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A SYSTEM AND METHOD FOR MIXED REALITY

TECHNICAL FIELD

The invention relates to a system and method for mixed reality.

BACKGROUND

Mixed reality is the merging of real and virtual worlds to produce new
environments and visualizations where physical and digital objects co-exist and interact
in real-time. Mixed reality takes place not only in the physical world or the virtual
world, but is a hybrid of reality and virtual reality via immersive technology.

Mixed reality is used for a number of different applications: entertainment (e.g.
interactive games, interactive movies, etc.), simulation-based learning, simulation-based
training, where reality is simulated and represented in complex, layered data through an
output device.

In some cases, the mixed reality environment includes a physical sensor (e.g. a
radar, a camera, an infrared sensor, etc.) that displays, on an output device of the sensor
(e.g. a screen, a Head Mounted Display, etc), a combination of real-world
visualizations of real-world data (acquired by the sensor) and virtual entity
visualizations (located within an area from which the real-world data readings are
acquired). The real-world visualizations can be affected by one or more parameters of
the sensor (e.g. noise model characterizing readings of the sensor, spectral sensitivity of
the sensor, signal-to-noise ratio of the sensor, etc.) or by one or more algorithms,
employed on the readings of the real-world data by the sensor or by a communication
link that is used to communicate the data from the location of the sensor itself to the
location of the output device (e.g. a sensor is carried on a drone and the real-world data
readings acquired by the sensor are communicated via a communication link to an
output device located in a Ground Control Station (GCS) that is remote from the drone
carrying the sensor).

A non-limiting example is an optical sensor with a fisheye lens that displays
real-word visualizations with a visual distortion intended to create a wide panoramic or

hemispherical image.
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Current mixed reality systems, that include a physical sensor, do not take into
consideration (a) the effects of the one or more parameters of the sensor on the virtual
entity visualizations, (b) the effects of the one or more algorithms on the virtual entity
visualizations, employed on the readings of the real-world data by the sensor and (c) the
effects of the communication link between the physical sensor and the output device on
the virtual entity visualizations . In the current mixed reality systems, the virtual entity
visualizations are displayed by (a) injecting the virtual entity visualizations into the
output device, and/or (b) by displaying the virtual entity visualizations on a see-through
output device overlaying the output device, and/or (c) by projecting the virtual entity
visualizations on the real-world visualization. Thus, the virtual entity visualizations are
not affected by the one or more parameters of the sensor, by the one or more algorithms
or by the communication link as the real-world data acquired by the sensor. In these
cases, the virtual entity visualizations are provided to the output device through a
communication channel that is different from the communication channel through
which the real-world visualizations are provided to the output device, thus the virtual
entity visualizations are not affected as the real-world visualizations are affected.

This causes current mixed reality simulation systems that include a physical
sensor to display the virtual entity visualizations, on the output device, in a way that is
perceived to be different than the real-world visualizations. Continuing our non-limiting
example: the optical sensor with the fisheye lens will display real-word visualizations
with a fisheye visual distortion, but virtual entity visualizations will be displayed
without the fisheye visual distortion, thus a user of the optical sensor will be able to
discern between the real-word visualizations and the virtual entity visualizations
displayed on the output device of the optical sensor — an outcome that can be
problematic in mixed reality environments where the user should not perceive virtual
entities differently than the real-world data.

In addition, current mixed reality simulation systems that include a data
acquisition device (e.g. a physical sensor, a radio receiver, etc.) do not change the way
the acquisition device displays the acquired data in a mixed reality environment in
response to an effect by a virtual effect. For example, a radar, that is part of a mixed
reality simulation system can have temporary restricted coverage because of a simulated
virtual interference, however, in current mixed reality simulation systems will display

the acquired data without taking into account the temporary restricted coverage.
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Another non-limiting example can be a thermal sensor that should be blinded (or
otherwise affected) by virtual heat simulated in an area viewed by the sensor, but
current mixed reality simulation systems will not take into account an effect of the
virtual heat on the thermal sensor. Another example can be a real-world radio receiver
that would not have been able to receive radio signals in a given channel due to a virtual
radio source transmitting it’s a virtual radio signal in the given channel, but current
mixed reality simulation systems will not take into account an effect of the virtual radio
source.

There is thus a need in the art for a new method and system for mixed reality.

References considered to be relevant as background to the presently disclosed
subject matter are listed below. Acknowledgement of the references herein is not to be
inferred as meaning that these are in any way relevant to the patentability of the
presently disclosed subject matter.

US Patent No. 8,616,884 (Lechner et al)) published on December 31, 2013,
discloses a method and apparatus for training in an aircraft. A display system is
associated with an aircraft. A sensor system is associated with the aircraft. A training
processor is configured to be connected to the aircraft. The training processor is
configured generate constructive data for a number of simulation objects and generate
simulation sensor data using the constructive data. The training processor is further
configured to present the simulation sensor data with live sensor data generated by the
sensor system for an aircraft on a display system in the aircraft.

US Patent application No. 2017/0294135 (Lechner) published on October 12,
2017, discloses a system is provided for real-time, in-flight simulation of a target. A
sensor system may generate a live stream of an environment of an aircraft during a
flight thereof, the live stream having associated metadata with structured information
indicating a real-time position of the aircraft within the environment. A target generator
may generate a target image from a source of information from which a plurality of
different target images may be generable. The target generator may also generate a
synthetic scene of the environment including the target image. A superimposition
engine may then superimpose the synthetic scene onto the live stream such that the
target image is spatially and temporally correlated with the real-time position of the
aircraft within the environment. The live stream with superimposed synthetic scene may

be output for presentation on a display of the aircraft during the flight.
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US Patent application No. 2013/0286004 (McCulloch et al.) published on
October 31, 2013, discloses a technology described for displaying a collision between
objects by an augmented reality display device system. A collision between a real object
and a virtual object is identified based on three-dimensional space position data of the
objects. At least one effect on at least one physical property of the real object is
determined based on physical properties of the real object, like a change in surface
shape, and physical interaction characteristics of the collision. Simulation image data is
generated and displayed simulating the effect on the real object by the augmented
reality display. Virtual objects under control of different executing applications can also
interact with one another in collisions.

US Patent application No. 2018/0075658 (Lanier et al.) published on March 15,
2018, discloses techniques that include mixed reality tools, referred to as HoloPaint, that
allow use of any of a variety of sensors to determine physical parameters of real objects
in a mixed reality environment. HoloPaint may correlate current measurements of the
real world with past measurements to perform inventory management, analysis of
changes of physical parameters of real objects and environments, and so on. A user may
select which parameter to analyze by selecting a particular type of virtual paint, such as

for drawing onto an object to be analyzed.

GENERAL DESCRIPTION

In accordance with a first aspect of the presently disclosed subject matter, there
is provided a mixed reality system, comprising: a data acquisition device configured to
acquire real-world data; an output device for providing the real-world data to a user; and
a processing circuitry configured to: obtain (a) data acquired by the data acquisition
device, and (b) information of one or more virtual entities having properties enabling
determination of simulated effects of the virtual entities on the data; determine the
simulated effects of the virtual entities on the data utilizing the properties; and provide
the user with output on the output device being a manipulation of the data reflecting the
simulated effects.

In some cases, the data acquisition device is a sensor or a radio receiver.

In some cases, the sensor is one of the following: a camera, a radar, Night

Vision Goggles (NVG), a proximity sensor, temperature sensor, an infrared sensor,
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pressure sensor, light sensor, touch sensor, ultrasonic sensor, color sensor, humidity
sensor, tilt sensor, accelerometer, or an acoustic sensor.

In some cases, the processing circuitry determines the simulated effects also
utilizing one or more parameters of the sensor or the radio receiver.

In some cases, the data is acquired from a training environment, and wherein the
virtual entities are designed to simulate training scenarios.

In some cases, the simulated effect is one or more of: virtual heat, virtual light,
virtual touch, virtual shade, virtual sound, virtual topography, virtual smoke, virtual hit,
or virtual ice.

In accordance with a second aspect of the presently disclosed subject matter,
there is provided a method comprising: obtaining, by a processing resource, (a) data
acquired by a data acquisition device configured to acquire real-world data, and (b)
information of one or more virtual entities having properties enabling determination of
simulated effects of the virtual entities on the data, determining, by the processing
resource, the simulated effects of the virtual entities on the data utilizing the properties;
and providing, by the processing resource, a user of an output device, used for providing
the real-world data to the user, with output on the output device being a manipulation of
the data reflecting the simulated effects.

In some cases, the data acquisition device is a sensor or a radio receiver.

In some cases, the sensor is one of the following: a camera, a radar, Night
Vision Goggles (NVG), a proximity sensor, temperature sensor, an infrared sensor,
pressure sensor, light sensor, touch sensor, ultrasonic sensor, color sensor, humidity
sensor, tilt sensor, accelerometer, or an acoustic sensor.

In some cases, the determining of the simulated effects also utilizes one or more
parameters of the sensor or the radio receiver.

In some cases, the data is acquired from a training environment, and wherein the
virtual entities are designed to simulate training scenarios.

In some cases, the simulated effect is one or more of: virtual heat, virtual light,
virtual touch, virtual shade, virtual sound, virtual topography, virtual smoke, virtual hit,
or virtual ice.

In accordance with a third aspect of the presently disclosed subject matter, there
is provided a non-transitory computer readable storage medium having computer

readable program code embodied therewith, the computer readable program code,
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executable by at least one processor of a computer to perform a method comprising:
obtaining, by a processing resource, (a) data acquired by a data acquisition device
configured to acquire real-world data, and (b) information of one or more virtual entities
having properties enabling determination of simulated effects of the virtual entities on
the data; determining, by the processing resource, the simulated effects of the virtual
entities on the data utilizing the properties; and providing, by the processing resource, a
user of an output device, used for providing the real-world data to the user, with output
on the output device being a manipulation of the data reflecting the simulated effects.

In accordance with a fourth aspect of the presently disclosed subject matter,
there is provided a mixed reality system, comprising: a sensor configured to acquire
readings of real-world data, and display, on an output device, a real-world visualization
of the real-world data based on the readings to a user, wherein the sensor has one or
more parameters affecting the real-world visualization; and a processing circuitry
configured to: obtain information of one or more virtual entities located within an area
from which the readings are acquired, the information defining, for each of the virtual
entities, one or more simulated physical properties; determine, for at least one given
virtual entity of the virtual entities, a virtual entity visualization of the given virtual
entity, the virtual entity visualization determined by manipulating a simulated reading
of the simulated physical properties based on the parameters affecting the real-world
visualization; and display the virtual entity visualizations in combination with the real-
world visualization, thereby enabling a user viewing the output device to view the
virtual entity visualizations and the real-world visualization.

In some cases, the display is performed by injecting the virtual entity
visualizations into the output device.

In some cases, the display is performed on a see-through output device
overlaying the output device.

In some cases, the display is performed by projecting the virtual entity
visualizations on the real-world visualization.

In some cases, the real-world visualization is provided to the output device via a
first communication channel and the virtual entity visualizations are injected into the
output device via a second communication channel other than the first communication

channel.
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In some cases, the parameters affect the real-world visualization by affecting the
first communication channel.

In some cases, the manipulating of the simulated reading further includes
simulating communication effects of the first communication channel on the virtual
entity visualizations.

In some cases, the virtual entity visualization of the given virtual entity is
perceived closer to a third visualization of the given virtual entity had it been a real-
world entity having physical properties identical to the simulated physical properties
than an alternative visualization of the given virtual entity determined without
manipulating the simulated reading of the simulated physical properties based on the
parameters affecting the readings of the sensor.

In some cases, the manipulating of the simulated reading further includes
employing one or more algorithms, employed on the readings of the real-world data,
also on the simulated reading.

In some cases, the parameters affect the real-world visualization by affecting the
readings.

In some cases, the parameters include one or more of: a noise model
characterizing readings of the sensor; a spectral sensitivity of the sensor; a spectral
response of the sensor; a saturation of the sensor; a dynamic range of the sensor; a dark
noise of the sensor; a signal-to-noise ratio of the sensor; a detection limit of the sensor;
a photo response non uniformity of the sensor; a penetration depth of the sensor; a lens
distortion of the sensor; an optical deformation model of the sensor; a vignetting model
of the sensor; response to different exposure levels of the sensor; or a resolution map of
the readings acquired by the sensor.

In some cases, the processing circuitry is further configured to: obtain
information of movement of the sensor during acquisition of the readings; determine if
the movement of the sensor generates an effect on the real-world visualization, utilizing
the information and the parameters, wherein upon determining that the movement
generates the effect, the manipulating of the simulated reading further includes
simulating the effect on the simulated reading.

In some cases, the processing circuitry is further configured to: obtain
information of simulated movement of the given virtual entity during acquisition of the

readings; determine if the simulated movement of the given virtual entity is required to
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generate an effect on the simulated reading, utilizing the information and the
parameters; wherein upon determining that the movement is required to generate the
effect, the manipulating of the simulated reading further includes simulating the effect
on the simulated reading.

In some cases, the processing circuitry is further configured to: obtain
information of environmental parameters of at least part of a region from which the
readings are acquired; determine if the environmental parameters generate an effect on
the real-world visualization, utilizing the information and the parameters; wherein upon
determining that the environmental parameters generate the effect, the manipulating of
the simulated reading further includes simulating the effect on the simulated reading.

In some cases, the processing circuitry is further configured to: obtain values of
one or more situational parameters indicative of a state of the sensor during acquisition
of the readings; and wherein the virtual entity visualization is determined also based on
the values of the situational parameters.

In some cases, the situational parameters include one or more of: a temperature
of the sensor; a vibration frequency of the sensor; or a type of platform the sensor is
connected to.

In accordance with a fifth aspect of the presently disclosed subject matter, there
is provided a method comprising: obtaining, by a processing circuitry, information of
one or more virtual entities located within an area from which readings are acquired by
a sensor configured to acquire readings of real-world data, and display, on an output
device, a real-world visualization of the real-world data based on the readings to a user,
wherein the sensor has one or more parameters affecting the real-world visualization,
and wherein the information defining, for each of the virtual entities, one or more
simulated physical properties; determining, by the processing circuitry, for at least one
given virtual entity of the virtual entities, a virtual entity visualization of the given
virtual entity, the virtual entity visualization determined by manipulating a simulated
reading of the simulated physical properties based on the parameters affecting the real-
world visualization, and displaying, by the processing circuitry, the virtual entity
visualizations in combination with the real-world visualization, thereby enabling a user
viewing the output device to view the virtual entity visualizations and the real-world

visualization.
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In some cases, the display is performed by injecting the virtual entity
visualizations into the output device.

In some cases, the display is performed on a see-through output device
overlaying the output device.

In some cases, the display is performed by projecting the virtual entity
visualizations on the real-world visualization.

In some cases, the real-world visualization is provided to the output device via a
first communication channel and the virtual entity visualizations are injected into the
output device via a second communication channel other than the first communication
channel.

In some cases, the parameters affect the real-world visualization by affecting the
first communication channel.

In some cases, the manipulating of the simulated reading further includes
simulating communication effects of the first communication channel on the virtual
entity visualizations.

In some cases, the virtual entity visualization of the given virtual entity is
perceived closer to a third visualization of the given virtual entity had it been a real-
world entity having physical properties identical to the simulated physical properties
than an alternative visualization of the given virtual entity determined without
manipulating the simulated reading of the simulated physical properties based on the
parameters affecting the readings of the sensor.

In some cases, the manipulating of the simulated reading further includes
employing one or more algorithms, employed on the readings of the real-world data,
also on the simulated reading.

In some cases, the parameters affect the real-world visualization by affecting the
readings.

In some cases, the parameters include one or more of: a noise model
characterizing readings of the sensor; a spectral sensitivity of the sensor; a spectral
response of the sensor; a saturation of the sensor; a dynamic range of the sensor; a dark
noise of the sensor; a signal-to-noise ratio of the sensor; a detection limit of the sensor;
a photo response non uniformity of the sensor; a penetration depth of the sensor; a lens

distortion of the sensor; an optical deformation model of the sensor; a vignetting model
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of the sensor; response to different exposure levels of the sensor; or a resolution map of
the readings acquired by the sensor.

In some cases, the method further comprising: obtaining, by the processing
circuitry, information of movement of the sensor during acquisition of the readings;
determining, by the processing circuitry, if the movement of the sensor generates an
effect on the real-world visualization, utilizing the information and the parameters;
wherein upon determining that the movement generates the effect, the manipulating of
the simulated reading further includes simulating the effect on the simulated reading.

In some cases, the method further comprising: obtaining, by the processing
circuitry, information of simulated movement of the given virtual entity during
acquisition of the readings; determining, by the processing circuitry, if the simulated
movement of the given virtual entity is required to generate an effect on the simulated
reading, utilizing the information and the parameters; wherein upon determining that the
movement is required to generate the effect, the manipulating of the simulated reading
further includes simulating the effect on the simulated reading.

In some cases, the method further comprising: obtaining, by the processing
circuitry, information of environmental parameters of at least part of a region from
which the readings are acquired; determining, by the processing circuitry, if the
environmental parameters generate an effect on the real-world visualization, utilizing
the information and the parameters; wherein upon determining that the environmental
parameters generate the effect, the manipulating of the simulated reading further
includes simulating the effect on the simulated reading.

In some cases, the method further comprising: obtaining, by the processing
circuitry, values of one or more situational parameters indicative of a state of the sensor
during acquisition of the readings; and wherein the virtual entity visualization is
determined also based on the values of the situational parameters.

In some cases, the situational parameters include one or more of: a temperature
of the sensor; a vibration frequency of the sensor; or a type of platform the sensor is
connected to.

In accordance with a sixth aspect of the presently disclosed subject matter, there
is provided a non-transitory computer readable storage medium having computer
readable program code embodied therewith, the computer readable program code,

executable by at least one processor of a computer to perform a method comprising:
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obtaining, by a processing circuitry, information of one or more virtual entities located
within an area from which readings are acquired by a sensor configured to acquire
readings of real-world data, and display, on an output device, a real-world visualization
of the real-world data based on the readings to a user, wherein the sensor has one or
more parameters affecting the real-world visualization, and wherein the information
defining, for each of the virtual entities, one or more simulated physical properties;
determining, by the processing circuitry, for at least one given virtual entity of the
virtual entities, a virtual entity visualization of the given virtual entity, the virtual entity
visualization determined by manipulating a simulated reading of the simulated physical
properties based on the parameters affecting the real-world visualization; and
displaying, by the processing circuitry, the virtual entity visualizations in combination
with the real-world visualization, thereby enabling a user viewing the output device to

view the virtual entity visualizations and the real-world visualization.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the presently disclosed subject matter and to see how it
may be carried out in practice, the subject matter will now be described, by way of non-
limiting examples only, with reference to the accompanying drawings, in which:

Fig. 1 is a schematic illustration of an example environment of a system for a
mixed reality acquisition device, in accordance with the presently disclosed subject
matter;

Fig. 2a is a schematic illustration of an example of an output device displaying
real-world visualizations and virtual entity visualizations before manipulation of the
virtual entity visualizations, in accordance with the presently disclosed subject matter;

Fig. 2b is a schematic illustration of an example of an output device displaying
real-world visualizations and virtual entity visualizations after manipulation of the
virtual entity visualizations, in accordance with the presently disclosed subject matter;

Fig. 3a is a schematic illustration of an example of an output device displaying
data acquired by a data acquisition device without effects of the virtual entities on the
data, in accordance with the presently disclosed subject matter;

Fig. 3b is a schematic illustration of an example of effects of virtual entities on
data acquired by a data acquisition device, in accordance with the presently disclosed

subject matter;
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Fig. 3c is a schematic illustration of an example of an output device displaying
data acquired by a data acquisition device with effects of the virtual entities on the data
and virtual entities, in accordance with the presently disclosed subject matter;

Fig. 4 is a block diagram schematically illustrating one example of a mixed
reality system, in accordance with the presently disclosed subject matter;

Fig. 5 is a flowchart illustrating one example of a sequence of operations carried
out for virtual entity visualization management, in accordance with the presently
disclosed subject matter;

Fig. 6 is a flowchart illustrating one example of a sequence of operations carried
out for virtual entity visualization management with actual sensor movement
information, in accordance with the presently disclosed subject matter;

Fig. 7 is a flowchart illustrating one example of a sequence of operations carried
out for virtual entity visualization management with simulated movement information,
in accordance with the presently disclosed subject matter;

Fig. 8 is a flowchart illustrating one example of a sequence of operations carried
out for virtual entity visualization management with environmental parameters
information, in accordance with the presently disclosed subject matter;

Fig. 9 is a flowchart illustrating one example of a sequence of operations carried
out for simulated effects management, in accordance with the presently disclosed
subject matter;

Fig. 10a is a depiction of virtual entity visualization of part of the Eiffel tower
without taking into consideration the vibration of the sensor;

Fig. 10b is a depiction of the same virtual entity visualization of part of the
Eiffel tower where the vibration of the sensor is also used to determine the virtual entity
visualization;

Fig. 11 depicts an image taken of the Eiffel tower by the sensor; and

Figs. 12a-12e depict examples of prearranged look-up-tables, used to determine

virtual entity visualizations.

DETAILED DESCRIPTION
In the following detailed description, numerous specific details are set forth in
order to provide a thorough understanding of the presently disclosed subject matter.

However, it will be understood by those skilled in the art that the presently disclosed



WO 2021/100037 PCT/1L2020/051179

10

15

20

25

30

-13 -

subject matter may be practiced without these specific details. In other instances, well-
known methods, procedures, and components have not been described in detail so as not
to obscure the presently disclosed subject matter.

In the drawings and descriptions set forth, identical reference numerals indicate
those components that are common to different embodiments or configurations.

Unless specifically stated otherwise, as apparent from the following discussions,
it is appreciated that throughout the specification discussions utilizing terms such as
"obtaining", "determining", "displaying", "communication", "providing" or the like,
include action and/or processes of a computer that manipulate and/or transform data
into other data, said data represented as physical quantities, e.g. such as electronic
quantities, and/or said data representing the physical objects. The terms “computer”,
“processor”, “processing resource” and “controller” should be expansively construed to
cover any kind of electronic device with data processing capabilities, including, by way
of non-limiting example, a personal desktop/laptop computer, a server, a computing
system, a communication device, a smartphone, a tablet computer, a smart television, a
processor (e.g. digital signal processor (DSP), a microcontroller, a field programmable
gate array (FPGA), an application specific integrated circuit (ASIC), etc.), a group of
multiple physical machines sharing performance of various tasks, virtual servers co-
residing on a single physical machine, any other electronic computing device, and/or
any combination thereof.

The operations in accordance with the teachings herein may be performed by a
computer specially constructed for the desired purposes or by a general-purpose
computer specially configured for the desired purpose by a computer program stored in
a non-transitory computer readable storage medium. The term "non-transitory" is used
herein to exclude transitory, propagating signals, but to otherwise include any volatile
or non-volatile computer memory technology suitable to the application.

" "such as", "for instance" and variants

As used herein, the phrase "for example,
thereof describe non-limiting embodiments of the presently disclosed subject matter.
Reference in the specification to "one case", "some cases", "other cases" or variants
thereof means that a particular feature, structure or characteristic described in

connection with the embodiment(s) is included in at least one embodiment of the

"non
)

presently disclosed subject matter. Thus, the appearance of the phrase "one case", "some
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cases", "other cases" or variants thereof does not necessarily refer to the same
embodiment(s).

It is appreciated that, unless specifically stated otherwise, certain features of the
presently disclosed subject matter, which are, for clarity, described in the context of
separate embodiments, may also be provided in combination in a single embodiment.
Conversely, various features of the presently disclosed subject matter, which are, for
brevity, described in the context of a single embodiment, may also be provided
separately or in any suitable sub-combination.

In embodiments of the presently disclosed subject matter, fewer, more and/or
different stages than those shown in Figs. 5-9 may be executed. In embodiments of the
presently disclosed subject matter one or more stages illustrated in Figs. 5-9 may be
executed in a different order and/or one or more groups of stages may be executed
simultaneously. Figs. 1-4, 10-12 illustrate a general schematic of the system
architecture in accordance with an embodiment of the presently disclosed subject
matter. Each module in Figs. 1-4, 10-12 can be made up of any combination of
software, hardware and/or firmware that performs the functions as defined and
explained herein. The modules in Figs. 1-4, 10-12 may be centralized in one location or
dispersed over more than one location. In other embodiments of the presently disclosed
subject matter, the system may comprise fewer, more, and/or different modules than
those shown in Figs. 1-4, 10-12.

Any reference in the specification to a method should be applied mutatis
mutandis to a system capable of executing the method and should be applied mutatis
mutandis to a non-transitory computer readable medium that stores instructions that
once executed by a computer result in the execution of the method.

Any reference in the specification to a system should be applied mutatis
mutandis to a method that may be executed by the system and should be applied mutatis
mutandis to a non-transitory computer readable medium that stores instructions that
may be executed by the system.

Any reference in the specification to a non-transitory computer readable medium
should be applied mutatis mutandis to a system capable of executing the instructions
stored in the non-transitory computer readable medium and should be applied mutatis
mutandis to method that may be executed by a computer that reads the instructions

stored in the non-transitory computer readable medium.
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Bearing this in mind, attention is drawn to Fig. 1, a schematic illustration of an
example environment of a system for a mixed reality acquisition device, in accordance
with the presently disclosed subject matter.

According to the presently disclosed subject matter, a mixed reality environment
100 is shown. The mixed reality environment 100 includes one or more real-world
objects (e.g. real-world object A 120-a, real-world object B 120-b, real-world object C
120-c, real-world object D 120-d). Real-world objects can be any object or land cover
that is physically part of mixed reality environment 100. These can be natural or man-
made objects, for example: trees, hills, clouds, cars, roads, houses or any other real-
world object, land cover and/or weather element.

Additionally, mixed reality environment 100 can include one or more virtual
entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual entity C 130-c).
Virtual entities can simulate real-world objects, land cover and/or weather element but
they are not physically present in mixed reality environment 100. Virtual entities can
have one or more properties. These properties can include the location of the virtual
entity. These properties can additionally include information of the physical properties
of an object simulated by the virtual entity. For example: Virtual entity A 130-a can be
simulating a car. The properties can include the dimensions of the simulated car, the
make of the simulated car, the amount of fuel the car has in its fuel tank, etc. The car
can also have a location property (e.g. a coordinate, etc.) that can be used to establish its
virtual geolocation within mixed reality environment 100.

In addition, virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b,
virtual entity C 130-c) can cause virtual effects. The virtual effects can be determined
based on properties of the virtual entities causing the virtual effects. For example, a
virtual entity may be a heat source (e.g. a fire, an explosion, etc.) that has an effect on
the real-world objects (e.g. real-world object A 120-a, real-world object B 120-b, real-
world object C 120-c, real-world object D 120-d). These virtual entities can have one or
more parameters that can enable determining a heat effecting radius (e.g. temperature,
material emitting the heat, etc.).

The information regarding the virtual entities (e.g. virtual entity A 130-a, virtual
entity B 130-b, virtual entity C 130-c) and their properties can be stored by a mixed

reality system. The mixed reality system can be a centralized system, storing the
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information in a central data repository or a distributed system, storing the information
in a distributed data repository.

In some cases, the mixed reality system includes one or more data acquisition
devices 140. The data acquisition devices 140 are physical devices that are part of the
mixed reality environment 100, and are able to acquire data from at least part of the
mixed reality environment 100. The data acquisition device 140 can be a radio receiver
(e.g. a Very High Frequency (VHF) radio receiver, a High Frequency (HF) radio
receiver, an Ultra High Frequency (UHF) radio receiver, etc.), a sensor (e.g. a camera, a
radar, Night Vision Goggles (NVG), a proximity sensor, temperature sensor, an infrared
sensor, pressure sensor, light sensor, touch sensor, ultrasonic sensor, color sensor,
humidity sensor, tilt sensor, accelerometer, an acoustic sensor, etc.) or any other device
that can acquire data from at least part mixed reality environment 100. Acquired real-
world data 110 is the data acquired by data acquisition device 140. It is to be noted that,
as data acquisition device 140 can only acquire data that is physically present in
environment 100, it does not acquire data related to the virtual entities (e.g. virtual
entity A 130-a, virtual entity B 130-b, virtual entity C 130-c).

In a non-limiting example, data acquisition device 140 can be an infrared sensor
and acquired real-world data 110 includes the infrared radiation emitted from at least
part of environment 100, as sampled by data acquisition device 140. These samples
include the infrared radiation emitted from real-world object A 120-a and real-world
object B 120-b that are in the part of the environment that is sampled by data acquisition
device 140. These samples do not include infrared radiation emitted from virtual entity
A 130-a, even when the geolocation of virtual entity A 130-a is within the area of the
acquired real-world data 110, as virtual entity A 130-a has no physical presence in
environment 100 and thus does not emit any infrared radiation in the physical world.

In some cases, the mixed reality system includes one or more output devices 150
(e.g. a screen, a Head Mounted Display, a speaker, a combination thereof, etc.). The
output device 150 can be used to display sounds and/or visualizations of the acquired
real-world data 110. The mixed reality system can also use the output device to display
a combination of sounds and/or visualizations of the acquired real-world data 110 (as
acquired by data acquisition device 140) and sounds and/or visualizations of the virtual

entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual entity C 130-c) that
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are either located within an area from which the acquired real-world data 110 readings
are acquired or have a virtual effect on the acquired real-world data 110.

The way sounds and/or visualizations of the virtual entities are outputted to
output device 150 by the mixed reality system is dependent on the information
regarding the virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual
entity C 130-c) and their properties that is stored by the mixed reality system.
Continuing our non-limiting example, virtual entity A 130-a is a car that has a property
of engine temperature. The visualization of virtual entity A 130-a on output device 150
will be an infrared signature that is in accordance with the engine temperature.

The sounds and/or visualizations of the acquired real-world data 110 can be
affected by one or more parameters of the data acquisition device 140. For example:
noise model characterizing readings of the data acquisition device 140, spectral
sensitivity of the data acquisition device 140, spectral response of the data acquisition
device 140, saturation of the data acquisition device 140, dynamic range of the data
acquisition device 140, dark noise of the data acquisition device 140, signal-to-noise
ratio of the data acquisition device 140, detection limit of the data acquisition device
140, photo response non uniformity of the data acquisition device 140, penetration
depth of the data acquisition device 140, lens distortion of the data acquisition device
140, optical deformation model of the data acquisition device 140, vignetting model of
the data acquisition device 140, response to different exposure levels of the data
acquisition device 140, resolution map of the readings acquired by the data acquisition
device 140, or any other parameter of the data acquisition device 140 that affects the
sounds and/or visualizations of the acquired real-world data 110.

In addition, the sounds and/or visualizations of the acquired real-world data 110
can be affected by a communication link that is used to communicate the acquired real-
world data 110 from the data acquisition device 140 to the output device 150.
Continuing our non-limiting example, data acquisition device 140 can be an infrared
sensor that is carried on a drone and the acquired real-world data 110 are communicated
via a communication link to the output device 150 located in a Ground Control Station
(GCS) that is remote from the drone carrying the infrared sensor. The properties of the
communication link, such as: bandwidth, delay times, compression rates and methods,
etc., can change the visualization of the acquired real-world data 110 as it is displayed

on output device 150. Another example, can be interferences in the communication link
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may change the visualization of the acquired real-world data 110 as it is displayed on
output device 150.

In addition, the sounds and/or visualizations of the acquired real-world data 110
can be affected by one or more algorithms, employed on the readings of the real-world
data by the mixed reality system. The sounds and/or visualizations of the acquired real-
world data 110 can also be affected by other processing done by mixed reality system
on the acquired real-world data 110. The processing of the acquired real-world data 110
and/or the employing of one or more algorithms on the acquired real-world data 110 can
be done as part of the acquiring of data by data acquisition device 140, as part of the
communication link, as part of output device 150, or in another processing unit that can
be central or distributed, or in a combination thereof.

Fig. 2a is a non-limiting example of an output device 150 displaying
visualizations of the acquired real-world data 110 and virtual entity (e.g. virtual entity A
130-a, virtual entity B 130-b, virtual entity C 130-c) visualizations, before a
manipulation of the virtual entity visualizations by the mixed reality system. Fig. 2a
depicts visualizations of real-world object A' 120-a' and real-world object B' 120-b'
which are visualizations of real-world object A 120-a and real-world object B 120-b
(respectively) after being affected by (a) one or more parameters of the data acquisition
device 140 affecting the readings of real-world object A 120-a and real-world object B
120-b, and/or (b) the communication link that is used to communicate the readings of
real-world object A 120-a and real-world object B 120-b from the data acquisition
device 140 to the output device 150, and/or (c) by the one or more algorithms and/or
other processing employed on the readings of real-world object A 120-a and real-world
object B 120-b.

Fig. 2a also depicts visualizations of virtual entity A 130-a before a
manipulation of the visualizations of virtual entity A 130-a by the mixed reality system.
Before the manipulation of the visualizations of virtual entity A 130-a the effects of (a)
the one or more parameters of the data acquisition device 140 affecting the acquired
real-world data 110, and/or (b) the one or more algorithms and/or other processing
employed on the readings of the acquired real-world data 110, and/or (c) the
communication link that is used to communicate the acquired real-world data 110 from
the data acquisition device 140 to the output device 150 — are not taken into

consideration.
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This means that before the manipulation of the visualizations of virtual entities,
the virtual entities visualizations are output to the output device 150, in a way that is
perceived to be different than the real-world visualizations due to the fact that the
virtual entities visualizations are not affected by the same effects that affect the real-
world visualizations.

Continuing our non-limiting example, data acquisition device 140 is an infrared
sensor with a certain noise model parameter, the noise model characterizing readings of
the data acquisition device 140. Real-world object A' 120-a' and real-world object B'
120-b' are visualizations of real-world object A 120-a and real-world object B 120-b
(respectively) as affected by the noise model. Before a manipulation of the visualization
of virtual entity A 130-a by the mixed reality system, the visualization of virtual entity
A 130-a does not reflect the effects of the noise model of the data acquisition device
140. In some cases, this can result with a user of the mixed reality system, looking at
output device 150 and distinguishing a virtual entity A 130-a from real-world object A'
120-a' and real-world object B' 120-b'. This can be a problematic result for mixed reality
systems that aim to seamlessly integrate virtual entities (e.g. virtual entity A 130-a,
virtual entity B 130-b, virtual entity C 130-c).

It is to be noted that although Fig. 2a exemplifies the problem in the visual
domain, the same problem exists in the sound domain where the mixed reality system is
required to deal with both real-world sounds and virtual sounds, and make sure that any
manipulation that occurs on the real-world sounds will take effect also on the virtual
sounds.

Fig. 2b continues the non-limiting example of an output device 150 displaying
visualizations of the acquired real-world data 110 and virtual entity (e.g. virtual entity A
130-a, virtual entity B 130-b, virtual entity C 130-c) visualizations, after a manipulation
of the virtual entity visualizations by the mixed reality system. The manipulation of the
visualizations of wvirtual entities takes into consideration, by calculating and/or
simulating the way that the effects (of (a) the one or more parameters of the data
acquisition device 140, and/or (b) the one or more algorithms and/or other processing
employed on the readings of the acquired real-world data 110, and/or (c) the
communication link that is used to communicate the acquired real-world data 110 from
the data acquisition device 140 to the output device 150) affect the visualizations of

virtual entities to produce manipulated visualizations of virtual entities.
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Continuing our non-limiting example, visualization of virtual entity A' 130-a’ is
a manipulation of the visualization of virtual entity A 130-a by the mixed reality system,
that reflect the effect of the noise model of the data acquisition device 140, thus a user
of the mixed reality system, looking at output device 150 will not be able to easily
identify that virtual entity A' 130-a' is a virtual entity and not a real-world object like
real-world object A' 120-a' and real-world object B' 120-b'".

It is to be noted that although Fig. 2b exemplifies a solution in the visual
domain, the same solution is applicable also to the sound domain where the mixed
reality system is required to make sure that any manipulation that occurs on the real-
world sounds will take effect also on the virtual sounds.

Fig. 3a depicts a non-limiting example of the output device 150 displaying the
acquired real-world data 110 acquired by the data acquisition device 140 without the
effects of the virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual
entity C 130-c) on the data. Figs 3a illustrates the visualizations of the acquired real-
world data 110 as outputted on output device 150 without manipulating the
visualizations of the acquired real-world data 110 in accordance with simulated effects
of the virtual entities. In our non-limiting example, data acquisition device 140 can be
an infrared sensor. Real-world object A 120-a can be a car emitting a first level of
infrared radiation. Real-world object B 120-b can be a car emitting a second level of
infrared radiation. The infrared sensor samples the infrared radiation and a visualization
relating to the level of sampled infrared radiation of real-world object A 120-a and real-
world object B 120-b are displayed on output device 150.

It is to be noted that although Fig. 3a exemplifies the problem in the visual
domain, the same problem exists also in the sound domain where sounds are not
manipulated in accordance with simulated effects of the virtual entities.

Fig. 3b depicts a non-limiting example of determining, by the mixed reality
system, the simulated effects of virtual entities (e.g. virtual entity A 130-a, virtual entity
B 130-b, virtual entity C 130-c) on the acquired real-world data 110 acquired by the
data acquisition device 140, and specifically on the resulting visualization of the
acquired real-world object A 120-a and real-world object B 120-b.

The mixed reality system needs to take into consideration simulated effects of
the virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual entity C

130-c) on the data acquisition device 140 (e.g. a physical sensor, a radio receiver, etc.),
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and/or on the acquired real-world data 110 and on the resulting visualization of the
acquired real-world data 110 as outputted to the output device 150. The simulated
effects can be determined by the mixed reality system based on properties of the virtual
entities and/or on the properties of the data acquisition device 140 and/or on the
properties of the resulting visualization of the acquired real-world data 110 as outputted
to the output device 150. For example, data acquisition device 140 can be a radar, that is
part of the mixed reality system. The radar can have temporary restricted coverage
because of an interference from a virtual entity. In another example, data acquisition
device 140 can be a thermal sensor blinded (or otherwise affected) by a virtual heat
effect coming from virtual entities that are in an area viewed by the sensor or are
located so that they affect the area viewed by the sensor. In yet another example, data
acquisition device 140 is be a real-world radio receiver that cannot receive radio signals
in a given channel due to a virtual entity that is a radio source transmitting a virtual
radio signal in the given channel.

Furthermore, continuing our non-limiting example, virtual entity A 130-a,
virtual entity B 130-b and virtual entity C 130-c can be heat sources (e.g. fires,
explosions, etc.) with certain parameters. Mixed reality system can determine simulated
effects (e.g. simulated effect A 310-a, simulated effect B 310-b, simulated effect C 310-
c¢) of virtual entity A 130-a, virtual entity B 130-b and virtual entity C 130-c within
certain radiuses distance from each of the virtual entities. Specifically, real-world object
A 120-a and real-world object B 120-b are affected by the simulated effects (denotated
in Fig. 3b by the thickness of the line of real-world object A 120-a and real-world object
B 120-b — the thicker the line the more that part is affected by the simulated effect), thus
the mixed reality system can determine the simulated infrared radiation emitted from
parts of real-world object A 120-a and real-world object B 120-b as a consequence of
the simulated effects. In our example, due to its location with respect to the virtual
entities, parts of real-world object B 120-b are affected by both simulated effect A 310-a
and simulated effect B 310-b. This part is symbolled by a thicker line of real-world
object B 120-b.

It is to be noted that although Fig. 3b exemplifies a solution in the visual
domain, the same solution is applicable also to the sound domain where the mixed
reality system is required to take into account simulated effects of the virtual entities on

the data acquisition device 140 (e.g. a physical sensor, a radio receiver, etc.), and/or on
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the acquired real-world data 110 and on the resulting visualization of the acquired real-
world data 110 as outputted to the output device 150.

Fig. 3¢ depicts a non-limiting example of the output provided to a user of the
mixed reality system on the output device 150, displaying a manipulation of the
acquired real-world data 110 acquired by the data acquisition device 140 with the
simulate effects of the virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b,
virtual entity C 130-c) on the visualization of the acquired real-world data 110
(specifically on the visualizations of real-world object A 120-a and real-world object B
120-b) and visualization of virtual entity A 130-a that is located within the area of the
acquired real-world data 110. Continuing our non-limiting example, the manipulation of
the visualization of real-world object A 120-a and real-world object B 120-b is
determined by the mixed realty system based on the heat effects of the simulated effects
(e.g. simulated effect A 310-a, simulated effect B 310-b, simulated effect C 310-c) on
the amount of infrared radiation emitting from real-world object A 120-a and real-world
object B 120-b.

In addition, the manipulation can be determined based on parameters of the data
acquisition device 140. Continuing out non-limiting example, the infrared sensor can
have a flooding point parameter, determining the maximal amount of infrared radiation
the sensor can work with. If the sensor reads an amount of infrared radiation that is
higher — it is blinded. In our example, the simulated effects (e.g. simulated effect A 310-
a, simulated effect B 310-b, simulated effect C 310-c) can bring the amount of infrared
radiation to blind the sensor and thus the mixed reality system will output a blind-out
screen on the output device 150.

Turning to Fig. 4, there is shown is a block diagram schematically illustrating
one example of a mixed reality system, in accordance with the presently disclosed
subject matter.

According to certain examples of the presently disclosed subject matter, mixed
reality system 400 can comprise, or be otherwise associated with, a data repository 430
(e.g. a database, a storage system, a memory including Read Only Memory — ROM,
Random Access Memory — RAM, or any other type of memory, etc.) configured to
store data, including, inter alia, information of one or more virtual entities (e.g. virtual
entity A 130-a, virtual entity B 130-b, virtual entity C 130-c) including their properties,

information regarding parameters of the data acquisition device 140, information of one
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or more algorithms, information of communication links, etc. Data repository 430 can
be further configured to enable retrieval and/or update and/or deletion of the stored data.
It is to be noted that in some cases, data repository 430 can be distributed, while the
mixed reality system 400 has access to the information stored thereon, e.g. via a wired
or wireless network to which mixed reality system 400 is able to connect to.

Mixed reality system 400 may further comprise a network interface 420 (e.g. a
network card, a WiFi client, a LiFi client, 3G/4G client, or any other network
connection enabling component), enabling mixed reality system 400 to communicate
over a wired or wireless network with one or more data acquisition devices 140 and/or
one or more output devices 150. In some cases, at least one of the connections are over
the Internet.

Mixed reality system 400 further comprises a processing circuitry 410.
Processing circuitry 410 can be one or more processing units (e.g. central processing
units), microprocessors, microcontrollers (e.g. microcontroller units (MCUs)) or any
other computing devices or modules, including multiple and/or parallel and/or
distributed processing units, which are adapted to independently or cooperatively
process data for controlling relevant mixed reality system 400 resources and for
enabling operations related to mixed reality system 400 resources.

The processing circuitry 410 can comprise a virtual entity visualization
management module 440 and a simulated effects management module 450.

Virtual entity visualization management module 440 can be configured to
perform a virtual entity visualization process, as further detailed herein, inter alia with
respect to Figs. 5-8. Simulated effects management module 450 can be further
configured to perform a simulated effects process, as further detailed herein, inter alia
with respect to Fig. 9.

Attention is drawn to Fig. S, a flowchart illustrating one example of a sequence
of operations carried out for virtual entity visualization management, in accordance with
the presently disclosed subject matter.

According to certain examples of the presently disclosed subject matter, mixed
reality system 400 can be configured to perform a virtual entity visualization process
500, e.g. utilizing the virtual entity visualization management module 440.

As detailed above, mixed reality system 400 can determine a manipulation on a

visualization of virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual
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entity C 130-c) based on parameters of a data acquisition device 140 (e.g. noise model
characterizing readings of the sensor, spectral sensitivity of the sensor, signal-to-noise
ratio of the sensor, etc.). These parameters effect the visualization of readings of
acquired real-world data 110, acquired by the data acquisition device 140. A non-
limiting example, can be that data acquisition device 140 is an infrared sensor and one
of its parameters in the noise model of the infrared sensor.

For this purpose, mixed reality system 400 can be configured to obtain
information of one or more virtual entities (e.g. virtual entity A 130-a, virtual entity B
130-b, virtual entity C 130-c) located within an area from which the readings are
acquired by data acquisition device 140, i.e. acquired real-world data 110 (block 510).
These reading can contain readings of real-world objects (e.g. real-world object A 120-
a, real-world object B 120-b, real-world object C 120-c, real-world object D 120-d)
located within the area from which the readings are acquired. The obtained information
defines for each of the virtual entities, one or more simulated physical properties of the
virtual entities. In a non-limiting example, virtual entity A 130-a can be a virtual car
located within the area from which acquired real-world data 110 is acquired, and a
simulated physical property can be the engine temperature of the car. Mixed reality
system 400 can use the information of the parameters of the data acquisition device 140
and the information about the virtual entities and their properties to determine virtual
entity visualizations, as further detailed below.

Based on the obtained information, mixed reality system 400 can be configured
to determine, for at least one given virtual entity of the virtual entities (e.g. virtual entity
A 130-a, virtual entity B 130-b, virtual entity C 130-c), a virtual entity visualization.
The virtual entity visualization is determined, by mixed reality system 400, by
manipulating a simulated reading of the simulated physical properties of the virtual
entity (e.g. one of: virtual entity A 130-a, virtual entity B 130-b, virtual entity C 130-c).
The manipulation is determined based on parameters of data acquisition device 140,
affecting the real-world visualization (block 520). Mixed reality system 400 is
manipulating the virtual entity visualization so that it will go through a process similar
to that of the real-world objects (e.g. real-world object A 120-a, real-world object B
120-b, real-world object C 120-c, real-world object D 120-d) making the virtual entity
visualization more realistic to a user of the mixed reality system 400. Continuing our

non-limiting example, the visualization of virtual entity A 120-a, which is a car, will be
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manipulated to take into consideration the effect of the noise model of the data
acquisition device 140, which is an infrared sensor. This will make the visualization of
the virtual car more realistic when presented to the user of mixed reality system 400.

In addition, mixed reality system 400 can manipulate the visualization of the
virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual entity C 130-c)
to take into consideration also one or more algorithms, employed on the readings of the
real-world data. A non-limiting example of an algorithm can be an image sharpening
algorithm. In order for the visualization of the virtual entity to look as closest to a real-
world object (e.g. real-world object A 120-a, real-world object B 120-b, real-world
object C 120-c, real-world object D 120-d), the same or similar algorithm employed on
real-world objects is employed on the virtual entities.

In some cases, the parameters of data acquisition device 140 affect the real-
world visualization by affecting the readings of the acquired real-world data 110. In
these cases, the parameters can include one or more of: a noise model characterizing
readings of the sensor, a spectral sensitivity of the sensor, a spectral response of the
sensor, a saturation of the sensor, a dynamic range of the sensor, a dark noise of the
sensor, a signal-to-noise ratio of the sensor, a detection limit of the sensor, a photo
response non uniformity of the sensor, a penetration depth of the sensor, a lens
distortion of the sensor, an optical deformation model of the sensor, a vignetting model
of the sensor, response to different exposure levels of the sensor, a resolution map of the
readings acquired by the sensor, etc.

In some cases, mixed reality system 400 can manipulate the visualization of the
virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual entity C 130-c)
by partially employing the processes, the algorithms and/or the parameters of the data
acquisition device 140 that affect the real-world visualization.

In some cases, mixed reality system 400 can manipulate the visualization of the
virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual entity C 130-c)
to imitate visualization of readings of the acquired real-world data 110. This can be
done not by putting the visualization of the virtual entities through a process similar to
that of the real-world objects (e.g. real-world object A 120-a, real-world object B 120-b,
real-world object C 120-c, real-world object D 120-d), but by analyzing the
visualization of readings of the acquired real-world data 110 and manipulate the

visualization of the virtual entities to imitate them. For example: if visualization of
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readings of the acquired real-world data 110 are darker at night, mixed reality system
400 can manipulate the visualization of the virtual entities to seem darker at night time
as well.

Mixed reality system 400 can be configured to display the virtual entity
visualizations in combination with the real-world visualization. This allows the user of
mixed reality system 400 viewing the output device 150 to see the manipulated virtual
entity visualizations and the real-world visualization together (block 530). Continuing
our non-limiting example, output device 150 can display a visualization of a real-world
car (as actually acquired by the sensor) and a visualization of the virtual car,
manipulated to take into consideration the effects of the parameters of the sensor. This
will create a visualization of the virtual entity (e.g. one of: virtual entity A 130-a, virtual
entity B 130-b, virtual entity C 130-c) as close as possible to visualizations of the real-
world objects (e.g. real-world object A 120-a, real-world object B 120-b, real-world
object C 120-c, real-world object D 120-d). In some cases, the user of mixed reality
system 400 will not be able to easily identify that virtual car is a virtual entity and not a
real-world car.

In some cases, the virtual entity visualizations are displayed by (a) injecting the
virtual entity visualizations into the output device 150, or (b) by displaying the virtual
entity visualizations on a see-through output device overlaying the output device 150, or
(c) by projecting the virtual entity visualizations on the real-world visualization. In these
cases, the virtual entity visualizations are provided to the output device 150 through a
communication channel that is different from the communication channel through
which the real-world visualizations are provided to the output device 150. Thus, the
virtual entity visualizations are not affected as the real-world visualizations are affected.
It is to be noted that in some cases the acquired real-world data 110 undergoes
processing during its communication from the data acquisition device 140 to the output
device 150 through communication channel.

The resulting virtual entity visualization will be perceived closer to a
visualization of a given virtual entity had it been a real-world entity having physical
properties similar to the simulated physical properties than an alternative visualization
of the same given virtual entity generated without manipulating the simulated reading of
the simulated physical properties based on the parameters affecting the readings of the

data acquisition device 140.
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It is to be noted that, with reference to Fig. 5, some of the blocks can be
integrated into a consolidated block or can be broken down to a few blocks and/or other
blocks may be added. Furthermore, in some cases, the blocks can be performed in a
different order than described herein. It is to be further noted that some of the blocks are
optional. It should be also noted that whilst the flow diagram is described also with
reference to the system elements that realizes them, this is by no means binding, and the
blocks can be performed by elements other than those described herein.

Attention is drawn to Fig. 6, a flowchart illustrating one example of a sequence
of operations carried out for virtual entity visualization management with actual sensor
movement information, in accordance with the presently disclosed subject matter.

According to certain examples of the presently disclosed subject matter, mixed
reality system 400 can be configured to perform a virtual entity visualization process
with actual sensor movement information 600, e.g. utilizing the virtual entity
visualization management module 440.

As detailed above, mixed reality system 400 can determine a manipulation on a
visualization of virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual
entity C 130-c) based on parameters of a data acquisition device 140. Mixed reality
system 400 can further determine the manipulation also based on information of
movement of the data acquisition device 140.

For this purpose, mixed reality system 400 can be configured, before
performance of block 530 of virtual entity visualization process 500, to further obtain
information of movement of the data acquisition device 140 during acquisition of the
readings (block 610). It is to be noted that the movement of the data acquisition device
140 can be caused in some cases by movement of the data acquisition device 140 itself
and/or by a movement of a platform to which data acquisition device 140 is connected
thereto. In a non-limiting example, data acquisition device 140 can be a camera. In case
the camera moves during data acquisition, the information about the movement is
obtained by mixed reality system 400. The movement can be caused by an operator
moving the camera itself or rotating the camera, thus changing the camera's viewing
angel, or in other cases, by an operator moving a platform to which the camera is
connected. In some cases, the camera may be connected to a moving platform and the

camera itself can move while the platform is also moving.



WO 2021/100037 PCT/1L2020/051179

10

15

20

25

30

-08 -

After obtaining the information of movement of the data acquisition device 140,
if any, mixed reality system 400 can be configured to determine if the movement of the
data acquisition device 140 generates a movement effect on the real-world visualization,
utilizing the information and the parameters.

The movement effect can include effects on an image the sensor produces. This
image effect happens when the rate of movement of the data acquisition device 140 is
higher than the image actuation rate, thus the objects in the image be blurred or if a
video is created the objects can seem to "jump" between frames, as the rate of change of
the line of sight of the data acquisition device 140 is higher than the rendering rate of
the video. In addition, movement effects can include in addition effects issuing from
vibrations of the data acquisition device 140 in one or more axis.

In some cases, the movement effect can be determined by utilizing look-up-
tables that determine a transformation function to be used to determine the movement
effect for each value range of movement of the sensor.

If so determined, mixed reality system 400, can further manipulate the simulated
reading to further include simulating the movement effect on the simulated reading
(block 620). This determination can be achieved by utilizing a simulated model of the
data acquisition device 140, simulating how data acquisition device 140 is affected by
its own movement.

Continuing our non-limiting example, the movement of the camera during data
acquisition creates an effect. Mixed reality system 400 will manipulate visualizations of
virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual entity C 130-c)
in the area of the acquired real-world data 110 to simulate the movement effect. In some
cases, mixed reality system 400 calculates the movement effect for the visualizations of
all virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual entity C
130-c) and can employ the effect on the visualizations of virtual entities that are in the
area of the acquired real-world data 110 to simulate the movement effect. Thus, a user
of mixed reality system 400 will perceive the virtual visualization as he would perceive
a similar real-world object (e.g. real-world object A 120-a, real-world object B 120-b,
real-world object C 120-c, real-world object D 120-d).

It is to be noted that, with reference to Fig. 6, some of the blocks can be
integrated into a consolidated block or can be broken down to a few blocks and/or other

blocks may be added. Furthermore, in some cases, the blocks can be performed in a
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different order than described herein. It is to be further noted that some of the blocks are
optional. It should be also noted that whilst the flow diagram is described also with
reference to the system elements that realizes them, this is by no means binding, and the
blocks can be performed by elements other than those described herein.

Fig. 7 is a flowchart illustrating one example of a sequence of operations carried
out for virtual entity visualization management with simulated movement information,
in accordance with the presently disclosed subject matter.

According to certain examples of the presently disclosed subject matter, mixed
reality system 400 can be configured to perform a virtual entity visualization process
with simulated movement information 700, e.g. utilizing the virtual entity visualization
management module 440.

As detailed above, mixed reality system 400 can determine a manipulation on a
visualization of virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual
entity C 130-c) based on parameters of a data acquisition device 140. Mixed reality
system 400 can further determine the manipulation also based on information of
simulated movement of the given virtual entity (e.g. one of: virtual entity A 130-a,
virtual entity B 130-b, virtual entity C 130-c) during acquisition of the readings by data
acquisition device 140.

For this purpose, mixed reality system 400 can be configured, before
performance of block 530 of virtual entity visualization process 500, to further obtain
information of simulated movement of the given virtual entity (e.g. one of: virtual entity
A 130-a, virtual entity B 130-b, virtual entity C 130-c) during acquisition of the
readings (block 710). In a non-limiting example, data acquisition device 140 can be a
camera and virtual entity A 130-a is a car that can be determined, according to the
parameters of the camera and/or according to the parameters of the virtual car, to be
moving during the acquisition of the readings by the data acquisition device 140. The
information about the simulated movement of virtual entity A 130-a is obtained by
mixed reality system 400.

After obtaining the information of the simulated movement of the given virtual
entity (e.g. one of: virtual entity A 130-a, virtual entity B 130-b, virtual entity C 130-c),
if any, mixed reality system 400 can be configured to determine if the simulated
movement of the given virtual entity is required to generate an effect on the simulated

reading, utilizing the information and the parameters. If so determined, mixed reality
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system 400, can further manipulate the simulated reading to further include the
simulated effect (block 720).

In some cases, the determination if the simulated movement of the given virtual
entity is required to generate an effect on the simulated reading can be done by utilizing
look-up-tables that determine a transformation function to be used to determine the
effect for each value range of movement of the given virtual entity.

The determination if the simulated movement of the given virtual entity is
required to generate an effect on the simulated reading can be done by utilizing a
simulation model. The simulation model simulates how data acquisition device 140
behaves when acquired real-world data 110 is moving while acquired by data
acquisition device 140. The simulated movement of the given virtual entity is used
together with the simulation model to determine the effect on the simulated reading. For
example: data acquisition device 140 can be a camera. When this camera acquires real-
world data 110 that is moving, the movement produces a smear effect on the
visualizations of the real-world objects (e.g. real-world object A 120-a, real-world
object B 120-b, real-world object C 120-c, real-world object D 120-d) by the camera.
Mixed reality system 400 can use a simulation model of the camera to create the same
smear effect on the simulated readings. In another non-limiting example, data
acquisition device 140 can be a radar and the radar lock can be lost when the tracked
object is in movement. Another non-limiting example acquisition device 140 can be a
datalink, and the communication devices can suffer from limited communication or
cutoff from the datalink due to their movement.

Continuing our non-limiting example, the movement of the virtual car during
data acquisition creates a simulated effect. Mixed reality system 400 can manipulate
visualizations of virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b,
virtual entity C 130-c) in the area of the acquired real-world data 110 to include the
simulated effect. Thus, a user of mixed reality system 400 will perceive the virtual
visualization as he would perceive a similar real-world object (e.g. real-world object A
120-a, real-world object B 120-b, real-world object C 120-c, real-world object D 120-
d). It is to be noted that, with reference to Fig. 7, some of the blocks can be integrated
into a consolidated block or can be broken down to a few blocks and/or other blocks
may be added. Furthermore, in some cases, the blocks can be performed in a different

order than described herein. It is to be further noted that some of the blocks are optional.
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It should be also noted that whilst the flow diagram is described also with reference to
the system elements that realizes them, this is by no means binding, and the blocks can
be performed by elements other than those described herein.

Attention is drawn to Fig. 8, a flowchart illustrating one example of a sequence
of operations carried out for virtual entity visualization management with environmental
parameters information, in accordance with the presently disclosed subject matter.

According to certain examples of the presently disclosed subject matter, mixed
reality system 400 can be configured to perform a virtual entity visualization process
with environmental parameters information 800, e.g. utilizing the virtual entity
visualization management module 440.

As detailed above, mixed reality system 400 can determine a manipulation on a
visualization of virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual
entity C 130-c) based on parameters of a data acquisition device 140. Mixed reality
system 400 can further determine the manipulation also based on information of
environmental parameters of at least part of a region from which acquired real-world
data 110 is acquired, during acquisition of the readings by data acquisition device 140.

For this purpose, mixed reality system 400 can be configured, before
performance of block 530 of virtual entity visualization process 500, to further obtain
information of environmental parameters of at least part of a region from which the
readings are acquired during acquisition of the readings (block 810). In a non-limiting
example, data acquisition device 140 can be a camera and the environmental parameters
can be the temperature in the region from which the readings are acquired at the time of
acquisition of the readings.

After obtaining the information of the environmental parameters, mixed reality
system 400 can be configured to determine if the environmental parameters generate an
environmental effect on the real-world visualization, utilizing the information and the
parameters. If so determined, mixed reality system 400, can further manipulate the
simulated reading to further include simulating the environmental effect (block 820).
Continuing our non-limiting example, mixed reality system 400 will manipulate
visualizations of virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b,
virtual entity C 130-c) in the area of the acquired real-world data 110 to include an
environmental effect of the temperature on the way he camera works. Thus, a user of

mixed reality system 400 will perceive the virtual visualization as he would perceive a
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similar real-world object (e.g. real-world object A 120-a, real-world object B 120-b,
real-world object C 120-¢, real-world object D 120-d).

According to certain examples of the presently disclosed subject matter, mixed
reality system 400 can be further configured to obtain values of one or more situational
parameters indicative of a state of the sensor during acquisition of the readings. The
virtual entity visualization can be determined also based on the values of the situational
parameters.

In these cases, data acquisition device 140 can be a sensor and the situational
parameters can include a temperature of the sensor and/or its surroundings, a vibration
frequency of the sensor, a type of platform the sensor is connected to, a velocity of the
platform the sensor is connected to, a topography the platform the sensor is connected to
is in; or any other parameter indicative of the state of the sensor during acquisition of
the readings.

The situational parameters can be readings of one or more situational sensors,
sensing the state of the sensor and/or its surroundings. For example: a temperature
situational sensor can sense the temperature of the sensor and/or its surroundings.

Another example can be an Inertial Measurement Unit (IMU) situational sensor
that can sense the vibration frequency of the sensor and/or the vibration of the sensor
within a coordination system. In this case, the virtual entity visualization can be
determined according to vibration frequency and/or vibration of the sensor within a
coordination system information in order to imitate real-world objects visualizations. In
a non-limiting example, wherein the sensor is a camera, Fig. 10a is a depiction of virtual
entity visualization of part of the Eiffel tower without taking into consideration the
vibration of the sensor. Fig 10b is a depiction of the same virtual entity visualization of
part of the Eiffel tower where the vibration of the sensor is also used to determine the
virtual entity visualization.

In some cases, at least part of the situational parameters can be deducted from
analysis of readings of the sensor. In a non-limiting example, wherein the sensor is a
camera, Fig. 11 depicts an image taken of the Eiffel tower by the sensor. The mixed
reality system 400 can calculate distortions based on image analysis and deduce at least
some of the situational parameters. The virtual entity visualizations can then be

determined also based on the deduced situational parameters.
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A non-limiting example of the way the situational parameters are also used to
determine the virtual entity visualizations can be by using prearranged look-up-tables.
These look-up-tables can be determined during calibration process of the sensor or
based on the sensor's manufacturer data. Fig. 12a depicts a non-limiting example of a
look-up-table for temperature distortions of the sensor. For each measured temperature
of the sensor and/or its surroundings, the look-up-table entry is associated with a
transformation function (transformation functions A, B or C) used to determine the
entity visualization. Fig. 12b depicts a non-limiting example of a look-up-table for types
of topographies the platform the sensor is connected to is in and the transformation
functions associated with each type of topography. Fig. 12¢ depicts a non-limiting
example of a look-up-table for values of measured velocity of the sensor (or of the
platform the sensor is connected to) and the transformation functions associated with
the velocity readings. Fig. 12d depicts a non-limiting example of a look-up-table for
types and sub-types of platforms the sensor is connected to and the transformation
functions associated with each type and sub-type of platform.

A non-limiting example of using multiple look-up-tables to determine the virtual
entity visualizations is depicted in Fig. 12e. In the example of Fig. 12e the sensor is
connected to a platform of type "APC" and the sensor type is "CMOS type" and the
velocity of the sensor is "50" and the topography where the platform the sensor is
connected to is a "Road" and the temperature of the sensor is "10" thus multiple
distortion function (in this example: distortion function LL, L, M, AB and B) are used
to determine the virtual entity visualizations.

It is to be noted that, with reference to Fig. 8, some of the blocks can be
integrated into a consolidated block or can be broken down to a few blocks and/or other
blocks may be added. Furthermore, in some cases, the blocks can be performed in a
different order than described herein. It is to be further noted that some of the blocks are
optional. It should be also noted that whilst the flow diagram is described also with
reference to the system elements that realizes them, this is by no means binding, and the
blocks can be performed by elements other than those described herein.

It is to be noted that in some cases, mixed reality system 400 can be further
configured to obtain values of one or more situational parameters indicative of a state of
the data acquisition device 140 during acquisition of the readings. The virtual entity

visualization can be determined also based on the values of the situational parameters.
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This can be done by determining situational effects on the readings of the data
acquisition device 140 based on the situational parameters. For example: when the data
acquisition device 140 is vibrating, the readings will be affected accordingly. The
determination of the virtual entity visualization takes the situational effects on the data
acquisition device 140 into account.

In some cases, data acquisition device 140 can be a sensor and the situational
parameters can include a temperature of the sensor and/or its surroundings, a vibration
frequency of the sensor, a type of platform the sensor is connected to, a velocity of the
platform the sensor is connected to, a topography the platform the sensor is connected to
is in; or any other parameter indicative of the state of the sensor during acquisition of
the readings.

The situational parameters can be readings of one or more situational sensors,
sensing the state of the sensor and/or its surroundings. For example: a temperature
situational sensor can sense the temperature of the sensor and/or its surroundings.

An example can be an Inertial Measurement Unit (IMU) situational sensor that
can sense the vibration frequency of the sensor and/or the vibration of the sensor within
a coordination system (e.g. the vibration of the sensor in length (X plane), height (Y
plane) and depth (Z plane) planes).

In some cases, the vibrations of the sensor are caused by the movement of the
platform the sensor is installed on. For example: a camera installed on a moving vehicle
can vibrate because of the movement of the vehicle.

The IMU can be part of the sensor itself and/or installed on the sensor. The IMU
can alternatively be installed on the platform that the sensor is connected to, for
example: the sensor is installed on a vehicle and the IMU is installed on the same
vehicle in a location allowing the IMU to sense the vibration of the sensor. In other
cases, the IMU can be installed in a location that allows it to sense the vibration of the
sensor, for example: installed on a second platform, different from the platform that the
sensor is installed on, that is in a proximity of the sensor, allowing for the measurement
of the sensor's vibrations by the IMU. In these cases, the virtual entity visualization can
be determined according to vibration frequency and/or vibration measurement of the
sensor within a coordination system in order to imitate real-world objects visualizations.

When the IMU senses the sensor's field-of-view vibrating in a certain X-Y-Z
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measurement, this certain vibration will be projected on the virtual entity visualization
by determining it to be vibrating in the same X-Y-Z measurement.

In a non-limiting example, wherein the sensor is a camera, Fig. 10a is a
depiction of a scene that is in the field-of-view acquired by the camera. In our example,
a scene with the Eiffel tower in the background. The sensor is vibrating and an IMU is
measuring the vibration. Fig. 10b includes a depiction of the same scene depicted in Fig.
10a, but the image is distorted due to the vibrations of the camera. Fig. 10b also
includes a virtual entity visualization 1010, which in our example is a virtual cross, that
is overlaid on the scene. Virtual entity visualization 1010 is overlaid on the Eiffel tower
scene without taking into consideration the vibration of the sensor. Fig. 10c is a
depiction of the same scene, wherein virtual entity visualization 1020 is the
visualization of virtual entity visualization 1010 determined by taking into consideration
the vibration of the sensor. For example, when the camera is vibrating in the X and Y
planes, the properties of the vibrations are sensed by the IMU and applied to the
visualization of virtual entity
visualization 1020 in order to imitate real life conditions, thus virtual entity
visualization 1020 is a manipulation on virtual entity visualization 1010 to include the
effect of the vibration of the camera in the X and Y planes.

In some cases, at least part of the situational parameters can be deducted from
analysis of readings of the sensor. In a non-limiting example, wherein the sensor is a
camera, Fig. 11 depicts an image taken of the Eiffel tower by a vibrating sensor. The
mixed reality system 400 can calculate distortions based on image analysis and deduce
at least some of the situational parameters. In our example, a small region-of-interest
1110 out of the entire scene is analyses to indicate the level of vibrations by calculating
gradient properties that indicate the sharpness/blurry level of the image within region-
of-interest 1110. The virtual entity visualizations can then be determined also based on
the deduced situational parameters and generated accordingly. In our example, the
virtual entity visualizations are generated using the same gradient parameters deducted
from the analysis of region-of-interest 1110.

It is to be noted that other image analysis methods are also available. A non-
limiting example of the way the situational parameters are also used to determine the
virtual entity visualizations can be by using prearranged look-up-tables. These look-up-

tables can be determined during calibration process of the sensor or based on the
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sensor's manufacturer data. Fig. 12a depicts a non-limiting example of a look-up-table
for temperature distortions of the sensor. For each measured temperature of the sensor
and/or its surroundings, the look-up-table entry is associated with a transformation
function (transformation functions A, B, C or D) used to determine the wrappings
and/or distortions of the virtual entity visualization. A non-limiting example can be of a
measured temperature of the sensor of 20 degrees Celsius, thus the virtual entity
visualizations will be generated using transformation function D. Fig. 12b depicts a
non-limiting example of a look-up-table for types of topographies the platform the
sensor is connected to is in and the transformation functions associated with each type
of topography. Fig. 12¢ depicts a non-limiting example of a look-up-table for values of
measured velocity of the sensor (or of the platform the sensor is connected to) and the
transformation functions associated with the velocity readings. Fig. 12d depicts a non-
limiting example of a look-up-table for types and sub-types of platforms the sensor is
connected to and the transformation functions associated with each type and sub-type of
platform.

A non-limiting example of using multiple look-up-tables to determine the virtual
entity visualizations is depicted in Fig. 12e. In the example of Fig. 12e the sensor is
connected to a platform of type "APC" and the sensor type is "CMOS type" and the
velocity of the sensor is "50" and the topography where the platform the sensor is
connected to is a "Road" and the temperature of the sensor is "10" thus multiple
distortion function (in this example: distortion functions LL, L, M, AB and B) are used
together to determine the virtual entity visualizations.

Attention is drawn to Fig. 9, a flowchart illustrating one example of a sequence
of operations carried out for simulated effects management, in accordance with the
presently disclosed subject matter.

According to certain examples of the presently disclosed subject matter, mixed
reality system 400 can be configured to perform a simulated effects process 900, e.g.
utilizing the simulated effects management module 450.

As detailed above, mixed reality system 400 can take into consideration
simulated effects of the virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-
b, virtual entity C 130-c) on the data acquisition device 140 (e.g. a physical sensor, a
radio receiver, etc.), on the acquired real-world data 110 and/or on the resulting sounds

and/or visualization of the acquired real-world data 110 as outputted to the output
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device 150. The simulated effects can be determined by the mixed reality system based
on properties of the virtual entities. In a non-limiting example, data acquisition device
140 can be a thermal sensor blinded (or otherwise affected) by a virtual heat effect
coming from virtual entities that are in an area viewed by the sensor or are located so
that they affect the area viewed by the sensor.

For this purpose, mixed reality system 400 can be configured to obtain data
acquired by the data acquisition device 140, and information of one or more virtual
entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual entity C 130-c). These
virtual entities have properties enabling mixed reality system 400 to determine the
simulated effects of the virtual entities on the data (block 910). Continuing our non-
limiting example, the obtained data is the acquired real-world data 110 acquired by the
infrared sensor. The information is of virtual fires and their properties. These virtual
fires are affecting the acquired real-world data 110.

It is to be noted that data acquisition device 140 can be a sensor or a radio
receiver. In case data acquisition device 140 is a sensor, it can be one of the following: a
camera, a radar, Night Vision Goggles (NVG), a proximity sensor, temperature sensor,
an infrared sensor, pressure sensor, light sensor, touch sensor, ultrasonic sensor, color
sensor, humidity sensor, tilt sensor, accelerometer, an acoustic sensor, or any other
device with sensing capabilities.

It is to be noted that the simulated effects can be one or more of: virtual heat,
virtual light, virtual touch, virtual shade, virtual sound, virtual topography, virtual
smoke, virtual hit, virtual ice or any other effect.

In some cases, the data is acquired from a training environment, and the virtual
entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual entity C 130-c) are
designed to simulate training scenarios.

After obtaining the data and the information, mixed reality system 400 can be
further configured to determine the simulated effects of the virtual entities (e.g. virtual
entity A 130-a, virtual entity B 130-b, virtual entity C 130-c) on the data, utilizing the
properties of the virtual entities (block 920). The determination of the simulated effects
of the virtual entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual entity C
130-c) on the data can be done by utilizing a simulated model, simulating the way data
acquisition device 140 is affected by the simulated effects. For example: data

acquisition device 140 can be a thermal sensor that is "blinded" by a near-by virtual
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explosion, thus the output device 150 will be blank and display no data. Another
example can be of a radio device that has less data capacity for receiving and
transmitting data due to simulated effects of virtual entities and the data they create. In
this example the radio device data rate will go down due to the load on the network
created by virtual entities. In addition, the determination can be done by image analysis
of an image displayed on output device 150. The analysis determines the real-world
objects displayed and using the simulated model to determine the simulated effect on
the data.

Continuing our non-limiting example, mixed reality system 400 determines the
simulated effects of the virtual fire has on the acquired real-world data 110. In our
example, the virtual fires simulate effect is to increase the amount of infrared radiation
sampled from the acquired real-world data 110.

In addition, mixed reality system 400 can determine the simulated effects also
utilizing one or more parameters of the sensor or the radio receiver. In case, the data
acquisition device 140 is a radio receiver, the parameter can also be a load parameter
that effects the data rate of the radio receiver. For example: a large number of virtual
entities (e.g. virtual entity A 130-a, virtual entity B 130-b, virtual entity C 130-¢) can
increase the load and lower the data rate of the radio receiver.

Mixed reality system 400 can then be further configured to provide the user with
output on the output device being a manipulation of the data reflecting the simulated
effects (block 930). Continuing our non-limiting example, mixed reality system 400 can
determine the simulated effects of the virtual fires have blinded the data acquisition
device 140, and only a blind-out screen will be presented to the user of mixed reality
system 400.

It is to be noted that, with reference to Fig. 9, some of the blocks can be
integrated into a consolidated block or can be broken down to a few blocks and/or other
blocks may be added. Furthermore, in some cases, the blocks can be performed in a
different order than described herein. It is to be further noted that some of the blocks are
optional. It should be also noted that whilst the flow diagram is described also with
reference to the system elements that realizes them, this is by no means binding, and the
blocks can be performed by elements other than those described herein.

It is to be understood that the presently disclosed subject matter is not limited in

its application to the details set forth in the description contained herein or illustrated in
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the drawings. The presently disclosed subject matter is capable of other embodiments
and of being practiced and carried out in various ways. Hence, it is to be understood that
the phraseology and terminology employed herein are for the purpose of description and
should not be regarded as limiting. As such, those skilled in the art will appreciate that
the conception upon which this disclosure is based may readily be utilized as a basis for
designing other structures, methods, and systems for carrying out the several purposes
of the present presently disclosed subject matter.

It will also be understood that the system according to the presently disclosed
subject matter can be implemented, at least partly, as a suitably programmed computer.
Likewise, the presently disclosed subject matter contemplates a computer program
being readable by a computer for executing the disclosed method. The presently
disclosed subject matter further contemplates a machine-readable memory tangibly
embodying a program of instructions executable by the machine for executing the

disclosed method.



