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VIRTUAL REALITY FORCE EMULATION 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufactured and 
used by or for the Government of the United States for all 
governmental purposes without the payment of any royalty. 

BACKGROUND OF THE INVENTION 

This invention relates to the field of generating forces in 
a virtual reality Setting and more Specifically to the field of 
generating forces in a virtual reality Setting without physical 
attachment to a reference Source. 

Virtual reality Simulators are widely used for training in 
Space, aviation and large vehicle driving operations where a 
Specific environment is Simulated So the trainee can learn 
and practice appropriate responses. The more realistic the 
Simulated environment, the more realistic the responses 
learned by the trainee So the trainee's performance during a 
real-time operation is Superior. Training in Virtual reality 
Simulators is more practical and less costly than using 
real-time operational equipment. Virtual reality simulators 
Simulating a variety of environments are also widely used 
for recreational purposes. 
To make the Simulated environment as realistic as 

possible, there is interest in producing a feeling of force or 
proprioceptive feedback to the human operator as he tries to 
interact in the virtual environment. In most operational 
environments, where an operator receives a feeling of force 
on one or more parts of the body, there is no connection or 
attachment from the part of the body receiving the feeling of 
force to any other objects. Most virtual reality systems 
Simulating force, however, must attach or link the part of the 
body receiving the force to a reference frame and the feeling 
of attachment minimizes the realism of the Simulation. 
Known Systems operate under an action-reaction Scenario 

based on the traditional Newton's third law concept of 
bodies in contact in which the equipment attached to the 
human Subject is also attached to either a Spring or other 
force reflecting coupling System or possibly to a track where 
its motion can be carefully controlled. Attaching a human 
Subject to a Spring or other force reflecting coupling System 
minimizes the effectiveness of the simulator when Such 
attachment or coupling does not occur in an operational 
environment. When an attached or tethered force reflecting 
device is used in today's modem Virtual reality simulation 
Systems, there is a loSS of realism as the human becomes 
aware of his tethering to a local Stationary frame. 

It is known to have force reflection in virtual reality 
Systems in multiple, as opposed to Single dimensions, thus, 
producing a more realistic force feeling. However, all known 
Systems in the art are arranged So that a tether, ground Source 
or reference frame is attached to the human Subject. 
One goal of the invention is to capitalize on the concept 

of an “action at a distance' method of reflecting forces as 
opposed to the traditional Newton's third law concept of 
“action-reaction' with bodies in contact as is used in devices 
known in the art. The “action at a distance' concept is 
Successfully employed in the Virtual reality environment by 
using electromagnetic fields and forces in three dimensions. 
The electromagnetic fields generate the force feeling on the 
human operator without the human operator being attached 
or connected to a reference Source, thereby increasing the 
realism of the Simulation. 

SUMMARY OF THE INVENTION 

Multi-dimensional, non-linked method and apparatus for 
producing a simulated feeling of force by generating a first, 
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2 
constant, Stationary electromagnetic field and a Second, 
interacting electromagnetic field local to the human opera 
tor. The Second electromagnetic field is varying and is 
controlled by electrical currents which are responsive to 
parameters describing the location of the human operator 
and Such variance results in attraction and repulsion between 
the first and Second electromagnetic fields producing a 
non-linked magnetic field force on the human Subject. 
An object of the present invention is, therefore, to provide 

a magnetic field force to a human Subject. 
Another object of the invention is to provide a magnetic 

field force to a human subject with the human subject free 
from any attachments or links to a reference frame. 

Another object of the invention is to provide a feeling of 
force to a human Subject for complete immersion in a virtual 
reality environment. 

Another object of the invention is to provide a non-linked 
magnetic field force to a preselected location or perception 
point on a human Subject. 

Another object of the invention is to provide a multi 
dimensional magnetic field force to a human Subject free 
from any attachments to a reference frame. 

Another object of the invention is to provide a multi 
dimensional non-linked magnetic field force to a preselected 
location on a human Subject for complete immersion in a 
Virtual reality environment. 

Additional objects and features of the invention will be 
understood from the following description and the accom 
panying drawings. 

These and other objects of the invention are achieved by 
a non-linked method for providing a feeling of force to a 
human operator comprising the Steps of: 

generating a first, constant, Stationary electromagnetic 
field; 

Sensing position and three-dimensional orientation of Said 
human operator relative to Said first, constant, Station 
ary electromagnetic field; 

producing a Second, varying electromagnetic field local to 
Said human operator responsive to position and three 
dimensional orientation of Said human operator; 

directing a force on Said human operator resulting from 
attracting and repulsing forces between said first and 
Second electromagnetic fields. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic diagram of a Stator and rotor 
arrangement used in a DC motor in the prior art. 

FIG. 2 is a frontal view of a glove type untethered virtual 
reality force emulator apparatus in accordance with the 
invention. 

FIG. 3 is a Schematic diagram showing force developed 
on a conductor in an electromagnetic field. 

FIG. 4 is a Schematic of an actuator element. 

FIG. 5 is a glove type apparatus immersed in an electro 
magnetic field in accordance with the invention. 

FIG. 6 is a Schematic of a layered actuator element. 
FIG. 7 is a diagram showing the geometry of force 

VectOrS. 

FIG. 8 is a shoulder-to-arm force emulator system in 
accordance with the invention. 

FIG. 8a is a diagram showing references for angular 
displacement in accordance with the invention. 

FIG. 9 is a diagram showing a Solenoid with an associated 
electromagnetic field. 
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FIG. 10 shows a Helmholz coil generated magnetic field 
in accordance with the invention. 

FIG. 11 shows Helmholz coil generated magnetic fields in 
two planes. 

DETAILED DESCRIPTION 

The invention may be better understood by first consid 
ering the basic concepts of electromagnetic interaction and 
force generation, as is employed in a DC motor, for example, 
and then extrapolating Such concepts to the present inven 
tion. FIG. 1 shows a prior art DC motor that is known in the 
art. In FIG. 1, the stationary part of the motor, or the stator, 
is shown to include the magnetic poles at 100, 101,102 and 
103. The rotating part of the motor, or the rotor, is shown at 
104. The mechanical load rotated by the motor is shown at 
108. The stator poles, 100, 101, 102 and 103 remain sta 
tionary and have constant magnetic polarities associated 
with each of them, polarities controlled via external power 
excitation as indicated at 109. The magnetic field at poles 
100 and 102 have a North magnetic polarity and the mag 
netic field at poles 101 and 103 have a South magnetic 
polarity. The lines of flux that become generated by these 
opposite magnetic polarities are indicated at 110. 

The rotor, indicated in FIG. 1 at the center of the motor 
diagram by the barbell type device at 104, has a North 
magnetic pole shown at 105 and a South magnetic pole 
shown at 106. It is generally known in the area of electro 
magnetics that the South pole 106 is attracted to the North 
pole 102 and conversely. Also, if a North pole encounters 
another North pole, the two poles repel. This repulsion also 
occurs if a South pole encounters a South pole. In the instant 
shown in FIG. 1, the rotor 104 at the pole 105 is therefore 
being repelled by the stator at pole 100 and simultaneously 
being attracted to stator pole 101. This tends to produce 
rotation in a counter-clockwise direction. When the rotor 
pole 105 arrives at the stator pole 101, the currents in the 
rotor winding, shown at 111 are changed Such that the 
polarity of pole 105 is changed from North to South. Since 
the rotor 104 was already moving, the additional repulsion 
between poles 101 and 105 will now move the rotor further 
in a counterclockwise motion towards Stator pole 102. 
Recall stator pole 102 has a North polarity and pole 105 of 
the rotor (now with a South polarity) will then be attracted 
to stator pole 102. This motion continues with the polarity of 
the rotor poles changing every quarter cycle as the rotor 
moves in the counter clockwise manner shown at 107. 
The rotor 104 is often attached to a load, a load generally 

depicted at 108 in FIG. 1, thereby the initial electrical energy 
input to the motor device is transformed into mechanical 
energy of load rotation. The device thus described is one 
dimensional and functions in a planar type of movement. 
The DC motor of FIG. 1, therefore, may be considered to 
demonstrate the concept of “action at a distance', a method 
of force generation in which mechanical energy is trans 
ferred to the environment without any objects or Surfaces 
coming into direct contact with one another. This is different 
from the traditional Newton's Third Law “action-reaction” 
Scenario in which an object reacts to a given force through 
direct contact. 

To better understand what other variables may influence 
the force generated via electromagnetic interaction, and 
hence better understand the invention, it is worthwhile to 
examine how a force can be produced on a single electrical 
particle by its movement in an electromagnetic field. From 
the basic principles of physics, the force acting on a charge 
q, when moving with a Velocity V in an external field, can be 
described by the relationship: 
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Where the vector v is a velocity vector indicating the 
direction of the charge q relative to the external (constant) B 
field. The variable B is the magnetic induction vector that 
has units of Webers/meter. The cross product term x 
indicates that the force acting on the charge q is at right 
angles to both the V and B vectors. Thus, the force generated 
is proportional to the quantity of charge, its Velocity, the 
intensity of the external B field, and the orientation between 
v the vector and the B field. To illustrate this basic principle 
of physics, consider FIG.3, which illustrates the relationship 
of Eq. 1 for the flow of many charges q. FIG. 3 shows a 
magnetic field Bat 303, current at 301 and conductor length 
at 302. In FIG. 3, the flux lines of the B field are shown at 
300, a current is shown at 301 moving from right to left in 
a conductor whose length is illustrated at 302. The current 
i(t), shown at 301, is a Summation of charges and the force, 
F, on the conductor can be expressed by the relationship 

Where L is a vector indicating the direction of the current 
i(t). Eq. 2 is similar to Eq. 1 but applies for multiple charges 
and demonstrates the dependency of the force developed on 
the quantity and orientation of the current as well as the 
length of the conductor Laffected in the external B field. The 
principle of the operation of a force generated on a conduc 
tor as depicted in FIG. 3 provides a basis for all types of 
force generation in electromagnetic devices including elec 
tric motors as shown in FIG. 1. The effect could also be 
illustrated through the interaction of two electromagnetic 
fields, that is, the external field having flux lines at 300 in 
FIG.3 and a field generated by the current shown at 301 in 
FIG. 3 opposing the external field at 300. This is the basis 
of force generation for the non-linked magnetic field force 
System of the invention. 

This effect may be extrapolated to an arrangement of the 
invention involving a glove device in a virtual reality 
Simulation as shown in FIG. 2 where the external magnetic 
field shown at 200, and the glove device generally shown at 
202 operates in a magnetic field. Force actuators are shown 
at 204. An attached microprocessor, Such as is shown 
connected at 203 in FIG. 2, is responsible for computing the 
actual position and orientation of the body part, a hand in the 
arrangement of FIG. 2, to institute necessary currents in the 
force actuators. Referring to the description of the DC 
motor, the external field 200 remains constant as do the 
stator poles at 100, 101, 102 and 103 in FIG. 1. The rotor, 
at 104 in FIG. 1, has a current coil therein whose current 
valued is changed, this in turn changes the polarity of the 
rotor poles. A similar action occurs in the force actuators 204 
on the glove device in the arrangement of FIG. 2. The 
current within the force actuator changes value, which in 
turn changes the magnetic field local to the glove device. 
ASSume for example, that a feeling of force is desired on the 
glove-type device, the actual orientation of the glove-type 
device is determined by the microprocessor, which obtains 
position and orientation information in the form of electrical 
Signals from the goiniometers at 205. After data indicating 
the three-dimensional position and orientation of the glove 
type device with respect to the magnetic field 200 are 
communicated to the microprocessor, the microprocessor 
then computes the value and vector direction of the magnetic 
field local to the glove-type device needed to cause the Static 
electromagnetic field to repulse the local magnetic field and 
emulate a feeling of force in the intended direction on the 
glove-type device. A Sample Software algorithm is provided 
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as Appendix A, which provides means for the microproces 
Sor to coordinate and keep track of position and orientation 
of the Sensors and actuators. The Software algorithm is 
written in MS BASIC language. 

The FIG. 10 arrangement of the invention uses a Helm 
holz type coil to generate a first, constant, Stationary mag 
netic field. The Helmholz coils are shown at 1010 in FIG. 10 
and the glove-type device is shown at 1020. The Helmholz 
coil is known in the art and has the unique ability to produce 
an electromagnetic field which is very uniform and homo 
geneous. The flux lines of the magnetic field generated by 
the Helmholz coil are shown at 1040. After the electromag 
netic field 1040 is maintained constant, the glove-type 
device 1020 is then inserted into the field, the glove-type 
device appended with a three-dimensional force actuator 
shown at 1030. In relation to the DC motor example, the 
Hehmholz coil acts as a Stator and the three dimensional 
force actuator 1030 equates to the rotor device. 

Another possible arrangement for generating a more than 
one constant, Stationary electromagnetic field is by using 
two Helmholtz coil generated magnetic fields at right angles 
to each other as shown in FIG. 11. Such an arrangement 
allows for non-linked magnetic field force generation in 
more than one plane. In FIG. 11, a first constant electro 
magnetic field is generated between Helmholtz coils shown 
at 1111 and 1112 with the associated magnetic flux lines 
flowing in the “X” direction on the world coordinate system. 
A Second electromagnetic field, perpendicular to the first 
electromagnetic field is generated between Helmholtz coils 
shown at 1113 and 1114 with the associated magnetic flux 
lines flowing in the “Y” direction on the world coordinate 
system. If the magnetic fields of FIG. 11 are pulsed on and 
off Sequentially every millisecond, it is possible to generate 
non-linked magnetic field forces in more than one plane on, 
for example, a glove-type device inserted within the mag 
netic fields, in a similar manner as force generation accom 
plished in a single plane. 

There are various ways to determine the actual orientation 
of the human Subject's body part, the hand in the arrange 
ment of FIG. 2 that will receive a virtual reality force. The 
determination is not entirely different from having a global 
positioning System at each key joint of the human operator 
to determine the position and orientation of each respective 
coordinate frame in Space. One method of determining 
position and orientation, commonly accomplished in the 
field of robotics is by measuring the changes of the joint 
angles and the lengths of the respective links making up the 
system. In FIG. 8, a shoulder-to-arm arrangement of the 
invention is depicted. The flux lines of the first, Stationary, 
constant magnetic field are shown at 800, the force actuators 
are shown at 801 and goiniometers or position and orienta 
tion sensors are shown at 802 and 803. Simple trigonometric 
measurements of the arm System using goiniometeres 802 
and 803 as shown in FIG. 8 are used to determine the joint 
angles. 

FIG. 8a is a diagram of the angle relationships of the 
position sensors 802 and 803 in FIG.8. The goiniometer has 
a fixed reference base as indicated at 805 in FIG. 8a and is 
the origin of the World coordinate System. The angles shown 
at 806 and 807 are each sensed via either a rotational 
potentiometer or an encoder, which counts the number of 
passing slots as the angle 806 changes. For example, a 10-bit 
encoder has 2'-1024 slots and for a full rotation of 360 
degrees, the degree change per slot is 360 degrees divided by 
1024 which equals 0.352 degrees per slot. Thus, the angle: 
806 and 807 in FIG. 8a can be sensed as they change. 
Similarly, the lengths shown, at 810 and 811 are also known 
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6 
as shown in the algorithm of the microprocessor, attached as 
Appendix A. Thus in FIG. 8a, the point shown at 809 can be 
y-axis located with respect to the origin at point 805 by the 
length represented at 810 multiplied by the sine of angle 806 
and adding the product of the length represented at 811 
multiplied by the sine of angle 807. Similarly, the x-axis 
position change of point 809 relative to the origin at point 
805 can be determined by multiplying the length represented 
at 810 by the cosine of the angle at 806 and adding the 
product of the length represented at 811 by the cosine of the 
angle at 807. Therefore, the microprocessor contains an 
algorithm to locate the point at 809 representing the human 
subject's body part, relative to the origin at point 805, 
utilizing only the lengths represented at 810 and 811 and the 
measurement of angles 806 and 807. The joint angles can be 
Sensed by devices other than goiniometers and the art has 
demonstrated alternative means Such as potentiometers and 
magnetic devices for achieving this objective. 

Knowing the location of point 809 in FIG. 8a, or the 
human Subject’s body part, relative to the origin at 805 
allows the microprocessor to then generate a current in the 
windings of the force actuators, which in turn produces, a 
proportionately valued electromagnetic field. An electro 
magnetic field of appropriate polarity local to the human 
Subject and having a lower Strength than the Static, Stationary 
electromagnetic B field will result in the B field repulsing the 
field local to the human Subject resulting in a feeling of force 
on the human subject. The field B at 800 in FIG. 8 is 
constant, however, the local field at 801 may vary with time, 
producing a force reflected on the human, which varies with 
time. The variation of the forces produced at 801 will change 
depending on the position and orientation of the human arm. 
It is, therefore, the operation of the microprocessor to track 
the orientation of the force actuators as well as to coordinate 
their relative movement. The microprocessor will allow the 
gradual changes in forces Such that the human operator does 
not experience Sudden or abrupt force changes. 
The inputs and outputs required for the microprocessor to 

work include all joint lengths and prior knowledge of the 
link lengths. AS shown in FIG. 8a, each position Sensor has 
a reference point and the goal is to track the position of the 
most distal point, point 809 in FIG. 8a. One method for 
accomplishing this task is to use the Denavit-Hartenberg 
(hereinafter “D-H”) method. The D-H method involves 
using a matrix, which keeps track of both position, and 
orientation changes as the human Subject moves and rotates 
through space. The D-H matrix is of the form 

T R P 
^B' | 0, 0, 0 1 

where R is a 3x3-rotation matrix, and P is a 3x1 column 
vector which tracks the change in position. The 4x4 matrix 
T tracks the change in position when the System moves 

from frame A to frame B. Appendix A illustrates represen 
tative software in MS BASIC to show a simple example in 
implementation. 

FIG. 5 illustrates how both position and orientation can be 
tracked using a D-H matrix. A System is originally in frame 
A, shown at 500 and identified at 501 in FIG. 5, and is 
rotated and translated to frame B at 506 and identified at 507 
by a 30 degree rotation, such angle shown at 502, about the 
Z axis of frame A and translated 4 units in the XA, 503, 
direction and 3 units in the YA 504, direction. The D-H 
matrix corresponding to FIG. 5 is 
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-i. Eq. 5 BAT = O, O, O 1 

c6, s6 O Eq. 6 
where AR' = -st, c6 O 

O O 1 

where c0 and S0 are short hand notation for cosine and Sine 
of the angle 0. The vector'Peo is given by col4.3.0 and 

0.866 0.5 O -4.964 

|-0.5 0.8660 -0.598 
BA = | O 1 O 

O O O 1 

Eq. 7 

The result shown in Eq. 7 is called forward kinematics. To 
determine inverse kinematics, compute Tby inverting the 
matrix of Eq. 7. In practice, the angles 0 are measured, the 
rotation matrix is known, the P. matrix is determined 
using the known link lengths and T or AT is calculated. 

Thus, the D-H matrix keeps track of both the position and 
orientation change of a coordinate frame and can be used to 
track the point 809 in FIG. 8a, as an example. It is only 
required to know the link lengths and the angle changes to 
determine both the position and orientation of point 809. 
To calculate the Strength and size of the magnetic fields 

used in the invention, the first, constant, Stationary magnetic 
field and the varying magnetic field local to the body part of 
the human Subject, assume, as an example, a 0.2 pound force 
is desired. Studies in the art dealing with Subjects involving 
force-reflecting devices generally have demonstrated that 
Significantly less than one pound of force on the arm or hand 
over any period of time exceeding a few Seconds is 
extremely instrumental in modifying limb motion trajecto 
ries. It is easier to consider this problem in SI (Systems 
International) units. Thus, 0.2 pounds of force =0.2/(0.2248 
pounds/Newton) which is approximately equivalent to 1 
Newton of Force. 

The equation B=uin may be used to determine the 
parameters of a Solenoid capable of providing an external 
magnetic field B supporting this force of 1 Newton. FIG. 9 
shows a typical Solenoid with an external electromagnetic 
field where n is the number of turns 901 of wire on the 
Solenoid shown at 903, i is the current in the Solenoid as 
shown at 902, and u is the permeability of air =4LX107. 
Thus, as an example, a Solenoid of 1 meter in length, 3 
centimeters in diameter, which has 10 layers of windings of 
850 turns each and carries a current of 10 amperes generates 
an external field of 0.11 Weber/meters. Note that a Weber 
is 10 lines of force per square meter and levels of 0.1 Telsa 
(Webers/meters) is not considered hazardous by OSHA 
standards. After the external field B is established, the force 
can be determined that acts on the actuator via the relation 
ship Set forth in Eq. 2. 

The unattached force emulating device and method of the 
invention may be accomplished in three dimensions, 
increasing the realism of the Simulation. FIG. 4 illustrates a 
three-axis element for use in a three-dimensional force 
reflection paradigm. A three-axis coil element which can 
generate forces and moments in all three-dimensions is 
obtained by wrapping three coils, shown at 400, 401 and 402 
in FIG. 4, about three ferrous metal cores shown at 403, 404 
and 405 in orthogonal axis. 
The three ferrous metal cores 403, 404 and 405 only touch 

each other at the X, Y and Z-axes, shown at 406, 407 and 
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408, respectively. At the intersections of the X, Y and Z-axes 
at 406, 407 and 408, the three ferrous metal cores are 
isolated from one another by a varnishing Separator which 
provides high electrical resistance to eddy currents that may 
be induced yet permits the magnetic fields to be focused and 
concentrated in the ferrous material composing each ferrous 
metal core of the respective axis. Since each coil wrapping, 
400, 401 and 402 is orthogonal to the other two axes, this 
provides independent control. The wires carrying the control 
current from the microprocessor to each of the orthogonal 
coils have currents i, i and i, which give rise to their 
respective electromagnetic fields. One, two or three of the 
axes may be actuated Simultaneously. It is not necessary to 
actuate every axes, only those necessary for creating the 
appropriate force vector. Accordingly, if a three-dimensional 
feeling of force is desired on the human operator, a micro 
processor will be programmed to alter the currents 400, 401 
and 402 and a feeling of force will be emulated against the 
electromagnetic fields local to each current. Such a three 
dimensional force emulation is more realistic than force 
emulation in a Single plane. 
The actuating elements which produce the force locally 

on the glove device in FIG. 2 have the design in FIG. 4 for 
another reason involving the removal of heat in an efficient 
manner. Heat is removed in an efficient manner because heat 
generating electric currents have to run through the coils 
400, 401 and 402 in order to generate the electromagnetic 
field and a feeling of force. The design in FIG. 4 reduces heat 
in an efficient manner by having each axes exposed to the air 
and Separated in a Spatial Sense. This design allows for better 
conduction of heat from the device. 
The three-dimensional force reflecting actuators can be 

further simplified as illustrated in FIG. 6. FIG. 6 shows a 
force actuator, 600 with two metal cores 601 and 602 on top 
of each other and at a right angle to metal core 603. In FIG. 
6, the three-axis coil, 600, is put in a form that appears as a 
two-dimensional plane but effectively acts as like a three 
dimensional actuator (as in FIG. 4). In FIG. 6, actuator 
bottom layers 601 and 602 are produced from material 
anisotropic in nature, that is, the magnetic properties of the 
material are more favored in one direction only as compared 
to isotropic materials in which magnetic properties are 
Similar in all directions simultaneously. These properties of 
magnetic Substances can be built into the material as the 
metal is formed and provides the directional vectors without 
the need for three-dimensional construction as depicted in 
FIG. 4. 

This arrangement can be further understood by consider 
ing FIG. 7. FIG. 7 illustrates the three force vectors that 
result when actuated by these orthogonal electrical currents 
from the system in FIG. 4. From FIG. 7, in the x, y and Z 
directions shown at 700, 701 and 702, respectively, it is 
known these vectors now have forces in their respective 
coordinate Systems through the vector relationship 

Where the currents j=X,Y, or Z have been initiated by a 
microprocessor to the respective coils. By combining any 
two or more forces using Eq. 3, it is seen from FIG. 7 that 
force reflection can easily be accomplished in any arbitrary 
direction. A difficult task is for the microprocessor to keep 
track of the position and orientation of the force actuators on 
the human Subject, a glove-type device in FIG. 2, and to 
coordinate their relative movement. With this information 
on the human Subject, the hand in the arrangement of FIG. 
2, the appropriate currents i, i, and/or is can be generated 
to command the appropriate Spatial force reflection para 
digm. 
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The invention provides a more realistic feeling of force 
Simulation than that available in the art by capitalizing on the 
concept of an “action at a distance' method of reflecting 
forces as opposed to the traditional Newton's third law 
concept of “action-reaction” with bodies in contact. The 
“action at a distance' concept is Successfully employed by 
using electromagnetic fields and forces in three dimensions 
without the human operator being attached or linked to a 
reference Source. 

While the apparatus and method described herein consti 
tute a preferred embodiment of the invention, it is to be 
understood that the invention is not limited to this precise 
form of apparatus or method, and that changes may be made 
herein without departing from the Scope of the invention, 
which is defined in the appended claims. 
We claim: 
1. A non-linked method for providing a feeling of force to 

a human operator comprising the Steps of: 
generating a first, constant, Stationary electromagnetic 

field; 
Sensing three-dimensional position and orientation of Said 
human operator relative to Said first, constant, Station 
ary electromagnetic field; 

communicating data from Said Sensing Step to a micro 
processing computing device; 

generating an electric Signal responsive to data from Said 
communicating Step; 

producing a Second, varying electromagnetic field local to 
Said human operator responsive to Said electrical Signal 
from Said generating Step; and 

coupling a force generated by interaction of Said first and 
Second electromagnetic fields to Said human operator. 

2. The method of claim 1 for providing a feeling of force 
to a human operator wherein Said generating Step further 
includes the Step of providing a helmhotz-coil generated 
electromagnetic field. 

3. The method of claim 1 for providing a feeling of force 
to a human operator wherein Said Sensing Step further 
includes the Steps of: 

establishing a coordinate System relative to Said human 
Subject; and 

Sensing movement of Said human Subject by measuring 
angular and linear displacement of Said human Subject 
relative to Said coordinate System. 

4. The method of claim 1 for providing a feeling of force 
to a human operator further including the Step of generating 
an electric Signal in each of X, y and Z coordinate axes. 

5. The method of claim 3 for providing a feeling of force 
to a human operator, wherein Said Sensing Step further 
includes the Steps of: 

mounting Said human operator with position Sensing 
equipment, and 

mounting Said human operator with force actuating equip 
ment. 

6. The method of claim 4 for providing a feeling of force 
to a human operator, wherein Said mounting Said human 
operator with position Sensing equipment further includes 
the Step of mounting Said Sensing equipment on a glove type 
device on a hand of Said human operator. 

7. An non-linked System for providing a feeling of force 
to a human operator comprising: 

a first, constant, Stationary electromagnetic field generat 
ing apparatus; 

Sensing apparatus appended to Said human operator for 
locating three-dimensional orientation of Said human 
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10 
operator relative to Said first, constant, Stationary elec 
tromagnetic field; 

a Second electromagnetic field local to Said human opera 
tor and responsive to three-dimensional position and 
orientation data of Said human operator; 

a computer apparatus capable of varying Said Second 
electromagnetic field to generate attractive and repul 
Sive forces acting on Said human operator in response 
to signals received from Said Sensing apparatus. 

8. The system of claim 7 for providing a feeling of force 
to a human operator further including data communication 
means for communicating data from Said Sensing apparatus 
to Said microprocessing computing device. 

9. The system of claim 7 for providing a feeling of force 
to a human operator wherein Said attractive and repulsive 
forces are generated by an electric Signal. 

10. The system of claim 7 for providing a feeling of force 
to a human operator further including a Second electromag 
netic field existing on X, y and Z axis of a world coordinate 
System. 

11. The system of claim 10 for providing a feeling of force 
to a human operator wherein Said Second electromagnetic 
field of three-dimensions comprises 

a first metal core in the X-plane of the World coordinate 
System having current carrying coils thereon, 

a Second metal core in the y-plane of the World coordinate 
System orthogonal to Said first metal core having cur 
rent carrying coils thereon; 

a third metal core in the Z-plane of the World coordinate 
System orthogonal to Said first and Second metal cores 
having current carrying coils thereon, and 

Said current carrying coils of Said first, Second and third 
metal cores having a current running therethrough and 
generating an associated electromagnetic field that 
attract and repel Said first electromagnetic field. 

12. The system of claim 11 for providing a feeling of force 
to a human operator wherein Said Second electromagnetic 
field of three dimensions comprises 

a first core of anisotropic material in the X-plane of the 
World coordinate System having current carrying coils 
thereon; 

a Second core of anisotropic material in the X-plane of the 
World coordinate System having current carrying coils 
thereon; 

a third metal core in orthogonal to Said first and Second 
metal cores having current carrying coils thereon, and 

Said current carrying coils of Said first, Second and third 
metal cores having a current running therethrough and 
generating an associated electromagnetic field that 
attract and repel Said first electromagnetic field. 

13. The system of claim 7 for providing a feeling of force 
to a human operator wherein Said Sensing apparatus further 
comprises: 
means for establishing a coordinate System relative to Said 
human Subject; and 

Sensing means for Sensing movement of Said human 
Subject by measuring angular and linear displacement 
of Said human Subject relative to Said coordinate Sys 
tem. 

14. The system of claim 13 for providing a feeling of force 
to a human operator wherein Said Sensing means further 
includes: 

goiniometers for Sensing position of Said human Subject; 
and 

force actuators for Sensing three -dimensional orientation 
of Said human Subject. 
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15. The system of claim 13 for providing a feeling of force 
to a human operator wherein Said Sensing means further 
includes a glove-type device for mounting Said goiniometers 
and force actuators on the hand of Said human operator. 

16. The system of claim 8 for providing a feeling of force 
to a human operator wherein Said electromagnetic devices 
are externally powered. 

17. An untethered system for providing force virtual 
reality to a human operator comprising: 

a first, constant, Stationary electromagnetic field; 
externally powered Sensing apparatus appended to a 

glove-type device on a hand of Said human operator for 
determining three-dimensional angular and linear ori 

12 
entation of Said hand of Said human operator relative to 
Said first, constant, Stationary electromagnetic field; 

a Second electromagnetic field local to Said human opera 
tor and responsive to three-dimensional angular and 
linear orientation data of Said hand of Said human 
Operator, 

a microprocessing computing device operative to receive 
and generate data to vary Said Second electromagnetic 
field to generate attractive and repulsive forces between 
Said first and Second electromagnetic fields which 
direct a force on Said human operator. 

k k k k k 


