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(54) VIRTUAL ENVIRONMENT UTILIZING NEUROPHYSIOLOGICAL ANALYSIS AND ANALYTICAL 
METHOD USED THEREIN

(57) The 3D virtual environment (40) of the invention
comprises advantageously the main parts of a traditional
CAVE space. The 3D virtual environment has projection
means (43) for projecting images of the object under re-
view (3a) on the surface of at least one display element
of the 3 virtual environment. The 3D virtual environment
further comprises at least one computer for generating
the images of the virtual environment and for recording
the EEG measurement data produced by the brain func-

tion the object under review generates in the viewer’s
brain from EEG signals generated by the EEG hat (4)
the viewer wears. A brain response generated by the
object under review (3a) is edited from the recorded EEG
data by neuro analytical methods, the emotional and/or
cognitive state experienced by the viewer (10) at the mo-
ment of the test being identifiable from the brain re-
sponse.
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Description

[0001] The object of the invention is a three-dimension-
al virtual environment, on the walls and ceiling of which
images of an object under review are projected, deter-
mined by the place and position of the viewer. In this
virtual environment the viewer’s reactions are measured
by neurophysiological methods, for example by electro-
encephalogram (EEG). In EEG electrodes are attached
to the person’s scalp for measuring electric potentials
caused by brain activity in different parts of the brain.

State of the art

[0002] In a test situation, the reaction of a test subject
can be measured with different measuring arrangement
measuring physiological signals. Heartbeat can be mon-
itored with electrocardiogram (ECG), changes in galvan-
ic skin response (GSR) can be measured with resistance
measurements. The electric activity of a test subject’s
face muscles can be measured with electromyography
(EMG). Optical systems can be used for filming the test
subject’s micro expressions, which are difficult to hide.
Micro expressions are momentary, very short involuntary
facial expressions lasting only for 1/25 - 1/15 seconds.
Micro expressions are usually born in stressful situations.
Micro expressions occur when a person consciously tries
to hide all signals of what their true feeling sensation is.
[0003] One way to measure the effectiveness of ad-
vertising is disclosed in the application publication US
2013/0185144. In the measuring arrangement of the pub-
lication the effectiveness of advertising is concluded on
the basis of delta, theta, alpha, beta and gamma EEG
frequencies measured from the test subject’s brain. The
evaluation is based on the differences between two
measured EEG frequencies.
[0004] There are also 3D-based virtual environments,
which are generally called by the name CAVE (Computer
Assisted Virtual Environment). CAVE® is a registered
trademark of the Illinois University, and it refers to the
original virtual space according to the Illinois University.
However, the word CAVE is also used as a general at-
tribute when speaking about spaces similar to the virtual
space developed by the Illinois University.
[0005] A conventional CAVE system (or later CAVE
space) is an installation, with which it is possible to create
a realistic 3D virtual environment around the user. The
CAVE space can resemble a small room, the walls of
which consist of one or several projection screens. The
image of the projection screens is usually formed by pro-
jectors as front or back projection. Also different display
panels can be used for forming the projection screens.
A stereoscopic image of the virtual environment is formed
on the projection screens from the user’s perspective so
that the 3D virtual environment and its 3D objects can be
shown to the viewer in their natural size. The perspective
of the views can be changed by means of the viewer’s
positioning system, if the user is moving in the 3D virtual

environment. In this case the user can, for example, see
under an object in the virtual environment when crouch-
ing down.
[0006] The technical implementation of the CAVE
space varies depending, for example, on the size and
characteristics of the system. The system can include
the apparatus frame, display surfaces, projectors, com-
puter system with software, positioning system, 3D glass-
es as well as location and position identification appara-
tus for indicating location and position.
[0007] Display surfaces of the CAVE space are usually
realized with projectors, because using them it is easy
to make big uniform projection screens. Display surfaces
made by means of projectors can be realized either as
front or back projection. In front projection the image
formed by the projector is reflected on a non-transparent
surface from the viewing side. In back projection the im-
age formed by the projector is reflected on a semi-trans-
parent surface from the other side of the viewing surface.
Which projection technique is used, usually depends on
how many display surfaces the CAVE space is built. Sys-
tems with several walls are conventionally made with
back projection. In this case the placing of projectors and
their users do not create shadows on the projection
screens of the CAVE space. In the building of a CAVE
space the intention is to avoid seams or interruptions in
the image area, because they interfere with the obser-
vation of the depth of a stereoscopic image.
[0008] In addition to the projection technique, it is
known for one skilled in the art that it is possible to make
the images shown in the CAVE space using also other
known virtual display techniques.
[0009] The size, direction and number of display sur-
faces in the CAVE space may vary, but generally they
cover as much of the user’s field of vision as possible in
order to maintain the illusion of a surrounding virtual en-
vironment.
[0010] By means of stereoscopy, a dimensional effect
is achieved for the images on the display surfaces of the
CAVE space, when needed. This is usually made by cop-
ying the binocular depth hints of the depth perception. In
this case two-dimensional images slightly different from
each other are shown to the viewer’s left and right eye
so that the viewer’s brain interprets the images as one
three-dimensional image of the object under review.
[0011] In CAVE spaces it is possible to achieve stere-
oscopy, for example, with 3D glasses, by means of which
it can be determined which kind of images (deviating from
each other) the left and right eye see. Such stereoscopy
can be realized either with active or passive technology.
In active technology the 3D glasses contain electronics,
which darken the lenses of the 3D glasses alternately so
that the left and right eye see through the lenses in turns.
The alternatingly occurring darkening of the lenses oc-
curs from several tens of times to several hundreds of
times in a second. When a display panel or a projected
image changing in the same time with the alternation of
the glasses is connected to the operation of the active
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glasses, different images can be shown to the left and
right eye.
[0012] In passive technology the 3D glasses do not
contain electronics. The lenses of the 3D glasses of the
passive technology function as a filter for beams of light
only letting through light with a certain characteristic. For
example, the lenses can filter different colours of light
(spectrum) or the direction or vibration of the light’s wave
motion (polarization). When the filtering for the left and
right lenses of the 3D glasses used differ from each other,
it is possible to show a different view to the viewer’s left
and right eye by filtering the beams of light arriving from
the image source with the lenses of the 3D glasses.
[0013] Generally polarized light is used in passive
CAVE spaces. Such an arrangement requires two pro-
jectors for each projection screen. The one projector
shows the image intended for the right eye and the sec-
ond one the image intended for the left eye. There is a
polarizing filter in front of the lens of both projectors.
When the reflected image is viewed with passive 3D
glasses with polarizing filters corresponding to the pro-
jectors, the viewer’s left and right eye see two images
polarized in a different way. In order to operate the po-
larization technique requires a display surface maintain-
ing the polarization plane of the light.
[0014] In the future the stereoscopic image production
in CAVE spaces can be realized using several different
display techniques, such as, for example, an autostere-
oscopic display.
[0015] The stereoscopic image to be shown on the dis-
play surfaces is produced by an appropriate computer
system. The computer system calculates and has drawn
a view of the 3D virtual environment on each display sur-
face seen from the viewer’s perspective. The computer
system can consist of one or several computers. In a
one-computer system the image signals of all projection
screens are produced from one computer with several
different image outputs. The system is simple to use and
its operation is more reliable compared with a system
with several computers.
[0016] In a system with several computers the com-
puters are networked with each other as a cluster. In the
cluster one of the computers functions as the master ma-
chine, which guides the other computers via the net. The
image outputs of the computers are synchronized with
each other so that the stereoscopic image would remain
on all projection screens at the same phase. The cluster’s
advantage is the combined computing power, but its dis-
advantage is the complexity and expensiveness of the
system.
[0017] A separate positioning system is used in the
CAVE spaces for the determination of the user’s location
and viewing direction. On the basis of the viewer’s loca-
tion and direction, the computer in the CAVE space cal-
culates the view of the projection screens of the 3D virtual
environment seen from the viewer’s perspective. As the
viewer moves the CAVE space adapts the perspective
of the views to correspond to the viewer’s new location.

The positioning technique can be optical so that one or
several cameras are attached to the frame structures of
the CAVE space to film the viewer. On the basis of the
views of the cameras, the computer calculates the loca-
tion and direction of the viewer. When using 3D glasses,
they can be provided with markers, by means of which
the location and direction of the viewer’s eyes can be
calculated more accurately.
[0018] 3D presentations can also be created on a two-
dimensional (2D) display. One example of a three-dimen-
sional display system realized on a 2D display is a 3D
design program. In the 3D design program the program
application guiding the drawing of the image on the dis-
play apparatus draws an image of the object under de-
sign, which the viewer perceives as three-dimensional.
If the object is still turned on the 2D display, the 3D im-
pression the viewer gets from the shown object is inten-
sified.
[0019] Figure 1 illustrates an example of a convention-
al CAVE space (figure Illinois University). In the figure
the viewer is in the CAVE space, in which stereoscopic
image is projected on three walls and the floor surface.
[0020] The 2D or 3D display solutions described above
can be used, for example, in the presentation of things,
products or places. Sensations or preferences of the ob-
ject’s viewer of what they’ve seen are examined after-
wards with oral queries or different questionnaires. In the
disclosed systems the viewer’s actual experiences of
what they’ve heard or seen can be recorded only some
time after the actual moment of experience. Then the
different things or occurrences not linked with the actual
experience can revise the feedback given by the viewer
and thus the feedback is not realistic for all parts and can
thus distort the final result of the survey.

Object of the invention

[0021] It is an object of the invention to introduce a new
3D virtual environment, in which the reactions of the view-
er in the 3D environment to the stimuli generated by the
object under scrutiny are measured and indicated real-
time and without problems caused by queries or inter-
views.
[0022] The objects of the invention are achieved with
an apparatus arrangement, in which the viewer’s brain
function is measured in 3D virtual environment by using,
for example, EEG. The user is presented with a visual
stimulus, for example a product, in the 3D virtual envi-
ronment, the activity generated by which in the brain is
measured by means of EEG electrodes placed in the
user’s head. This is possible when the place of the re-
sponse in the brain, its frequency and intensity are
known. The result reflects both the viewer’s conscious
and subconscious reactions to the visual stimulus.
[0023] An advantage of the 3D virtual environment of
the invention is that the viewer’s real reactions to the
visual stimulus can be indicated and recorded.
[0024] It is further an advantage of the invention that
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the subconscious reactions the stimulus caused to the
viewer can also be indicated.
[0025] It is further an advantage of the invention that
the viewer’s visual target in the virtual environment can
be determined by means of the viewer’s location and the
position of their eyes.
[0026] It is further an advantage of the invention that
the viewer’s reactions to the shown stimulus can be
measured real-time.
[0027] It is further an advantage of the invention that
the viewer’s reactions can be measured in a desired time-
frame so that it is possible to indicate the viewer’s true
first reactions, when also the showing time for the stim-
ulus is known.
[0028] It is a further advantage of the invention that the
time of occurrence for the viewer’s reaction can be ac-
curately determined in the system. Then it is always
known which measuring response has been achieved
with which visual stimulus.
[0029] It is further an advantage of the invention that
the reactions caused by the stimulus in the viewer can
be indicated, irrespective of the viewer’s nationality or
language.
[0030] It is further an advantage of the invention that
it is not necessary to concretely build the products or
environments to be tested so that savings in time and
costs can be achieved.
[0031] It is further an advantage of the invention that
the feedback by the real user groups of products or
premises can be made to support the design process
and results of several options can be recorded also for
further use.
[0032] It is characteristic of the 3D virtual environment
of the invention that it comprises means for determining
the brain response generated in the viewer’s brain by the
object shown to the viewer in the 3D environment.
[0033] It is characteristic of the method of the invention
for determining the mood the image presenting the object
under review creates in the viewer, in which method the
viewer is shown a three-dimensional image of the object
under review in 3D environment, that in the method it is
further determined the brain response the object under
review generates in the viewer’s brain.
[0034] Some advantageous embodiments of the in-
vention are shown in the dependent patent claims.
[0035] The basic idea of the invention is the following:
The 3D virtual environment of the invention comprises
advantageously the main parts of a traditional CAVE
space. In the 3D virtual environment there are projection
means for projecting the images of the object on the inner
surface of at least one wall element of the 3D virtual en-
vironment. The 3D virtual environment of the invention
further comprises at least one computer for generating
the images needed in the virtual environment and for
feeding them to the projection means and for saving and
analysing the EEG measurement data generated in the
measuring transaction. In the 3D virtual environment of
the invention the positioning of the viewer is based, for

example, on a depth camera filming the viewer, of the
image of which the computer advantageously belonging
to the 3D virtual environment concludes the viewer’s lo-
cation and position by using a shape recognition soft-
ware. The positioning system used does not need mark-
ers attached to the viewer to operate.
[0036] In an embodiment of the invention the 3D virtual
environment can also include a measuring apparatus
registering the position and movements of the viewer’s
eyes. In this case the viewer’s visual target in the 3D
virtual environment can be determined.
[0037] In the 3D virtual environment of the invention
stereoscopy is advantageously achieved by active 3D
glasses in the viewer’s possession, the stereoscopy
darkening alternately the lenses of the 3D glasses so that
the user’s left and right eye see alternately the images
generated in the 3D virtual environment through the lens-
es of the 3D glasses. The projectors of the 3D virtual
environment of the invention feed two images differing
slightly from each other advantageously on the frequency
of 120 Hz. In this case the alternate darkening of the
lenses for the left and right eye of the 3D glasses advan-
tageously occurs on the frequency of 60 Hz. The viewer’s
brain then edits a three-dimensional visual experience
from the information arriving to the left and right eye.
[0038] Electrodes are placed to the head of a person
coming to the 3D virtual environment of the invention,
the electrodes measuring the EEG signals generated in
the viewer of the object shown in the 3D virtual environ-
ment. The said EEG measuring apparatus can also ad-
vantageously comprise a wireless data transmission ap-
paratus, with which the real-time EEG measurement data
is transferred to the computer maintaining the 3D virtual
environment to be recorded for further analysis.
[0039] The computer of the 3D virtual environment of
the invention comprises a program application, which
processes the received EEG signals so that the place,
frequency and intensity of the brain function the object
generates in the viewer can be determined. In researches
it has been found out which sectors of the brain are ac-
tivated in different cognitive or emotional states. When it
has been discovered which parts of the brain have been
activated by the stimulus and how, the said program ap-
plication can be used to draw conclusions from this meas-
urement data as to which are the viewer’s real reactions
to the stimulus.
[0040] The invention is next explained in closer detail,
referring to the enclosed drawings in which

Figure 1 illustrates a known CAVE space;

Figure 2a illustrates in an exemplary manner an EEG
electrode arrangement used in the 3D virtual envi-
ronment of the invention;

Figure 2b illustrates in an exemplary manner an EEG
measuring arrangement used in the 3D virtual envi-
ronment of the invention;
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Figures 3a-3 illustrate examples of different ways to
present the activation of brain function;

Figure 4 illustrates in an exemplary manner the func-
tional main parts of the 3D virtual environment of the
invention; and

Figure 5 illustrates as an exemplary flowchart a
method for analysing the reactions of the object used
in the 3D virtual environment of the invention.

[0041] The embodiments in the following specification
are only exemplary, and one skilled in the art can carry
out the basic idea of the invention also in some other way
than the one disclosed in the specification. Although ref-
erence can be made to an embodiment of embodiments
in several places in the specification, this does not mean
that the reference would only be aimed at one described
embodiment, or that the described feature would only be
feasible in one described embodiment. Individual fea-
tures of two or several embodiments can be combined
and thus achieve new embodiments of the invention.
[0042] The 3D virtual environment of the invention
makes use of an EEG measuring technique used in the
neurophysiological analysis. In this case the test subject
in the 3D virtual environment wears on their head a hat,
in which the EEG electrodes are either preinstalled or to
which they will be installed individually for each user. The
EEG electrodes in the EEG hat are used for measuring
the functional state of the brain in real time. The activity
generated by the stimulus or stimuli in the nerve cells of
the brain generates an electric signal, which can be in-
dicated through the bones in the skull of the tested person
with the sensors in the EEG hat. The place of activity in
the brain generated by the shown stimulus can be proc-
essed from the EEG measurement data, and advanta-
geously, its frequency and the intensity of activity gener-
ated by the stimulus. During the test the EEG data mon-
itoring the electric function of the brain is advantageously
recorded in the computer so that the connection between
the shown stimulus and the response following it can be
examined.
[0043] Figure 2a discloses an example of an advan-
tageous way to position the EEG electrodes used in EEG
measurements around the head by means of an exem-
plary EEG hat. In the example in Figure 2a the hat has
nineteen EEG electrodes, which in Figure 2a are marked
with the references Cn, Fn, Pn and Tn. The EEG sensors
can be either of a wet or dry type. The illustrated EEG
sensors cover the upper section of the skull 20 of the
person under examination from the forehead above the
eyes and above the ears all the way to the neck. It is
obvious for one skilled in the art that the EEG sensors
are not only restricted to the nineteen sensors described
in Figure 2a but there can be 1 - 512 of them.
[0044] Figure 2b illustrates in an exemplary manner
the apparatus arrangement 1 used in the neurophysio-
logical analysis. In the example in Figure 2b the reactions

of the viewer 10 either to a 2D or 3D image or images or
video on the display device 3 are measured by means
of the EEG hat 4. The electrodes of the EEG hat 4 are
connected to the amplifier 5 connected to the EEG hat
4. From the amplifier 5 there is either a wired or wireless
connection 6b to the computer 6 controlling the test sit-
uation. The computer 6 is also connected to the display
device 3 used in the neurophysiological analysis with the
connection 6a. Through the connection 6a the computer
generates individual images or videos on the display of
the display device 3, the reactions of which to the viewer
10 one wishes to examine. In the example in Figure 2b
the stimulus caused by the object 3a under review in the
viewer’s 10 field of vision 2 can be located by the EEG
measurement, likewise the strength of the response
caused by the stimulus seen by the viewer.
[0045] The EEG signal to be received from the EEG
electrodes of the EEG hat 4 is analogue, so it has to be
converted into digital in order to be able to process it in
the computer 6. After the conversion into digital the EEG
data can be filtered in a desired way using an appropriate
digital filter.
[0046] In the neurophysiological analysis it is common
that the same stimulus is repeated several times so that
it is possible to filter disturbance signals caused by ex-
ternal effects out from the measurement data. In this case
one examination session can last from, for example, 10
minutes to as long as 45 minutes. Examples of above-
mentioned disturbance signals are an alternating-current
hum of 50 Hz, movement of the eyes and non-desired
voices during the measurement. In addition, it is the in-
tention in the neurophysiological analysis to randomize
the viewer’s situation so that, for example, the presenta-
tion order of examined images is randomized in order to
prevent the viewer from getting used to the shown stim-
ulus. It is possible to average the results from different
measurements to improve the measurement results.
[0047] In the example in Figure 2b a visual stimulus
has been used as the stimulus for the neurophysiological
analysis. It is obvious for one skilled in the art that the
described neurophysiological analysis arrangement can
be used for measuring the brain response also for other
kinds of stimuli. Examples are hearing stimulus, taste
stimulus, smell stimulus and sense stimulus (e.g. pain
stimulus). In the 3D virtual environment of the invention
it is thus possible to also measure brain responses gen-
erated by other senses in addition to the visual stimulus.
[0048] In the EEG measurements the intensities of
brainwaves in different frequency areas can be found
out: delta (0.5 - 4 Hz), theta (5 - 7 Hz), low alpha (8 - 10
Hz), high alpha (11 - 13 Hz), beta (14 - 30 Hz) and gamma
(36 - 44 Hz). Changes in the amplitudes of brainwaves
caused by brain activity can be measured with an accu-
racy of milliseconds and mV.
[0049] The same brainwave frequency and intensity of
amplitude in different parts of the brain means a different
brain response, which has been generated by a certain
stimulus.
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[0050] Figure 3a illustrates an example of an activity
map edited from EEG data. In the example in the figure
the stimulus shown to the viewer has been activated in
the brain section 31 at the end of the brain facing the
back of the head. Such a response is usual for a visual
stimulus.
[0051] The partial figures A and B of Figure 3b illus-
trate the asymmetrical brain responses 32 and 33, which
can be seen in different sides of the brain and which
illustrate the change in the test subject’s level of motiva-
tion caused by the stimulus.
[0052] Figure 4 illustrates an example of the 3D virtual
environment 40 of the invention. The 3D virtual environ-
ment comprises three display surfaces 41 a, 41 b and 41
c, on each of which it is possible to reflect images in the
3D virtual environment of the invention so that the viewer
10 experiences the view as three-dimensional. In addi-
tion also the floor surface 41d and/or ceiling of the 3D
virtual environment can be used as a projection screen.
[0053] In an advantageous embodiment stereoscopic
display technique is used in the projection of images (not
shown in Figure 4). In the next explanation of Figure 4
the invention is illustrated by using the above-mentioned
stereoscopic technique as an example.
[0054] The images shown on the display surfaces or
walls 41 a, 41b and 41 c of the 3D virtual environment
are controlled by the computer 42, which is connected
to the projector 43 with the connection 42a. The computer
42 comprises a processor or processor means, which
comprises an arithmetic logic unit, a number of different
registers and control circuits. A data recording arrange-
ment, such as a memory unit or memory means is con-
nected to the processor means, to which data or pro-
grams readable with a computer can be recorded. The
memory means typically contains memory units, which
allow both read and write functions (Random Access
Memory, RAM) and memory units containing non-volatile
memory, from which data can only be read (Read Only
Memory, ROM).
[0055] The computer 42 also comprises an input or
input means for receiving data either of the EEG meas-
urement from the amplifier 5 or from the position identi-
fication cameras 44 of the viewer 10. The EEG meas-
urement data or viewer’s positioning data received by
the input means are transferred to be processed by the
processor means of the computer 42.
[0056] The computer 42 further comprises output
means for transmitting the image information edited by
the processor means to the projectors 43 belonging to
the 3D virtual environment.
[0057] The images of the 3D virtual environment can
be projected on walls/display surfaces 41 a, 41 b and 41
c either from the front of the wall or the back of the wall.
In the example in Figure 4 there is shown only one ex-
emplary projector 43, which projects stereoscopic imag-
es from the back of the wall. In order to provide a perfect
three-dimensional effect, the 3D virtual environment ad-
vantageously has an own respective projector for each

wall. In some 3D virtual environment applications two
projectors instead of one have to be reserved for each
wall in order to be able to project the different images
meant for the left and right eye on the walls.
[0058] The 3D virtual environment of the invention can
comprise, for example, optical position identification
means for determining the viewer’s distance and/or po-
sition in the 3D virtual environment. As positioning means
44 it is advantageously to use one or several optical cam-
eras, infrared radar, or triangular calculation carried out
by base stations of a wireless network. In the example
in Figure 4 the optical cameras functioning as optical po-
sitioning means 44 are located in the upper part of the
middle wall 41 b of the 3D virtual environment, but their
place can naturally also be elsewhere in the 3D virtual
environment. The positioning cameras 44 are connected
to the computer 42 controlling the operation of the 3D
virtual environment with the connection 42b.
[0059] In an advantageous embodiment of the inven-
tion the place of an individual viewer is not determined,
but images are projected on the display surfaces of the
3D virtual environment on the basis of known pre-set
values. This embodiment is feasible, for example, when
there are several persons in the 3D virtual environment
at the same time.
[0060] The viewer 10 in the 3D virtual environment
wears 3D glasses (either active or passive). If the 3D
glasses are active glasses, so in this case their operation
is synchronized to the shown images by the computer
42, with which the 3D glasses advantageously have a
wireless data transmission connection.
[0061] In an advantageous embodiment of the inven-
tion the 3D glasses can also have sensors following the
movement of the viewer’s eyes. The visual target of the
viewer in the 3D virtual environment can be determined
from the measurement data obtained from the sensors.
[0062] The viewer 10 in the 3D virtual environment fur-
ther wears the EEG hat 4, which is connected to the am-
plifier 5. In addition to amplifier circuits, the amplifier 5
further advantageously comprises an A/D converter, with
which analogue EEG measuring signals are converted
into digital before transferring the EEG measurement da-
ta forward. The amplifier 5 is advantageously connected
to the computer 42 controlling the measurement trans-
action through a wireless data transmission network. It
is possible to transfer the EEG measurement data meas-
ured via the data transmission connection real-time to
the computer 42, in which it will be processed so that the
activity in different parts of the brain can be visualized,
for example, as a three-dimensional brain image, in
which active areas are shown, for example, with certain
colours.
[0063] From researches of the neurophysiological
analysis it is known, which stimulus (positive or negative)
activates which part of the brain. Because of this a stim-
ulus produced to the viewer 10 in the 3D virtual environ-
ment can be used to find out the viewer’s 10 true reaction
to the shown stimulus, when the measuring result proc-
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essed from the EEG measuring result is compared with
known neurophysiological analysis results.
[0064] In the 3D virtual environment 40 of the invention
it is thus possible, for example, to carry out product tests
with high reliability. External disturbance factors can be
filtered out from the measuring results and the test sub-
ject (viewer) is not able to on their own distort the test
result in any way. By following the viewer’s eye move-
ments it is possible to verify that the obtained measuring
signal is a result from the viewing of the object seen by
the viewer.
[0065] Figure 5 illustrates as an exemplary flowchart
the main steps of an analysis method based on the neu-
rophysiological analysis used in the 3D virtual environ-
ment of the invention.
[0066] The apparatus assembly formed by the virtual
environment is started in step 50. In this case the images
seen by the viewer and used in this virtual environment
are imaged on at least one wall of the 3D virtual environ-
ment with a default viewer distance before transferring
to the actual measuring process in step 51.
[0067] After the apparatuses of the virtual environment
in the 3D virtual environment have been started, also the
positioning means of the viewer advantageously transfer
to an active state. In this case a decision can be made
on the basis of the measurement data obtained from the
positioning means in the decision-making step 51, if there
is a viewer or viewers in the 3D virtual environment.
[0068] If the final result for the decision-making step
51 is the option "No", this means that there is not a single
viewer in the 3D virtual environment. The process used
in the 3D virtual environment then returns back to step
51 after the measuring delay 52 programmed in the
measuring system of the virtual environment, in which
the next positioning attempt of a viewer is performed.
[0069] The measuring loop through the steps 51 and
52 described above is repeated as long as at least one
viewer is observed in the 3D virtual environment in the
decision-making step 51. In this case the final result for
the decision-making step 51 is "Yes".
[0070] If at least one viewer has been indicated in step
51, the place and position of the viewer in the 3D virtual
environment can then be determined in step 53, if need-
ed, advantageously using optical position identification
means. In the same connection it is possible to follow
and determine the viewer’s eye movements and posi-
tions with separate measuring devices. This measure-
ment can be used for determining the point on the wall
of the 3D virtual environment, which the viewer is watch-
ing exactly at that moment.
[0071] When the viewer’s location and position have
been defined in step 53, the images on the walls of the
3D virtual environment are then updated to correspond
to the determined location and position of the viewer in
step 54.
[0072] In the neurophysiological measuring process of
the invention the viewer advantageously wears an EEG
hat on their head. In the decision-making step 55 it is

checked if a command to start the EEG measurement
has been given. If the final result for the decision-making
step 51 is the option "No", the presentation process for
the virtual environment will then return back to step 51
through the measuring delay 52.
[0073] The measuring loop through the steps 51-56
and the step 52 described above is repeated as long as
it is stated in the decision-making step 55 that the viewer’s
EEG measurement will be activated. In this case the final
result for the decision-making step 55 is the option "Yes"
and the process continues to step 56.
[0074] In step 56 EEG measurement data of the emo-
tional state in the viewer’s brain caused by the subject
shown in the virtual environment and the related time
stamps are recorded. The length of the time for collecting
the measurement data can advantageously be selected
specifically for each transaction. The obtained measure-
ment data with time stamps are advantageously recorded
in the memory of the computer controlling the neurophys-
iological research. The brain response measured by
means of the time stamps linked with the EEG measure-
ment data is always connectable to a certain image of
the subject shown to the viewer.
[0075] In step 57 the viewer’s recorded EEG measure-
ment data are processed in an exploited computer so
that the location of the activity generated by the shown
stimulus in the viewer’s brain, the frequency of the gen-
erated activity and the intensity of the generated activity
are found out.
[0076] In step 58 the measurement data indicating the
brain activity of the viewer in the 3D virtual environment
are compared with reference data obtained in previous
neurophysiological analyses, which contain the statisti-
cal connections between different emotional states and
measured brain responses.
[0077] In the decision-making step 59 it is decided if
the amount of EEG measurement data is sufficient. In
the decision-making it is taken into account that it must
be possible to filter disturbance signals caused by differ-
ent external effects out from the measurement data by
repeating the measurement. In this case one examina-
tion session can last from 10 minutes up to 45 minutes.
Examples of the above-mentioned disturbance signals
are the alternating-current hum of 50 Hz, eye movements
or unintentional voices during the measurement. In ad-
dition it is always intended in the neurophysiological anal-
ysis to randomize the viewer’s situation so that, for ex-
ample, the order of presentation of the images under re-
view are randomized to prevent the test subject from get-
ting used to the shown stimulus. It is possible to average
the results of different measuring results in order to im-
prove the measuring result.
[0078] If the result for the decision step 59 is the option
"Yes", the collection of EEG measurement data is then
renewed starting from step 56. The above-described
EEG data measuring loop through the steps 56-59 is re-
peated as long as it can be stated in the decision-making
step 59 that the EEG measurement data contains a suf-
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ficient amount of data to make a reliable conclusion to
define the brain response generated in the viewer by the
shown object and further to define the viewer’s true emo-
tional state on the basis of this.
[0079] If the final result for the decision-making step
59 is the option "No", the measuring results for the viewer
in question are recorded for later analysis in the memory
of the computer controlling the neurophysiological meas-
urement in step 60.
[0080] In a later neurophysiological analysis, which
can be conducted after the actual test situation, the true
emotional state experienced by the viewer in the test sit-
uation is determined by comparing the brain response
from the viewer with the reference brain response results
obtained in known neurophysiological test measure-
ments.
[0081] Some advantageous embodiments of the 3D
virtual environment and the analysis method used in it
have been described above. The invention is not restrict-
ed to the solutions described, but the inventional idea
may be applied in numerous ways within the limits set
by the patent claims.

Claims

1. A 3D virtual environment for indicating a reaction
caused by an object under review (3a) in a viewer
(10), the 3D environment comprising:

- at least one display surface(41 a, 41 b, 41 c,
41 d)
- data processing means (42) for generating
three-dimensional images of the object under
review (3a), and
- means (43) for presenting a three-dimensional
image of the object under review (3a) on at least
one display surface (41 a, 41 b, 41 c, 41 d),

characterized in that the 3D virtual environment fur-
ther comprises measuring means (4, 5, 42) for de-
termining a brain response in the viewer’s (10) brain
generated by the object under review (3a) shown to
the viewer (10) in the 3D virtual environment, the
brain response being configured to be determined
on the basis of a location, frequency and intensity of
an EEG signal measured from the viewer’s (10)
brain, and that an emotional state generated in the
viewer (10) by the object under review (3a) has been
configured to be determined from the said brain re-
sponse.

2. The 3D virtual environment according to claim 1,
characterized in that the 3D virtual environment
(40) is a CAVE space comprising at least one display
surface (41a, 41b, 41, 41 d).

3. The 3D virtual environment according to claim 1,

characterized in that the measuring means for de-
termining the viewer’s brain response comprises an
EEG hat (4) on the viewer’s (10) head containing
several EEG sensors, an amplifier (5) connected to
it and data processing means (42).

4. The 3D virtual environment according to claim 3,
characterized in that the EEG hat (4) comprises 1
- 512 measuring sensors, which are arranged to cov-
er the upper section of the viewer’s (10) skull (20)
extending from above the eyes and ears to the neck.

5. The 3D virtual environment according to claim 1 or
2, characterized in that he three-dimensional im-
age shown on at least one display surface (41 a, 41
b, 41 c, 41 d) is stereoscopic.

6. The 3D virtual environment according to claim 1,
characterized in that the 3D virtual environment
(40) comprises the viewer’s (10) location and posi-
tioning identification means (44).

7. The 3D virtual environment according to claim 1 or
6, characterized in that the 3D virtual environment
(40) further comprises equipment for determining a
point of eye alignment of the viewer (10) on the dis-
play surface (41 a, 41 b, 41 c, 41d).

8. The 3D virtual environment according to claim 1, 6
or 7, characterized in that the said data processing
means (42) comprises a program application, which
is configured to edit the EEG measurement data ob-
tained from the EEG sensors of the viewer’s EEG
hat (4) so that it is possible to indicate activations of
the brain of the viewer (10) watching the image of
the object under review (3a) shown to the viewer (10)
in the 3D virtual environment (40) so that an emo-
tional or cognitive state generated to the viewer (10)
of the image under review (3a) is configured to be
determined from these activations using neuro ana-
lytical methods by comparing the neuro analytical
brain response generated by the object under review
(3a) to known neuro analytical reference brain re-
sponses.

9. The 3D virtual environment according to claim 5,
characterized in that the means (43) for presenting
stereoscopic images in the 3D virtual environment
(40) comprises a front or back projector for each wall
(41 a, 41 b, 41 c) functioning as the display surface
for the virtual display environment (40).

10. The 3D virtual environment according to claims 1 or
5, characterized in that the projection screens (41a,
41b, 41c, 41d) of the CAVE space (40) are electronic
display units, which are configured to present three-
dimensional images of the object under review (3a).
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11. The 3D virtual environment according to claim 6,
characterized in that the location and position iden-
tification means (44) comprise at least one optical
camera, infrared camera or triangulation equipment
operating in a wireless network for identifying the
viewer’s (10) location and position.

12. A method for determining an emotional state gener-
ated in a viewer (10) of an image of an object under
review (3a), in which method the viewer (10) is shown
a three-dimensional image of the object under review
(3a) on at least one display surface (41 a, 41 b, 41
c, 41 d) of the 3D virtual environment (40), charac-
terized in that in the method a brain response gen-
erated by the three-dimensional image of the object
under review (3a) in the viewer’s brain is determined
(56-60), the brain response comprising a location,
frequency and intensity of an EEG signal measured
from the viewer’s (10) brain, and that the emotional
state generated by the object under review (3a) in
the viewer (10) is determined from the said brain
response.

13. The method according to claim 12, characterized
in that the viewer’s (10) brain response is deter-
mined in the data processing means (42) belonging
to the 3D virtual environment from the EEG meas-
urement data measured and transmitted by the EEG
hat (4) containing several EEG sensors and being
located on the viewer’s (10) head.

14. The method according to claim 13, characterized
in that the said data processing means (42) com-
prises a program application, which edits the EEG
measurement data obtained from the EEG sensors
of the EEG hat (4) so that it is possible to indicate
activations the image of the object under review (3a)
shown to the user in the 3D virtual environment
cause in different sections of the viewer’s (10) brain
so that an emotional or cognitive state generated to
the viewer (10) of the image under review (3a) is
configured to be determined from these activations
using neuro analytical methods by comparing the
neuro analytical brain response generated by the ob-
ject under review (3a) to known neuro analytical ref-
erence brain responses.

15. The method according to claim 12, characterized
in that the viewer’s (10) location is determined with
positioning means (44), which comprise at least one
optical camera (44), infrared radar or triangulation
equipment operating in a wireless network.

16. The method according to claim 12 or 15, character-
ized in that a viewer’s (10) visual target point is de-
termined in the 3D virtual environment by using
means for identifying the direction of the eyes.
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