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(7) ABSTRACT

A device for creating a milieu for a creature in a real
environment to the creature, the milieu comprising both at
least one part of the real environment and at least one
fictitious phenomenon, the properties of said milieu expe-
rienced by the creature depending on the position and/or
orientation of the creature, or a part thereof, relative to the
real environment. The device comprises a member for
generating stimuli, said stimulation generating member
including a transducer arranged to determine its position
and/or orientation relative to the real environment by receiv-
ing incident optical signals from signal sources in the real
environment and recording the relative incident directions of
the received signals in relation to the transducer, and a
means by which the creature and the transducer are con-
nected so that the relative positions and/or orientations of the
creature and the transducer are arranged to be within a
limited interval, for generating the stimuli by means of
information about the position and/or orientation of the
transducer and about the real environment, and a unit for
transferring the generated stimuli to the creature to thereby
realize said milieu for the creature.
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DEVICE AND A METHOD FOR CREATING AN
ENVIRONMENT FOR A CREATURE

FIELD OF THE INVENTION

[0001] The present invention relates to a device and a
method for creating a milieu for a creature in a real envi-
ronment to the creature, the milieu comprising both at least
one part of the real environment and at least one fictitious
phenomenon, the properties of said milieu experienced by
the creature depending on the position and/or orientation of
the creature, or a part thereof, relative to the real environ-
ment, and an arrangement comprising two or more devices
connected to a network for creating a milieu to a creature in
a real environment to the creature by means of respective
device, said milieu comprising both at least one part of said
real environment and at least one fictitious phenomenon,
said properties of said milieu experienced by the creature
depending on the position and/or orientation of the creature,
or a part thereof, relative to said real environment, and use
of such a device.

[0002] Such devices and methods may be used for several
purposes, but hereinafter primarily the particular, but in no
way limiting for the invention, fields of application consti-
tuting a means for creating virtual worlds within the enter-
tainment branch of industry, education, simulation and driv-
ing of vehicles will be described.

[0003] Initially, a number of terms used in the present
application will be explained and defined more closely
below. In this connection, it is emphasised that the terms
“creature”, “object”, “phenomenon”, “fictitious creature”,
“fictitious object™fictitious phenomenon”, “environment”,
“properties”“milieu”, “indoors”, “semi-indoors™‘model”,
“position”“orientation”, “authorisation” and “abstract sta-
tions” in the text are to be given very broad meanings in
accordance with the following definitions.

[0004] The term “creature” includes human beings and
animals. Although animals belonging to the group of mam-
mal are intended in the first place, also other animals such
as birds, fishes, batrachians and reptiles, and insects are
included.

[0005] By the term “object” both physical things and
creatures or parts thereof are intended.

[0006] In addition to creatures and things, the term “phe-
nomenon” comprises also steam, liquids, shadows, lights,
sources of sound, waves, vibrations, motions, propagating
cracks, draught, flows, vortexes, turbulence, discolourations
and tints, and other comparable phenomena.

[0007] By the terms “fictitious creature”, “fictitious
object” and “fictitious phenomenon”, a creature, an object
and a phenomenon which by a creature are perceived as real
although in reality they are existing only apparently.

[0008] An “environment” may be constituted by one or
more physical things or parts thereof and/or creatures, as
well as by an arbitrary volume with or without physical
limiting surfaces. The volume or the space may include one
or more solid objects and/or contain different mediums in a
gas and/or a liquid state. It is also possible that there is a
vacuum in the volume. In the environment both stationary
and movable objects/phenomena may occur. The current
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environment may be located both outdoors and indoors and
possess a great or small extension as compared to the
creature.

[0009] By the term “milieun” (corresponding to “aug-
mented reality” in the English language), the milieu expe-
rienced by a creature is intended, which milieu by providing
fictitious creatures, fictitious objects and/or fictitious phe-
nomena to the real environment means that the creature
experiences that the milieu has other properties than what is
the case for the real environment without these apparent
characteristics. In the “changed/improved reality” which the
creature in that way takes part of and/or acts within also for
example phenomena/properties such as sharpness, colour,
perspective, loudness, musical pitch, breath of wind, heat to
the body etc may be modified.

[0010] The term “properties” covers in principle all fea-
tures of an environment which may be recorded and/or
measured. This means that all chemical and physical states
and quantities are included and furthermore that all features
of the environment related to the appearance and extension
that may be documented are included. A few examples
among all possible properties are: that an object is present in
a solid state, that a certain oxygen content is present in a
position, that a gas has a certain temperature, that an object
or a part thereof has a certain extension, shape, texture or
colour etc, that any vectorial property is present in a posi-
tion, such as magnetic fields, acoustic fields, flow etc.

[0011] The present invention is intended to be applied
primarily “indoors” and “semi-indoors”. The term indoors
includes all types of locations inside different kind of
permanent or temporary buildings and constructions, or
naturally occurring enclosings, such as dwelling houses,
factory premises, offices, tents, caves, tunnels, mines, but
also simpler constructions in which there are walls, pillars,
and/or masts which support some kind of roof. The roofs
may cover the current area totally or be designed as a net,
lattice or battens. Also places inside different kind of crafts,
such as vessels, trains, cars, acroplanes and spacecrafts are
counted among the category indoor environments. In the
term semi-indoors places located outdoors in the vicinity of
constructions or naturally occurring objects and close to the
outer limitations of the indoor environments, such as in the
vicinity of walls, roofs, masts, pillars, power lines, towers,
walls made of bricks or stones, lamp-posts, bridges, trees,
rock formations, stones, bushes, long valleys and hills,
puddles, shorelines, variations in vegetation, etc., are
intended.

[0012] Tt should also be emphasised that the term “model”
is intended to comprise everything from very simple models
of environments, such as few co-ordinated data, graphs,
drawings, maps, etc., to more advanced real or abstract two-,
three- or higher dimensional representations, which may be
moved, rotated, deformed, changed or processed in any
other way, for example in a computer. Furthermore, the
models may include photographic still pictures and moving
pictures in the form of film sequences. In a model, vectorial
quantities, such as a gasflow, may be illustrated by means of
arrows in such a way that the direction and length of an
arrow denote the direction and the value, respectively of the
present quantity. Furthermore, other quantities, which very
often are isotropic quantities, such as temperatures, radiation
intensities, etc., may be illustrated in the form of differently
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coloured transparent surfaces representing surfaces in a
volume along which surfaces a current quantity has for
example a constant value. In addition, holographic repro-
ductions and models of abstract and mathematical character
are also included, such as those which depict an environment
by means of for example reciprocal spaces.

[0013] Furthermore, the terms “position” and “orienta-
tion” have the following meanings. A three-dimensional
object, i.e. a physical article or a creature, may have up to six
spatial degrees of freedom, three translations and three
rotations. The “position” of the object is defined by the three
quantities which denote translations in relation to the origo
of a current coordinate system. These are denoted in this
application by X, y and z. However, it is also possible to
denote the position parameters in other coordinate systems,
for example in polar coordinates, (r, ¢, ¢). The “orientation”
of the object is defined by the three quantities which denote
angles of rotation of the object in the coordinate system.
These are denoted in this application by a, [} and .

[0014] Inpractice, an object often has a number of degrees
of freedom which is less than six. A cursor on a computer
display, for instance, usually has two degrees of freedom. Its
orientation is constant (or irrelevant), and its position is
characterized by two variables. Similarly, a three-dimen-
sional object may have such limitations that it has fewer than
six degrees of freedom. For example, a block movable on a
table has three degrees of freedom—two variables indicates
its position on the table top and one variable its orientation,
i.e. its angle of rotation about an axis perpendicular to the
table top.

[0015] Afictitious object may theoretically have an unlim-
ited number of degrees of freedom, and may be defined in
an arbitrary, real or abstract metric room, containing linear
as well as non-linear rooms, and discrete and continuous
rooms. As an example, it may be mentioned that objects may
be defined in arbitrary Hausdorff rooms, popularly described
as fractal rooms.

[0016] “Authorization” means that a creature has admit-
tance, or has not admittance, to a certain area/volume in an
environment or to an object, or is permitted, or is not
permitted, to perform a certain action. For this authorization
it may be special conditions to be fulfilled, such as a certain
point of time or a predefined action which has to be
performed by the creature or by any other or that a special
state is present in the environment or that a certain occur-
rence has occurred or occurs. Specially, areas and volumes
of the environment which are permitted or not permitted
may be defined by the fictitious objects and/or fictitious
phenomena that have been added to the real environment.

[0017] “Abstract stations” are selected sets of positions
and/or orientations in the environments which not necessar-
ily need to coincide with the position or extension of a
physical thing, but an abstract station may be defined by one
or more selected position- and/or orientation parameters
depending on, or independent of, the properties of the
environment, which environment possibly may include fic-
titious objects and/or fictitious phenomena, and possibly by
a specific time interval.

[0018] Herein “fictitious physics” is defined as an amount
of mathematical rules regarding how a fictitious object acts
in an environment. Thus, the fictitious physics may be
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considered as a defined set of “natural laws” which is valid
for fictitious objects/phenomena. For example, in a com-
puter model, normal physical laws may be valid for the
motion of a ball, but the gravitation constant on earth has
been replaced by a corresponding constant at the surface of
the moon. Thus, a given impact force on a golf ball will give
a much higher and longer stroke in the calculating model
than it would have done with the gravitation constant of the
earth. However, it should be pointed out that the fictitious
physics not in any way is limited to making models of only
such things which have something corresponding to the real
word. To give an example of the above, it may for example
be mentioned that for a fictitious object which is deformed
to such an extent that if it has been a real object, it would not
have been possible to restore the object, “fictitious physics”
may be defined which means that under certain conditions
the fictitious object may recover its original shape and/or
properties.

[0019] Furthermore, it should be pointed out that although
application examples are initially described below in which
the relative movement between the device, or at least parts
thereof, and the environment, is performed by moving the
device itself, it is in some cases possible to use a stationary
device and instead accomplish the relative movement by
moving the environment, for example in the cases in which
the environment is constituted by an object which is not
stationary installed.

PRIOR ART

[0020] Within different fields there is a need of attaining
experiences of a virtual reality and/or a changed/augmented
reality to a creature. These needs are present within the
entertainment branch of the industry and the experience
industry, as well as within other fields such as among others
industrial design, development, production, construction
and driving of vehicles.

[0021] The technology of today for creating the experi-
ence of completely virtual worlds as we;l as augmented
realities uses computer screens, and/or pictures projected on
walls or screens, to a great extent. In more advanced
solutions, special 3D-glasses of different types may be
combined with special picture techniques for creating a
three-dimensional experience. These solutions have the dis-
advantage that either they are non-precise, which does not
give a very good feeling of presence, they require special
rooms with stationary projection equipment and/or moni-
tors, or they have to use such systems for determining the
position and/or orientation of for example helmets which
systems do not enable the helmet to be placed in an arbitrary
position and/or orientation, or which solutions have a lim-
ited use in proportionately small spaces, such as for example
a cockpit of an aeroplane.

[0022] Computer games in their most simple form and up
to now the most commercially important form use a simple
monitor for giving the user a virtual world. Whether it is a
completely virtual event or a simulation of for example
playing golf, this type of technical solutions strongly fail in
its ability to enable an active, physical participation of the
user in the virtual world.

[0023] A further variant of today’s technology is found in
for example aeroplane simulators, where the whole simula-
tor may be moved at the same time as direction-dependent
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pictures are showed on screens that correspond to the
windows of the cockpit. Also in this case, the solutions have
disadvantages, principally by a limited degree of freedom
for the person in the simulator, and/or by the fact that when
the person still moves the environment may not be adapted
in a natural manner, for example by the fact that lifelike
parallax-treatment is missed.

[0024] A sophisticated variant of this subject was found
during 2001 in Universial Studios Theme Park Adventure
Island in Orlando, Fla., US in the form of the attraction
Spiderman. A combination of 3D-glasses, movable travers-
ing vehicle in which the person sits and projecting pictures
which give 3D-experiences is used. Also in this advanced
case, the flexibility is low for the person as regards the
possibility to experience the virtual world in accordance
with the own desires of the person. In addition, it is not
possible with this technology to get two persons, which are
present in this environment at the same time, to each
experience a world while the acts of one the person effect the
environment to the other person and vice versa.

[0025] A known system which enables the position- and
orientation information in six degrees of freedom is the
so-called Polhemus-system (Polhemus Inc., Colchester, Vt.,
US). The system is used for creating virtual realities as well
as changed/augmented realities. The system uses a three
axes magnet dipole source and a three axes magnetic field
sensor. By varying the transmitted magnetic field sequen-
tially three excitation vectors independent in relation to each
other are accomplished. The three vectors sensed by the
sensor contain sufficient information for determining the
position and the orientation of the sensor relative to the
source. However, this system has several disadvantages.
One disadvantage is the sensitivity to other magnetic fields
occurring in the environment, which for example make the
use in a work shop, where a number of varying magnetic
fields from engines and instruments, etc. are present, more
difficult. Another disadvantage is that adjacent greater metal
objects effect the accuracy of the system in a negative way,
which means that the system in practice will be unusable for
example in a production line for car bodies. A further
disadvantage is that the sensor has to be present relatively
close to the magnetic field source, which strongly delimits
the operation area when at the same time accuracy is
required. These disadvantages make that the system is
useable only in special environments.

[0026] Polhemus and similar systems are used today also
for determination of the position of so-called VR-gloves.
Also 1in this case, disadvantages as regards the accuracy of
the measurement and the fact that the use is restricted to a
certain type of environment are present.

[0027] Among other fields, in the field of military aviation
different designs of members for creating pictures directly
on the retina of a person are used. These pictures may either
be used separately, or as a whole or a partial superposition
on the picture originated from the environment. Today,
mainly very simplified information is superpositioned, for
example information in the line of sight of a person, instru-
ment settings and other information dependent upon posi-
tion and/or orientation. For incorporating orientation relative
to target and more realistic complex pictures, a very much
greater accuracy of the position and/or orientation informa-
tion is required than the cases previously mentioned and,
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thus, it is realised only in cases according to above which are
characterized by very rigid and restricting requirements on
the environment where the person is present. Thus, in the
general case with a freely moveable person, up to the present
day, it is not possible to successfully put together real visual
impressions and more complex fictitious objects.

[0028] In the field of virtual reality or augmented reality
there is a lot of devices containing different technical solu-
tions which constitute the state of the art. Typically, these
solutions do not offer flexibility and accuracy at the same
time. Thus, each of these solutions has a limited or very
specialized applicability. Especially, this is clear from the
amount of different means for handicapped people, which
means have been introduced over the last years. In this
connection, the generality of the solutions has been very
limited. In many cases it is important not to have several
types of equipment for co-operating staff or staff in the same
organisation. This is true in the case of military as well as for
civilian organisations. Particularly, this is true for private
use, where the price/cost is of great importance, that a device
mentioned above has to be usable in a very general way to
be able to be produced and sold to a great extent and at a
price acceptable to the customer.

[0029] The use of and the reading of gestures and motions
are utilised today among other areas within different search
projects for controlling apparatuses or for playing virtual
(ball)games. Many of these examples are based on that the
person is filmed by a camera/cameras and the pictures are
analysed. A disadvantage is then that these devices and
methods require fixed installed cameras where the cameras
are to be used. Furthermore, often an advanced picture
processing is required to extract the gesture from the picture
material.

THE OBJECT OF THE INVENTION AND
SUMMARY OF THE INVENTION

[0030] A first object of the present invention is to provide
a device of the kind defined in the introduction, which
device reduces at least any of the problems discussed above
of already known such devices to a substantial extent.

[0031] This object is attained according to the invention
by that the device comprises a member for generating
stimuli, the stimulation generating member including a
transducer arranged to determine its position and/or orien-
tation relative to the real environment by receiving incident
optical signals from signal sources in the real environment
and record the relative incident directions of the received
signals in relation to the transducer, and a means by which
the creature and the transducer are connected so that the
relative positions and/or orientations of the creature and the
transducer are arranged to be within a limited interval, for
generating the stimuli by means of information about the
position and/or orientation of the transducer and about the
real environment, and a unit for transferring the generated
stimuli to the creature to thereby realise said milieu for the
creature. Hereby, a device is obtained, which device offers a
very great flexibility and which may be used in several
different applications and environments for giving a creature
a desired experience and which at the same time provides a
very high grade of accuracy for measuring positions and/or
orientations to form the basis for generating the stimuli
which are required to realise the milieu for the creature.
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[0032] A second object of the present invention is to
provide a method of the kind defined in the introduction,
which method reduces at least any of the problems discussed
above of already known such methods to a substantial
extent.

[0033] This object is attained according to the invention
by that the method comprises that the creature is provided
with a member for generating stimuli, the stimulation gen-
erating member including a transducer which is connected to
the creature so that the relative positions and/or orientations
of the creature and the transducer are arranged to be within
a limited interval, and the transducer determines its position
and/or orientation relative to the real environment by receiv-
ing incident optical signals from signal sources in the real
environment and recording the relative incident directions of
the signals received, and that the stimuli are generated by
means of information about the position and/or orientation
of the transducer and about the real environment, and that
the generated stimuli are transferred to the creature to
thereby realise said milieu for the creature. Hereby, a method
is obtained, which method offers a very great flexibility and
which may be used in several different applications and in
environments for giving a creature a desired experience and
which at the same time provides a very high grade of
accuracy for measuring positions and/or orientations to form
a basis for generating the stimuli which are required to
realise the milieu for the creature.

[0034] A third object of the present invention is to provide
an arrangement of the kind defined in the introduction,
which arrangement is able to combine two or more devices
according to the invention so that two or more creatures may
take part of or act in a common milieu at the same time, the
milieu comprising both real and fictitious phenomena, and
particularly in a way so that this may take place while the
respective creature still is able to take part of and act in its
own created milieu to some extent without that said created
milieus of other creatures thereby are directly effected.

[0035] This object is attained according to the invention
by that the respective device of the arrangement comprises
a member for generating stimuli, the stimulation generating
member including a transducer arranged to determine its
position and/or orientation relative to the real environment
by receiving incident optical signals from signal sources in
the real environment and recording the relative incident
directions of the received signals in relation to the trans-
ducer, and a means by which the creature and the transducer
are connected so that the relative positions and/or orienta-
tions of the creature and the transducer are arranged to be
within a limited interval, for creating the stimuli by means
of information about the position and/or orientation of the
transducer and about the real environment, and a unit for
transferring generated stimuli to the creature to thereby
realise said milieu for the creature, and that the arrangement
includes a means for establishing a smallest common milieu
realised to the creatures, on the basis of the milieus gener-
ated, in which the respective creature may effect the prop-
erties experienced by the creatures. Hereby, an arrangement
is obtained, which arrangement offers a very great flexibility
and which may be used in several different applications and
environments for giving two or more creatures a desired
experience and which at the same time provides a very high
grade of accuracy for measuring positions and/or orienta-
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tions to form the basis for generating the stimuli which are
required to realise the milieu common to the creatures.

[0036] The invention also relates to different uses of the
device according to the invention.

[0037] Further advantages and advantageous features of
the invention are disclosed in the following description and
the appended dependent claims.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0038] Hereafter, preferred embodiments of the invention
are described as examples below with reference to the
attached drawings.

[0039]

[0040] FIG. 1 is a perspective view of an environment in
the shape of a room where a exsisting person sees real
objects as well as fictitious objects in a realised milieu,

[0041] FIG. 2 is a schematic perspective view of a trans-
ducer comprised in the invention and on the transducer
incident signals originated from signal sources in the envi-
ronment,

[0042] FIGS. 3a and 3b are block diagrams of devices
according to the invention and examples of communication
lines between components possibly included in the devices,
and possible data conversions and model calculations.

[0043] FIG. 4 shows a military vehicle with the device
according to the invention to give the driver an outlook in
ant environment in which the driver is totally protected,

[0044] FIG. 5 shows a match in fictitious tennis in an
environment against a fictitious opponent,

In the drawings:

[0045] FIG. 6 is a schematic sketch of components
included in a means for transferring information received by
the auditory organ, and

[0046] FIG. 7 shows a fictitious orchestra.
DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

[0047] The stimulation generating member mentioned in
this application may in its most simple embodiment be
constituted by a transducer for receiving incident optical
signals from signal sources 9 in the real environment, a
means for connecting the transducer and the creature to each
other, and a unit for transferring the stimuli generated by
means of the stimulation generating member to the creature.

[0048] The connecting means may be for example, a glue,
or a bag for carrying the transducer or a band accommodat-
ing the transducer which band is intended to be applied on
the creature, such as a collar, bracelet or the like. However,
it should be emphasised that the connecting means may be
included in the transducer itself and be provided by the
design of the transducer without using any component in
addition to the transducer. As an example, the transducer
may be provided with a connecting means in the form of a
“handle” so that the transducer may be connected to the
creature for example by the fact that the creature quite
simply grasps or bites the transducer. The transducer may
also be designed to be implanted into the creature.
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[0049] 1t should also be emphasised that the term envi-
ronment defined in the introduction in its simplest embodi-
ment may comprise only the signal sources from which the
transducer is intended to receive signals for the position-
and/or orientation determination, which will be described
further below.

[0050] Even if it is not described in detail for all embodi-
ments, it is pointed out that for all applications and embodi-
ments described herein, signal sources in the environment
are used for transmitting, reflecting or spreading signals
which signals are received by a transducer with the purpose
of determining the position and/or orientation of the trans-
ducer. Furthermore, throughout the description, similar ref-
erence numerals denote same or analogous objects.

[0051] InFIG. 1, a real environment, which is constituted
by a room 1, some of the limiting surfaces 2 of the room 1
and a number of things 3, 4 present in the room 1, is
illustrated. Although in this case, the environment is a
schematically depicted room in a building, in practice, the
environment may be any indoor or semi-indoor environment
having several properties and phenomena. In this embodi-
ment, the environment is thought to be an ordinary room in
a house. This room is being furnished. In this case, two
chairs delivered as a construction kit will be assembled and
placed in the room. In the moment of the process, which this
figure represents, one chair is partly put together 3 where the
back 4 remains to be assembled. A creature 8, illustrated in
the current figure only as a head 10 of a person, is present
in the room 1 and is provided with the stimulation generating
member 14 according to the invention, which member
comprises a transducer 5 for determining the position and/or
orientation of the head relative to the real environment in
such a way that the positions and/or orientations of the
eye/eyes 11 are determined, that the positions and/or orien-
tations of a means included in a transferring unit, for
transferring visual information 12 to the creature, are deter-
mined.

[0052] In this connection, it is interesting to determine the
position and/or orientation of the eyes 11 and of the means
of the transferring unit for transferring visual information
12, relative to the real environment 1 so these positions and
orientations may be inserted into a three-dimensional model
of the environment which model is stored in a computer 18.
In this connection, the control- and calculating unit 17
included in the stimulation generating member, from the
model taken from the computer 18, the position and orien-
tation of the person and models input to the control- and
calculating unit by programmes which may generate differ-
ent visual objects, in the current example chairs and parts
thereof, may calculate the information which is to be com-
municated to the means for transferring visual impressions
12 of the transferring unit, so that generated pictures of the
fictitious phenomena may be incorporated with great accu-
racy in the real picture information of the room 1, the milieu
being realised for the person. In this connection, the person
8 will see a milieu constituted by the real objects; the
half-completed chair 3 and the back 4 of the chair not yet
assembled, and a fictitious object 6 which shows how it will
look when the back of the chair has been assembled and a
fictitious object 7 in the form of a further chair as it will look
when the chair has been put together. A means for commu-
nication between the transducer and the transferring unit of
the device, and the separately located control- and calculat-
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ing unit 17 including signal paths 19, comprising either
cables and/or wireless communication by for example Blue-
tooth-technology, connects in this case the components of
the device for transferring signals. The models for generat-
ing the fictitious objects in this specific case are assumed to
be created by a furniture manufacturer. In this example, the
person controls the position and/or orientation of the ficti-
tious chairs, or the parts thereof, by vocal commands via the
microphone 16 to the control- and calculating unit 17.

[0053] The transferring unit mentioned before includes a
means for transferring visual information 12 and a means for
transferring information, to be received by the auditory, in
the form of headphones and a microphone 16. Preferably, the
transducer 5, the two means 12, 15 and the microphone 16
are arranged in a so-called headset 13 to enable the user to
utilise the equipment in a comfortable way. Thus, the
headset 13 mentioned above constitutes a connecting means
by which the head 10 of the person and the transducer 5 are
connected so that the relative positions and orientations of
the person 3 and the transducer 5 are arranged to be within
a limited interval. Thus, by means of the information about
the position and/or orientation of the transducer 5 the
position and/or orientation of the head 10 and of the eyes 11
of the person may be determined.

[0054] Furthermore, the transducer 5 is arranged to
receive incident signals from signal sources 9 in the envi-
ronment, which signals propagate rectilinearly between the
signal sources 9 and the transducer 5, for achieving the
position- and/or orientation information, and the transducer
5 is arranged to repeatedly determine its position and/or
orientation relative to the environment when the transducer
5 and the environment are moved relative to each other, i.e.
when the creature 8 moves and/or moves the head. Further-
more, the transducer 5 is arranged to be freely movable and
mechanically unguided by the environment in an arbitrary
coordinate system by the carrier of the transducer.

[0055] With the expression that the position of a thing or
of a creature is determined in this application is intended that
at least some of the position parameters (X, ¥, z) is known in
a coordinate system, the relation to the environment of
which is known. By the expression that the orientation of a
thing or of a creature is determined in this application is
intended that at least one of the orientation parameters (a., f3,
y) is known in a coordinate system, the relation to the
environment of which is known.

[0056] Depending on the current application of the inven-
tion by the expression the position and/or orientation of the
creature, the position and/or orientation of one or more
specific parts of the body is intended. In many cases where
the present invention is used, the head of the creature, having
the usually occurring visual organ, auditory organ, tactile
organ, gustatory organ and olfactory organ, would probably
constitute the part of the body which is intended. In other
cases it may be hands, fingers, a tail or another part of the
body which has sensory organs, for example tactile sense,
but also other special sensory organs of animals, which will
be stimulated to obtain experiences. The number of trans-
ducers/members and their position- on the creature, and the
requirements of accuracy in the position and/or orientation
determination, depend on these desires to a great extent.
However, it should be particularly pointed out that it is not
always neither necessary nor desirable in the current appli-
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cation that the transducer is located on the part of the body
which is to be given the stimulus.

[0057] One type of transducer 5, which may be used as a
component in the device according to the invention has been
developed and introduced into the market by MEEQ AB,
Hisslogatan 20, SE-721 31 Visterads, Sweden.

[0058] With the measuring method described in this appli-
cation and in the Swedish patent No. 444530, 458427 and
506517 it is possible to perform measurements, i.e. to
determine position and/or orientation with a great accuracy.
In some cases with an accuracy in the magnitude of tenth of
millimetres, or better, as regards position and tenth of a
mrad, or better, as regards the orientation. Furthermore, by
the fact that the incident directions of incident signals are
recorded, and by the fact that the transducer knows its own
position and orientation as well as the positions of the
“desired” signal sources, there is a possibility to sort out
“false signals” originated from for example non-desired
signal sources, alternative signal sources or reflected signal
sources. By using more than the smallest number of signal
sources required also disturbances in the form of obscured
signal sources may be handled by the equipment without
effecting the accuracy to any appreciable extent.

[0059] When the invention is applied, it is suitably pro-
ceeded so that before the user utilises the equipment, the
transducer 5 is brought to receive signals from at least two,
preferably three or four, and usually from five or more signal
sources 9, which define the coordinate system of the envi-
ronment, by that the transducer § is moved throughout the
room 1, until the transducer 5 has received sufficient infor-
mation about the positions of the signal sources 9, i.e. about
the coordinate system of the environment, which may be
performed by hand by a person 8 or by means of a vehicle,
a freely movable robot or the like. If, in addition, it is
required that during the subsequent use, the absolute scale of
length shall be known, the measuring of the signal sources
9 is performed while simultaneously using a measuring
standard, for example by placing an object with well known
dimensions as a reference gage in the environment during
the measuring procedure.

[0060] The transducer 5 may be a two-dimensional trans-
ducer of the kind which is described in the Swedish Patent
No. 444530. Thus, the transducer may be an optical instru-
ment, which works with “optical signals”, which in this
application refers to signals, which are constituted by, or
utilised, optical radiation within as well as outside the band
of visible wavelengths. The wavelength range, which is
preferably intended, is in the interval 10-15,000 nm. Suit-
ably, the wavelength range 200-1600 nm may be applied, but
it should be emphasised that the invention is not in any way
restricted to this wavelength interval. A number of signal
sources 9, for example in the form of light emitting diodes,
may be arranged at a distance from the transducer and from
each other, so that in normal use of the transducer, always at
least three, preferably four of the signal sources simulta-
neously may transfer signals to the transducer. The positions
of the signal sources relative to each other are known, for
example by measuring the positions of the sources in a
coordinate system common to the sources, which measuring
may be performed by means of the transducer. Concerning
measuring of the positions of the signal sources in general
reference is made to the Swedish Patent No. 506517.
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[0061] InFIG. 2 itisschematically illustrated how signals
from three signal sources 9 incident on the transducer § and
how the incident angles of the received signals are related to
each other. The incident direction for respective signal is
defined by ¢i and 01, where i=1, 2 or 3. The incident
directions are then the basis for calculating the orientation-
and position determination required.

[0062] Briefly, the orientation- and the position calculation
may in this case be performed by that three, in general four,
signal sources 9 are selected, the directions relative to the
transducer 5 of the sight lines from the transducer 5 to these
signal sources 9 are determined, the position and orientation
of the transducer § being obtained by using the directions of
the sight lines, and the known positions of the signal sources
9 and geometrical relations between these quantities. The
positions of the signal sources 9 relative to each other are
assumed to be known. Alternatively, the relative positions of
the signal sources 9 may be known indirectly through that
the position of each source is known in a coordinate system.

[0063] The construction of a transducer and the construc-
tion of the corresponding calculating circuits and the func-
tion thereof are as mentioned before more closely described
in the above mentioned Swedish Patent No. 444 530.

[0064] The signal sources 9 may be active signal emitting
sources, such as light emitting diodes or the like, the light of
which may possibly be pulsated or modulated, or passive
signal sources 9 such as reflecting markers made of for
example reflecting tape. The markers may be plane figures
or—to show the same shape independent of the viewing
direction—be constituted by reflecting spheres. Further-
more, the markers may have different shapes in relation to
each other to make it easy for the calculation unit and the
signal processing circuits thereof to identify and keep apart
different markers and alternatively, with the same purpose,
markers with the same shape but with different sizes and/or
“colour” may be used, the colour term including also not
visible parts of the electromagnetic spectra. In the use of
passive reflecting signal sources 9, the device may include
means for transmitting of signals intended to be reflected by
the reflecting markers. The transmitting means, which in
such a case suitably are arranged in connection to the
transducer 5, may transmit infrared light for instance, pref-
erably pulsated or modulated with a certain frequency to be
able to separate the current signals from interfering light
sources, for instance.

[0065] In an alternative embodiment no specially arranged
signal sources are required, but as signal sources are used
suitable details already present in the environment.
Examples of suitable details are corners, holes and similar,
which have a characteristic appearance and well defined and
known positions. When the device is started these details are
pointed out and identified in a suitably way, and their
positions are determined and stored, for example through
downloading from a CAD-system, or alternatively they are
measured by the transducer. The details used as signal
sources may be illuminated only from regular lights in the
room, but certainly special light sources may be arranged to
give the illumination the desired intensity or character if
required. Certainly, at least some of the signal sources may
be constituted by specially arranged markers, for example,
by portions, patterns or figures of light tape placed on a dark
background. In the Swedish patent number 458 427 it is
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closer described how the position and orientation of a
transducer of this type may be calculated, as well as the
construction and the function of an equipment for perform-
ing this calculation.

[0066] In FIG. 3a a block diagram is illustrated, from
which the different components and the corresponding com-
munication paths of an embodiment of the invention appear.
The stimulation generating member 14 of the invention
includes a transducer 5 and a transferring unit 36. The
transducer determines its position and/or orientation in an
environment by means of the signal sources 9 according to
the method described above. The position- and/orientation
information is communicated to the transferring unit directly
via for example a cable 19. In this very simple case, in this
case, for a simple environment, the position- and orientation
information is analogically transformed to a light beam 37,
which is transferred to the eye 11 of a creature. The eye of
the creature receives at the same time other stimulation in
the form of a picture 3 of an object in the real environment,
said milieu being realised for the creature.

[0067] In FIG. 3b, a further block diagram is illustrated,
from which the different components and the corresponding
communication paths of a further simple embodiment of the
invention appear. In addition to what was comprised in the
previous example, the simulation generating member 14
comprises in this example a control- and calculating unit 17.
This unit is arranged to receive position- and orientation
information from the transducer 5 via, in this case, a cable
19 and in this example also model information from an
external computer 18. In the control- and calculation unit
calculations are made based on the model information
obtained, and the position- and orientation information. The
results of said calculations, in the form of a generated
stimulus, are transferred to a transferring unit 36, which
converts it to a light beam 37, which is transferred to the eye
11 of a creature. In the same way as in the previous example,
thereby a milieu is realised for the creature.

[0068] In FIG. 4, the driver 8 of a military vehicle 38 sits
in an environment, which is constituted by the driving
compartment 41, which here is characterised by that the
armour plate 42 has absolutely no windows or other means,
for example a periscope, to give the driver the required
direct outlook over the external environment. By this
arrangement, the driver is protected also from different types
of dazzling in addition to increased physical protection.
Outside the vehicle 38, in the interface to the external
environment, means 39 for recording picture information, in
one or more wavelength intervals, and/or sound information,
are fixed mounted or located in a way which means that they
may be directed in a controllable way, which means are
connected to the control- and calculating unit 17, being a
part of the device according to the invention, of the vehicle
for transferring signals. In said unit there is a detailed
three-dimensional computer model of the driving compart-
ment 41 of the vehicle, in this case created by means of the
device which is described in the Swedish Patent Application
No 000 3373-8. The positions and/or orientations of these
obtaining means 39 are well specified relative to the coor-
dinate system of this model, by the defined/controlled
mechanical connection.

[0069] The driver 8 has on the head 10 arranged a headset
13, which constitutes a means for connecting the head 10 to
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a stimulation generating member 14 according to the inven-
tion, including the transducer 5, which determines the posi-
tion and orientation of the head 8 in totally six degrees of
freedom relative to the environment, such as relative to the
driving compartment 41, and transmits this position- and
orientation information to the control- and calculating unit
17 included in the device and which unit is placed separately
and in a safe way. The stimulation generating member also
includes two obtaining means mechanically connected to the
device, one for each eye, which measure the viewing direc-
tion of the respective eye, two further means, one for each
eye, which measure the focusing of the respective eye, and
two means, one for each eye, which measure the size of the
aperture of the respective pupil. The information from these
measurements is communicated to the control- and calcu-
lating unit 17. In the stimulation generating member 14, a
unit 12 for transferring stimuli is further included, which
comprises two stimulation means, one for each eye, each
consisting of a means for picture generation directly to the
retina of the type which has been developed by Saab Future,
Linképing, Sweden, and each a means in the form of a
LCD-display, which has the capability to be either transpar-
ent or imperious to light as regards each pixel in the
resolution of the display.

[0070] Furthermore, the control- and calculation unit 17,
in the simplest embodiment of this example, has been
provided with a number of rules related to in which direc-
tions and extensions picture information, having correct
scale and perspective and being extracted from said means
for obtaining picture information, shall be introduced in the
milieu which is to be given to the driver directly or by
picture possessing.

[0071] Thus, the picture information from the external
environment is to be realised to the driver by means of the
transferring units such as if there would have been corre-
sponding openings, periscopes or transparent windows in
the walls of the vehicle at given locations. Thus, the trans-
ferring unit realises a milieu including one or more fictitious
windows 44 with picture information 43, having correct
scale and perspective, about the external environment 40,
and the driver’s picture of the remaining environment.

[0072] In this connection, the information from the exter-
nal obtaining means 39, from a transducer 5, from the means
for determination of the direction of gaze, focusing and the
size of aperture, will be taken into account in the control-
and calculating unit 17 having the detailed model of the
driving compartment and transmitted to the means 12 of the
transferring unit for transferring visual information in such
a form and in such a way that the means for creating pictures
on the retina, which pictures are directly inserted and
connected to the real visual impressions the driver gets in the
parts of the fields of vision where the visual impression is
not blocked and substituted with the picture directly gener-
ated on the retina. Thus, by the realised milieu the driver
may experience that he/she sits in and drives a vehicle
having real windows where the pictures the driver sees in the
fictitious windows 44 of the external environment in this
case are to be regarded as a part of a fictitious phenomenon
inserted in a real environment. The present device according
to the invention in accordance with said embodiment gives
by its accuracy of the determination of position and orien-
tation of the transducer possibilities to create seamless
realistic experiences of a milieu, which all in all creates a
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driver’s milieu with the advantage that the driver, or the head
of the driver, is not restricted to be placed in certain positions
and/or orientations, or be present within very limited inter-
vals thereof, to be able to see said fictitious windows where
they are defined. Furthermore, the same device may be used
with advantage by the driver, when the driver goes outside
the vehicle for example to repair external obtaining means or
engines, the driver receiving information about exchange of
objects presented as super-imposed picture information in
the same way as in the example herein with reference to
FIG. 1.

[0073] In a variant of the embodiment having the military
vehicle 38 according to the previous example, the driver 38
is provided with a portable component, consisting of push-
buttons and an effecting means, where information about the
status of the push-buttons may be transferred to the control-
and calculating unit 17 of the device according to the
invention. By means of this component, the driver may
choose between a number of sets of models for fictitious
windows 44 which sets are predefined in the control- and
calculating unit 17. Particularly, it may be mentioned the
possibility to create a set of fictitious windows which also
contain fictitious rear view mirrors, so that the driver exactly
such as in case of an ordinary car may direct the head
forward within a limited sector and still perform actions as
reversing or parking.

[0074] In a further embodiment of the example of the
military vehicle, the external obtaining means 39 include
IR-cameras for obtaining information about the external
environment in the night and/or when fog is present. It
should be pointed out that also drivers in vehicles having
windows may with advantage use the device according to
the invention in this embodiment. Especially, full light may
be used in the driving compartment to give a maximal clarity
to the instruments and controls, at the same time as amplified
pictures from the external environment are inserted in the
real environment of the driver.

[0075] In a further embodiment of the example of the
military vehicle, a means for simulation in the form of a
computer, together with the control- and calculating unit 17,
and one or more external position and/or orientation trans-
ducers attached to the military vehicle are included, which
transducers with advantage are of a construction correspond-
ing to that used in the device according to the invention, if
the environment is of semi-indoor type, for example a town
environment, the information about for example other simu-
lated military vehicles in the form of fictitious objects may
be added to the milieu realised by the device according to the
invention. Particularly, the device for obtaining information
about an environment described in the Swedish Patent
Application no 000 3373-8 may be used so that also a
previously unknown external environment may De investi-
gated and used. This example shows still more the flexibility
and the wide usefulness that the device according to the
invention has compared to similar solutions, which would
require many different technical solutions.

[0076] 1t should be pointed out that one advantage of the
said examples of the military vehicle is that similar devices
according to the invention, using the same or different
calculating units, in the latter case connected via a ordinary
high-speed-LAN (Local network in the vehicle), may be
used by the driver as well as by other functionaries present
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in the vehicle, such as for example a marksman. In a case
with both a marksman and a driver, each person may place
their fictitious windows where it suits the respective person
considering the shape of the environment and the internal
design of the vehicle. Also, the passengers accompanying in
the vehicle may use equal devices, and when they leave the
vehicle for commissions outside the vehicle, for example in
the vicinity of the vehicle, they may utilise the same
equipment based on the device according to the invention
for creating real milieus from these environments and other
objects, to perform other kinds of commissions. In many
cases, it is important not to have several types of equipment
for co-operating staft or staff in the same organisation. The
device according to the invention enables that the equipment
is designed for many widely differing fields of application
with the use of same components.

[0077] In FIG. 5, which is used for illustrating not only
this first example, but also a number of further examples
below, a match in fictitious tennis in a real environment is
arranged. A person 8, the player, in one embodiment of the
invention, carries on the head 10 a means in the form of a
so-called headset 13, by which the head 10 of the player is
connected to the device according to the invention. Said
device includes in this embodiment a transducer 5, a trans-
ferring unit comprising two means 12 for transferring infor-
mation to the eyesight, one for each eye, and three means 15
for transferring information to be perceived by the auditory
organ/organs—one for each ear, and one arranged on the
scull, and a control- and calculating unit 17. In the latter unit,
there is an implemented model of the environment, the real
room, in which the game is to be going on. The opponent is
constituted by an opponent simulated by the control- and
calculating unit 17, or by another simulation means com-
municating with the control- and calculating unit, and in its
most simple form the opponent is represented by a fictitious
racket 28 only which is visible to the player by the milieu
created by the transferring unit.

[0078] The transferring means for visual information 12 is
in this example constituted by equipment with the capability
to project a picture on the retina of the eye to be superim-
posed with the picture normally incident from the environ-
ment. The respective transferring means 15 arranged to
transfer information perceived by the auditory organ/organs
is constituted by an earphone, please see FIG. 6, having
three loudspeaker elements 45, two of which are arranged on
each side of the ear 46 just below the auditory megatus and
one just above the auditory megatus 47, which loudspeaker
elements 45 are arranged at well defined distances from the
auditory megatus 47 and with well defined positions and/or
orientations in the coordinate system of the stimulation
generating member which system is defined by the trans-
ducer 5 via the headset mechanically connected to the
transducer 5. The special transferring means arranged on the
top of the head consists of a vibration element arranged
directly against the scull in a position well defined in the
coordinate system of the transducer.

[0079] Furthermore, the player holds a component 26 in
his hand. Said component is intended to constitute a tool for
performing the actual playing act, to hit a ball in tennis, for
instance. The tool is designed as a handle of an ordinary
tennis racket and includes a further transducer which is
arranged to determine its position and/or orientation relative
to the real environment in six degrees of freedom, and which
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is mechanically fixed connected to the component otherwise
freely movable and to an effecting means for communication
of information to the control- and calculating unit 17.

[0080] In this example, a physical object in the form of a
suspended lamp 30 is present in the environment, but the
object could be any occurring real object. This object is
modelled in the control- and calculating unit 17. Further-
more, in the control- and calculating unit 17 there is stored
information about the fictitious ball 29, a fictitious tennis net
24 and fictitious tennis lines 25, calculation models for how
a tennis ball physically acts and other rules for how the game
tennis is performed in the real world.

[0081] Initially, the situation in the middle of a fictitious
tennis game of the kind mentioned above is described
herein. Information about the position and orientation of the
head of the player is obtained from the transducer 5 and is
transmitted to the control- and calculating unit 17. Therein,
the parts of the real room which are in the field of vision of
the person is calculated by combining the stored model of
the environment and the information about the position and
orientation of the head 10 of the player, including the
position and orientation of the sensory organs located on the
head. For a possible calculation of the sound information
certainly the whole fictitious milieu is used in the calcula-
tions. Also, the information about the position and orienta-
tion of the tool component 26 is used for calculating if and
where in the field of vision of the player the own fictitious
racket is present. Furthermore, the information about the
fictitious tennis net 24 and the position 25 of the lines, and
the position of the fictitious ball 29 as a function of the other
information and history are calculated. It should be noted
that by means of time sequences of the position- and
orientation information of the tool component, the param-
eters, such as forces and accelerations when the fictitious
ball is hit, may be calculated, and thereby the conditions to
calculate the movement path of the fictitious ball in every
point of time are created. Information about where and how
the pictures of the fictitious net 24, the fictitious ball 29, the
fictitious lines and the fictitious racket 28 of the simulated
opponent are to be generated, is then transmitted from the
control- and calculating unit 17 to the transferring unit and
its means 12 for transferring information to the eyesight.
Also information about the player’s own fictitious racket 27
is generated so that it is added to the real picture of the
component 26 which the player sees. Said transferring
means realises the fictitious part of the milieu by projecting
a picture directly on the retina and the real part is obtained
in the usual manner through the eye.

[0082] Correspondingly, for example the fictitious sound
sources that are present are modelled in the control- and
calculating unit 17. For example sounds from how it would
sound when a ball hits a racket under given conditions or
when a ball hits the floor and bounces. The fictitious sound
is then converted, considering both fictitious objects and the
properties of the real environment, to the properties the
sound has in the points in the coordinate system of the
transducer where elements for production of sound and
vibration of the means 15 of the transferring unit for
transferring sound information are located. This information
is realised to the player in the milieu by means of the means
for transferring stimuli to be perceived by the auditory
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organ/organs. At the same time, if transferring means are not
closed, ordinary sounds from the real environment may be
heard.

[0083] Thus, by the realised milieu for both hearing and
vision, the player 8 may experience a very realistic tennis
game in a real environment, where the player is allowed to
move in the same way as if it would have been a real tennis
match to be able to beat his fictitious opponent. Advanta-
geously, the game may be played in premises and at places
which require non or minimal preparation to enable that the
play is arranged. This is true at the same time as a accuracy
which gives realistic pictures of the realised milieu may be
obtained. It may be noted that the physics of tennis already
is well modelled as regards ordinary display-based computer
games.

[0084] When the fictitious match takes place in a real
environment, in this case with an additional object in the
form of a lamp 30, it may be chosen to consider or not to
consider this lamp in the model in the control- and calcu-
lating unit 17. In a more sophisticated embodiment of the
device according to the invention compared to the tennis
example presented so far, a transparent LCD-display located
in the field of vision is used as a part of the transferring
means to stimulate the eyesight, which display has the
feature that it may stop or let light through in each pixel on
its surface. In this connection, on the basis of said model of
the environment and position- and orientation information
from the transducer 5 of the device, the control- and calcu-
lating unit 17 may put the light from the real environment
that creates the picture of the lamp out by means of the
shields 12. This is possible since the position and orientation
of the shields may be determined with the knowledge about
the position and orientation of the transducer. Thereby, the
fictitious ball 29 appears to be able to move unhindered in
the realised milieu. This effect may be obtained only if the
accuracy in both the model and the position- and orientation
information for the field of vision of the player are of at least
the same size as the solution of the eye, i.e. approximately
1 minute of arc.

[0085] In another embodiment of said tennis example, in
the calculation of the path of the fictitious ball 29 it is
considered that a lamp 30 is present in the environment.
Thus, the fictitious ball 29 may bounce against the lamp, and
thereby a more complicated playing situation is present.
Thus, the player may create more challenging game variants
or play the game in milieus which otherwise would be
inconceivable. As an example, it is not economically rea-
sonable to play ordinary tennis in rooms having low hanging
big cut-glass chandeliers. To obtain a high degree of realism
in the realised milieu, the model of the physical object has
to be of high accuracy. For the purpose of illustrating the
flexibility of the device according to the invention, in one
embodiment the device is provided with obtaining means for
information about an environment, and the device according
to the invention is arranged to share transducer and control-
and calculating unit with this means. In that connection, also
movable objects in the room may be modelled and directly
effect the tennis game by that the player acts on the basis of
the information from the realised milieu.

[0086] In a further example, it is illustrated that the tennis
game in the previous example of embodiment not in any way
is restricted to a fictitious opponent. A real opponent—
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player—may be equipped with a similar device according to
the invention arranged so that in a specific embodiment the
both devices according to the invention share one control-
and calculating unit in common. In this connection, two sets
of position- and orientation information will be transmitted
to the control- and calculating unit in common for calculat-
ing the path of the fictitious ball, and the respective fictitious
racket of both players, and the net and lines, in such a way
that the information is created for respective players trans-
ferring unit and is transmitted thereto. In a variant of this
example, the two players are present in the same physical
environment. If the means for transferring information
received by the auditory organs are arranged so that a sound
from the real environment is not locked out, the visual
impressions and the hearing impressions are taken from the
environment to a great extent and from the information
about the fictitious phenomena transferred to the transferring
units by the control- and calculating unit to a smaller extent
when the respective player’s milieu is realised.

[0087] In a further variant of the example of embodiment
having two tennis players, these two players are located in
an environment each in the form of two different rooms,
which are constructed so that the area in the respective room
which is used as a court in common has the same geometri-
cal properties or at least by a simple model may be trans-
formed between each other in an easy and unambiguous
way. The area outside the respective court may be com-
pletely different. This means that when the milieu is realised
each player sees completely different backgrounds, and has
different light conditions given by their respective real
environments. They have different sound backgrounds etc.,
but they, by the stimuli from respective transferring units,
share the fictitious phenomena in the game/milieu. In this
connection, in this simple example, the same visual effect as
in a game against a simulated, invisible opponent, where
only the fictitious racket of the opponent is visible, is
obtained. The game may take place in adjacent rooms as
well as more distant rooms. The example shows that the
device according to the invention is not limited to com-
pletely similar environments where it is used for interactive
playing situation including more than one person.

[0088] In one embodiment example, an arrangement
according to the invention is used, which arrangement
comprises two devices according to the invention in accor-
dance with the previous tennis example and a means for
establishing a smallest common court. Furthermore, the
arrangement includes two obtaining means for obtaining
information about an environment to each creature, which
means are constructed so that they use an algorithm imple-
mented in either one of the control- and calculating units
included in the devices according to the invention or in a
separate control- and calculating unit, to compare how great
part of the respective environment that has sufficient prop-
erties in common to be used as a court in common, starting
from a minimal starting environment. The algorithm
increases the area gradually and compares which stationary
objects that are found in each step of increasing the area.
When an obstacle is found in some of the environments, it
is investigated if a corresponding obstacle is present in the
other environment. In the latter case, if the obstacles have
very similar properties, also the obstacle may be included,
otherwise the iteration is stopped in the directions which the
obstacles define. The algorithm is repeated until no way to
increase the area remains. The courts obtained in this way
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then constitute a meeting place between two worlds for
playing games, which may give possibilities to experiences
of the kind which are increased to a substantial extent
compared to the previous mentioned tennis case where only
different pieces of scenery for the respective player are
created.

[0089] In one embodiment example of the latter men-
tioned variant of a tennis game, separate control- and
calculating units of each player’s device and the required
input data in common are used. Calculations are communi-
cated via a network, in this special example via Internet,
between the both control- and calculating units. In this
simple embodiment example, the respective control- and
calculating unit provides information about its player’s
position and orientation, as regards the racket as well as the
head, to the other control- and calculating unit. The path of
the fictitious ball may be calculated either by a control- and
calculating unit in common or by both the units, each having
mutual control of the result of the respective unit. The
respective calculating unit then calculates the information
which is to be transmitted to their own respective transfer-
ring units.

[0090] In a further variant of the first tennis example
above, having only one player with the device according to
the invention, other special laws of physics are created in the
control- and calculation unit than the usual laws of nature
regarding how the fictitious ball will move in the vicinity of
a real object, in this specific case a lamp. A lamp, round like
a ball, having a repulsive potential of the same type as
between two point-shaped electrical particles with opposite
charges was modelled therein. This has a great influence on
the path of the ball and thereby a different milieu is realised
for the player, with the possibility to a different game
experience. The example shows that a device may be used
to mix properties between pure physical worlds and very
special worlds and in that connection illustrate the result in
the form of a realised milieu from which a creature may
obtain experiences. To create realism also in this situation,
it is required that the environment and the fictitious phe-
nomenon is interconnected with a great accuracy.

[0091] In an example intended for a player and analogous
to the previous variant of the tennis example, the ground is
constituted by a yard having an electrical substation to
which voltage is applied, which yard includes in such areas
usually occurring electrical apparatuses such as breakers,
change-over switches, transformers, inductors etc. The prop-
erty electrical potential of the environment is modelled and
implemented into the control- and calculating unit by means
of a CAD-model of electric potential around apparatuses of
the kind mentioned and the fictitious ball has fictitious
electrical properties such as a small charged, point-shaped
source. The player may in this case practise his performance
to under;stand how an electrical field behaves around appa-
ratuses. The example shows that the usefulness of the device
is not limited to specific types of environments or to be used
in non-magnetic disturbed environments, and that the device
according to the invention may be used for useful training.

[0092] In a more sophisticated embodiment of the previ-
ous example, the transferring means for transferring stimuli
to the visual organs have an obtaining means for picture
information. Furthermore, the path for the light to incident
directly towards the eye is blocked by a blocking means in
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the form of an impermeable shield. The information
obtained from the obtaining means is superimposed with the
picture information from electrical potentials simulated in
the model of the environment, so that information about the
electric properties of the environment is represented by
different semitransparent tints seamlessly adapted to the real
picture. The transferring unit then generates the whole
picture by means of a transferring means for projection of
the picture on the retina of the eye. In this case the fictitious
tennis ball in the realised milieu may be seen moving in a
potential field in the real environment. Although the
examples described herein have the character of play and
game, the present device according to the invention enables
to investigate and visualise, in a realistic way for for
example a scientific purpose, phenomena in a milieu which
coincide completely or partly with an environment. Char-
acteristic of this example again is that it requires great
accuracy of the model as well as of the position- and
orientation information about the visual field of the player,
which is not possible to achieve when already known
devices for creating realised milieus are used if at the same
time there is requirements that the function should be
obtainable in the most different environments with one and
the same device.

[0093] The component 26, included in several of the
embodiment examples of the device according to the inven-
tion described above, in the form of an equipment holder
may be provided with a number of control buttons. In that
connection, the player may adjust different properties of the
fictitious phenomena in the realised milieu. Especially, by a
control button the choice of colour of the fictitious lines 25
on the fictitious tennis court may be changed by that control
signals are transmitted to the control- and calculating unit
17.

[0094] In a tennis example where the means 12 of the
transferring unit for transferring visual information com-
prises an obtaining means for obtaining picture information,
a means which blocks the light of the environment, and a
transferring means for visual information for directly pro-
jection of pictures on the retina, and where the tool com-
ponent 26 is provided with control buttons, a signal is
emitted from a control button to the control- and calculating
unit 17 so that the milieu which the player experiences is
similar to play on a clay court. In this case, all colours of the
floor in the real environment are exchanged for colours in a
gravel-like range of colours, and further the person is given
an experience of texture and physical conditions correspond-
ing to the clay court. In another tennis example with the
same equipment according to the invention as in the previ-
ous example, a real opponent uses the control buttons of the
modified equipment component for changing fictitious
clothes on the opponent via simulation in the control- and
calculating unit. In the next step of this example; one of the
players choose via a control button to activate a special
calculating module in the control- and calculating unit with
the purpose of making himself invisible to his opponent.
This requires seamless inserting of milieus behind the oppo-
nent. Thus, a very great accuracy of the detailed model of the
environment and of the position- and orientation measure-
ment are required to give a picture which the opponent is not
able to outwit through imperfections occurring in the picture
and thereby indirectly understand where the other player is
present.
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[0095] 1t should be emphasised that in the use of the
device according to the invention or the arrangement accord-
ing to the invention are not limited to games of fictitious
tennis in the variants described or in other variants. By an
easy exchange of models in the control- and calculating unit,
the ground may be altered to games, for example golf or in
different degrees of sophistication the game Quidditch.
(Quidditch is a game described by J K Rawlings in the books
of imaginative literature about Harry Potter and in the
special publication “Quidditch Through the Ages and Fan-
tastic Beasts and Where to Find Them” (ISBN:
0439284031)). Furthermore, all other forms of games, plays
and sports may be performed in an environment with a
device according to the invention and be played in a world
with fictitious phenomena joined with real pictures of the
environment realised in a milieu. The fictitious tennis racket
27 of the equipment component may easily be changed, and
during a game in progress, for all types of swords, laser
swords, lances, firearms etc. There is nothing against that the
equipment component is constituted by for example a real
tennis racket or a real sword connected to a transducer of the
kind mentioned before. Thus, the equipment a player has
may be hidden or generated as a fictitious equipment as well.
Games and rules of games may be changed or stored
separately in the control- and calculating unit 17.

[0096] FIG. 7 illustrates as an example an environment
consisting of a number of fictitious musicians 48 in an
orchestra, and a listener—a creature—having a variant of the
device according to the invention connected to the head 10
by a means in the form of a headset 13. In this case, the
device includes a transducer 5 of the kind mentioned in
previous examples, a transferring unit containing a means 15
having three components for transferring a stimulus to the
auditory organ/organs, and a control- and calculating unit
containing three-dimensional representation of the environ-
ment, and also in this particular case a data base with
recordings of the sounds from different instruments playing
the same piece of music—in the same tempo—with indica-
tion of positions and directions from respective instrument
to the microphone/microphones which has been used in the
recording. Two of the three components of the transferring
means for sound information are constituted by three loud-
speaker elements 45 arranged around the ear 46 of the
creature according to FIG. 6, where the position and orien-
tation of the respective loudspeaker element relative to the
transducer are fixed and well known. The third component
is constituted by a vibration element 49 located on the head
of the creature in a known position and with a known
direction relative to the transducer.

[0097] When the listener carrying the device according to
the invention moves in the room or moves his head 10,
information about the position and orientation of the head
will be transmitted to the control- and calculating unit 17. In
the control- and calculating unit 17 a calculation is per-
formed, starting from the existing model of the environment,
with the location of the different fictitious orchestral mem-
bers 48 either as they sat in a possible recording in common
or as defined in the model that they are to be placed. At each
new calculation occasion when the sound picture is calcu-
lated such as strength and delay, among others the very exact
point of time when the recording is/was made is considered,
and the properties of each separate sound, in the points
where the means of the transferring unit for sound formation
and/or formation of vibrations are located, are considered.
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The signal made by every sound for each means for sound
formation in the transferring unit is transmitted to respective
means and realises an acoustic milieu to the listener, the
milieu being position- and orientation dependent. Thereby,
the listener may choose to walk around in the orchestra and
hear how it sound from different positions or to retreat from
the orchestra so as to listen to the music from a distance.

[0098] In one embodiment of the device according to the
invention used in the previous example, information about
the acoustic properties of the environment are stored as a
model. Hereby, the realised milieu becomes in one sense a
joining of a real environment and a recorded piece of music.

[0099] In another embodiment of the device according to
the invention used in the previous example, the listener may
choose to exclude the first violin in the recorded orchestra
and seat himself with his violin in the thought position where
the first violinist otherwise should have sat and play. In this
case, for example the transferring unit is completed by
obtaining means for sound formation in the form of a
microphone for each transferring means for sound transmis-
sion to be able to superimpose the real sound with the sound
fictitiously achieved. The realised milieu may be described
as a generalised karaoke-apparatus.

[0100] In a further variant of the previous embodiment
example, there is a further listener provided with a second
device according to the invention, where this second device
has a control- and calculating unit in common with the first
listener’s device, but where the second listener’s transducer
transmits also its position- and orientation information. The
second listener receives stimulation information, for the
position and orientation of his device in the real environ-
ment, from the control- and calculating unit in common to
his transferring unit. Thus, the milieu realised gives possi-
bility for the second listener to hear an orchestra, which is
fictitious except as regards the first violinist. Thus, the
device gives a realised milieu which constitutes a joined
music experience having a considerable three-dimensional
acoustic nature.

[0101] In a further example, the previous music listening
examples are complemented by that the transferring means
for visual information are included in the device according
to the invention. Hereby, fictitious musicians may be gen-
erated in the realised milicu. In this connection, in one
embodiment the same transferring means for visual infor-
mation as described in the above-mentioned tennis examples
is used.

[0102] Inanenvironment similar to the environment in the
previous example, there is a number of real sound sources,
in the present example in the form of real people in an
orchestra. The listener is provided with a device according
to an invention including a transferring unit consisting of the
transferring means for acoustic information according to the
previous example, complemented by recording means in the
form of microphones at each sound formation element. The
microphones are connected so that the information is trans-
mitted to the control- and calculating unit, which analyses
the sounds and put the information together with the posi-
tion- and direction information. In that connection, different
sound components may be separated either via en electronic
circuit or by a computer programme and only certain sounds,
which have the nature that they come from a source which
is located along a certain given direction relative to the
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orientation of the head of the listener, will be brought to the
listener via the realised milicu. In this case, the device
according to the invention gives the listener a hearing
experience in the form of a directed hearing, with the
possibility of an absolute direction- and position determi-
nation of his own position and orientation. In this connec-
tion, it is possible to mix directed and non-directed sounds
at the same time in the listener’s realised milieu.

[0103] In another embodiment of the device according to
the invention, the model of the environment, i.e. the room,
is combined with different sounds for different phenomena
of the room. The device according to the invention, used for
example by a blind creature, is designed as in the previous
example and arranged so that the model of the environment
which is present in the control- and calculating unit creates
sound information as a function of distances to different
objects in the room. In addition, the blind creature may be
provided with a freely movable component included in the
device end in the form of an equipment holder of the same
kind as described in the tennis examples above having
control buttons, which may transmit signals to the control-
and calculating unit. In one embodiment, it is chosen to let
all sharp corners in the room in the model create a warning
sound to the blind creature if the creature in accordance with
the position- and orientation information from the transducer
approaches a sharp corner. The information is transmitted
via a transferring unit to a realised milieu and the blind
creature may easily avoid colliding with sharp corners.

[0104] 1t is obvious that the device according to the
invention and the method according to the invention are not
restricted to the exemplified embodiments only. Several
modification possibilities have already been mentioned
above. Further such possibilities are obvious to a man skilled
in the art once the idea of the invention has been introduced.
Accordingly, it is emphasised that the invention is restricted
only to the scope of protection which is defined by the
following claims and that equivalent embodiments are
included within the frame of the patent protection.

1. A device for creating a milieu for a creature in a real
environment to the creature, the milieu comprising both at
least one part of the real environment and at least one
fictitious phenomenon, the properties of said milieu expe-
rienced by the creature depending on the position and/or
orientation of the creature, or a part thereof, relative to the
real environment, characterized in that it comprises a mem-
ber for generating stimuli, said stimulation generating mem-
ber including a transducer arranged to determine its position
and/or orientation relative to the real environment by receiv-
ing incident optical signals from signal sources in the real
environment and record the relative incident directions of
the received signals in relation to the transducer, and a
means by which the creature and the transducer are con-
nected so that the relative positions and/or orientations of the
creature and the transducer are arranged to be within a
limited interval, for generating the stimuli by means of
information about the position and/or orientation of the
transducer and about the real environment, and a unit for
transferring the generated stimuli to the creature to thereby
realize said milieu for the creature.

2. A device according to claim 1, characterized in that the
stimulation generating member includes a control- and cal-
culating unit communicating with the transducer and the
transferring unit, which control- and calculating unit uses a
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computer model arranged to provide information about the
real environment and about the realized milieu, for calcu-
lating the stimuli required and controlling the transferring
unit.

3. Adevice according to claim 1 or 2, characterized in that
the transferring unit includes a means for transferring the
stimuli via the visual organs of the creature.

4. A device according to claim 3, characterized in that the
transferring means is designed to transfer the stimuli through
impulses directly to the optic nerve of the creature.

5. Adevice according to claim 3, characterized in that the
transferring means is designed to transfer the stimuli by
projecting pictures directly into the eye/eyes of the creature.

6. A device according to any preceding claim, character-
ized in that the transferring unit includes a means for
transferring the stimuli via the auditory organs of the crea-
ture.

7. A device according to claim 6, characterized in that the
transferring means is designed to transfer the stimuli through
impulses directly to the auditory nerve of the creature.

8. A device according to claim 6, characterized in that the
transferring means is designed to transfer the stimuli by
mechanically bringing the skull of the creature or some part
of the auditory organ into vibration.

9. A device according to any preceding claim, character-
ized in that the transferring unit includes a means for
transferring the stimuli via the tactile organs of the creature.

10. Adevice according to claim 9, characterized in that the
transferring means is designed to transfer the stimuli by
controlling the temperature of at least some part of the real
environment to the creature so that heat is absorbed/emitted
by the creature from/to the environment.

11. A device according to any preceding claim, charac-
terized in that the transferring unit includes a means for
transferring the stimuli via the olfactory organ of the crea-
ture.

12. A device according to any preceding claim, charac-
terized in that the transferring unit includes a means for
transferring the stimuli via the gustatory organs of the
creature.

13. A device according to any preceding claim, charac-
terized in that it comprises a means for obtaining informa-
tion from the real environment by recording or measuring
one or more properties which the real environment has in
one or more positions and/or directions.

14. A device according to claim 2 and 13, characterized in
that the obtaining means is arranged to communicate with
the control- and calculating unit.

15. A device according to claim 13 or 14, characterized in
that the obtaining means is arranged for detecting the
position and/or orientation that the eye/eyes of the creature
has/have relative to the real environment.

16. A device according to the claim 13, 14 or 15, char-
acterized in that the obtaining means is arranged for detect-
ing the position and/or orientation that the ear/ears of the
creature has/have relative to the real environment.

17. A device according to any of claims 13-16, charac-
terized in that the obtaining means is arranged for detecting
the focusing of the eye/eyes of the creature.

18. A device according to any of claims 13-17, charac-
terized in that the obtaining means is arranged for detecting
the size of the opening of the eye/eyes of the creature which
opening lets light in.
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19. A device according to any preceding claim, charac-
terized in that the transducer is arranged to repeatedly
determine its position and/or orientation relative to the real
environment when the transducer and the real environment
are moved relative to each other.

20. A device according to any preceding claim, charac-
terized in that the transducer is arranged to be freely mov-
able by the creature and mechanically unguided by the real
environment in an arbitrary co-ordinate system when the
transducer and the real environment are moved relative to
each other.

21. A device according to any preceding claim, charac-
terized in that it comprises a component portable by the
creature for transferring signals to the stimulation generating
member and thereby control the function thereof.

22. A device according to claim 21, characterized in that
the portable component is arranged to constitute an equip-
ment for accomplishing an action in the milieu realized for
the creature by the way that the creature moves the compo-
nent relative to the real environment.

23. A device according to any of claims 21 or 22,
characterized in that the portable component includes said
transducer or a further transducer which is arranged to
determine its position and/or orientation relative to the real
environment.

24. A device according to any preceding claim, charac-
terized in that said at least one fictitious phenomenon is
designed to follow specially defined physical laws.

25. A device according to any preceding claim, charac-
terized in that the transducer is arranged to determine its
position and/or orientation with respect to at least two
degrees of freedom relative to the real environment.

26. A device according to any preceding claim, charac-
terized in that the transducer is arranged to determine its
position and/or orientation with respect to at least three
degrees of freedom relative to the real environment.

27. A device according to any preceding claim, charac-
terized in that the transducer is arranged to determine its
position and/or orientation with respect to at least four
degrees of freedom relative to the real environment.

28. A device according to any preceding claim, charac-
terized In that it is connected to a local and/or global
network such as Internet.

29. An arrangement comprising two or more devices
connected to a network for creating a milieu to a creature in
a real environment to the creature by means of respective
device, said milieu comprising both at least one part of said
real environment and at least one fictitious phenomenon,
said properties of said milieu experienced by the creature
depending on the position and/or orientation of the creature,
or a part thereof, relative to said real environment, charac-
terized in that the respective device comprises a member for
generating stimuli, said stimulation generating member
including a transducer arranged to determine its position
and/or orientation relative to the real environment by receiv-
ing incident optical signals from signal sources in the real
environment and recording the relative incident directions of
the received signals in relation to the transducer, and a
means by which the creature and the transducer are con-
nected so that the relative positions and/or orientations of the
creature and the transducer are arranged to be within a
limited interval, for creating the stimuli by means of infor-
mation about the position and/or orientation of the trans-
ducer and about the real environment, and a unit for trans-
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ferring generated stimuli to the creature to thereby realize
said milieu for the creature, and that the arrangement
includes a means for establishing a smallest common milieu
realized to the creatures, on the basis of the milieus gener-
ated, in which respective creature may effect the properties
experienced by the creatures.

30. A method for creating a milieu for a creature in a real
environment to the creature, the milieu comprising both at
least one part of the real environment and at least one
fictitious phenomenon, the properties of said milieu expe-
rienced by the creature depending on the position and/or
orientation of the creature, or a part thereof, relative to the
real environment, characterized in that it comprises that the
creature is provided with a member for generating stimuli,
said stimulation generating member including a transducer
which is connected to the creature so that the relative
positions and/or orientations of the creature and the trans-
ducer are arranged to be within a limited interval, and the
transducer determines its position and/or orientation relative
to the real environment by receiving incident optical signals
from signal sources in the real environment and recording
the relative incident directions of the signals received, and
that the stimuli are generated by means of information about
the position and/or orientation of the transducer and about
the real environment, and that the generated stimuli are
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transferred to the creature to thereby realize said milieu for
the creature.

31. Use of a device according to any of claims 1-28 to
practise a sport, a game or a play.

32. Use according to claim 31 wherein said sport, game or
play has at least one fictitious phenomenon which follows
specially defined physical laws.

33. Use of a device according to any of claims 1-28 in
combination with one or more sensors located outside a
vehicle to give a driver of the vehicle an experience of the
environment outside the vehicle.

34. Use of a device according to any of claims 1-28 to
show how an object is to be manipulated relative to an
environment.

35. Use of a device according to any of claims 1-28 to
generate different experiences to different persons who use
one and the same transportation means.

36. Use of a device according to any of the claims 1-28
to generate experiences of stereophonic sound.

37. Use of a device according to any of the claims 1-28
for medical and/or psychological research work and/or diag-
nostics.
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