screen, notifying the exercising person on the

exercising status and suggesting next steps.

2. Device according to Claim 1, characterized in that an element (11)

intended to connect the device to a selected fixed attachment (12) is added,

wherein said connection of the device via element (11) to the attachment (12) is

elastic with possibly also adjustable stiffness.

3. Device according to Claim 1, characterized in that said element (11) is

type of a robot operated by a computer programme and dictates and monitors the



controlled complex moves, adds changing counteracting forces as dictated by

each exercise to the exercising person.

4. Device according to Claims 1 to 3, characterized in that a computer

microcontroller (8) is foreseen for a coordinated operation of the device, said

microcontroller (8) receiving values transmitted by said sensors of forces and

accelerations and means for assessing spatial position of the device and its

movement direction, evaluating and storing them and constantly comparing them

with the preset values selected by the expert dictating the exercises or therapy.

5. Device according to Claims 1 to 4, characterized in that the means (2)

are interchangeable in order to adapt to the situation of the treated limbs of an

exercising person.

6. Device according to Claim 1, characterized in that it is adapted to

exercising one limb, especially a hand, wherein one limb, e. g. a hand, acts with

one of its part, e.g. fingers on one means (2) and with the other part, e. g.palm to

the other means (2).
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